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and metal surface treatment products. Phosphorus
compounds are also excipients in the
pharmaceutical industry and are widely used in the
food industry, in canned food and in freezing,
thawing and cooking processes.

NEED FOR THE PROJECT
Studies indicate that the global production of
phosphorus may have peaked, leading to the
possibility of shortages by 2040 1. Globally 90 years’
worth of phosphorus remains 2. There is no
artificial substitute for phosphorus, which is one of
the three vital components in NPK fertilizers, and
animal feeds. Pressure on farming and food supply
is predicted to increase rapidly in response to
pressure from global population growth predicted
to reach 9 Billion by 2050. The demand for
phosphate is very likely to grow as a result. Until
now Namibia has not recorded any phosphate
resources. However, with the development of the
Sandpiper Project Namibia now has disclosed total
phosphate mineral resources of 1,832 Mt (in situ,
at 15 % P2O5 cut off), currently ranking as the
seventh largest in terms of global phosphate
resources 3- 4. The Namibian resource is identified
as a large scale deposit with good average grade
and importantly, one of consistent mineral quality.

Through the proposed development of the
Sandpiper Phosphate Project by Namibian Marine
Phosphate (Pty) Ltd (“NMP”), Namibia has the
opportunity to participate in the global phosphate
industry, thereby positively contributing to the
global phosphate resource and in this way
contributing to securing farming output as well as
to world food security. Food, food production,
food security and nutrients, in particular
phosphate, are extremely important in the global
economy and the stability of food based economic
strategies.

PROJECT CONCEPTUALISATION
The project concept is established against
worldwide staple food shortages, limited
agricultural land, growing market demand (for
both agricultural and non-agricultural uses),
existing resources becoming depleted, a viable
product price, a large resource and the availability
of proven marine dredging technology.

About 93% of world rock phosphate production is
used to produce mineral fertilizers, essentially DAP
(diammonium phosphate), MAP (monoammonium
phosphate), TSP (triple superphosphate), SSP
(Single Superphosphate), phosphoric acid, and
animal feed 5.

In the late 1960s a large deposit of phosphateenriched sediments was discovered on the South
African and Namibian continental shelf with zones
of local enrichment, in particular off Walvis Bay. At
that time the deposit was considered to be sub
economic (1991: US$ 42.50 tonne). During August
and September 2008, the price of phosphate (FOB
price for Morocco 32% P2O5) peaked at US$
430.00 per tonne and it now (February 2012)
stands at US$ 192-50 6 tonne. Set against the
current phosphate price trend and key market
indicators and recent improvements in dredging
technology the enriched phosphate sediments are
now identified as economic.

Phosphorus compounds are also important
ingredients in high-grade detergents, cleaning
agents, dental creams, toothpastes, flame
retardants, stabilizer of plastics, corrosion
inhibitors, dispersion agents in paints and primers
1

Carpenter S.R. and Bennett E.M. (2011). "Reconsideration
of the planetary boundary for phosphorus".
Environmental Research Letters 6 (1): 1–12.
2
Reilly, Michael (May 26, 2007). "How Long Will it Last?".
New Scientist 194 (2605): 38–39.
3
Data source, United States Geological Survey.
4
Mineral resource is JORC compliant with: Measured
resource as 4.093 Mt @ 20.45 % P2O5,
Indicated Resource as 220.35 Mt @ 20.13 % P2O5,
Inferred Resource of 1,607.8 Mt at 18.9 % P2O5
5
Cisse. L, & Mrabet.T: World Phosphate Production:
Overview and Prospects. Phosphorus Research
Bulletin Vol. 15 (2004) p.21-25

Recent exploration by NMP over a 3000 km2 area
off Meob Bay and Conception Bay in water depths
of 180 to 300 m verified a deposit currently
6
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Commodity prices - World Bank data –
www.indexmundi.com/commodities

estimated at 1,832 Mt Mt (1.832 Billion tonnes) at
15 % phosphate (P2O5) content 7. Prefeasibility and
scoping studies completed by NMP in November
2010 identified that dredging (using a Trailing
Suction Hopper Dredger) 5.5 Mt of the phosphate
enriched sediments annually would yield 3.0 Mt of
export grade ‘phosphate rock concentrate’
Concluding comments from these studies
established a robust economic project model
which supported and justified the development of
a Definitive Feasibility Study (DFS) subject to a
mining licence being issued.

(directly west of Meob Bay and Conception Bay).
The water depths in the licence area range from
180 to 300 m. The Mining Licence Area is
25.2 km wide (greatest width) and 115 km long
(longest length) and covers an area of 2233 km2.
Three target recovery areas have been selected
within the total mineral resource area, two of
which are 22 x 8 km in size and one at 11 x 6 km
(totalling 418 km2) which are the particular focus
of this evaluation. Of this resource, approximately
3 km2 will be mined in the selected target recovery
areas annually over the 20 year licence period to
achieve the targeted 3 Mt pa dry product
production target.

A full definitive feasibility study has been
embarked upon with envisaged completion during
the first quarter of 2012. The feasibility study is
supported by integrated Environmental Impact
Assessments that address the marine and
terrestrial components respectively.

The Mining Licence Area is located within the
Northern Benguela of the Benguela Current Large
Marine Ecosystem, on the outer shelf to the south
west of Walvis Bay. The Benguela displays a high
degree of variability over a broad spectrum of time
and spatial scales. It is an important centre of
marine biodiversity and marine food production.
Its distinctive bathymetry, hydrography, chemistry
and trophodynamics combine to make it one of the
most productive ocean areas in the world. This
high level of primary productivity of the Benguela
supports an important global (and local) reservoir
of biodiversity and biomass of zooplankton, fish,
sea birds and marine mammals, while near-shore
and offshore sediments hold rich mineral
deposits 8. These living and non-living resources are
of economic and strategic importance to Namibia.

The main project elements are:
•
•

•
•
•
•

Dredging annually 5.5 Mt of phosphate
enriched marine sediments from 190 to 275 m
water depths;
Transporting this ‘slurry’ in the dredger to an
offshore discharge buoy – pipeline
(approximately 1.2 km offshore) and pumping
the material to a coastal buffer pond, located
to the south of the Walvis Bay salt works;
Reclaiming the slurry from the buffer pond and
screening out the shell fraction;
Pumping the slurry along a 26 km pipeline to
the processing plant located 5 km to the east
of Walvis Bay;
Processing (washing) the slurry to separate the
Rock Phosphate from the fines, and
Exporting the rock phosphate to International
destinations through the Port of Walvis Bay.

EIA PROCESS
To ensure that the project complies with the
requirements of the Environmental Management
Act (No. 7 of 2007) it is necessary to conduct an
Environmental Impact Assessment (EIA) and
compile an Environmental Management Plan
(EMP). This process and its outcomes then allows
for the Ministry of Environment and Tourism (MET)
in association with the relevant ministries to make
an informed decision as to whether or not the
project should receive an Environmental
Certificate and be allowed to proceed.

LOCATION
The marine phosphate project (“Sandpiper”) is
located on the Namibian continental shelf
approximately 120 km south southwest of Walvis
Bay. The eastern boundary of the Mining Licence
Area is approximately 40-60 km off the coast
7

8

Established to the Joint Ore Reserve (JORC) standards of
the Australian Stock Exchange (ASX)
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Shannon, L.V, and O’Toole, M.J.: Sustainability of the
Benguela: ex Africa semper aliquid novi.

Given the marine and terrestrial operational
environments encompassed by this project two
separate yet integrated EIA processes are being
conducted.

fall pipe and remotely operated vehicle (ROV), and
flexible hose and ROV), the TSHD is identified as
the system that optimally minimises the project
technical risk and meets the project’s commercial
requirements. The dredger, with its sediment
entrainment ‘drag head,’ its in built ‘hopper’
(sediment slurry entrainment ‘cargo’ space)
carrying capacity and established (and tested)
operational standards of practice (including
environment and safety) establishes this type of
recovery system as being the preferred method.

The key issues to be addressed in the EIA were
determined through a scoping process that
included inputs from governmental authorities, the
public, business, NGOs, and the EIA team. The
following categories of issues were identified:
•
•
•
•
•
•
•
•

Governance;
The EIA process;
Biogeochemical impacts;
Benthic impacts;
Marine fauna – flora impacts;
Cumulative impacts;
Socio-economic impacts, and
Project impacts.

ASSESSMENT OF THE IMPACTS
Four specialist studies were undertaken to address
the potential impacts of the proposed project,
these are:
• Fisheries, mammals and seabirds, five impacts
are evaluated;
• Changes to marine water quality, eleven
impacts are evaluated;
• Benthos, nine impacts are evaluated; and
• Jellyfish, four impacts are evaluated.

CONSIDERATION OF THE “NO GO”
OPTION
In common with the exploitation of all mineral
deposits there is no alternative to the proposed
project. It has been evaluated as a viable operation
in respect of all corporate responsibilities, liabilities
and requirements. The final decision as to
whether the project will be permitted to proceed
rests with the Authorities.

The Specialists assessments are reported in full in
Appendix 1, presented in Chapter 7 (environmental
Impact Assessment), and summarised here below.
These assessments are based on some in field
measurements (benthic studies) as well as publicly
available published information and/or data. This
includes data provided by MFMR as well as the
Confederation of Namibian Fishing Associations. As
with all data sets, there are varying associated
degrees of confidence. Notwithstanding, given the
available data, this report provides the results and
recommendations from the specialist evaluation of
the body of reviewed scientific literature, extensive
fisheries data as well as information / data
collected from the licence area. The assessments
of the impacts by the specialists are:

MINING SYSTEM ALTERNATIVES
Whilst the “No Go” option is not evaluated in
mining project EIAs, alternatives have been
considered in respect of identifying the optimal
mining system to recover the phosphate-rich
marine sands. Of the seven systems evaluated
(trailing suction hopper dredger (TSHD), wireline
dredge pipe, large diameter drill, mechanical grab,
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FISHERIES, MAMMALS AND SEABIRDS - Mr. D Japp
Impact: 1

Significance:
Mitigation:
Impact: 2

Significance:
Mitigation:
Impact: 3

Significance:
Mitigation:
Impact: 4

Significance:

Mitigation:
Impact: 5

Significance:
Mitigation:

The impact on fishing operations of phosphate dredging on the main Namibian
fishing sectors; a) hake trawl and b) hake longline, c) monk trawl d) horse mackerel
mid-water trawl, and e) small pelagic purse seine fisheries. The fishing sectors will not
be able to operate in certain areas due to 1) actual mining operations due to
dredging operations and vessel activities, 2) associated sediment plumes 3) exclusion
zones around the dredging site and 4) increased levels of maritime traffic associated
with the dredging operation.
Medium - the project design might require modification to accommodate certain fishing
operations.
Consider options to minimise impact on fishing operations for example options with
respect to spatial and temporal area closures.
The impact of phosphate mining on the ecologically important demersal and
pelagic fish species. The impact will result in the redistribution and/or displacement
of hake, monk, horse mackerel, sole, orange roughy, bearded goby populations and
small pelagics because of 1) actual recovery activities due to dredging operations and
vessel activities 2) habitat disturbances and the removal of substrate and 3) sediment
plumes (turbidity)
Medium - the duration of the impact is permanent but recovery of fish populations in
the area may occur in the long term. The intensity is minor to moderate and the extent
is confined to the MLA and Zone 1
In terms of the ecosystem as a whole there are no particular mitigation measures that
can be implemented.
The impact of phosphate dredging on the recruitment of key commercial fish stocks
a) hake b) horse mackerel c) monk and d) small pelagic species. The dispersal and
survival of juveniles, eggs and larvae are effected by 1) physical disturbance of the
fishing grounds and 2) sediment plumes (turbidity)
Low
No practical mitigation measures are possible.
The impact of phosphate dredging on species diversity. Dredging operations will
result in a reduction or loss in biodiversity because of the 1) actual dredging and
vessel operations, 2) the habitat destruction and the removal of substrate and 3)
sediment plumes
Low – the impact on species diversity is not expected to influence project design
provided the current area limitations are maintained. Expansion of dredging in the
current or alternate lease areas without baseline monitoring of biodiversity and
controls must be a prerequisite to the commencement of operations.
No practical mitigation measures are possible.
The impact of phosphate dredging on seabirds and marine mammals. Dredging
operations will result in the displacement and/or redistribution of seabirds and
mammals because of 1) disturbance of the ecosystem and availability of feed and 2)
physical disturbance of the dredgers including noise pollution
Medium - Most sea birds and mammal species found in the area will be affected but
at a low level due to the limited extent of the dredging operations.
Maintain a bridge watch for large mammal species. Although the dredger will have
limited manoeuvrability a protocol to limit interaction should be followed – in this
regard JNCC guidelines are recommended. Lighting control to minimise night strikes of
birds.
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MARINE WATER QUALITY - Dr. R Carter
Impact: 1
Significance:
Mitigation:
Impact: 2
Significance:
Mitigation:
Impact: 3
Significance:
Mitigation:
Impact: 4
Significance:
Mitigation:
Impact: 5
Significance:
Mitigation:
Impact: 6

Significance:
Mitigation:
Impact: 7
Significance:
Mitigation:
Impact: 8
Significance:
Mitigation:
Impact: 9
Significance:
Mitigation:

Potential deterioration in water quality from discharges to sea of wastes such as oily
water, sewage, food, grey water, from the dredger.
None
Ensure vessel discharge/retention systems and procedures are in good working order
and do not malfunction.
Alien marine species may displace indigenous species and reduce indigenous
biodiversity and/or affect aquaculture and/or aquaculture products.
Follow IMO guidelines on ballast water management.
None. (Alien introductions would become “improbable” but if introductions were to
occur the consequences (significance) would still be high).
Dredging generates plumes of suspended sediments that adversely affect organisms in
the water column
Low
Built in, with discharge below dredger’s hull (10-15 m below sea surface)
Sulphidic sediment pore-water entrained in the dredged sediment is discharged with
the over-spill water thereby affecting organisms in the water column
Low
None possible
Hypoxic/ anoxic bottom water is entrained in the discharged overflow water so
reducing dissolved oxygen concentrations in the upper water column where it can
affect organisms.
None
Not applicable
Increased availability of nutrients (ammonium and phosphorus) promote phytoplankton
growth. Following senescence, the phytoplankton will add to the particulate organic
matter flux to the seabed eventually further reducing dissolved oxygen concentrations
through remineralisation
None
None possible
Trace metals (cadmium and nickel) bound in the dredged sediment are discharged with
the over spill water thereby affecting organisms in the water column.
Low
None possible
Trace metals held within the target dredge area sediments are remobilized; they
become bio-available through exposure to the overlying water during dredging with
deleterious effects on filter and/or deposit feeding benthos.
Low
None possible
Sulphidic sediment pore-water is exposed by dredging, and the flux of dissolved H2S
into the lower water column is increased, so affecting benthos.
Low
None possible
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Impact: 10
Significance:
Mitigation:
Impact: 11
Significance:
Mitigation:

Exposure of anoxic sediments by dredging reduces the already low concentrations of
oxygen that occur in the lower water column so affecting resident biota, primarily
benthos.
Low
None possible
Removal of thio-bacteria mats by dredging increases the flux of H2S to the lower
water column.
None
Not applicable

BENTHOS - Dr N Steffani
Impact:

Significance:
Mitigation:

Impact:
Significance:
Mitigation:
Impact:

Significance:
Mitigation:
Impact:
Significance:
Mitigation:
Impact:
Significance:
Mitigation:
Impact:
Significance:
Mitigation:

The removal of the upper 1-<2.5 m (possibly up to 3 m) of sediment by dredging will
result in the loss of the benthic biota associated with the sediment. The exposed
sediments are likely to be different to the original superficial deposits, and sediment
refill rates at this depth are likely to be very slow. Colonising assemblages are likely
to differ to those present prior to the dredging activity.
Medium
Leave behind a residual sediment layer of at least 30 cm to cover the clay footwall.
Leave behind undredged trenches to enable migration of mobile organisms from these
areas.

Further exploration and environmental work will be conducted in the larger ML170
that will remove benthic biota.
None
None
The depth of the dredged area might change local near bottom hydrographical
conditions and thus act as traps for very fine material. This could lead to high
decomposition rates and consequently anoxic conditions and H2S concentrations in the
sediments.
Low to medium
Leave behind a residual sediment layer of at least 30 cm, which will reduce the depth
of the dredged-out area.
Dredging removes mats of large sulphur-oxidising bacteria from the sediment surface
and from the upper layer.
Low
No mitigation necessary
The anaerobic bacterium Clostridium botulinum type E might proliferate in the dredged
area if the system turns anoxic, and may pose a health risk to humans and wildlife
when entering the food chain.
Low
No mitigation necessary
High suspended sediment concentrations near the sea bottom generated by the
draghead and subsequent re-deposition of the material causes smothering effects.
Low
No mitigation necessary

Final Report
Namibian Marine Phosphate (Pty) Ltd.
Page ix

Impact:
Significance:
Mitigation:
Impact:

Re-deposition of particles in the overflow plume causes smothering of benthic
organisms, particularly in the depo-center on the continental slope
Low
No mitigation necessary

Significance:
Mitigation:

Dredging may mobilise dissolved nutrients from the sediments which could be released
into the water column with the overflow. The increased nutrient level may result in
extensive phytoplankton blooms, which upon death cause aggravated decomposition
rates leading to anoxic conditions at the seafloor.
Low
No mitigation necessary

Impact:
Significance:
Mitigation:

Release of hydrogen sulphide from the sediments affects benthic communities
Low
No mitigation necessary

JELLYFISH - Prof. M Gibbons
Impact:

Significance:
Mitigation:

Blocking of vessel seawater intake system by dense surface aggregations of jellyfish.
Dense surface volumes of jellyfish have been known to block the seawater intakes. This
incoming seawater is used to cool the vessel’s engines and any blockage of the intake
system could cause the engines to overheat and fail, if remedial action is not taken.
Low
In the case of blockage, jellyfish will have to be physically removed or flushed from
the system. Sailing the vessel to areas with less dense aggregations of jellyfish.
Forward looking sonar could be installed on the vessel to identify dense masses of subsurface jellyfish during operations. A “jellyfish observer” on deck should be able to
identify jellyfish aggregations at the surface.

Impact:
Significance:
Mitigation:

Hydrogen sulphide released from dredge sediments causing mortalities to jellyfish.
Low
No mitigation is presented

Impact:

Lean water overflow from the vessel generates a tailings plume of fine sediments which
settle out through and are dispersed in the water column. These fine sediments if
present in sufficient quantities may cause mortalities to jellyfish, though this is
considered unlikely
Low
No mitigation is presented

Significance:
Mitigation:
Impact:

Significance:
Mitigation:

Removal of seabed sediments will change the nature of the sediment surface. Jellyfish
populations are known to increase in areas where there is an increase of hard
substrate. Typically this occurs where rock, concrete or iron structures are erected. The
removal of the upper relative soft layers of sediment, leaving a relative hard clay
footwall surface may provide such a hard surface
Low
None: If between 10 - 15 % of the original thickness of the sediment is not recovered,
there will sufficient soft-substrata to preclude polyp settlement.
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monitoring protocol compiled by the Specialist
scientists that have contributed to the EIA. The
verification programme is to be completed prior to
commencement of dredging .

CUMULATIVE IMPACTS
There is a growing amount of shipping activity in
the Namibian Exclusive Economic Zone (EEZ)
including, Fishing (Namibian and foreign) vessels,
Oil tankers en route from Angola to China, general
cargo vessels, vessels exploring/mining for
diamonds and industrial minerals as well as
activities relating to oil and gas including
exploration deep seismic survey vessels and oil rigs

The Final Environmental Management Plan report
has been produced to provide the framework to
ensure that :
• all corporate, legal and socio-economic
requirements are complied with. This applies
equally to subcontracting companies;
• the authorities and I&APs are appropriately
consulted, advised and included in relevant on
going project matters;
• all vessel operations are managed in
accordance with Namibian, vessel flag state
and International requirements as appropriate
to the nature and location and scope of
activities;
• a programme of field work is carried out prior
to commencement of dredging operations to
provide data for the verification of the
Specialists current conclusions and
considered impact assessments .;
• an on going monitoring programme is
implemented to assess the recovery and or recolonisation of the dredge areas after dredging
operations have commenced.

According to data provided by MFMR and CNFA, a
proportion of the seabed within the vicinity of the
Mining Licence Area (MLA) is already being
repetitively disturbed by trawling, primarily for
monk fish. It is estimated from trawl records
(appendix 1a) that for 2007 – 2009, 26,022 hours
of monk trawling was conducted in the general
vicinity of the MLA.
The proposed dredging will remove sediments up
to a depth of 3 m below the sea floor over an
approximate area of up to 3 km2 annually which
represents a total of approximately 60 km2 for a 20
year life of mine (which is the current term of the
ML tenure).
In order for the cumulative and additive effects of
all relevant marine activities on the Namibian
continental shelf to be comprehensively
addressed, an integrated assessment of all the user
impacts needs to be undertaken. While this level of
investigation lies within the responsibility of the
governing entity, it is considered that the Benguela
Current Commission could provide the platform for
this important collaborative initiative.

If the verification survey data show no significant
departure from the specialists’ current conclusions
and assessments then these assessments will be
considered to remain fully valid. Alternatively, if on
analysis of the site-specific validation data there
are any significant departures for the initial
specialist interpretations and assessments then
those specific aspects of the EIA need to be
revaluated and modified as may be deemed
appropriate by the relevant specialist(s) and resubmitted for approval.

ASSESSMENT OF THE MANAGEMENT
PLAN

OVERALL ASSESSMENT

Following receipt of feedback from the review of
the Draft EIA/EMPR, in order to ensure the
effective implementation of mitigation and
management actions the Final Environmental
Management Plan (EMP) has now been prepared
for the proposed project. This incorporates a
detailed verification programme and long term

The significance of the potential impacts
associated with the proposed Sandpiper project for
dredging of marine phosphate enriched sediment
has been investigated and assessed by relevant
appointed specialists in the Environmental Impact
Assessment and independently audited by CSIR.
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The opinion of the specialist and the independent
reviewer is that there are presently no identified
issues of environmental significance to preclude
the dredging of phosphate-enriched sediments
from the Mining Licence Area No. 170. In order to
verify these conclusions, a programme of work
specified by the relevant specialists, has been
included in the Environmental Management
Programme that will be undertaken prior to the
commencement of dredging to substantiate the
findings provided in the impact assessment. Going
forward, all environmental matters will need to
be managed through the environmental
management plan. These requirements are
evaluated and detailed herein.

component of the proposed project arise
mostly from the wider downstream
opportunities associated primarily with the
port and vessel support services.
By far the major economic benefit on local,
regional and national levels, will be associated
with the processing plant located in Walvis
Bay. The project’s socio-economic benefits are
addressed in the EIA/EMPR for the terrestrial
component.
National
macro-economic
benefits also include contributions to
government revenue through rates, taxes and
royalties.
This environmental impact assessment is based on
information about the Company’s current strategy
for the project development. If there is an
alteration in the nature, intensity or extent of the
proposed activities then the nature and
significance of identified impacts may also change
and will be duly re-assessed. In addition, any future
or greater understanding of key environmental
processes or changes in uses or activities in this
region may also require reassessment of these
environmental impacts.

In making a decision whether or not to issue an
Environmental Contract for the proposed project,
the Namibian government agencies and authorities
will need to evaluate the overall costs and benefits
of the project. The primary purpose of this EIA
process is to provide information that focuses on
the key issues and to assist the authorities in
understanding the project in terms of its effect on
the natural environment, social impact and
economic growth. Note, the latter two items are
addressed in detail in the EIA for the related
terrestrial operations.

In this report, the environmental impact
assessment of the dredging of marine phosphates
considers those impacts arising from dredging
from within three target-recovery areas selected
from within the boundaries of Mining Licence Area
ML170. It must be recognised that the anticipated
dredging in the target recovery areas for dredging
in the Mining Licence Area ML 170 affects, only an
extremely small portion of the total Benguela
ecosystem on the Namibian continental shelf. The
Mining Licence ML170 Area (2233 km2) has been
awarded for a 20-year period, from which annually
approximately 5.5 Mt of phosphate enriched
sediments are expected to be recovered from an
area of approximately 3 km2 (I.e. 0.1% of the MLA
area).
Excluding other marine activities (such as fishing,
oil and gas exploration, general shipping), the
Mining Licence Area allocated to NMP is one of
many Exclusive Prospecting Licences and Mining
Licences already issued over the Namibian
continental shelf. Consideration should therefore
be given by the authorities to the cumulative
effects of all exploration and mining by all mineral
licence owners and operators. This cumulative

In the final assessment it is important to note the
significant benefits of this project. These are:
•

•

World phosphate resources: The Sandpiper
Project’s current mineral resource estimate of
1,832 Mt at 15 % P2O5 (JORC and NI43-101
compliant) in ML170 alone, positions Namibia
as seventh largest in terms of world phosphate
resource. Phosphate (or Phosphorus) for which
currently there is no known substitute, is a
vital component of agricultural fertilizers and
feeds. This resource thus has potential to
contribute significantly not only to the
sustained supply of Namibia but also world
food production.
Macro-economic benefits: The marine
component of the project is relatively small
and
will
create
local
employment
opportunities for approximately 11 functions
(there are a total of 37) onboard the vessel.
From a local perspective, the employment and
economic benefits from the marine
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assessment needs also to include other users of
the marine environment as noted above.
Namibian Marine Phosphate (Pty) Ltd will remain
responsible for monitoring the impacts of their
dredging activities in their Mining Licence Area.
Such impacts should be considered relative to the
proportion of the ecosystem contained within the
Mining Licence Area, except where such impacts
are shown to or are expected to extend beyond
these boundaries.
Grateful acknowledgement is extended to the
Namibian Confederation of Fishing Associations for

their facilitation of obtaining and providing current
fisheries data held by MFMR but not yet officially
released or approved by MFMR. MFMR is
respectfully
acknowledged
for
providing
permission to use the data provided via NCFA and
for their provision of the other fisheries
information presented in this EIA. Not all
information requested from MFMR was provided.
The I&APs who provided comment to both the
scoping phase of this project and the review of the
Draft EIA are acknowledged and thanked for their
constructive input.
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µg/l
Å
ASX
BCLME
BENIFIT
Benthic
BOD
BID
Bt
CFC
CH4
COD
Demersal
DFS
DP
EC
EIA
EMP
EMPR
Environment
Environmental Contract
EPL
GHG
grt
H2S
Hopper
HP
I&APs
IFA
IMO
ISM
ISO

Parts per billion
Angstronm
Australian Stock Exchange
Benguela Large Marine Ecosystem
Benguela Environment Fisheries Interaction and Training
Sea bottom dwelling / environs
Biological Oxygen Demand
Background information document: A document that provide summary of the
project with an emphasis on environmental processes.
Billion tonnes
Chlorofluorocarbon
Methane a gas found in marine sediments. Its eruption is reported to be a
contributing factor to green house gases.
Chemical Oxygen Demand
Bottom or near bottom dwelling.
Definitive Feasibility Study
Dynamic Positioning
Environmental Contract
Environmental Impact Assessment
Environmental Management Plan
Environmental Management Plan Report
The surroundings in which the company operates, including air, water, land,
natural resources, flora, fauna, humans and their interrelation.
A legal agreement (based on the EMPR) issued and authorised by the Ministry of
Environment and Tourism, signed by Namibian Marine Phosphate (Pty) Ltd and
the Ministry of Mines and Energy.
Exclusive Prospecting License
Greenhouse gases
gross registered tonnage
Hydrogen Sulphide, as gas which is contained in the marine sediments of this
region. (>4% in concentrations of the gas in air is fatal)
A fully enclosed cargo hold space on dredging vessels where the dredge material is
temporarily stored.
Horse Power
Interested and Affected Parties
International Fertilizer Industry Association
International Maritime Organization
International standard for the safe management and operation of ships and for
pollution prevention
International Standards Organisation
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Indicated resource
Inferred resource
JDN
JORC
JV
MET
MFMR
ML
MLA
MME
Mt
MWTC : DMA
NatMIRC
NGOs
NMP
NORM
(P2O5)
PA
ppm
P&I
Pelagic
Rock Phosphate
ROV
SACW
SEA
SOPEP
STPM
TAC
TCF
TENORM
ToRs
TSHD
Wt %
XRD
XRF

Is that part of a Mineral Resource for which tonnage, densities, shape, physical
characteristics, grade and mineral content can be estimated with a reasonable
level of confidence.
Is that part of a mineral resource for which the tonnage, grad and mineral content
can be estimated with a low level of confidence
Jan Du Nul NV – the Belgium dredging company
Joint ore reserves committee. The Australasian Code for reporting of Exploration
Results, Mineral Resources and Ore Reserves. The Code is incorporated into the
Listing Rules of the Australian Stock Exchange (ASX)
Joint Venture
Ministry of Environment and Tourism
Ministry of Fisheries and Marine Resources
Mining Licence
Mining Licence Area
Ministry of Mines and Energy
Million tonnes
Ministry of Works Transport and Communication: Department of Maritime Affairs
National Marine Investigation and Research Centre
Non Governmental Organizations
Namibian Marine Phosphate (PTY) Ltd
Naturally Occurring Radioactive Materials
Phosphate
Per annum
Parts per million
Protection and Indemnity
Surface or near surface dwelling
A trade term, which in this instance refers to phosphate sands, of grain size (0.1 to
1.0mm). This is the term used to describe the final export product.
Remotely Operated Vehicle
South Atlantic Central Water
Strategic Environmental Assessment
Shipboard Oil Pollution Emergency Plan
Suction tube position monitoring
Total Allowable Catch
Trillion Cubic Feet
Technologically-Enhanced Naturally Occurring Radioactive Materials
Terms of Reference
Trailing Suction Hopper Dredge. A standard marine dredging method, which
converts to ‘mining’ in so far as then dredged material if subsequently processed
(at another location) to extract a mineral
Weight percent
X-Ray Diffraction
X-Ray Fluorescence
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Chapter 1: Introduction

CHAPTER 1.
1.1

INTRODUCTION

SCOPE OF THE EIA-EMPR
This document addresses the marine component of the proposed project, i.e. the activities to take
place within the Mining Licence Area ML170 (the recovery of mineralised sediments), in
accordance with the requirements of the Environmental Management Act (No. 7 of 2007) and the
conditions of the issued Mining Licence. The Mining Licence requires that an environmental
contract be entered into with the Ministry of Environment and Tourism for such Mining Licence
Area to be issued in accordance with the Environmental Management Act, (Act No 7 of 2007).
A separate EIA addresses activities related to the terrestrial component of this project (i.e. the
shore based plant and operations required for beneficiation of the mineralised sediments
recovered from the Mining Licence Area ML 170). Accordingly two EIA processes have been
registered separately with the Ministry of Environment and Tourism 1. These EIAs will be
submitted separately for approval to the authorities. However, in order to address the overall
impacts of the Sandpiper Phosphate Project, a Project Summary Report, including an assessment
of the combined impacts of the project, will be included as part of the terrestrial EIA. The
terrestrial EIA will also include an overall socio-economic assessment of the project.
This EIA-EMPR has been prepared to meet the requirements of the Environmental Management
Act (No. 7 of 2007) and the conditions of the Mining Licence (ML. 170) issued on 13th July 2011 by
the Ministry of Mines and Energy.
The EIA-EMPR prepared for dredging activities within the Mining Licence ML 170, specifically
addresses the following:
1.
2.
3.
4.
5.
6.

1
2

Recovery of phosphate-enriched sediments by Trailing Suction Hopper Dredger (TSHD) from
water depths of 190 to 275 m;
Dredging from within two initial target mining areas (Sandpiper-1 and Sandpiper-2), each
area measuring of 22 km by 8 km, and subsequently Sandpiper-3 (11 km by 6 km);
The presently identified maximum thickness of sediments to be recovered from within these
target areas is 3 m. Locally within the Mining Licence Area the deposit is known to extend up
to 6 m.2;
Exploration (resource development) activities will continue within the entire Mining Licence
Area;
Normal operational activities of the dredger, including discharge of slurry from the vessel to
the shore via a sinker line, and
Dredger support vessel operations.

th

th

Marine component registered 7 December 2010 and terrestrial component registered 24 November 2011.
Exploration activities are required to evaluate the extent of the 6 m deposit.
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1.2

LOCATION OF THE PROJECT
The Sandpiper marine phosphate project is located on the Namibian continental shelf
approximately 120 km south southwest (SSW) of Walvis Bay and approximately 60 km offshore
from the coastline. Namibian Marine Phosphate (Pty) Ltd (NMP) has defined to internationally
approved standards the existence of a potential world-class phosphate deposit of 1,832 Mt (at
15% P2O5 cut off), in the Mining Licence ML170 Area (Figure 1.1)3. The Mining Licence (ML 170)
was issued in June 2011 and comprises an area of 2233 km2.
The eastern boundary of the mining licence area is approximately 40-60 km off the coast (directly
west of Conception Bay). The water depths in the licence area range from 180 to 300 m. The
Mining Licence ML170 Area is 25.2 km wide (greatest width) and 115 km long (greatest length).
The phosphate enriched sediments and currently defined mineral resources are located
throughout the entire Mining Licence Area. Within the Mining Licence Area three initial targetrecovery areas have been selected. These areas are referred to as; Sandpiper-1 (SP-1), Sandpiper2 (SP-2) and Sandpiper-3 (SP-3) (Figure 1.2).

1.3

REQUIREMENTS FOR AN ENVIRONMENTAL IMPACT ASSESSMENT
In order that the Ministry of Environment and Tourism (MET) can make an informed decision
regarding the recovery of the phosphate enriched sediment, it is necessary that potentially
significant environmental impacts are identified and assessed. Therefore, in accordance with the
Environmental Management Act (No. 7 of 2007) (“the Act”), it is necessary to undertake an
Environmental Impact Assessment (EIA), and develop an Environmental Management Plan (EMP)
to provide the criteria for the management and monitoring of the implementation of the
mitigation measures.
This EIA-EMPR details the potential impacts of the project and the management actions required
to mitigate these significant impacts. These undertakings are in compliance with the primary
objectives of the Act, which are that:
• The developer consider the impact of the proposed activities on the environment;
• Interested and Affected Parties are encouraged to participate in environmental
assessments, and
• The findings of environmental assessments are considered before any decisions are made
about activities that might affect the environment.
In addition to the requirements of the Environmental Management Act, NMP is required to
comply with the requirements of the Minerals (Prospecting and Mining) Act (Act No. 33 of 1992).
This includes the conditions of the Mining Licence as issued by the Ministry of Mines and Energy
(MME).

3

Mineral resource is JORC compliant with: Measured resource as 4.09 Mt @ 20.45 % P2O5, Indicated Resource as 220,35 Mt
@ 20.13 % P2O5, Inferred Resource of 1,607.8 Mt at 18.9 % P2O5
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1.4

OBJECTIVES OF ENVIRONMENTAL IMPACT ASSESSMENT
These are identified as:
• To identify the issues that would be addressed in the EIA through consultation with the
Authorities, the public (both interested and affected parties), and the specialist
consultants;
• To identify and evaluate actual and potential impacts resulting from the proposed
dredging of marine phosphate-rich sediments from within Mining Licence Area ML 170
that potentially may influence the environment;
• To recommend, where necessary, additional investigations that may need to be
undertaken to confirm the desk top evaluations, and
• To recommend management, mitigation, and monitoring programmes to be
implemented before and or during dredging.

1.5

TERMS OF REFERENCE FOR THE MARINE EIA 4
The scope of work for the EIA encompasses the following:
To carry out a complete Environmental Impact Assessment Study in compliance with Namibian
Law, which includes the establishment of a detailed Environmental Management Plan for the
proposed marine Project: The recovery of Marine Phosphates from Mining Licence Area ML 170.
The marine EIA will be supported by a terrestrial EIA that will address matters related to the land
based plant and operations for beneficiation of the recovered phosphate material and all related
matters. The terrestrial EIA is not included with the marine EIA’s scope of work. However, whilst
these two EIAs are conducted independently, they are mutually supportive in respect of providing
a clear assessment of the combined and cumulative effects of the proposed Sandpiper Project.
The outcomes of the two EIAs will therefore provide the appropriate management and mitigation
measures to address the issues and concerns and impacts identified during the respective EIA
processes.

1.6

MARINE EIA PROJECT TEAM
NMP appointed Mr. Jeremy Midgley of J. Midgley and Associates to coordinate the marine EIA for
the project. NMP also appointed the CSIR (Mr. P Morant) to independently review the overall EIA
and specialist reports produced and to verify the quality of the EIA inputs and to ensure that full
and complete due process was conducted to satisfy the requirements and standards of relevant
legislation. Enviro Dynamics (Mrs. S van Zyl) was appointed as the Public Process Participation
Consultants to manage the required public processes for incorporation in the EIA-EMPR. Table 1.1
provides detail of the Marine EIA Project Team.

4

The ToRs are reproduced from the Scoping Report, prepared November 2011.
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Figure 1.1

Location of the Mining Licence Area
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Figure 1.2

Location of the Mining Licence ML170 Area
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Table 1.1:

Marine Project EIA Team.

Project Coordination
Mr. Jeremy Midgley

J Midgley and Associates

Project Manager

Specialist Environmental Consultants
Mr. Dave Japp
Dr. Robin Carter
Dr. Nina Steffani
Prof. Mark Gibbons

Capricorn Fisheries Monitoring
Lwandle Technologies
Steffani Environmental
University of the Western Cape. Dept. of
Biodiversity and Conservation Biology.

Marine fauna
Water column
Benthic fauna
Jellyfish

Enviro Dynamics

Public Consultation

NMP
NMP
NMP

Geology
Project description
Project description

Jan De Nul

Vessel and dredging

Independent consultant
IHC Marine & Minerals Projects
JSA
University of Cape Town. Dept. Geological
Sciences
Bateman Advanced Technologies

Namibian Fishery History
Mining systems
Geochemistry
Mineralogy and
Geochemistry
Beneficiation &
Geochemistry

CSIR

Independent reviewer

Public Participation Process
Mrs. Stephanie van Zyl

Client contribution
Dr. Charles Morrison
Mr. Michael Woodborne
Mr. Roger Daniel

Dredging Contractor
Mr. Jan Fordeyn

Other Consultants
Dr. Jeremy David
Mr. Hans Smit
Mr. John Sinden
Prof. John Compton
Dr. Michael Baker

Independent Review
Mr. Patrick Morant

1.7

STRUCTURE OF THE REPORT
The report is prepared as a suite of eight chapters, with three supporting appendices. These
chapters and appendices support, describe, evaluate, and where necessary provide mitigation and
monitoring requirements in order that the proposed project may be appropriately evaluated. The
report structure is:
Cover and Summary
Provides a summary of the report.
Chapter 1:
Introduction
Provides detail on the project location, contextualises the scope of the marine and terrestrial
components of the project EIAs, details the terms of reference for the marine EIA-EMPR and lists
the contributing project team members.

Final Report
Namibian Marine Phosphate (Pty) Ltd.
Page 1-7

Chapter 1: Introduction

Chapter 2:
Legislation & Policy
Provides a listing and a brief assessment of the relevant of the legislation that the project is
required to consider. This includes national, international and corporate legal requirements.
Chapter 3:
Project Description
Provides details of the project including the characterisation of the deposit, the dredging process,
the scale of dredging and general vessel (including support vessel) operations.
Chapter 4:
The Affected Environment
Provides an overview of the biophysical environment that may be impacted by the activities of the
project.
Chapter 5:
Socio-economics
Provides an overview of the socio-economic aspects of the project 5.
Chapter 6:
Public Consultation
Provides an overview of the public consultation process that is reported in full in the marine
component Scoping Report (final), submitted to MET, 15 December 2011.6
Chapter 7:
Assessment of the Environmental Impacts
Provides a description of the method used to evaluate the significance of the potential impacts,
and an evaluation of these potential impacts using information from the studies conducted by the
Specialist Consultants. Recommendations for management and mitigation are also presented in
this chapter.
Chapter 8:
Environmental Management Plan
Provides an overview of the management and mitigation measures that are to be undertaken to
support this project.
Appendix 1
Provides the full reports prepared by each of the specialist consultants, who addressed; marine
vertebrate fauna, fish and fisheries; water column chemistry and dynamics; benthic fauna and
jellyfish.
Appendix 2
Provides copies of project supporting documentation.
Appendix 3
Provides a brief history of the Namibian Fishing Industry.
Appendix 4
Provides the independent review of this EIA-EMPR by the external reviewing party.

5
6

A full review of the socio-economic considerations is presented in the Terrestrial Component EIA-EMPR.
The full marine component scoping report can be viewed on the web site: https://www.envirod.com
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Appendix 5
Details the comments received from I&APs on the Draft EIA and the responses from the Project
Team.
References
These are presented at the end of each of the chapters, or in some instance by footnotes. The
reference lists for the Specialists Consultants’ investigations are listed at the ends of their
respective reports.
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CHAPTER 2.
2.1

LEGISLATION AND POLICY

INTRODUCTION
This Chapter deals with the legal requirements and responsibilities relating to the environmental
aspects of marine mining.
The corporate responsibility is to have a comprehensive listing and understanding of all relevant
legislation, ensuring that there are controls in place and to determine the relevance of this
legislation to the operation. The interpreted understanding of the legislation provides the
backdrop for management and mitigation of all environmental impacts.
The Environmental Management Act (Act 7 of 2007) requires due process to be followed,
essentially that all project related regulatory requirements are identified, (the direct and indirect
activities of the operation) scoped (public consultation), mitigated and complied with.
The following section provides a listing of relevant legislation and provides some detail of, or
relevance to the project. The project legal requirements are evaluated in terms of:
• Namibian legislation, including guidelines and policy;
• International legislation, including guidelines and policy, and
• Company policy and standards of compliance.

2.2

THE NAMIBIAN CONSTITUTION
The particular articles of relevance are: Articles 91(c) 95(l):
91 (c) “the duty to investigate complaints concerning the over-utilization of living natural
resources, the irrational exploitation of non-renewable resources, the degradation and
destruction of ecosystems and failure to protect the beauty and character of Namibia.”
95 (l) “maintenance of ecosystems, essential ecological processes and biological diversity of
Namibia and utilization of living natural resources on a sustainable basis for the benefit of all
Namibians, both present and future; in particular, the Government shall provide measures against
the dumping or recycling of foreign nuclear and toxic waste on Namibian territory.”

2.3
2.3.1

NAMIBIAN LEGISLATION
The Environmental Management Act (Act 7 of 2007) & Draft Regulations
The Act is administered by the Ministry of Environment and Tourism (MET). MET is responsible for
issuing the Environmental Contract against an approved Environmental Management Plan Report
(EMPR). The contract may be countersigned by other line ministries.
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The Environmental Management Act (Act 7 of 2007) and the draft (3rd revision) environmental
regulations, as well as the 2008 preliminary procedures and guidelines for environmental impact
assessment and environmental management plans, establish the control of the environmental
approval / review and management process. The regulations are currently in development, a third
version has been circulated for comment. The current status of approval / acceptance /
promulgation of the regulations is reported to be, “in progress”.
Presently the approval process of EIA / EMPRs is relatively simple: follow due process, submit
appropriate documentation and await the issue of an environmental contract. The intended
process (once the regulations have been promulgated), requires an integrated and cooperatively
managed process between MET and the Proponent during the development of the EIA/EMPR.
It is understood that the Act and preliminary regulations will require upon promulgation that:
• Current approvals (EMPRs / EIAs, Environmental Contracts) are entirely re-processed
through the new system and that this is to be completed in a 3-year period, and
• That every three years the issued Environmental Contract (environmental clearance
certificate) expires and has to be reapplied for. (MET advised the Chamber of Mines, that
the reissue is against compliance with the terms of the EC and which is demonstrated
through annual compliance reporting and verification of MET).
The Act requires the establishment of a rehabilitation and decommissioning fund. There are
presently no criteria for determining the financial quantum, as a result of this and other factors,
MET has decided that the requirement will not be legislated when the environmental regulations
are promulgated1 .
NOTE: The respective operations hold P&I (Protection and Indemnity) insurance. P&I is a
standard insurance package, and typically all of the larger vessels (> 500 grt) have this in place as
standard risk cover. The insurance covers all matters (this should be specifically verified) related
to shipping incidents including environmental (pollution, wreckage, oil spill) incidents.
Two key principles of management are set out in the act. These need to be appropriately
incorporated in the environmental management and mitigations:
• the Precautionary Principle – lack of scientific certainty will not be used as a reason to
postpone cost effective measures to prevent degradation where there are threats of
serious or irreversible environmental damage; and
• the Principle of Preventative Action – there is an obligation to prevent damage to the
environment or to limit and control activities that may cause such damage.
2.3.2

Minerals (Prospecting and Mining) Act, Act 33 of 1992
The Act is currently under revision - there is no indicated time frame for completion of the
process. It is not envisaged that these revisions will prescribe any additional environmental
requirements, other than those already in place.

1

Personal communication Mr V Malango General Manager of the Chamber of Mines
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The Act is administered by the Ministry of Mines and Energy (MME). MME is the line ministry and
as such any legal non-compliances pertaining to the environment that the licence holder does not
attend to, are the responsibility and liability of MME. This is generally clearly stated in the
Environmental Contract as issued by MET and counter-signed by MME and other relevant
ministries.
The Act essentially requires the proponent to develop and maintain an approved EMPR and to
comply with relevant legislation. This requirement is specifically communicated to the applicant in
the conditions of the Mining Licence document issued by MME. The conditions of a Mining
Licence can vary in content (specific requirements given the nature of the mining operation /
location) but typically requires the proponent to obtain an approved EMPR and an EC issued by
MET within a period of time from date of issue of the ML.
The licence holder is ultimately responsible for all actions of subcontractors and must ensure that
all licence conditions are equally applied to subcontractors. Abandonment of a mining area
stipulates the need to give written notice to the Mining Commissioner; to demolish accessory
mining works (unless required by the landowner), and to "take all such steps" to "remedy to the
reasonable satisfaction of the Minister” any damage caused by the mining or prospecting
operation to the "surface of, and the environment on, the land in the area in question".
2.3.3

The Marine Resources Act 27 of 2000
The Act is administered by the Ministry of Fisheries and Marine Resources (MFMR). The ministry is
the principal responsible controlling / regulatory authority for all activities below the high water
mark that may affect the marine ecological environment.
Under section 61 the Minister of Fisheries and Marine Resources is empowered to make
regulations on a broad number of topics including “regulating or prohibiting the discharge in the
sea or discarding on the seashore and land of specified substances or materials, or substances or
materials not complying with specified requirements or having specified properties”
This Act provides for the conservation of the marine ecosystem; for the responsible utilization,
conservation, protection and promotion of marine resources on a sustainable basis. [The Act
replaces the Sea Fisheries Act 29 of 1992, which dealt with: dumping at sea, discharge of wastes
into marine reserves, disturbance of rock lobsters, marine invertebrates or aquatic plants, areas in
which the catching / disturbing of fish or aquatic plants or disturbing / damaging the seabed are
prohibited].

2.3.4

The Diamond Act of 1991
This Act came into effect on 1 April 2000. Section 52 deals with Restricted Areas, where approved
persons must enter with the required permit. Restricted Areas are declared as such by the
Minister in the Government Gazette, and include areas where on - or offshore mining or related
activities take place. Since the mineralisation target locations of marine phosphates and diamonds
differ, the Diamond Act is not applicable.
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2.3.5

The Merchant Shipping Act 73 of 1991
This Act regulates all shipping activities, with particular attention to matters of, but not limited to:
• The registering and licensing of ships;
• Certificates of competency and service;
• Safety of ships and life at sea;
• Safety of navigation, and
• Collisions, accidents at sea and limitation of liability.

2.3.6

Prevention and Combating of Pollution of Sea by Oil Amendment Act 24 of 1991
The amendment regulates pollution from ships at sea (Prevention and Combating of Pollution of
the Sea by Oil Act No 6 of 1981), with primary focus of increasing the fines that may be imposed in
respect of offences. The Minister of Works Transport and Communication regulates the Act.

2.3.7

Water Act 54 of 1956.
The abstraction from and discharge into the sea requires a permit under Sections 32 and 56 of the
Water Resources Management Act (No. 24 of 2004), respectively. This Act is based on the
National Water Policy (Ministry of Agriculture, Water and Rural Development 2000). A combined
licence to abstract and use water and to discharge effluent is covered under Section 38 of the Act.
Licences are provided by the Ministry of Agriculture, Water and Forestry (MAWF). The Act is
applicable to activities happening on land.

2.3.8

National Monuments Act 28 of 1969.
Controls the disturbance of shipwrecks, and archaeological deposits. It provides detail of the
reporting requirements, as well as the actions to take if such is found. In essence the requirement
is that operations are stopped and the relevant authorities advised.

2.3.9

Namibian Ports Authority Act 2 of 1994
Gives Namport the responsibility of protecting the environment within harbour areas. Namport
has implemented a pollution tariff applicable to soil, water and air pollution. The pollution tariff
was implemented with effect from 2003.

2.3.10 Maritime Notice No. 4 of 1994
Provides rules and procedures for collecting garbage from vessels in Namibian waters.
2.3.11 Petroleum Products and Energy Amendment Act of 2000
Provides provision for the Minister to regulate the cleaning up of petroleum product spills, leaks
and related incidents.
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2.3.12 Hazardous Substance Ordinance 14 of 1974 as amended
Relates to the control of hazardous substances, as well as their manufacture, sale, use, disposal,
dumping, import and export.
2.3.13 The Territorial Sea and Exclusive Economic Zone of Namibia Act 3 of 1990
The act defines Namibia’s territorial sea, inland waters, contiguous zone, exclusive economic zone
and continental shelf and related matters.

2.4
2.4.1

POLICIES AND PROTOCOLS OF RELEVANCE
Namibian Vision 2030: NDP: 2006/7-2011/12
The third National Development Plan (NDP 3) articulates Namibia’s national development
objectives, and the Strategies to achieve these objectives. Vision 2030 states; “ The nation shall
develop its natural capital for the benefit of its social, economic and ecological well being by
adopting strategies that: promote the sustainable, equitable and efficient use of natural
resources; maximize Namibia’s competitive advantages.”
Extract from the Foreword of the document “I (the President) implore our international
development partners and private foreign investors to redouble their effort to help us move on to
and continue on the higher growth trajectory.”

2.4.2

General Biophysical Impacts
•

•
•
•
2.4.3

Namibia’s 12 Point Plan for Integrated Sustainable Environmental management. This was
established from Namibia’s Green Plan (1992), which was tabled at the “Earth Summit” in
Rio de Janeiro.
Conservation and Biological Diversity and Habitat Protection Policy
Policy Framework for Wildlife and Utilization Production in Support of Biodiversity
Pollution control and Waste Management Bill 1999.

SADAC Protocol: Fishereis
The Protocol on Fisheries for the Southern African Development Community (SADC) (the ‘Fisheries
Protocol’) was signed in 2001. Namibia has ratified the protocol, the protocol is established on 31
Articles.
The goal of the sector is to promote responsible and sustainable use of the living aquatic
resources and aquatic ecosystems in order to enhance food security and human health. The
specific policy objectives are to promote effective management of fish stocks, protect and
preserve fish resources, promote aquaculture and mariculture development and promote trade in
fish. The strategies of the Sector include establishing a regional stock assessment and fisheries

Final Report
Namibian Marine Phosphate (Pty) Ltd.
Page 2-7

Chapter 2: Legislation & Policy

management system; promoting regional trade; and building capacity for better fisheries
management.

2.5
2.5.1

INTERNATIONAL CONVENTIONS
Convention for the Prevention of Pollution from Ships (MARPOL) – 73/78.
MARPOL 73/78 is the International Convention for the Prevention of Pollution From Ships, 1973
as modified by the Protocol of 1978. ("MARPOL" is short for marine pollution and 73/78 short for
the years 1973 and 1978.) MARPOL 73/78 is one of the most important international marine
environmental conventions. It was designed to minimize pollution of the seas, including dumping,
oil and exhaust pollution. Its stated object is: to preserve the marine environment through the
complete elimination of pollution by oil and other harmful substances and the minimization of
accidental discharge of such substances.
The original MARPOL Convention was signed on 17 February 1973, but did not come into force.
The current Convention is a combination of 1973 Convention and the 1978 Protocol. It entered
into force on 2 October 1983. As of 31 December 2005, 136 countries, representing 98% of the
world's shipping tonnage, are parties to the Convention.
All ships flagged under countries that are signatories to MARPOL are subject to its requirements,
regardless of where they sail and member nations are responsible for vessels registered under
their respective nationalities.
This Convention is relevant to the disposal of sewage, garbage, oil discharges, hazardous
substances, and atmospheric emissions. Although Namibia is not a signatory of MARPOL, the
guidelines provided by the Convention on the prevention of pollution from ships 1973/1978
(MARPOL) are relevant. More specifically, Annex I of MARPOL provides regulations for the
prevention of pollution by oil, Annex IV deals with prevention of pollution by sewage from ships,
and Annex V with prevention of pollution by garbage from ships. Annexures 1 (Oil pollution) and 5
(Garbage) are implemented in Namibia by means of Marine Circular 010 of 2003.

2.5.2

United Nations Law of the Sea Convention (UNCLOS) 1982
The UNCLOS presents a comprehensive international legal framework to govern the seas and
oceans of the world. A central feature of the Convention is the descriptions of the various
maritime zones, i.e. internal waters, territorial sea, contiguous zone, exclusive economic zone,
continental shelf, and high seas.
Part XII, titled “Protection and Preservation of the Marine Environment” deals more specifically
with marine pollution. Article 192 states that: ‘States have an obligation to protect and preserve
the marine environment’. Article 194(2) requires States to take necessary measures to ensure
that activities under their jurisdiction or control do not “cause damage by pollution to other States
and their environment” and to take measures to minimise “the release of toxic, harmful or
noxious substances, especially those that are persistent, from land based sources, from or
through the atmosphere, or by dumping” (Article 194(3)(a)), as well as “pollution from vessels,
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installations and devices used in exploration or exploitation of the natural resources of the seabed
and subsoil” and “pollution from other installations and devices operating in the marine
environment” (Article 194(3)(b)).
Article 196 requires states to take necessary measures to “prevent, reduce and control pollution
of the marine environment resulting from the use of technologies under their jurisdiction or
control, or the intentional or accidental introduction of species, alien or new, to a particular area
of the marine environment, which may cause significant and harmful changes thereto”.
2.5.3

Convention on the Control of Transboundary Movements of hazardous Wastes and their
Disposal 1994 (Basel Convention)
The Basel Convention on the Control of Transboundary Movements of Hazardous Wastes and
their Disposal, usually known simply as the Basel Convention, is an international treaty designed
to reduce the movements of hazardous waste between nations, and specifically to prevent
transfer of hazardous waste from developed to less developed countries. It does not, however,
address the movement of radioactive waste. The Convention is also intended to minimize the
amount and toxicity of wastes generated, to ensure their environmentally sound management as
closely as possible to the source of generation, and to assist less developed countries in
environmentally sound management of the hazardous and other wastes they generate.
The Convention was opened for signature on 22 March 1989, and entered into force on 5 May
1992

2.5.4

Convention of Biological Diversity Rio de Janeiro (1992)
Namibia signed the Convention on Biological Diversity (CBD) on 12 June 1992 in Rio de Janeiro, at
the United Nations Conference on Environment and Development, and ratified it on 18 March
1997. Namibia is accordingly obliged under international law to ensure that its domestic
legislation conforms to the CBD’s objectives and obligations. Its Constitution explicitly refers to
biodiversity, providing that in the interests of the welfare of the people, the State shall adopt
policies aimed at maintaining ecosystems, ecological processes and biodiversity for the benefit of
present and future generations (Article 95(I)).
Of relevance for the proposed activities are:
• Article 1 outlines the framework within which action must be taken, and demands that
implementation and further development of the CBD conform to these objectives. In this
way, it will help ensure that balanced decisions are taken, and that where interpretations
diverge, conflicts are resolved amicably.
• Article 6 (a) requires the development of national strategies, plans or programmes for the
conservation and sustainable use of biological diversity, or adapting existing strategies,
plans or programmes for this purpose, while Article 6 (b) sets out the need for integration,
as far as possible and as appropriate, of the conservation and sustainable use of biological
diversity into relevant sectoral or cross-sectoral plans, programmes and policies.
• Article 14 requires each contracting party to carry out EIAs for projects that are likely to
adversely affect biological diversity. It further requires that the EIA be aimed at avoiding
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•

2.5.5

or minimising such effects and, where appropriate, allow for public participation in the
assessment.
Article 14.1 (d) provides that, where there is imminent or grave danger or damage to
biological diversity within areas under jurisdiction of other States or in areas beyond the
limits of national jurisdiction, that such potentially affected States be notified immediately
of such danger or damage, and action initiated to prevent or minimize such danger or
damage.

United Nations Framework Convention on Climate Change (UNFCCC).
The United Nations Framework Convention on Climate Change was concluded in Rio de Janeiro in
June 1992. The objective of the Convention, and subsequent related legal instruments (such as
the Kyoto Protocol), is “the stabilization of greenhouse gas concentrations in the atmosphere at a
level that would prevent dangerous anthropogenic interference with the climate system. Such a
level should be achieved within a time-frame sufficient to allow ecosystems to adapt naturally to
climate change, to ensure that food production is not threatened and to enable economic
development to proceed in a sustainable manner” (United Nations, 1992).

2.5.6

The Stockholm Declaration on the Human Environment, Stockholm 1972.
The United Nations Conference on the Human Environment, which led to the Stockholm
Declaration on 16 June 1972, aimed to provide “a common outlook and common principles to
inspire and guide the peoples of the world in the preservation and enhancement of the human
environment” (UNEP, 1972). Namibia adopted the Stockholm Declaration on the Human
Environment on 28 August 1996, and the following principles are the most relevant:
•

•

2.5.7

Principle 21: States have, in accordance with the Charter of the United Nations and the
principles of international law, the sovereign right to exploit their own resources pursuant
to their own environmental policies, and the responsibility to ensure that activities within
their jurisdiction or control do not cause damage to the environment of other States or of
areas beyond the limits of national jurisdiction.
Principle 22: States shall cooperate to develop further the international law regarding
liability and compensation for the victims of pollution and other environmental damage
caused by activities within the jurisdiction or control of such states to areas beyond their
jurisdiction.

Convention on the Prevention of Marine Pollution by Dumping of Wastes and Other Matter
(London Convention 1972)
The convention controls and prevents marine pollution. Dumping is identified as “the deliberate
disposal at sea of wastes or other matter from vessels, aircraft, platforms or other man made
structure”. In 1986 a set of guidelines was prepared and these have been revised as the Dredged
Material Assessment Framework.
"Dumping" has been defined as the deliberate disposal at sea of wastes or other matter from
vessels, aircraft, platforms or other man-made structures, as well as the deliberate disposal of
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these vessels or platforms themselves. Wastes derived from the exploration and exploitation of
seabed mineral resources are, however, excluded from the definition. The provisions also do not
apply when the safety of human life or vessels are at stake.
Namibia is a signatory; however the agreement has not been ratified.

2.6
2.6.1

INTERNATIONAL FINANCING REQUIREMENTS
The Equator Principles
The Equator Principles require that an Environmental Social Impact Assessment addresses key
social and sustainable environmental requirements. The Equator Principles are incorporated by
the International Finance Corporation and presented below.

2.6.2

International Finance Corporation (IFC)
The International Finance Corporation, a component of the World Bank Group, has developed
operational policies (IFC 1998) that require that an impact assessment is undertaken within the
country’s overall policy framework and national legislation, as well as international treaties, and
that natural and social aspects are to be considered in an integrated way.
Projects financed are developed in a manner that is socially responsible and reflect sound
environmental management practices. Negative impacts on project-affected ecosystems and
communities should be avoided where possible. If these impacts are unavoidable, they should be
reduced, mitigated and/or compensated for appropriately.”
The projects have the following elements:
• Social and Environmental Assessment;
• Applicable Social and Environmental Standards;
• Action Plan and Management System;
• Consultation and Disclosure;
• Grievance Mechanism;
• Independent Review;
• Covenants;
• Independent Monitoring and Reporting, and
• IFC Reporting requirements.
Loans are not provided to projects where the borrower will not or is unable to comply with our
respective social and environmental policies and procedures that implement the Equator
Principles.”
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2.7
2.7.1

MARINE MINING CODES OF PRACTICE
Code for Environmental Management of Marine Mining
The code for Environmental Management of Marine Mining is a voluntary code which industry,
regulatory agencies, scientists and other stakeholders are encouraged to strive towards use. The
International Minerals Society has developed the code. The code was revised, 16th September
2011.
The Code provides a framework and benchmarks for development and implementation of an
environmental programme for a marine exploration or extraction site by marine mining
companies and or stakeholder in Governments, non-governmental organizations and
communities in evaluating actual and proposed applications of environmental programmes at
marine mining sites.
The Code also assists in meeting the marine mining industry’s requirement for regulatory
predictability and risk minimization and in facilitating financial and operational planning..

2.8

COMPANY POLICY
The Company places high value on the natural environment in which employees work, and
similarly places a high value on the health and safety of the employees who work in that
environment. The Company has established, separate Health & Safety and Environmental Policy
Statements, which together encompass the Companies approach to ethical moral and practical
corporate responsibility.

2.8.1

Environmental Policy Statement
It is Namibia Marine Phosphate’s aim to achieve a high standard of care for the environment in all
of the activities in which we engage.
To achieve this objective we will:
• Conduct our operations in compliance with all relevant environmental regulations,
licenses and legislation as a minimum condition;
• Identify, monitor and manage environmental risks arising from our operations;
• Seek continuous improvement in environmental performance, production processes,
waste management and the use of resources;
• Set, endeavour to meet and periodically review objectives and targets related to
environmental performance;
• Provide appropriate training and awareness for all employees on environmental issues;
• Communicate regularly with employees about our aim and about individual
responsibilities and
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•

Communicate with the authorities’ shareholders and the community about our
environmental performance and contribute to the development of laws and regulations,
which may affect our business.

Namibian Marine Phosphate strives to operate in harmony with all other stakeholders who may
be affected by the mining operations, as is manifested in the company’s environmental
management policy statement. Resolution of any conflict, should such occur, is of highest
priority. The Company is committed to complying with all environmental legislation, maintaining
communication with users and managers, fostering environmental responsibility among staff and
contractors and establishing programs to minimise impact to the environment.
2.8.2

Health and Safety Policy Statement
Namibian Marine Phosphate aspires to zero harm to people. In this regard we will conduct our
mining and exploration activities so as to protect the safety and health of employees, contractors,
visitors and the communities in which we operate.
To achieve our goal, we will:
• Utilise a Safety Management System that follows a pro-active and consultative approach
with all stakeholders to ensure that hazards are identified, assessed and adequately
controlled in all activities;
• Provide and maintain a safe and healthy workplace by complying with, and exceeding
where possible, all applicable safety and health laws, codes of practice, standards and
guidelines;
• Provide leadership, accountability, support, resources and training to create an
environment where all personnel have the ability and desire to achieve a safe, healthy
and productive workplace;
• Provide support to the families of any person injured in the course of their employment at
our operations, recognising that such injury has an impact beyond the individual injured;
• Strive to achieve leading industry practice in safety and health management;
• Develop, communicate, measure and review safety, health and other key business
objectives and targets to ensure performance is continually improved;
• Employ only those staff and contractors who demonstrate high levels of performance and
commitment to workplace health and safety management;
• Implement this policy through a systematic and ongoing planning process.
This Safety and Health Policy is the primary component of our overall operating philosophy. We
are totally committed to this Policy and we accept primary responsibility for the achievement of
all its aims.

2.8.3

International Guidelines on Business Ethics
Namibian Marine Phosphate (Pty) Ltd subscribes to the business ethics guidelines of the
International Fertilizer Industry Association, these are:

Final Report
Namibian Marine Phosphate (Pty) Ltd.
Page 2-13

Chapter 2: Legislation & Policy

IFA members are expected to respect a strong sense of ethics and integrity to ensure a sound
business environment within the fertilizer industry.
IFA members are expected to adhere to the highest standards of business conduct by honouring
all business obligations and complying with the laws, rules and regulations in the countries and
communities in which they operate.
Members are expected to conduct business in good faith, respect the sanctity of contracts and
foster fair, ethical and legal trade practices.
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CHAPTER 3.
3.1

THE SANDPIPER PROJECT

INTRODUCTION
The information in this chapter focuses exclusively on the marine component of the project
relating to the operations to be undertaken in marine mining licence ML170 located some 120km
to the southwest of Walvis Bay. This chapter is based on information provided by the project
proponent (Namibian Marine Phosphate Pty Ltd) (NMP) and its appointed specialist
consultants/contractors.
The project proponent (NMP) is a Namibian registered joint venture company comprising of a
Namibian women’s empowerment group Tungeni Investments cc (15%) as well as the Namibian
subsidiaries of two Australian Listed Stock Exchange companies, Minemakers Limited (42.5%)1 ,
and UCL Resources Limited 2 (42.5%).
Phosphates in the marine environment were first discovered and regionally mapped on the
Namibian shelf in the late 1960s and 1970’s, with subsequent exploratory work undertaken by the
South African mining company Gencor Ltd and others in the 1990s and 2000’s. The phosphate
deposit off Walvis Bay was termed “Sandpiper Deposit ” by Gencor, and that name has been
retained. Phosphate deposits (of various type and grade) are known to be widely distributed on
the Namibian continental shelf. In the 1990s the Sandpiper deposit was considered as sub
economic based on current prices for rock phosphate concentrate (1991: US$ 42.50 tonne). From
2007 the value of phosphate rock concentrate (32 % P2O5) increased rapidly from US$ 80.00 per
tonne, peaking at US$ 430.00 per tonne in August – September 2008 resulting in a re-rating of the
economic viability of phosphate projects worldwide. The current market price is significantly
lower than the 2008 peak price placed currently at around US$ 192.503 (February 2012), which
still leaves several projects, including the Sandpiper project at economically viable levels.

Phosphate Price US$ per metric tonne

4

1

MAK.AX
UCL.AX
3
Commodity prices - World Bank data – www.indexmundi.com/commodities
4
Commodity prices - World Bank data – www.indexmundi.com/commodities.
2
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Phosphorus (P) is an essential nutrient of all plants and animals. There is an ever-increasing
demand for phosphate of good quality, which the Sandpiper deposit provides, as a component of
fertilizer in the agricultural industry (for farming and as an ingredient of animal feeds) as well as in
the food industry as a food additive. As the traditional world phosphate reserves decline, the
impacts to society are potentially immense. This directly relates to declining farm output (produce
decline). This in turn has generated higher food prices and contributes significantly to food
insecurity and associated escalating socio-economic challenges. Riots related to prices and lack of
availability of food occurred across the world in 2008 and 2009 and still continue to flare up today.
Some countries (particularly China and Saudi Arabia) are currently ensuring their own food
resources by securing large tracts of arable land in foreign countries, notably Africa (Zambia,
Angola, Mozambique, and Tanzania).
Through the proposed development of the Sandpiper Phosphate Project by NMP, Namibia has the
opportunity to participate in the global phosphate industry thereby positively contributing to the
global phosphate resource and in this way contributing to securing farming output as well as to
world food security. Food, food production, food security and nutrients (in particular phosphate)
are extremely important in the global economy and the stability of food based economic
strategies. Namibia has the opportunity to become a global influence and in this regard, as well as
becoming a significant role player in the stability of society’s sustained social and economic wellbeing.
While global reserves of phosphate appear to be large, they are finite and will be subjected to
upward price pressure as world demand for food rises, population increases (9 billion in 2050),
available arable land decreases and the quality of the mineable reserves declines. Morocco, China,
South Africa and the USA hold 83% of the world’s easily exploitable phosphate and contribute two
thirds of the annual production. At current rates of extraction, known USA reserves are projected
to last 40 years. Globally 90 years’ (15,000 million metric tons) worth of phosphorus remains.
Namibia, with NMP’s recently established current resources of 1,832 Mt (at 15 % P2O5), now ranks
as the seventh largest in terms of global resources5. The demand for phosphate is very likely to
grow based on population growth with associated increased living standards6.
NMP is in the process of conducting a Definitive Feasibility Study (DFS) on the Sandpiper
Phosphate Project. The base case (as determined from earlier investigations) for this DFS study
are:
• An economic life of mine of 20 years;
• Recovery of 5.5 million tonnes of marine sediment annually;
• Export of 3.0 million tonnes of rock phosphate (concentrate) annually ;
Provisional investigations by NMP through appointed environmental consultants and specialists
has determined that the recovery (dredging) and terrestrial processing/beneficiation (washing
and separation) of the phosphate, with appropriate mitigation and responsible management
practices in place, will not have a significant detrimental impact on the environment at each of the
affected locations. However, this remains to be confirmed through this formal EIA-EMPR process.
5

1,832 million tons (at 15% P2O5) [comprising: Measure 4.09 Mt at 20.5 % P2O5: Indicated 220,35 Mt at 20.13 % P2O5 and
Inferred 1,607.8 Mt at 18.9 % P2O5]
6
Data source, United States Geological Survey.
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As stated, the separate primary activities of the project will be dealt with under two parallel EIA
processes that will, when combined, evaluate the entire project:
• Marine activities – includes all activities undertaken in the ML170 area (located 60km
offshore and some 120 km SW of Walvis Bay) per the conditions issued by the
Ministry of Mines and Energy, and incorporating phosphate sediment recovery
(dredging) and transport to the coast off Walvis Bay; and
• Terrestrial activities – includes the treatment/beneficiation of the material recovered
and incorporating, slurry transfer pipeline to pump the material onshore from the
dredger, a buffer pond to receive and screen material, the processing of the
phosphate slurry to produce the export product ‘rock phosphate’ and the associated
infrastructural requirements7’.
These two EIA processes have been registered with the Ministry of Environment and Tourism in
accordance with the Environmental Management Act (Act 7 of 2007)8.

3.2

OBJECTIVES OF THE PROJECT
The primary objective is to develop a world class phosphate project in Namibia and to supply
phosphate (‘rock phosphate’) to Namibia, regionally in Africa and also to world phosphate
markets at competitive prices, to undertake this development in a responsible manner, with due
and proper consideration to corporate, social, economic, and environmental matters.
In addition to the primary objective there are several key project objectives, which are of
significant importance to ensure the appropriate development of the project from
conceptualization through design to development and including ongoing project management,
these are:
• Taking a key role in establishing Namibia as a leader in the provision of rock
phosphate to regional and world markets9;
• Creation of sustained direct (employee) and indirect (subcontractor) employment;
• Identifying, evaluating and responsibly mitigating/managing matters of
environmental concern;
• Providing open pathways for the presenting and resolution of possible conflicts of
interest that may occur;
• Cooperating and developing synergistic projects with local communities and
stakeholders;
• Contributing to securing agricultural productivity and food production in Namibia,
the surrounding regions in Africa as well as other parts of the world;

7

8
9

Rock phosphate is an industry term. The term is applied to this project; however, the product recovered is a fine black
sand in the case of the Namibian marine phosphate product.
Appendix 2b.
Based on the 1,832 million tons (at 15% P2O5) [comprising: Measure 4,09 Mt at 20.5 % P2O5: Indicated 220,35 Mt at 20.13
% P2O5 and Inferred 1,607.8 Mt at 18.9 % P2O5] confirmed by NMP, Namibia has the seventh largest phosphates
reserves in the world. (United States Geological Survey)
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•
•
•

Establishing the framework for taking the project to higher levels of in-country
beneficiation by becoming a fully vertically integrated fertilizer manufacturer;
Contribution to regional and national growth of the GDP through employment,
royalties and tax revenues, and
Providing a return on investment to shareholders.

The medium to long-term objectives of the project would be subject to separate feasibility and
environmental studies to address advanced beneficiation and chemical processing of the
recovered rock phosphate to produce a range of fertiliser products including:
• Partially Acidulated Phosphate Rock
• Single Super Phosphate,
• Phosphoric acid.
• Fertiliser products

3.3

PROJECT CONCEPTUALISATION
The development of the project has two primary drivers:
• Commodity price and demand; and
• Current dredging and phosphate beneficiation technology developments.
Detailed project conceptualization is based on the following:
• That marine rock phosphate is potentially suitable for direct application to the soil;
• That marine rock phosphate is potentially suitable for downstream production of
phosphoric acid and fertilizer products
• The commodity price of phosphate (currently is US$ 192.50 per tonne (February
2012) is predicted to remain in a steady price range over the next 10 years, possibly
to increase in the medium term as supply is outstripped by demand;
• Global terrestrial traditional rock phosphate reserves are diminishing in quality and
grade throughout the world10;
• Demand for good quality phosphate fertilizer is expanding due to the increasing food
needs of the growing world population (estimated 7 billon people in November
201111 and projected to 9 billion by 2050) and more recently, by the demand for
biofuels as renewable alternatives to fossil fuels;
• Currently there is no artificial substitute for phosphate as a critical component in
agricultural fertiliser and feed;
• The increase of agricultural production has to be achieved mainly on the existing
agricultural land as most of the arable land is already used. Only in South America
and Sub-Saharan Africa can further land be made arable by clearing;
• Morocco, with the largest reserves in the world (26 billion tonnes), is also the largest
annual producer. China, which holds the second largest world reserves (14.1 billion

10

11

J. von Horn and C Sartorius: Impact of supply and demand on the price development of phosphate (fertilizer) - 2009:
Fraunhofer Institute Systems an innovation Research, Breslauder Str. 48, 76139 Karlsruhe, Germany
National Geographic Magazine – September 2011.
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•

tonnes), applies a 150 % premium on exported phosphate. It has been reported but
not verified that the country has stopped exporting phosphate and is retaining its
production for in-country use, and
Development of this project will place Namibia in a significant position in the global
rock phosphate industry with regard to both quantity of phosphate resource as well
as annual production.

The key operational aspects for the marine component of the project comprise:
• Recovery of Phosphate sediment from water depths of up to 275 m;
• An annual recovery volume of 5.5 million tonnes of phosphate rich sea bed material
to a thickness of 3 m (potentially up to 6 m), extracted from an area of up to 3 km2;
• Transporting the recovered sediments by vessel and transferring (by pumping) the
material to shore;
• Conducting the marine operation in a safe and responsible manner with respect to
the conditions at sea, other marine users and also applying environmental
management practices as described in the environmental management plan12;
The key operational aspects of the terrestrial component of the project involves13:
• A temporary sinker line pipeline for the transfer of the slurry from the vessel to the
shore;
• Receiving the slurry in a coastal buffer pond;
• Screening the slurry at the coastal buffer pond pre-processing site;
• Pumping the phosphate enriched slurry via a pipeline to the processing plant;
• Beneficiating (separating (screening and gravity), washing and drying) the incoming
material at a processing plant;
• Managing final products, which includes transporting phosphate to an enclosed
stockpile, and the tailings material to final disposal site, and
• Transfer of saleable products to the Port of Walvis Bay or point of sale.

Dredging the marine sediments
5.5 million tonnes per annum

Transporting the slurry approximately
125,500 tonnes solids per campaign
week

Figure 3.2:

12

13

Discharging hopper contents
transferred approximately
once every 3 to 4 days

The dredging cycle (schematic).

The final requirements of environmental management plan will be confirmed in the Environmental Contract with the
Ministry of Environment and Tourism and responsible line ministries.
Full detail of the terrestrial component of this project will be provided in a separate EIA report.
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3.4

PROJECT ALTERNATIVES
In common with the exploitation of all mineral deposits there is no alternative to the proposed
project. The proposed project has been evaluated as a viable operation in respect of all corporate
responsibilities, liabilities and requirements. However, a wide range of alternatives has been
considered in respect of evaluating recovery, storage, transportation systems and discharge of the
phosphate-rich marine sands14. These alternatives have been assessed primarily in respect of
technical matters related to sediment recovery. However, corporate liabilities and responsibilities,
within which environmental concerns are evaluated, have been appropriately considered.
On a global scale, the number of successful, currently operating dredging recovery systems that
can operate under these conditions are limited. Six dredging/recovery system alternates have
been evaluated for this project, (Figure 3.3), these included:
•
•
•
•
•
•

Wireline Dredge Pipe;
Large diameter drill;
Mechanical grab;
Fall pipe and Remotely Operated Vehicle (ROV),
Flexible hose and ROV; and
Training Suction Hopper Dredge (TSHD)

Each of these operational recovery systems was evaluated against the following assessment
criteria:
• Vessel availability;
• System availability;
• Production capacity;
• Market flexibility;
• Material transport;
• Operation complexity;
• Capital cost;
• Operator skill level;
• System maturity, and
• Recovery accuracy.

14

These systems were evaluated by IHC Marine and Minerals Projects; PO Box 53156 Kenilworth Cape Town 7745
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Wire Line Sand Dredge

Wirth Drill

Mechanical Grab

Fall Pipe & ROV

Crawler ROV

Trailing Suction Hopper Dredge

Figure 3.3:

Alternative marine sediment recovery systems.
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The appointed experts established that the TSHD is the preferred recovery option. The TSHD
allows for both recovery and transportation of the marine sediments in the same vessel.
The principal reasons for the TSHD being the preferred option include:
• A large hopper (space where the slurry is stored onboard) provides for economy of
scale;
• TSHD technology is proven and is supported by well known established
environmental protocols;
• Processing at sea and transfer of slurry to barges for transfer to shore is eliminated,
which minimizes the safety risks inherently associated with transfers at sea;
• The vessel when not dredging has a relatively fast sailing speed, this shortens the
‘dredge – sail – discharge’ turn around time (the dredge cycle), and
• The vessel has its own power source (ship’s power and pumping capacity) for
discharging the slurry via pipeline to the buffer pond on shore.

3.5

LOCATION OF THE PROJECT
The Sandpiper marine phosphate project is located on the Namibian continental shelf
approximately 120 km south southwest (SSW) of Walvis Bay. The eastern boundary of the Mining
Licence Area is approximately 40-60 km off the coast (directly west of Conception Bay). The water
depths in the licence area range from 180 to 300 m, (Figure 3.4). The Mining Licence Area is
25.2 km wide (greatest width) and 115 km long (longest length).
NMP has verified to internationally approved standards the existence of a potential world-class
phosphate deposit of 1,832 Mt (at 15 % P2O5) in the Mining Licence Area15. The Mining Licence
Area covers 2233 km2.
The phosphate enriched sediments and defined mineral resources are located throughout the
entire Mining Licence Area. Within the ML three initial target-mining areas have been selected.
These areas are referred to as; Sandpiper-1 (SP-1), Sandpiper-2 (SP-2) and Sandpiper-3 (SP-3),
(Figure 3.5, Figure 3.6, Figure 3.7, Figure 3.8).

15

1,832 million tons (at 15 % P2O5) [comprising: Measured 4,09 Mt, Indicated 220,35 Mt at 20.13 % P2O5 and Inferred
1,607.8 Mt at 18.9 % P2O5]
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Figure 3.4:

General Location of the project of Mining Licence 170.

Final Report
Namibian Marine Phosphate (Pty) Ltd.
Page 3-11

Chapter 3: Project Description

Figure 3.5:

General distribution of the initial target recovery areas of the Sandpiper project within the
Mining Licence Area.
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Figure 3.6:

The Sandpiper-1 initial target recovery area of the mineral resource.
Showing a possible 20 year mineable area

Final Report
Namibian Marine Phosphate (Pty) Ltd.
Page 3-13

Chapter 3: Project Description

Figure 3.7

The Sandpiper-2 target recovery area of the mineral resource.
Showing a possible 6 year mineable area
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Figure 3.8:

The Sandpiper-3 target recovery area of the mineral resource.
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Details of the three target recovery areas of the Sandpiper deposit are presented in Table 3.1,
from within which up to 3km2 will be mined annually, (60 km2 for the life of the mine).
Table 3.1:

Parameters describing three target recovery areas of the Sandpiper deposit.

Detail

Sandpiper-1

Sandpiper-2

Sandpiper-3

A:
24° 05' 24.500'' S
13° 57' 25.716'' E

A:
24° 19' 27.201'' S
13° 51' 24.056'' E

A:
24° 41' 19.540'' S
13° 49' 07.630'' E

B:
24° 05' 26.359'' S
14° 02' 09.025'' E

B:
24° 19' 29.265'' S
13° 56' 07.875'' E

B:
24° 41' 21.178'' S
13° 52' 41.105'' E

C:
24° 17' 21.597'' S
14° 02' 03.644'' E

C:
24° 31' 24.458'' S
13° 56' 01.869'' E

C:
24° 47' 18.753'' S
13° 52' 37.895'' E

D:
24° 17' 19.720'' S
13° 57' 19.895'' E

D:
24° 31' 22.375'' S
13° 51' 17.605'' E

D:
24° 47' 17.108'' S
13° 49' 04.251'' E

Approx width - km

8

8

6

Approx length - km

22

22

11

Area (km )

176

176

66

Thickness Avg - m

1.69

1.70

1.30

2.5

2.25

1.85

0.50

0.50

0.60

160

162

54

Avg area mined/pa 2
km

2.44

2.42

3.17

Water depth range - m

190 - 235

245 - 285

235 - 270

Non

Non

Non

51

79

20

Boundary coordinates
(Lat - Long) of the
target mining areas

2

Thickness Max - m

16

Thickness Min (m)
Area mineable - km

Deposit > 3 m

2

17

Life of deposit - yrs
3.5.1

Adjacent Licence holders

The location and extent of Mining Licence 170 in relation to neighbouring concessions is shown
(Figure 3.9) and listed (Table 3.2).

16
17

Not all cores terminated on footwall, these figures may change with further exploration.
Depths in excess of 3 m are to be further evaluated with vibracoring sampling equipment.
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Table 3.2:

Companies holding lease areas adjacent to ML 170.

Company

Area

Licence Type

Samicor

EPL 2027 G

Industrial Minerals and Precious stones

Samicor

EPL 2027 H

Industrial Minerals and Precious stones

Samicor

EPL 2027 I

Industrial Minerals and Precious stones

Guinas Angonam Mining

EPL 2501

Industrial Minerals and Precious stones

Samicor

EPL 3291

Industrial Minerals and Precious stones

Magundje Minerals

EPL 3736

Industrial Minerals and Precious stones

LL Namibian Phosphate

EPL 3946

Industrial Minerals

Namibian Marine Phosphate

EPL 4009

Industrial Minerals

Pelagian Progress

EPL 4068

Industrial Minerals

Duiker Investments

EPL 4260

Precious metals & semi-precious stones

3.6

MINERAL LICENCES
The licence history of the Mining Licence Area is as follows:
EPL 3323 was originally granted to Bonaparte Diamond Mines Namibia (Pty) Ltd in 2005 and was
transferred to Bonaparte Tungeni Joint Venture Exploration (Pty) Ltd. on the 7th September 2006,
which was subsequently re-named Minemakers Tungeni Joint Venture Exploration (Pty) Ltd.
EPL3323 was transferred to Namibian Marine Phosphate (Pty) Ltd. on the 4th October 2010 after
signing of the shareholders agreement in June 2010.
EPL 3414 was granted to Sea Phosphates Namibia (Pty) Ltd. on the 25th April 2006 before being
transferred to Namibian Marine Phosphate (Pty) Ltd. on the 4th October 2010.
EPL 3415 was granted to Sea Phosphates Namibia (Pty) Ltd. on the 25th April 2006 before being
transferred to Namibian Marine Phosphate (Pty) Ltd. on the 4th October 2010.
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Figure 3.9:

Neighbouring concession holders.
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NMP has been granted a Mining Licence (ML 170)18 for Industrial Minerals by the Ministry of
Mines and Energy, the licence is issued for 20 years, for the period 13th July 2011 to 12th July
2031. The area incorporates the whole of EPL 3414 and parts of EPLs 3415 and 3323.
The coordinates (Table 3.3) describing the location of Licence Area (refer to Figure 3.5) are:
Table 3.3:

Coordinates of Mining Licence 170.
Lat

Long

A

-23° 57' 48''

14° 03' 05''

B

-23° 52' 31''

14° 08' 39''

C

-24° 27' 15''

14° 01' 43''

D

-24° 27' 01''

13° 57' 00''

E

-24° 32' 25''

13° 56' 58''

F

-24° 54' 15''

13° 56' 47''

G

-24° 54' 10''

13° 46' 12''

H

-24° 32' 19''

13° 44' 48''

I

-23° 57' 46''

13° 55' 53''

The issued mining licence requires that19:
•

•
•

The holder shall observe any requirements, limitations or prohibitions on the
operation as may be in the interest of environmental protection imposed by the
Minister;
An Environmental Impact Assessment must be prepared and provided to MET for
approval, and
The holder of the mining licence shall enter into an Environmental Contract with
MET.

In addition to the Mining Licence Area (ML 170) of 2233 km2 the Company also holds six
Exploration Prospecting Licences (EPLs) (Table 3.4) over 4810 km2 with identified phosphate
mineralization (Figure 3.10). Exploration activities are current and ongoing within these EPLs, as is
the case in the Mining Licence Area where resource development continues.

18
19

Appendix 2b: Copy of the mining licence.
From the Notice to Grant the Mining licence. (Titled “Notice to applicant of preparedness to grant application for a
mining licence No 170 – 08 July 2011”)
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Table 3.4:

3.7

Exploration Prospecting Licences held by NMP.
2

2

EPL

Area (km )

EPL

Area (km )

3323

560

3415

250

4009

1000

4010

1000

4021

1000

4059

1000

CHARACTERISTICS OF THE DEPOSIT
These phosphate deposits are characterized by their spatial continuity (especially in a SSW - NNE
direction) and general uniformity in grade. The variations in thickness are generally the product of
thicker accumulation of sediment in very shallow palaeo-topographic depressions in the
underlying clay surface, which is locally burrowed, with these burrows being filled with phosphate
rich sediment. The phosphate is thought to be the product of synsedimentary chemical
precipitation and early digenetic concretionary growth within the unconsolidated sediment. With
the various changes in sea level since the Miocene the original deposits have been winnowed
(removal of fines) and redistributed.

3.7.1

Stratigraphy

The stratigraphy throughout the project area has been ascertained from gravity cores (with a
restricted maximum penetration potential of up to ~ 3 m) and older (Gencor) vibrocores (with a
penetration of up to 6 m). The phosphatic horizon, which overlies a grey-green footwall clay of
Miocene age, is subdivided into two distinct layers; an upper (layer 1) 0.1 to 1.0 m thick Miocene
shelly phosphorite demonstrating a downward fining sequence and a lower (layer 2) 0.05 to >
2.0 m Miocene thick clayey phosphorite. Alternating phosphate and clay layers below layer 2 are
known from the Gencor cores. The extent and significance of these deeper deposits is the
intended subject of further exploration.

Final Report
Namibian Marine Phosphate (Pty) Ltd.
Page 3-20

Chapter 3: Project Description

Figure 3.10: Mining and exploration licence areas held by NMP.
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Phosphorite Horizon:
Layer 1: An upper 0.1 to 1.0 m thick shelly phosphorite identified as Miocene in age and
demonstrating a downward fining sequence. This consists of a coarse broken shell bed that
contains delicate off-white to brown bivalves and occasional Turritella shells supported in a very
dark brown (blackish) matrix of phosphorite pellets (fine sand sized particles) and dark green
organic mud. Shell fragments become smaller and the phosphorite pellet component and clay
increase with depth until the horizon becomes mostly a fine phosphorite sand with a small clay
content. This horizon passes gradationally into layer 2.
Layer 2: A lower 0.05 to > 2.0 m thick clayey phosphorite identified as Miocene in age. This
consists of a very dark brown (blackish), soft, sticky, clayey, fine phosphorite sand, which usually
becomes more clayey with depth (there are exceptions where the clay content can decrease with
depth). The phosphorite content is usually highest in this part of the sequence although in some
areas clay predominates. Commonly brown porous bone fragments (often vertebrae) appear
towards, or at the, base of the horizon.
Clay Horizon (footwall)
The phosphorite horizon has a sharp bioturbated contact with an underlying Miocene marine
footwall clay which gravity coring has penetrated to a maximum of 2m. This contact represents a
sedimentary hiatus. This zone is a pale grey to dark olive green-grey, firm, sticky clay with coarse
burrows in the top 15 cm filled with sediment from the layer above.
Typical sedimentary sequence of the deposit is shown (Figure 3.11 and Figure 3.12), with core
1877 showing both layers 1 and 2 of the deposit and core 1939, showing only Layer 1.
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Core log No. 1877

0.97 to 1.62 m

0 to 0.65 m

1.41 to 2.05 m

1.89 to 2.56 m

0.45 to 1.14 m

2.10 to 2.76 m

Figure 3.11: Sediment core log (1877) & photograph: Collected from the north-eastern area of Sandpiper-2.
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The photograph and core log (sample 1877) collected from 235 m water depth (directly west of
Sandpiper-1), shows layer-1, which is a shell rich phosphate rich mud 0.35 m thick, with
approximately 60 % phosphate, 20 % shell and 20 % mud. Layer-1 continues to 1.0 m, it shows
decreasing abundance of shell fragments with depth. Layer-2, is typically 80 % phosphate and 20
% mud (shell is absent in this layer throughout the deposit) is well represented in this core, (1.0 to
2.70 m). Layer-2 of the deposit sits on a footwall of bioturbated clay. These burrows are typically
filled with phosphate rich mud.

Core log No. 1939

0 to 0.52 m

Figure 3.12: Sediment core log (1939) & photograph: Collected from the southern area of Sandpiper-2.

The photograph and core log (sample 1939) collected from 249 m water depth, (directly west of
Sandpiper-1), shows layer-1, which is a shell rich phosphate rich mud 0.24 m thick, with
approximately 60 % phosphate, 20 % shell and 20 % mud. The upper layer (layer-1 of the deposit)
sits on a footwall of bioturbated clay. The phosphate rich, layer-2 is not present at this location.
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3.7.2

Nature of the Phosphate Material

The phosphatic material within the sediment predominantly comprises unconsolidated fine sand
sized phosphorite ooliths and pellets, falling in the 100 to 500 micron grain size range (mostly 150
to 250 microns). These pellets are formed of concentric phosphate layers and predominantly
comprise calcium carbonate and phosphate (P2O5). They can also contain quartz grains, ilmenite
and sulphides.
The phosphorite pellets form a matrix with organic rich mud and supports a downward fining and
declining bed of coarse to fine shell fragments (bivalves and foraminifera) in the winnowed upper
part of the deposit. The lower part of the deposit is shell free and clay rich in the matrix.
Grades for individual samples rarely exceed 23% P2O5 and the majority lie between 17 and 21%
P2O5. Average layer grades are typically 19 - 20% P2O5 for the lower layer (2) and 18 -19% for the
upper layer (1).
3.7.3

Mineralogy and Geochemistry

20

The mineralogy of the phosphate material has been studied using both X-Ray Diffraction (XRD)
and X-Ray Fluorescence (XRF) techniques (Figure 3.13 and Figure 3.14) and can be summarized for
layers 1 and 2 below and is based on identifying the peaks of each mineral in the scan. Each peak
on the XRD scan is labelled with a letter signifying the mineral it represents. Each mineral has
multiple peaks and some overlap in which case the peak is attributed to two minerals.
The minerals are Francolite (F), Calcite (C), Aragonite (A), Quartz (Q), Mica (M) and Kaolinite (K).
Francolite is also referred to as carbonate fluorapatite and is an apatite containing carbonate and
fluoride. Mica refers to all 10Å (Angstrom) minerals and includes illite and muscovite. The relative
intensity of the peaks is used to estimate the relative abundance of the minerals present in each
sample, but refer to comments below on quantifying the amount of each mineral present.

20

The comparative mineralogy of phosphatic sediments from three resources area in EPLs 3323, 3414 and 3415. Associate
Professor John Compton, University of Cape Town 2010.
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Figure 3.13: XRD scan of layer 1 bulk powder sample.

Figure 3.14: XRD scan of layer 2 bulk powder sample.
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The eight samples can be subdivided into two groups based on their mineralogy:
Group 1 consists of samples 1385-7, 1552-2b, 1640-2b, 1663-2b (Layer 2 samples) which all
contain the minerals francolite (carbonate fluorapatite) (abundant), quartz (minor) and mica (very
minor).
The relative abundance of these minerals is similar for all three of these samples.
A1

Sample 1385-7:

Francolite > Quartz > Mica

A2

Sample 1552-2b:

Francolite > Quartz > Mica

A3

Sample 1640-2b:

Francolite > Quartz > Mica > Kaolinite

A3
A3

21

Francolite >> Quartz = Pyrite = Mica (Illite) = Kaolinite

22

Mica (Illite) > Kaolinite > Quartz = Pyrite

Sample 1663-2b :
Sample 1663-2b :

Group 2 consists of samples 1376-4, 1553-1b, 1650-1a, 1637-1a (Layer 1 samples) which all
contain the minerals francolite (abundant), calcite (abundant), aragonite (abundant), quartz
(minor) and mica (very minor). Aragonite and calcite are most abundant (relative to carbonate
fluorapatite) in sample 1650-1a and least abundant in sample 1553-1b. Otherwise, all three
samples have a similar mineralogy.
A1

Sample 1376-4:

Francolite > Aragonite = Calcite >> Quartz > Mica

A2

Sample 1553-1b:

Francolite > Calcite > Quartz > Aragonite > Mica

A3

Sample 1650-1a:

Calcite > Francolite = Aragonite > Quartz > Mica

A3
A3

23

Francolite = Aragonite > Calcite > Quartz = Pyrite > Mica (Illite)

24

Mica (Illite) > Kaolinite > Quartz = Pyrite

Sample 1637-1a :
Sample 1637-1a :

The Group 1 samples are non-carbonate and tend to have more terrigenous minerals such as
quartz and mica in comparison to the carbonate rich samples of Group 2. The XRD scans support
the presence of clay minerals with a 10 Å mica or illite peak in most samples and a possible 7 Å
kaolinite peak in sample 1640-2b.
Francolite (carbonate fluorapatite) is the principal mineral present and the amount can be
estimated by combining the XRD profiles with any available elemental (XRF) data. The ideal
formula for francolite is Ca5(PO4, CO3)3(OH,F) with the amount of carbonate (CO3) substitution for
phosphate (PO4) generally between 3-6 Mol% and the amount of fluoride (F) generally greater
than 1wt%. The corresponding approximate element composition for 100% francolite would then
be 55% CaO, 40% P2O5 and 5 % volatiles (LOI or lost on ignition and including OH, F and CO2).
Calcite and aragonite are polymorphs of calcium carbonate (CaCO3) and they can be quantified
from the CaO remaining after the amount of CaO has been attributed to the amount of P2O5 in the
sample. Clay mineral abundance could be estimated from the aluminium oxide content (Al2O3)..
Table 3.5 provides detail of the XRF geochemistry.
21

Bulk black powder
Clay size fraction
23
Bulk black powder
24
Clay size fraction
22
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Table 3.5:

XRF Geochemistry of the samples.

Resource Area

Sample #

%
Fe2O3

%
MnO

%
Cr2O3

%
TiO2

%
CaO

%
K2O

%
P2O5

%
SiO2

%
Al2O3

%
MgO

%
Na2O

%
LOI

Total

A1 Layer 1

1376-4

3.16

0.02

0.36

0.11

42.75

0.16

19.52

7.24

2.56

0.65

2.54

15.38

94.45

A1 Layer 1

1650 1A

2.30

<0.02

0.10

0.08

43.76

<0.02

18.00

6.89

2.19

1.80

2.77

19.05

96.88

A2 Layer 1

1553 1B

4.16

0.02

0.34

0.15

41.11

0.46

23.77

10.13

2.14

2.07

2.90

6.98

94.22

A3 Layer 1

1637 1A

3.82

0.02

0.34

0.14

39.96

0.15

17.72

11.68

2.19

1.15

<0.02

12.31

89.49

A1 Layer 2

1385-7

4.20

0.01

0.16

0.27

33.59

1.43

20.54

14.37

5.87

2.04

2.76

9.76

94.99

A1 Layer 2

1640 2B

3.73

<0.02

<0.02

0.30

31.73

0.98

20.26

14.85

4.85

1.64

3.62

12.11

94.08

A2 Layer 2

1552 2B

4.17

0.03

0.40

0.27

35.51

1.07

23.15

15.73

5.26

2.28

2.01

5.88

95.76

A3 Layer 2

1663 2B

4.86

0.03

0.39

0.32

31.34

1.48

20.24

19.37

6.73

3.13

2.93

5.70

96.52
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The modal mineralogy of these bulk powders obtained by integrating the XRD mineralogy with
the XRF elemental analyses indicates that they consist of between 51 to 70 wt% francolite (17.7 23.8 wt % P2O5), 3.8 - 8.6 wt % quartz, 1 - 24 wt % calcite, 0 - 16.5 wt % aragonite, 0.3 - 19 wt %
illite (mica), 0 - 6 wt % chlorite/smectite, 0 - 5 wt % kaolinite, 0 - 4.5 wt % halite, 1.5 - 5.8 wt %
pyrite, 0.2 - 0.74 wt % Cr-Mn-Ti oxides, and 0 - 6.3 wt % organic matter. The clay size fraction XRD
analysis of preferred orientated slides helps to resolve the clay mineralogy but the profiles are not
well defined.
Phosphate rock (PR) contains various metals and radionuclides as minor constituents in the ore.
Among these elements are various metals which are more commonly referred to as "heavy
metals," which include: Cadmium, Arsenic, Lead, Mercury, Chromium, Vanadium, Selenium and
two radioactive elements Uranium and Thorium.
Table 3.6 indicates typical heavy metal and radionuclides values for average shale, sedimentary
phosphates and compares these with those of the Sandpiper deposit. Sandpiper values of As, Cd
and U are within the normal range of other sedimentary phosphate deposits.

Table 3.6:

Metal and radionuclide trace element abundances in sedimentary phosphate rock,
and average shales. (Kauwengberg 2009)

Element

Average Shale

Sedimentary
Average
Phosphate
Rock

As

6.6

13.2

3 – 79

54 - 96

70.8

Cd

0.3

20.6

1 – 150

12 - 29

20.4

U

3.7

120

10 - 390

107

107

Range

Sandpiper
Range

Sandpiper
Average25

The heavy metals and radionuclides found in the marine phosphate are in an insoluble none
available form due to among other things the "common ion/ ionic concentration / inherent low
solubility equilibriums ” effects26.
The presence of these elements in the NMP materials after millions of years under water is a
major proof of their lack of solubility and therefore access into biological or aqueous systems.

25
26

Bateman Advanced Technologies Ltd
John Sinden. Consultoria e Assessoria. Rua Ministro Xavier de Toledo, 143 - Campo Grande – Santos / SP - CEP 11070300

Final Report
Namibian Marine Phosphate (Pty) Ltd.
Page 3-29

Chapter 3: Project Description

3.8

ONGOING RESOURCE DEVELOPMENT AND ENVIRONMENTAL SAMPLING
Within the Mining Licence Area ML170, there is the need to continue with resource development
and characterisation, this primarily relates to the:
• Thickness determination of layers 1 and 2;
• Identification of phosphate layers beyond 3 m;
• Determination of phosphate grade;
• Ground characteristics, relating to sediment cohesiveness, and
• The collection of environmental samples.
These development samples will be collected from relatively small vessels, ranging from
converted fishing vessels (20 m length) to dedicated supply / service vessels of 50 m or more in
length. The particular vessel used will depend on the type and duration of sampling to be
conducted. The suite of sampling options includes, but is not necessarily limited to:
• Van veen grab of 0.2 m2 for the collection of benthic fauna and sediment
characterization;
• Gravity cores – recovering between 0.5 and 3.5 m core samples (65 cm diameter);
• Vibro cores – recovering up to 6 m core samples (~ 65 cm diameter), and
• Clamshell grab - capable of taking a 2.5 tonne sediment bite.
In each case, dependent on the particular objectives of the sampling programme, a number of
samples will be collected. The largest by volume would be samples collected by the clamshell
grab, where up to 300 tonnes may be collected from a ‘bulk sample’ campaign. Typically these
samples are collected for supply to test process plants where a particular market needs to
evaluate specifically the characteristics of the phosphate behaviour in downstream beneficiation
processes. It is envisaged that bulk sampling would be undertaken infrequently.
The type and volume of samples collected from within the Mine Licence Area which was formerly
all of EPL 3414 and portions of EPLs 3415 and 3323 are presented in Table 3.7.

Table 3.7:

Summary of samples recovered.

Licence

Grab Samples

Core samples

Bulk Samples

Vibro cores

Enviro samples

EPL 3323

239 x 5kg

-

-

-

-

ML 170

1 x 400kg
1 x 100kg
1 x 700kg

343 x 6kg,
489 x 12kg

2 x 1 Tonne

13 x 32kg

95 x 4kg

EPL 3415

1 x 100kg

116 x 6kg

-

18 x 32kg

5 x 4kg
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3.9

THE DREDGING SYSTEM
TSHD technology is currently determined as the optimal method by which the deposit can be
developed (Figure 3.15).

Figure 3.15: A schematic of a TSHD.

A TSHD is a large self-propelled vessel with:
• Retractable dredge arms (usually two, but in this instance only one), which ‘trail’ on
the sea floor behind the vessel;
• Large pumps which generate a suction force, via which the dredge head entrains the
sediments with seawater;
• A suction ‘dredge’ head, designed to extract (typically ‘cut and jet’) the target
sediments;
• An integrated large cargo hold, (“hopper)” in to which the dredged sediments are
held temporarily, and
• Secondary pumps are used to transfer (pump) the sediment from the vessel to the
shore.
The Belgian company, Jan De Nul, has been currently identified as a preferred supplier of services
being a major international dredging company with the optimal experience, capacity and
resources to recover the marine phosphate-rich sediments.
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Dredging of these marine sediments will be conducted from a large TSDH dredge vessel, such as
but not limited to, the MV Cristobal Colon27. Such a vessel (in this case the Cristobal Colon) has the
following characteristics as built:
•
•
•
•
•
•
•
•
•
•
•
•

Built in 2009;
Accommodation for 46 persons;
223 m length;
41 m beam;
Draught loaded 15.15 m;
A dredging depth of 155 m;
Dredge head of 11m width;
46,000 m3 hopper capacity;
A dredging speed of 1 to 2 knots;
A maximum sailing speed of 18 knots;
The vessel has total bunker capacity of 6,740 m3;
Under normal operational conditions the vessel can remain at sea for approximately
three weeks without requirement for additional bunkers or victualling.
• Hopper capacity:
 Effective 37,750 m3 hopper capacity, (equates to 64,175 tonnes of phosphate
enriched sediments28). The actual capacity of the hopper is 46,000 m3but 8,250
m3 of sediments are retained to optimize vessel stability;
• Lean water overboard:
 Excess water containing fine overflow material is discharged from the hopper
between 10 and 15 m below the sea surface, depending on total vessel load.
[NOTE: the discharge takes place through the bottom of the ship, i.e. there are no
over the side discharges on to the sea surface.
 Between 10 and 20 % of the dredged fine material (this being a portion of the <
100 micron size fraction) will be discharged with the ‘lean water overboard.’
Recovery of marine phosphates from the water depths of the Mining Licence Area, with water
depths of greater than 190 m, has required that aspects of the recovery system be modified.
These key modifications are, the length of the trailing arm and the size of the dredge head:
•

Dredging depth:
 The dredging depth has been extended to 225 m and a design to enable dredging
in 275 m water depth is being developed. These depth extensions (originally
155m) are to allow recovery of sediments of the Sandpiper deposit, i.e.
Sandpiper-1 (190 to 235 m) and Sandpiper-2 & 3 (up to 275 m) target mine areas
of the mineral resource within the Mining Licence Area;
• Dredge head:
27
28

At some time in the future economics may well require that an alternate dredging vessel is used.
The specific gravity of phosphate enriched marine sediments of this deposit is 1.7.
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 The dredge head will be designed to optimise material recovery and to minimize
the total weight of the extension dredge arm (The dredge head is currently
configured to a 3 m width); and
 The individual dredge lane depths are in the order of 0.5 m.
The operations of the dredger are supported by a tender vessel, the services of which include:
• Assistance with connection to, and disengagement from the transfer pipeline buoy,
and
• Supplies, including equipment, food, materials and personnel.
Dredging control

Dredging control for the vessel is typically maintained by means of the following systems and
equipment:
• A positioning system;
• A dredging computer;
• A suction tube position monitoring system (STPM), and
• A dynamic tracking computer.
Positioning system

Dredging control is based upon a vessel positioning system. The Z or vertical co-ordinate of the
ship is obtained from swell and tidal data from a prediction model based on historical data. The
positioning computer determines the actual ship and draghead position as co-ordinates and
presents the results, relative to the area to be dredged, on navigational displays. These position
results are derived by calculation from the X, Y, Z inputs from the STPM system as described
below and the ship's bearing provided by the gyrocompass. The positioning computer also
determines the actual vertical offset of the draghead as compared to the target dredge depth.
Information outputs from the computer include:
• Plots of dredged tracks;
• Position of vessel and draghead visualized on screen on a background of bathymetric
data, obstacles and buoys, the display is in plan view with a differential colour chart
showing the amount still to be dredged, together with a longitudinal and cross
profile of the trench marking seabed level and target level, and
• Changes in X and Y co-ordinates as input to the dynamic tracking system.
Dredging control computer

The dredging control computer enables all the dredging processes such as the dredging level of
the draghead, pump settings and ‘lean water’ to be controlled. The interface between the
positioning computer and the dredging control computer enables control of the dredging process
to pre-defined levels of input to the system from pre-dredge survey information and pipe profile
design requirements.
Suction tube position monitoring system (STPM)

The STPM is a system comprising a system of pressure and angle transducers, which allows the
determination of the draghead position relative to the ship. This makes relative X, Y and Z coordinates of the draghead available to the positioning system and dredging computers.
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Dynamic tracking

This system can automatically control the vessel’s track and therefore the draghead’s horizontal
position by compensating for wind and current effects on the ship. It achieves such control by
automatically adjusting rudder direction, propellers and bow thrusters.
Progress monitoring

During the process of line cut dredging, the progress is monitored on board by means of the
dredging control systems and the multibeam or survey results. The dredging control system
allows for the actual draghead depth and the target depth at the draghead position to be
compared online and the difference displayed.
Survey

The survey procedures ensure that the survey methods used comply with the specifications and
that surveys are carried out in an accurate and efficient manner. The procedures cover all survey
works.
Equipment

The dredger is equipped with a multibeam echo sounder. This allows online surveys without the
need of a separate survey vessel within the mining area. Alternatively, should the circumstances
make surveying from the dredger less favourable, a separate survey vessel can be mobilized.

3.10 THE DREDGING CYCLE
The dredging cycle is divided into four consecutive activities, these are:
1. Dredging: Recovery of the phosphate-rich sediments;
2. Sailing loaded: With a fully loaded hopper, sailing to the location of discharge;
3. Discharging: Transferring the load to a containment location (buffer pond) ashore, and29
4. Sailing back empty: Returning to the Mine Licence Area, to initiate further dredging
cycles.
The estimated duration of the various components of the dredge cycle based on current technical
assumptions, are presented in Table 3.8.

3.11 RECOVERING PHOSPHATE ENRICHED SEDIMENTS OF THE DEPOSIT
The economic controls of the project require the in situ dredging of 5.5 million tonnes of
phosphate-enriched sediment. After processing this generates 3.0 million tonnes of export quality
rock phosphate annually.
In order to accommodate product supplies to the market place, as well as building a stockpile of
exportable rock phosphate, a three-year ramp up of production (Table 3.9), is envisaged. This
ramp up may be shortened due to increased demands for the final product by the world market.
This will of necessity be supported by revised production campaigns (vessel at sea time) and
process plant production rates.
29

Land based environmental implications related to the transfer of sediments to shore are discussed in the Terrestrial EIAEMPR.
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Table 3.8:

Duration (estimated) of the dredge cycle.

Activity

Estimated
Duration

Lowering:
The vessel is on station, and dredge arm is lowered and the dredge head engages the sea
floor.

0.25 hrs

Dredging:
The dredge head is engaged in the sediments. Through a series of transects in the target
mine area dredge head will be engaged with the seabed in order that hopper is filled to
3
30
capacity, 46,000 m . (Sailing speed of 1 to 2 knots)

16.0

Hoisting:
The hopper is full, and the dredge arm is returned inboard.

0.25

Sailing:
The vessel sails to the point of discharge. This duration will vary depending on sea
conditions and, in particular, on the distance to be travelled. Maximum sailing speed is 18
knots.

6.0

Connecting:
Connecting to the sinker line buoy, with the assistance of a support vessel.

0.5

Transfer slurry ashore:
Pumping the sediment ashore.

6.2

Disconnecting:
Disconnection from the sinker line buoy, with the assistance of support vessel.

0.5

Sailing:
The vessel sails back to the Mining Licence Area.

6.0

Estimated duration of the average dredge cycle

35.7 hrs

Table 3.9:

Envisaged three year production ramp up
31

Year

Sediment mined (mt) *

Sea time (weeks)*

1

1.33

11

2

2.75

22

3

5.5

47

On going

5.5

47

30

Cut depth is variable as relates to, sea surface swell and hydraulic compensation to the drag head, speed of the vessel
and the specific characteristics of the sediments dredged.
31
These estimates are based on current technical assumptions.
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These sediments will be recovered from either or both of the Sandpiper-1 or Sandpiper-2 deposits
(Figure 3.5 to Figure 3.8). Phosphate sediment recovery will initially take place within the
Sandpiper-1 deposit. The sediments here are located between 190 and 225 m water depth.
Sediment recovery will subsequently take place within the Sandpiper-2 and 3 deposits, within
water depths of up to 275 m. The actual timing of this is dependent on the successful design and
testing of a deepwater extension dredge arm. Other factors may also influence the decision to
recovery phosphate sediments from Sandpiper-2 and 3, these include the phosphate market,
grade variability of the phosphate in the sediments (Layer 1 vrs Layer 2), volumes of shell which
are associated with Layer 1 and a variety of environmental factors.
The vessel will recover sediments from individual continuous lanes within the target mine area
initially from within the Sandpiper-1, subsequently Sandpiper-2 and Sandpiper-3 deposits. The
length of each lane (cut) is 4 km. This lane length may vary orientation as determined from
geotechnical feedback information obtained during the dredging process and or as established
from ongoing resource development exploration. Dredging will predominantly take place in a
north – south (or south – north) direction i.e. aligned with the predominant swell and wind
direction.
Each particular target mine area has a mine plan, wherein individual blocks are identified to
provide a resource for the year of mining. Initially during year 1, the block will be 200 m x 4 km,
year 2, 400m x 4 km, and in year 3, which represents full production the active mine block is 600
m x 4 km. In the initial 4km cut, the dredger will steam at 1 knot, which results in the seabed
engaged dredge head cutting to a depth of 0.75 m. In order to fill one hopper (vessel) load, 4
parallel adjacent, or near adjacent cuts within the mine area are dredged, the vessel will cover
approximately 4 km during this period. Subsequent cuts, within the same lane will be made, so
that the full vertical extent of the deposit can be extracted. By varying the speed of the vessel, the
depth of cut, can be increased (shallower cut) or decreased (deeper cut, to a maximum of 0.75 m).
The vessel will continue to dredge vertically within the particular lane to a point just above the
footwall clays. Depending on the particular location within the deposits, these footwall clays may
be located at depths from 1 m to 3 m or more below the original seabed level. The intention is
not to cut (dredge) into the footwall clay, but to rather leave a residual thickness of marine
sediments over the footwall. This thickness will vary, but is envisaged to be between 10 and 15 %
of the original volume of target sediment layer(s). This will remain in situ on completion of
recovery. The depth of recovery during dredging will be managed through positional software
integrated with the hydraulic winch systems that control the position of the dredge arm and the
location drag head. This residual sediment remaining above the footwall clay will be present as an
uneven ‘hummocked’ surface.
Recovery of phosphate enriched sediments from depths greater than 275 m is not described in
this report but is expected to be an equivalent to the operations as described for the shallower
recovery depths.
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3.12 EXCLUSION ZONE AROUND THE TARGET DREDGING AREA
In order to ensure the safety of operations, an operational safety exclusion ‘no go’ zone will be
declared over the active target mining area32. In the case of SP-1 and SP-2 this is a 23 x 9 km
rectangular area, each totalling 207 km2. Note: the target area of SP-1 and SP-2 is a 22 x 8 km
block, the safety exclusion zone is larger to accommodate for vessel turning. Only one of the
dredge target exclusion areas will be declared at any one time33. This is a restricted area from
which the sediments are recovered34. The restricted area applies only to fishing activities, and not
to general vessel traffic. Fish stock assessment and research surveys are not intended to be
restricted by the enforcement of this exclusion zone, standard rights of passage under
international maritime convention will apply under these conditions35.
These exclusion zones will be established with the authorities and advised to all shipping through
notices to mariners.

3.13 THE SCALE OF THE DREDGING AREA
The scale of the dredge area is primarily controlled by the annual export/sales requirement of 3
million tonnes of ‘rock phosphate’. In order to generate the required export volume, 5.5 million
tonnes of marine sediments needs to be recovered on an annual basis. This is based on the
average tonne of marine sediment containing 60% ore grade phosphate.
The actual area that needs to be dredged in a year to meet the export target of 3 million tonnes of
rock phosphate depends on the thickness of the deposit36. The thickness of the deposit (Layers 1
and 2 combined) varies from 0.5 m, to 2.25 m. From currently available information the resource
average thickness is:
• 1.69 m for the Sandpiper-1 deposit, which at full production results in area of 2.44
km2 being dredged annually, and
• 1.7 m for the Sandpiper-2 deposit, which at full production results in area of 2.42 km2
being dredged annually.
• The envisaged maximum annual area dredge for the deposit is thus up to 3 km2
based on a minimum recovered deposit thickness of one meter.
The tables below (Tables 3.10 and 3.11) provide further detail on the annual areas to be dredged
for various thicknesses of the deposit (yellow – deposit average thickness, blue – deposit
maximum thickness). The information is presented for ramp37 up production of year 1 and 2, and
also for year 3, which relates to full-scale production.

32

The areas of exclusion will be reviewed with fisheris so as to minimise the the potential loss of access to fishing grounds.
Revisions to these exclusion zones may infrequently need to be made in order to accommodate operational and
geotechnical variations. The respective parties will be consulted should this be necessary.
34
2
2
The total Mining Licence Area is 2233 km , the area of exclusion of target mining area SP-1 is 207 km , and hence,
restricted access covers approximately 9 % of the Mining Licence Area.
35
Notification is required of the intention to conduct such surveys 14 days before the planned survey.
36
Production deposit thicknesses will differ to some degree from that determined from exploration activities.
37
Only presented for Sandpiper-1 target mine area, as this is the location where dredging is expected to start.
33
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Table 3.10:

38

Estimated annual resource extraction area of the Sandpiper-1 deposit .

Sandpiper-1 deposit
Ramp up year 1
Mt

Density

Million m

1.33

1.7

1.33

3

Thickness m

Area km

0.8

1.1

0.7

1.7

0.8

1.85

0.4

Mt

Density

Million m

Thickness m

Area km

2.5

1.7

1.5

1.1

1.3

2.5

1.7

1.5

1.85

0.8

Mt

Density

Million m

Thickness m

Area km

5.5

1.7

3.2

1.1

2.9

5.5

1.7

3.2

1.85

1.7

2

Ramp up year 2
3

2

Full Production

Table 3.11:

3

2

Estimated annual extraction area of the Sandpiper-2 deposit.
Sandpiper-2 deposit
Full Production

Mt

Density

Million m

5.5

1.7

5.5

1.7

3

Thickness m

Area km

3.2

1.7

1.9

3.2

2.25

1.4

2

The thickness indicated is from exploration work conducted in the Mining Licence Area. There will
be some variance in final dredged depths related to recovery accuracy and the thickness of the
residual layer left draping the footwall.
The footprint of the impact of dredging will be larger than the actual extraction area. The impact
footprint relates to the tailings plume (lean water overboard discharge) is evaluated in the
specialist reports, which are presented in the appendices. (Appendix 1b)

38

A variation of deposit density would change the final area needed to be dredged in order to recover the 5.5 Mt required
annually.
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3.14 DISCHARGING THE SLURRY TO SHORE
During slurry discharge operations, the vessel remains well behind the surf zone in water depths
of greater than 18 m, this being between 0.6 and 1.2 km offshore. The vessel connects with the
flexible end of a pipeline that extends from the shore39.
The discharge pipeline consists of a marine and a land portion. The land portion, is an extension of
the marine portion and it terminates in the coastal buffer pond. The marine portion is constructed
by welding a series of steel sections, and is approximately 0.6 to 1.2 km long. The end of the steel
section is connected to a flexible pipe, of approximately 100 to 200 m in length.40 The steel section
of the pipeline is at various points anchored to the seabed. When it is not connected to the
dredger, the flexible section is either floating (positive buoyancy) or remains on the seabed
(negative buoyancy), from where it can be recovered and coupled to the dredgers discharge
connection. The discharge line is marked at the surface with one or more illuminated locator
buoys.
The coupling and decoupling process:
• The flexible section of the discharge line is either floating or submerged, lying on the
seabed.
• The coupling at the end of the flexible section is connected to a hauling wire whose
other end is connected to a locator buoy.
• The coupling of the dredger with the riser section of the sinker line pipe is facilitated
by a support vessel;
• When the dredger approaches the discharge line, weather conditions may require
her to deploy the stern anchor as a safety measure. In normal conditions, the
position is held by the propellers, bow and stern thrusters;
• The support vessel assists by handing over a rope connected to the hauling wire and
the surface indicator buoy to the dredger;
• The dredger recovers the rope using a winch, followed by the connector chains of
the coupling unit;
• The coupling unit is drawn into the connector of the vessel and secured with a
hydraulic clamp;
• The support boat may leave for port to perform transfer of personnel or materials to
the dredging vessel or remain on standby at site.
• Seawater pumping is initiated to draw the air out of the discharge line, subsequently
the slurry is discharged. Discharge takes between 4 and 6 hours;
• On completion of the slurry discharge, seawater is pumped in order to flush any
residual phosphate slurry from the pipeline into the buffer pond. The duration and
volume depends on the length of the discharge line. This prevents backwash into the
sea from the pipeline;

39
40

The area, location and end point of the pipeline and its route will be surveyed, so as to verify seabed characteristics.
The construction and deployment detail of the laying of the sinker line is described in the terrestrial component of the
project EIA-EMPR.
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•

Subsequently the couplings are lowered to the seabed and the marker buoy is
released overboard again. The dredger departs from the site, returning to the Mining
Licence Area to initiate a further dredge cycle.

Operational Vessel safety considerations during the discharge process are:
• Other marine traffic in the immediate area;
• Visibility reduced by fog or rain;
• The sea state, currents and wind conditions are adverse;
• The support vessel is not available to assist in the recovery of the leader cable of the
marker buoy;
• A section of the sinker line system is damaged, and
• The Master of the dredger declares the operation unsafe.
3.14.1

Exclusion Zone

In order to ensure the safety of vessels at sea it is necessary that an exclusion zone of 500 m
radius is declared at the location of the locator buoy. This location will be described on
navigational charts. This exclusion zone will apply to all vessels and all vessel activity, with
exception of the operation to hand.
In addition a navigational hazards warning will be posted via a notice to Mariners advising of the
length and location of the pipeline. The pipeline may be a hazard to the fishing industry with their
nets becoming attached to the pipeline or the anchors on the seabed.
3.14.2

Pipeline Integrity

The discharge pipeline is constructed from steel pipes. The individual pipes are transported as
12m long sections and bolted or welded together. The flexible hose sections are also 12m long.
The pipelines are recovered, inspected and repaired (or replaced) at the end of each dredging
campaign. During operations, the wear of the pipeline sections is regularly monitored by
ultrasonic measurement or visual inspection. Divers can inspect the marine section of the pipeline
and or an autonomous camera deployed inside the pipeline. The wear of the pipe is more
pronounced on the bottom, these sections may be rotated in order to increase the lifetime of the
pipe.

3.15 SUPPORT VESSEL
The dredging operations require the assistance of a support vessel. The key functions of the
support vessel are:
• Assisting with connecting the flexible pipe of the discharge line to the dredger
discharge coupling. (The slurry held in the hopper of the dredger is pumped to the
shore via this pipeline);
• The transfer of materials, stores and equipment;
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•
•

The transfer of crew (including maintenance and inspection functions), visitors and
officials, and
Emergency assistance as required.

The support vessel will operate out of the Port of Walvis Bay, the vessel will be chartered by the
appointed dredging contractor who will verify the full scope of required services. An ideal vessel is
a 1000 hp tug, which typically has a minimum manning of two persons, who are supported by a
crew of 3 or 4 persons, the actual number of crew is dependent on the particular services
provided and the frequency of such. It is intended that the support vessel will be sourced locally if
possible.
The vessel will primarily operate within the Harbour limits and up to 15 nm to the south of Walvis
Bay between 0.6 and 1.5 km offshore, at the dredger discharge point.
The frequency of this support is expected to be once every 3 to 4 days. The support vessel will be
required to sail 15 nm (30 nm round trip) to the south of Walvis Bay to assist with connecting the
discharge line to the dredger. Assistance to the connection may be combined with:
• The transfer of crew may occasionally take place at sea, but is envisaged to form
part of the regular three weekly port calls of the dredging vessel;
• Transfer of visitors and officials to the dredger will be performed on an “as needed”
basis. These persons will access the dredge by gangway or pilot ladder depending on
the weather conditions, and
• Transfer of stores and materials on an “as needed” basis, loaded by the dredge’s
crane.

3.16 BUNKERING
The receipt of bunkers is a standard marine practice. This can occur, along side in the port, at
anchor (within the port limits) or on the open sea. For each of these an operational procedure is
adhered to which is in line with MARPOL guidelines, codes and procedures approved by the vessel
Flag State, the National authority and Port Control.
Refuelling at sea in Namibian Territorial waters has become a standard practice, mainly in the
bunker provision to the marine diamond mining fleet. This has been practised since the mid
1990’s. As far as it is known no spills have been reported from these operations. The supply of
bunkers is restricted to a select number of service providers, who have now had significant
opportunity to optimise standards and safe exchange operational practices.
Whilst bunkering at sea is a standard practice, it is not totally devoid of risk. It requires the
cooperative skills and open communication between the Masters of the supply and receiving
vessels. Key areas of potential risks of the operation relate to:
• Vessel approach;
• Sea state, actual and expected;
• The integrity of the pipelines / transfer systems, and
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•

During the transfer, the operations and communication procedure is strictly adhered
to.

These risks are managed through the respective vessel Masters, who have the final authority over
all bunkering exchanges. The operating company of the dredger has extensive experience in
receiving bunkers on the high sea.
The following key safety measures are of primary importance:
• The Chief Engineer of each vessel briefs his crew prior to the transfer;
• Establish good communication with supplier;
• Bunker transfer checklists need to be completed, with all items confirmed;
• No smoking allowed in the area, all hot work permits are suspended during the
transfer;
• Fire fighting equipment ready;
• Maximum allowable rate and pressure during bunkering is not exceeded;
• Oil absorbent equipment ready on standby, and
• Fail safe valves at each end of the bunker line to be in place and functional (only
automatic fuel dispensers are allowed, hoses with open ends are not accepted).
In the event that bunkering at sea is to take place, a request will be made to the MWTC
(Department of Maritime Affairs), and the process will be conducted under the requirements as
advised by the authority.

3.17 PRE MINING SURVEYS
A geophysical survey of the target mining area is conducted prior to the dredger initiating
operations, this is undertaken to identify the regional sediment characteristics, as well as the
identification of any hazards that may present risk to the dredging operation (in particular damage
the drag head and drag arm). This survey will provide information that can be presented in two
and three dimensions. The following are typical attributes that can be determined from these
surveys:
• Potential hazards (type and location), including, but not limited to:
 Hard rock outcrops;
 Shipwrecks;
 Pipelines, cables and anchors;
 Shipping containers, and
 Fishing trawling gear.
• Geological footwall quality, profile and depth;
• Surface sediment characterisation, and
• Reflective layers, which includes gas pockets.
In addition these surveys provide the opportunity to collect additional baseline environmental
information.
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The typical equipment that may be deployed during the pre mining surveys are:
Side scan sonar

A high frequency system, with a towed underwater fish (‘towfish’) which sends out short high
frequency, high intensity sound bursts which are beamed from either side of the towfish in a
direction perpendicular to the direction of travel. The acoustic beam is narrow in the horizontal
plane yet sufficiently broad in the vertical plane to produce echoes from the seabed. These
echoes, once detected by the transducers, are sent via the tow cable to the recorder that
electronically processes the signals and prints them, line by line, to produce the sonar image.
Swath Bathymetry

A "swath-sounding" multibeam sonar system is one that is used to measure the depth in a line
extending outwards from the sonar transducer. The system acquires data in a swath at right
angles to the direction of motion of the vessel. As the vessel moves forward, these profiles sweep
out a ribbon-shaped surface of depth measurement, known as a swath.

41

Figure 3.16: Schematic of survey operations.

Shallow Reflection Seismic Profiling

This system provides shallow sediment penetration surveys of up to a maximum of 50 m
depending on system frequency, configuration and particulars of the target horizon.

41

Image source: http://woodshole.er.usgs.gov/operations/sfmapping/swath.htm
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CHAPTER 4.

DESCRIPTION OF THE ENVIRONMENT

The description of the environment contained in this chapter encompasses the Namibian coast
and coastal waters around, and immediately adjacent to, Mining Licence 170 and, where
appropriate, provides information on the coast between Henties Bay, Namibia and Lüderitz
(Figure 4.1) in order to place the ML170 Area in context.

Figure 4.1:
Location of the
Mining Licence Area
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4.1

MARINE ENVIRONMENT
The nature of the marine environment is presented as a series of short descriptions of its
important constituents and summarised in the following sections.

4.1.1

Geology and Regional Setting

4.1.1.1

Introduction

Namibian Marine Phosphates intends to dredge the phosphate deposit off the coast of Central
Namibia. The conditions prevailing in this marine environment has led to the formation of a
massive deposit of phosphate-rich (P2O5) sediments. The following section discusses the regional
geological context, the formation of the deposit, and other sedimentary formations relevant to
the proposed dredging operations.
Three main phosphorite types have been identified on the Namibian continental shelf, these
deposits are geographically distinct. They are: phosphorite sand, rock phosphorite and
concretionary phosphorite. The Phosphorite sand is further subdivided into pelletal phosphorite
and glauconitized phosphorite. Both the pelletal and glauconitized pelletal phosphorite varieties
are found on the middle and outer continental shelf and have been dated radiometricaly as preQuaternary, probably Miocene in age. Concretionary phosphorite forms today by slow authigenic
growth in the interstitial waters of a Holocene diatomaceous mudbelt centred over the inner and
middle continental shelf off Walvis Bay, Rogers and Bremer (1991). The phosphorite sand of
Miocene age on the middle continental shelf is the target mineral deposit of this project.
4.1.1.2

Regional Geology and Sea Level Changes

The western shelf is underlain by a complex assemblage of Tertiary (65 to 2.6 Ma) strata (Figure
4.2). The shelf is marked by many planes of erosion, rapid lithological change and, various
structural attitudes that provide evidence of the structural activity of this region. The history of
major transgressions and regressions is of particular importance with regard to the formation of
phosphorites, Coles et al. (2002). These transgressions and regressions are summarized as: a
major Palaeocene-Eocene (55.5 Ma) transgression was followed by a regression at the end of the
Eocene (55.8 to 33.9 Ma) period, eroding a bulk of the early Tertiary on land sediments. A second
major transgression occurred in the Mio-Pliocene (5.3 Ma) transgression-regression occurring at
the end of the Miocene (23 to 5.3 Ma). Quaternary (2.59 Ma to present) sea-level movement
involved the cutting of the Last Interglacial terrace (125 000 BP) approximately 5 m above mean
sea level, was followed by the Last Glacial Maximum (18 000 BP) when sea level reached
approximately 120 m below present level, Coles et al. (2002).
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Era

PALAEOGENE

NEOGENE

QUATERNARY

Present

TERTIARY

CENOZOIC

Time Scale

Epoch

Holocene

10,000 years ago

Pleistocene

1.8 million years ago

Pliocene

5.3 million years ago

Miocene

23.8 million years ago

Oligocene

33.7 million years ago

Eocene

54.8 million years ago

Palaeocene

65 million years ago

Figure 4.2:

Geological time scale

Ramsay and Cooper 2002 summarise a range of sea-level indicators for emergent and submerged
conditions on and off the South African coastline (Figure 4.3). From this a revised Late Quaternary
(2.59 Ma to present) sea-level curve from the test Pleistocene (130 000 years) to the Holocene
(last 10 000 years) has been established. The curves origin is at 130 000 years ago during the Last
Interglacial, when the sea level was approximately 2 m above present. From that point on a highly
fluctuating and slow downward trend occurs, until the Last Glacial Maximum lowstand (17 000
years ago) is reached with water depths of -120 m.
The area of interest for the proposed phosphate mining was significantly affected by these (and
earlier) major changes of sea level and it is important to understand the shelf dynamics and the
resultant development and distribution of these extensive phosphate deposits.
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Figure 4.3:

4.1.1.3

Sea-level curve for past 200,000 years, Former shorelines are shown as colour filled blocks
(from Ramsay & Cooper 2002).

Discovery of Phosphates

The first reports of the presence of phosphate off the southern African west coast were made by
Russian geologists such as Baturin (1969), and Emelyanov and Senin (1969). Coinciding with these
publications work was undertaken by the Marine Geoscience Unit of the University of Cape Town,
which was engaged in detailed exploration of the southern African continental margins, which
ultimately led to accurate regional maps of the phosphorite deposits being presented in a number
of publications e.g. Rogers (1977), Bremner (1978) and Birch (1971; 1975).
Bremner (1992) undertook a detailed evaluation of the phosphorite deposits off the Namibian
coast between Hottentot Bay and Swakopmund in the north. Birch (1975) indicated that rocks on
the mid and outer shelf were most likely to be phosphatic, with > 5% P2O5).
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Figure 4.4:

The abundance of phosphorite on the middle to outer shelf (from Rogers & Bremner 1991).
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Phosphatic sediments of several different types occur in the Namibian offshore region. Close to
Walvis Bay in water depths around 100 m, concretionary phosphatic, sediments are presently
being formed as soft, yellowish material within a large body of diatomaceous mud. These lithified
concretions, of which a great variety exists, are mainly Holocene in age and lie dispersed within
the diatomaceous mud. At approximately 200 m, on the middle shelf, pelletal phosphatic
sediment, and to a lesser extent, glauconitized pelletal phosphatic sediment exist, these are
believed to be Miocene in age. This deposit, mixed with gravel (molluscan shells) and mud
(biogenic and terrigenous), varies in thickness from 1.3 m in the south to 0.3 m in the north and
extends continuously over hundreds of square kilometers. The enriched part of the pelletal
phosphatic deposit (>30% phosphatic sediment) lies between Conception Bay and Spencer Bay
with a length of approximately 180 km, and a width of approximately 40 km. (Figure 4.4). This
area is situated along, and seawards of the 200 m isobath. This reserve is estimated to contain
approximately 1000 Mt > 5 % Phosphate (P2O5) in a relatively small area of approximately
10,000 km2, Coles et al. (2002).
4.1.1.4

Formation of Pelletal Phosphorite

This section is a review from Rogers and Bremer (1991).
Formation

The following environmental and physiographic conditions are envisaged: the continent’s west
coast has a number of arid, subtropical estuaries each leading into northward-opening lagoonal
areas sheltered behind a developing spit. Due to a strong and persistent southerly wind regime,
the phosphate and plankton-enriched upwelled oceanic water is continuously drawn in to these
lagoons. In this sheltered environment the pH is raised (and the EH lowered) due to the
decomposition of organic material on the intertidal mud flats. Simultaneously the water
temperature is raised through solar heating which causes bacterial activity. Small rivers carrying a
mud rich partially suspended load introduce clay minerals into the lagoon environment, where Mg
ions are adsorbed from the seawater and simultaneously Fe ions are released into solution.
On the estuary’s intertidal mud flats this results in the inorganic precipitation of apatite as a gel, in
thin layers (1 mm), together with relatively high amounts of organic matter and minor amounts of
terrigenous silt and clay. During low tides the mudflats are exposed, dessicated and the
phosphatic (apatite) surface-layer disintegrated into small sand-sized intraclasts. These intraclasts
are progressively modified in size and reach equilibrium with the prevailing estuarine wavelets.
The smaller intraclasts physically accrete additional phosphate via the “snowball” effect, whereas
the larger intraclasts are eroded down to grain size of local equilibrium.
The present, extensive, lateral distribution of high concentrations of pelletal phosphorite is
explained by a late Miocene transgression, advancing over the estuaries, winnowing the dense
phosphorite grains and transporting them alongshore northwards. Repeated winnowing and
northward spreading continued during the Late Pliocene and during the numerous Quaternary
fluctuations of sea level.
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Age

Namibian pelletal phosphorites have been dated radio chemically using equilibrium values of the
activity ratios of U234 / U238 and Th230 / U234. The system is regarded as radio chemically closed, and
a pre-mid-Pleistocene age (> 700,000 yr) has been assigned. Bremner (1978) postulated a
Miocene age on the grounds that stiff muds seaward of the phosphorite have been dated on
nannofossil evidence as Miocene-Pliocene.
Petrography

The size distribution of pelletal phosphorite grains is generally in the sand size fraction, with a
prominent mode between 177 – 250 microns, and a size range of very coarse to very fine sand.
The assemblage is generally well-sorted, leptokurtic and weakly coarse-skewed. Individual grains
are generally spheroidal, rounded to well rounded, very dark brown with a resinous luster,
indurated and non-magnetic. In thin section grains are opaque with a thin transparent pellicle.
Approximately 20% of grains have a concentric internal structure in their outer parts and 5% of
grains contain an allogenic particle of quartz, glauconite or fish bone in their inner parts.
4.1.1.5

Other Sediments

The organic content of the sediments mantling the continental shelf of the Benguela region is at
least as important as the sediment particle size composition, if not more so, in determining the
benthic communities inhabiting these sediments. Particulate organic matter in and on these
sediments forms the basis of the benthic food chain at depths below adequate light penetration
to support photosynthesis. However, decomposition of the vast quantities of organic matter
continually raining down on the shelf as a result of the high productivity in surface waters also
causes depletion of oxygen, and generation of oxygen-depleted deep water masses. These cause
periodic substantial mortalities of benthic communities when low-oxygen water is driven
shorewards by summer upwelling processes. Where such low oxygen water masses persist,
ensuing anaerobic decomposition generates the methane gas trapped in the mud layers and the
sulphur dioxide which causes, large-scale ‘sulphur eruptions’ for which the Namibian coast is
known. These features are discussed further in Appendices 1b and 1c.
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Sediments: Texture

On the central Namibian shelf from
north of Walvis Bay to Meob Bay,
the inner shelf is mud and sandy
mud (the mud belt) dominates,
coarsing seaward to a muddy sand,
to sand and back to muddy sand
before the shelf break (at 500 m)
where muddy sandy and then
increasing muds again dominate.
Between Meob Bay and Conception
Bay, sand dominates inshore, with
seaward partially inter-fingered
lobes of gravely sand - sandy gravel
and muddy sand are distributed. At
the shelf break muddy sand
dominates, with sandy mud and
muds dominant on the shelf slope.
The ‘gravels’ from the Walvis middle
shelf are in fact molluscs and
mollusc fragments, which dominate
along the 200 m isobath. The
common bivalves of the middle shelf
are Lucinoma capensis, Dosinia
Lupinus, and Tellina gilchrist and the
most common gastropods was
Nassarius vnctus. Size fractions:
gravel (> 2mm), sand (2mm to
0.063mm) and mud (< 0.063mm) to
produce a map of the texture of the
sediments on the seafloor (Figure
4.5).

Figure 4.5:

Texture of unconsolidated seabed surficial sediments on the continental shelf and upper slope
from the eastern Agulhas Bank to the Kunene River (from Rogers & Bremner 1991).
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Sediments: Composition

The composition of the
sediment was established by
determining the abundance of
the biogenic component,
(calcareous & siliceous), as well
as the authigenic component
(phosphorite and glauconite).
The residue was assigned to
the to the terrigenous
component. (Figure 4.6).
Land-derived
terrigenous
components are dominant
along the inner shelf, whether
inshore sand or offshore mud.
The middle shelf is the domain
of the authigenic components,
which are usually sandy. The
sediments on the outer shelf
and the continental slope, by
contrast are calcareous. The
Namibian inner shelf is
distinctive in having biogenic
sediments on the inner shelf,
extending right into Walvis Bay.

Figure 4.6:

Sediment composition of seabed surficial sediments on the continental shelf and upper slope
from the eastern Agulhas Bank to the Kunene River (from Rogers & Bremner 1991).
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Sediments: Dominant components

Studying the sand-size components
(Figure 4.7) under a binocular
microscope, reveals that the innershelf sediments off Namibia are
dominated by siliceous diatoms,
Quartz dominates the sand-fraction of
the terrigenous sediments along the
inner shelf with the potassium-rich,
dark green mineral, glauconite being
the dominant authigenic component
along the middle shelf off South Africa
and southern Namibia.
Midway
between Lüderitz and Walvis Bay, the
dominant authigenic mineral is brown
pelletal phosphorite.
Both these
authigenic minerals are of potential
economic importance in the field of
agriculture. Foraminifera (forams),
mainly planktonic forams dominate
the sediments of the outer shelf and
the continental slope, siliceous
diatoms dominating on the inner shelf
off central Namibia. (Rogers and
Bremner 1991)

Figure 4.7:

Dominant components of seabed surficial sediments on the continental shelf and upper slope
from the eastern Agulhas Bank to the Kunene River (from Rogers & Bremner 1991).
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Sediments: Organic Matter

The distribution of organic
matter in the sediments
between Lüderitz and the
Namibia/Angola border off
the Kunene River is shown
in
Figure
4.8.
The
sediments
are
highly
enriched in organic matter,
particularly
in
the
Holocene diatomaceous
ooze along the inner to
mid
shelf,
where
concentrations of organic
matter area as high as 25%
(Bremner, 1978, 1980,
1981). Sediments of the
mid to outer shelf, as well
as the continental slope
show lower organic matter
content, ranging from 4 to
11.9 %.

Figure 4.8: The distribution of organic matter from seabed surficial sediments on the continental shelf and
upper slope from the eastern Agulhas Bank to the Kunene River (from Rogers & Bremner 1991).
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4.1.1.6

Marine Protected Area

Namibia's first Marine Protected Area (MPA), the Namibian Islands Marine Protected Area (NIMPA) was
proclaimed in 2009.
The NIMPA runs for
400 km southwards
from Hollamsbird
Island along the
southern coast of
Namibia. It covers
approximately
10 000 sq km and
averages 25 km in
width (Figure 4.9).

Figure 4.9:
Namibian Islands
and MPAs.
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4.1.2

Meteorology

4.1.2.1

Offshore wind and atmospheric conditions

The meteorological conditions along the Namibian coast are controlled by the ever-present South
Atlantic anticyclone, the northward-flowing Benguela Current (with associated upwelling) and the
divergence of the south-east trade winds along the coast. The semi-permanent temperature
inversion caused by the warm, dry air mass overlapping the cool air mass above the ocean is ideal
for the formation of fog and low stratus cloud.
Wind conditions characteristic of the Licence Area (Figure 4.9) were inferred from data from
voluntary observing ships (VOS) collected in the immediate vicinity over a 51 year period. These
data are presented in the form of seasonal wind roses and an annual average wind rose. These
predominant winds are from the south and south east quadrant and generally are stronger in
spring and summer than in autumn and winter.
4.1.2.2

Nearshore wind and atmospheric conditions

The VOS wind data (Figure 4.9) display a strong southerly component. There is some seasonality
with southerly winds strongly predominating in summer whereas in winter the south-easterly
component is almost as frequent as the southerly. The VOS data do not reflect the strong easterly
to north-easterly katabatic winds that can occur in winter. These events can carry aerosol plumes
of sand and dust up to 150 km offshore. Shannon and Anderson (1982) present a striking
NIMBUS-7 satellite image of such dust plumes extending offshore along almost the entire coast of
Namibia (Figure 4.10).

Final Report
Namibian Marine Phosphate (Pty) Ltd.
Page 4-15

Chapter 4: Description of the Environment

Period: 1960-03-24 to 2011-08-27
Position: 24.0 to 24.9 S and 14.0 to 14.9 E
Instrument: VOS
Records: 1489

o

o

o

o

Figure 4.10: Seasonal wind roses for the offshore area 24.0 to 24.9 S; 14.0 to 14.9 E. Voluntary Observing
Ship (VOS) data from the Southern Africa Data Centre for Oceanography (SADCO).
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4.1.2.3

Fog

Fog is the most distinctive feature of the coastal climate of the Namib and is usually considered to
be a hazard since it reduces visibility. On the other hand, it is a significant source of moisture for
desert animals and plants and may contribute to weathering and mineral breakdown. The semipermanent temperature inversion caused by the warm, dry air mass overlying the cool mass
above the ocean is ideal for the formation of fog and low stratus cloud. The fog lies close to the
coast extending about 20 nautical miles (~35 km) seawards (Olivier, 1992, 1995), thus is may
occasionally adversely affect dredger discharge operations. Within a 15 - 20 nautical mile zone
offshore, fog frequency may be as high or even higher than at coastal stations. This fog is usually
quite dense, visibility less than 300 m, and appears as a thick bank hugging the shore.
The coast from Walvis Bay southwards to 25oS experiences between 50 and 100 fog days per year,
with the highest fog day frequency in the Walvis Bay – Swakopmund area (Figure 4.11). Fog
precipitation often exceeds rainfall and is considerably more reliable. At Swakopmund 130 mm of
fog precipitation was measured in 1958 - seven times the mean annual rainfall. In the Central
Namib, fog precipitation averages 34 mm/year at the coast.
4.1.3

Physical and Biological Oceanography

4.1.3.1

Waves

Wave conditions offshore of the Namibian coast consist not only of locally generated seas induced
by local winds but also of swells of noticeable intensity propagating into the area from distant
generating sources. These generating sources are formed by the low pressure systems of the
South Atlantic Ocean which, once formed, move from west to east, passing the southern tip of
Africa with great regularity.
Good quality wave data in the form of 20 minute records at six-hourly intervals, collected from
Waverider buoys off the Orange River mouth in a depth of 106 m, for the period November 1981
to May 1988 and off Port Nolloth in a depth of 100 m, from April 1987 to August 1996 are
available for detailed information on wave conditions.
These data show that the south-south westerly swell direction is predominant throughout the
year except in summer when the direction is more southerly (Figure 4.12).
Significant wave heights range, for most of the time, between 1.5 and 3.5 m with an annual mean
of about 2 m to 2.5 m. Local sea conditions can be associated with wave period of 5s and 8s and
swell with wave periods of 11s and 16s. Seasonal differences in wave conditions are small.
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Figure 4.11: Katabatic winds along the west coast of southern Africa carrying aerosol plumes of sand up to
150 km offshore (from Shannon and Anderson, 1982).
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Figure 4.12: 1984 Fog day frequency using Meteosat Images
(after Olivier, 1992 and 1995).
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Note: Contours indicate iso-lines (days) of fog occurrence.

Period: 1960-03-24 to 2011-08-27
Position: 24.0 to 24.9 S and 14.0 to 14.9 E
Instrument: VOS
Records: 972

o

o

o

o

Figure 4.13: Seasonal wave roses for the offshore area 24.0 to 24.9 S; 14.0 to 14.9 E. Voluntary Observing
Ship (VOS) data from the Southern African Data Centre for Oceanography (SADCO)
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4.1.3.2

Tides

Tides in the area are semi-diurnal and statistics for Walvis Bay apply.
Lowest Astronomical Tide (LAT)
Highest Astronomical Tide (HAT)
Mean Low Water Springs (MLWS)
Mean High Water Springs (MHWS)
Mean Low Water Neaps (MLWN)
Mean High Water Neaps (MHWN)
Mean level (ML)

0,00 m
+ 1,97 m
+ 0,27 m
+ 1,69 m
+ 0,67 m
+ 1,29 m
+ 0,98 m

All levels quoted are relative to Chart Datum which is -0,865 m.
4.1.3.3

Water masses and temperature/salinity relationships

Shannon (1985) has summarised the characteristics of the water masses that occur in the
Benguela current system. The water masses occurring in, and inshore of, the quadrant will be
predominantly South Atlantic Central Water (SACW) with temperatures of origin between 6°and
16°C and salinities in the range of 34,5 35,5 ‰.
The temperature characteristics at the surface can be modified by sun-warming of previously
upwelled, or upwelled and mixed, SACW. Shannon (1985) indicates that the SACW found in the
region of the quadrant enters the area from the south and south-west. There may be some
Indian Ocean Central Water mixed in this water but its contribution is probably small. There is a
seasonal variation in surface temperature, with the average summer and autumn temperatures
being ~2°C higher than in winter and spring. In the short term this is modified by upwelling (see
below) and in the longer term by El Niño events (Boyd and Agenbag, 1985; Shannon, 1985).
4.1.3.4

Water circulation

A schematic of the surface currents in the Benguela system is shown in Figure 4.13. The currents
in the vicinity of the Licence Area trend predominantly NW with a mean speed of 17 cms-1
(Shannon, 1985). There is some evidence of ‘topographic’ steering (Nelson and Hutchings, 1983)
in that the currents follow the shelf break and velocities vary with the gradient of the shelf slope.
The probable movement of water in the 200-300 m depth range is depicted in Figure 4.14. As
pointed out in the section on water masses there is an indication of southward flow penetrating
to the latitude of Lüderitz. Andrews and Hutchings (1980) present evidence of this southward
flow reaching south of Cape Columbine. These features are discussed further in appendices 1b
and 1c.
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Figure 4.14: Surface currents off the west coast of southern Africa
(from Shannon, 1985).
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Figure 4.15: Probable movement of central water between 100 m and 300 m off the west coast of southern
Africa (from Shannon, 1985).
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4.1.3.5

Upwelling

The Licence Area lies to the north of the Lüderitz upwelling cell which is the principal upwelling
centre of the Benguela (Shannon, 1985 and authors cited therein). Upwelling at this site is semipermanent but there is sometimes a short quiescent period in autumn. The upwelling cell acts as
a major physical and biological barrier in the Benguela system.
During the upwelling process, driven by southerly winds, 13°C and <35 ‰ salinity water is uplifted
and may breach the surface at the coast. In vigorous upwelling events tongues of cold water
extend offshore to the NW with the upwelling effect detectable at the surface up to 30-50
nautical miles offshore (Shannon 1985, Figure 4.15 from Bang 1971). Stander (1964) presented
data that showed that the upwelling effect was detectable to 400 m depth in the form of
distortions to temperature and salinity distributions.
During the decay phase of upwelling the newly upwelled water mixes with older, sun warmed and
previously mixed upwelled water. The mixing events add nutrients to these waters and through
stabilisation support the very high biological productivity typical of the Benguela system. These
features are discussed further in appendices 1b and 1c.
4.1.3.6

Nutrient and Oxygen Distributions

As described above SACW comprises the bulk of the water in the study area either in its ‘pure’
form or mixed with previously upwelled water of the same origin. According to Jones (1971),
cited in Chapman and Shannon (1985), ‘true’ SACW nutrient concentrations range from 10-18 ųM
nitrate-nitrogen, 0,8-1,5 ųM phosphate and 6-15 ųM silicate.
The continental shelf waters of the Benguela system are characterised by low oxygen
concentrations. SACW itself has depressed oxygen concentrations, ~80% saturation value,
(Chapman and Shannon, 1985), but lower oxygen concentrations (<40% saturation) occur
frequently (e.g. Visser, 1969, Bailey et al, 1985). The low oxygen concentrations are attributed to
nutrient remineralisation in the bottom waters of the system.
Bailey et al. (1985) showed that oxygen concentrations in the vicinity of Lüderitz were lower
(1,0-2,0 ml l-1) during quiescent conditions than during active upwelling (> 2,0 ml l-1). These
authors further showed that extremely low oxygen concentrations (<0,5 ml l-1) occurred in water
overlying organically rich sediments located northward. These features are discussed further in
appendices 1b and 1c.
4.1.3.7

Plankton

The Benguela system is a highly productive ecosystem, with primary production rates
> 300 g C/m2/yr, making it one of the most productive marine areas in the world (Shannon &
O'Toole 1998). The phytoplankton form the base of the pelagic trophic structure, while the
heterotrophic zooplankton supply the dietary requirements for most of the small pelagic fish in
the ecosystem such as sardines, anchovy and red-eye, and so in turn provide the energy needed
to sustain larger fish, bird and mammal predator species. Plankton are discussed further in
appendix 1b.
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Figure 4.16: Upwelling centres on the west coast of southern Africa with schematic of currents (from
Shannon, 1985).
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4.1.3.8

Benthos

The initial study of the benthos on the continental shelf of southern Namibia was undertaken by
Field et al. (1996). The study was carried out as part of the environmental impact assessment of
Debmarine’s deep sea diamond mining operations in the Atlantic 1 Mining Licence Area.
Subsequently comparisons of the benthic fauna of the unmined and mined areas were made.
The Namibian continental shelf is subject to periods when the water is hypoxic. The Namibian
benthos thus may constitute a distinct community able to survive oxygen-deficient conditions.
Field et al. (1996) determined that the main phyla contributing to the benthic fauna are: Annelida
e.g. Diopatra spp. and Terebellides spp.; Mollusca e.g. the gastropods Nassarius spp. and the
bivalves Macoma spp; and Crustacea e.g. Hippomedon longimanus and Ampelisca spp. Notable is
the paucity of echinoderms.
Two macro benthos surveys (100 samples have been collected from 20 stations) have been
conducted over the Mining Licence Area, with analysis by N. Steffani. These studies and related
project matters are discussed in appendix 1c.
4.1.3.9

Fishes

The fish fauna of the Namibian coast is characterised by a relatively low diversity of species
compared with warmer oceans: Approximately 76 fish species are found in the area under
consideration compared to an equivalent area on the east coast of Africa inhabited by over 800
species (Bruton, 1996).
The Namibian ichthyofauna is characterised by high numbers of commercially important fish
species, particularly the shallow-water hake Merluccius capensis, deep-water hakeM. paradoxus,
cape gurnard Chelidonichthys capensis, monkfish Lophius vomerinus, elephant fish Callorhinchus
capensis, snoek Thyrsites atun, jacopever Helicolenus dactylopterus, maasbanker Trachurus
trachurus, buttersnoek Lepidopus caudatus and kingklip Genypterus capensis. Three of these ten
species (snoek, maasbanker and buttersnoek) are pelagic species as adults that sometimes feed
on benthic prey. The other species are demersal and mainly feed on benthic organisms.
The ichthyofauna of highly variable upwelling zones, such as the Benguela Upwelling System of
the west coast of southern Africa, tends to have the following suite of characters: low species
diversity, low species interdependence, rare species are uncommon, migratory species are
common, sedentary species are uncommon, low speciation rates, low extinction rates, low
species saturation, wide trophic niches, high fecundity, typically generalist life styles, high
adaptability, and subject primarily to density-independent mortality (Bruton, 1989).
Two of the fish species, the west coast sole Austroglossus microlepis and the bearded goby
Sufflogobius bibarbatus, have relatively narrow distributions, being endemic to Namibia and the
west coast of South Africa. None of the species on the list are known to be rare or endangered
(none appear in the 1994 IUCN Red List of Threatened Animals, Groombridge, 1993), whereas
some of those listed are very widespread and abundant. For instance, the jacopever is ubiquitous
at depths of 55 – 550 m from Walvis Bay to Delagoa Bay (Smith and Heemstra, 1988).
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The vulnerability of a fish species to anthropogenic disturbance (fishing, mining, pollution or other
impacts) is subject to three main factors: fish abundance, fish distribution and the particular lifehistory characteristics of the fish species affected.
Characteristically upwelling zones are inhabited by altricial fish producing large numbers of small
eggs which hatch into small, undeveloped young that are mainly subject to density-independent
mortality (Bruton, 1989). These fish play a ‘low-risk, high-number’ game in that the parental
investment in each individual young is low, but the risk of mortality is spread among a large
number of offspring. Each individual young therefore has a low fitness compared with the young
fish from a more stable environment that play a ‘high risk, low number’ game (Bruton, 1989).
These more altricial species may however, be vulnerable to long-term impacts on the survival
rates of their eggs and larvae.
Some of the fish that occur off Namibia are not altricial species, such as the live bearing dogfish
Squalus species and the mouth brooding white seacatfish Galeichthys feliceps, but the general
trend of higher levels of altriciality in an upwelling zone does appear to hold. Altricial fish that are
better able to adapt to random and even catastrophic mortalities; petroleum exploration and
production and patchwork mining activities in a small part of their range are not likely to have a
lasting detrimental impact. An exception is during the most vulnerable stages of the life cycle –
the eggs, larvae and post-larvae stage may be affected by a pervasive environment perturbation,
such as the deoxygenation of the water column in the vicinity of the thermocline, where they
typically accumulate. These features are discussed further in appendices 1a.
4.1.3.10 Seabirds

A total of 51 species of seabird has been recorded in the waters of southern Namibia (Appendix
1a - 1). Of these, 13 (25%) are southern African breeding species, 14 (27%) are non-breeding
migrants from the northern hemisphere, and 24 (47%) are non-breeding migrants from islands in
the Southern Ocean (Ryan and Rose 1989; Sinclair et al. 2011).
Conservation concern has been expressed for more than one third of the seabird species
occurring in southern Namibian waters. Threatened species include both migrants (albatrosses
and petrels) and southern African breeding species. No species is considered to be Critically
Endangered and five are considered Endangered. Of the 51 species, 18 (35%) have been given a
IUCN (World Conservation Union) category of threat. Five seabird species are Endangered, five are
Vulnerable, six are Near Threatened and two are of Least Concern (Sinclair et al. 2011;
http://www.iucnredlist.org/ ). Seabirds are discussed further in appendix 1a.
4.1.3.11 Cetaceans

The cetacean fauna of the Namibian coast comprises between 22 and 31 species (Cetus Projects
2008; Currie et al. 2009 (cited in Pulfrich, 2007), the diversity reflecting both species recorded
from the waters of Namibia and species expected to be found in the region based on their
distributions elsewhere along the southern African West coast. The range in species number is
due to taxonomic uncertainty at species and sub-species level, rather than uncertainty of
occurrence or distribution patterns. Nonetheless, the diversity is comparatively high, reflecting
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the cool inshore waters of the Benguela upwelling system and the occurrence of warmer oceanic
water offshore of this. Cetaceans can be divided into two major groups, the mysticetes or baleen
whales which are largely migratory, and the toothed whales or odontocetes which may be
resident or migratory. The range in the number of species reflects taxonomic uncertainty rather
than a lack of information on distribution patterns. Cetaceans are discussed further in appendix
1a.
4.1.3.12 Seals

The Cape fur seal (Arctocephalus pusillus pusillus) is common along the Namibian coastline,
occurring at numerous breeding sites on the mainland and on nearshore islands and reefs . All
have important conservation value since they are largely undisturbed at present, as public access
to the southern Namibian coast is restricted. South African (Cape) fur seals generally foraging
area covering the continental shelf up to 120 nautical miles offshore (Shaughnessy 1979), with
bulls ranging further out to sea than females. Tracking of South African fur seal with time depth
recorders has shown that two females from Kleinsee dived to 200 m (although dives to 150 m
comprised less that 10% of measured dive profiles) (David 1989). The mining area falls within
feeding range of South African fur seals. Seals are discussed further in appendix 1a.
4.1.4

Commercial Fisheries
The Benguela Current system supports one of the world’s most important commercial fisheries.
Effort is primarily focussed on the demersal hake (Merluccius spp) and the pelagic/epipelagic
anchovies (Engraulis encrasicolus). Sardine (Sardinops ocellata) previously dominated the
Namibian waters but have been depressed since 1968 (Crawford et al, 1987). Consequently,
horse mackerel (Trachurus trachurus capensis) increased in importance in the overall tonnage
landed since the decline of the sardine. In the past sardine was caught predominantly by purseseine vessels. The fishery for horse mackerel targets this species using midwater trawl vessels.
Tuna, snoek, monkfish, kingklip, and chub mackerel are also significant resources in the Benguela
as are rock lobster, although the latter has declined significantly in recent years.
The demersal trawling industry operates offshore of the 200-m isobath. The trawling grounds
thus overlap with the Mining Licence Area and will therefore have been subjected to trawling
disturbance. Commercial fisheries and related matters are discussed further in appendix 1a.

4.1.5

Jellyfish
Lynam et al. 2006. indicate that jellyfish now account for significantly more biomass in the
northern Benguela waters than do fish. Based on the data they obtained from over 30,000
nautical miles of survey. They estimate the total biomass of jellyfish in the region to be 12.2
million metric tons (mostly contributed by the large A. forskalea species), whereas the biomass of
fish accounts for only 3.6 million metric tons. Large jellyfish species such as Chrysaora hysoscella
and Aequorea forskalea are more commonly reported. Jellyfish biomass has risen in numerous
locations worldwide, possibly as a consequence of increased fishing effort. Climatic changes could
also contribute to jellyfish population shifts. Jellyfish have few predators and jellyfish abundance
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has significant potential consequences for oceanic ecosystems, including slowed or attenuated
fish-stock recovery. Jellyfish and related matters are discussed further in appendix 1a.

4.1.6

Shipping and Navigation
The main shipping lanes off the west coast of southern Africa lie seawards of the mining licence
area (Figure 4.16). However, both coastal shipping and fishing craft may be encountered in the
mining area and between it and the coast.
Fog is a particular navigational hazard for both sea and air operations. The coast from Elizabeth
Bay northwards to Sandwich harbour experiences an average of 50 fog days a year (Figure 4.4).
The fog lies close to the coast and extends perhaps 20 nautical miles (~35 km) offshore (Olivier,
1992, 1995).
Buoyage in Namibian waters follows the IALA convention for region A. Apart from satellite
navigation systems, Decca navigation is also provided for. Maritime radio services for emergency
(Channel 16) services, weather bulletins and navigation warnings are provided by Walvis Bay
Radio (Call sign ZSV).
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Figure 4.17: Shipping routes off the west coast of southern Africa

Final Report
Namibian Marine Phosphate (Pty) Ltd.
Page 4-30

Chapter 4: Description of the Environment

4.2

REFERENCES

Andrews WRH and Hutchings L (1980). Upwelling in the southern Benguela Current. Prog. Oceanogr. 9(1): 81
pp.
Baturin GN (1969). Authigenic phosphate concentrations in Recent sediments of the South West African shelf.
Dokl. Earth sci. sect. English Transl. 189:227-230.
Birch GF (1971). The glauconite deposits on the Agulhas Bank, South Africa. Unpublished M.Sc. Thesis,
University of Cape Town.
Birch GF (1975). The glauconite deposits on the Agulhas Bank, South Africa. Unpublished M.Sc. Thesis,
University of Cape Town.
Boyd AJ and Agenbag JJ (1985). Seasonal trends in the longshore distribution of surface temperatures off
south-western Africa 18-34°S, and their relation to subsurface conditions and currents in the area 2124°S. Instituto de Investigaciones Pesqueras, Barcelona: 119-148.
Bremner JM (1978). Sediments on the continental margin off South West Africa between Sylvia Hill and the
Kunene River. Unpublished PhD. thesis, University of Cape Town.
Bremner JM (1992). Brief description of a Geosciene Unit (University of Cape Town) internal report.
Budker P and Collignon J (1952). Trois campagnes baleinieres au Gabon 1949-1950-1951. Bull. Inst. Etud.
centrafr. 3: 75-100.
Chapman P and Shannon LV (1985). The Benguela ecosystem. Part II Chemistry and related processes.
Oceanogr. Mar. Biol. Ann. Rev. 23: 183-251.
Coles SKP, Wright CI, Sinclair DA and van den Bossche P (2002). The Potential for Environmentally Sound
Development of Marine Deposits of Potassic and Phosphatic Minerals Offshore, Southern Africa.
Marine Georesources and Geotechnology 20:87-110.
Crawford RJM, Shannon LV and Pollock DE (1987). The Benguela ecosystem. Part IV. The major fish and
invertebrate resources. Oceanogr. Mar. Biol. Ann. Rev. 25: 353-505.
David JHM (1989). Seals. pp. 288-302. In Payne, A.I.L. and Crawford, R.J.M. (eds). Oceans of Life off Southern
Africa. Vlaeberg Publishers, South Africa. 380 pp.
Department of Environment Affairs and Water Affairs (1990). Report of the subcommittee of the Sea Fisheries
Advisory Committee appointed at the request of the Minister of Environment Affairs and of Water
Affairs, to advise the Minister on scientific aspects of sealing. Pretoria. 112 pp.
Emelyanov EM and Senin KM (1969). Composition of the sediments of the South West African shelf. Lithology
and Mineral Resource 2:10-25'
Field JG, Parkins CA, Winckler H, Savage C and van der Merwe K (1996). Impact on benthic communities –
Specialist Study No. 9. In: Impacts of Deep Sea Diamond Mining, in the Atlantic 1 Mining Licence Area
in Namibia, on the Natural Systems of the Environment. EEU Report No. 11/96/158, University of
Cape Town. Prepared for De Beers Marine (Pty) Ltd., 370 pp.

Final Report
Namibian Marine Phosphate (Pty) Ltd.
Page 4-31

Chapter 4: Description of the Environment

Groombridge, B (ed.) (1993). 1994 IUCN Red List of Threatened Animals. IUCN, Gland, 286 pp.
Lynam CP, Gibbons MJ, Axelsen BE, Sparks CJA, Coetzee J, Heywood BG and Brierley AS (2006). Current Biology
Vol 16 No 13
Nelson G and Hutchings L (1983). The Benguela upwelling area. Prog. Oceanogr. 12(3): 333-356.
Olivier J (1992). Aspects of the climatology of fog in the Namib. SA Geographer 19 (2): 107-125.
Olivier J (1995). Spatial fog distribution pattern in the Namib using Meteosat images. J. Arid Environments
29:129-138.
Ramsay PJ and Cooper JAG (2002). Late Quaternary sea-level change in South Africa. Quaternary Research, 57:
82-90.
Rogers J (1977). Sedimentation on the continental margin off the Orange River and the Namib Desert.
Unpublished PhD. thesis, University of Cape Town.
Rogers J and Bremner JM (1991). The Benguela ecosystem, Part VII. Marine geological aspects. Oceanogr. Mar.
Biol. Ann. Rev. 29: 1-85.
Rose B and Payne AIL (1991). Occurrence and behaviour of Southern right-whale dolphin Lissodelphis peronii
off Namibia. Mar. Mamm. Sci., 7 (1): 25-34.
Ryan PG and Rose B (1989). Migrant seabirds. In: Payne, A.I.L. & Crawford, R.J.M. (Eds). Oceans of life off
southern Africa. Cape Town: Vlaeberg Publishers. pp. 274-287.
Shannon LV (1985). The Benguela ecosystem. Part I. Evolution of the Benguela, physical features and processes.
Oceanogr. Mar. Biol. Ann. Rev. 23: 105-182.
Shannon LV and Anderson FP(1982). Application of satellite ocean colour imagery in the study of the Benguela
Current system. S. Afr. J. Photogrammetry, Remote Sensing and Cartography 13: 153-169.
Shannon LV and O'Toole MJ (1998). An Overview of the Benguela Ecosystem. Collected papers, First Regional
Workshop, Benguela Current Large Marine Ecosystem (BCLME) Programme, UNDP. 22-24 July 1998,
Cape Town, South Africa.
Shaughnessy PD (1979). Cape (South African) fur seal. In Mammals in the Seas. FA.G. Fish. Sel. 5 2: 37 -40.
Sinclair I, Hockey P, Tarboton W and Ryan P (2011). SASOL Birds of Southern Africa, 4th ed. Cape Town, Struik
Nature.
Stander GH (1964). The Benguela Current off South West Africa. Investl. Rep. Mar. Res. Lab S. W. Afr. 12: 43 pp.
Visser GA (1969). Analysis of Atlantic waters off the coast of southern Africa. Investl. Rep. Div. Sea Fish. S. Afr.
75: 26 pp.

Final Report
Namibian Marine Phosphate (Pty) Ltd.
Page 4-32

Chapter 5: Marine related Socio-Economic Environment

CHAPTER 5.

MARINE RELATED SOCIO-ECONOMIC ENVIRONMENT

5-2

5.1

INTRODUCTION

5-2

5.2

OVERVIEW OF THE ERONGO REGION

5-2

5.2.1

Social Environment

5-2

5.2.1.1 Population and Growth

5-2

5.2.1.2 Poverty and Unemployment

5-3

5.2.1.3 Economic Environment

5-4

5.3

OVERVIEW OF WALVIS BAY

5-4

5.3.1

Social Context

5-4

5.3.1.1 Population and Growth

5-4

5.3.1.2 Poverty and Unemployment

5-5

5.3.1.3 Health and Disease

5-6

Economic Environment

5-6

5.3.2.1 The Namibian Fishing Industry

5-6

5.3.2

5.4
5.5

ASPECTS OF THE PROPOSED PROJECT RELATING TO THE SOCIO-ECONOMIC
ENVIRONMENT

5-8

KEY SENSITIVIES

5-10

Tables and Figures
Table 5.1:

Population Figures for the main towns in the Erongo Region (SAEIA, 2011)

5-3

Table 5.2:

Two Fishing Categories and Definitions

5-7

Figure 5.1:

Unemployment rate for Walvis Bay Urban and Rural Constituencies (NPC, 2007).

5-5

Final Report
Namibian Marine Phosphate (Pty) Ltd.
Page 5-1

Chapter 5: Marine related Socio-Economic Environment

CHAPTER 5. MARINE RELATED SOCIO-ECONOMIC ENVIRONMENT
5.1

INTRODUCTION
The establishment of Namibia’s first phosphate mining project will have significant short, medium
and long-term socio-economic impacts for Namibia. This project can raise Namibia’s profile as a
country with currently the seventh largest reserves of phosphate in the world. The full production
of 3 million tonnes per annum of export quality phosphate will place Namibia amongst the top ten
world producers.
The purpose of this chapter is to give a description of the receiving socio-economic environment
in which the marine mining activities of the proposed Sandpiper Phosphate Project will take place.
This will form the baseline against which key sensitivities and associated impacts will be identified.
Consequently, only information relevant to this specific study will be highlighted. A full impact
assessment of all the potential impacts will be conducted in the Socio-Economic Impact
Assessment under the terrestrial EIA.
Aspects of the Erongo Region relevant to this project will be described in order to contextualize
the proposed development within the broader region. In addition, certain features of the social
and economic environment of Walvis Bay, including the Namibian Fishing Industry, will be
discussed.
It should be noted that the full scope of the project’s socio-economic implications will be
discussed in detail in the terrestrial component of the project EIA. Separate but co-dependant
Environmental Contracts will be established for these components.

5.2

OVERVIEW OF THE ERONGO REGION

5.2.1

Social Environment

5.2.1.1

Population and Growth

In 1991 the Erongo Region had a population of 55 470. A decade later, this number had increased
to an estimated 107 663, resulting in a growth rate of almost 94% during the period 1991 to 2001
(NPC, 2001). This can partly be attributed to the inclusion of Walvis Bay into Namibia in 1994, as
well as migration to the urban coastal towns. The latter is also reflected in that only 40% of the
regional population was born in the Erongo Region while about 7% were born in areas outside
Namibia. The remaining 53% were born across Namibia, 30% of which were born in the northcentral regions of Namibia (NPC, 2001).
The Erongo region comprises seven constituencies, namely Karibib, Daures, Omaruru, Arandis,
Brandberg, Walvis Bay Rural, Walvis Bay Urban and Swakopmund. The latter two constituencies
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have the highest population and are the main growth centres in the region (NPC, 2001).
According to the 2001 Population and Housing Census, an estimated 80% of the Erongo Region
population resided in the urban areas (ERC, 2007; Enviro Dynamics, 2009). Pull factors to the
region include the fishing industry, mining activities, and more recently, the ‘Erongo Region
uranium rush’.
Table 5.1 indicates the population figures for the main urban centres within the Erongo Region.
The total current urban population amounts to 108, 200 people, while the Uranium Rush SEA
estimates the current regional population to be 135, 250, which is higher than the 2001 regional
population of 107, 663 (SAEIA, 2011). 1
Table 5.1:
TOWN

Population Figures for the main towns in the Erongo Region (SAEIA, 2011)
TOWNLAND
AREA (KM²)

POPULATION

SOURCE FOR POPULATION
DATA

Arandis

29

7,600

NPC, 2003

Henties Bay

121

3,300

NPC, 2003

Karibib

97

3,800

NPC, 2003

Omururu

352

4,800

NPC, 2003

Swakopmund

193

42,000

2006 polio vaccination
campaign, quoted in UraMin
2007

Usakos

58

3,000

NPC, 2003

Walvis Bay

29

43,700

NPC, 2003

Total urban population

108,200
135,250

Total estimated Erongo Region Population

5.2.1.2

Poverty and Unemployment

The Erongo Region is one of the most affluent regions in Namibia, with the second highest per
capita income at N$16 819 per annum. This income is mainly obtained from the tourism, fishing,
and mining industries (Enviro Dynamics, 2009). Hoadley (2009), reported that compared to other
regions in Namibia, this region has the second highest level of development and the second
lowest rate of human poverty, yet it still has a high unemployment rate at 34 % in 2001.
The private sector employs approximately 68% of the employed population, while 16% are
employed by the government and the remaining 16% is unaccounted for (ERC, 2007). The fishing
and mining industries are the main employers, while the main economic drivers are the mineral
sector, fishing, tourism, the Walvis Bay Corridor Group and Namport (SAEIA, 2011).

1

The Table below is an excerpt from the Uranium Rush Strategic Environmental Assessment conducted by SAEIA, 2011.
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5.2.1.3

Economic Environment

The economic activities of the Erongo Region revolve around its natural resources both renewable
such as fish, as well as non-renewable resources which include minerals. Over the past few years,
Namibia has experienced an unprecedented interest its uranium deposits. This resulted from a
sharp increase in demand and the resultant increase in the price of uranium oxide. A number of
predominantly international mining companies commenced with exploration and development of
new mines, mostly in the Erongo Region. According to the Uranium Rush SEA, the mining industry
as a whole throughout Namibia accounts for approximately 20% of the GDP, while in 2009, 4% of
the GDP was accounted for by the uranium industry (SAEIA, 2011).
Industrial infrastructure is provided by a railway connection that is also used by the mines to
transport ore to Walvis Bay from where it is shipped for export. Consequently, an increase in
mining activities has also contributed to the increase in container shipments through the Port of
Walvis Bay. The Erongo Region is also connected by the national road network to the rest of the
country via Okahandja, Windhoek, and Otjiwarongo and forms part of the Trans Kalahari Highway.
Thus, the transport networks within the Erongo Region play a key role in the facilitation of trade
via Walvis Bay, supporting it as a hub for commercial trade.
The fishing industry is another key economic activity and forms the base of the industrial activity
in the region (SAEIA, 2011). The commercial fishing industry contributed 5 % to the Gross
Domestic Product (GDP) in 2005 according to a study undertaken by Investment House Namibia
(2011). This industry also is the cornerstone of Walvis Bay’s economy and is discussed in more
detail under Section 5.3.2.1.

5.3

OVERVIEW OF WALVIS BAY

5.3.1

Social Context

5.3.1.1

Population and Growth

According to the 2001 Population and Housing Census, the population of Walvis Bay is estimated
at 42 015 people which represents 26% of the total Erongo Region population. However, with the
polio vaccination in 2006, a shortage of vaccines indicated that the population is closer to 60 000.
This number was expected to grow to 70 000 by the end of 2009, and to almost double within the
next 10 to 12 years (Marques, N. 2009, Walvis Bay Municipality pers. comm.).
The population of Kuisebmond, one of the main neighbourhoods in this harbour city, has seen an
increase from 23 259 in 1997 to an estimated 33 570 in 2004. This resulted in an estimated
average annual growth rate of 5.35% (Walvis Bay Municipality, 2004). In a study conducted by
Hoadley in 2008, it was mentioned that this community is largely poor and the general skills level
is low.
The Walvis Bay Community Needs Survey conducted in 2004, revealed that only 20.1% of the
heads of household in Kuisebmond were born in Walvis Bay. In addition, 44% of the participants
indicated that they came to Walvis Bay alone, 18.7% brought their families with and 37.3% only
let their families come at a later stage (WBM, 2004).
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The main sources of income are wages and salaries, as approximately 78% of all the households
earn a living through paid labour (NPC, 2001). Thus, households are very vulnerable to losing a
wage earner since few other options for earning an income exists within Walvis Bay and its
surroundings.
A great pull factor that contributes to the multi-ethnicity of Walvis Bay and immigration over the
years is the fishing industry and its related employment opportunities, especially at the fish
processing factories. This is reflected in that the population of Walvis Bay can increase by up to
10 000 people during the months of March to August when the fishing season peaks, and activity
at the fishing industries increases (Marques, N. 2009, Walvis Bay Municipality pers. comm.). Apart
from the fishing industry, many people are also employed at the harbour terminal and for the
processing of sea salt.
5.3.1.2

Poverty and Unemployment

The unemployment rate for Walvis Bay is estimated at 36%. The unemployment rate for women
in both the Walvis Bay Urban and Rural Constituency is higher than for males, with a rate of 40%
for women in urban areas versus 29% for males, and 56% for women in rural areas versus the 32%
for their male counterparts (Figure 5.1).

Unemployment Rate for Walvis
Bay Urban and Rural
Constituencies (%)
60
50
40
30
20
10
0
Women Urban

Figure 5.1:

Men Urban

Women Rural

Men Rural

Unemployment rate for Walvis Bay Urban and Rural Constituencies (NPC, 2007).
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There are a number of factors which contributes to the high unemployment rate in Walvis Bay. It
includes a population growth rate which is higher than the number of jobs created partly due to
an influx of job seekers, the seasonal variation of the fishing industry and when heads of
households who immigrate to Walvis Bay bring along their families.
5.3.1.3

Health and Disease

Walvis Bay has the highest rate of tuberculosis (TB) infections in Namibia. In part, this can be
ascribed to the high number of foreigners who call at the Port of Walvis Bay, contributing to the
spread of TB as well as other diseases. Another contributing factor is the overcrowded conditions,
especially in Kuisebmond, where airborne diseases can spread more easily. It was found that
those between the ages of 16 and 40 years are mostly affected and mainly belong to the lower
income groups (Marques, N. 2009, Walvis Bay Municipality pers. comm.).
In addition to this, according to the 2008 Ministry of Health Centennial Surveillance Survey, Walvis
Bay had a HIV/AIDS prevalence rate estimated at 21.4%. This implies that about one fifth of
Walvis Bay’s workforce is HIV/AIDS positive. In general, the age group 30-39 has the highest
prevalence rate, while in the urban area specifically, the age group 40-49 was found dominant.
Contributing factors are the high levels of in-migration, seasonal employment opportunities, and
the fact that it is a port, located at the end of two transport highways (SIAPAC, 2002).
5.3.2

Economic Environment
The economic activities of Walvis Bay rest on four pillars, namely fishing, tourism, manufacturing,
and the harbour. For the purpose of this report, only the fishing industry will be discussed, since
the proposed activities under investigation take place in the marine environment some distance
from Walvis Bay. A more detailed discussion on each of the other economic pillars will follow in
the full Socio-Economic Impact Assessment under the terrestrial EIA.

5.3.2.1

The Namibian Fishing Industry

The Namibian shoreline is home to a diversity of fish stocks which has allowed for a competitive
fishing industry to be established over the last 50 years. The commercial fishing industry is the
cornerstone of Walvis Bay’s economy as well as a great role player in the Namibian economy with
foreign currency earnings of N$4.8 billion in 2010 (CNFA, 2012). There has however been a
decline in its contribution in terms of GDP from 7.1% in 2003 to 5% in 2009 (IHN, 2011).
David Russell (2012, CNFA, pers. comm.) noted that according to the Ministry of Fisheries and
Marine Resources (MFMR) Employment Verification Report of 2010, this industry directly
employed 13,380 people in 2010 of whom 3,994 were offshore and the remainder (9,386) were
onshore. Employment opportunities arise at the more than 2 km of fishing industry related
infrastructure along the shores of Walvis Bay north of the commercial port. According to the
MFMR website, the current workforce is estimated to range between 14,500 to 15,000
employees.
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There are two main categories of fishing, namely, pelagic and demersal. For pelagic fishing, the
fish factories at Walvis Bay have a processing capacity of over 100 000 tonnes per month during
the peak periods. Sardine is principally used for canning while fish-meal and oil are produced
from by-catch species. Unlike pelagic fishing, demersal species are caught near the seabed, there
is a closed season in October for hake.
Table 5.2:
CATEGORY

Two Fishing Categories and Definitions
DEFINITION

EXAMPLES

Pelagic Fish

Fish found near the upper layers of
the open sea.

Pilchards, Anchovy, juvenile Horse
Mackerel, Tuna, Sardines.

Demersal Fish

Fish found close to the seabed.

Hake, Monk, Horse Mackerel.

Catches are made both north and south of Walvis Bay, with the quality of fish caught in the latter
area being found to be superior to those caught north of Walvis Bay (Scoping report 2011).
Etosha Fishing (Pty) Ltd caught 17% of their quota near the NMP MLA over the last three years.
During pilchard and juvenile horse mackerel purse seine operations, catches are made as close as
500 m from the coast offshore from the Paaltjies area (Scoping Report, 2011). According to
historical catch data 0.86% of the hake trawl, 0.32% of the midwater horse mackerel and 6.34 %
of the monk trawl fisheries take place within the MLA. Fishing grounds of species such as horse
mackerel and other small pelagic species do not overlap extensively with the MLA (Specialist
Study Appendix 1b).
Hake and horse mackerel are currently the two main fishing sectors, with smaller fisheries for
pilchard, and monk. There is also a large pelagic fishery for tunas and sharks using poles and
longlines that operates offshore and is not in the proposed mining areas. Niche markets have
been found in Europe, Australia, United States and Hong Kong for processed high value fish and its
related products. Spain is the main market for hake since 90% of it is exported there. For the past
50 years, sardine and hake have formed the core of Namibia’s pelagic and demersal fishing
industry although the sardine fishery collapsed in the mid 1960s and no longer sustains a major
fishery. Because of the fluctuations in fish stocks employment opportunities may change,
although Namibia has in recent years stabilised employment in the sector through appropriate
management of its fishery resources.
Management actions included the introduction of Total Allowable Catches (TAC) and the fisheries
management mechanisms. The hake sector has seen a reduction in total allowable catches in
recent years, while the number of horse mackerel vessels has been reduced. The hake fishery is
closed for the month of October to allow the resource to rest and reproduce (CNFA, 2012). The
TAC for horse mackerel was increased from 247.000 tonnes to 310.000 in 2011.
There has been a decrease in fish landings since 2003, but it has seen a slight recovery in 2010
(IHN, 2011). According to a study conducted by Investment House Namibia, fish landings were
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expected to increase marginally in 2011 due to higher TACs, better fishing conditions and catch
rates.
Even though the fishing industry is subject to seasonal and stock variation, it continues to play an
important role in economy of Walvis Bay. More than 70% of the industries in Walvis Bay are
directly or indirectly dependent on the fishing industry (Kruger, G. 2009, Walvis Bay Municipality,
pers. comm.). Investment opportunities are present in the support and service sectors, including
marketing, production and packaging related to the industry.

5.4

ASPECTS OF THE PROPOSED PROJECT RELATING TO THE SOCIO-ECONOMIC
ENVIRONMENT
Namibia Marine Phosphate (Pty) Ltd has secured a Mining Licence Area of 2,233 km² off the coast
of Namibia near Conception Bay. The proposed development of these deposits will be
undertaken to support an annual recovery of 5.5 million tonnes of the phosphate rich sediment to
produce a final export product of 3 million tonnes phosphate rock concentrate. These levels of
production are expected to require approximately 43 weeks of continuous dredging.
The Fisheries Specialist Study (Appendix 1c) lists the following potential impacts resulting from the
mining operations on the fishing industry:
•
•
•

•

•
•
•
•

The dredging operations will potentially cover a large portion of the historical monk
trawling grounds as well as small proportions of the hake and horse mackerel
fisheries.
Commercial fishing operations are not expected to be directly impacted in a broader
area extending outside the MLA to within a 25 km zone.
Indirect impacts will primarily relate to dredger vessel movements and normal
trawling patterns with vessels expected to maintain a safe working distance from the
MLA as well as having to trawl along tracks that may vary from the historical effort in
the zone.
Based on recent historical catch and effort data in the MLA and Zone 1, 5.03% of
hake trawl catch, 1.08% of horse mackerel midwater trawl catch and 19.75% of
monk trawl catch is likely to be affected. (Note this does not imply that this
proportion of catch will be lost but that the fishery in this area will in some way have
to adjust normal fishing operations).
The mining will result in displacement of fish resources away from the disturbed area
and loss of essential habitat occupied by these resources (such as monk, gobies, hake
and others).
Significant alteration of the ecosystem characteristics only in the immediate target
mining sites is expected (although the broader effects of the mining on the
ecosystem in the region have not yet been determined).
In the mined area, there will be a serious impact through the permanent physical
removal and destruction of substrate.
With regard to biodiversity, the impact in the immediate mining area will be severe
and will result in loss of marine flora and fauna.
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•
•

The likely impact on fish recruitment in the mined area is considered to be low
relative to the total recruitment area potential in Namibian waters.
Mining, although localised, will result in a modification of the behaviour of mammals
and seabirds.

With respect to the economics, the economic model that supports this project has been
established using a ‘discounted cash flow’ methodology. The model and its outcomes are robust,
given the reasonable assumptions of the model and its conservative application. The operation
will significantly contribute to Namibia via:
•
•
•

Company tax;
Mining royalty, and
Employee taxation.

To date Namibian Marine Phosphate has invested US$ 4.1 million in exploration and project
related development work. The project Technical Scoping Study (2010) indicated a capital cost of
approximately US$ 140 million for establishment of the shore facilities, which include the coastal
buffer pond, pipelines, processing plant and ancillary works. In the Economic Scoping Study,
operating costs are estimated to be approximately US$ 330 million per year. These costs will be
refined in the Definitive Feasibility Study, which is expected to be completed towards the end of
the first quarter of 2012.
The dredger has a minimum manning requirement of 10 persons and a dredging operational team
of 27 persons. Of this total complement (37) 11 positions can be assigned to Namibians who have
suitable certification and work experience. The dredger crew will work in shifts based on a three
week cycle. At the time of a crew change, it is expected that 50% of the time the crew might stay
at a local guesthouse i.e. in Walvis Bay.
The dredger requires the operational support of a 1000 HP tug for activities such as the transfer of
crew, transfer of materials, stores and equipment, etc. It is intended that the tug be sourced and
manned locally, i.e. it will be based in the Port of Walvis Bay. A minimum manning of two persons
is required, who are supported by a crew of 3 or 4 persons.
In terms of maintenance services, all repairs except dry-docking can be sourced locally. With
respect to the latter, Namdock is too small to handle the dredger, thus dry-docking will have to
take place in Cape Town. The following services can be made use of in Walvis Bay:

•
•
•
•
•

Lifting services when the vessel is at the quay;
Inspection diving for damage to propellers, hull, bottom doors, etc;
Welding and steel-working;
Electrical & hydraulic repairs;
Assistance on board during planned or unplanned repair: welders, technicians,
labour

Final Report
Namibian Marine Phosphate (Pty) Ltd.
Page 5-9

Chapter 5: Marine related Socio-Economic Environment

The marine operation will make extensive use of local suppliers and contractors; pay ongoing port
charges and corporate taxes, thereby bringing potential benefits to the community of Walvis Bay
and to Namibia as a whole.

5.5

KEY SENSITIVIES
Based on the baseline information provided above, a number of key sensitivities have been
identified, the impact of which will be assessed in the terrestrial EIA. The table below outlines
these key sensitivities and associated impacts, both positive and negative for specific socioeconomic features.

SOCIO-ECONOMIC
FEATURE

SENSITIVITY

POTENTIAL IMPACT/ ENHANCEMENT

Employment

Both the Erongo Region and Walvis
Bay have estimated unemployment
rates higher than 30%.

Contribution to job creation, both on
the vessel and support services.

Expertise and Skills

Low skills level, especially in lower
income areas and also since this
project will be a world first, specific
skills will need to be acquired.

Skills transfer and training as more
Namibians are trained to form part of
the dredger crew.

Local economy

Every three weeks there is a crew
change, 50% of them staying over at
local guesthouses.

Local guesthouses will profit.

Local Economy

Every three weeks with the crew
change a number of them will fly out
of and into Namibia.

Airline tickets will be purchased for
the crew contributing to the local
economy.

Local Economy

Certain maintenance and support
services will be conducted in and from
Walvis Bay.

Local companies specialising in ship
maintenance will profit.

Local Economy

A local ships chandler will be used for
supplies.

The purchasing of supplies via a local
ships chandler will contribute to the
local economy.

Immigration

The project in totality, including the
marine mining aspect, can act as a pull
factor job seekers.

An influx of workers will add to
already pressurised resources.

National income

Paying of taxes and royalties.

NMP will contribute to the national
economy by paying taxes and
royalties.

Fishing Industry

Monk trawling and other fishing
activities to a lesser extent take place
in and near the MLA.

Monk trawling and other fisheries to a
lesser extent and their associated
economic contribution will be
negatively affected by dredging
operations.

Fishing Industry

The MLA and surrounding area forms
part of historical fishing grounds.

Trawlers and other fishing operations
will have to keep a safe distance from
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SOCIO-ECONOMIC
FEATURE

SENSITIVITY

POTENTIAL IMPACT/ ENHANCEMENT
the MLA and a restriction zone will be
established. Thus they will now have
to alter trawl and other fishing
operations with potential economic
implications for the operators.

Fishing Industry

The fishing industry and marine
scientists are sensitive to the impacts
and changes to fish stocks, spawning
and recruitment, and available fishing
grounds.

Changes can negatively impact the
fishing industry, related services and
industries as well as its contribution to
GDP.

Fishing Industry

The Fishing Industry currently employs
almost 14 000 people.

Changes in the fishing industry and its
economy can lead to job loss in this
industry.

Health

Walvis Bay has the highest TB
infection rate in Namibia as well as
high HIV infection rates.

TB and HIV infections of the NMP
workforce can lead to absenteeism
and fatigue, ultimately impacting on
productivity. The crew changes can
also contribute to the spreading of
these illnesses.

5.6
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CHAPTER 6.
6.1

PUBLIC CONSULTATION

THE ENVIRONMENTAL SCOPING REPORT
Consultations in Windhoek, Swakopmund and Walvis Bay with the authorities, sectoral groups
and the public were undertaken during 20 to 23 September 2011. In addition on 01 November
2011 a fisheries specialist (appointed by the proponent) met with the Confederation of Namibian
Fishing Associations (CNFA) and NatMIRC.
The consultation process has been undertaken in accordance with the Environmental Assessment
Policy, which was approved in August 1994 by the Namibian Cabinet and subsequently
incorporated into the Environmental Management Act (Act No. 7 of 2007).
Namibian Marine Phosphates (Pty) Ltd appointed:
• Windhoek-based Enviro Dynamics (Pty) Ltd to facilitate these meetings;
• Mr. P Morant of the CSIR to verify due protocol was observed and to review the report;
and
• Mr. J Midgley of J Midgley and Associates cc, to manage the process.
The environmental scoping report for the project “The proposed dredging of marine phosphates
from Mining Licence Area 170 Public Consultation and Disclosure was:
• Submitted as a draft report to MET & MME on 17th November 20111;
• Circulated as a draft report via email notification to all registered I&APs for review, with a
review period of two weeks (18th November to 02nd December 2011), and
• Comments received were compiled, responded to in the final report, which was circulated
to I&APs and submitted to MET & MME in December 20112.
The comments received throughout the consultation process have been integrated into the scope
of works of the marine component of the EIA as is relevant. Several of the issues raised have been
incorporated as appropriate into the terrestrial component of the Project EIA. Further issues were
directly closed out in the final scoping report. These comments have assisted in the establishment
of the ToRs for the specialist studies and the EIA itself. These ToRs are detailed in the Appendix 7
of the final scoping report.
A summary of the key issues raised through the public participation process is presented below.
Full disclosure of the “issues and responses” and reports related to the environmental assessment
process are available on the Enviro Dynamics web site: http://www.envirod.com.

1
2

Appendix 2f
Appendix 2f
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Table 6.1: Summary of issues resulting from the Public Participation process.

SUMMARY OF ISSUES raised by public

Governance

• Make public all the directors and shareholders of companies constituting
NMP, especially Tungeni Investments.
• The validity of the ESIA process without the validity of the EMA of 2007.
• The degree of influence public input can have on the outcome of an EIA.
• Flawed EIA process for prospecting (Bulk sampling done without an EIA).
• Lack of environmental regulations and lack of communication between
ministries.
• Commit to significant relevant marine system research to understand its
processes and its recovery from the impacts of the phosphate project.
• Independent monitoring of ongoing activity and obligation to report
regularly about environmental and social effects.
• Commit to and plan for ecological restoration from the outset.
• Lack of capacity of Namibian Government to handle such a project, since it
is also a world first.
• Allow MFMR to conduct a baseline study of the habitat before the final
decisions are to be made.

The EIA Process

• The ML and EPL were granted without an EIA, thus integrity has been
compromised.
• The precautionary principle should be followed. The proponent has the
duty to prove, the absence of scientific certainty is no excuse.
• On what basis did MFMR agree to NMPs dredging activity within the 200m
depth contour?
• Independent review needed of the EIA process.
• Brainstorming between scientists and marine practitioners.
• Need for deep-sea marine biologist.
• Poor scientific baseline data on all aspects of dredging impact.

Biogeochemical
impacts

• Consider the footprint of the impact.
• Scale and extent of impacts resulting from hydrogen sulphide release on
water quality, marine life and aquaculture.
• Impacts on the habitats and ecosystem.
• The influence of ‘fines’ (fine sediment particle’s) on photosynthesis of
phytoplankton.
• The release of heavy metals.
• Anoxia.
• Better understanding of phosphate cycle, especially the role of
chemotrophs.
• Radioactive status of the marine phosphate vs. phosphate mined on land.
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SUMMARY OF ISSUES raised by public

• Effects of plume and sediment release on water column and quality, fauna
and flora.
• Release of nutrients into water column and associated impacts, and change
in Redfield ratios.
• Consider the Benguela current’s flow.
• There is a close link between the water column and the sediment layer. It is
important to not look at them separately.
Benthic
impacts

• Consider meio and micro-benthos as well, not only macro.
• Sampling for benthic macro fauna is coarse both in terms of the distance
between transects and between sampling stations along the transects
• Consider benthic species mapping.
• Impacts on the food source.
• How localized is disturbance of benthic community?
• Total destruction of the benthic layer and the effect of the possible recolonization of benthic communities.
• Loss of sea life and the resulting economic impact.
• Proliferation of bacteria which may affect the quality of the fish.

Marine fauna –
flora impacts

• Impact on pelagic species, big and small.
• Impacts on hake, monkfish and gobies, also considering their spawning
grounds.
• Impacts on the Walvis Bay Ramsar site and lagoon.
• Impacts on seabirds.
• The composition of the species make-up.
• Alteration of fish migration patterns and impact on fishing industry.

Cumulative
impacts

• The buffer zone around 200m isobaths to prohibit mining.
• Rehabilitation and the impact of the project on the whole area over 300
years.
• Cumulative effect of additional phosphate mines and the effect on
economics, natural environment and socio-economic aspects.
• Strategic Environmental Assessment is called for.
• Cumulative effects of a number of industrial parks at the coast.
• Join the planning for this project with Regional Planning and the long-term
planning of the Walvis Bay Municipality.
• Consider the cumulative effects of both the onshore and offshore
components of the project.
• The cumulative impact of diamond and phosphate mining should be
assessed.
• This project may be the first of many, thus many may follow.

Final Report
Namibian Marine Phosphate (Pty) Ltd.
Page 6-4

Chapter 6: Public Consultation

SUMMARY OF ISSUES raised by public

6.2

Socio-Economic
impacts

• Employment opportunities on land and onboard the vessel.
• Skills transfer.
• Impact on marine fauna and flora and associated impact on economics such
as job loss in the fishing and aquaculture industries.
• Benefits to ordinary Namibians and local economy.
• IRR of 25% is low. There is a vast resource, but NMP only intends to mine
small quantities. Over supply and price collapse.
• Influx of workers adding to the burden on already pressurized resources.
• Fishing has been many people’s livelihood for many years, thus a negative
impact on marine life can impact this livelihood strategy.
• The mining operational area coincides with fishing operations.
• Tourism and the new eco-tourism venture near the project site on land.

Project Matters

•
•
•
•

Possibility of small-scale pilot operation.
Identify financiers of the project.
Impact of operations on the Kuiseb Delta.
We are attempting something in a third world country that has never been
done elsewhere in first world countries. Lack of benchmark to compare
project with.
• Synergies with Gecko.
• Impacts of beneficiation processes.
• Limitation at the harbour with bulk handing facilities.

General

• Consider Clostridium botulinum.
• Visual pollution.
• This information can contribute to the knowledge base of that area since
we are now heading towards ecosystem management rather than single
stock assessments.

THE ENVIRONMENTAL IMPACT ASSESSMENT REPORT
This report addressed the full scope of activities of the marine component of the project. The
principal components of this report are:
• The description of the identified impacts (Environmental Impact Assessment);
• The determination of the severity of the impacts (Environmental Impact Assessment), and
• The establishment of mitigation measures (including pre dredging environmental
verification surveys) for those impacts determined to have a significant impact, where
such measures mitigate the negative impacts of the project to acceptable levels
(Environmental Management Plan Report).
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6.3

THE EIA & EMPR REVIEW PROCESS
Review is an integral part of the EIA process. Therefore the EIA and EMPR report are:
• Made available to the all registered I&APs and the relevant authorities for review;
• Made available on the Enviro Dynamics web site: http://www.envirod.com, with
registered stakeholders advised;
• Made available in public libraries in Windhoek and Walvis Bay with stakeholders advised
through notices in the press, and
• Provided to MET, MME and MFMR.
The comments received on the draft EIA and EMPR are seen as critical in the evaluation of the
proposed project.
The received comments have been compiled into the Final EIA and EMPR, as an appendix, with
the raised matters appropriately integrated into the final report:
• Made available on the Enviro Dynamics web site: http://www.envirod.com, with
registered stakeholders advised;
• Made available in public libraries in Windhoek and Walvis Bay with stakeholders advised
through notices in the press, and
• Provided to MET, MME and MFMR.
Approval
On the completion of these processes the authorities will be in a position to advise the project
proponent of their decision.
If the application is successful an Environmental Contract will be established and co-signed by the
relevant authorities and the proponent. The Environmental Contract, a legally binding document
will describe the conditions of approval.

6.4

RIGHT OF APPEAL
Section 50 of the Environmental Management Act (Act No 2007) allows for any person aggrieved
by a decision of the Environmental Commissioner to appeal to the Minister.
Section 51 of the Act allows for any person aggrieved by a decision of the Minister, to appeal to
the High Court.
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CHAPTER 7.
7.1

ENVIRONMENTAL IMPACT ASSESSMENT

INTRODUCTION
The potential impacts associated with the dredging of marine phosphates from Mining Licence
Area have been established during consultation with the specialist consultants, further, potential
impacts were raised through the public consultation phase of the EIA1. The terms of reference for
the work undertaken by the Specialist Consultants were modified where relevant to
accommodate for additional concerns raised by I&APs.
These Specialist studies are:
•

Fish and Fisheries, Seabirds and Marine Mammals. Undertaken by Mr. D Japp of Capricorn
Fisheries Monitoring cc – dave@capfish.co.za

•

Assessment of potential Impacts on marine life arising from changes to marine water
quality. Undertaken by Dr R Carter of Lwandle Technologies (Pty) Ltd. – robin@lwandle.co.za

•

Marine Benthic Specialist Study for a proposed development of Phosphate deposit in the
Sandpiper Mining Licence Area (ML 170) off the coast of Central Namibia. Undertaken by Dr N
Steffani of Steffani Marine Environmental Consultant – nina@steffanienviro.co.za.

•

Jellyfish in the environs of the proposed dredging of phosphate deposits in the Sandpiper
Phosphate Mining Licence Area (ML 170) off the coast of Central Namibia. Undertaken by
Prof. M Gibbons of Department of Biodiversity and Conservation Biology, University of the
Western Cape – mgibbons@uwc.ac.za

These specialists were required to assess the potential impacts, rate their significance,
recommend achievable mitigation objectives to reduce the effects of (negative) impacts and to
recommend monitoring practices to assess the effectiveness of mitigation. The full text of the
four specialist studies are presented in Appendix 1. It is recommended that the full text of the
respective study is read.
In addition to the above specialists, Dr J David and independent consultant has provided a review,
titled “A Brief History of the Namibian Fishery”. This is presented in Appendix 3, with sections
extracted for inclusion in this Chapter, refer to section 7.4

7.2

THE ASSESSMENT PROCEDURE AND THE DETERMINATION OF SIGNIFICANCE
To ensure for consistency in the evaluation of the impacts the specialists were provided with a set
of definitions to apply for their determination of the significance of the impacts. In consultation
with the specialists the set of definitions was revised from that detailed in the scoping report. This
was done so as to accommodate for the extreme scales of impacts as identified during their

1

Reported in the Scoping Report, submitted to MME and MET in December 2011.
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investigations. The specialists in the evaluation of the impacts apply the revised definitions. The
impact assessments are based on the professional opinions of the specialists, fieldwork and desk
top analysis (available information). The definitions are identified as robust and in line with
commonly applied impact criteria used in Southern Africa and as recognised internationally.
The following methods have been used to determine the significance rating of impacts identified
in this specialist study:
1. Description of impact - reviews the type of effect that a proposed activity will have on the
environment;
2. What will be affected; and
3. How will it be affected.
Points 1 to 3 above are to be considered / evaluated in the context of the following impact
criteria:
• Extent;
• Duration;
• Probability; and
• Intensity / magnitude.
These impact criteria are to be applied as prescribed in the table below:

Impact Criteria:

Extent

Dredge Area
Annual Mining
Per vessel cycle
Area
2
i.e. ~66,000m or
2
6.6 ha
Up to 3 km

Very Short Term

Duration

Intensity/
Magnitude

3 days

2

Short term
3 days – 1 year

No lasting effect
No environmental
functions and
processes are affected

Probability

Specific Mine
Site (SP1 or SP2)
each is 22x8 km
2
or 176km

Improbable

Local

Regional

25-50 km or
2
2,000km 2
8,000km

50-100 km or
2
8,000km –
2
30,000km

Medium term
1 - 5 years

Minor effects
The environment
functions, but in a
modified manner

Possible

1 nautical mile = 1,85 kilometres
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Long term
5 – 20 years

National
100 km to EEZ
(200 nautical
2
miles)
100 to 370 km,
2
or >30,000km
Permanent
> 20 years (life of
mine)

Moderate effects
Environmental functions
and processes are altered
to such extent that they
temporarily cease

Serious effects
Environmental functions
and processes are altered
to such extent that they
permanently cease

Probable

Highly Probable/ Definite
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The status of the impacts and degree of confidence with respect to the assessment of the
significance are stated as follows:
Status of the impact: A description as to whether the impact is positive (a benefit), negative (a
cost), or neutral.
Degree of confidence in predictions: The degree of confidence in the predictions, based on the
availability of information and specialist knowledge. This had been assessed as high, medium or
low.
Based on the above considerations, the specialist provides an overall evaluation of the significance
of the potential impact, which is described as follows:
None

Impact
Significance

A concern or potential
impact that, upon
evaluation, is found to
have no significant
impact at all.

Low

Medium

Any magnitude,
impacts will be
localised and
temporary

High

Impacts of moderate
Impacts of high magnitude
magnitude locally to
locally and in the long term
regionally in the short term and/or regionally and beyond

Accordingly the impact
is not expected to
require amendment to
the project design

Accordingly the impact is
expected to require
modification of the project
design or alternative
mitigation

Accordingly the impact could
have a ‘no go’ implication for
the project unless mitigation or
re-design is practically
achievable

Furthermore, the following are being considered:
•
•

•
•

Impacts are described both before and after the proposed mitigation and management
measures have been implemented;
Where possible the impact evaluation takes into consideration the cumulative effects
associated with this project. Cumulative impacts can occur from the collective impacts of
individual minor actions over a period of time and can include both direct and indirect
impacts;
Mitigation / management actions: Where negative impacts were identified, the specialists
specified practical mitigation measures (i.e. ways of avoiding or reducing negative impacts);
and
Monitoring (forms part of mitigation): Specialists recommend monitoring requirements to
assess the effectiveness of mitigation actions, indicating what actions are required, the timing
and frequency thereof.
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7.3

THE ASSESSMENT OF IMPACTS
The potential impacts associated with Marine Fauna and the Fishing Industry 3

7.3.1
7.3.1.1

Introduction

This specialist study was undertaken to assess the possible impacts of the proposed mining of the
phosphate resource on fish, fisheries, seabirds and marine mammals. Impacts are expected to
occur during the development, actual operation and decommissioning stages.
The information included in this report includes the available scientific and other literature
available in the region as well as with direct information gained from scientists specialising in
particular areas of marine and fisheries interest. To evaluate the potential environmental impacts,
fish survey data and commercial fishing data, from the Namibian Ministry of Fisheries and Marine
Resources (MFMR) were used to show the distributions of fish and fishing effort in relation to the
Mining Licence Area (MLA) or ML-170. The distribution maps were created in ArcGIS 9 (refer to
Figure 18 and onwards) to show the position of the MLA and the target dredging areas (SP-1, SP-2
and SP-3) relative to the different fishing sectors as well as numerous other data to help identify
the impact of the proposed dredging.
The mining licence (granted for 20 years) covers an area of 2233 km2. The company proposes to
recover 5.5 Mt of phosphate enriched sediments from an area of approximately 3 km2 annually,
this is an area of 60 km2 over the granted period of the mining licence. These sediments are to be
recovered from within the target mine areas of the mineral resource which are described by SP-1
(Sandpiper-1), SP-2 (Sandpiper-2) and SP-3 (Sandpiper-3), SP-1 and SP-2 are each of 22 x 8 km
(176 km2), SP-3 is 6 x 11 km (66 km2), and are the focus areas from which sediments will be
recovered using Trailing Suction Dredge Technology.
To quantify the extent of the impacts resulting from phosphate dredging on fish, fisheries, marine
mammals and seabirds we used six impact zones viz:
1.
2.
3.
4.
5.
6.

3

Within the MLA (including target dredging areas SP-1, SP-2 and SP-3),
The MLA (whole area inclusive of SP-1, SP-2 and SP-3)
Zone 1 : From MLA margin to 25 km boundary),
Zone 2 : Local (25 -50 km),
Zone 3 : Regional (50 -100km) and
Zone 4 : National (>100 km)

Refer to Appendix 1a for the full text of the specialist report.
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7.3.1.2

Overview of affected environment

The displacement of the commercial fishing activities and the redistribution, survival and
recruitment of ecological important fish species, seabirds and mammals could be influenced by
the dredging of phosphate in several direct ways. For example:
• Exclusion of fishing to avoid dredging, and the loss of potential fishing grounds
We assume that if phosphate dredging proceeds fishing activities will be limited to certain areas in
the MLA during the dredging operations because of the physical nature of phosphate dredging
(habitat removal) and increased levels of maritime traffic. This means that the whole MLA will not
be restricted to fisheries and only the areas around SP-1 in the first phase will be closed (and areas
within any imposed maritime safety limitations). Fishing effort will certainly be displaced for the
full term of the dredging inside the MLA and around SP-1 in the first phase. In the whole of the
“Mine Site” area (which is the area that includes the dredging location – SP1-3 and extending into
the MLA and Zone 1 as we identify in Figure 18), fishing is unlikely to be completely excluded.
Fishing vessel operations and maritime traffic are however expected to have to alter normal
operations and or transits. In particular, fishing operations which may historically have followed
specific trawl tracks will be affected. In this regard we have assumed that an average trawl is three
hours long at 3.5 knots – or approximating 25 km. Based on this assumption it is reasonable to
assume that fishing operations in general will have to be altered from the historical norm in the
Mine Site area (that is up to and including the MLA and an area around the MLA with a radius of
25 km).
•

The removal of habitats (or disturbance of bacterial mats, if present) utilised by marine
fauna.
Demersal fish species live on the sea bottom and will be displaced by loss of habitat through the
direct removal of substrate. The removal of the “giant” bacteria Thiomargarita and Beggiatoa is
also a consideration (but not considered directly in this assessment).
•

The creation of sediment plumes (turbidity) that might affect species abundance (area
avoidance, mortality, loss of feeding and spawning grounds etc).
Recovery of marine phosphate deposits by dredging the seafloor may increase the amount of
suspended nutrients in the surrounding sea water if soluble phosphate is present in the sediment
pore water (Note: the phosphate ore to be mined is insoluble in sea water). When nutrients
increase in the water column, the amount of phyto- and zooplankton possibly may change.
• Loss of biodiversity through direct physical removal of fauna;
This is a difficult impact to assess however it is an important consideration if unique species occur
in the MLA that may result in the permanent loss of biodiversity (refer to Appendix 1a-5). Note
that this specialist assessment only considers biodiversity in the context of ichthyofauna and is
based only on the survey data provided by MFMR. This has obvious limitations in terms of
biodiversity estimates as these surveys mostly focus on biomass assessments of commercial
fisheries.
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Indirect effects may also occur such as:
•

Displacing the normal behaviour of seabirds and mammals due to the physical
disturbance of the dredging activity (including noise from the dredging operation);
Underwater sound can have a variety of effects on marine life, ranging from subtle to strong
behavioural reactions such as startle response to complete avoidance of an area. In extreme
instances it may create conditions that contribute to reduced productivity and effects on survival.
Dredging sounds generally fall within the lower end of the frequency ranges although insufficient
knowledge exists to confidently predict at what levels sound can cause injury, such as hearing
damage or communication interference. The impact of the dredging operations physical presence
is also a consideration, in particular the use of deck lights which can result in seabird interactions
and potential mortality.
• Disturbance of normal trophic interactions and the general ecosystem functioning;
This is a general consideration relating to the effect of dredging on the broader ecosystem, in
particular the potential for the removal or disturbance of parts of the ecosystem and the related
cascade effects in the system. In this regard we can only generalize on impacts and risks focusing
on possible trophic effects such as the removal of top predators, commercial fish species, and key
species on which data are available. Note also that trophic effects on the ecosystem also apply to
the broader ecosystem relating to other climatic and anthropogenic influences such as pollution,
fishing and climate change. Due consideration must be given to the scale of the proposed
dredging related to these other effects and the broader marine environment of the Benguela
Current ecosystem.
7.3.1.3

Impact assessment

We have categorised our assessment into the different types of impacts for ease of interpretation.
These include the likely impact of the proposed phosphate dredging on fishing, the ecosystem in
general, on recruitment risk to fisheries, biodiversity (predominantly fish) and the likely impact of
the dredging operations on seabirds and marine mammals.
Five primary impacts that have been assessed independently according to the significance rating
and impact criteria provided are:
1. Impact 1 : The likely impact of dredging ON commercial fisheries (hake and monk demersal
trawl fishery, the hake longline fishery, the mid-water trawl fishery and the small pelagic purse
seine fishery). The fishing sectors may not be able to operate effectively in the MLA and to a
lesser extent in Zone 1 due to a) the disturbance caused from actual dredging operations; b)
associated sediment plumes; c) exclusion zones around the dredging site; and d) increase levels
of maritime traffic associated with the dredging operation;
2. Impact 2 : The likely impact of dredging ON the main commercial fish species (hake, monk,
horse mackerel, small pelagics, sole, orange roughy, snoek and bearded goby). The fish fauna is
a critical component of the broader marine ecosystem and may be displaced and/or
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redistributed by the dredging operation primarily because of the a) actual dredging activities; b)
habitat disturbance; and 3) sediment plumes (turbidity);
3. Impact 3 :The likely impact of dredging ON the recruitment of commercially important species
(hake, monk, horse mackerel and small pelagics). The dispersal and survival of juveniles, eggs
and larvae will be affected by a) physical disturbance of the fishing grounds and b) sediment
plumes (turbidity);
4. Impact 4 : The likely impact of dredging ON the fish biodiversity. Dredging operations will result
in a reduction or loss in biodiversity because of the a) actual dredging operations, b) the habitat
destruction and c) sediment plumes; and
5. Impact 5: The likely impact of dredging ON seabirds and marine mammals. Dredging operations
will cause the displacement and/or redistribution of seabirds and mammals due to a) noise
pollution b) artificial light intensity and c) disturbance of normal ecosystem processes.

The evaluation of the impacts are presented in the tables below.

Nature of the
impact

Extent

The impact on fishing operations of phosphate dredging on the main Namibian fishing
sectors; a) hake trawl and b) hake longline, c) monk trawl d) horse mackerel mid-water
trawl, and e) small pelagic purse seine fisheries. The fishing sectors will not be able to
operate in certain areas due to 1) actual mining operations due to dredging operations
and vessel activities, 2) associated sediment plumes 3) exclusion zones around the
dredging site and 4) increase levels of maritime traffic associated with the dredging
operation.
MLA - fishing operations will be affected in the MLA and beyond to within a 25 km
boundary of the actual target dredging sites SP-1, SP-2 and SP-3.

Duration

Long term - the direct impact will cease once the dredging activity ends after 20 years
(the period for which the mining licence is issued). Thereafter the recovery of the fishing
grounds and fish abundance to levels prior to the commencement of dredging operations
is expected to take up to 20 years (long term)

Intensity

Serious effects - significant impacts will occur for the duration of dredging in the MLA,
moderate effects are expected to occur in the long term once dredging ceases (up to 20
years).

Probability

Definite- consequences will occur in all instances for the duration of dredging. Once
dredging ceases consequences are expected to occur in some instances (moderate
effects) within the MLA and persist at a reduced level in the long term within the 25 km
boundary zone.

Status (+ or -)

Negative - the impact will result in a direct loss in fishing operations in MLA

Final Report
Namibian Marine Phosphate (Pty) Ltd.
Page 7-9

Chapter 7: Environmental Impact Assessment

Significance (no
mitigation)

Medium - the project design might require modification to accommodate certain fishing
operations
Consider options to minimise impact on fishing operations for example options with
respect to spatial and temporal area closures.

Mitigation
Significance (with
mitigation)

Medium to low

Confidence level

High - the evaluation is based on good qualitative and quantitative, historical and current
fisheries related data.

Nature of the
impact

The impact of phosphate dredging on the ecologically important demersal and pelagic fish
species. The impact will result in the redistribution and/or displacement of hake, monk, horse
mackerel, sole, orange roughy, bearded goby populations and small pelagics because of 1)
actual recovery activities due to dredging operations and vessel activities 2) habitat
disturbances and the removal of substrate and 3) sediment plumes (turbidity)

Extent

MLA - demersal and pelagic fish species will be displaced or redistributed from inside the MLA
and possibly from the surrounding areas into Zone 1.

Duration

Permanent (>20 yrs) - the impact will cease once the dredging activity ends after 20 years (the
period for which the mining licence is issued) however fish recovery is expected to occur
sooner

Intensity

Moderate effects - only a small fraction (compared to the regional extent) of fish inhabit the
MLA and fish populations will recovery or settle in areas after dredging operations ceases
however habitat destruction may cause a longer period of recovery particularly for monk and
sole.

Probability
Status (+ or -)
Significance
(no mitigation)
Mitigation

Highly probable - fish (and in particular demersal fish) are expected to move away from the
dredging activity resulting in displacement of biomass
Negative
Medium - the duration of the impact is permanent but recovery of fish populations in the area
may occur in the long term. The intensity is minor to moderate and the extent is confined to
the MLA and Zone 1
In terms of the ecosystem as a whole there are no particular mitigation measure that can be
implemented.

Significance
(with
mitigation)

Not applicable (no mitigation alternatives)

Confidence
level

Low to medium - assumptions based on fish ecology is limited by the data available
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Nature of the
impact
Extent
Duration
Intensity
Probability
Status (+ or -)
Significance (no
mitigation)
Mitigation

The impact of phosphate dredging on the recruitment of key commercial fish stocks a)
hake b) horse mackerel c) monk and d) small pelagic species. The dispersal and survival
of juveniles, eggs and larvae are effected by 1) physical disturbance of the fishing
grounds and 2) sediment plumes (turbidity)
MLA - impacts on recruitment is restricted to areas inside the mining licence area and
possibly the surrounding areas up to the 25 km impact zone
Permanent (>20 yrs) - the impact will only cease once the dredging activity ends after 20
years (the period for which the mining licence is issued)
Minor effect - only a small fraction (compared to the regional extent) of juveniles and eggs
and larvae occur in the MLA. Impacts will decrease in this area after dredging operations
cease
Improbable - mass mortality of juveniles and eggs and larvae may occur under extreme
circumstances but is highly unlikely
Neutral
Low
No practical mitigation measures are possible.

Significance (with
mitigation)

Not Applicable (no mitigation)

Confidence level

Low to medium - assumptions based on fish ecology is limited by the data available

Nature of the impact

Extent

Duration

Intensity

Probability
Status (+ or -)
Significance (no
mitigation)
Mitigation

The impact of phosphate dredging on species diversity. Dredging operations will result a
reduction or loss in biodiversity because of the 1) actual dredging operations and vessel
activities, 2) the habitat destruction and the removal of substrate and 3) sediment
plumes
MLA – impact on species diversity is restricted to areas inside the mining licence area
(ML 170) and possibly the surrounding areas up to the 25 km buffer zone
Permanent (>20 yrs) - the impact will only cease once the dredging activity ends after 20
years (the period for which the mining licence is issued) and should persist for an
indefinite period thereafter. If biodiversity is lost, the impact is permanent.
Minor effect – biodiversity in the MLA is expected to be comparatively low. Loss of
biodiversity in the MLA is likely although at the regional level the limited extent of the
dredging locations is unlikely to cause permanent loss of biodiversity. Recovery of
biodiversity in the specific area of extraction within the MLA once dredging has stopped
is likely to be slow and will follow a natural process of ecological succession that is
dependent upon the rate of recover of the substrate.
Improbable – consequence of diversity loss may occur under extreme conditions but are
highly unlikely
Negative
Low – the impact on species diversity is not expected to influence project design
provided the current area limitations are maintained. Expansion of dredging in the
current or alternate lease areas without baseline monitoring of biodiversity and controls
must be a prerequisite to the commencement of operations.
No practical mitigation measures are possible.
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Significance (with
mitigation)

Not applicable (no mitigation)

Confidence level

Low to medium - assumptions based on marine biodiversity in the MLA is limited to the
nature of the data available.

Nature of the impact

The impact of phosphate dredging on seabirds and marine mammals. Dredging
operations might result in the displacement and/or redistribution of seabirds and
mammals because of 1) disturbance of the ecosystem and availability of feed and 2)
physical disturbance of the dredgers including noise pollution

Extent

MLA - impact on seabirds and mammals is restricted to areas inside the mining licence
area (ML 170) and possibly the surrounding areas including Zone 1

Duration

Intensity

Probability
Status (+ or -)

Medium term – The impact on sea birds and mammals will be for the term of the
exploitation. Occasional interaction between the dredging operations and mammals
and seabirds is likely although the actual level cannot be determined without more
specific information on these groups for the MLA and Zone 1. Once dredging ceases
these groups will no longer be affected by the presence of the dredger although the
alteration of behaviour of some species due to possible loss of foraging options cannot
be determined.
Minor effects - Trophic disturbances could have an impact on the behaviour of
seabirds and marine mammals. Noise pollution is a consideration for marine mammals
whose acoustic communications may be affected resulting in avoidance of the area.
Night strikes of birds due to deck lights are likely.
Probable - consequences of trophic interaction disturbances and noise pollution is
highly likely.
Negative

Significance (no
mitigation)

Medium – Most sea birds and mammal species found in the area will be affected but
at a low level due to the limited extent of the dredging operations.

Mitigation

Maintain a bridge watch for large mammal species. Although the dredger will have
limited manoeuvrability a protocol to limit interaction should be followed – in this
regard JNCC guidelines are recommended. Lighting control to minimise night strikes
of birds.

Significance (with
mitigation)

Low

Confidence level

Medium - information based on seabirds and mammals was provided by scientific
specialists, however spatial data is limited. Baseline applies to the whole Namibian
coast for most bird and mammal species – confidence relating to impact in the actual
MLA is therefore low.
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7.3.1.4

Mitigation measures and conclusions

Overall we emphasize that our assessment of fish resources, fisheries, marine mammals and birds
is based on the best available data. In the case of fisheries, data have been provided by the
Ministry of Fisheries and Marine Resources. The analyses undertaken using these data are aimed
only at informing the EIA as best possible regarding the risks of the proposed dredging. We wish
to stress also that with respect to the impact on commercial fisheries, our assessment equates
more to a broad operational impact rather than an environmental one.
With respect to the risk assessment of the impact on the broader ecosystem, the assessment is
“data poor” and inadequate to fully assess the likely impacts of dredging on the Namibian marine
environment (including biodiversity and trophic ecology). We stress however that this uncertainty
could apply equally to other exploited marine resources (such as fishing and diamond mining)
where there is much uncertainty regarding ecosystem impacts and the extent to which
anthropogenic activities (historical and current) may already have altered the marine
environment.
Five critical impacts have been identified.
The impact on Namibian fisheries will vary depending on the fishing sector.
The operations of all fisheries will in some way, and at different levels of intensity, be impacted.
Overall however the significance is considered to be negative and medium to low primarily
because the area to be dredged (annually up to 3 km2 and for the 20 year mining lifespan up to 60
km2) is a small fraction of the overall Namibian fishing grounds. This fraction may however
increase significantly if dredging of this nature is to be expanded or alternative mine sites
introduced.
Of the main commercial fisheries, the monk-directed trawl fishery will be most impacted. The
species exploited (monk) prefers muddy/sandy substrate of which the dredging operation as
proposed, will remove 60 km2 for the duration of the mining licence. The monk-directed catch and
effort data and trawling locations from 2005-2010 suggest that about 1% of the total monk fishing
grounds in SP-2 will be lost, 0.08% in SP-3 and zero % in SP-1 i.e a direct impact in the actual dredged
site. Further, 19.75 % of the monk fishing grounds in the MLA + Zone 1, may be indirectly
impacted. The actual nature and intensity of the impact away from the actual mined sites cannot
be definitively stated and is also likely to vary and be reduced in intensity further away from the
dredging operation. The primary effects of the dredging operation is expected to be disturbance
and removal of the preferred monk substrate resulting in either displacement of monk to adjacent
ground or actual mortality of monk that may be caught in the dredging process.
Similarly the hake trawl and longline fisheries will also lose fishing grounds although this is unlikely
to happen in the first phase of dredging as the data provided suggest effort in these fisheries has
not been directed in the SP-1 dredging target area. Expansion of the dredging into the other areas
(SP-2 and SP-3) will however increase the exposure of these fisheries to the dredging operations.
Of the other main fisheries, which include horse mackerel and other small pelagic species, the
dredging area does not overlap significantly with the grounds fished (horse mackerel = 0.32% of
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catch taken in the MLA and 0.05% in SP-1). Further, unlike with trawling and demersal longling,
the nature of the gear deployed by mid-water and purse seine, is such that these fisheries will be
less impacted. The normal operations of these fisheries will however be affected by any statutory
maritime exclusion safety zones around the dredging operations. Availability of small pelagic
resources (such as horse mackerel and sardine) may also be affected by the likely sediment
plumes created by the dredging operations. The nature of this impact cannot be definitively
stated – it is assumed that these species are likely to avoid such plumes and will be displaced to
adjacent areas.
Considering the impact of the proposed dredging on the broader ecosystem, in particular the fish
fauna, the impact will on average be moderate. The activities will displace fish resources and
remove essential habitat occupied by these fish resources (such as monk, gobies, hake and
others). In particular, gobies have been identified as a key forage feeder in the dredging area and
are also a key trophic species (bottom-level). There is therefore expected to be significant
alteration of the ecosystem characteristics in the immediate dredging area. This alteration of the
ecosystem will be very localised and is unlikely to impact the broader marine ecosystem. This
rating (unlikely) assumes that the dredging is contained within the proposed areas inside the MLA
and that the extent remains a very small fraction of the ecosystem in the Namibia Exclusive
Economic Zone and of the total areas fished.
Any expansion of the dredging may significantly alter the potential to impact on the broader
ecosystem.
With regard to the third impact identified, that is the impact on fish recruitment, we consider the
impact to be low relative to the total recruitment area available to fisheries resources in Namibian
waters. There is an obvious impact in the immediate area of the dredging which is serious and
likely to be permanent (or at least > 15 years) – that is the physical removal and destruction of
substrate. The expected low relative impact on recruitment to fisheries resources is however not
equal for all fisheries. In particular, monk recruitment is likely to be impacted at a much higher
level than other fisheries, although the significance and extent is difficult to state conclusively.
Sediment plumes are not expected to significantly affect recruitment as, similar to the expected
impact on fisheries, the dredging operation is proportionately a small fraction of known fishing
grounds in the Namibian EEZ. Further, the plumes are likely to disperse quickly over a short
distance. Data provided suggest that spawning and egg and larval abundance of the main
exploited fish resources are not concentrated in or near the mining lease area. Hake juveniles
(pre-recruiting sizes to the fisheries) are abundant in the depth range of the MLA, however their
mobility will allow them to avoid the disturbed areas thus reducing possible mortality and
recruitment to the hake fisheries (unlike monk that are less mobile). We stress that our data are
based on the best available information (mostly surveys) that do not necessarily represent the
biological situation throughout a full year.
With regard to the fourth impact identified, biodiversity – the impact in the immediate dredging
area will be severe and will result in loss of flora and fauna. However we have no evidence to
suggest that the dredging will result in a permanent loss of biodiversity, assuming there are no
species unique to the area to be dredged. The approach here however should be precautionary
since little is known of the biodiversity in the MLA.
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The final impact relates to seabirds and marine mammals. Dredging, although localised, will result
in modification of behaviour of mammals and seabirds in the dredged area. Small marine
mammals will most likely be attracted to the disturbed area, although this behaviour is unlikely
either to persist or to be negative once operations cease. Large marine mammals, most of which
are transient, will occur in the area but are also likely to avoid the dredging area due to the
disturbance created by the dredging. Noise levels from the dredging may also affect mammal and
bird behaviour, but we have no firm conclusion on this impact which requires a specialist
response.
Seabirds will also interact with the dredging. The exact nature and extent of this interaction
cannot be determined conclusively due to data paucity, but will certainly result in behavioural
changes associated with the disturbance created by the dredging operations. For this reason we
rate the impact on birds and mammals as negative but cannot judge the likely intensity or
significance. Bird mortality associated with bird strikes will require mitigation.
With regard to maritime traffic in general and specifically the likely fishing vessel activity in or
adjacent to the MLA. The monk fishers are expected to be the most active. To a lesser extent the
hake trawl, horse mackerel, small pelagic and hake longline fisheries will also be active in the MLA
and surrounding area.
• Mitigation
The information presented in this assessment has been provided by NatMIRC. The spatial
assessment provided here is a first attempt, based on the information provided, to assess the risk
associated with the proposed dredging for phosphates. We advise that there is a need for the
establishment of a baseline for the MLA. This can be based on the available data, but where
considered critical, additional data collected for a baseline prior to dredging commencing.
To mitigate loss of fishing grounds there are no realistic options in our view. The only possible
exception is the accommodation of the needs of the monk fishery through a mutually agreed
access operational plan.
For mammals and seabirds protocols for minimising deck light intensity should be introduced as
well as following JNCC standards for minimising interactions with marine mammals (similar to
those followed by seismic survey vessels).
• Monitoring
Due to the small scale of the proposed dredging operations in the context of the larger ecosystem
and extent of the marine resources it is unlikely to be able to discriminate a clear signal relating
to ecosystem change as a result of dredging (primarily due to variability within the ecosystem).
In the short term both MFMR and the mining lease operator should establish appropriate
monitoring line (s) through the Mining Licence Area to monitor the effects of dredging on a realtime basis (possibly coinciding with established surveys).
Given the number of industrial mineral EPLs that have been granted in the area between Walvis
Bay and Lüderitz consideration should be given to requesting that the Benguela Current
Commission incorporate into their Strategic Environmental Assessment of the mineral sector of
the Benguela ecosystem a study of the potential impacts of dredging.
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The potential impacts associated with the water column 4

7.3.2
7.3.2.1

Introduction

Lwandle Technologies (Pty) Ltd. (Lwandle) has been commissioned by Namibian Marine
Phosphate (Pty) Ltd to assess potential impacts of dredging for phosphates on the continental
shelf off the central Namibian coast (called the Sandpiper Phosphate project).
The assessment into possible water quality effects was conducted as a desktop study based on
the scientific literature topical to the proposed dredging project. In addition local experts were
consulted on the anticipated biogeochemical implications of dredging the identified ore body. No
primary data were acquired for the project or project area.
These data were analysed to assess environmental risks and potential impacts and to formulate
recommendations for use in an environmental management and monitoring programme.
The proposed project and dredging method inter alia will:
o Affect seawater quality through re-suspension of sediments at the dredge head and
discharge of lean water from the dredger’s hoppers, possibly modifying dissolved oxygen
distributions through either relocating hypoxic water in the water column or exposing
anoxic pore water in the sediments. This can also apply to methane, hydrogen sulphides
and contaminants that may be held within the dredge area sediments, and
o Import alien and/or noxious organisms into the region via ballast water discharges from
the dredger on first entry to the project area.
Based on the specific environmental conditions that exist in the project area, and the proposed
mining/dredging method and schedule, eleven potential impacts are assessed. These are:
o Pollution from discharged vessel wastes;
o Ecosystem disruption by alien species discharged with ballast water;
o Organisms adversely affected by suspended sediments in the water column;
o Toxicity from released hydrogen sulphide in the water column;
o Reduction in dissolved oxygen in the upper water column from introduced anoxic bottom
waters;
o Increased nutrients promote phytoplankton growth and ultimately reduce dissolved
oxygen concentrations;
o Trace metals (cadmium and nickel) discharged with the overspill affect organisms in the
water column;
o Benthic organisms are exposed to remobilised cadmium and nickel in the dredge areas on
the seabed;
o Benthic and/or demersal organisms are exposed to an increased flux of dissolved H2S into
the lower water column;
o Benthic and/or demersal organisms are exposed to anoxic sediments and lowered oxygen
levels on the seabed; and
4

Refer to Appendix 1b for the full text of the specialist report.
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o

Removal of thio-bacteria mats by dredging increases the flux of H2S to the lower water
column.

Ten of the eleven identified impacts are rated to be of low significance, at most, both before and
after mitigation; the exception being the possibility of importing alien species in ballast water,
which could be serious. However, the level of risk posed by the dredger releasing ballast water
taken up from ports outside of the BCLME region is miniscule compared to the other shipping that
may be discharging ballast water in Walvis Bay. Accordingly, this assessment does not identify any
unique or significant environmental risks that may be generated by the proposed dredging
project.
This assessment is based on a number of assumptions and is subject to certain limitations, which
should be borne in mind when considering information presented, i.e.
o It is assumed that the project information provided was correct at the time of writing. In
the event that project design changes significantly, further assessment may be warranted;
and
o The data gaps are unlikely to have a significant bearing on the results of the assessment
and the mitigation measures recommended in this report take account of any potential
risks associated with any data gaps.
7.3.2.2

Overview of affected environment

Regional overview
Namibia and the west coast of South Africa is the eastern boundary to the Benguela Current Large
Marine Ecosystem (BCLME), which lies between 15 - 37°S and 0 - 26°E (Shillington et al. 2006).
The surface currents of the Benguela are generally equatorward, with vigorous coastal upwelling
cells and strong equatorward shelf edge jets. Subsurface currents on the continental shelf
especially below 100 m depth are consistently poleward (Shillington et al. 2006). Upwelling of
cool nutrient rich water occurs throughout the Namibian continental shelf water and is generated
by Ekman transport forced by the equatorward wind stress pattern of the Benguela system. A
significant feature of the Namibian continental shelf is the presence of a mud belt about 740 km
long in the inner and mid-shelf between Cape Frio and Conception Bay. Upwelling intensity is not
uniform over the coastal area due to short term and seasonal differences in the wind regime and
coastal topography.
Water circulation and currents
In the area of the proposed dredge site, waters shallower than 40 m have an overall northward
flow, with maximum velocities occurring in austral summer. Poleward flow starts dominating as
the water depth increases (Shillington et al. 2006).
Temperature and Salinity
The 14°C isotherm is generally located at 30-40 m in summer, and during years of more intense
and sustained intrusion of the Angolan front, such as Benguela Niño years, this deepens to
90-100 m. Bartholomae and van der Plas (2007).
Below the thermocline, two central water masses can be identified, the oxygen depleted, nutrient
rich SACW flowing south in the poleward undercurrent from the Angola gyre, and the less saline,
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relatively nutrient-poor ESACW from the Cape Basin (Shillington et al. 2006; Inthorn et al. 2006).
In both these water bodies there is generally a significant oxygen deficit with the oxygen minimum
zone intensifying closer to the shelf where the influence of the poleward flowing SACW is
strongest.
In the summer the surface water temperatures can reach up to 20 - 21°C towards the end of
summer and cool to about 12 - 14°C during the winter. At the base of the water column the
temperature ranges between 8 °C and 11 °C.
Upwelling and Thermoclines
The prospective dredge area is situated on the northern edge of the main Lüderitz upwelling cell
and south of the Walvis Bay upwelling cell which is situated at about 22 - 23°S. The northward
flowing surface current feeds the cold, nutrient rich and highly productive water from the
upwelling cell over and northwards of the Walvis Bay shelf. This high productivity becomes a
major source of biogenic material for the mud belts in the northern Benguela and contributes to
the hypoxic and anoxic water conditions characteristic of the central continental shelf in this
region.
According to Boyd (1987), the thermocline off Namibia, between 22°S and 24°S is generally found
between 15 - 25 m water depth in both winter and summer.
Nutrients
The shelf waters of the Benguela are characterised by elevated concentrations of nutrients in
comparison with those in the surface mixed layer of the adjacent oceanic waters, this indicates
that local regeneration processes within the water column are important throughout the
Benguela, but particularly off Namibia (Shannon and O’Toole 1999). Surface water outside of the
upwelling zones may be depleted in silicate which may become the growth limiting nutrient for
diatoms (siliceous phytoplankton). In these waters phosphorus is sufficient to support
phytoplankton production which is based on ammonium as a nitrogen source (Dittmar and
Birkicht 2001).
Dissolved Oxygen
The subsurface waters for much of the Benguela Current system, in particular off Namibia, are
naturally hypoxic (<3 ml/l), even anoxic at depth. The strength of the thermocline contributes to
the formation and maintenance of the low oxygen waters as it inversely dictates the downward
flux of oxygen to levels below that of the biogeochemical demand in the deeper waters (Monteiro
and van der Plas 2006). Surface waters are generally normoxic with concentrations >5 ml/l, but
there is a substantial decrease in oxygen concentrations to hypoxic conditions below 100 m water
depth. These low oxygen concentrations extend over a large proportion of the Namibian
continental shelf and are particularly evident over the mud belts.
Seafloor Sediment Properties
A major feature of the seabed sediments on the Namibian continental shelf is the longshore
bands of high and low POM. Van der Plas et al. (2007) present data showing that the inshore high
POM belt has a high percentage of particulate organic carbon and nitrogen, carbon/nitrogen
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ratios of 7-8, high percentage mud texture and is comparatively unconsolidated with a high water
content. In contrast, low POM sediments have the expected low particulate organic carbon and
nitrogen concentrations, carbon/nitrogen ratios of 9-10, a muddy sand texture and are relatively
well consolidated with lower water content. Sediment pore water distributions mostly follow
those of the sediment properties. Pore water ammonium and hydrogen sulphide ion
concentrations were related to carbon/nitrogen ratios; the former being elevated below a
threshold value of 10 while the latter was more restricted to sediments with ratios <8.
The important conclusions from the above derived by the authors is that the spatial extent of the
benthic-pelagic coupling link for the formation of low oxygen bottom waters and associated fluxes
of ammonium and hydrogen sulphide ions to the benthic boundary layer (and potentially higher in
the water column) is limited to the inshore high POM mud belt at depths between 80 m and
140 m.
Details on surficial sediment properties in the actual mine areas are typically muddy sand with
abundant shell material. The sand contains phosphorite pellets usually in the fine (125 µm) to
medium (250 µm) particle size range.
Regional scale information on trace metals on the Namibian continental shelf appears to be
restricted to the distributions derived by Calvert and Price (1970, cited in Chapman and Shannon
1985). The data show a consistent relationship between trace metal concentrations and elevated
organic carbon concentrations. From this it can be inferred that the distribution of trace metal
concentrations will follow that of the high POC mud belts and that concentrations outside of these
will be relatively low. This is consistent with general and widespread observations on sediment
trace metals in that they are largely associated with silt and clay sized particles and generally have
lower concentrations in coarser sediments (e.g. ANZECC 2000).
Arsenic, chromium, cadmium, nickel and copper concentrations in the high POM mud belt may
exceed the BCLME sediment quality guideline values and that cadmium and nickel exceed the
defined probable effect level for toxicity to marine organisms. Unpublished trace metal data for
the region held by MFMR confirm this but also show that cadmium and nickel may exceed the
BCLME guideline concentration thresholds in muddy sand sediments offshore of the inshore mud
belt.
Suspended Particulate Matter
Particle properties vary between the various nepheloid layers; in the surface nepheloid layer (SNL)
they are ‘fresh, large, biogenic particles’ whilst in the intermediate nepheloid layer (INL) and
bottom nepheloid layer (BNL) they are considered to be finer and contain more refractory
material (Inthorn et al. 2006). The nepheloid layers are the main vectors for SPM transporting
surface produced material to deposition areas in the nearshore mud belt and offshore of the
continental shelf break.
Monteiro et al. (2005) report considerably higher SPM concentrations in the BNL for inner and
outer continental shelf locations on the central Namibian continental shelf measured by moored
instrumentation (optical backscatter sensors calibrated against filtered surface water samples). At
their outer continental shelf break station (450 m depth) they recorded 34 turbidity events where
SPM was in excess of 20 mg/ℓ and five events where SPM exceeded 100 mg/ℓ over a 180 day
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measurement period. At their inner continental shelf station located in the inshore high POM
mud belt most of the measurements exceeded 20 mg/ℓ and for 56 days of the 180 day
measurement period SPM concentrations exceeded 100 mg/ℓ. The highest concentrations
measured at this site were 400-500 mg/ℓ.
Plankton
The BCLME supports primary production rates > 300 g C/m2/yr, making it one of the most
productive marine areas in the world (Shannon & O'Toole 1998). The phytoplankton form the
base of the pelagic trophic structure, while the heterotrophic zooplankton supply the dietary
requirements for most of the small pelagic fish in the ecosystem such as sardines, anchovy and
red-eye, and so in turn provide the energy needed to sustain larger fish, bird and mammal
predator species.
Phytoplankton growth in off Namibia is driven by inorganic nutrients (nitrogen, phosphorus and
silica) supplied to the continental shelf by upwelling. The high light, high nutrient conditions in the
upper water column downstream of the upwelling cell allow the development of dense blooms of
phytoplankton (e.g. Shannon and Pillar, 1986). Chlorophyll-a concentrations on the inner
continental shelf in the Walvis Bay region attain 3->10 µg/ℓ with peak concentrations generally
within 30-40 km of the coast. Offshore of this phytoplankton biomass declines with cell counts
<25% of values inshore (Kruger 1983, cited in Shannon and Pillar 1986). Namibian continental
shelf phytoplankton biomass varies in space and time depending on the state of upwelling, season
and episodic invasions of the region by relatively oligotrophic Angola current water.
The Benguela is generally regarded as a diatom-dominated system. Diatoms are characteristic of
turbulent, nutrient-rich upwelled water.
Zooplankton in the Benguela ecosystem is dominated by small crustaceans, with copepods and
euphausiids being the most important groups for the remainder of the trophic structure in the
BCLME. Copepods are numerically the most abundant and diverse group.
7.3.2.3

Impact assessment

Activities which need to be managed to reduce negative effects, as they are typically sources of
potentially significant impacts on water quality, are:
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exchange of ballast water at commencement of dredging campaigns;
excavation of the seabed in the mine area(s) potentially releasing hydrogen sulphide,
exposing anoxic sediments with associated modifications to dissolved oxygen
distributions, mobilisation of trace metals and possibly nutrient enrichment;
discharge of fines and water from the dredger hopper (= plumes) in dredger overspill; and
disposal of wastes from regular vessel operations.

o
o

o
o

The evaluation of the impacts are presented in the tables below.
Nature of the impact
Extent

Potential deterioration in water quality from discharges to sea of wastes
such as oily water, sewage, food, grey water, from the dredger.
Within the actual dredge area per event (~6.6ha)

Duration

The effects of the event are “very short” because normal mixing would
rapidly dilute the discharge material

Intensity

No lasting effect, because effects will not be measurable.

Probability (of pollution)

Possible

Status

Negative

Significance (no mitigation)
Mitigation

None
Ensure vessel discharge systems are in good working order and do not
malfunction.

Significance (with mitigation)

None

Confidence level

High

Nature of the impact

Extent

Alien marine species may displace indigenous species and reduce
indigenous biodiversity and/or affect aquaculture and/or aquaculture
products.
National: introduced aliens can spread throughout central and northern
Namibia (from Lüderitz upwelling cell to the Angola Benguela front).

Duration

Unknown, depends on the introduced organisms but likely to be very long
term or permanent when an introduced alien becomes invasive

Intensity

None to serious. Unknown, depends on behaviour of the introduced
organisms.

Probability
Status
Significance (no mitigation)
Mitigation
Significance (with mitigation)

Confidence level

Possible (i.e. it can occur)
Negative
Can be high – ecosystem changing
Follow IMO guidelines on ballast water management
None. (Alien introductions would become “improbable” but if
introductions were to occur the consequences (significance) would still be
high).
High
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Nature of the impact
Extent

Dredging generates plumes of suspended sediments that adversely
affect organisms in the water column
Dredge Area - >20mg/ℓ suspended sediment concentration

Duration

Very short term – plume disperses within 1-2 days

Intensity

No lasting effect – within water quality guidelines for suspended
sediment (chronic effects ensue after 3 days exposure to >20 mg/ℓ)

Probability

Possible

Status

Negative

Significance (no mitigation)
Mitigation

Low
Built in, with discharge below dredger’s hull (10-15 m below sea
surface)

Significance (with mitigation)

Low

Confidence level

High

Nature of the impact

Extent

Sulphidic sediment pore-water entrained in the dredged sediment is
discharged with the over-spill water thereby affecting organisms in the
water column
Dredge area – the amount of H2S entrained will be minimal due to
predicted low concentrations in the target dredge sediments.

Duration

Short term – because entrained H2S will de-gas in the dredger hopper
(turbulence) and rapidly dilute if released to the upper water column;
however if toxicity effects do occur recovery periods can be longer than
3 days but definitely less than 1 year.

Intensity

Minor effects – there may be short term toxicity effects on plankton
(regeneration rates for plankton are days to weeks)

Probability

Possible

Status

Negative

Significance (no mitigation)
Mitigation

Low
None possible

Significance (with mitigation)

Low

Confidence level

Medium – the assessment relies on a prediction of a low H2S
concentration in the target dredge area sediments.

Nature of the impact

Extent

Hypoxic/ anoxic bottom water is entrained in the discharged overflow
water so reducing dissolved oxygen concentrations in the upper water
column where it can affect organisms.
Dredge area

Duration

Very short – as mixing will reduce the oxygen debt.

Intensity

No lasting effect – in a worst case scenario approximately 31 680m of
anoxic water may be discharged along a 4 km long dredge path during
6 3
dredging. This will be mixed into approximately 5x10 m of normal

3
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oxic water. Mixing factors are therefore <1%; and dissolved oxygen
concentration reductions will be negligible (<0.1ml/ℓ). Such levels are
not generally measurable at sea.
Probability
Status
Significance (no mitigation)
Mitigation

Improbable
Negative
None
N/a

Significance (with mitigation)

None

Confidence level

High

Nature of the impact

Increased availability of nutrients (ammonium and phosphorus)
promote phytoplankton growth. Following senescence, the
phytoplankton will add to the POM flux to the seabed eventually
further reducing dissolved oxygen concentrations through
remineralisation

Extent

Dredge area

Duration

Short term

Intensity

No lasting effect (silicate is probably the limiting nutrient for diatoms)

Probability

Possible

Status

Neutral

Significance (no mitigation)
Mitigation
Significance (with mitigation)

None
None possible
None

Confidence level

Medium – due to there being no nutrient data specific to the proposed
dredging areas

Nature of the impact

Trace metals (cadmium and nickel) bound in the dredged sediment are
discharged with the over spill water thereby affecting organisms in the
water column.

Extent

Dredge area – the affected area would be that of the suspended
sediment plume.

Duration

Short term – equivalent to the life of the plume.

Intensity

Minor effects – there may be short term toxicity effects on plankton
specifically from cadmium (240 hr EC50 equals >1000 µg/ℓ).
Regeneration rates for plankton are days to weeks.

Probability

Possible but unlikely due to required exposure periods being much
longer than the predicted plume durations (< 40 hours) as the 240 hr
EC50 concentration is >1000 µg/l).

Status
Significance (no mitigation)
Mitigation
Significance (with mitigation)

Negative
Low
None possible
Low
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Confidence level

Medium – due to there being no trace metal data specific to the
proposed dredging areas

Nature of the impact

Trace metals held within the target dredge area sediments are
remobilized; they become bio-available through exposure to the
overlying water during dredging with deleterious effects on filter
and/or deposit feeding benthos.

Extent

Annual dredging area

Duration

Short term – bio-availability will reduce with time as trace metals
become bound into the sediments again.

Intensity

Minor effect - the toxicity risk is from cadmium and /or nickel.
Concentrations are below the probable effects level and therefore the
risks of toxicity effects are considered to be low as is the potential for
bio-magnification in the food chain.

Probability

Possible

Status

Negative

Significance (no mitigation)
Mitigation
Significance (with mitigation)
Confidence level

Nature of the impact

Extent

Low
None possible
Low
Medium – due to there being no trace metal data specific to the
proposed dredging areas
Sulphidic sediment pore-water is exposed by dredging, and the flux of
dissolved H2S into the lower water column is increased, so affecting
benthos.
Dredge area –the amount of H2S released will be minimal due to
predicted low concentrations in the target dredge sediments.

Duration

Medium term –pulses of H2S escaping from the trench walls will be
extremely short term with toxicity effects on benthos being
experienced over benthos life cycles.

Intensity

Moderate effects

Probability

Possible

Status

Negative

Significance (no mitigation)
Mitigation
Significance (with mitigation)
Confidence level

Low
None possible
Low
Medium – the assessment relies on a prediction of low H2S in the target
dredge area sediments.
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Nature of the impact

Extent

Annual dredging area – it is expected that oxygen distributions that
existed prior to dredging would re-establish themselves with time, and
the effects on benthos will diminish.

Duration

Medium term

Intensity

Minor effects – The area is already identified as being hypoxic and
therefore any additional effects from dredging will be relatively small.

Probability

Possible

Status

Negative

Significance (no mitigation)
Mitigation
Significance (with mitigation)

Low
Not possible
Low

Confidence level

High - the supporting evidence about sediment properties in the target
dredge areas is robust.

Nature of the impact

Removal of thio-bacteria mats by dredging increases the flux of H2S to
the lower water column.

Extent

Dredge area – the footprint of physical disturbance.

Duration

Long term – the overall amount of H2S in the dredge furrow sediments
has been reduced and requires significant POM flux re-establish itself;
only then could the thio-bacteria return.

Intensity

Minor effects

Probability

Status
Significance (no mitigation)
Mitigation
Significance (with mitigation)
Confidence level

7.3.2.4

Exposure of anoxic sediments by dredging reduces the already low
concentrations of oxygen that occur in the lower water column so
affecting resident biota, primarily benthos.

Possible – Thio-bacterial mats have been observed at similar depth
ranges to the proposed dredging areas so despite predicted low H2S
flux rates there can be a net supply of this compound to the lower
water column until re-establishment.
Negative
None
n/a
None
Medium – the assessment relies on a prediction of low H2S in the target
dredge area sediments.

Mitigation measures and conclusions

Ten of the eleven impacts assessed are rated low (at the highest), both before and after
mitigation; the exception to this is the potential consequences of the possible import of alien
species which could be serious if one or more should become invasive. However the risk
presented by the infrequent import and release of ballast water taken up from ports outside of
the BCLME region by the dredger is miniscule compared to the other shipping that may be
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discharging ballast water in Walvis Bay. Accordingly this assessment does not identify any unique
or significant environmental risks that may be generated by the proposed dredging project.
The confidence levels in the impact assessments show that there is some uncertainty about the
biogeochemical properties of the sediments in the proposed dredging areas. This should be
resolved by investigations specific to the dredging areas either prior to commencement of
dredging or in its early/initial stages.
The proposed 4 km long dredging tracks in ~200 m water depths are unique in terms of
monitoring investigations on overspill plume characteristics and behaviour. Therefore field
investigations into these using combinations of ADCP (backscatter) coverage, multi-parameter
CTD profiling and water sampling need to be conducted at intervals over at least the first years of
dredging operations. If these investigations show that these impacts are more severe than
predicted herein, then real-time controls on e.g. exceedances of turbidity, dissolved oxygen, H2S
thresholds etc., should be established to manage the dredging phase.
Finally, as required in terms of the International Convention for the Prevention of Pollution from
Ships 73/78 (MARPOL), monitoring and systematic record-keeping of all waste streams on the
dredger shall be done and ballast record books kept.
The potential impacts associated with Benthic communities 5

7.3.3
7.3.3.1

Introduction

Namibian Marine Phosphate (Pty) Ltd (NMP) has been awarded a 20-year mining licence (ML170),
which is located on the Namibian continental shelf offshore Conception Bay in water depths
ranging from 180 to 300 m covering a total area of 2233 km2. Within the mineralized resource
zones of the licence area, (also named Sandpiper licence area), three target areas have been
identified, i.e. Sandpiper-1 (SP-1), 2 (SP-2), and 3 (SP-3) and are evaluated. SP-1 is in the north of
ML170 in water depth from 190-235 m and SP-2 is in the centre in depth 245-285 m, both target
areas are 22 km long x 8 km wide. SP-3 in the south of ML 170, in water depth from 235-270 m,
the target area is 11 km x 6 km wide. NMP is proposing to dredge the uppermost 1-<2.5 m (up to
3 m) of the seafloor in these target areas to recover phosphate rich sediments for use as fertilizer.
The export target for the Sandpiper Phosphate project is 3 million tonnes (Mt) of ‘rock phosphate’
per annum, which requires the dredging of 5.5 Mt of marine sediments.
The most immediate effect of dredging is the loss of benthic organisms by the removal of the
substratum, with the important consideration of:
o The loss of benthic communities through removal of sediment during the dredging
process;
o The effects of sediment removal on (re-)colonisation and recovery rates of impacted
communities;
o Change in sediment characteristics due to dredging;
o The potential indirect effects of the loss of benthic communities on demersal fish in the
area;
5

Refer to Appendix 1c for the full text of the specialist report.
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o
o

The effects of re-deposition of suspended material; and
Release of nutrients by dredging and its direct/indirect effect on benthic communities,
and release of hydrogen sulfide from sediments during dredging.

Other specific concerns voiced during the Public Participation Process and summarised in the
Scoping Report are:
o
o

7.3.3.2

The removal of mats of large sulphur-oxidising bacteria and associated recovery rates;
and
The possible proliferation of bacteria in an anaerobic environment, specifically the
botulism causing bacterium Clostridium botulinum, and its subsequent contamination of
fish and other wildlife (and possibly humans).

Overview of affected environment

Typical of coastal upwelling systems, the central Namibian shelf is characterised by the occurrence
of natural shelf hypoxia, which is referred to as the oxygen minimum zone (OMZ). On the Walvis
Bay margin, there are two shelf breaks at about 150 m and 300-400 m depths, which effectively
divide the shelf into an inner and outer shelf. A significant feature of the central Namibian inner
shelf is an extensive mud belt comprising organically rich diatomaceous oozes originating from
planktonic detritus, which extends over 700 km in an N-S direction in approximately 50-150 water
depth. The mud belt is characterised by severe hypoxic and often anoxic conditions and high toxic
hydrogen sulphide (H2S) concentrations in the upper sediment layers that support extensive mats
of large sulphur-oxidising bacteria that reduce the flux of H2S into the water column by oxidising
sulphide to sulphur with nitrate to obtain energy. Occasional H2S eruptions from gas pockets
contained in the thickest parts of the mud belt (>8 m) can spread over large areas with disastrous
effects on fish and other marine life.
Put into a regional context, ML170 and specifically the two target mine areas, are located in a
generally sandy environment on the outer shelf beyond the inner shelf break, and thus offshore of
the diatomaceous mud belt and south of a mid-shelf belt high in organic matter. As ascertained
from the available literature, organic matter as well as nutrient concentrations in the sediments of
the target areas are likely to be relatively low, which is a result of relatively strong bottom
currents in this region, preventing the deposition of fine material. The target phosphorite
deposits in the licence area are pelletal phosphate sands of Miocene age that are geographically
distinct and have a different origin than the concretionary phosphorite that presently forms in the
diatomaceous mud belt. Furthermore, the licence area lies at the southern offshore fringe of the
OMZ, with perennial low dissolved oxygen levels (<0.5 ml/ℓ) at the bottom but typically not anoxic
conditions. Hydrogen sulphide pore water concentrations, H2S fluxes from the sediments and H2S
bottom water concentrations are likely to be very low, but it cannot be excluded that H2S
concentrations in deeper sediments (>50 cm) may be higher.
Despite oxygen depletion, specialised benthic assemblages can thrive in OMZs and many
organisms have adapted to low oxygen conditions by developing highly efficient ways to extract
oxygen from depleted water. Within OMZs, benthic foraminiferans, meiofauna (animals between
0.1-1 mm), and macrofauna (>1 mm) typically exhibit high dominance and relatively low species
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richness. Macrofauna and megafauna (>10 cm) often have depressed densities and low diversity
in the OMZ core, where oxygen concentration is lowest, but they can form dense aggregations at
OMZ edges. Body size seems to be very important as small organisms are best able to cover their
metabolic demands in the OMZ, and besides adaptation to low oxygen often have a capability to
conduct anaerobic metabolism. Meiofauna may thus increase in dominance in relation to macroand megafauna. Nonetheless, although small organisms prevail, the species inventory of OMZs
comprises the whole range between micro- (>0.1 mm such as bacteria) and megafauna. Very
little is known about the benthic fauna specific to the Namibian OMZ. Data from a macrofauna
baseline survey in SP-1 have shown that overall species richness of the benthic macrofauna
assemblages was relatively low and strongly dominated by polychaetes particularly the spionid
polychaete Paraprionospio pinnata, which is the dominant species found worldwide in oxygenconstrained environments. Crustaceans, on the other hand, were both in terms of abundance
and biomass very poorly represented. The phyla distribution is generally in common with other
OMZs around the world. Most species found in the study area have a larger geographical
distribution and/or have been recorded elsewhere from the Namibian and/or South African west
coast. No data exist on meio- or microfauna (bacteria) composition in the target areas, but
evidence from published data strongly suggests that concentrations of large sulphur-oxidising
bacteria in the target areas are likely to be very low, if present at all.
An assessment of the risks associated with the dredging activity identified nine potential negative
impacts on the benthic biota in the two target areas or beyond. Of these, two impacts are
considered to be of medium significance, six of low significance, and one is assessed as having no
significance.
7.3.3.3

Impact assessment

Dredging is destructive in nature and therefore no positive impacts on the biophysical
environment are expected. Impacts on the benthic communities from the proposed Sandpiper
Phosphate Project are only expected during the operational phase of the project (but may extend
beyond the closure of the project).
The evaluation of the impacts are presented in the tables below.
Nature of the impact

Extent

Duration

The removal of the upper 1-<2.5 m (possibly up to 3 m) of sediment by
dredging will result in the loss of the benthic biota associated with the
sediment. The exposed sediments are likely to be different to the original
superficial deposits, and sediment refill rates at this depth are likely to be
very slow. Colonising assemblages are likely to differ to those present
prior to the dredging activity.
Specific mine site - the loss of the benthic community is restricted to the
dredged-out areas. Target areas are 22 x 8 km in size but only a maximum
2
2
of 3 km per annum will mined, which amounts to a total of 60 km after
20 years of mining (the period for which the mining licence is issued).
Permanent (>20 years life of mine) - the recovery to the original
community is likely to take longer than the life of mine or even may not be
achieved in a meaningful time-scale. Recovery to functionally similar
communities that provide similar ecosystem services as the original
communities might, however, occur sooner (Long term).
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Intensity

Probability
Status (+ or -)
Significance (no mitigation)

Mitigation
Significance (with mitigation)
Confidence level

Nature of the impact
Extent

Duration
Intensity
Probability
Status (+ or -)
Significance (no mitigation)
Mitigation
Significance (with mitigation)
Confidence level

Moderate to serious effects - recovery to the original community is likely
to take very long (several decades, whereby beyond life of mine is
classified as permanent), but recovery to a community providing similar
ecosystem functioning is likely to occur sooner, e.g. environmental
functions and processes are altered to such an extent that they
temporarily cease.
Definite
Negative
Medium - the duration of the impact is permanent in view of recovery to
original community but recovery to a different community but providing
similar ecosystem services may occur sooner, and the intensity is
moderate to serious but the extent is confined to the mine site, maximum
2
of 60 km after 20 years of dredging.
Leave behind a residual sediment layer of at least 30 cm of the original
deposit thickness to cover the clay footwall. Leave behind undredged
trenches to unable migration of mobile organisms from these areas.
Medium - the residual sediment layer will provide a substrate to be
colonised by benthic organisms. Nonetheless, the recovering communities
will be very different to those prior to dredging.
Medium - the assessment is based on assumptions that are arrived from
publicly available data, while data directly from the target areas are
limited. A monitoring programme is needed to confirm the assumptions.
Further exploration and environmental work will be conducted in the
larger ML170 that will remove benthic biota.
Dredge Area – Gravity and vibro-cores are 6.5 in diameter, van Veen grab
2
2
samples with an area of max. 0.2 m and larger grabs sample 3 m bite.
The total area disturbed by these tools even after extensive exploration
campaigns will be very small.
Short term – it is expected that slumping from the side of the holes will
quickly fill in the disturbed area and migration from the adjacent area is
fast.
No lasting effects – recovery will be very fast as many animals will be
transported into the disturbed area with the material slumping from the
sides.
Probable
Negative
None – recovery will be very rapid and effects on the system will not be
measurable.
No mitigation necessary
None – recovery will be very rapid and effects on the system will not be
measurable.
High
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Nature of the impact

Extent
Duration
Intensity
Probability
Status (+ or -)
Significance (no mitigation)
Mitigation
Significance (with mitigation)

Confidence level

Nature of the impact
Extent
Duration

Intensity

Probability

The depth of the dredged area might change local near bottom
hydrographical conditions and thus act as trap for very fine material. This
could lead to high decomposition rates and consequently anoxic conditions
and H2S concentrations in the sediments.
Specific mine site - Target areas are 22 x 8 km in size but only a maximum
2
2
of 3 km per annum will mined, which amounts to a total of 60 km after 20
years of mining (the period for which the mining licence is issued).
Permanent - sediment refill rates are expected to be very low at the water
depth of the target areas.
Moderate to Serious effects - anoxic conditions are deadly for most benthic
communities but large sulphur-oxidising bacteria can thrive under these
conditions.
Probable – localised anoxic conditions may occur in the deeper trenches
and pits.
Negative
Medium - duration is permanent and intensity moderate to serious, but
extent is restricted to the mine area and large areas of the inner shelf are
naturally subjected to anoxic conditions.
Leave behind a residual sediment layer of at least 30 cm, which will reduce
the depth of the dredged-out area.
Low to medium - a dredged depth of an average of 1.1-1.7 m (possibly up
to 3 m) over a relatively large area is unlikely to reduce bottom current
speeds to such an extent that very fine material will significantly
accumulate in the dredge area.
Medium - the assessment is based on assumptions that are arrived from
publicly available data, while data directly from the target areas are
limited. A recovery survey is needed to confirm the assumptions.
Dredging removes mats of large sulphur-oxidising bacteria from the
sediment surface and from the upper layer.
Specific mine site - Target areas are 22 x 8 km in size but only a maximum
2
2
of 3 km per annum will mined, which amounts to a total of 60 km after 20
years of mining (the period for which the mining licence is issued).
Medium to long term – the recovery of bacterial mats depends on the
development of sufficient H2S concentrations. This requires anoxic
conditions that can only develop when high concentrations of organic
matter accumulate in the dredge area. Although higher organic loading
might be a possibility as the dredge area may act as trap, it will take a long
time to build up enough material for anoxic conditions and high H2S
concentrations.
Minor to moderate effects – the large sulphur bacteria are important in
oxidising the toxic H2S thereby reducing its diffusion into the water column.
Their removal will disrupt this, on the other hand, the removal of the
sediments will also remove any H2S contained in the sediments, and H2S
fluxes from the dredge area are thus not expected unless the system turns
anoxic. If this happens, the bacterial mats are likely to return.
Improbable – evidence from published data strongly suggests that offshore
the mud belt at 24°S and beyond the 200-m isobaths concentrations of
large sulphur bacteria are low or absent.
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Status (+ or -)
Significance (no mitigation)
Mitigation
Significance (with mitigation)
Confidence level

Nature of the impact
Extent
Duration

Intensity
Probability

Status (+ or -)
Significance (no mitigation)
Mitigation
Significance (with mitigation)
Confidence level

Nature of the impact
Extent
Duration
Intensity

Negative
Low – concentrations of large sulphur bacteria is assumed to be low or
absent.
No mitigation necessary
Low – concentrations of large sulphur bacteria is assumed to be low or
absent.
Medium - the assessment is based on assumptions that are arrived from
publicly available data, while data directly from the target areas are
limited. An initial survey is needed to confirm the assumptions.
The anaerobic bacterium Clostridium botulinum type E might proliferate in
the dredged area if the system turns anoxic, and may pose a health risk to
humans and wildlife when entering the food chain.
Specific mine site - Target areas are 22 x 8 km in size but only a maximum
2
2
of 3 km per annum will mined, which amounts to a total of 60 km after 20
years of mining (the period for which the mining licence is issued).
Short term – if the system turns anoxic this will be of long term or
permanent duration, but C. botulinum proliferation is linked to periodic
massive die-offs of fish and other aquatic life that might occur during
extreme events such as H2S eruptions. Once bacteria proliferate they may
enter the food chain by ingestion of contaminated sediments from the
dredge area.
Serious effects – botulism caused by the bacteria can be lethal to human
and wildlife.
Improbable – no in situ contamination of fish populations by the bacterium
has been reported for southern African fish populations. Literature data
suggest that the distribution of the bacteria is limited in deeper saline
waters. If the bacteria are a problem in Namibian waters, it is unlikely that
2
the addition of 60 km of anoxic seafloor will add any measurable risk of
bacteria proliferation to the already large areas of anoxic zone.
Negative
Low – proliferation of bacteria is assumed to be a rare probability
No mitigation necessary but this should not indemnify the fishing industry
from complying with any regulations regarding C. botulinum contamination
Low – proliferation of bacteria is assumed to be a rare probability
Medium – very little is known about the natural life-cycle of the bacteria
and this assessment is based on data from the northern hemisphere.
High suspended sediment concentrations near the sea bottom generated
by the drag head and subsequent re-deposition of the material causes
smothering effects.
Dredge area – sedimentation effects will only be relevant along a narrow
strip around the dredge site as any re-depositions inside the dredge area
will have no impact since the animals are removed.
Very short term – smothering of a particular area occurs only during the
dredging activity, maximum dredging activity per area is assumed to be <10
days for intermittent (16 hour-cycle) dredging.
Minor effects – some organisms in the immediate vicinity of the dredge
site may be impacted on a lethal level but the majority of impacts can be
expected on a sub lethal level as many animals can cope with relatively
high short-term suspended material concentrations.
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Probability
Status (+ or -)
Significance (no mitigation)
Mitigation
Significance (with mitigation)
Confidence level

Nature of the impact
Extent

Duration
Intensity
Probability
Status (+ or -)
Significance
(no mitigation)

Mitigation
Significance (with mitigation)

Confidence level

Nature of the impact

Extent
Duration
Intensity
Probability

Highly probable
Negative
Low – very small extent, very short duration and low intensity
No mitigation necessary
Low – very small extent, very short duration and low intensity
High – studies on draghead plumes have shown that the affected area is
very small
Re-deposition of particles in the overflow plume causes smothering of
benthic organisms, particularly in the depo-center on the continental slope
Local to regional – the fines (<63 micron) in the plumes may be transported
for several kilometres but upon entering the nepheloid layer, material may
be transported to the depo-center ~100 km south-west of the licence area.
Significant deposition-thicknesses are, however, expected to occur only in
the immediate vicinity of the dredge area.
Very short term – the overflow plumes will only be generated during
dredging which occurs within a 37-hour dredge cycle for approx. 16 hours
Minor effects – animals in the immediate vicinity of the dredge area may
be affected by smothering, elsewhere sedimentation rates are expected to
be very low.
Probable
Negative
Low – although widespread, re-deposition rates are expected to be low,
and higher rates are limited to the immediate vicinity of the dredge area.
Communities in the depo-center where higher settling rates may occur, are
also likely to be adapted to sedimentation as this is a naturally high
sedimentation area.
No mitigation necessary
Low – although widespread, re-deposition rates are expected to be low,
and higher rates are limited to the immediate vicinity of the dredge area.
Communities in the depo-center where higher settling rates may occur, are
adapted to sedimentation as this is a naturally high sedimentation area
Medium – assumed low sedimentation rates are based on a study
conducted in slightly shallower waters of southern Namibia with different
hydrographical conditions.
Dredging may mobilise dissolved nutrients from the sediments which could
be released into the water column with the overflow. The increased
nutrient level may result in extensive phytoplankton blooms, which upon
death cause aggravated decomposition rates leading to anoxic conditions
at the seafloor.
Local – the released nutrients will spread with the overflow plume
Very short term – the overflow plumes will only be generated during
dredging which occurs within a 37-hour dredge cycle for approx. 16 hours
Minor effects – literature data suggest that dissolved nutrient
concentrations in the target areas are relatively low, which means that
only low amounts of nutrients will be mobilised.
Possible – it is likely that some nutrients will be mobilised but it is unlikely
that this will result in massive dying phytoplankton-blooms reaching the
sea bottom in such locally dense concentrations that this will cause anoxic
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Status (+ or -)
Significance (no mitigation)
Mitigation
Significance (with mitigation)
Confidence level

Nature of the impact
Extent
Duration

Intensity
Probability

Status (+ or -)
Significance (no mitigation)
Mitigation
Significance (with mitigation)
Confidence level

7.3.3.4

seafloor conditions.
Negative
Low – due to potentially low dissolved nutrient concentrations in the target
areas
No mitigation necessary
Low – due to potentially low dissolved nutrient concentrations in the target
areas
Medium - the assessment is based on assumptions that are arrived from
publicly available data, while data directly from the target areas are
limited. An initial survey is needed to confirm the assumptions.
Release of hydrogen sulphide from the sediments affects benthic
communities
Local – released hydrogen sulphide may spread along the sea bottom
affecting undredged areas and the associated biotic life.
Short term – the spread of hydrogen sulphide across the seafloor will be
very short term and the gas will eventually mix with the seawater. The gas
is, however, very toxic and will kill many animals in its path. Recovery of
the benthic communities will be relatively rapid if hydrogen sulphide
conditions are only temporary.
Moderate effects – hydrogen sulphide is very toxic and will kill many
animals but its presence is temporary.
Probable – literature data suggest that hydrogen sulphide concentrations
in the near-bottom waters, pore waters and in the upper sediment layers
in the target areas are very low. It can, however, not be excluded that
deeper sediment layers may contain hydrogen sulphide. If hydrogen
sulphide is present, it is presumably sucked up with the sediments and
residual hydrogen sulphide at the seafloor will be minimal.
Negative
Low – hydrogen sulphide concentrations are assumed to be low, and the
dredging process will also remove any gas contained in the sediments
No mitigation necessary
Low – hydrogen sulphide concentrations are assumed to be low, and the
dredging process will also remove any gas contained in the sediments
Medium - the assessment is based on assumptions that are arrived from
publicly available data, while data directly from the target areas are
limited. An initial survey is needed to confirm the assumptions.

Mitigation measures and conclusions

An assessment of the risks associated with dredging for phosphate rich-sediments in the two
target areas in the ML170 area identified nine potential negative impacts on the benthic biota in
the two target areas or beyond. Of these, two impacts are considered to be of medium
significance, six of low significance, and one is assessed as having no significance. The impacts of
medium significance are:
Impact - The removal of the upper 1-<2.5 m (possibly up to 3 m) of sediment by dredging will
result in the loss of the benthic biota associated with the sediment. The exposed sediments are
likely to be different to the original superficial deposits, and sediment refill rates at this depth are
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likely to be very slow. Colonising assemblages are likely to differ to those present prior to the
dredging activity.
Impact - The depth of the dredged area might change local near bottom hydrographical
conditions and thus act as trap for very fine material. This could lead to high decomposition rates
and consequently anoxic conditions and H2S concentrations in the sediments.
Although the mitigation measures will facilitate the colonising of the newly exposed sediments,
and may reduce the risk of large areas of the dredged sites becoming anoxic, the significance will
remain medium after mitigation. This is due to the very long time scales anticipated for the
disturbed biota to recover to its original status and the expected low infilling rates at this water
depth. Functional recovery, defined as recovery to a community that provides similar ecosystem
functions to those of the original community despite being different in composition, is, however,
likely to occur sooner.
In general, the confidence level in the assessments is medium, as most of the impact evaluations
are based on assumptions that are derived from publicly available literature data, and data
directly from ML170 are very limited. A survey is therefore critical to confirm these assumptions.
In the case that the initial survey data reveal a substantially different habitat to that discussed in
the environmental description, the impacts will need to be re-assessed.
As a result of the dredging operations to recover marine phosphate resources in ML170, trenches
will be excavated in the seabed and the benthic biota associated with the sediments will be
removed. The mine permit is issued for a period of 20 years, and at a maximum dredging rate of
3 km2 per annum, this will lead to a dredged-out area of 60 km2, primarily over SP-1, SP-2 and to a
lesser extent SP-3. The dredge depth will be on average 1.69 m, 1.70 m, and 1.30 m for SP-1, SP-2
and SP-3, respectively. The maximum resource depths are 2.5 m, 2.25 m, and 1.85 m for SP-1, SP2 and SP-3, respectively, as determined during exploration (possibly up to 3 m). These values may
change as more information is obtained during the dredging operations. The phosphate layer
contacts a clay footwall, whereby the total stripping of the phosphate resource would expose this
footwall. The stiff clay footwall is less than ideal for small burrowing fauna, and it is strongly
recommended that a residual sediment layer of 0.3 m of the original sediment thickness be left
behind. This will provide unconsolidated soft-bottom substrate for animals to colonise.
Nonetheless, it is expected that the residual sediment layer will have different sediment
properties than the original surficial layers. Furthermore, if areas of undisturbed sediments are
left between dredged furrows, colonisation of the dredged area by benthic organisms can be
accelerated. Such undisturbed areas can provide an important source of adult benthic organisms,
which subsequently migrate into the disturbed areas, enabling a faster recovery than might occur
solely by larval settlement and growth.
As the dredging target sites are located at depths beyond the influence of surface waves, infilling
rates will be slow as near-bottom sediment transport is expected to be low. It is recommended
that high resolution geophysical surveys (e.g. side scan sonar) are conducted immediately after
dredging, and 2-3 years post-dredging (and potentially at later years depending on the results) to
determine the depth of the dredged trenches and the sediment infilling-rates.
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The deep trenches may potentially result in changes in the near-bottom current regime reducing
the speed of the current so that deeper trenches and pits may act as traps for fine material. The
residual layer left behind will reduce the overall depth of the dredged area, however, organic
matter accumulation may still occur.
Most of the assessments on potential impacts on the benthos are based on assumptions that are
arrived from publicly available data from areas outside the ML170 area while data directly from
the target areas are very limited. A verification survey is needed to confirm the assumptions. This
should include sampling of the macrofauna and/or meiofauna in the target areas, as well as the
surveying of the areas for the presence of bacterial mats. Further aspects of the survey should
include measurements of organic matter concentrations in the sediments, dissolved nutrients,
and H2S concentrations particularly in the deeper sediments. Surveying for bacterial mats could
be done with a ROV. While macrofauna can be sampled with normal van Veen grabs, meiofauna
would need to be sampled with more sophisticated grab tools such as a multi-corer.
Measurements of dissolved nutrients and H2S also require analytical equipment that is not
available to NMP. It is thus recommended that specialist consultants or scientists be engaged to
discuss the programme to collect such verification data.
Continuing from the initial assessment survey, the severity of the removal and destruction of
benthic communities by the dredging process and the subsequent recovery (functional recovery)
process need to be ascertained. A post-dredging benthic monitoring programme thus needs to be
established. There is continuous debate whether such monitoring programmes should focus on
macrofauna or on meiofauna, or both (e.g. Somerfield et al. 1995, Coull and Chandler 1998,
Kennedy and Jacoby 1999, Schratzberger et al. 2001). Typically macrofauna is the preferred
option as sample collection and species identification is comparatively easier (Kennedy and Jacoby
1999). In low-oxygen environments such as OMZs, however, body size seems to be very
important as small organisms are best able to cover their metabolic demands in the OMZ, and
besides adaptation to low oxygen often have a capability to conduct anaerobic metabolism.
Meiofauna may thus increase in dominance in relation to macro- and megafauna (Levin 2003).
Nonetheless, although small organisms prevail, the species inventory of OMZs comprises the
whole range between micro- and megafauna and many macrofauna species have developed
adaptations to cope with life in hypoxic habitats (Gonzalez and Quinones 2000, Levin 2003, Arntz
et al. 2006).
The difficulty in conducting meiofauna monitoring surveys in comparison to macrofauna studies
favours the use of macrofauna for long-term studies. An inventory of the meiobenthos
component during the initial survey will shed light on its relative importance in the benthos. The
question is whether macrofauna alone may not sufficiently answer any questions with regard to
the severity of the impact and potential recovery time. By no means is this report attempting to
give an undisputed answer to this, but the extensive use of macrofauna surveys for a wide variety
of anthropogenic disturbances suggests that data on macrofauna composition and abundance
should be able to shed light on it. Macrofauna is also routinely collected in studies on OMZ
benthos (e.g. Levin and Gage 1998, Levin et al. 2000, 2009, Ueda et al. 2000, Gallardo et al. 2004,
Arntz et al. 2006, Gooday et al. 2009, Zettler et al. 2009). The original baseline survey (Steffani
2010a) used a 1-mm sieve to separate the macrofauna from the sediment as this is the standard
mesh size used in macrofauna surveys (Rumohr 2009). Studies on macrofaunal abundance in
OMZs, however, often use smaller sieve sizes in anticipation that many macrofauna species will be
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generally smaller (e.g. Gallardo et al. 2004, Gooday et al. 2009, Levin et al. 2009). During the
initial survey, a second set of samples could be collected for macrofauna using a 500 or 300micron sieve. In the laboratory analysis procedure, the size fractions <1 mm and >1 mm should
then be analysed separately to permit comparison to the baseline study and indicate the right
mesh size for the long-term monitoring study. Sampling should be undertaken both before the
start of operations, as well as at regular intervals after completion of dredging to determine the
(functional) recovery rates of the benthic communities. The sampling interval can best be
determined after the first post-dredging sampling campaign (approx. 2-3 years after cessation of
dredging). Sampling stations should include dredged and undredged (reference) stations in
comparable environmental habitats (e.g. similar depth and sediment characteristics prior to
dredging). Included in the sampling procedure should be at least the sampling for sediment
properties (i.e. grain size analysis) as well as near-bottom dissolved oxygen concentrations and
organic matter content. Continuous engagement with the authorities could facilitate the
measurement of other important parameters throughout the monitoring programme.

The potential impacts associated with Jellyfish 6

7.3.4
7.3.4.1

Introduction

The following is a synopsis of the specialist study, the full report is presented in Appendix 1d.
Two species of large jellyfish are common off Namibia, Chrysaora fulgida (Scyphozoa) and
Aequorea forskalea (Hydrozoa), both of which have metagenic life-cycles (an alteration between a
small, benthic polyp phase that reproduces asexually to produce new medusae, and a large, freeswimming medusa phase, responsible for sexual reproduction and the eventual generation of
polyps). Our understanding of the polyp-phase is non-existent, whilst our knowledge of the
medusae is poor.
Jellyfish are members of the plankton, and as such their distribution in space and time reflects, to
a large degree, the physical milieu. The biomass of these medusae is currently estimated to
exceed that of fin-fish in the region. Medusae can be found along the coastline but are most
common in the central area, inshore of the 200 m isobath. Whilst they occur throughout the
water column, most of the biomass is concentrated in the upper 50 m: there is no clear evidence
that populations display diel vertical migration. They are to be found throughout the year, but
appear to peak in abundance during late winter/early spring. In other words, jellyfish occur at
highest abundance in the same place and at the same time as many commercial fishes spawn, and
are likely therefore to be having an indirect (as well as a direct, operational) impact on commercial
fisheries.
There is strong, if circumstantial, evidence to suggest that the biomass of jellyfish has increased
since the collapse of the pelagic fisheries off Namibia at the end of the 1960s and early 1970s. This
is likely to reflect the formerly efficient predation by fish on newly released, and juvenile,
medusae, as well as to changes in the fish populations that might feed on the polyps. In the
6

Refer to Appendix 1d for the full text of the specialist report.
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absence of this predation pressure, jellyfish populations have increased, to the point that they can
now control fish recruitment through their voracious predation on fish eggs and larvae. Although
large medusae have few direct predators (sunfish and turtles), they are not the trophic-dead ends
previously considered, and they form a significant part of the diet of the bearded goby
(Sufflogobius bibarbatus) – which in turn are important fodder for hake (Merluccius spp), horsemackerel (Trachurus trachurus capensis) and assorted other higher predators.
Jellyfish do not occur commonly at depth thus there should be few problems of clogging at the
drag-head. However, at the surface, where water will be drawn into the vessel for cooling (etc),
they could cause a large problem for vessel activities. There are no “off-the-shelf” solutions to this
and engineers will need to draw up their own strategies of dealing with the problem.
Jellyfish have no special tolerance of hydrogen sulphide and are likely to be killed if exposed to it
for prolonged periods of time. They do, however, have a remarkable tolerance to low
concentrations of dissolved oxygen (as medusae and polyps) and thus are likely to survive short
periods of exposure to hypoxic waters.
7.3.4.2

Overview of affected environment

The liberation of large quantities of hydrogen sulphide by dredging, or natural release, has the
potential to kill off any jellyfish present in the affected water column, as these organisms possess
no special tolerance to this metabolic toxin, although both medusa and polyps are remarkably
tolerant of hypoxic water (Purcell et al., 2001; Condon et al., 2001). The magnitude of the impact
will obviously depend the numbers of animals moving through the license areas and the extent
and intensity of the affected area.
The plume of fine sediment that will be generated in the water column during dredging
operations has limited potential to be deleterious to individual jellyfish, with population level
impacts being dependent on the numbers of animals moving through the license areas. That said.
it must be stressed that NO research has been conducted in this area. The “fines” could settle out
on individual jellyfish, but as the organisms have no specialized respiratory surfaces that will block,
they should be able to continue swimming, and through swimming they should be able to rid
themselves of settled particles. Whilst it could be argued that jellyfish might ingest particles in the
tailing plume, this is considered unlikely. Firstly, the mechanism of prey capture is such that
nematocysts will only discharge if stimulated by physical contact, and a “fines” particle is unlikely
to so stimulate, though if it does the oral arm / tentacle is unlikely to transfer the particle to the
mouth for subsequent digestion without further stimulation by the particle itself.
The removal of surficial sediments from the benthos, as a result of dredging operations, will alter
the nature of the seabed environment. Whilst this has no impact on jellyfish in the water column,
it could increase the area suitable for polyp attachment should large areas of hard substrata be
exposed. That said, polyps of other species seem to require a sediment-free surface for persistent
establishment. This is unlikely to be realized given the immediate fallout from the tailings plume,
from the persistent sedimentation of photic zone production and from the sluggish nature of
bottom circulation.
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Jellyfish can be found throughout the water column, more than 80% of biomass is found in the
upper 50 m (Flynn et al., in press). This means that jellyfish are unlikely to be entrained in large
quantities in dredged sediments. However, it does mean that jellyfish could block seawater
cooling intakes on the dredging vessel itself, which could pose a significant technical risk.
7.3.4.3

Impact assessment

The sources of risk relate to the safe operation of the vessel and impacts of the dredging process
on jellyfish, via:
Dense surface volumes of jellyfish blocking vessel cooling seawater intakes.
Lean water overboard (turbidity) generated by returned fine sediments.
Changes in the character of the seabed, the possible generation of hard surface.
Hydrogen sulphide released by dredging of the sediments.

o
o
o
o

The associated impacts are individually evaluated (detailed below) using the determination
criteria. The impacts are rated for both pre and post mitigation evaluations. It is understood that
mitigation will in most instances bring all impacts to acceptable levels, where such mitigation is
effectively applied and is possible.
The evaluation of the impacts are presented in the tables below.
Blocking of vessel seawater intake system by dense surface aggregations
of jellyfish.
Nature of the impact

Extent
Duration
Intensity

Probability
Status (+ of -)
Significance (no mitigation)
Mitigation

Dense surface volumes of jellyfish have been known to block the
seawater intakes. This incoming seawater is used to cool the vessel’s
engines and any blockage of the intake system could cause the engines
to overheat and fail, if remedial action is not taken.
Dredge area: The extent is limited to immediately adjacent to the vessel
during all operations.
Very short term: The duration is limited to the period of time when
dense aggregations of jellyfish are around the vessel: probably no more
than a few hours in duration
No lasting effect: This impact would involve a relatively limited number
of jellyfish and is more likely to have adverse impact to the vessel if not
mitigated.
Probable: Although it is not possible to predict exactly when dense
jellyfish aggregations may appear around the vessel, they do tend to
occur more commonly during late winter / early spring: it is
inconceivable, given how many jellyfish there are off Namibia, that this
threat will not arise.
Negative to individual jellyfish, possibly positive for fisheries
Low
In the case of blockage, jellyfish will have to be physically removed or
flushed from the system.
Sailing the vessel to areas with less dense aggregations of jellyfish
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Significance (with mitigation)
Confidence level

Forward looking sonar could be installed on the vessel to identify dense
masses of sub-surface jellyfish during operations. A “jellyfish observer”
on deck should be able to identify jellyfish aggregations at the surface.
Low
High
Hydrogen sulphide released from dredge sediments causing mortalities
to jellyfish.

Nature of the impact

Extent
Duration
Intensity
Probability
Status (+ of -)
Significance (no mitigation)
Mitigation
Significance (with mitigation)
Confidence level

Nature of the impact

Extent

Duration
Intensity
Probability
Status (+ of -)
Significance (no mitigation)
Mitigation
Significance (with mitigation)
Confidence level

The dredging operation is located seaward of the mud belt where high
levels of hydrogen sulphide are known to be associated with soft
sediments. Hydrogen sulphide releases from the sediments in the
Mining Licence Area (which is adjacent to, but not in the mud belt) are
thus envisaged to be significantly less frequent and intense.
Dredge Area:
Very short term: The duration is short (hours), related to the pulsed
release of hydrogen sulphide.
Minor effects.
Possible. In the event that the combination of adverse factors comes
together at any one time, jellyfish moralities will occur.
Negative to individual jellyfish, possibly positive for fisheries
Low
No mitigation is presented
Low
High: Although there is no information on the tolerance of jellyfish to
hydrogen sulphide, they are unlikely to have special adaptations
thereto. More research on this is needed.
Lean water overflow from the vessel generates a tailings plume of fine
sediments which settle out through and are dispersed in the water
column. These fine sediments if present in sufficient quantities may
cause mortalities to jellyfish, though this is considered unlikely
Specific mine site: < 25 km. It is understood that whilst dredging a
sediment plume of ~1500 m long and 800 m wide will be generated over
the cut length of up to 22 km. This plume is determined to sink to the
seabed over a distance of 500-1500m from the point of discharge. The
maximum concentrations of sediments in the sediment plume are
envisaged to be <50 mg/l but most of the plume area will have total
suspended sediment concentrations <10 mg/l above background (14 mg/l), these are regarded as low.
Very short term.
Minor effects.
Possible.
Negative to individual jellyfish, possibly positive for fisheries
Low
No mitigation is presented
Low
Low – research on this is needed
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Nature of the impact

Extent
Duration
Intensity
Probability
Status (+ of -)
Significance (no mitigation)
Mitigation
Significance (with mitigation)
Confidence level

7.3.4.4

Removal of seabed sediments will change the nature of the sediment
surface. Jellyfish populations are known to increase in areas where there
is an increase of hard substrate. Typically this occurs where rock,
concrete or iron structures are erected. The removal of the upper
relative soft layers of sediment, leaving a relative hard clay footwall
surface may provide such a hard surface.
Annual Mining Area.
Very Short term.
Minor effects.
Improbable.
Positive for jellyfish, negative for fisheries
Low
None: If between 10 - 15 % of the original thickness of the sediment is
not recovered, there will sufficient soft-substrata to preclude polyp
settlement.
Low
High

Mitigation measures and conclusions

Off Namibia, jellyfish can be found across the shelf and along the shelf, and they are abundant all
year-round. It is thought that their numbers have increased markedly since the collapse of the
pelagic fisheries in the early 1970s, where they presently pose a problem for fishery operations. It
is possible that they are having a negative impact on the sustainability of regional fisheries.
The proposed dredging activities are not considered to have a significant and lasting impact on the
abundance and distribution of jellyfish populations: the tailings plume is limited in areal/temporal
extent and jellyfish have no specialized respiratory surfaces that could get clogged; alterations to
the benthos are unlikely to increase the habitat for polyp establishment if a layer of soft sediment
is not recovered, and whilst hydrogen sulphide could kill individuals in the affected water column,
this is likely to be to be on a very limited scale since dredging will take place seawards of the mud
belt which is the main source of H2S. More serious impacts are likely to be effected by jellyfish on
dredging operations, though not though clogging at the drag-head as jellyfish are uncommon at
depth. However, at the surface, where water will be drawn into the vessel for cooling (etc), they
could cause a major problem for vessel activities. There are no “off-the-shelf” solutions to this and
engineers will need to draw up their own strategies of dealing with the problem.
Because there are so many unknowns regarding jellyfish off Namibia (and elsewhere for that
matter), any information that can be collected would be useful from a scientific point of view,
typically including presence / abundance and type of jellyfish observed at the sea surface. These
observations could be accommodated in a marine fauna-sighting program. Background
observations (data of relevance) may be integrated with other ‘in water’ environmental
investigations that may take place.
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7.4

GENERAL ACTIVITIES WITHIN THE NAMIBIAN EXCLUSIVE ECONOMIC ZONE
An understanding of the scope of the cumulative impacts can be gained by reviewing the main
operational activities in Namibia’s Exclusive Economic Zone, which is 560,152 km2 in extent 7.

7.4.1

The Fishing Industry

7.4.1.1

History of Development 8

From the early 1800s up to the promulgation of strict controls after Namibian independence in
1990, most of the living marine resources of the region have been subjected to intensive
harvesting and over-exploitation by commercial fisheries. This process started with the
exploitation and depletion of southern right whales, Eubalaean australis, Cape fur seals,
Arctocephalus pusillus, and humpback whlales Megaptera novaeangliae during the 18th and 19th
centuries, followed during the 20th century from the early 1960’s with the important fin-fish
demersal stocks such as hake (Merluccius sp.) sardine (Sardinops sagax), anchovy (Engraulis
capensis) and horse mackerel (Trachurus capensis) as well as crustaceans such as rock lobsters
and crabs.
At independence in 1990 Namibia inherited severely depleted and over-exploited fisheries, in
which all the stocks were in decline. Thus the prime aim of the new administration in Namibia has
been to rebuild the fish stocks, and to this end strict controls have been enforced, both in terms of
the number of vessels licensed to fish and in the total allowable catches (TACs) under the Sea
Fisheries Act of 1992.
The recent history (post 1900) of the fishing industry and key fish resources up to 2006 is outlined
in the following section. The modern (2006 to date) fishing industry activities and assessment of
potential impacts of this project on the fishing industry are covered in the specialist study
(Appendix 1a).
West Coast Rock lobster
The first rock lobster canneries were built at Lüderitz as early as the 1920s. These struggled
through the depression years of the 1930s until the end of World War II, when the market was
transformed. This was primarily due to the escalating receptivity of the American markets to
frozen lobster tails.
By the mid 1950s the Lüderitz canneries had converted almost completely to frozen tails and
mergers and takeovers had reduced the number of producers to two. The catch of lobsters
steadily increased and began to overtax the stock. In 1966 about 8 800 tonnes were harvested,
which was the peak of the industry. In 2009, 29 vessels were registered with a TAC of 350 tonnes
(2011), and catches of 193 tonnes (2009) and 23.8 tonnes (2010) reported.

7
8

www.seaaroundus.org/eez/516.aspx
Refer to appendix 3 for full text of specalist review.
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Deep-sea red crab
The red crab fishery, fished in 300 m to 1000 m water depths began in the mid-1970s as an open
resource targeted by foreign vessels. By 1974 17 vessels were fishing for crab and catches rose to
a peak of about 10 000 tonnes in 1983. Catch limits were introduced in 1989. Currently the
resource is caught by two licensed vessels with a TAC of 2850 tonnes, and catches of 2557 tonnes
(2009) and 2717 tonnes (2010).
The pelagic fishery for sardines
The sardine industry began in 1947 and by 1954 six large factories had been built along the Walvis
Bay waterfront housing fishmeal reduction plants and canneries. As a result of all this activity, 100
small boats converted from line fishing to purse seining, fishing crews rose from a few to around
600-700 and factory employment from under 100 to about 2 500. The sardine (pilchard) catch
increased rapidly from 1 000 tonnes in 1948 to 262 000 tonnes in 1953 and for a brief period
Walvis Bay was a boom town.
In 1966 factory ships were introduced, with each ship having its own flotilla of purse seine
catchers and they were the largest ships of their kind afloat, having nearly double the capacity of a
fishmeal plant on shore. In 1968 the two large factory ships operating outside of Namibian
territorial waters (12nm ) at that time reported a catches of 558 000 tonnes of sardines and the
shore factories a massive 829 000 tonnes, making a total processed catch of 1.387 million tonnes,
which was the peak catch of all-time.
The prosperity and economic power of the sardine fishing industry continued to 1975-1976 and
the fishery then collapsed due to overfishing (as occurred in Californian sardine fishery in late
1940s early 1950s). The era of the factory ships generated over exploitation and a competitive
fishing effort that resulted in the collapse of the sardine resource in the 1970s and it has not
recovered to date
The status of Namibian sardine stock remains critical and the annual TAC continues to be set
primaliy to try to sustain employment and factory production. Mean fish size remains low and is
still significantly lower than the pre-1960 pristine size.
Currently 14 purse seiners are licensed, of which ten were active in 2009. This fleet of vessels
targets juvenile horse mackerel during the first half of the year, moving on to sardines only when
the quota is allocated later in the season.
The current sardine TAC (which is described as an economic TAC) is 25000 tonnes (2011), catches
of 17200 tonnes (2009) and 238000 tonnes (2010) are reported.
The hake demersal trawl fishery
Hake is the most valuable commercially exploited fish resource in Namibia in terms of its
contribution to GDP and is second in volume to horse mackerel. The fishery began in the early
1960s using methods of deep sea trawling with both freezer and wetfish trawlers; hake are also
caught by longline vessels.
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Because the United Nations revoked South Africa’s old League of Nations mandate to rule
Namibia in 1966, the attempt by South Africa to enforce an EEZ for Namibia was regarded as
illegal by foreign fleets. Consequently, the trawlers from foreign nations were free to fish in
Namibian waters at will and from the mid-1960s the trawlers from nine nations, but mainly from
Spain and Soviet Russia, were very active. The fishery was effectively an open access fishery and
catches increased rapidly from under 50 000 tonnes in the early 1960s to over 800 000 tonnes in
1972, which was the all time peak catch, there after the catches began to fall rapidly.
At the time of Namibian Independence all the commercial fisheries were heavily depleted and
overfished. It is estimated that Namibia inherited a hake biomass estimated at about 500,000
tonnes. The Namibian administration took immediate steps to ban fishing by all foreign vessels
and to declare a 200 nm EEZ. In December 1992 the Government set out its fisheries policies and
these were translated into law via the Sea Fisheries Act of 1992, with strict conservation measures
being introduced.
The Sea Fisheries Act of 1992 had a major impact on the development of the hake industry,
because it ensured that it would contribute as much as possible to the production of value-added
products and would create jobs on land as well as at sea. With these aims in mind the Namibian
Ministry of Fisheries and Marine Resources (MFMR) put in place a policy that reserved an
increasing proportion of the TAC to vessels landing their fish wet on ice, rather than frozen. The
structure of the fleet therefore changed from 1992 as the number of wetfish vessels increased. In
2009, 71 trawlers and 18 longliners were operating. From 1990 to 1999, the number of hake
processing plants has increased from 6 to 11.
In 2000 research surveys showed a hake biomass of 1.2 million tonnes upon which stable catches
were produced in 2000-2004 but thereafter the decline in the annual catch is a worrying factor
which calls into question the robustness of the recovery of the stock.
Although hake catches of around 150,000 - 165,000 tonnes were consistently produced in 2000
to 2006, the catch fell sharply in 2005 and 2006 to 73,000 tonnes which may reflect the fragile
nature of the stock recovery.
In 2006, due to stock uncertainty, a closed season was introduced for the month of October and
the minimum permitted trawling depth was increased to 300 m south of 25oS. Most recently
these measures include the prohibition on trawling at depths shallower than 200 m to protect
juveniles and spawning adults.
There are currently (2009) 71 trawlers and 18 longliners operating (Figure 7.1).
The Monkfish Fishery
The earliest catch records date back to 1974 when it was an open resource fishery, when
monkfish were taken as bycatch in the hake fishery. The catch rose to about 14,000 tonnes in
1981 and 1982 before declining to 6,000 tonnes in 1989. Following Independence in 1990 the
fishery has developed into a targeted resource, in addition to the bycatch from the hake fishery.
Since 1991, annual catches by small freezer trawlers rose from about 1 500 tonnes to a peak of 16
000 tonnes in 1998 and stabilised between 9,000 – 14,000 tonnes in the period 2000 – 2009.
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Currently (2009) 16 vessels target this resource with 8555 tonnes (2008) and 6917 tonnes (2009)
reported (Figure 7.1). The product is high value, with almost the entire catch being exported to
Europe.
The Orange Roughy Fishery
Exploratory fishing for orange roughy began in Namibia in 1994. Small catches were made in 1995
and in the following three years catches of 17 000, 14 000 and 10 000 t. However, by 1998
landings had declined and in 1999 and 2000 only about 2 000 tonnes per year were caught.
Catches of 418 tonnes (2006) and 140 tonnes (2007) are reported. Currently the fishery is closed.
The Anchovy and juvenile Horse Mackerel Pelagic Fishery
Very little anchovy was caught in Namibia prior to the 1968 peak in the sardine catch. Following
the decline in the sardine stock, anchovy began to appear in the purse seine catches, initially in
small quantities, but from the mid-1970s to mid-1980s at levels of 200 000 to 350 000 tonnes.
There was a pronounced peak catch of about 360 000 tonnes in 1987, following which catches
declined to about 50 000 tonnes in the early 1990s and to zero by the mid-1990s. The first
catches of juvenile horse mackerel by purse seiners were only recorded in 1971. The initial catch
was 140 000 tonnes, but after that it declined to an average of 59 000 tonnes per year with a
maximum of 116 000 tonnes in 1992. By the late 1990s the catch was down to about 20 000
tonnes. The purse seine fishery has not landed its TAC in recent years.
The Horse Mackerel midwater trawl Fishery
Adult horse mackerel are targeted by midwater trawlers and this is the largest fishery by volume
in Namibia. Catches began in the late 1960s at levels below 50 000 tonnes p.a. and rose gradually
to around 500 000 tonnes p.a. between 1978 and 1987. As we have already seen, prior to 1990
this was an open fishery, so that most of the catch was taken by foreign vessels. Initially, catches
fluctuated around 350 000 tonnes prior to 1998. From 1998 to 2002 catches dipped slightly to
300 000 – 350 000 tonnes and fell further in 2003 and 2004 when small catches were taken. In
2006 the catch was only 124 000 tonnes which correlated with reduced stock biomass estimates
derived from acoustic research surveys in 2006 and 2007, which showed a decline in biomass
from above 1.5 m tonnes to only about 500 000 tonnes. The midwater fleet has decreased from
about 25 vessels (2000) to less than 10 in recent years, the catch is distributed across the shelf
(Figure 7.1).
Seals
The Namibian seal harvest is controlled through an annual TAC, with separate quotas for pups and
bulls. The harvest is seasonal, with pups harvested for their skins and oil from July to September
and bulls for their dried genitalia in November. The activity offers only limited seasonal
employment. TAC recommendations are based on annual aerial censuses and estimates of
biological parameters for the population. The recommended seal TAC since Independence has
varied between 28 000 in 1991 and 70 000 in 2004 (pups and bulls combined), but was only fully
harvested in 1995 and 1996.
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Figure 7.1:

Main Fishing Activities within the EEZ: Hake, Monk and Horse Mackerel
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7.4.2

The Marine Minerals Industry

7.4.2.1

History of Development - Diamonds 9

The first diamond discoveries on the west coast of southern Africa only occurred in 1908, when a
railway construction worker, Zacharia Lewala, found the first diamond near Lüderitz.
Subsequently, in January 1909 rich deposits were found south of Pomona. However, it was not
until 1961 that diamonds were first recovered from the sea. Sam Collins, a wealthy Texan whose
company specialised in submarine pipelines became interested in the theories of rich diamond
deposits offshore while installing the seawater intake pipe off Oranjemund. Ultimately, his
company, Marine Diamond Company (Pty) Ltd (“MDC”), successfully mined payable diamond
deposits in the shallow waters of Chameis Bay and Bakers Bay. MDC experimented with various
sea going vessels, from small fishing boats, to large mining barges, to a converted 70 m ex-US
Navy tank landing craft, using a combination of airlifts and centripetal pumps. De Beers acquired a
controlling share of MDC in 1965. In 1971, the diamond market slumped and MDC ceased mining
operations. Smaller scale operators continued to mine from converted fishing vessels. Through
continued exploration efforts by De Beers marine in the 1980s, the mid and deep-water diamond
exploration operations were rejuvenated in the early 1990s with issue of many Exclusive
Prospecting Licences along the continental shelf off Namibia extending from the Orange River in
the south to the Kunene River in the North. The deep-water operations of the 1990s represent the
pinnacle of technological development in the marine industry, requiring dedicated exploration
and mining vessels, complex electronic navigation systems and specialized remotely operated
mining tools. As a consequence a new and unique mineral resource was successfully developed
opening up an entirely new sector able to make significant contribution to the national economy
of Namibia. During this period, Namdeb, De Beers Marine, NAMCO, Ocean Diamond Mining
(ODM) and Diamond Fields Namibia were issued with Mining Licences and collectively operated a
fleet of up to 10 vessels capable of working 24-7, 365 days a year in sea conditions of up to 6m.
These large operating companies in most instances also supported a shallow water or inshore
diamond industry operated by a number of independent contractors who worked off small (± 10
m) ‘diver vessels’, most of which were converted fishing boats or with land based puming units
(“walpomp”). These smaller craft (in some instances up to 20 m length), worked in the shallower
waters up to a maximum water depth of typically of 30 m with the “Walpomp” units reaching
depths of up to 15m from the shore..
In recent years the marine diamond industry has contracted as a result of the global financial crisis
however this trend is presently being reversed with significantly improved diamond prices
reflecting the global shortage in rough diamond supply. Presently diamond mining activities are
predominantly undertaken by Namdeb operating in the deepwater Atlantic II mining licence area
just north of the Orange River as well as their shallow marine environment using the services of
subcontractors operating nine diver supported converted fishing vessels out of Lüderitz. For the
nearshore industry, there are a reported eleven diver boats operational out of Ludertz presently
(Joubert, W., Diamond Fields Namibia, pers.comm). One of these vessels, is larger (160 GRT) and
9

The information in this section is primarily extracted from: Synthesis and Assessment of information on the BCLEM
Thematic Report 3. Integrated overview of Diamond Mining in the Benguela Current Region . M. Clark, W.F. Meyer,
C. Ewart-Smith, A. Pulfrich and J. Hughes AEC Report # 1016/1 March 1999.
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capable of working in slightly deeper water depths of 40 m (Alexander, J., Namdeb, pers.comm).
Namdeb’s mid and deepwater concessions are mined by De Beers Marine Namibia, with five
vessels Debmar Atlantic (16028 tonnes), Debmar Pacific (14952 tonnes), !Gariep (10424 tonnes),
Peace of Africa, Coral Sea (11441 tonnes) and the Grand Banks (10424 tonnes).
For 2011, Namdeb reports a combine production of 1,333,000 carats from 8,288,000 tonnes
treated, with 990,000 carats from the marine operations, which came from an annual mined area
of 7.7 km2.10 11
Currently, more than half (>50%) of the annual diamond production of Namdeb, Namibia’s largest
diamond producer, comes from the marine operations!
7.4.2.2

Areas of Operation

The areas in which mining is conducted are divided into 5 distinct categories and is discussed
under two broad headings, these are:
Onshore
Terrestrial mining - mining above the high water spring tide mark (HWS)
Beach mining - mining of beaches into the subtidal through the construction of sea
walls (coffer dams)

o
o

Offshore
o

o
o

Table 7.1:

Shallow water mining - Operations to a depth of 30 m, further divided into:
− Shore based mining - divers operating from the shore; and
− Boat-based - divers operating from small boats
Mid-water mining - 30-75 m depth utilising remotely-operated tools, mostly air-lift
dredges.
Deep-water mining - Operations deeper than 75 m, using customised mining vessels
and specially designed remotely-operated mining tools.
Relative extent of the various diamond mining activities in South Africa and Namibia.

Type of Mining

% of Concession Mined per Annum

Beach Mining

10
11

<0.5 %

Shallow-water Mining - Shore Based

<0.001 %

Shallow-water Mining - Boat-based

<0.01 %

Mid-water Mining

<0.5 %

Deep-water Mining

<0.01 %

Chamber of Mines Annual Review 2010.
Operating and Financial Review 2011 – De Beers Group.
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7.4.2.3

Mid-Water and Deep-Water Mining

A variety of methods are used to mine diamonds in water depths > 30 m, which may be split into
mid-water operations (down to a depth of 75 m) and deep-water operations (down to a depth of
200 m).
Mineable marine diamond deposits are typically divided into rectangular blocks of 50 x 50 m
which are then systematically and contiguously dredged. While some block groups may only be a
few 100 m long, others can stretch 1-2 km in length. Commonly, vertically operated Wirth Drill or
tethered seabed crawlers are used to mine these seafloor resource areas by clearing to bedrock
level in order to maximise diamond recovery. Seabed crawlers, equipped with articulated cutting
and/or sucking devices are lowered onto the seabed on a hoist line, with power and signal
umbilical cable attached and controlled remotely from a surface support vessel. Of the material
airlifted to the surface, generally > 95 % is returned directly to the sea at the mine site. Re-mining
of an area occurs as part of routine quality control or when the initial coverage of a block by the
mining tool was lower that anticipated.
Recently, Namdeb / De Beers Namibia conducted experimental bulk mining in the Atlantic 1
Concession (140 m depth) using a large Trailing Suction Hopper Dredge (TSHD). This dredge vessel
stripped areas of diamondiferous sediment and pumped the material onshore utilising a
temporary pipeline delivering to a terrestrial processing plant.
Considered as a whole, the annual marine diamond mining operation affects a small fraction of
the total mining licence which in turn covers a relatively small section of the Namibian continental
shelf. The overall spatial extent of marine diamond mining activities typically encompasses less
than 1% of the total mining licence area per annum, irrespective of the type of mining. On the
scale of the BCLME therefore, impacts of diamond mining are deemed to be of low to negligible
significance. At local scales, however, their impact may be more severe. Due consideration must
be given to the scale of operations when the impacts are evaluated.9
7.4.2.4

Minerals – Diamonds and Industrial icence Areas

Diamond and Industrial mineral licences within the EEZ, are allocated and administered by the
Directorate of Mines of the Ministry of Mines and Energy (MME).
Within the EEZ, the following licence areas are presently (03/12) issued, as per the published
minerals licence maps available on the MME website (refer figures 7.2 and 7.3):
• Total Mineral licences allocated over 107,771 km2 (19.2 % of the EEZ);
• Exclusive Prospecting Licences over 96,189 km2 (17.2 % of the EEZ);
• Mining Licences over 11,582 km2 (2.07 % of the EEZ);
• Two marine Mining Licences covering a total area of 2,888 km2 (0.52 % of the EEZ ) have
been issued for Phosphate, namely 1) LL Phosphate ML 159 covering an area of 655 km2
– (0.19 % of the EEZ), and 2) Namibian Marine Phosphate ML 170 covering an area of
2233km2 –( 0.4 % of the EEZ)
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Figure 7.2:

Marine Exploration (Precious stones and Industrial Minerals) Licences of the EEZ
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Figure 7.3:

Marine Mining (Precious stones and Industrial Minerals) Licences of the EEZ
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7.4.3

Oil and Gas Industry 12

7.4.3.1

History of Development

In the 1960s, South Africa, which was administering the then South West Africa (Namibia), made a
concerted effort to encourage petroleum exploration. This was administered by SWAKOR, the
predecessor of the National Petroleum Corporation of Namibia (NAMCOR), and SOEKOR, the
South African equivalent of SWAKOR. Seismic surveying offshore Namibia began in 1968. By 1974
the whole offshore area was covered by licences. Although concentrated on the continental shelf
down to 200 m, some seismic surveys extended as far as 250 km offshore along the Walvis Ridge
and down to water depths of 1 500 m. A total of 37 219 km of 2-D seismic data was acquired up to
1978 but only one well was drilled. This was the Kudu 9A-l well drilled by Chevron, Regent and
SOEKOR in 1974 which discovered the Kudu gas field (A potential reserve of at least 5 trillion cubic
feet (TCF) of gas was estimated) some 170 km due west of Oranjemund in water 170 m deep.
Namibia's first petroleum licensing round opened in 1991 and attracted 19 bids for 14 licence
areas each covering approximately 11 000 km2. Up to six bids were received for specific areas.
The first exploration licence was awarded by the Government of the Republic of Namibia in April
1992 to a consortium of Norwegian companies headed by Norsk Hydro Namibia. Shell Exploration
and Production Namibia (SEPN) and its partner Eagle Energy (now Energy Africa) were awarded a
licence over the Kudu gas field. Texaco joined that consortium in 1996. Subsequently additional
licences have been taken up, Figure 7.4. There are currently 88 licences issued to 22 companies
(2011). The oil and gas licences within the EEZ, are allocated and administered by the Directorate
of Energy of MME. The oil and gas licences are not mutually exclusive by area (they overlap) with
mineral (mining and exploration) licenses administered by the Directorate of Mines. The size of
the allocated block is approximately 1,150 km.
Activities in the area, related to the acquisition of 2-D and 3-D seismic date and the drilling of
wells, some up to 4500 m deep, drilled between 40 and 120 km offshore, in water depths ranging
from 170 m to nearly 700 m.
Within the EEZ, the following license areas are presently (2011) issued:
•
•

12

Oil and gas licences are allocated over 372,460 km2 (66.5 % of the EEZ);
There are 27 licence block areas allocated, of which one designated “Production” (Kudu
project), one designated “Reconnaissance” and the remained Exploration licences.

The information from this section has been extracted from: Benguela Current Large Marine Ecosystem Thematic Report
No. 4 Integrated Overview of the Offshore Oil and Gas Industry in the Benguela Current Region. CSIR report ENV-S-C
99057: October 1999.
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Figure 7.4:

Oil and Gas Licences within the EEZ
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7.4.4

Ports and General Shipping
Namibia has two commercial ports managed by the Namibian Port Authority (Namport), namely
Walvis Bay and Lüderitz. Of the two, Walvis Bay is by far the most important. The most recent
data publicly available on the Namport website is for 2008/09 http://www.namport.com which
reports that during this period Walvis Bay handled 1601 vessels (container 431, Reefer 45, Foreign
Fishing 207, Namibian Fishing 66, Petroleum 56, General cargo 188 and Other 608). (This does not
include vessels operated by fish factories operated out of Walvis Bay). Lüderitz handled 1,115
vessels. This represents a combined total of 2,716 vessels for the two main Namibian ports for
this period. For the period the total volume of cargo handled by these ports is 5.4 tonnes. Walvis
Bay, 5,038,051 tonnes, of which 106,559 tonnes (landed), and 138,393 tonnes (shipped) are listed
as fish products. Lüderitz, 345,829 tonnes, of which fish constituted 27,181 breakbulk cargo and
1,401 tonnes cargo shipped. On average 10 cruise liners visit the port of Walvis Bay annually 13.
Besides the shipping making use of Namibian ports, the traffic along the Namibian coast has
increased considerably in recent years mainly as the result of crude oil exports from Angola to
China but also from other West African oil-producing countries to South-east Asia. Angola
produces 1.8 million barrels of crude oil per day (approximately 257,143 tonnes) of which 790 000
barrels per day (approximately 112,857 tonnes) are exported to China (2010 data from
http://www.eia.doe.gov)14. This approximates to 3,385,714 tonnes per month, which would
mean 27 laden Suezmax (125,000 tonnes), or 18 Suezmax-large (185,000 tonnes) vessels per
month. A similar number of empty oil tanker vessels are returning empty to Angola each month.
The risk of oil spills as a result of this increased tanker traffic, both laden vessels southbound and
empty vessels northbound, has risen considerably. By their presence the high general vessel
traffic in Namibian waters will also impact on the environment in terms of related effects on
seabirds (both daylight and nightime vessel lights, bird strikes etc), fishing activities by local and
foreign fishing vessels (longline, trawlers etc) as well as disturbance to cetaceans (whales,
dolphins), noise etc.

7.4.5

Cumulative impacts
Cumulative impacts of all ocean users are an important for any holistic environmental assessment
to be undertaken. By its very nature, such an impact assessment would have to be undertaken by
the responsible authority in order to capture all relevant inputs and provide an independent
cumulative impact assessment. It is currently the case that the various marine mineral EIA/EMPRs
are made available for public review. Monitoring programmes are included in the environmental
contract however, the environmental management is most often conducted around the
assessment related to their specific activities, i.e. the EMPRs of diamond mining companies
examine the effects of diamond mining, those for oil and gas exploration likewise only examine
their own direct impacts, and so on. There are major users of the marine environment that are
not required to prepare EIAs and EMPRs (i.e. the fishing industry) and as such no EIA/EMPs are

13
14

Southern Africa & Islands Hydrographic Commission (SAIHC) Seminar Walvis Bay (6 & 7 September 2011)

There are between 6 and 8 barrels of oil per tonne, varying with the density of the particular product. An
average of 7 has been used for the conversion. (www.wikipedia.org/wiki/Barrel_(Unit)
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provided for public assessment or information. Also there are general ‘transient’ vessels activities
occurring throughout the BCLME, for which there is no requirement to provide an EIA/EMPR and
for which the development of EIAs and EMPRs would be problematic.
In an ecosystem such as the BCLME with its diversity of users, isolated approaches may fail to
uncover possible cumulative effects between industries that could lead to a meaningful, holistic
assessment of cumulative impacts and generation of an effective over-riding environmental
management programme for the BCLME and Namibian continental shelf.
With increasing pressure on the BCLME from fishing industry, oil and gas exploration and
production, mineral exploration and mining, coastal shipping (including numerous oil tankers),
recreational use, and shore based outfalls, there is a clear need for an integrated and co-ordinated
approach to the management of activities affecting this ecosystem. The recent enactment of the
Environmental Management Act (Act 7 of 2007) requires the responsible ministries to conduct
strategic environmental impact assessments and initiatives of this nature are being called for by
the Benguela Current Commission.

7.5
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CHAPTER 8.
8.1

ENVIRONMENTAL MANAGEMENT PLAN

INTRODUCTION
This Environmental Management Plan (EMP) has been established to ensure that the project
complies with the Namibian Environmental Management Act (No. 7 of 2007); and to provide a
control framework for implementing the management actions described in the Environmental
Impact Assessment (EIA), during dredging. The EMP is to be submitted to the Namibian Ministry
of Environment and Tourism (MET) as part of the application to receive an Environmental
Contract for the proposed project – The Recovery of Marine Phosphates from Mining Licence 170
(ML170).
This framework EMP is supported by detailed verification and monitoring programmes (Section
8.9).
The EMP addresses dredging activities within ML170 and relevant activities of the dredging vessel
during non-dredging operations.

8.2

THE ENVIRONMENTAL MANAGEMENT PROGRAMME.
Namibian Marine Phosphate (NMP) is committed to the implementation of responsible
environmental management of their dredging operation, this commitment applies equally to all
contractors retained by the Company.

8.2.1

Environmental Management Programme: Objectives
The implementation of the EMP serves to reduce the negative effects and optimize the positive
effects of the marine operations.
The objectives of the EMP are:
• Processes: To achieve all requirements outlined in the EMP, including maintaining
communication with all Interested and Affected Parties (I&APs) and compilation of
Performance Assessments;
• Management systems: To establish an integrated safety, health, environment and quality
(SHEQ) management system to facilitate the implementation of the EMP;
• Monitoring Surveys: To undertake the described monitoring programme;
• Vessels at sea: To ensure that the operations at sea are undertaken in accordance with
accepted safe and responsible vessel management practices, and
• Emergencies: To have appropriate systems of response in place.
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The matrices presented herein provide detail of the activities, aspects, and impacts of the project
and the management actions required to address these impacts arising from the dredging
operation and associated activities.
The commitments described here (the EMP) form part of the authorisation agreement between
NMP and the Government of the Republic of Namibia, as represented by the Ministry of
Environment and Tourism (MET), the Ministry of Mines and Energy (MME), and other Line
Ministries as advised. Non-compliance with these commitments may result in approval being
withdrawn.
8.2.2

Monitoring and ongoing assessment of impacts
The monitoring of activities with significant impacts is detailed in Sections 8.5 and 8.9.

8.2.3

Performance Assessment
An Environmental Performance Assessment Report will be submitted annually to the Mining
Commissioner of the Ministry of Mines and Energy, the Permanent Secretary of the Ministry of
Environment and Tourism and other Line Ministries as detailed in the Environmental Contract.

8.2.4

Financial Provision
The project holds at all times Protection and Indemnity (P&I) insurance cover at a suitable level,
up to a maximum of US$ 1 billion1.

8.2.5

Responsibilities
The responsibility for the implementation of the EMP lies with the NMP appointed Environmental
Manager, who in turn will appoint line managers who are responsible for the elements of this
management plan.

1

Proof of insurance coverage. Appendix 2h
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8.3

COMPANY STANDARDS
Activity

Aspect

Impact

Internal communication:
The Company
environmental policy.
Implementation of the EMP

Policy

Improved
awareness

•

All personnel (including contractors) are to be made aware of the contents of the
Company Environmental Policy Statements

Management Requirements

Life of mine

Policy

Improved
awareness

•

Define the roles, responsibilities and authorities of employees responsible for
implementing this EMP.
Address training needs of staff required to implement specialised aspects of the
EMP.
Maintain records of plans, decisions, data collected, communications made,
emergency responses, etc., which document the implementation of the EMP.
Provide instructions and training to all staff about aspects of the EMP that to
relate their work.
Present environmental awareness training.
Subcontracting companies are to have specific environmental compliance
requirements written into their contracts.
Annually undertake performance assessments to verify that the requirements of
the EMP have been met.
Where compliance has not been achieved, present details of non-compliance and
corrective actions.
Submit the Environmental Performance Reports to MET and MME.
Assess all actions required through the EMP, identify any changes and or new
environmental issues arising.
Communicate and consult with authorities and key I&APs informing them of
proposed changes to the EMPR.
Consult / inform I&APs as may be relevant.
Retain a register of all communication.
Participate in relevant community and industry forums

Life of mine

•
•

Instructions to all
employees, including
contractors

Policy

Environmental Performance
Assessment

Policy

Amending the EMP

Policy

I&APs communications

Policy

Improved
awareness

•

Improved
awareness

•

Improved
awareness
Improved
awareness

•
•

•
•
•
•
•
•
•
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Aspect

Impact

Environmental budget

Activity

Policy

Environmental Insurance

Policy

Improved
awareness
Improved
awareness

Compilation of Information

Communication

Improved
awareness

Management Requirements
•
•
•
•
•

Allocate an operational budget that is adequate to cover all requirements as
detailed in the EMP
Maintain Protection and Indemnity (P&I) Insurance Cover (initially indicated at
US$ 1 billion)
Review the cover amount annually.
Review the scope of the cover is appropriate to the operational activities
Ensure that the outcome of specialist studies and the results of monitoring
programmes as initiated are incorporated into the company integrated
environmental (GIS) information database.
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8.4

VESSEL: STANDARD OPERATIONS
Commencement of operations (includes all general ship activities, sailing, bunkering, and discharging of hopper contents, but excludes recovery of
sediments).

Performance Objectives
The management objectives are to:
• Ensure for the safe operation of the vessel.
• Minimise disruption to all other users of the sea by respecting the right of passage.
• Optimally manage (reduce and recycle) all wastes generated and discharged to sea, air, and land.
• Maintaining open communications with other marine users.
• Ensure emergency contingency plans are in place.

Standards of compliance
•
•
•
•
•
•
•
•
•
•
•
•
2
3

Minerals (Prospecting and Mining) Act (33 of 1992).
2
MARPOL .
Merchant Shipping Act 57 of 1951.
London Convention 1972/1996.
Wreck and Salvage Act (2004).
United Nation Convention on Law of the Sea.
Territorial Sea and Exclusive Economic Zone of Namibia Act, No. 3 of 1990.
Marine Resources Act 27 of 2000.
Namibian Ports Authority Act 2 of 1994.
Marine Traffic Act, No. 2 of 1981 as amended by the Marine Traffic
Amendment Act 15 of 1991.
Prevention and Combating of Pollution of the Sea by Oil Act No 6 of 1981 (as
amended by Act 24 of 1991).
Dumping at Sea Control Act 73 of 1980.

•
•
•
•
•
•
•
•
•
•
•

The relevant sections of MARPOL are reproduced in the appendix 2h
Dredging contractor certifications reproduced in appendix 2h

Final Report
Namibian Marine Phosphate (Pty) Ltd.
Page 8-7

Comply with international recommendations regarding the use of CFCs
3
Dredging contractor: approved vessel safety certification
Dredging contractor: approved International Standard for the safe
management and operation of ships and for pollution prevention (ISM)
approved waste management plan.
Dredging contractor: approved ISM approved emergency response plan.
Dredging contractor: approved ISM approved safe bunkering plan.
Dredging contractor: approved ISM approved project environmental
management plan.
Dredging contractor: approved ISM approved ballast water management plan.
Dredging contractor: approved ISM approved SOPEP plan.
Dredging contractor: approved ISM system.
Environmental Policy – Namibian Marine Phosphate.
Safety, Health, Environmental & Quality Policy – Dredging Contractor
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Activity

Commencement of
operations

Aspect

Impact

Management Requirements

Duration

Interaction
with all
marine users

Initiation of
operations exclusivity of
use

14 days in advance of commencement of a continuous dredging campaign, notify:
• The Permanent Secretary: MME in writing providing particulars regarding the
location, nature and extent of the operations.
• The Permanent Secretary: MFMR in writing providing particulars regarding the
location, nature and extent of the operations.
• Other potential user groups (maritime authorities, fishing industry) in the area in
writing, providing detail of the location and extent of the operations.
• Other potential users of zones of exclusive use around the dredging project area
for the particular dredging period.
• Walvis Bay Radio of intended vessel activities.
• On termination of dredge activities of more than one month duration, inform
Walvis Bay Radio.
• Record observations of, and interactions with, other vessels.

Before each
dredging campaign
during project
production ramp up
(yrs 1, 2 & 3)

Safety of
passage

Exclusivity of
use

Exclusion zone
extent

Exclusivity of
use

•
•
•
•
•
•

Noise /

Research,
survey and
fisheries
assessment
vessels
Disturbance of

•

•

Display signals to indicate right of passage when dredging.
De activate right of passage signals when not dredging.
Maintain visual watch at all times.
An exclusive dredging zone is declared over the active dredging block area.
The exclusive zone of 23 x 9 km (SP-1, SP-2) is declared as a ‘no fishing zone,’ around the active target recovery area.
Vessels may transit through this zone, with due consideration to rights of
passage and navigational warning lights.
Vessels undertaking fisheries stock assessment and or related scientific surveys
are to be given navigational rights of passage within the declared zones of
exclusion. The company / organisation intending to undertake these surveys is
required to notify the company 14 days in advance, so that appropriate
arrangements can be made.
Initiate the Marine Sightings Programme (birds, mammals, and jellyfish).
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Activity

Aspect

Impact

vibration

marine
mammals and
seabirds
Potential impact
on the ocean
and fauna and
flora

Pollution
Refuelling

Grounding - sinking –
collision of vessel(s)

Marine
Pollution

Potential impact
on the ocean
and fauna and
flora

Management Requirements
•

Record the numbers and species sighted during all activities associated with the
dredging operation.
• Avoid disturbances to whales whilst underway.
• Obtain permission from the Department of Maritime Affairs before refuelling
outside of harbour limits and within the Namibian Economic Exclusive Zone.
• Confirm the bunkering procedure of the delivery vessel.
• Ensure that both delivery and receiving vessel are familiar with each party’s
procedures and operational requirements for transfer of bunkers at sea.
• Bunkering in areas under the jurisdiction of the port’s authority is to be carried
out under the requirements as prescribed by NamPort.
• Reduce the probabilities of accidental grounding - sinking – collision through
enforcement of safe operational vessel systems.
• Maintain all emergency procedures and insurances as legally required.
• Ensure that emergency procedures are current and in accordance with
established standards of practice.
• In the event that an emergency occurs (grounding, sinking, collision & fire) follow
the standards:
1. Shipboard Emergency Response Manual
2. Shipboard Oil Pollution Emergency Plan (SOPEP).
3. Shipboard Hazardous Spill Manual.
In the appropriate manner notify:
• MWTC (Department of Maritime Affairs) and as is required, coordinate with
them on the activation of the National Oils Spill Response Plan.
• MET and, as required, coordinate with them on the activation of the National Oil
Spill Response Plan.
• MFMR and, as required, coordinate with them on the activation of the National
Oil Spill Response Plan.
• MME and, as required, coordinate with them on the activation of the National
Oil Spill Response Plan.
• Walvis Bay Harbour Master and, as required, coordinate with them on the
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Activity

Aspect

Impact

Small oil or cleaning
solvent spills onboard
the vessel

Marine
pollution

Pollution of the
water column

Disposal of wastes
(solid, oily and sewage
- including bilge
discharges to the sea

Waste

Pollution of the
environment

Management Requirements
activation of the National Oil Spill Response Plan.
• Advise other parties as may be relevant to minimize damage to their activities.
Provide the following information when reporting a spill:
1. The volume of oil spilled (so MWTC can determine whether or not it is
significant).
2. The type and circumstances of incident, ship type, port of registry, nearest
agent representing the ship’s company.
3. Geographic location of the incident, distance off-shore and extent of oil spill.
4. Prevailing weather conditions and sea state in affected area (wind direction
and speed, weather and swell)
5. Persons and authorities already informed of the spill.
6. Estimates of the numbers of different species of mammals and seabirds in
the vicinity, and of the numbers of each species oiled.
• If feasible, rescue and stabilise oiled seabirds.
• If feasible, transfer oiled seabirds to MFMR Lüderitz for further rehabilitation.
• Use low toxicity biodegradable detergents to clean up spills.
• Avoid spilling toxic chemicals but if spillages occur then clean up spilled chemicals
immediately and place adsorbent material (rags) used for this purpose in sealed
waste containers for safe disposal ashore.
• Keep records of spillages and estimate amounts not retrieved by clean up
actions.
• The oil content of any discharge is required to be less than 15 parts per million
(MARPOL).
• Galley wastes discharged overboard only after maceration through a 25 mm
screen (MARPOL).
• Sewage processed in approved treatment plants (MARPOL).
• Do not discharge any treated or untreated sewage from a vessel within 4 nautical
miles (nm) of land, but comminuted and disinfected sewage may be discharged
beyond 4 nautical miles.
• Only incinerated wastes may be discharged overboard and then only when the
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Duration

In the event of an
emergency

In the event of an
emergency
Life of mine,

Life of mine
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Activity

Aspect

Impact

Management Requirements
•
•
•
•

Waste disposal within
harbour limits

Waste &
materials

Pollution of the
environment

•
•
•
•
•

Waste management
record keeping

Waste &
materials

Pollution of the
environment

•
•

•

•

vessel is more than 25 nautical miles from shore.
With the exception of macerated galley and incinerated wastes do not dump or
throw solid waste of any kind into the sea.
Do not discharge any hydrocarbon products into the sea.
Retain a register of all wastes discharged to sea.
Contain all oils, grease or hydraulic fluids spilled on the vessel for disposal at a
recognised land-based disposal site.
Do not dump or throw any solid waste of any kind into harbours.
Do not discharge any sewage into harbours.
Do not discharge any oily or waxy effluents into a harbour.
Do not discharge effluent or water from any tank contaminated with greater
than 15 parts per million of oil into a harbour.
Separate wastes into recyclable and "other" materials. Incinerate combustible
materials on board. Store the balance in leak-proof skips for safe transfer to a
registered waste site on land, or contain all in leak-proof containers onboard and
dispose at a recognised disposal site on a regular basis.
Maintain a garbage record book of all discharged/ incinerated food and domestic
and operational waste (excluding oil, sewage or noxious liquids listed in other
annexes to MARPOL)
Record garbage in the record book under the categories of: i) Plastics, ii) Floating
dunnage, lining or packaging material, iii) Ground-down paper products, rags,
glass, metal, bottles, crockery, etc., iv) Paper products, rags, glass, metal, bottles,
crockery, etc., v) Food waste, vi) Incinerator ash.
3
As per the prescribed form, record estimated amounts (m ) of each category
whenever garbage is discharged to sea, or to reception facility ashore or to other
ships, or incinerated, or in accidental or other exceptional discharge. Also record
date/time of discharge/ occurrence, position of ship, and nature of discharge
(incineration/ port/ facility/ name of ship) or circumstances and reasons for
accidental or other exceptional discharge.
The officer in charge is to sign for each record on the date of incineration or
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Life of mine,
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Activity

Aspect

Impact

Management Requirements
discharge, and the Master of the ship is to sign each completed page of the
Garbage Record Book.
Keep records (vessel logbooks) of quantities and types of all hazardous materials
and oils taken onboard vessels, and of their method of storage, use and disposal.

Duration

Management of
hydrocarbons

Waste &
materials

Pollution of the
environment

•

Discharge of ballast
water

Pollution:
Introduction
of alien
species
Pollution

Possible
invasive species
dominance

•

Ballast discharges are controlled through the ISM approved Shipboard Ballast
Management Plan (IMO guidelines on ballast water management).

Pollution of the
environment

•
•

Life of mine,
operation duration
of vessel

Possible block
ages of sea
water intakes

Equipment loss at sea

Seawater
intake in
jellyfish
infested
waters
Pollution

NOx, SOx and VOCs are to be compliant with the requirements of MARPOL.
Only MARPOL approved incinerators may be used and incineration may only take
place according to MARPOL.
Use environmentally friendly substitutes for CFCs where feasible.
As part of the Marine Sightings Programme when large concentrations of jellyfish
are observed, advise the Chief Engineer to maintain watch on seawater intakes
to ensure that surface aggregating jellyfish do not block them.

•
•

Establish hazards database, detailing: item, location, date, and recovery date.
Depending on the size of the loss, advise MWTC (Department of Maritime
Affairs) if it may present a navigation hazard.

Life of mine

Vessels in distress

Safety at sea

•

Adhere to conventional maritime obligations regarding vessels in distress.

Life of mine, during
vessel campaigns

Exclusion zone around
discharge pipeline

Interaction
with co-users

•

Provide the authorities with information indicating the location of the pipeline
and connection buoy.
Provide the fishing industry with information indicating the location of the
pipeline and connection buoy.

Before start of
operations

Discharges to the
atmosphere
Vessel engine cooling
seawater intake

Pollution of the
environment
navigation
hazard
Prevention of
pollution.
Saving lives
Conflict of use

•
•

•
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Life of mine,
duration of dredging
operations
Life of mine

During dredging
when high densities
of jellyfish are
observed
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Activity

Vessel to shore slurry
transfer

Aspect

Impact

Management Requirements
•
•
•
•

Exclusion zone
extent

Safety at sea

Approaching
the
connection
area

Conflict of use

•

Connecting to
the pipeline

Prevention of
pollution.

Pipeline slurry
transfer

Prevention of
pollution.

•
•
•
•
•
•
•
•
•
•

Pipeline
disconnection

Prevention of
pollution.

Pipeline
integrity

Prevention of
pollution.

•

•
•
•
•
•

Indicate the extent of the exclusion zones.
Clearly mark the exclusion zone using buoys.
Ensure the hazard location is listed on navigational charts.
A zone of 500 m radius from the marker buoy is declared as an exclusion zone:
‘no vessel zone.’
Along the pipeline (approximately one kilometre in length) a zone of 100 m wide
is declared as a ‘no fishing zone’.
Ensure that the approach to the connection point and exclusion zone is clear of
marine traffic
Ensure that the exclusion zone area is free of marine traffic.
Verify that sea conditions are acceptable for ship to shore slurry transfer.
Ensure that the support vessel is on station.
Notify all relevant parties of intended slurry transfer.
Deploy anchor.
Receive connection cable from the support vessel, support vessel stand clear.
Activate the connection process, and verify seal.
Pump seawater to flush the line of any residual sediment.
Initiate slurry transfer.
Pump seawater at the end of the transfer to flush the line of any residual slurry
(residual slurry is captured in the holding pond ashore)
De-couple the vessel from the pipeline.
Verify that the pipeline returns to the seabed.
Engage engines and recover the anchor.
Advise the support vessel to return to port.
Verify the integrity of the pipeline – pipeline inspection programme
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Duration

For the life of mine

For each transfer

For each transfer
For each transfer

For each transfer

Regular intervals
according to
inspection
programme
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Activity

Aspect

Impact

Damage to, or
disturbance of
shipwrecks

Archaeological
and historic
sites

Loss of heritage
information

Management Requirements
•
•
•
•
•
•

Stop dredging.
Advise the project manager.
Reinitiate dredging 1000 m from the suspected (identified) wreck location and or
as advised by the project manager.
The project manager is to advise the National Monuments Council as relevant to
the discovery.
Continue operations in that area only under the instruction of the National
Monuments Council.
Retain all correspondence.
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suspected
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8.5

VESSEL: DREDGING OPERATIONS:
Commencement of dredging operations (includes recovery of sediments, fine tailings return, water column and marine fauna, but excludes all general ship
activities, steaming, bunkering, and discharging of hopper contents) – Refer to Section 8.9 for detailed verification and monitoring survey programmes.

Performance Objectives
The management objectives are:
• Through mitigation and monitoring, minimise direct effects of the operation on the marine environment.
• Manage dredging related impacts on the marine environment to avoid compromising future exploitation of renewable marine resources.
• Establish and maintain an information base that will assist in evaluating cumulative impacts.
• Establish recovery rates of marine habitats impacted during the dredging.
• Through communication minimise potential conflict with other marine users.
• Promote information exchange with scientific institutions and I&APs.
• Protect heritage sites (shipwrecks) if encountered.
• Ensure for safety of the operation, by applying all relevant safe vessel operations

Standards of compliance
•
•
•
•
•
•
•
•
•

Minerals (Prospecting and Mining) Act (33 of 1992).
Environmental Management Act (Act 7 of 2007).
Marine Resources Act 27 of 2000
MARPOL.
Petroleum products and energy amendment Act (2000).
Draft Pollution Control and Waste Management Bill.
Merchant Shipping Act 57 of 1951.
Wreck and Salvage Act (2004).
United Nation Convention on Law of the Sea.

•
•
•
•
•
•
•
•
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The London Convention.
Convention of Biological Diversity.
Territorial Sea and Exclusive Economic Zone of Namibia Act, No. 3 of 1990.
Namibian Ports Authority Act 2 of 1994.
Marine Traffic Act, No. 2 of 1981 as amended by the Marine traffic Amendment
Act 15 of 1991.
Prevention and Combating of Pollution of the Sea by Oil Act No 6 of 1981 (as
amended by Act 24 of 1991).
Dumping at Sea Control Act 73 of 1980.
Environmental Statement Policy
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Activity
Dredging of the deposit

Aspect
Biodiversity

Impact
Destruction
of Sediment
profile

Removal of
sediments,
destruction
of benthos
and
disturbance
to the
environment

Management Requirement

Duration

For each target area, conduct geophysical survey prior to dredging and post dredging, to
determine / provide information on:
• Area and volume (thickness) of sediment removed versus predicted;
• Residual volume (thickness) of sediment covering the footwall;
• Morphological character of the seafloor;
• Seabed areas within the dredged target area that are undisturbed by the dredging
process;
• Readjust frequency and scope of further post dredging geophysical surveys if
required as a function of interpreted information against the primary objectives of
the survey;
• Integrate output information into adjustments for the next period of dredging; and
• Retain data and interpretations to a GIS system.
• Through geophysical techniques record the morphological characteristics of a
completed dredge zone;
• Integrate output information into subsequent recovery surveys; and
• Retain data and interpretations to an environmental GIS system.

Before the start
of dredging & 35 yrs after
dredging is
completed &
thereafter at
redefined
intervals

For each of the target areas prior to dredging being undertaken the following initial
sample / data collection and or verification assessments are required:
• Collection of representative macro faunal assemblages
• Collection of meiofaunal samples
• Collection of sediment for the evaluation of grain size, organics, dissolved nutrients &
H2S. (surficial and internal samples)
• Distribution of bacterial mats
• Integrate output information into adjustments of the planned recovery surveys;
• Revise EIA assumptions in context accordingly, and
• Retain data and interpretations to an environmental GIS system
• Fisheries swept area type survey
• Fisheries acoustic survey
• Marine mammal, seabird & other marine fauna observations

Pre dredging
verification
assessment:
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During dredging
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Activity

Aspect

Dredging of the deposit

Discharge of
‘lean’ water
overboard:
Turbidity
plumes

Impact

Management Requirement

Duration

Recovery of
benthos and
environment

Dependent on the verification assessment, conduct for the target dredge areas:
• Collection of representative macro faunal assemblage
• Collection of meiofaunal samples
• Sediment collection for grain size, organics, dissolved nutrients, trace metals & H2S.
(surficial and internal samples)
• Disturbance, distribution, recovery of bacterial mats
• Identify areas of actual and potential high sedimentation (inhibiting benthos
recovery via smothering or particulate organic matter build up and possible anoxia)
• Determine benthos recovery / re-colonisation rates
• Revise future recovery monitoring programmes in context of the EIA accordingly, and
• Retain data and interpretations to an environmental GIS system
• Fisheries swept area type survey
• Fisheries acoustic survey
• Marine mammal, seabird & other marine fauna observations

Post dredging, in
year 3, 5 and
thereafter at
redefined
intervals

Water
column
quality

For each of the target areas prior to dredging being undertaken the following initial
sample / data collection and or verification assessments are required:
• Collection of seabed sediment for the evaluation of grain size, organics, dissolved
nutrients, trace metals & H2S. (surficial and internal samples)
• Integrate the biogeochemical output information into the assumptions and
determination of the EIA;
• Integrate the biogeochemical output information into adjustments of the planned inplume verification surveys;
• Revise EIA assumptions in context accordingly, and
• Retain data and interpretations to an environmental GIS system
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year 5 and
thereafter by
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Pre dredging
verification
assessments:
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Activity

Aspect

Impact

Management Requirement
For each target area undertake in-plume verification surveys designed to:
•

Dredging of the deposit

Verify plume behaviour, distribution and impacts determined from EIA, (as revised
from site specific collected information);
• Integrate in-plume survey output information and determine the need for further /
frequency of in-plume evaluation assessments;
• Based on output recommend the plan for the next in-plume survey(s); and
• Revise EIA assumptions in context accordingly, and
• Retain data and interpretations to an environmental GIS system
If in-plume verification surveys indicate that plume impacts are more severe than
predicted from the EIA, then real time controls on e.g. exceedances of turbidity, dissolved
oxygen, H2S thresholds etc., should be established to manage the dredging phase.
•
•
•
•
•

Revise EIA and management criteria;
Conduct appropriate in-plume monitoring;
Based on output recommend the plan for the next in-plume survey(s); and
Revise EIA assumptions in context accordingly, and
Retain data and interpretations to an environmental GIS system
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Duration
During target
area dredging:
Year 1 & 2. Pre
dredging
verification
assessments:

As may be
required, during
dredging in
following years
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8.6

SUPPORT VESSEL
Includes all support activities to the dredging vessel (operations alongside), and matters related to the coupling of the sinker line to the dredger
(operations in the pipe coupling area) and operations in the port control area, but excludes all general ship activities, as these are described in section 8.4
above.

Performance Objectives
The management objectives are to:
• Ensure for the safe operation of the support vessel.
• Minimise disruption to all other users of the sea by respecting the right of passage.
• Maintaining open communications with other marine users.
• Ensure emergency contingency plans are in place.

Standards of compliance
•
•
•
•
•
•
•
•
•

4

Minerals (Prospecting and Mining) Act (33 of 1992).
4
MARPOL .
Merchant Shipping Act 57 of 1951.
Wreck and Salvage Act (2004).
Territorial Sea and Exclusive Economic Zone of Namibia Act, No. 3 of 1990.
Marine Resources Act 27 of 2000.
Namibian Ports Authority Act 2 of 1994.
Marine Traffic Act, No. 2 of 1981 as amended by the Marine traffic Amendment
Act 15 of 1991.
Prevention and Combating of Pollution of the Sea by Oil Act No 6 of 1981 (as
amended by Act 24 of 1991).

•
•
•
•
•
•
•
•

The relevant sections of MARPOL are reproduced in the appendix 2h
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Contractor approved waste management plan.
Contractor approved emergency response plan.
Contractor approved bunkering plan
Contractor approved project environmental management plan.
Contractor approved SOPEP plan.
Dredging contractor vessel safety management system.
Environmental Policy – Namibian Marine Phosphate.
Safety, Health, Environmental & Quality Policy – Contractor
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Activity

Aspect

Impact

General operations
alongside the dredger,
e.g. victualling, crew
transfers, etc.

Approaching
the dredger

Safety of
operation –
incident /
pollution
prevention

Transfer of
materials
Transfer of
personnel

Operations at the pipeline
coupling area

Approaching
the
connection
area
Retrieving
the sinker
line leader
cable
Monitor
slurry
transfer
Pipeline

Safety of
operation –
incident /
pollution
prevention

Management Requirement
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•

Duration

Ensure that the approach to the dredger is clear of marine traffic.
Verify that sea conditions are acceptable for ship-to-ship goods (including personnel)
transfer.
Ensure open communications are established with the dredging vessel.

Life of mine –
per transfer.

Secure all materials before transfer and confirm all is safe.
Deck duty officers to mutually approve materials transfers, initiate transfer.
Ensure open communications are established with the dredging vessel.
Verify that the man transfer mechanism is fully functional and approved.
Initiate final briefing of parties to be transferred.
Deck duty officers to mutually approve personnel transfer, initiate transfer.
Ensure open communications are established with the dredging vessel.
Ensure that all personnel are equipped with appropriate personal protective gear.
Verify that sea conditions are acceptable for ship to shore slurry transfer.
Ensure that the approach to the connection point and exclusion zone is clear of
marine traffic
Ensure that the exclusion zone area is free of marine traffic.
Ensure open communications are established with the dredging vessel.
Approach the sinker line marker buoy.
Deploy mechanism to retrieve the sinker line leader cable.
Retrieve sinker line leader cable.
Transfer the sinker line leader cable to the dredger.
Stand clear.
Ensure open communications are established with the dredging vessel.
Observe sea surface for sediment plumes that may indicated pipeline leaks or failure.
Advise dredging Master of any questionable observations.
Monitor the transfer zone and surrounding area for other vessel activity.
Ensure open communications are established with the dredging vessel.
Assist as is necessary in the decoupling of the sinker line from the dredger.

Life of mine –
per transfer.
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Life of mine –
per transfer.

For each
transfer

For each
transfer

For each
transfer
For each

Chapter 8: Environmental Management Plan

Activity

Aspect

Impact

disconnection

Operations in the port
control area

Pipeline
integrity

Pollution
prevention

Taking
bunkers

Pollution
prevention

Victualling
Waste
management
Vessel at standby status

Emergency
assistance

Safety of
operation –
incident /
pollution
prevention

Management Requirement
•
•
•
•

Verify that the pipeline returns to the seabed.
Ensure that the sinker line marker buoy is secure and in working order.
Await instructions from the dredge vessel, return to port.
Verify the integrity of the pipeline – pipeline inspection programme

•
•
•
•
•
•
•
•
•
•
•

Compliance with the NamPort requirements for the taking of bunkers.
Compliance with the requirements of MWTC for the taking of bunkers.
Initiate bunker transfer in compliance with ‘standards of transfer.’
Standby of emergency protocol.
Use of local resources and service providers.
Verification of safe staking area on quayside.
Immediately transfer goods from the quayside to the vessel.
Compliance to the NamPort requirements for quayside waste transfers.
Ensure at all times that wastes are contained and do not spill, leak or blow away.
Retain waste transfer / disposal log
At all times the support vessel is to be on standby to provide whatever assistance
may be required.
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Duration
transfer
Regular intervals
according to
inspection
programme
For each
transfer
For each
transfer
For each
transfer
Life of mine
– 24 / 7.
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8.7

SOCIO-ECONOMICS

Performance Objectives
•
•
•
•

Establish a balance between economic, social and environmental responsibilities.
Provide training and development opportunities.
Provide services supply opportunities for local business.
Consult with the business community.

Standard of compliance
•
•
•

Minerals (Prospecting and Mining) Act (33 of 1992).
Minerals Agreement (1995).
Labour Act (1992)
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Activity

Aspect

Impact

Communication

Managing
perceptions

Conflict

Management Requirement
•
•
•
•

Life of mine

•
•
•

Develop I&AP relationships by maintaining communication on relevant issues.
Retain records of all I&APs communications.
Participate with relevant established community stakeholder forums.
Ensure regular feedback to the Company Steering Committee on environmental
performance.
Publicise and make available information on the environmental monitoring
programmes and environmental performance.
Participate in the development of the marine SEA.
Supply data and reports to the information custodians of the SEA
Pay all applicable taxes and royalties to the Government as required.

•
•
•
•
•

Use local suppliers of goods and services where economically practicable.
Invite local service providers to the tendering process.
Pay all relevant harbour fees.
Use Walvis Bay harbour infrastructure and services where possible.
Prioritise employment options to suitably qualified and skilled local citizens.

Life of mine

•
•

Provide employees with development and skills training.
Provide environmental awareness programmes.

Life of mine

•

Where relevant, assist research and education to contribute to the general and
specific understanding of environmental issues and management practices related to
phosphate mining.
Where relevant supply monitoring data to the marine science and fisheries
communities

Life of mine

•

Dredging

Economy

Services
Harbours
Recruitment
Skills Transfer
Research, education and
community projects

Social
wellbeing
Knowledge
transfer
Cooperative
participation

Namibian
economy
Local
economy
Financial
contribution
Erongo
region
Training
Improved
knowledge
and
awareness

Duration

•
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8.8

MONITORING PLAN

Activity

Criteria

Frequency

Dredging Operations

Shipwrecks

•
•

Fisheries swept area type survey
Fisheries acoustic survey
Marine mammal, seabird & other marine fauna observations
Monitor the effectiveness of implementation of cooperation agreement.
Sampling of overspill water for particulates.
Photographs of the plume.
Monitoring organics, dissolved nutrients, trace metals & H2S.
Record wind speed, direction, general ocean / climatic conditions
Conduct a pre-dredging geophysical and benthic macrofaunal (include
meiofaunal collection) survey to record seabed topography and types of
marine life present.
Monitor the affected area using geophysical and/or benthic sampling
techniques to assess recovery / re colonisation and residual sediment
distribution
Record the number of mammals, species of birds and jellyfish aggregations
and sighted.
Record the date, time and location.
Advise the authorities.

Hydrogen sulphide

•

On-board air quality monitoring.

During dredging

Fish – Mammals – Seabirds
Fish (Monk fishery)
Discharge of ‘lean’ water overboard:
Turbidity plumes

Excavation of dredged seabed /
Destruction benthic fauna

Marine fauna sightings

•
•
•
•
•
•
•
•
•
•
•

Pre dredging verification survey
Annual monitoring survey
Per event / annually
Once off verification survey for target
dredging area.

Pre dredging verification survey.
Post-dredging, year 3 - 5. Re-evaluate the
survey frequency thereafter

Daily.
Per event

Transport and transfer of dredge sediments
Other vessels in the area

•
•

Record sightings / interactions with other vessels.
Maintain a communications register.

Per event

Discharge of dredged sediments

•

Retain records of the volumes of sediments discharged to shore.

Per event
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Activity

Criteria

Frequency

Wastes

•

Retain Garbage Record Book for all discharges of wastes and incinerations.

Per event

Hazardous substances

•

Retain records of quantities used and disposed.

Monthly

Leaks and spills

•

Retain records of all spills and remedial actions

Per event

Hydrocarbon consumption

•

Retain records of oil and fuel consumption.

Monthly

Water consumption

•

Retain records of quantities of fresh water used and the sources of supply.

Monthly

Lost equipment

•

Record the item, location, date time, and recovery status

Per event

Waste Management
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8.9

VERIFICATION AND MONITORING.

8.9.1

Verification: Sediment Properties in Main Areas.

MARINE ENVIRONMENTAL MONITORING SURVEY
SEDIMENT PROPERTIES IN MINE AREAS
Prepared by : Dr. R Carter of Lwandle Technologies (Pty) Ltd

8.9.1.1

Need for monitoring surveys

The conclusions and predictions of the environmental effects of dredging marine pelletal
phosphate resources on the Namibian continental shelf are primarily based on the sediment
properties in the dredging areas. We consider that the information on this is robust as it is drawn
from the seminal work conducted by Bremner (1978), direct surveys of sediment properties
across one of the mine areas by Rogers (2008) and because it is consistent with adduced
distributions of turbulent energy across the shelf which control sediment texture distributions. All
of this indicates that the sediments in the dredging areas are predominantly muddy sand.
Hydrogen sulphide, methane and other chemical flux rate measurements conducted by, inter
alia, Namibian and South African marine scientists indicate that these are low as sedimenting
pelagically produced particulate organic matter (POM) does not accumulate on these sediments.
Further, the phosphate deposit is considered to be derived from estuarine deposition in the
Miocene (5-20 million years ago) so any organic material incorporated in the ore body would be
extremely refractory. This implies that the only sources of sulphur would be pyrites which have
low dissolution rates.
On the basis of the above the water quality and associated environmental risks associated with
the dredging process, dredging, were considered to be predominantly physical as opposed to
biogeochemical. Consequently the conclusions on sediment textures in the mine area are of
pivotal importance in the environmental assessment.
It is clear from comments received from interested parties in Namibia especially that this is a
contentious issue as, although no data or analyses (peer reviewed or not) are presented in
support of alternative views, there is a persistent concern that sulphidic sediments will be
exposed during dredging with important consequences for water quality.
In our view the only practical response to this is to conduct a sediment property verification
survey, which should cover the identified dredging areas, prior to the commencement of any
dredging operations.
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8.9.1.2

8.9.1.2.1

Proposed Verification Survey

PURPOSE

The purpose of the survey is to gather primary data on sediment properties and characteristics in
the mine areas. These data are to be used as verification of the sediment texture, associated
hydrogen sulphide fluxes and trace metal distributions that underpin water quality risk
assessments in the EIA. Clearly if the proposed survey contradicts the conclusions on sediment
properties in the water quality assessment then the inferred associated impacts will require reassessment.
8.9.1.2.2

SURVEY AREA

The survey area is defined as the three specified dredge areas (SP-1, SP-2 and SP-3). A grid of
sampling sites is to be placed across each of the mine areas such that the broad distributions of
sediment properties in each of them can be determined. Figure 8.1 (a - c) shows the provisional
sampling station layout.

Figure 8.1/…

Final Report
Namibian Marine Phosphate (Pty) Ltd.
Page 8-27

Chapter 8: Environmental Management Plan

Figure 8.1 (a): Provisional verification sampling sites in Mine Area SP-1. Note that the sites are coloured
green; additional sampling sites for the companion benthos monitoring programme are shown in yellow
(impact) and blue (reference).
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Figure 8.1 (b):

Provisional verification sampling sites in Mine Area SP-2. Note that the sites are coloured
green.
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Figure 8.1 (c):

Provisional verification sampling sites in Mine Area SP-3.
Note that the sites are coloured green.
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8.9.1.2.3

SURVEY METHODS

Survey vessel and equipment

The survey will need to be undertaken from a vessel that allows safe deployment, recovery and
working on surficial sediment grab samples (0.25 m2 Day Grab) and gravity cores. In addition it
should have winch and laboratory space for operating multi-parameter CTD equipment as well as
non-food refrigeration and freezer space. The standard safe navigation, communication and
associated equipment is mandatory as is crew experienced in winch and crane/davit/A frame
operation.
Sediment sampling and analyses

At each sampling site shown in Figure 8.1 (a - c) a Day Grab sample will be recovered. At
approximately 12 of the sites sediment cores will be recovered with the gravity corer. The
following sampling and analyses will be conducted:
•

Day Grab
o ~500 ml surficial sediment for sediment particle size and texture analyses
(Geoscience Laboratory, Cape Town). This will include > and <63 µm fraction.
o ~250 ml surficial sediment for particulate organic carbon and (total) nitrogen
analyses ((CSIR Analytical Laboratory, Stellenbosch).
o ~250 ml surficial sediment for trace metal analyses (CSIR Analytical Laboratory,
Stellenbosch). Samples will be taken at all sites but a subset of these will be
processed (~15); and
o Core samples for benthos macrofauna analyses (see companion benthos verification
survey).

•

Gravity Core
o Sub-sections of the core down the length of the sampled sediment for sediment
texture, particle size and organic carbon and nitrogen analyses as above, and
o Direct determinations of (hydrogen) sulphide concentrations and redox potential
down the length of the sampled sediment (in situ probe measurements.

Water Column

Water column profiling will be undertaken with a multi-parameter CTD operating in internal
logging mode. Water column features are temporally and spatially variable in the mine area and
the intention of the profiling is to obtain representative data rather than firm statistical
descriptions of the measured variables. The variables to be measured will include:
• Conductivity/temperature
• Dissolved oxygen (Ringco fluorescence sensor)
• pH
• Turbidity (OBS), and
• Chlorophyll fluorescence.
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8.9.2

Verification: Dredge Sediment Plume Behaviour and Water Quality Effects

MARINE ENVIRONMENTAL MONITORING SURVEYS
DREDGE SEDIMENT PLUME BEHAVIOUR & WATER QUALITY EFFECTS
Conceptual Design
Prepared by : Dr. R Carter of Lwandle Technologies (Pty) Ltd

8.9.2.1

Need for monitoring surveys

By definition dredging disturbs the seabed and resuspends sediments, the latter at the dredge
head and through overspill of from dredger hopper. Both plumes modify seawater quality
through increased total suspended sediment (TSS) concentrations but also through possible
reductions in dissolved oxygen concentrations, diminished pH levels, elevated dissolved trace
metal concentrations etc. The impacts associated with these were evaluated in the EIA specialist
study on water quality where it was concluded that the respective impact significance levels
would be low. This is predicated on information on seabed sediment properties (texture, particle
size, probable organic loads) and dredging rates and dredger behaviour. The former is to be
verified in a pre-dredging survey into sediment properties (surficial and through the upper metres
of the deposit), the latter can only be constrained when dredging commences. Therefore the
predicted impact levels can only be confirmed at this project phase.
Dredger plume behaviour and plume intensity (TSS and dissolved oxygen etc. concentrations) are
contentious issues in dredging in general and are particularly so in the context of dredging middle
continental shelf sediments off Namibia due to the biogeochemistry of the seafloor sediments
and possible conflicts with other ecosystem services. Consequently measurements of actual
plume properties in the early stages of dredging are advisable both in confirming predictions
made in the EIA phase and/or for instituting real time or other controls on dredging such that the
environmental risks are constrained. Examples of the latter can be surveys of, e.g., TSS
distributions against water quality thresholds, monitoring TSS or oxygen concentrations at fixed
points in the dredging area in real time and instituting controls when thresholds are
compromised etc.
8.9.2.2

8.9.2.2.1

Conceptual Monitoring Design

MONITORING OBJECTIVE

The monitoring objective is to determine the extent of, primarily, turbidity plumes generated by
dredging of phosphate deposits, the concentration gradients of suspended sediments, dissolved
oxygen and pH in the plumes in comparison with adjacent unaffected seawater, together with
plume decay rates over space and time. These data are to be used to refine the impact
predictions made in the EIA and to determine the requirement for real time dredger plume
monitoring and control.
Final Report
Namibian Marine Phosphate (Pty) Ltd.
Page 8-32

Chapter 8: Environmental Management Plan

8.9.2.2.2

MONITORING SURVEY APPROACH

The monitoring should combine short term fixed moorings comprising upward looking ADCPs
(acoustic doppler current profiler) (currents and ADCP beam intensity as proxy for TSS
concentrations through the water column), moored optical backscatter (OBS) and dissolved
oxygen (Rinko) sensors for continuous recording of turbidity and dissolved oxygen at specific
depths within the water column, water column profiling with a multi parameter CTD
(CTD+DO+pH+Chla+OBS) and water sampling for dissolved trace metals and calibration samples
for DO, pH and OBS (and ADCP) probes. The instrumentation moorings should be located
immediately adjacent (within ~1 km) of the 4 km long dredge panel being mined during the
period of the survey, one mooring to the S, one N and one E. CTD profiling should be conducted
intensely across the dredger track with multiple transects across a fixed point at ~30 minute
intervals to determine the temporal decay rates of dredger plumes. In addition the entire dredge
panel should be surveyed on a grid of stations to determine the spatial dynamics of the plumes.
The two CTD surveys patterns are to be conducted sequentially. Finally, far field profiling and
water sampling will need to be conducted to define the reference conditions for each survey day.
8.9.2.2.3

SURVEY AREA (SCHEMATIC)

The survey area is defined as the dredge panel being mined at the time of the survey. This will be
in the SP-1 target mine area. According to details in the EIA the spatial extent of the dredging in
year one will be 4 km long by 200 m wide, in year two, 400 m wide and in year three and
thereafter 600 m wide. This gives rise to the provisional mooring and measurement grids shown
in Figure 8.2. Note that these are ‘generic’ and can be applied to whichever dredge panel is the
focus of dredging at the time of survey. The main constraint is that dredging should not shift
between panels during surveys as this would interrupt the time series measurements being made
at the moored instrumentation sites.
8.9.2.2.4

SURVEY PERIODS

Survey periods should be 5 days of measurements indicating overall cruise periods of 8-10 days to
allow for instrumentation deployments and recoveries.
8.9.2.2.5

SURVEY PLATFORM

The survey ship should be sufficiently equipped for the safe deployment and recovery of
sophisticated oceanographic instrumentation yet be sufficiently manoeuvrable to operate closely
behind an operating dredger. It will need to be equipped with light winches for handling CTD
deployments and have laboratory working space for water sample processing (filtration,
titrations, etc.)
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Figure 8.2: Schematic showing the provisional plume monitoring measurement sites for a dredge panel in
Mine Area SP-1. It is expected that dredger tracks will be north/south. If sea conditions dictate otherwise the
measurement locations will be relocated as needed
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8.9.3

Verification Survey and Baseline for Benthic Macrofauna

BASELINE VERIFICATION SURVEY AND A LONG-TERM BENTHIC MACROFAUNA
MONITORING SURVEY FOR A PROPOSED DEVELOPMENT OF PHOSPHATE
DEPOSITS IN THE PHOSPHATE LICENCE AREA ML170
Prepared by: Dr. Nina Steffani
Steffani Marine Environmental Consultant

Proposal for a Baseline Verification Survey and a Long-term Benthic Macrofauna Monitoring Survey
for a Proposed Development of Phosphate Deposits in the Phosphate Licence Area ML170 off the
Coast of Central Namibia

8.9.3.1

Introduction and Scope

Namibian Marine Phosphate (Pty) Ltd (NMP) has been awarded a 20-year mining licence
(ML170), which is located on the Namibian continental shelf offshore Conception Bay in water
depths ranging from 180 to 300 m covering a total area of 2233 km2. Within the mineralized
resource zones of the licence area, also named Sandpiper licence area, three target areas have
been identified, i.e. Sandpiper-1 (SP-1), 2 (SP-2), and 3 (SP-3). SP-1 is in the north of ML170 in
water depth from 190-235 m, SP-2 is in the centre in depth 245-285 m and SP-3 is in the south at
235-270 m depth. Both SP-1 and SP-2 target areas are 22 km long x 8 km wide, while SP-3 is
11 km long x 6 km wide. NMP is proposing to dredge the uppermost 1-2.5 m (possibly up to 3 m)
of the seafloor in these target areas to recover phosphate rich material for use as fertilizer.
With respect to this proposed project, it is necessary to conduct an Environmental Impact
Assessment (EIA) and compile an Environmental Management Plan (EMP). An earlier scoping
process had identified key environmental issues, which were addressed in a series of Marine
Specialist Studies including a report on benthic fauna. First drafts of the EIA and the Specialist
Studies were published for comments in January 2012, due to be finalised by end of March 2012.
With the exception of a benthic macrofauna and sediment property survey derived from 20
stations in SP-1, information on the physical and biological environment specific to the ML170 is
very sparse. Most of the impact assessments discussed in the Benthic Specialist Study are thus
based on assumptions that are arrived from publicly available data from areas outside the
Sandpiper licence area. The assumptions drawn from these data are deemed robust, but
nonetheless it is recommended that an initial ‘verification’ survey to confirm these. An important
aspect of this verification survey is the sampling of the macrofauna communities in all three
dredging target areas. Continuing from this initial verification survey, the severity of the removal
and destruction of benthic communities by the dredging process and the subsequent recovery
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(functional recovery) process need to be ascertained. A post-dredging benthic monitoring
programme thus needs to be established.
NMP has requested Steffani Marine Environmental Consultant to prepare a proposal pertaining
to a macrofauna verification survey and a subsequent monitoring survey, both of which are
outlined in this proposal. This proposal is part of a series of verification surveys that are
described in separate proposals. These surveys have to be seen in a combined context as they
complement each other and will be undertaken at the same time.
8.9.3.2

Benthic Habitat

Dredging for offshore marine phosphate deposits is destructive by nature and thus inevitably
affects the benthic communities of the receiving environment. The sea bed disturbed by the
dredging activity is home to many communities, living on (epifauna) or in (infauna) the superficial
sediments of the sea floor, with the greatest abundance to a depth of ~20 cm. The fauna is
typically divided by size into megafauna (>10 cm), macrofauna (large enough to be retained on a
1-mm sieve, while some researchers also use a 500-micron sieve), meiofauna (0.1-1 mm) and
microfauna (<0.1 mm). The macrofauna usually constitute the dominant biomass or organisms
within marine sediments and typical taxa include polychaete annelids, smaller crustaceans (e.g.
amphipods, isopods, shrimps, crabs), and molluscs (gastropods and bivalves) besides many other
phyla. Megafauna include large crustaceans, molluscs, and echinoderms, and are often
associated with the surface of the sea floor. The meiofauna is dominated by the large and diverse
groups of nematodes and harpacticoid copepods, while microfauna include bacteria and protists.
Macrofauna and other benthic fauna are a major food source for fish and other benthic
predators, and play important roles in ecosystem processes such as nutrient cycling, pollutant
metabolism, and dispersion and burial of organic matter.
The northern and central Benguela regions are characterised by the occurrence of natural shelf
hypoxia, which is referred to as Oxygen Minimum Zone (OMZ) (Monteiro et al. 2011). OMZs have
dissolved oxygen concentrations of ≤0.5ml/ℓ and typically impinge upon the continental margins
of upwelling regions. Off Namibia, this layer extends between at least 18°S and 28°S and up to
60 km from the shore. The hypoxic conditions depict seasonal variation, locally shifting to anoxic
conditions in late summer-autumn (Monteiro et al. 2008). A further significant feature of the
central Namibian middle shelf is an extensive mud belt comprising organically rich diatomaceous
oozes originating from planktonic detritus from the high productivity in the upwelled waters. The
diatomaceous mud belt with a thickness of up to 14 m extends over 700 km in an N-S direction
and 100 km in an E-W direction. Depending on the local bathymetry and dynamic current
intensity, the landward flank of the mud belt is found at 15-104 m water depth, and the seaward
flank from 45-151 m (Bremner 1983). The mud belt is characterised by often anoxic bottom
water conditions and high H2S fluxes, occasionally resulting in H2S eruptions with devastating
effects on the local fauna . These natural events can spread over 20 000 km2 (Weeks et al. 2004).
The Sandpiper Mining Licence Area lies offshore from the mud belt at the fringe of the central
Namibian OMZ and is thus affected by variable dissolved oxygen conditions with bottom-water
oxygen concentrations probably below 0.5 ml/ℓ, but it is likely to be less affected by high H2S
concentrations in the surficial sediments or near-bottom waters, or severe anoxic conditions.
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Despite oxygen depletion, benthic assemblages can thrive in OMZs as many organisms have
developed highly efficient ways to extract oxygen from oxygen-depleted water (e.g. small bodies,
enhanced respiratory surface area, blood pigments, and specialised enzymes) (Levin 2003).
Within OMZs, foraminiferans, meiofauna, and macrofauna typically exhibit high dominance and
relatively low species richness (Levin 2003). In contrast to meiofauna, macrofauna and
megafauna often have depressed densities and low diversity in the cores of OMZs, where the
oxygen concentration is lowest, but they can form dense aggregations at the OMZ edges (Levin
2003, Levin et al. 2009).
Very little is known about the Namibian OMZ benthic infauna (see Arntz et al. 2006, Zettler et al.
2009). In May 2010, a macrofauna baseline survey was conducted by NMP in SP-1 as this is the
initial priority area for proposed dredging operations (Steffani 2010a). Overall species richness of
the benthic macrofauna assemblages was relatively low and strongly dominated by polychaetes
(64% of species), followed by crustaceans, and molluscs. Most species found in the study area
have a larger geographical distribution and/or have been recorded elsewhere from the Namibian
and/or South African west coast (e.g. Savage et al. 2001, Steffani 2007, 2009, 2010b, Steffani &
Pulfrich 2004, 2007, Zettler et al. 2009). The most abundant species was the polychaete
Paraprionospio pinnata (44% of overall abundance), which is a low-oxygen indicator species
prevalent in OMZs worldwide. Generally, the benthic community composition in terms of species
diversity and phyla dominance is in agreement with studies from other OMZs around the world
(e.g. Gutierrez et al. 2000, Levin et al. 2000, Gallardo et al. 2004, Gooday et al. 2009, Levin et al.
2009).
In contrast to the core of OMZs where macrofauna density is often reduced, macrofauna has
been found to increase at the edges of OMZs dominating the benthic fauna (e.g. Mullins et al.
1985, Gooday et al. 2009, Levin et al. 2009). Levin et al. (2009), for example, reported dramatic
changes in macrofaunal dominance from the core of the OMZ at the Pakistan margin to the lower
boundary and documented the existence of dissolved oxygen thresholds for macrofauna
between 0.1 and 0.2 ml/ℓ. Below such thresholds, most taxa are excluded through physiological
intolerance to hypoxia, while above them selected taxa are able to take advantage of an
abundant food supply. The availability of both oxygen and organic carbon seem to determine the
richness of macrofaunal species in OMZs until the oxygen content rises to about 0.45 ml/ℓ; above
that level oxygen is much less important (Levin & Gage 1998). It has been further hypothesized
that under conditions of permanent hypoxia, small-bodied animals, with greater surface area for
O2 adsorption, should be more prevalent than large-bodied taxa (Levin 2003). However, body
sizes were found not to be smaller within the lower OMZs of the Oman (Levin et al. 2000) and
Pakistan margins (Levin et al. 2009), and it was suggested that the abundant food supply in the
lower or edge OMZs promotes larger macrofaunal body size. Zettler and co-workers (2009), who
studied the macrofauna community in the OMZ off northern Namibia (offshore the Kunene River
mouth, which is at the northern fringe of the OMZ), reported a far lower species diversity in the
hypoxic zone than compared to oxygenated nearshore areas, but the high dominance of molluscs
(not typically found in core OMZs) led them to suggest that the community is probably rather
representative of the fringes of the upwelling cells of the northern Benguela than of the centre
where severe anoxia and high hydrogen sulphide concentrations occur. Molluscs also
contributed a relatively significant proportion to the fauna in the SP-1 target area and as the
Sandpiper licence area is situated at the southern fringe of the OMZ, a similar scenario is likely to
apply, suggesting that the macrofauna is playing a significant role in the benthos of the target
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areas. Similarly, in an early study by Sanders (1968) of the benthos in the Namibian OMZ, a
reduction in macrofauna species diversity has been observed in the core, whereas higher
abundances and biomasses have been recorded from the edge of the OMZ.
8.9.3.3

Objectives and Key Questions

As part of their Environmental Management Programme for the Sandpiper licence area, NMP has
committed to undertaking a benthic macrofauna verification survey to collect information on
general macrofauna distribution patterns in the three target areas. This will also aid in verifying
some of the assumptions on which the assessment of impacts was based. This initial survey will
be followed by a macrofauna monitoring programme, whose principal objective is to study the
rate of recovery of disturbed macrofaunal communities once the dredging activity has ceased in a
particular dredge block. Recovery has been shown to be both spatially and temporally variable,
and to confidently measure the ecological recovery rate of mined areas, it is therefore necessary
to develop a benthic monitoring plan that is not only appropriate in the medium-term (~5 years),
but has the flexibility and potential to be extended into the long-term.
The key objectives for the verification survey are:
• Establish a data set on general macrofauna distribution patterns in all three target areas;
• Relate the distribution patterns to environmental factors such as water depth, sediment
texture, near-bottom oxygen concentrations, organic carbon content, and H2S
concentrations; and
• Investigate the relative importance of the smaller macrofauna size fractions.
The key questions for the monitoring programme are the following:
• What is the rate of recovery of the physical environment e.g. in-filling of mined-out areas
with unconsolidated sediments?
• What is the process of the recovery of the benthic macrofauna?
• How long after the disturbance does it take for the benthic community to recover to at
least an ecologically functional community?
• How does the physical environment (e.g. sediment particle size, organic matter, dissolved
oxygen) influence the recovery rate?
8.9.3.4

8.9.3.4.1

Survey Method and Design

GENERAL SAMPLING PROCEDURE

Sampling for macrofauna will involve the use of a Day grab or box corer. Both sampling tools are
capable of retrieving a sediment sample with an undisturbed surface. The Day grab has the
advantage that it can be handled from a smaller surveying vessel. Once retrieved, macrofauna
samples will be taken from the larger grab with subcorers with an inside diameter of 9.6 cm x 30
cm length (72.4 cm2). It is proposed to take one to two subcorers per grab. The sample volume
collected with this method is in agreement with other studies conducted in OMZs (e.g. Gallardo
et al. 2004, Gooday et al. 2009, Levin et al. 2000, but see Zettler et al. 2009). From the same
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bottom dissolved oxygen concentrations will be measured with a CTD and H2S concentrations in
the pore water analysed for a selected number of grabs, and in addition in a number of gravity
cores down to depth. These measurements are described in the proposal for the sediment
properties verification survey (Lwandle 2012).
The original macrofauna baseline survey in SP-1 used a 1-mm sieve to separate the macrofauna
from the sediment as this is the traditional standard mesh size used in macrofauna surveys
(Rumohr 2009). Studies on macrofaunal abundance in OMZs, however, often use smaller sieve
sizes in anticipation that many macrofauna species will be generally smaller (e.g. Gallardo et al.
2004, Gooday et al. 2009, Levin et al. 2009). Sieve sizes used in OMZ studies vary between 0.3
mm (e.g. Gallardo et al. 2004, Gooday et al. 2009, Levin et al. 2000, 2009), 0.5 mm (e.g. Sahling et
al. 2002, Gutiérrez et al. 2000, Palma et al. 2005), and 1 mm (e.g. Rosenberg et al. 1983, Zettler et
al. 2009, see also Levin & Gage 1997 for references on studies using sieve sizes ranging from 0.3
to 1.0 mm). For example, the only recently published study on the Namibian OMZ macrofauna
(northern Namibia), has used a 0.1m2 van Veen grab and a sieve size of 1 mm (Zettler et al. 2009),
similar to the Sandpiper benthic baseline study. To determine the relative importance of the
various size fractions, it is proposed to sieve the samples on-board through a 0.3-mm sieve. In
the laboratory sorting procedure, the 0.3 - 0.5 mm, 0.5 - <1 mm, and the >1 mm size fractions will
be separated for a number of samples with a nested sieve design and analysed separately to
indicate the right mesh size for the long-term monitoring study and also permit comparison to
the baseline study. Sieving of the samples will be conducted with an automated Wilson
autosiever that gently keeps the material in the sieve in motion by flotation with water from
below instead of spraying with water from above. This will reduce damage to fragile organisms.
As found during the benthic baseline survey and substantiated by the extensive geological
mapping by NMP, it can be expected that the surficial sediment layers (top >30 cm) will contain
significant amounts of large broken shell pieces. This not only will drastically increase the amount
of material retained on the 0.3 mm screen and thus the sieving time, but may also damage the
organisms. It is thus proposed to use a 3 mm or 5 mm screen to separate this shelly layer from
the actual macrofauna sample. Careful visual inspection of the material retained on the larger
screen will ensure that any larger organisms retained are transferred to the macrofauna sample.
The sieved sample will be stored in 10% buffered formalin.
In the laboratory, macrofauna samples will be re-sieved through a 0.3-mm sieve and sorted under
a stereo binocular microscope at 10-25 x magnification. If needed, the sample may be stained
with Rose Bengal to aid in the sorting. Specimens will be identified to the lowest taxon possible
and counted. Wet biomass will be estimated by blot-drying the specimens on absorbent tissue
for a standard period of time and weights recorded per species per sample using an analytical
balance. Taxa retained on the 0.3 mm screen that traditionally are considered to be meiofauna
(e.g. nematodes, copepods, ostracods and foraminifera) will not be included in counts, biomass
measurements or subsequent analyses. This is in line with other studies on OMZ macrofauna
(e.g. Levin et al. 2000, Gallardo et al. 2004). At first, a minimum of ten samples will be sorted
with a nested sieve design separating the three size fractions. After analysis of the
absence/presence and relative importance of macrofauna in the various fractions, a final sieve
size will be determined.
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8.9.3.4.2

LAYOUT OF VERIFICATION SURVEY

For the verification survey, an increased spatial coverage has been opted for at the expense of
replication per site. This will provide a better resolution of macrofaunal distribution patterns
across the three target areas. Small scale patchiness, however, cannot be investigated with this
design but increased replication per site in the monitoring survey will provide data on small-scale
variability (see Monitoring Programme below). Sampling stations will be spread across the target
areas in a grid pattern with increased spatial coverage in the mine blocks proposed for dredging
within SP-1 and SP-2. Proposed numbers of sample stations are 16 in SP-1 (plus 4 monitoring
sites, see below), 18 in SP-2, and 12 in the smaller SP-3; this amounts to a total of 46 samples
(plus the four impact and four reference sites for the monitoring survey, see below). Figures 8.3
(a - c) illustrate the proposed layouts of the sampling stations in the three target areas SP-1, SP-2,
and SP-3.
8.9.3.4.3

MONITORING PROGRAMME

Continuing from the initial assessment survey, the severity of the removal and destruction of
benthic communities by the dredging process and the subsequent recovery (functional recovery)
process need to be ascertained. A post-dredging benthic monitoring programme thus needs to
be established.
Worldwide, the study of benthic assemblages has been used to investigate the impacts on the
seafloor of human activities. There is continuous debate whether such monitoring programmes
should focus on macrofauna or meiofauna, or on both (e.g. Somerfield et al. 1995, Coull &
Chandler 1998, Kennedy & Jacoby 1999, Schratzberger et al. 2001). Typically macrofauna is the
preferred option as sample collection and species identification is comparatively easier (Kennedy
& Jacoby 1999). Macrobenthos is commonly used as biological indicator because as a group they
are relatively sedentary and reflect the quality of their immediate environment, many benthic
species have relatively long life spans and their responses integrate water and sediment quality
changes over time, and they include diverse species with a variety of life history characteristics
and tolerances to stress and can usually be classified into different functional groups. Examples
of the use of macrofaunal monitoring surveys include studies on the effects of oil pollution (e.g.
Dauvin et al. 2003), organic enrichment (Pearson & Rosenberg 1978, Macleod et al. 2004),
offshore drilling operations (Daan et al. 1995, 1996), submarine tailings disposal (Ellis 1982, Burd
2002), and particularly of marine aggregate dredging operations (e.g. Newell et al. 1998,
Herrmann et al. 1999, Newell et al. 2004).
In low-oxygen environments such as OMZs, body size seems to be very important as small
organisms are best able to cover their metabolic demands in the OMZ, and besides adaptation to
low oxygen often have a capability to conduct anaerobic metabolism. Meiofauna may thus
increase in dominance in relation to macro- and megafauna (Levin 2003). However, the
Sandpiper licence area and specifically the target areas are at the edge of the OMZ, and several
studies have shown that macrofauna has been found to increase at the edges of OMZ dominating
the benthic fauna (see above). The difficulty in conducting meiofauna monitoring surveys in
comparison to macrofauna studies thus favours the use of macrofauna for long-term studies, and
the extensive use of macrofauna surveys for a wide variety of anthropogenic disturbances
suggests that data on macrofauna composition and abundance should be able to shed light on it.
Macrofauna is also routinely and often solely collected in studies on OMZ benthos (e.g. Levin &
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Gage 1998, Levin et al. 2000, 2009, Ueda et al. 2000, Gallardo et al. 2004, Arntz et al. 2006,
Gooday et al. 2009, Zettler et al. 2009).
In identifying and assessing the impacts of phosphate dredging on the macrobenthic
communities, it is important to recognize that the marine environment can be very variable both
in space and time. An impact should not therefore be characterized as being the difference in
some measure at a particular site before and after a disturbance, but should be distinguished as
being the relative difference between changes at a disturbed/impact site compared with changes
that have occurred in a similar undisturbed reference site (Underwood 1992, 1993, 1994). In
other words there must be some change from before to after a disturbance and such change
must be significantly different from what occurred in undisturbed reference areas. Community
parameters, however, vary both spatially as well as with time, fluctuating in response to natural
variations in the environment (these may be monthly, seasonal or annual variations). Without
adequate indices of natural variability, it will be inherently difficult to place dredging-related
impacts in context. It is therefore important to have a number of impact sites in association with
a number of reference sites that are in a similar environment (e.g. depth and sediment texture)
but will remain undisturbed over the period of the monitoring programme. Here it is important
to note that it would be prudent to select sites that will also not be affected by other
anthropogenic activities such as trawling. If possible, the sites should either be located in areas
not utilised by the trawling industry or trawling should be excluded from the immediate area for
the duration of the monitoring programme. This is important as effects of trawling may have
traditionally affected parts of the mining licence area beyond the 200-m isobath but since
trawling will not occur in the target areas once phosphate dredging operations commence (due
to safety issues), this impact should also be avoided for the reference sites. The envisaged
position of the reference sites are, however, such that conflict is expected to be low as trawling
usually occurs in deeper waters.
The proposed position of the sampling stations is illustrated in Figure 8.3 (a - c). For operations in
SP-1, four impact stations and four associated reference sites are proposed. At each site, five
replicate samples will be taken. Included in the sampling procedure should be at least the
sampling for sediment properties (i.e. grain size analysis) as well as near-bottom dissolved oxygen
concentrations and organic matter content. Sites have been selected according to the currently
proposed mine schedule to fall into the mine blocks that will be mined in Year 1 and Year 2 of the
schedule. This ensures that any information on recovery processes can be collected as early as
possible to inform the Environmental Management Programme. Prior to operations being
initiated in SP-2, a second monitoring programme needs to be established and similarly for
activities in SP-3.
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Figure 8.3 (a):

Proposed layout of macrofauna sampling stations for the verification and monitoring
survey in SP-1.
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Figure 8.3 (b):

Proposed layout of macrofauna sampling stations for the verification survey in SP-2.
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Figure 8.3 (c):Proposed layout of macrofauna sampling stations for the verification survey in SP-3.

Final Report
Namibian Marine Phosphate (Pty) Ltd.
Page 8-44

Chapter 8: Environmental Management Plan

Sampling in SP-1 should be undertaken both before the start of operations, as well as at regular
intervals after completion of dredging to determine the (functional) recovery rates of the benthic
communities. One of the basic assumptions of developing a benthic monitoring programme is
that recovery of disturbed macrofaunal communities does in fact occur. The process and rate of
recovery is, however, strongly dependent on the rate of the in-filling of sediment in the mined-out
areas, and the type of sediment. A wide range of recorded recovery rates highlight the inherent
difficulties in the application of general impact/recovery predictions to sites with varying
environmental characteristics (Robinson et al. 2005). From existing information on the natural
rehabilitation of mined-out areas in the deep-water diamond mining licence area in southern
Namibia, it is known that despite the reduced wave and current action at the depths at which
mining is currently being conducted (100-150 m), significant smoothing and in-filling of mined
areas is visible in sidescan sonar surveys 1 - 2 years after mining (Penney & Pulfrich 2004).
However, such information cannot be simply extrapolated to the central Namibian shelf, where
the sedimentation and near-bottom current regime is likely to be very different. It is
recommended that high resolution geophysical surveys (e.g. side scan sonar) are conducted
immediately after dredging, and 2-3 years post-dredging (and potentially at later years depending
on the results) to determine the depth of the dredged trenches and the sediment infilling-rates.
Depending on the geophysical survey results, it is assumed that the first post-dredging survey can
be conducted 2-3 years after cessation of dredging (three years for Target Block 1 and two years
for Target Block 2 of the SP-1 resource). The subsequent sampling interval can best be
determined after the first post-dredging sampling campaign, but an appropriate interval may be
every 2-3 years. Periodically reviewing the monitoring plan as new data are collected and
analysed will ensure that the monitoring plan and associated sampling schedule remains a
dynamic process.
Traditionally, the ecological recovery of the disturbed seafloor has been defined as the
establishment of a successional community of species, which progresses towards a community
that is similar in species composition, population density and biomass to that previously present.
Measures used to assess recovery typically include biodiversity analysis such as the numbers of
species and/or individuals in an assemblage. However, this approach presents a number of
challenges, especially when the physical characteristics of the sediment have been altered to such
an extent that it can no longer accommodate its original assemblage. Recovery in the sense of the
above definition may thus not be achieved (only when the sediment properties revert to their
original state). For this reason, it may be more sensible to consider the functional capacity (or
health) of the ecosystem rather than simply the range and proportion of species present. Some
ecosystem functions can be undertaken by a variety of different organisms, leading to the notion
of possible functional redundancy, whereby the loss of a particular species may not affect the
basic functioning of an ecosystem as long as the function performed by that species is taken up by
another species from the same functional group. To address this issue, many studies have
recently focussed on functional diversity to assess faunal recovery following anthropogenic
perturbations by incorporating biological differences among species showing that function- or
trait-based diversity metrics may represent appropriate additional methods for assessing changes
in ecosystem function (e.g. Borja et al. 2003, 2010, Bremner et al. 2006, Josefson et al. 2009,
Cooper et al. 2008, Hussin et al. 2012). In terms of dredging impact on functional diversity,
communities of organisms inhabiting an area of dredged seabed may possibly differ in
composition or diversity from the pre-dredged state, but may develop similar functional capacity
through the recovery process (functional recovery). Therefore, system recovery may not require
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similar biomass, biodiversity or community composition. It is thus proposed to utilise a variety of
analyses including biodiversity measures, multivariate approaches as well as functional traits
analyses to describe the macrofaunal colonization process after the dredging impact.

8.9.4

Verification: Fish, Mammals and Seabirds

VERIFICATION AND BASELINE MONITORING SURVEY FOR THE FISH, MAMMALS
AND SEABIRDS IN THE PROPOSED MARINE PHOSPHATE
MINE AREA (SP-1) IN NAMIBIA
Prepared by : D Japp
Capricorn Fisheries Monitoring cc

8.9.4.1

Introduction

The Environmental Impact Assessment (EIA) for the proposed phosphate dredging in ML-170
specialist report Appendix 1a on fish resources, fisheries, marine mammals and birds identified
five primary impacts viz.
1)
2)
3)
4)
5)

the likely impact of dredging on commercial fisheries;
the likely impact of dredging on the main commercial fish species;
the likely impact of dredging on the recruitment of commercially important species;
the likely impact of dredging on fish biodiversity and
the likely impact of dredging on seabirds and marine mammals.

These impacts and the associated estimates of environmental risk were in part based on marine
survey data provided by NatMIRC as well as historical information on fisheries and the Benguela
Ecosystem as a whole. The report acknowledges that information/data in the specific sites
proposed to dredge phosphate (SP1; SP2 and SP3) is lacking. The risk assessment has therefore
had to use information from surveys etc. in the proximity of the MLA and made assumptions on
impacts such as fish recruitment and biodiversity, by extrapolating data from the nearest sampling
points from which relevant data were available, which is a standard practice.
These data have therefore provided a baseline which informed the risk assessment, based on the
best available information.
In order to address this uncertainty it is proposed that a baseline and verification survey be
undertaken prior to dredging taking place (without assuming that project will be approved once
the EIA is submitted and finalised).
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8.9.4.2

Survey Proposal

Verification surveys (to verify the findings of the Specialist assessment - Appendix 1a) and
subsequent annual monitoring surveys typically incorporate:
a) Fisheries swept area type surveys;
b) Fisheries Acoustic survey (integrated with swept area surveys); and
c) Marine mammal, seabird and other marine fauna observations.
These integrated surveys can be undertaken prior to dredging and can be done using a suitable
vessel from the region. Preferably one of the current vessels used in Namibian waters for swept
area surveys would be appropriate. This will allow for the collection of data comparable with
similar surveys undertaken in the proximity of the MLA in recent years. If a Namibian research
vessel is not available, an alternative would be a research vessel from the region or a commercial
vessel (assuming a satisfactory sampling platform can be arranged).
Ideally the survey proposed here could “piggy back” on one of the routine fisheries surveys – this
would minimize costs and optimize personnel available.
8.9.4.3

Survey Design

A simple transect design using swept
areas, and if considered necessary,
simultaneously the collection of
acoustic
data,
is
proposed.
Schematically the survey design with
sampling stations is shown in Figure
8.4. Note : This is not intended to be
prescriptive and will need refinement
and discussion with marine scientists
at NatMIRC.

Figure 8.4: Location of survey
stations in SP –1
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Key elements of the survey are :
a) Trawls are undertaken north to south following the bathymetry;
b) Typically trawls will be for 20-30 minutes each (max. 1.5 nm);
c) Stations to be positioned within the area to be mined (SP-1 initially) and thereafter at suitable
intervals in a perimeter around the mined area;
d) Standardisation of trawl gear (similar to that used in biomass surveys);
e) It is essential that stations cover the mined area prior to any dredging that may take place as
well as stations within the MLA and then some distance (to be agreed) outside the MLA and
within the 25 km zone used in the fisheries EIA report (Appendix 1a). A total of no more than
20 stations are proposed taking approximately 3-6 days of survey time.
f) Acoustics can also be run along transects and between lines (primarily to determine small
pelagic targets) – this is not a high priority but the need can be determined in discussion
with the Namibian marine scientific community.
Expected Outputs

8.9.4.4

I.

II.
III.
IV.
V.
VI.
VII.
VIII.

8.9.4.5

A comparative relative abundance estimate of the main commercial species in the dredged
area and adjacent grounds (biomass). This can potentially show any changes in relative
abundance due to dredging (such as species displacement to areas adjacent to the dredged
area);
Verification of relative species abundance in the area with the on-going and historical
abundance estimates of the main commercial species;
Species counts and classification of all flora and fauna (including fish and epifauna) captured
in the trawls. This can be compared with stations from adjacent historical surveys;
Provision for a marine mammal and seabird specialists or suitable marine observers to
record mammals, seabirds, turtles and other interactions while in the survey area;
Length frequency measurements of the main species and sex ratios;
Basic biological data collection on main commercial species including gonad staging for
comparative spawning and recruitment indices;
Use of digital photography to record species;
Deployment of CTDs (if an appropriate vessel is used) to determine essential water
conditions (conductivity, temperature, depth).
Time Frames

A survey prior to the commencement of dredging should be undertaken. Preferably this should be
coordinated with other swept area surveys in the area (most likely monk or hake surveys) using
the same vessel. The survey can be repeated annually (for the first 5 years as reviewed) at the
same time for the duration of the dredging activity. Transects can subsequently be included in the
other proposed dredging areas (SP-2 and SP-3), but due to the initiation of the project in SP-1, it is
recommended that priority should be given to a focused survey around this target area.
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8.9.4.6

Conclusions

Correctly designed and undertaken with professional staff and a suitable sampling platform, the
survey can provide a baseline from which the changes in fish availability, abundance, recruitment,
biodiversity (as best can be determined from swept area trawls), marine mammals, seabirds and
other flora and fauna can be estimated.
This baseline can be compared with historical data in the proximity of the MLA. Changes of the
many parameters measured can be tracked over the lifetime of the exploitation and can be used
to determine the effects (environmental impacts) of the proposed project over time. The data
would be subjected to scientific and statistical scrutiny for accurate interpretation.
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Prof. M Gibbons: Jellyfish
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A broad overview of Namibia’s marine resources
and commercial fisheries is presented. Five
primary impacts of the proposed Sandpiper
phosphate mining are suggested. These are: 1)
the likely impact of mining on commercial
fisheries; 2) the likely impact of mining on the
main commercial fish species; 3) the likely impact
of mining on the recruitment of commercially
important species; 4) the likely impact of mining
on fish biodiversity and 5) the likely impact of
mining on seabirds and marine mammals.

vessel operations due to the proximity of the
mining operations to these fishing grounds. This
indirect impact relates primarily to vessel
movements and normal trawling patterns with
vessels expected to maintain a safe working
distance from the MLA as well as having to trawl
along tracks that may vary from historical effort in
the zone. In this regard it is expected that based
on recent historical catch and effort data in the
MLA and Zone 1, 5.03% of hake trawl catch,
1.08% of horse mackerel midwater trawl catch
and 19.75% of monk historical catch will be
indirectly affected. Note this does not imply that
this proportion of catch will be lost but that the
fishery in this area will in some way have to adjust
normal fishing operations. The hake trawl and
longline fisheries will also lose fishing grounds
although this is unlikely to happen in the first
phase of dredging in the SP-1 mining area.

We conclude that the impact on Namibian
fisheries will vary depending on the sector. Overall
the significance of impact on the fishery sector is
considered to be negative and of medium to low
significance. Of the main commercial fisheries, the
monk-directed trawl fishery will be most
impacted. The dredging will potentially cover a
significant portion of the historical monk trawling
grounds. It is estimated that based on the
historical catch in the actual Mining Licence Area,
0.86% of the hake trawl, 0.32% of the midwater
horse mackerel and 6.34 % of the monk trawl
fisheries will be impacted (with a displacement
and mortality of the resource in the actual area
mined i.e. SP-1, SP-2, SP-3). Impact on the
commercial fisheries catch in the actual mined
areas (SP1, SP2 and SP3) will be low (< 0.05%),
except for the monk trawl fishery where it is
expected that about 1% of the historical catch will
be directly impacted in SP-2 and 0.08% in SP-3
(zero % in SP-1). Commercial fishing operations
are not expected to be directly impacted in a
broader area extending outside the MLA to within
a 25 km zone from the MLA margins (defined as
the “Mine Site”). The impact in this zone is not
expected to have a major effect on commercial
fishery catch. There will however be an indirect
impact relating to vessel movements and fishing

Of the other main fisheries, which include horse
mackerel and other small pelagic species, the
mining area does not overlap significantly with the
grounds fished. Further, the nature of the gear
deployed (mid-water and purse seine) is such that
less interaction with the dredging is expected.
The impact of the proposed mining on the
broader ecosystem, in particular the fish fauna will
on average be moderate. The mining will displace
fish resources and essential habitat occupied by
these resources (such as monk, gobies, hake and
others). In particular, gobies have been identified
as a key forage feeder in the mining area and are
also a key trophic species. Significant alteration of
the ecosystem characteristics only in the
immediate target mining sites is expected. Any
expansion of the proposed dredging will
significantly alter the potential to impact on the
broader ecosystem.
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spawning and egg and larval abundance is not
concentrated in or near the Mining Licence Area.
Hake juveniles are abundant in the depth range of
the MLA, however their mobility will mitigate
impacts (unlike for monk that are less mobile). We
stress that our data are based on the best
available information (mostly surveys) that do not
necessarily represent the biological situation
throughout a full year.

There is an obvious impact in the immediate area
of the mining which is serious and likely to be
permanent (or at least > 20 years) – that is the
physical removal and destruction of substrate. In
particular monk recruitment is likely to be
impacted although the significance and extent is
difficult to state conclusively. Otherwise we could
find no major impacts on fish recruitment. Factors
such as sediment plumes are not expected to
significantly affect recruitment as the mining
operation is small and the plumes will disperse
quickly over a short distance. Analysis of the
available data also suggests that spawning and egg
and larval abundance is not concentrated in or
near the MLA. Hake juveniles are abundant in the
depth range of the MLA, however their mobility
will mitigate impacts (unlike for monk that are less
mobile). These conclusions are however
dependent upon the quality of the data available
which in most instances do not coincide directly
with the MLA but have had to be extrapolated to
include the MLA.

The final impact relates to seabirds and marine
mammals. Mining, although localised, will result
in modification of behaviour of mammals and
seabirds. Small marine mammals e.g. dolphins
and seals, may be attracted to the mining area,
although this behaviour is unlikely to persist and
to be negative. Large mammals, e.g. whales most
of which are transient, will occur in the area but
are also likely to avoid the mining area due to the
activity. Noise levels from the dredging may also
affect behaviour, but we have no firm conclusion
on this impact which requires a specialist
response.

With regard to biodiversity, the impact in the
immediate mining area will be severe and will
result in loss of fauna. There is no evidence to
suggest that the mining will result in a permanent
loss of biodiversity, assuming there are no species
unique to the area to be mined. In this regard a
precautionary approach is recommended since
little is known of the biodiversity in the Mining
Licence Area and as with fish recruitment, is data
poor and requires extrapolation and assumptions
on the status of the resources in the MLA

Seabirds will also interact with the mining. The
exact nature and extent of this interaction cannot
be determined conclusively due to data paucity.
For this reason we rate the impact on birds and
mammals as negative but cannot judge the likely
intensity or significance. Bird mortality associated
with bird strikes will require mitigation.
With regard to likely vessel activity in the MLA, the
monk fishery is expected to be the most active. To
a lesser extent the hake trawl, horse mackerel,
small pelagic and hake longline fisheries will be
active in the MLA and surrounding area.

With regard to the third impact identified, that is
the impact of fish recruitment, we consider the
impact to be low relative to the total recruitment
area in Namibian waters. There is an obvious
impact in the immediate area of the mining which
is serious and likely to be permanent (or at least >
15 years) – that is the physical removal and
destruction of substrate. In particular monk
recruitment is likely to be impacted although the
significance and extent is difficult to state
conclusively. Other factors such as sediment
plumes are not expected to significantly affect
recruitment as again, the mining operation is small
and it is assumed the plumes will disperse quickly
over a short distance. Most data suggest that

There are no realistic options to mitigate these
impacts (apart from no directed mining). The
accommodation of the needs of the monk fishery
through a mutually agreed access operational plan
should be given consideration.
Due to the small scale of the proposed dredging
operations in the context of the larger ecosystem
and extent of the marine resources it is unlikely
that it will be possible to discriminate a clear signal
relating to ecosystem change as a result of
dredging (primarily due to the natural variability
within the ecosystem).
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In the short term both MFMR and the mining
lease operator should establish appropriate
monitoring line(s) through the Mining Licence
Area to monitor the effects of dredging on a realtime basis (possibly coinciding with established
surveys).
Given the number of industrial mineral EPLs that
have been granted in the area between Walvis
Bay and Lüderitz consideration should be given to
requesting that the Benguela Current Commission
incorporate into their Strategic Environmental
Assessment of the mineral sector of the Benguela
an ecosystem study of the potential impacts of
dredging.
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Benthic
Benguela Ecosystem
CPUE
Demersal
Ichthyofauna
Ichthyoplankton
JNCC
MFMR
MLA
NatMIRC
Pelagic
Upwelling
SP-1
TAC

Occurring on the seafloor
The region along the South African, Namibian and Angolan coasts influenced
by the cold Benguela Current. The system is typified by coastal upwelling and
high productivity.
Catch Per Unit Effort
Occurring near the seafloor.
The assemblage of fish species occurring in a certain area
Eggs and larvae of fish, floating new born fish before they can adequately
swim by themselves
Joint Nature Conservation Committee
Ministry of Fisheries and Marine Resources (Namibia)
Mining Licence Area
National Marine Research Center
Occurring in the middle or surface layers of the ocean
The process where by wind-driven surface waters are replaced by cool
nutrient rich waters
Sandpiper Mining area No. 1 (as well as SP-2 and SP-3)
Total allowable catch
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Frontispiece: Location of the Mining Licence Area MLA 170, indicating the initial target mining areas of the
Sandpiper deposit (SP-1, SP-2 and SP-3) of the mineral resource area.
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1

INTRODUCTION
Namibian Marine Phosphate (PTY) Ltd has identified the existence of a high grade phosphate
deposit on the Namibian continental shelf. This deposit lies approximately 40-60 km offshore
from Conception Bay in water depths of 190 to 300m. Within the context of increasing
international demand for phosphates, the company has been granted a mining licence, subject to
the completion of an Environmental Impact Assessment (EIA) and Environmental Management
Plan (EMP) to develop this resource. It is currently estimated that a total resource of 2443 Mt at
15 % P2O5 exists. This places Namibia as the country holding the seventh largest phosphate
resource.
This specialist study was undertaken to assess the possible impacts of the proposed mining of the
phosphate resource on fish, fisheries, seabirds and marine mammals. Impacts are expected to
occur during the development, actual operation and decommissioning stages.
The information in this report includes the available scientific and other literature available in the
region as well as direct information gained from scientists specialising in particular areas of
marine and fisheries interest. To evaluate the potential environmental impacts, fish survey data
and commercial fishing data, from the Namibian Ministry of Fisheries and Marine Resources
(MFMR) were used to show the distributions of fish and fishing effort in relation to the Mining
Licence Area (MLA) or ML-170. The distribution maps were created in ArcGIS 9 and show the
position of the MLA with target mining areas (SP-1, SP-2 and SP-3) overlaid.
The mining licence (granted for 20 years) covers an area of 2233 km2. The company proposes to
recover 5.5 Mt of phosphate enriched sediments from an area of approximately 3 km2 annually,
this is an area of 60 km2 over the granted period of the mining licence. These sediments are to be
recovered from the target mine areas of the mineral resource which are described by SP-1
(Sandpiper-1), SP-2 (Sandpiper-2) and SP-3 (Sandpiper-3), (Frontispiece). SP-1 and SP-2 are each
of 22 x 8 km (176 km2) and SP-3 11 x 6 km (66 km2) are the focus areas for sediment recovery
using Trailing Suction Dredge Technology.
To quantify the extent of the impacts resulting from phosphate mining on fish, fisheries, marine
mammals and seabirds we used six impact zones viz.
•
•
•
•
•
•

Within the MLA (including target mining areas SP-1, SP-2 and SP-3),
The MLA (whole area inclusive of SP-1, SP-2 and SP-3)
Zone 1 : From MLA margin to 25 km boundary,
Zone 2 : Local (25 -50 km),
Zone 3 : Regional (50 -100km) and
Zone 4 : National (>100 km)

For each impact zone the percentage of catch and fishing effort was calculated and used to help
assess the significance of the impacts (Table 1a - c refers). This report follows a pre-defined
format that first provides an overview of the species and fisheries in the affected marine system
followed by a technical analysis of the zones, results and conclusions. The analysis and report
preparation was undertaken by CapFish consultants (M. Smith, S. Wilkinson and D. Japp). In
addition to the expertise within CapFish, specialists in different fields were also consulted. These
included:
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•
•
•
•

1.1

Dr S. Elwen, Namibian Dolphin Project, Mammal Research Institute, University of Pretoria
(Marine Mammals)
Professor M.J. Gibbons (University of the Western Cape),
Dr T. Robertson, Marine Biologist (University of Stellenbosch)
Dr Carola Kirchner - Fisheries Consultant, Namibia

ASSUMPTIONS AND LIMITATIONS
This analysis and environmental
risk assessment is based on the
available literature and the data
supplied mostly by the Namibian
Ministry of Fisheries and Marine
Resources (MFMR), in particular
scientific staff of the research
branch of MFMR the National
Marine
Research
Centre
(NatMIRC), based in Swakopmund.
Because of the extent of the
environment under consideration
assumptions may need to be
made based on a broad
understanding of the Benguela
Ecosystem. Data provided are
often limited in extent and may
have spatial and temporal bias
due to the sampling methods
used.
The information provided by the
fishing industry as well as
Interested and Affected Parties is
also acknowledged.

2

OVERVIEW OF
ICHTHYOFAUNA OF
NAMIBIA
Supported by the high productivity
of the Benguela upwelling
ecosystem, abundant fish stocks
typify Namibian waters. Fish
resources in upwelling systems are
typically high in biomass and
relatively low in diversity (relative
to non-upwelling environments).

Figure 1.
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These stocks have traditionally supported intensive fishing activities. Although varying in
importance at different times in history, fisheries have focused on demersal species, small pelagic
species, large migratory pelagic fish, linefish (caught both commercially and recreationally) and
crustacean resources (e.g. lobster and crabs). The following chapter is a review of the ecologically
important species that may be affected by mining of marine phosphate in Namibia. For each
species the spatial distribution, recruitment to the commercial fisheries and spawning behaviour
are considered.

2.1
2.1.1

PELAGIC FISH SPECIES
Horse mackerel
Off Namibia horse mackerel
Trachurus
trachurus
capensis
generally occur in waters between
200 – 1000 m depth (Crawford et al.
1987) (Figure 1). Adults are found
mostly north of 21°S. Here spawning
is highest between October and
March in the mixing zone between
warm oceanic water and cool coastal
waters (O’Toole 1977). Nursery
grounds exist adjacent to these
spawning grounds but closer to
shore. Juveniles migrate south to
Walvis Bay especially in winter.
Maturing fish then move offshore
and migrate north to spawn (Boyer
and Hampton 2001a). Horse
mackerel of up to two years of age
feed predominantly on zooplankton
that they consume near the sea
surface. Research in the 1980s found
that off Namibia 95% of the diet of
adult horse mackerel comprised
euphausiid shrimps (Konchina 1986
cited in Boyer and Hampton 2001a).
This is in contrast to horse mackerel
occurring off South Africa which feed
opportunistically on euphausiids,
polychaete
worms,
squid,
crustaceans and fish such as bearded
goby Sufflogobius bibartus (Konchina
1986 cited in Boyer and Hampton
2001a). Since the trophic structure of
the northern Benguela system off
Namibia has altered substantially in
the last two decades (Kirkman 2007,

Figure 2.
region
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Utne-Palm et al. 2010) and the bearded goby has become an increasingly important food source
for predators (Crawford et al. 1987, Boyer and Hampton 2001a), there may have been a shift in
diet of some species (including horse mackerel) to focus on S. bibartus.
2.1.2

Sardine
Historically spawning of sardine Sardinops sagax took place at two locations roughly 60 km off
the Namibian coast: off Walvis Bay and further north at the meeting of the Benguela and Angola
Current systems (O’Toole 1977) (Figure 2). Spawning in the north was predominantly by young
adults and peaked in late summer / autumn around the 200 m isobath (Crawford et al. 1987). In
contrast, older fish spawned further south in summer, in cooler waters close to upwelling zones.
Following spawning, larvae drifted southward along the coast. Sardine would then migrate
northwards where juveniles and young adults would spawn for the first time. Adult fish would
subsequently return to south to spawn off Walvis Bay (Boyer and Hampton 2001a). Following the
collapse of the sardine stock in the
1970s, spawning in the south is
thought to have weakened
(Crawford et al. 1987) as the
migration of adult sardine has
contracted (Boyer and Hampton
2001a). While the diet of juvenile
sardine is focused primarily on
zooplankton, phytoplankton is also
utilised by adults in areas where it
is consistently available in high
abundance (James 1988).

2.1.3

Anchovy
The distribution and movement
patterns of anchovy Engraulis
encrasicolus in Namibian waters
are similar to those described for
sardine (Figure 3). The only
exceptions are that significant
spawning by anchovy takes place
only north of Walvis Bay (Shannon
and Pillar 1986) and larvae
occurred in high density further
than 100 km offshore (O’Toole
1977). Due to the very small size of
current stocks, the present
distribution and movement of
anchovy off Namibia is unclear, but
the life history of this species is
likely to have changed from that
previously recorded (Boyer and
Hampton 2001a).
Figure 3.
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Anchovy feed predominantly on zooplankton (James 1988). Differing size selectivity between
sardine and anchovy is thought to minimise competition for food between these two co-existing
species (Louw et al. 1998).
2.1.4

Red-eye round herring
Similar to other small pelagic species the round herring Etrumeus whiteheadi is widely distributed
along the Namibian coast (Boyer and Hampton 2001a). Spawning has not been explicitly studied
in Namibian waters but is thought to occur throughout the year reaching a peak in late winter
and early summer (Boyer and Hampton 2001a). This species feeds almost entirely on zooplankton
(James 1988).

2.1.5

Snoek
An important predatory fish, snoek Thyrsites atun occur along the entire length of the Namibian
coast (Boyer and Hampton 2001a). The Lüderitz upwelling cell is thought to separate the species
into two separate stocks, although a certain amount of mixing does occur between the two
(Griffiths 2003). This species occurs mainly in cool upwelled waters where it is an important
predator of small pelagic species (Crawford and de Villiers 1985). Spawning patterns have not
been established for the Namibian stock, but it is likely that these fish move offshore to spawn
along the shelf break during winter and spring, as has been recorded for snoek off the South
African west coast (Griffiths 2002). The diet of snoek consists mainly of fish. Inshore (<150 m)
there is a focus on small pelagic species (e.g. sardines and anchovy) while offshore snoek also
feed on demersal fish (e.g. hake) (Griffiths 2002).

2.2
2.2.1

DEMERSAL FISH SPECIES
Hake
Two species of hake commonly occur in Namibian waters. These are deep-water hake Merluccius
paradoxus and the shallower water species M. capensis. Both species occur along the entire
length of the Namibian coast, although M. paradoxus occurs mainly off southern Namibia while
M. capensis occurs predominantly north of 27°S (Burmeister 2001) (Figure 4). There is some
overlap of the Namibian and South African populations of both these species (Van der
Westhuizen 2001). The two species show some spatial separation with M. capensis occurring
from the near-shore to depths of 400 m – 500 m and M. paradoxus focused at depths greater
than 400m (Gordoa et al. 1995 cited in Sundby et al. 2001). A zone of overlap does, however,
exist at intermediate depths where both species co-occur.
Hake are opportunistic feeders and as a result their diets vary both seasonally and spatially (Roel
and Macpherson 1988). Prior to reaching sexual maturity, juveniles of both species feed largely
on planktonic crustaceans, pelagic gobies and lanternfish, with their diet becoming increasingly
focussed on fish as they age (Punt et al. 1992). Squid and pelagic fish (e.g. lanternfish and
lightfish) constitute a significant proportion of the diet of adult hake. However, the principal food
items of larger fish are juvenile hake and other demersal fish (Punt et al. 1992)

Final Report

Namibian Marine Phosphate (Pty) Ltd.

Page 15

FISHERIES, MAMMALS AND SEABIRDS SPECIALIST STUDY

Figure 4.

Distribution of the two main hake species in the Benguela ecosystem

While temporal and spatial patterns in hake spawning are yet to be fully resolved (Smith and Japp
2009), spawning by M. capensis has been recorded along most of the Namibian coast from about
27°S to 18°S (Olivar and Shelton, 1993). While spawning occurs across a wide range, areas of
localised spawning appear to be focused off central Namibia (25°S to 20°S), although the exact
location varies between years (Assorov and Berenbeim 1983 cited in Sundby et al. 2001, Olivar et
al. 1988, Sundby et al. 2001) but these areas appear not to be permanent. It is, however, not
clear if M. paradoxus spawns along the Namibian coast at all (Kainge et al. 2007). It has been
suggested that both hake species are serial spawners with females spawning numerous times a
year (Osborne et al. 1999). Spawning appears to occur year round with peak spawning periods in
Namibian waters occurring from mid-July to mid-September (Roux pers comm.). During this time
M. capensis appear to move to waters <200m to spawn (Gordoa et al. 2006). For their first year
hake remain in a pelagic phase and aggregate inshore in nursery grounds. In their second year
juveniles become demersal and systematically move offshore into deeper waters as they age.
There is a general northward movement of hake along the Benguela coast as they age (Smith and
Japp 2009). This is reflected in recent work which has recorded evidence of older hake off Cape
Frio compared to Lüderitz in the south (J-P Roux, MFMR Lüderitz, pers comm.).
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Diurnal vertical migration is known from both hake species, with individuals moving from the
mid-water column at night to the sea floor during the day. This vertical migration pattern has
been linked to nightly feeding in the water column (Punt et al. 1992). During the day as light
intensity increases, the risk of predation is thought to increase, causing hake to remain close to
the bottom.
2.2.2

Monkfish
Two species of monkfish are
common in Namibian waters.
Lophius vomerinus (Figure 5) occurs
from northern Namibia to the east
coast of South Africa (Boyer and
Hampton 2001a) and L. vaillanti
occurs north of Walvis Bay
(Maartens and Booth 2001). While
L. vomerinus inhabits the sea
bottom from the tidal zone to
depths of more than 600 m
(Maartens et al. 1999), highest
densities occur between 300 and
400 m off central Namibia
(Maartens 1999). This species
spawns throughout the year with a
peak in spawning taking place in
late winter and summer (Maartens
and Booth 2005). Monkfish are
known to recruit off Walvis Bay at
depths of 150m and 300m, and
near the Orange River at depths of
100 m to 300 m (Maartens and
Booth 2005). Monkfish are nonselective predators which lure their
prey by moving their illicium
(Gordoa and Macpherson 1990).
These fish feed during the day
(Macpherson 1985) with their most
important prey being shallow water
hake (M. capensis) (Maartens et al.
1999).

2.2.3

Sole

Figure 5.
region

Distribution of monkfish in the Benguela

The west coast sole Austroglossus
microlepis occurs from northern
Namibia to False Bay in South Africa (Diaz de Atarloa 2002). A. microlepis inhabits muddy
substrata at depths of 100-300m (Heemstra and Gon 1995), where adults prey on polychaete
worms, crustaceans, molluscs, and fish (e.g. gobies) (Bianchi et al. 1999). No information exists in
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the published literature regarding spawning and recruitment of west coast sole along the
Namibian coast.
2.2.4

Orange roughy
Orange roughy Hoplostethus atlanticus is a deep sea species occurring at depths of 400 – 1400 m
(Branch 2001). These fish are unusual in that they are very long-lived (> 100 years) and slow
growing (reaching sexual maturity at around 25 years), have low fecundity and show low natural
mortality (Boyer and Hampton 2001a, Boyer et al. 2001b, Branch 2001). Off Namibia this species
has a restricted spawning period of less than a month in late July, when spawning takes place in
dense aggregations close to the bottom in small areas typically between 10 and 100 km2 in extent
(Boyer and Hampton 2001b).

2.3
2.3.1

OTHER FISH SPECIES
West coast steenbras
Two stocks of west coast steenbras Lithognathus aureti occur in Namibian waters, a southern
population around Meob Bay and a northern population in central and northern Namibia
(Holtzhausen and Kirchner 2001a). The southern population falls within the restricted area of the
Namib-Naukluft Park. No spawning migration is known for this species, although males of the
northern population appear to disperse south in search of gravid females (Holtzhausen et al.
2001). The diet of this species is focused on the mussels Choromytilus meridionalus and Perna
perna (Holtzhausen and Kirchner 2001b).

2.3.2

Silver kob
Silver kob Argyrosomus inodorus occurs along the entire length of the Namibian coast but are
most abundant from Meob Bay to Cape Frio (Kirchner and Voges 1999). Namibian stocks are
distinct from those occurring off South Africa (Van der Bank and Kirchner 1997). Spawning adults
move southwards from the northern end of their distributional range in early summer. Spawning
occurs at Meob Bay and Sandwich Harbour (Holtzhausen et al. 2001). From here larvae drift
northward to the nursery area between Sandwich Harbour and the Ugab River mouth. Two years
after spawning juveniles reach the area north of the Ugab River. It is to this same area that adults
return after spawning (Kirchner and Holtzhausen 2001). Note that there is a concern that the
discharge pipeline from the dredging operations (which is 2 m in diameter and will be laid on the
sea floor i.e. not buried, for the first two years of operation) will obstruct kob on their way to and
from the spawning ground at Sandwich Harbour however this has been considered and referred
to in Pulfrich and Steve Lamberth terrestrial EIA report. In northern Namibia silver kob feed
mainly on pelagic fish, shrimps and squid, whereas in the central and southern Namibia shrimps
dominate the diet of these fish (Kirchner 1999).

2.3.3

Bearded goby
The bearded goby Sufflogobius bibarbatus occurs from the Kunene River to the east coast of
South Africa (Cruickshank et al. 1980). Juveniles of this species usually inhabit inshore waters
shallower than 200m, with the greatest concentrations occurring within 10 km to 30 km of the
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coast (Cruickshank et al. 1980, Cruickshank 1982 in Melo and Le Clus 2005). In contrast adults
occur across the shelf (Melo and Le Clus 2005, Utne-Palm et al. 2010).
Following the collapse of the Namibian sardine stocks, bearded gobies became an important food
source for commercial fish such as hake and horse mackerel as well as seabirds and seals
(Crawford et al. 1985, Crawford et al. 1987, Boyer and Hampton, 2001b). Recent research has
shown that gobies have been able to sustain these levels of predation due to unique physiological
and behavioural adaptions which enables them to inhabit environments which are inhospitable
to their predators (Utne-Palm et al. 2010). During the day bearded gobies rest on or hide in
muddy sediments on the seafloor and feed on polychaete worms and diatoms which constitute
an estimated 15% of their diet (Utne-Palm et al. 2010). While at the sea bottom these fish are
exposed to extremely low levels of oxygen and high levels sulphide, conditions which are fatal to
most other organisms (including their predators). At night the gobies ascend into the water
column where they reoxygenate and digest the food they consumed earlier (Utne-Palm et al.
2010). While in the water column bearded gobies tend to associate with jellyfish (which are
avoided by their predators). Presently, jellyfish account for up to 70% of the diet of bearded
gobies (Utne-Palm et al. 2010) although it is unclear if this constitutes live jellyfish taken at night,
or dead jellyfish which are consumed in the benthic environment during the day. This
consumption of jellyfish is of significant ecological importance, as gobies make nutrients and
energy available to their predators that would otherwise essentially be lost to the food chain
(Utne-Palm et al. 2010). ). The migratory behaviour makes the goby available to a wide variety of
predators, including pelagic seabirds, seals and a variety of fish. Indeed, since the collapse of the
pelagic fishery off Namibia during the 1970s, the bearded goby has replaced sardine Sardinops
sagax in the diets of many of the higher trophic levels within the system and it is now playing a
key role within the regional food webs (Cury and Shannon 2004). Despite the high level of
predation pressure, the regional biomass of the bearded goby is increasing (Staby and Krakstad
2006). Its success within the altered ecosystem off Namibia is likely to be a result of its
physiological adaptions to hypoxic conditions as well as its ability to utilise the increasing jellyfish
biomass and the bacteria-rich sediments for nourishment (van der Bank et al. 2011).

2.4

WEST COAST ROCK LOBSTER IN NAMIBIA
While the west coast rock lobster Jasus lalandii occurs from Cape Cross to the east coast of South
Africa, significant densities only occur south of Meob Bay (Cockcroft 2001). The spawning cycle of
this species is strongly related to the annual moulting cycle. Males moult in spring and mating
takes place after the females have moulted in late autumn and early winter (Boyer and Hampton
2001a). Females carry their eggs until they hatch in October and November, releasing planktonic
larvae (Pollock 1986). These larvae remain in the plankton for a period of months before
becoming free-swimming (Crawford et al. 1987) and settling in near-shore rocky areas. Adults
generally occur further offshore than juveniles, except in central Namibia where the whole
population is forced close to the shore by low-oxygen conditions (Pollock and Beyers 1981).
Seasonal variability in dissolved oxygen near the seabed also drives seasonal changes in the depth
distribution of adult lobsters (especially males) (Grobler and Noli-peard 1997). The diet of west
coast rock lobster is dominated by mussels (especially Aulacomya ater), except in areas where
mussel abundance is low and lobsters feed on a variety of invertebrates such as sea urchins,
starfish, gastropods and seaweeds (Pollock and Beyers 1981). Cannibalism is known to occur in
crowded conditions (Boyer and Hampton, 2001a).
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3

COMMERCIAL FISHERIES IN NAMIBIA
A review of the Namibian fisheries is provided in the following section. Note although all the
fishing sectors were examined only the sectors that could potentially be impacted by the
phosphate mining project are included in this report. For each fishing sector the geographic
extent of the fishery, fishing methods, gear, catches and environmental impacts of the fishing are
considered.

3.1

DEMERSAL TRAWL FISHERY
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A fleet of about 100 Namibian-registered trawlers operates within Namibian waters primarily
targeting hake (Merluccius paradoxus and M. capensis). Main by-catch species include monkfish
(Lophius spp.), kingklip (Genypterus capensis) and snoek (Thyrsites atun). The directed hake trawl
fishery is Namibia’s most valuable fishery with a current annual hake TAC of 131,780 tonnes
(2011). Recent TACs for hake and monkfish are shown in Figure 6.

Year

Figure 6.

Total Allowable Catches set for hake and monkfish from 1991 to 2010

The fishery is active year-round except for a closed period during October each year. Trawlers are
based predominantly in Walvis Bay, but also operate from Lüderitz and fishing grounds extend
along the entire coastline between a depth of 200 m and 850 m. Trawlers are prohibited from
operating inshore of the 200 m isobath. The past five years (2005 – 2009) have shown an average
annual effort of ~170,000 hake-directed trawling hours per year (Figure 7).
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Figure 7. Distribution of fishing effort by the hake-directed demersal trawl fishery with respect to the
phosphate Mining Licence Area (ML 170) for the years 2005 to 2009
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The deep-sea fleet is segregated into wet fish and freezer vessels which differ in terms of the
capacity for the processing of fish offshore (at sea) and in terms of vessel size and capacity (shaft
power of 750 – 3000 kW). There are currently 13 licensed freezer trawlers and 59 licensed
wetfish trawlers. Wet fish vessels (which hold fish on ice – mostly whole or headed and gutted)
have an average length of 45 m, are generally smaller than freezer vessels (which freeze the fish
at sea, usually after processing) which may be up to 90 m in length. While freezer vessels may
work in an area for up to a month at a time, wet fish vessels may only remain in an area for about
a week before returning to port. Trawl gear configurations are similar for both freezer and wet
fish vessels, the main elements of which are trawl warps, bridles and doors, a footrope,
headrope, net and codend (see Figure 7). Generally, trawlers tow their gear at 3.5 knots for up to
four hours per drag. When towing gear, the distance of the trawl net from the vessel is usually
between two and three times the depth of the water. The horizontal net opening may be up to
50 m in width and 10 m in height. The swept area on the seabed between the doors may be up
to 150 m. All bottom trawls must have a cod-end with a mesh size of at least 110 mm however
the smaller, older trawlers are still permitted a mesh of size of 75mm in the cod-end. Traditionally
trawling was restricted to soft sediments but the development of trawl gear that is able access
rocky grounds has meant that trawling now takes place on a variety of substrata.

Figure 8. Schematic
diagram of trawl gear
typically used by deepsea demersal trawl
vessels

Typical demersal trawl gear configuration (Figure 8) consists of :
•
•
•
•

Steel warps up to 32 mm diameter - in pairs up to 2 km long when towed
A pair of trawl doors (500 kg to 3 tonnes each);
Net footropes which may have heavy steel bobbins attached (up to 24" diameter) as well as
large rubber rollers (“rock-hoppers”); and
Net mesh (diamond or square shape) is normally wide at the net opening whereas the bottom
end of the net (or cod-end) has a 130 mm stretched mesh.
The environmental impacts associated with bottom trawling have been widely considered in the
scientific literature, and it is accepted that trawling significantly alters benthic communities (Collie
et al. 2000, Kaiser et al. 2006). A recent study conducted in the southern Benguela (including a
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site to the south of Lüderitz) found that epifaunal abundances and species diversity decrease with
increasing trawling intensity (Atkinson et al. 2011). Besides the impacts on benthic fauna, bottom
trawls also pose a threat to seabirds that collide with the warp cables or become tangled in trawl
nets (Watkins et al. 2008).

3.2

DEEP-WATER TRAWL
FISHERY
These species, e.g. the orange
roughy, are extremely longlived and aggregate densely,
leading to high catch rates.
Fishable
aggregations
are
usually found on hard grounds
on features such as seamounts,
drop-off features or canyons
(Branch, 2001).
In Namibia the orange roughy
fishery is split into four Quota
Management Areas (QMA’s)
referred to as “Hotspot”, “Rix”,
“Frankies”
and
“Johnies”
(Figure 9) and TACs are set for
each specific QMA. Almost no
fishing for this species takes
place outside of the designated
QMAs. Fishing grounds were
discovered in 1995/1996 and
total catches reached 15,500
tonnes in 1997. At this point
catch limits were set and effort
was limited to five vessels.
Following a drop in the biomass
levels, TACs were decreased
from 12,000 tonnes in 1998 to
1,875 tonnes in 2000. General
aggregations of the stock occur
between June and August. The
fishery uses a similar gear
configuration to that used by
the demersal hake-directed
trawl fishery (Figure 7).
While certain groups of biota
inhabiting soft sediments show
resilience to the impacts of
trawling (Kenchington et al.
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2001), the biota of hard grounds are known to be particularly vulnerable to the physical
disturbance associated with trawling (Turner et al. 1999). Typically trawling on and around hard
grounds and seamounts (such as that associated with the orange roughy fishery) causes damage
to the structure-forming biota associated with these habitats (Ragnarsson and Steingrimsson
2003). This in turn causes reduced habitat complexity, affecting community structure and
diversity (Kaiser et al. 2000). No studies specific to the impacts of trawling on Namibian hard
grounds have been conducted.

3.3

MID-WATER TRAWL FISHERY
The Cape horse mackerel has the highest volume and catch of all Namibian fish stocks; however
by economic value it is the second highest contributor to the fishing industry behind the fishery
for hake. Horse mackerel are either converted to fishmeal or sold as frozen, whole product.
Landings for the year 2006 were valued at N$800 million (MFMR unpublished data in Kirchner et
al. 2010). The stock is caught by the mid-water trawl fishery (targeting adult horse mackerel) and
pelagic purse-seine fishery (smaller quantities of juvenile horse mackerel). Maximum historical
catches were reported during the 1980s but catch rates have since declined with an average of
252,680 tonnes between 1990- 2008 (see Figure 10 for annual set TACs and catches). TACs have
decreased from 360,000 to 230,000 tonnes following a decline in estimated stock biomass in
recent years.

Figure 10. Catches (mid water and purse seine) and TACs set for the Namibian stock of Cape horse mackerel
from 1961 to 2009 (Kirchner et al. 2010)
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The target catch species is meso-pelagic (i.e. found at depths between 200 – 1000 m above the
sea floor) and shoals migrate vertically upwards through the water column between dusk and
dawn. Mid-water trawlers exploit this behaviour (diurnal vertical migration) by adjusting the
depth at which the net is towed (this typically varies from 400 m to just below the water surface).
The net itself does not come into contact with the seafloor (unlike demersal trawl gear) and
towing speed is greater than that of
demersal trawlers (between 4.8 and
6.8 knots) – Figure 11 refers.
Once the gear is deployed the vessel
is hampered in its ability to
manoeuvre as the gear may extend
up to 1 km astern of the vessel
(depending on the depth being
fished).
Trawl warps are heavy, ranging from
32 mm to 38 mm in diameter. Net
Figure 11. Typical gear configuration used during midopenings range from 40 m to 80 m
water trawling operations
in height and up to 120 m in width
(Figure 11). Weights in front of, and
along the ground-rope assist in maintaining the vertical opening of the trawl. To reduce the
resistance of the gear and achieve a large opening, the front part of the trawl net is usually made
from very large rhombic or hexagonal meshes. The use of nearly parallel ropes instead of meshes
in the front part is also a common design. On modern, large mid-water trawls, approximately
three quarters of the length of the trawl is made with mesh sizes above 400 mm.
In 2006, 12 rights-holders and 12 vessels were registered within the mid-water trawl fishery. The
fleet operates exclusively out of the port of Walvis Bay and fishing grounds extend north of 25ºS
to the border with Angola and effort is highest in the north (Figure 12). Juvenile Cape horse
mackerel move into deeper water when mature and are fished mostly between the 200 m and
500 m isobaths towards the shelf break.
Mid-water trawl fisheries are not usually considered to have significant impacts on benthic
biodiversity (Atkinson and Sink 2008). Nonetheless, as they tow their nets at a relatively high
speed they regularly entangle sea birds, sharks, dolphin and seals (Nel 2004).
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Figure 12. Distribution of fishing effort by the mid-water trawl fishery targeting horse mackerel in relation
phosphate the Mining Licence Area (ML 170) for the years 2008 to 2009
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3.4

SMALL PELAGIC PURSE-SEINE FISHERY
The small pelagic purse-seine fishery is based on the Namibian stock of sardine (Sardinops sagax)
and small quantities of juvenile horse mackerel. Commencing in 1947, the fishery is the largest by
volume of landings and is operated predominantly from the port of Walvis Bay. The fishery grew
rapidly until 1968 at which time the stocks collapsed. Fishing continued thereafter at a low level
of effort, but the resource has not fully recovered
It has since been reopened with 25,000 tonnes of sardine allocated in 2010 (the TACs allocated
for sardine in recent years are shown in Figure 13). Recent biomass surveys have shown small
aggregations of the stock located inshore of the 100 m isobath.
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Figure 13. Total allowable catches of sardine for the years 1991 to 2010

The fleet consists of approximately 30 wooden, glass-reinforced plastic and steel-hulled vessels
ranging in length from 21 m to 48 m. The targeted species are surface-shoaling and once a shoal
has been located the vessel will steam around it and encircle it with a large net, extending to a
depth of 60 to 90 m (Figure 14). Netting walls surround the aggregated fish, preventing them
from escaping by diving downwards. These are surface nets framed by lines: a float line on top
and lead line at the bottom. Once the shoal has been encircled the net is pursed, hauled in and
the fish pumped on board into the hold of the vessel. It is important to note that after the net is
deployed the vessel has no ability to manoeuvre until the net has been fully recovered on board
and this may take up to 1.5 hours. Vessels usually operate overnight and return to offload their
catch the following day.
The environmental concerns associated with these fisheries are centred on the impacts of
reduced abundance of the target species. Purse-seine fishing operations are very selective and
this sector tends to have low discard rates (Atkinson and Sink 2008).
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As such direct impacts on non-target species are unlikely to occur. Rather it is the potential for
the fishery to increase mortality on an
already depleted target resource that is the
main concern. Small pelagic species (sardine,
horse mackerel, bearded gobies are an
important link in marine food webs (Cury et
al. 2000) and reductions in their abundance
can have negative impacts on ecosystem
structure and functioning (Crawford et al.
1985, Crawford et al. 1987, Boyer and
Hampton 2001b).

3.5

Figure 14. Typical gear configuration of a pelagic
purse seine vessel targeting small pelagic species

DEMERSAL LONG-LINE FISHERY

Like the demersal trawl fishery the target
species of this fishery is the Cape hakes, with a small non-targeted commercial by-catch that
includes kingklip. The catch landed is predominantly prime quality (PQ) hake for export to Europe.
The catch is packed unfrozen on ice – the fresh product is approximately 50% higher than that of
trawled hake. Longline vessels fish in similar areas targeted by the hake-directed trawling fleet, in
a broad area extending from the 300 m to 600 m contour along the full length of the Namibian
coastline. Approximately 18 boats are currently (2011) operating primarily in three broad areas.
Vessels based in Lüderitz work south of 26°S towards the South Africa border while those based
in Walvis Bay operate between 23°S and 26°S and north of 23°S. Operations are ad hoc and
intermittent, subject to market demand. A total hake TAC of 131,780 tonnes was set for 2011 but
less than 10,000 tonnes of this is caught by long-line vessels.
A demersal long-line vessel may deploy either a double or single line which is weighted along its
length to keep it close to the seafloor (Figure 15). Steel anchors, of 40 to 60 kg are placed at the
ends of each line. These anchor positions are marked with an array of floats. Lines are typically 20
– 30 nautical miles in length. Baited hooks are attached to the bottom line at regular intervals (1
to 1.5 m) by means of a snood. Gear is usually set at night at a speed of 5 – 9 knots. Once
deployed the line is left to soak for up to eight hours before it is retrieved. A line hauler is used to
retrieve gear (at a speed of approximately 1 knot) and can take six to ten hours to complete.
During hauling operations the vessel’s manoeuvrability is severely restricted.

Final Report

Namibian Marine Phosphate (Pty) Ltd.

Page 28

FISHERIES, MAMMALS AND SEABIRDS SPECIALIST STUDY

Figure 15. Typical configuration of demersal (bottom-set) hake longline gear used in Namibian waters
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3.6

WEST COAST ROCK LOBSTER FISHERY
The small but valuable fishery of rock lobster (Jasus lalandii) is based exclusively in the port of
Lüderitz. The lobster stock is commercially exploited in Namibian waters between 28º30'S and
25ºS from the Orange River border in the south to Easter Cliffs/Sylvia Hill north of Mercury Island
(see Figure 16 for the location of commercial fishing grounds). Catch is landed whole and is
managed using a TAC. The current TAC approximates 350 tonnes although historically the fishery
sustained relatively constant catches of up to 9,000 tonnes per year until the fishery collapsed in
the late 1960s. Activity is greatest over January and February with up to 25 vessels active per day
over this period with the number of vessels declining towards the end of the season in May.
The sector operates in water depths of up to 80 m. Baited traps consisting of rectangular metal
frames covered by netting, are
deployed from small dinghys and
delivered to larger catcher reefers
(refrigerated vessels) to take to shore
for processing. The rock lobster fishing
fleet consists of vessels that range in
length from 7 m to 21 m. Traps are set
at dusk and retrieved during the early
morning using a powerful winch for
hauling.
As fishing for west coast rock lobster
takes place mainly on or adjacent to
rocky reefs. The use of traps has the
potential to disrupt these habitats by
damaging the associated fauna and
flora (Atkinson and Sink 2008). In
addition, the consistent removal of
large rock lobsters from an area may
impact on the structure of the benthic
community (Atkinson and Sink 2008).

Figure 16. Location of commercial fishing grounds
within the Namibian rock lobster fishery
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4

COMMONLY OCCURRING MARINE MAMMALS AND SEABIRDS IN
NAMIBIAN WATERS

4.1

SEABIRDS
Introduction
A total of 51 species of seabird has been recorded in the waters of southern Namibia (Appendix
1a - 1). Of these, 13 (25%) are southern African breeding species, 14 (27%) are non-breeding
migrants from the northern hemisphere, and 24 (47%) are non-breeding migrants from islands in
the Southern Ocean (Ryan and Rose 1989; Sinclair et al. 2011).
Conservation concern has been expressed for more than one third of the seabird species
occurring in southern Namibian waters. Threatened species include both migrants (albatrosses
and petrels) and southern African breeding species. No species is considered to be Critically
Endangered and five are considered Endangered (Appendix 1). Of the 51 species, 18 (35%) have
been given a IUCN (World Conservation Union) category of threat. Five seabird species are
Endangered, five are Vulnerable, six are Near Threatened and two are of Least Concern (Sinclair
et al. 2011; http://www.iucnredlist.org/ .).
Namibia's first Marine Protected Area (MPA), the Namibian Islands Marine Protected Area
(NIMPA) was proclaimed in 2009 (Ludynia et al. 2011). The NIMPA runs for 400 km southwards
from Hollamsbird Island along the southern coast of Namibia. It covers approximately 10 000 sq
km and averages 25 km in width (Figure 17). A major objective of the NIMPA is to protect the
breeding sites as well as the main foraging areas of the Threatened African Penguin, Cape
Gannet, and Bank Cormorant.

4.1.1

Coastal Seabirds
There are four species of coastal seabird that have the potential to interact with the dredger and
the dredging operations: African Penguin, Cape Gannet, Bank and Cape cormorants.
African Penguin
The African Penguin Spheniscus demersus population has declined significantly throughout its
range and this is reflected in the change in conservation status from Vulnerable in 2000/2003 to
Endangered in 2010. The population in Namibia has declined at a rate of 5.1% per year since
1956/57 when it stood at 42 000 pairs to just 3 000 pairs in 2006/07 (Kemper et al. 2007).
The diet of breeding birds primarily consists of the bearded goby Sufflogobius bibarbatus, which
is of a poorer food quality than sardines and anchovies. In Namibia the stocks of these two fishes
are too distant from the breeding islands for the African Penguin to exploit (Crawford et al. 2005).
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Figure 17. Namibian islands and MPAs
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Whereas breeding penguins usually forage within approximately 30 km of their colonies (Ludynia
et al. 2011), non-breeding birds may range along the entire Namibian coastline and as far as 100
km offshore (Crawford and Whittington 2005). This has the potential for encounters between the
dredger and penguins in ML 170. The African Penguin has been recorded diving to a depth of 130
m (Wilson 1985), however the phosphate deposit in ML 170 lies in depths between 200 m and
300 m thus dredging operations should pose no threat to these birds. In addition the pumps only
operate when the dredge draghead is in contact with the sea floor some 70+m below the diving
limit of the African Penguin.
Cape Gannet
The Cape Gannet Morus capensis population in Namibia has declined significantly and is now
regarded as Vulnerable (BirdLife International, 2004). Crawford et al. 2007(a) reported that the
Cape Gannet population in Namibia fell by 85 - 98% over the years 1956/57 and 2005/06. This
decline in the Namibian Cape Gannet population has been attributed to a combination of overfishing of its preferred prey (sardines and anchovies), environmental change, displacement by
seals and the necessity to forage further for poorer quality food including whitefish discards from
trawlers (Pichegru et al. 2007; Crawford et al. 2007a).
Cape Gannets breed at three islands in Namibia: Mercury, Ichaboe, and Possession, and at a
further three in South Africa: Bird (Lambert's Bay), Malgas on the west coast, and Bird in Algoa
Bay on the east coast.
GPS tracking studies show that Cape Gannets from Mercury Island, the nearest breeding colony
to ML 170, travel as far north as 24°15'S and to 13°50'E when foraging (Ludynia et al. 2011).
These birds, therefore, may approach the southeastern corner of ML 170 but, based on the
limited number of birds tracked, the foraging range of breeding birds does not actually overlap
with the Mining Licence Area.
Non-breeding birds disperse widely from the breeding colonies (Crawford et al. 2005) but the
distance travelled seawards by non-breeding birds has not been recorded. It is possible that adult
(non-breeding) Cape Gannets may be encountered in ML 170. However, since these birds are
shallow plunge-divers, there should be no adverse interaction with the dredger. Juveniles move
northwards probably as far north as the Gulf of Guinea but there is a possibility some birds,
reported as juvenile Cape Gannets, are juveniles of Sula bassana from Europe with which they
can easily be confused.
Bank Cormorant
The Bank Cormorant Phalacrocorax neglectus is listed as Endangered (Kemper et al. 2007; IUCN
2008). Mercury and Ichaboe islands, near the northern extremity of the species' range, support
approximately 70 - 80% of the entire global population of the species. The Bank Cormorant
population in Namibia declined by 68% between 1993 and 1998 (Roux and Kemper, 2009) and
continues to decline. The primary reason for this population decline is ascribed to a shortage of
food but displacement and predation by seals (Crawford et al. 1989: du Toit et al. 2003) probably
have contributed to the population decline in Namibia.
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Bank Cormorants from Mercury, fitted with GPS trackers, targeted bearded goby Sufflogobius
bibarbatus within 5 km of the coast in water depths of 30 - 40 m (Ludynia et al. 2010). The Bank
Cormorant is highly unlikely to occur in ML 170 and therefore, will not be affected by the
dredging operations.
Cape Cormorant
The Cape Cormorant Phalacrocorax capensis is considered to be Near Threatened having
declined from 143 000 pairs in 1978/79 to 92 000 pairs in 1995/96 (Crawford et al. 2007b). The
construction of guano platforms, providing greater secure breeding areas, is believed to have led
to the increase of the population of Cape Cormorants in Namibia in the late 1970s. The
subsequent decline has been attributed to a lack of sardines and anchovies, greater foraging
effort and poorer food quality. Unlike the populations of the Cape Gannet, Namibia remains the
stronghold of the Cape Cormorant population. In 2005/05 it supported 60.6% of the global
breeding population of 94 539 pairs (Crawford et al. 2007b). Of the 57 323 pairs in Namibia in
2005/06 43% were south of Walvis Bay and 57% to the north where they breed on artificial
platforms designed to collect their guano.
Similar to the Bank Cormorant, the Cape Cormorant is an inshore species, which is highly unlikely
to occur in ML 170, and therefore, will not be affected by the dredging operations.
4.1.2

Pelagic seabirds
Crawford et al. (1991) reviewed the role of seabirds as consumers in the Benguela Current and
western Agulhas ecosystems. Four regions were recognised: northern Namibia, southern
Namibia, western South Africa and southern South Africa. The southern Namibia region
corresponds to the location of ML 170 and its environs. Populations of pelagic seabirds are
highest during the austral winter when Southern Ocean species, such as albatrosses, petrels,
shearwaters and storm petrels, move north to temperate and subtropical regions. Some
shearwaters, storm petrels and jaegers from the Northern Hemisphere are present in the austral
summer but in much smaller numbers than the austral pelagic species (Appendix 1a-1). Petersen
et al. 2007 and Nel (2004) have also highlighted the impact of bird mortality (albatrosses and
petrels predominantly) in mostly large pelagic fishing operations (occurring mostly well offshore
and beyond the MLA.
None of these species is deep-diving thus the dredging operation should have no effect on
them. These birds may however be attracted to the dredger's lights, particularly in foggy
conditions. The potential impact of lights on seabirds was stressed by Ryan (1991). “Night
strikes” due to birds being dazzled by bright lights can be a significant source of mortality of
seabirds in the Tristan da Cunha rock lobster fishery. This effect was however minimised
through mitigation 1.

1

Note. The lack of facilities for handling oiled seabirds at MFMR Walvis Bay / Swakopmund is noted.
This applies to all marine activities in which oil spills may occur and should be the responsibility of the competent
authority. This does not negate the responsibility of the mining operator to minimize the potential for oil pollution and
impacts on sea birds.
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4.2

TURTLES
Five of the eight species of turtle worldwide occur off Namibia (Bianchi et al. 1999 quoted in
Pulfrich 2011). Turtles that are occasionally sighted off central Namibia, include the
Leatherback Turtle (Dermochelys coriacea), which are known to frequent the cold southern
ocean and are often recorded off the southern African West Coast. They inhabit deeper
waters and are considered a pelagic species, travelling the ocean currents in search of their
prey (primarily jellyfish). While hunting they may dive to over 100 m and remain submerged
for up to 35 minutes. Although they tend to avoid nearshore areas, they may be
encountered in Walvis Bay and off Swakopmund between October and April when prevailing
north wind conditions result in elevated seawater temperatures. Leatherbacks feed on
jellyfish and are known to have mistaken plastic bags, raw plastic pellets, plastic and
styrofoam, tar balls and balloons for their natural food. Leatherback Turtles are listed as
Critically Endangered worldwide by the IUCN and are in the highest categories in terms of
need for conservation in CITES (Convention on International Trade in Endangered Species),
and CMS (Convention on Migratory Species). Although Namibia is not a signatory of CMS,
Namibia has endorsed and signed a CMS International Memorandum of Understanding
specific to the conservation of marine turtles. Namibia is thus committed to conserve these
species at an international level. Their abundance in the MLA area is however expected to
be low.
Other turtles species found in the Benguela Ecosystem include Green turtles (Chelonia
mydas), Loggerhead (Caretta caretta), Hawksbill (Eretmochelys imbricata) and Olive Ridley
(Lepidochelys olivacea) turtle. All are relatively rare even though they are reported to be
caught in the offshore pelagic longline fisheries in Namibian waters (Petersen et al. 2008).
Although these turtle species may be found in the MLA and may be impacted, the likelihood
of interacting with the dredging operation is considered very low.

4.3
4.3.1

MARINE MAMMALS IN NAMIBIA
Introduction
Information on cetaceans for the Namibian coastal area was obtained from a number of sources,
including scientific and incidental sighting records, historical whaling catches and sightings and
stranding records. The available published literature was reviewed for records of sightings or
strandings from the southern Namibian region or the greater southern African region (in the case
of further species, which are expected to be found in the southern Namibian region). Ross (1984)
reviewed cetacean distribution patterns and biology from the south eastern coast of southern
Africa. Findlay (1989 unpublished) reviewed the distribution patterns of all 37 species of
cetaceans then found in southern Africa, from which Findlay et al. (1992) published the
distribution patterns of smaller odontocete cetaceans from the region. Peddemors (1999)
reviewed the distribution of the 18 delphinid species from southern African waters. Best (2007)
provides the most recent comprehensive overview of cetaceans in southern African waters.
The cetacean fauna of the Namibian coast comprises between 22 and 31 species (Cetus Projects
2008; Currie et al. 2009 (cited in Pulfrich, 2007), the diversity reflecting both species recorded
from the waters of Namibia and species expected to be found in the region based on their
distributions elsewhere along the southern African West coast. The range in species number is

Final Report

Namibian Marine Phosphate (Pty) Ltd.

Page 35

FISHERIES, MAMMALS AND SEABIRDS SPECIALIST STUDY

due to taxonomic uncertainty at species and sub-species level, rather than uncertainty of
occurrence or distribution patterns. Nonetheless, the diversity is comparatively high, reflecting
the cool inshore waters of the Benguela upwelling system and the occurrence of warmer oceanic
water offshore of this. Cetaceans can be divided into two major groups, the mysticetes or baleen
whales which are largely migratory, and the toothed whales or odontocetes which may be
resident or migratory. The range in the number of species reflects taxonomic uncertainty rather
than a lack of information on distribution patterns.
Pulfrich (2007)2 states that of the species recorded, the endemic Benguela (Heaviside’s) Dolphin
Cephalorhynchus heavisidii and the dusky dolphin (Lagenorhynchus obscurus), are found in the
extreme nearshore region between the northern Namibian border and Cape Point. The
bottlenose dolphin (Tursiops truncatus) is found in the extreme nearshore region between Walvis
Bay and Cape Cross, as well as offshore of the 200 m isobath along the Namibian coastline.
Southern right-whale dolphins (Lissodelphis peronii) have an extremely localised year-round
distribution associated with the continental shelf and the shelf-edge in the region between 24°
and 28° S. A further 11 species are resident within the offshore area of the Namibian coastline in
water depths of over 500 m. These include the long-finned pilot whale (Globicephala melaena),
Grays beaked whale (Mesoplodon grayii), Layard's beaked whale (Mesoplodon layardii), the
pelagic form of common dolphin (Delphinus delphis), false killer whale (Pseudorca crassidens),
Risso's dolphin (Grampus griseus), sperm whale (Physeter macrocephalus), Cuvier's beaked whale
(Ziphius cavirostris), Pygmy killer whale (Feresa attenuata) and pygmy sperm whale (Kogia
breviceps). Killer whales (Orcinus orca) are found throughout Namibian waters.
Of the southern hemisphere migratory whale species, blue whales (Balaenoptera musculus), fin
whales (B. physalus), sei whales (B borealis), minke whales (B. acutorostrata), Bryde’s whale (B.
edeni) and humpback whales (Megaptera novaeangliae), and two species of balaenid whale, the
southern right whale (Eubalaena australis) and the pygmy right whale (Caperea marginata) have
been recorded in Namibian waters, primarily off the continental shelf during winter months.
Although humpback whales commonly have a summer distribution in polar waters (feeding
grounds) and a winter distribution lower latitudes (breeding/calving grounds), these whales have
been found off the Namibian coast in summer. Migrations of baleen whales occur primarily off
the continental shelf, although in recent years a number of the sheltered bays between Chameis
Bay (27°56’S) and Conception Bay (23°55’S) have become popular calving sites for Southern Right
whales. Of the migratory cetaceans, the blue, sei and humpback whales are listed as
“Endangered” and the Southern Right and fin whale as “Vulnerable” in the International Union
for Conservation of Nature (IUCN) Red Data book (Appendix 1a – 2). All whales and dolphins are
given absolute protection under the Namibian Law.
A number of other species may occur in the warmer offshore waters off Namibia beyond the
Benguela Upwelling System, including dwarf sperm whale (Kogia sima), southern bottlenose
whales (Hyperoodon planifrons), Gervais’ beaked whale (Mesoplodon europaeus), Blaineville’s
beaked whale (Mesoplodon densirostris), short-finned pilot whale (Globicephala macrorhynchus),
pantropical spotted dolphin (Stenella attenuata), striped dolphin (Stenella coeruleoalba), melonheaded whales (Peponocephala electra), and rough-toothed dolphin (Steno bredanensis). With
the exception of the southern bottlenose whale, all of these species have more warm temperate

2

Note text relating to mammals extracted from Pulfrich, (2007)
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/ subtropical offshore habitats (elsewhere in the world) and would therefore be more likely to
occur (if at all) both further offshore and in the more northerly extent of Namibian waters, than
the cold temperate conditions characterising the Namibian coast. Stranding or skeletal records of
southern bottlenose whales, rough toothed dolphin and Gervais’ beaked whale have been
recorded from the Namibian coast, although the level to which these may be extra-limital records
is unknown. There are no data on the population status of these species off the southern African
coast.
The main species characteristics and relevance to the MLA are outlined herewith and also listed
in Appendices 1a – 2 and 3.
4.3.2

Mysticete (baleen) whales (Appendix 1a - 2)
Blue whales : Two forms of blue whales are recorded from the Southern Hemisphere. Antarctic
or true blue whales (Balaenoptera musculus intermedia) migrate from summer feeding grounds
within the southern ocean (near the Antarctic ice edge) to winter calving grounds in temperate
waters, although little is known of their definite destination in winter (Mackintosh 1966). Pygmy
blue whales (B. m. brevicauda) are recorded from the southern Indian Ocean. Harmer (1931)
noted on the basis of the peak of the catches being sharper off Moçamedes (now Namibe),
Angola, than Walvis Bay, Namibia, that Angola was closer to the northern point of the blue whale
migration than Walvis Bay. The seasonality of catches of blue whales from the southern African
west coast suggests that the majority of blue whales migrate northwards through southern
Namibian waters between May and July to Angolan waters (July and August) and return
southwards after August.
Although no offshore distribution patterns were recorded off Namibia, catches of blue whales in
waters 65 to 95 kilometres offshore of the South western Cape coast of South Africa suggest that
the migration occurs off the continental shelf slope (in waters of depths of between 2000 and
3500 metres). Furthermore, catches of blue whales off the southern Africa west coast generally
occurred after catches of humpback whales which suggest that blue whales occurred in offshore,
deeper waters than humpback whales. Olsen (1915) however noted that off the Western Cape,
large schools moved inshore from the north between June and August.
•

Blue whales are unlikely to pass in or near the MLA

Fin whales (B. physalus) : Like blue whales, little is known of the winter migration destinations of
fin whales. Gambell (1985) noted that fin whale migrations occur after blue whale migrations, but
precede those of sei whales. Harmer (1931) reported that catches off the Western Cape had a
bimodal distribution (with maxima in May – July and October – November). Fin whales have been
recorded in catches from Walvis Bay and Angola (Harmer 1929), and off Gabon in 1934 (Budker
and Collignon 1952), and although no seasonal maxima are provided, these records show
migrations to the north of the Western Cape.
If the shelf edge is taken as 200 m, most of the fin whales should pass inshore of the mining area.
Although the offshore distribution of fin whales in southern Namibia is unknown, there is some
suggestion that the species migrates along the continental shelf edge (Macintosh 1966).

Final Report

Namibian Marine Phosphate (Pty) Ltd.

Page 37

FISHERIES, MAMMALS AND SEABIRDS SPECIALIST STUDY

•

There is a low likelihood that Fin whales will pass in or near the MLA

Sei whales (B. borealis) : Harmer (1929) found sei whales particularly numerous off the Cape
Colony, although he suggests that some confusion between sei and Bryde’s whales may have
occurred. Best and Lockyer (unpublished, in Horwood 1987) note that such confusion may have
continued up until 1962. Best (1967) found catches of sei whales in the Saldanha Bay whaling
grounds to show an annual peak over the period of August and October, and although a second
peak was reported from sightings between March and April, Best (op cit.) suggests that these
may have been Bryde’s whales. Best (1967) suggested that sei whales off the southern African
west coast are mainly found in waters of 16º-18º C, 60 to 100 nautical miles offshore.
•

Sei whales could be encountered in the MLA.

Minke whales : There is little information on the distribution or seasonal abundance of minke
whales off the west coast of southern Africa, although Stewart and Leatherwood (1985) note
their presence in these waters. Possibly two forms of minke whales, the dwarf minke whale
(Balaenoptera acutorostrata) and the larger Southern Hemisphere minke whale (possibly
(Balaenoptera bonaerensis) may be found off the coast of southern Namibia. Findlay
(unpublished 1989) reports incidental sightings of minke whales inshore off Lüderitz, which may
well correspond to the dwarf form.
•

There is a low likelihood that Minke whales will occur in or near the MLA

Bryde’s whales : There is little information on the distribution and seasonal occurrence of Bryde’s
whales in southern Namibia. Two forms of Bryde’s whales are recorded from southern African
waters (Best 1977, Best 2007, Rice 1999). The smaller resident form (of which the taxonomic
status is uncertain) is found year-round along the southern Cape coast between Algoa Bay and
Lamberts Bay. A larger offshore form (B. edeni) appears to migrate along the African west coast,
being most abundant in the Saldanha Bay whaling grounds between March and May and in
October, and possibly migrating northwards along the African west coast in winter.
No information on the distribution of Bryde’s whales in southern Namibia could be located. As it
is the larger migratory form that is found in these waters it is assumed that the distribution would
be off the continental shelf.
•

There is a likelihood that Bryde’s whales will pass in or near the MLA

Humpback whales (Megaptera novaeangliae) : Humpback whales utilise coastal waters of
southern hemisphere continents as migratory corridors during annual migrations between
summer Antarctic feeding grounds and breeding grounds in coastal tropical and subtropical
waters. It appears that some humpback whales remain off the southern African west coast
throughout summer (Findlay and Best, 1995), possibly taking advantage of upwelling productivity
to feed within the Benguela System (as suggested for other upwelling areas by Papastavrou and
van Waerebeeck 1997).
•

There is a likelihood that humpback whales will pass in or near the MLA
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Southern Right whales (Eubalaena australis): Southern right whales were heavily exploited by
open-boat whalers between Walvis Bay in Namibia and Delagoa Bay in Mozambique prior to
1835 (Richards and du Pasqier 1989, Best and Ross 1986). Right whales were protected from
1935 onwards (although such protection was only promulgated in South Africa in 1940). Annual
surveys have shown the population utilising the coast between Muizenberg and Algoa Bay to now
be recovering at approximately 7% per annum. IWC (in press) stated that few sightings are
recorded off the coast of Namibia each year, although it noted that no surveys for right whales
are being undertaken.
•

Based on distributions elsewhere in southern African waters (Best 2000), southern right
whales in southern Namibia would be expected in extreme coastal waters (within the
50 m isobath) i.e. inshore of the Mining Licence Area between the months of July and
November.

Pygmy right whales (Caperea marginanta) : The pygmy right whale is a little known species,
which has been recorded incidentally in the inshore waters around the South African coast
between Algoa Bay and Walvis Bay and if it occurs at all, it will be inshore of the Mining Licence
Area. The incidence within southern Namibia is expected to be extremely low. A summary of the
distribution and seasonal abundance of baleen whales in southern Namibian waters is presented
in Appendix 1a - 2.
•

It is unlikely that pigmy right whales will pass or be found in the MLA

4.3.3

Odontocetes (toothed whales and dolphins)(Appendix1a - 3)

The majority of toothed whales and dolphins have more resident than migratory distribution
patterns. Findlay et al. (1992) investigated the distribution patterns of small odontocete
cetaceans off the coast of Namibia and South Africa. The distribution and seasonal abundance of
odontocetes (toothed whales and dolphins) in southern Namibian waters are summarized in
Appendix 1a - 3.
Sperm whales (Physeter macrocephalus) : The major part of global sperm whale distributions lie
within tropical oceanic waters, although females and small males occur as far south as 40° – 50°S,
while mature males are found as far south as the Antarctic ice edge. Sperm whales are recorded
throughout southern African pelagic waters. Their distribution would be expected to the west of
the proposed mining area in deeper pelagic waters. Some migratory habits are suggested from
historical catch records off Saldanha Bay, with Best (1969) suggesting northward movement in
autumn and southward movement in spring.
•

There is a very low likelihood that sperm whales will pass or be found in the MLA

Pygmy Sperm whales (Kogia breviceps) : The pygmy sperm whale appears to be confined to
warm oceanic waters. A number of strandings have been recorded on the Namibian coast, which
probably originate from warm offshore waters. It is, therefore, unlikely to occur in the mining
area.
•

The likelihood of pygmy sperm whales being impacted by the dredging operation is
extremely low
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Cuvier’s beaked whale (Ziphius cavirostris) : Cuvier’s beaked whale appears to have a pelagic
cosmopolitan distribution in southern African waters. Although strandings have been recorded
from the Namibian coast, it is expected that these originated from further offshore than the
mining area.
•

There is a very low likelihood that Civiers beaked whales will pass or be found in the MLA

Layard’s beaked whale (Mesoplodon layardii) : Layard’s beaked whale is distributed in cold
temperate waters in the Southern Hemisphere with strandings from Namibian waters resulting
from the whales moving inshore into cold Benguela system on the southern African west coast.
However this species has an offshore distribution elsewhere in the world and is expected to occur
offshore of the mining area.
•

There is a very low likelihood that Layards beaked whales will pass or be found in the
MLA

Gray’s beaked whale (M. grayii) : As with Layard’s beaked whale Gray’s beaked whale appears to
be restricted to cold temperate oceanic waters south of 30o S, although there are a few records
from within the Benguela system. It too has an expected offshore distribution outside of the
mining area.
•

The likelihood of Gray’s beaked whales being found in or near the MLA is very low.

Killer whale (Orcinus orca) : Killer whales (Orcinus orca) have a cosmopolitan distribution in all
major oceans of the world (Leatherwood and Reeves, 1983) and is found throughout southern
African waters regardless of season or water depth (Findlay et al. 1992, Peddemors 1999).
•

Killer Whales are likely to occur within the mining area.

False killer whale (Pseudorca crassidens) : The false killer whale (Pseudorca crassidens) is an
offshore species found in tropical and temperate waters of all oceans (Ross 1984). This species
occurs offshore of the 1000 m isobath all along the southern African coast (Findlay et al. 1992,
Peddemors 1999).
•

False Killer Whales are unlikely to occur within the MLA

Pygmy killer whale (Feresa attenuata) : Pygmy killer whales appear to be confined to the
tropical, subtropical and warm temperate oceanic waters of the world. Strandings within
southern African waters are limited to the north of Cape Point and to the east of Algoa Bay,
possibly as a result of the wider continental shelf over the Agulhas Bank. Stranding records within
Namibian waters are surprising given the species preference for warm waters, and it is assumed
that such animals originated from warmer offshore waters (Findlay et al. 1992).
•

There is a low likelihood that Pygmy killer whales will be found in the MLA
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Long finned pilot whale (Globicephala melas) : Long-finned pilot whales have been recorded
from within southern Namibian waters, albeit in slightly deeper waters than the mining area
(Findlay et al. 1992).
•

There is a small likelihood that Long finned pilot whales will pass near to or may occur in
the MLA

Risso’s dolphin (Grampus griseus) :Risso’s dolphins are found year round throughout southern
African oceanic waters (Findlay et al. 1992).
•

There is a small likelihood that Risso’s dolphins will be found in the MLA

Common dolphin : Although common dolphins are recorded from Namibian waters, an absence
of sightings within coastal neritic waters, suggest that common dolphins avoid the cooler inshore
waters of the Benguela Current region (Findlay et al. 1992). Consequently the species would not
be expected to occur in the mining area, but may occur in warmer offshore waters.
•

There is a small likelihood that common dolphins will be found in the MLA

Dusky dolphin (Lagenorhynchus obscurus): Dusky dolphins are a year round resident species
within coastal waters of the southern African west coast between southern Angola (12°S) and
Danger Point (19°20'E). Although generally occurring within the 50 m isobath, they may be found
out to the 500 m isobath (Findlay et al. 1992, Peddemors 1999).
•

There is a small likelihood that dusky dolphins will be found in the MLA

Heaviside’s (Benguela) dolphin (Cephalorhynchus heavisidii) : Heaviside’s dolphin is a resident
species endemic to the nearshore waters of the west coast of southern Africa between Cape
Point (34°20'S) and northern Namibia (17°30'S). Although the species does occur out to the 200m
isobath, the highest densities have been recorded inshore of the 100 m isobath (Findlay et al.
1992).
•

There is small likelihood that Heaviside’s dolphins will be found in the MLA

Southern right-whale dolphin (Lissodelphis peronii) : Southern right-whale dolphins are generally
limited to the cooler waters of the Southern Hemisphere, between the Subtropical Convergence
and the Antarctic Convergence, or within the “West Wind Drift”, although they have been
recorded as far north as 19ºS in the Humboldt Current. However, an apparent isolated
distribution of southern right-wale dolphins occurs off the coast of southern Namibia between
24ºS and 30º30’S (Rose and Payne 1991, Findlay et al. 1992, Peddemors 1999). These animals
have been recorded year round in water depths between the 100 - 200 and 1000 - 2000 m
isobaths. This distribution is possibly associated with the Lüderitz upwelling cell.
•

There is a small likelihood that Southern right-whale dolphins will be found in the MLA

Bottlenose dolphin (Tursiops truncatus) :Two forms of bottlenose dolphin occur in inshore
waters around the southern African coast (a smaller form on the east coast and a larger form in
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the extreme inshore region of northern Namibia), while a larger form appears to occur
throughout southern African offshore waters (Findlay et al. 1992, Peddemors 1999). The species
is not expected to occur in the mining area, but may occur offshore to the west in warmer
offshore waters.
•
4.3.4

There is small likelihood that Bottlenose dolphins will be found in the MLA

Seals
The Cape fur seal (Arctocephalus pusillus pusillus) is common along the Namibian coastline,
occurring at numerous breeding sites on the mainland and on nearshore islands and reefs . All
have important conservation value since they are largely undisturbed at present, as public access
to the southern Namibian coast is restricted. Atlas Bay, Wolf Bay and Long Islands (near Lüderitz)
together represent the largest breeding concentration (about 68,000 pups) of seals in Namibia.
Currently the largest breeding site in Namibia is at Cape Cross north of Walvis Bay where about
51,000 pups are born annually (MFMR unpubl. data). The colony supports an estimated 157,000
adults (Hampton 2003), with unpublished data from the Department of Agriculture, Forestry and
Fisheries (DAFF, South Africa) suggesting a number of 187,000 (Mecenero et al. 2006). A further
colony of ~ 9,600 individuals exists on Hollamsbird Island south of Sandwich Harbour. The colony
at Pelican Point is primarily a haul-out site. The mainland seal colonies present a focal point of
carnivore and scavenger activity in the area, as jackals and hyena are drawn to this important
food source.
Seals are highly mobile animals with a general foraging area covering the continental shelf up to
120 nautical miles offshore (Shaughnessy 1979), with bulls ranging further out to sea than
females. The timing of the annual breeding cycle is very regular occurring between November
and January. Breeding success is highly dependent on the local abundance of food, territorial
bulls and lactating females being most vulnerable to local fluctuations as they feed in the vicinity
of the colonies prior to and after the pupping season (Oosthuizen 1991). Namibian populations
declined precipitously during the warm events of 1993/94 (Wickens 1995), as a consequence of
the impacts of these events on pelagic fish populations. Currently, half the Namibian seal
population occurs in southern Namibia, south of Lüderitz. It consists of about 300,000 seals,
producing roughly 100,000 pups per year. Population estimates fluctuate widely between years
in terms of pup production, particularly since the mid-1990s (MFMR unpubl. data; Kirkman et al.
2007).
There is a controlled annual quota, determined by government policy, for the harvesting of Cape
fur seals on the Namibian coastline. The Total Allowable Catch (TAC) currently stands at 60,000
pups and 5,000 bulls, distributed among four licence holders. The seals are exploited mainly for
their pelts (pups), blubber and genitalia (bulls). The pups are clubbed and the adults shot. These
harvesting practices have raised concern among environmental and animal welfare organisations
(Molloy and Reinikainen 2003).
•

There is a high likelihood that Cape Fur Seals will be found in the MLA
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5
5.1

LEGISLATION
THE MARINE RESOURCES ACT 27 OF 2000
Namibia regulates every facet of its fishing sector. The principal legislation under which all marine
living resources are managed in Namibia is the Marine Resources Act 27 of 2000. (with the
associated regulations). The act is administered by the Ministry of Fisheries and Marine
Resources (MFMR). MFMR’s primary mandate is couched as the sustainable utilization and long
term protection of marine resources, and the conservation of the marine ecosystem. No fishing
may take place without authorization in the form of a fishing licence or permit. Rights allocation
processes have taken place within stated policy frameworks. Importantly, as in South Africa, this
has included and incorporated the Ecosystems Approach to Fisheries Management (EAF).
This Act provides for the conservation of the marine ecosystem; for the responsible utilization,
conservation, protection and promotion of marine resources on a sustainable basis. Section 52
states: “Any person who discharges in or allows to enter or permits to be discharged in Namibian
waters anything which is or may be injurious to marine resources or which may disturb or change
the ecological balance in – any area of the sea, or which may detrimentally affect the
marketability of marine resources, or may hinder their harvesting, shall be guilty of an offence and
liable on conviction to a fine not exceeding N$500 000.”
Section 52 (3) (f) states: “Any person who kills or disables any marine animal by means of any
explosive, poison or noxious substance, or by means of a firearm except as may be prescribed,
shall be guilty of an offence and liable on conviction to a fine not exceeding N$ 500 000.”
Part 10 of the Marine Resources Act empowers the Minister to prescribe specific conditions and
restrictions regarding closed areas and exclusion zones, applicable to commercial fishing rights,
quotas and licenses granted under the Act. In this regard, trawling and longlining is prohibited in
waters shallower than 200 m. The Act also provides for the declaration of Marine Protected
Areas and fishing areas.
From an International perspective, Namibia’s regional and International legal and policy
documents, instruments and declarations require the protection of 20 – 30 per cent of all marine
habitats (under the jurisdiction of individual Governments) by 2012. In this regard Namibia's first
Marine Protected Area (MPA), the Namibian Islands Marine Protected Area (NIMPA) was
proclaimed in 2009 (Ludynia et al. 2011). The NIMPA runs for 400 km southwards from
Hollamsbird Island along the southern coast of Namibia. It covers approximately 10 000 sq km
and averages 25 km in width (Figure 17). A major objective of the NIMPA is to protect the
breeding sites as well as the main foraging areas of the Threatened African Penguin, Cape
Gannet, and Bank Cormorant.
Other legal instruments include the Convention on Biodiversity (CBD), the 2003 World Parks
Congress (WPC) recommendations V.22, policy declarations, targets and goals issued and
proclaimed at the World Summit on Sustainable Development (WSSD) held in Johannesburg in
2002, the Reykjavik Declaration on Responsible Fisheries in the Marine Ecosystem, the SADC
Fisheries Protocol (encapsulating the Ecosystem Approach to fisheries management – EAF), the
Ramsar Convention and the Algiers Convention. Namibia also signed the revised African
Convention on Nature and Natural Resources on 9 December 2003. This revolutionary regional

Final Report

Namibian Marine Phosphate (Pty) Ltd.

Page 43

FISHERIES, MAMMALS AND SEABIRDS SPECIALIST STUDY

treaty was adopted by the African Union in the same year, as a replacement treaty of the former
Algiers Convention. One of the objectives was to ‘…take into account recent developments in the
African environment and natural resources scenes, while bringing the Convention to the level and
standard of current multilateral environmental agreements (MEAs).’
The broad objectives of this African Convention apply to all environmental media excepting the
atmosphere. They include the declaration of marine protected areas, the fostering and
sustainable use and conservation of natural resources, the protection and utilization of fauna and
flora, and the harmonization and co-ordination of policies in these fields.

6

IDENTIFICATION OF IMPACTS AND RISK ASSESSMENT
Namibia Marine Phosphate (NMP) has been granted a 20-year Mining Licence (ML 170) by the
Ministry of Mines and Energy, to recover phosphate-rich sediment from the Namibian seabed
(subject to this Environmental Impact Assessment).
A Trailing Suction Hopper Dredge (TSHD) will be used to remove 3 m of phosphate deposits from
the seabed. A volume of 5.5 million tonnes will be removed annually from an area of up to 3 km2.
Dredging will occur in water depths of up to 275 m and the slurry will be transported to shore and
transferred (pumped) from the vessel to the shore by a pipeline.
The Mining Licence Area (MLA) is located on the Namibian continental shelf approximately 4060 km off the coast of Conception Bay (see Figures 18 to 47). The area of the mining lease area
covers 2233 km2. There are three areas of phosphate enrichment identified for exploitation.
These areas are referred to as; Sandpiper-1 (SP-1), Sandpiper-2 (SP-2) and Sandpiper-3 (SP-3) and
these serve as the primary mining targets of the deposit within the MLA. It is proposed to exploit
each area systematically over time staring in SP-1.

6.1

DATA AND METHODOLOGY OF IMPACT ASSESSMENT
The data used in this specialist study to assess the impact of mining on fish, fisheries, mammals
and seabirds are listed in Appendix 1a - 4. These include commercial catch and effort data of the
main commercial fisheries sectors, fisheries survey data and numerous historical data sets
provided by the Namibian Ministry of Fisheries and Marine Resources (MFMR). These data were
used primarily in a spatial context to identify areas of overlap between fisheries and the Mining
Licence Area (ML-170).
The distribution maps were created in ArcGIS 9 (refer to Figure 18 and onwards) to show the
position of the MLA and the target mining areas (SP-1, SP-2 and SP-3) relative to the different
fishing sectors as well as numerous other data to help identify the impact of the proposed
mining. To quantify the extent of the impacts due to phosphate mining, six impact zones were
considered:
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1.
2.
3.
4.
5.
6.

Within the MLA (including target mining areas SP-1, SP-2 and SP-3),
The MLA (whole area inclusive of SP-1, SP-2 and SP-3)
Zone 1 : From MLA margin to 25 km boundary),
Zone 2 : Local (25 -50 km),
Zone 3 : Regional (50 -100km) and
Zone 4 : National (>100 km)

The following methods have been used to determine the significance rating of impacts identified
in this benthic specialist study:
1. Description of impact - reviews the type of effect that a proposed activity will have on the
environment;
2. What will be affected; and
3. How will it be affected.
Points 1 to 3 above are to be considered / evaluated in the context of the following impact
criteria:
• Extent;
• Duration;
• Probability; and
• Intensity.
These impact criteria are to be applied as prescribed in the table below:
Impact Criteria:
Dredge Area
Extent

Per vessel cycle
2
i.e. ~66,000m or
6.6 ha

Annual Mining
Area
Up to 3 km

Very Short Term

Duration

3 days

2

Specific Mine
Site (SP1 or SP2)
each is 22x8 km
2
or 176km

Short term
3 days – 1 year

Local

Regional

25-50 km or
2
2,000km 2
8,000km

50-100 km or
2
8,000km –
2
30,000km

Medium term
1 - 5 years

Long term
5 – 20 years

National
100 km to EEZ
(200 nautical
3
miles)
100 to 370 km,
2
or >30,000km
Permanent
> 20 years (life of
mine)

Intensity/
Magnitude

No lasting effect
No environmental
functions and
processes are affected

Minor effects
The environment
functions, but in a
modified manner

Moderate effects
Environmental functions
and processes are altered
to such extent that they
temporarily cease

Serious effects
Environmental functions
and processes are altered
to such extent that they
permanently cease

Probability

Improbable

Possible

Probable

Highly Probable/ Definite

3

1 nautical mile = 1,85 kilometres
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The status of the impacts and degree of confidence with respect to the assessment of the
significance are stated as follows:
Status of the impact: A description as to whether the impact is positive (a benefit), negative (a
cost), or neutral.
Degree of confidence in predictions 4: The degree of confidence in the predictions, based on the
availability of information and specialist knowledge. This had been assessed as high, medium or
low.
Based on the above considerations, the specialist provides an overall evaluation of the
significance of the potential impact, which is described as follows:
None

Impact
Significance

A concern or potential
impact that, upon
evaluation, is found to
have no significant
impact at all.

Low

Medium

Any magnitude,
impacts will be
localised and
temporary

High

Impacts of moderate
Impacts of high magnitude
magnitude locally to
locally and in the long term
regionally in the short term and/or regionally and beyond

Accordingly the impact
is not expected to
require amendment to
the project design

Accordingly the impact is
expected to require
modification of the project
design or alternative
mitigation

Accordingly the impact could
have a ‘no go’ implication for
the project unless mitigation or
re-design is practically
achievable

Furthermore, the following are being considered:
1. Impacts are described both before and after the proposed mitigation and management
measures have been implemented;
2. Where possible the impact evaluation takes into consideration the cumulative effects
associated with this project. Cumulative impacts can result from the collective impacts of
individual minor actions over a period of time and can include both direct and indirect impacts;
3. Mitigation / management actions: Where negative impacts were identified, the specialists
specified practical mitigation measures (i.e. ways of avoiding or reducing negative impacts);
and
4. Monitoring (forms part of mitigation): Specialists recommend monitoring requirements to
assess the effectiveness of mitigation actions, indicating what actions are required, the timing
and frequency thereof. From a fisheries and broad ecosystem perspective there are clearly
data deficiencies suggesting that monitoring of the mining operation is required and that a
baseline study could be established prior to mining. It should be noted however that Namibia
already has many years of monitoring data in the proximity of the MLA (although the sampling

4

The Precautionary Approach
The concept of sustainability and Precautionary Approaches underpin much of the current fisheries and environmental
legislation globally. This impact assessment undertaken for the fisheries sector addresses the specific impact on the
fishing industry, fish, biodiversity etc. of the mining and does not explicitly address the Precautionary Approach. The
relevant government authority is the mandated institution responsible for evaluating the EIA and applying other
considerations (such as political and social aspects and the precautionary approach).
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stations may not coincide with the exact location of the area to be mined). Adaptation of
current monitoring as well as extrapolation of current knowledge to the MLA is a prerequisite
to use the best available information to understand the potential impacts prior to mining

6.2

ZONES USED IN THE ASSESSMENT OF FISHERIES IMPACTS
Due to the nature of the fisheries and fisheries data this assessment used distinct Zones to assess
impacts. It should be pointed out that this assessment determined that the impact of dredging
can be either
A)

Direct – that is the physical impact of the dredging operation, or

B)

Indirect – that is the mining will have an indirect effect on the areas adjacent to the actual
area being mined. In this regard we assume that a fishery will be affected differently and
to a lesser degree the further away fishing takes place from the actual mined area (i.e. SP1, SP-2 and SP-3)

We stress also that the areas or zones selected are only a mechanism by which we could gauge
possible effects. For example although substrate is removed in the mined area (SP-1 to 3) the
fisheries in the adjacent areas to SP-1 to 3 are also likely to be affected – we use the term
“Mining Licence Area”, or MLA. Thereafter we zoned areas (Zone 1-4) at different intervals as
follows:
Zone 1. The area extending from the margins of the MLA to approximately 25 km seawards in all
directions;
Zone 2. The area extending from Zone 1 seawards in all directions to 50km;
Zone 3. The area extending from Zone 2 seawards in all directions to 100 km;
Zone 4. The area extending from Zone 3 seawards in all directions to the Namibian EEZ.
These areas and zones are illustrated in Figure 18.
NOTE also that the areas beyond Zone 1 are probably of little overall significance. The area of
greatest potential impact and risk to both the fisheries and the resources are most likely to occur
within the MLA and outwards to the 25 km (Zone 1 outer margin) i.e. a consolidation of the MLA
and Zone 1. We classify this as the “Mine Site” The rationale for this is as follows:
Data supplied by MFMR (NatMIRC) had limitations – only single daily locations were provided for
most fishing sectors. In lieu of having vessel track data or start and end points of actual fishing
events we must assume that on average a tow distance or line set (longline) will approximate 25
km (for trawling 3 hour trawl at 3.5 knots approximating no more than 25 km) from the border of
the MLA. A more concise spatial assessment was not possible (data requested).
In a further analysis we used a modified methodology to estimate the levels of historical activity
in and around each SP-1, SP-2 and SP-3 area in order to consolidate the expected levels of marine
traffic in these areas.
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6.3

COMMERCIAL FISHERIES DATA
The percentage catch in the main fisheries within the MLA (including SP1-3) and zones around
the MLA was calculated and used to inform the assessment of the significance of the impacts.
In fisheries for which data for the whole Namibian EEZ was provided (hake, monk and horse
mackerel) the percentage catch taken within each area / Zone as a proportion of the EEZ catch
was calculated (Equation 1).
Mine site;Local;Regional catches (t)
Cumulative catches (t)to 100 km

𝑥𝑥 100…………Equation 1

In cases where spatial data on catch and effort was not provided for the whole Namibian coast
for all fisheries, the percentage (per zone) of the cumulative catch to the 100 km boundary (from
the MLA) was calculated (Equation 2). This applied to the hake longline and small pelagics sectors
as the data provided only incorporated catches from the area between 23°S and 26°S. For these
sectors the percentage catch within the MLA in relation to the EEZ could not be calculated :
Mine site catches (t)
Total EEZ catches (t)

6.4

SURVEY DATA

𝑥𝑥 100 ………………………..Equation 2

In addition to using commercial catch and effort data for spatial assessments, data from
numerous fisheries surveys were provided by MFMR. This included data from the main annual
biomass surveys for hake, monk, horse mackerel and small pelagic species (Appendix 1a - 4). In
many instances samples are taken from the same stations on successive annual surveys –
interpretation using these data for the respective impact zones had, therefore, to consider any
bias this may have given. For example, the distribution of biological data used to help interpret
impacts on recruitment to the commercial fisheries (e.g. spawning, juveniles fish, eggs and larvae)
were visually assessed by declaring “Yes or No” to whether the catches overlapped with the MLA
or not (Tables 1c, 3 and 5). Note, an analysis is only declared “Yes” if there is an overlap of catches
in one of the three target areas (SP-1, SP-2 and SP-3).

7
7.1

IDENTIFICATION OF IMPACTS FOR ASSESSMENT
RATIONALE FOR IMPACT CATEGORISATION
The displacement of the commercial fishing activities and the redistribution, survival and
recruitment of ecological important fish species, seabirds and mammals could be influenced by
the mining of phosphate in several direct ways. For example:
•
Exclusion of fishing to avoid mining, and the loss of potential fishing grounds
We assume that if phosphate dredging proceeds fishing activities will be limited to certain areas
in the MLA during the mining operations because of the physical nature of phosphate mining
(habitat removal) and increased levels of maritime traffic. This means that the whole MLA will not
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be restricted to fisheries and only the areas around SP-1 in the first phase will be closed (and
areas within any imposed maritime safety limitations). Fishing effort will certainly be displaced
for the full term of the mining inside the MLA and around SP-1 in the first phase. In the whole of
the “Mine Site” area (which is the area that includes the mining location – SP1-3 and extending
into the MLA and Zone 1 as we identify in Figure 18), fishing is unlikely to be completely excluded.
Fishing vessel operations and maritime traffic are however expected to have to alter normal
operations and or transits. In particular, fishing operations which may historically have followed
specific trawl tracks will be affected. In this regard we have assumed that an average trawl is
three hours long at 3.5 knots – or approximating 25 km. Based on this assumption it is reasonable
to assume that fishing operations in general will have to be altered from the historical norm in
the Mine Site area (that is up to and including the MLA and an area around the MLA with a radius
of 25 km).
The removal of habitats (or disturbance of bacterial mats, if present) utilised by marine
fauna.
Demersal fish species live on the sea bottom and will be displaced by loss of habitat through the
direct removal of substrate. The removal of the “giant” bacteria Thiomargarita and Beggiatoa is
also a consideration (but not considered directly in this assessment).

•

The creation of sediment plumes (turbidity) that might affect species abundance (area
avoidance, mortality, loss of feeding and spawning grounds etc).
Mining for marine phosphate deposits by dredging the seafloor may increase the amount of
suspended nutrients in the surrounding sea water if soluble phosphate is present in the sediment
pore water (Note: the phosphate ore to be mined is insoluble in sea water). When nutrients
increase in the water column, the amount of phyto- and zooplankton possibly may change.

•

•
Loss of biodiversity through direct physical removal of fauna;
This is a difficult impact to assess however it is an important consideration if unique species occur
in the MLA that may result in the permanent loss of biodiversity (refer to Appendix 1a-5). Note
that this specialist assessment only considers biodiversity in the context of ichthyofauna and is
based only on the survey data provided by MFMR. This has obvious limitations in terms of
biodiversity estimates as these surveys mostly focus on biomass assessments of commercial
fisheries.
Indirect effects may also occur such as:
Displacing the normal behaviour of seabirds and mammals due to the physical
disturbance of the mining activity (including noise from the dredging operation);
Underwater sound can have a variety of effects on marine life, ranging from subtle to strong
behavioural reactions such as startle response to complete avoidance of an area. In extreme
instances it may create conditions that contribute to reduced productivity and effects on survival.
Dredging sounds generally fall within the lower end of the frequency ranges although insufficient
knowledge exists to confidently predict at what levels sound can cause injury, such as hearing
damage or communication interference. The impact of the dredging operations physical presence
is also a consideration, in particular the use of deck lights which can result in seabird interactions
and potential mortality (Ryan 1991).
•
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•
Disturbance of normal trophic interactions and the general ecosystem functioning;
This is a general consideration relating to the effect of mining on the broader ecosystem, in
particular the potential for the removal or disturbance of parts of the ecosystem and the related
cascade effects in the system. In this regard we can only generalize on impacts and risks focusing
on possible trophic effects such as the removal of top predators, commercial fish species, and key
species on which data are available. Note also that trophic effects on the ecosystem also apply to
the broader ecosystem relating to other climatic and anthropogenic influences such as pollution,
fishing and climate change. Due consideration must be given to the scale of the proposed mining
related to these other effects and the broader marine environment of the Benguela Current
ecosystem.

7.2

IMPACT CATEGORIES
We have categorised our assessment into the different types of impacts for ease of
interpretation. These include the likely impact of the proposed phosphate mining on fishing, the
ecosystem in general, on recruitment risk to fisheries, biodiversity (predominantly fish) and the
likely impact of the mining operations on seabirds and marine mammals.
Our five primary impacts that have been assessed independently according to the significance
rating and impact criteria provided are:
1. Impact 1 : The likely impact of mining ON commercial fisheries (hake and monk demersal trawl
fishery, the hake longline fishery, the mid-water trawl fishery and the small pelagic purse seine
fishery). The fishing sectors may not be able to operate effectively in the MLA and to a lesser
extent in Zone 1 due to a) the disturbance caused from actual mining operations; b) associated
sediment plumes; c) exclusion zones around the mining site; and d) increase levels of maritime
traffic associated with the mining operation;
2. Impact 2 : The likely impact of mining ON the main commercial fish species (hake, monk, horse
mackerel, small pelagics, sole, orange roughy, snoek and bearded goby). The fish fauna is a
critical component of the broader marine ecosystem and may be displaced and/or redistributed
by the mining operation primarily because of the a) actual mining activities; b) habitat
disturbance; and 3) sediment plumes (turbidity);
3. Impact 3 :The likely impact of mining ON the recruitment of commercially important species
(hake, monk, horse mackerel and small pelagics). The dispersal and survival of juveniles, eggs
and larvae will be affected by a) physical disturbance of the fishing grounds and b) sediment
plumes (turbidity);
4. Impact 4 : The likely impact of mining ON the fish biodiversity. Mining operations will result in a
reduction or loss in biodiversity because of the a) actual mining operations, b) the habitat
destruction and c) sediment plumes; and
5. Impact 5 : The likely impact of mining ON seabirds and marine mammals. Mining operations will
cause the displacement and/or redistribution of seabirds and mammals due to a) noise
pollution b) artificial light intensity and c) disturbance of normal ecosystem processes.
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NOTE that this assessment in no way assumes that phosphate dredging in the MLA will proceed. The
impacts identified in this assessment must however assume the likelihood that the operations will proceed
so that the environmental impacts and impacts on the commercial fisheries can be estimated.

Figure 18. Illustration of zones and areas defined in the fisheries assessment

8

RESULTS

Refer to Figure 18 illustrating the different areas and Zones used in this assessment. Refer also to Tables
1a, b and c summarising fisheries data used to assess impacts and spatial distributions of impacts.

8.1

IMPACT 1: THE IMPACT OF THE MINING OPERATIONS ON COMMERCIAL FISHERIES.

We used spatial analysis to estimate the proportion of fished areas (catch and effort) likely to fall within
each proposed mining location (SP-1, SP-2 and SP-3), the whole MLA and in Zones adjacent to the MLA
(as defined in Para. 6.2). Refer also to Figures 19 - 26 for the specific fisheries. Refer also to Tables 1a-c
for our estimates of the likely proportion of catch and effort that will be affected by each zone adjacent
to the mining operations. The significance of the impacts is summarised in Table 2.
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Table 1a.

Commercial fisheries data showing percentage catches per impact zone for fisheries in which data were supplied for the whole Namibian EEZ
SP-1

Hake 20042009
Horse
mackerel
1997-2011
Monk 20052010

Catch
(t)
6

0.00

Catch
(t)
297

1694

0.05

2

0.00

Table 1b.

%

0.86

222

0.01

10393

0.32

24622

0.76

35015

1.08

47267

1.45

82281

2.53

110672

3.40

192954

5.93

3063404

94.07

3256357

64

0.08

5163

6.34

10924

13.41

16087

19.75

6749

8.29

22836

28.04

11945

14.67

34781

42.70

46664

57.30

81445

MLA (incl. SP1, SP-2, SP-3)

SP-3

0.06

Catch
(t)
0

191

0.01

802

0.98

%

%

%

5.03

Zone 2 (Area
between
25 – 50km)
Catch
%
(t)
19004
3.54

Catch
(t)
45992

Cumulative to
25 km
Catch
(t)
26988

%

8.57

Zone 3 (Area
between
50 – 100 km)
Catch
%
(t)
48059
8.96

Catch
(t)
94051

17.53

Zone 4 (Area
greater
than 100 km)
Catch
%
(t)
442601
82.47

Cumulative to
50 km
%

Cumulative to
100 km
%

Total
catch (t)
Catch
(t)
536651

Commercial fisheries data showing percentage effort per impact zone for fisheries in which data were supplied for the whole Namibian EEZ
SP-1

Hake 20042009
Horse
mackerel
1997-2011
Monk 20052010

0.00

Catch
(t)
4606

Zone 1 (Area
between
MLA – 25 km)
Catch
%
(t)
22382
4.17

SP-2

Effort
(hrs)
7

0.00

Effort
(hrs)
9417

1.04

Zone 1 (Area
between
MLA – 25 km)
Effort
%
(hrs)
39470
4.37

78

0.02

1864

0.38

4233

0.87

6096

1.25

8325

1.71

14421

2.96

18058

3.71

32479

6.66

454864

93.34

487343

237

0.06

19327

4.93

48585

12.40

67912

17.33

31704

8.09

99617

25.42

59510

15.19

159127

40.61

232681

59.39

391808

SP-2
%
0.00

Effort
(hrs)
857

224

0.05

14

0.00

MLA (incl. SP1, SP-2, SP-3)

SP-3
%
0.00

Effort
(hrs)
0

33

0.01

2413

0.62

%

%

0.05

Zone 2 (Area
between
25 – 50km)
Effort
%
(hrs)
32782
0.04

Effort
(hrs)
81669

Cumulative to
25 km
Effort
(hrs)
48887

%
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9.04

Zone 3 (Area
between
50 – 100 km)
Effort
%
(hrs)
86550
0.10

Effort
(hrs)
168219

Cumulative to
50 km
%

18.61

Zone 4 (Area
greater
than 100 km)
Effort
%
(hrs)
735601
0.81

Total
effort
(hrs)
Effort
(hrs)
903820

Cumulative to
100 km
%

FISHERIES, MAMMALS AND SEABIRDS SPECIALIST STUDY

Table 1c.
Commercial fisheries data showing percentage catches per impact zone for fisheries in which
data were not supplied for the whole Namibian EEZ (Note that % calculations ONLY include the area up to
100km from the MLA for these fisheries data for the whole EEZ were not used)

Dataset
Hake
commercial
longline data

Dates

20062010

Species
Hake (Merluccius
paradoxus and M.
capensis)
Anchovy (Engraulis
encrasicolus)

Small pelagics
commercial
data

20002011

MLA + Zone 1
(SP-1, SP-2
and SP-3)

Sardine (Sardinops
sagax)
Round herring
(Etrumeus
whiteheadi)

Very low or
negligible
evidence of
recent fishing
activity

Zone 2
(Local)
25 - 50
km

Zone 3
(Regional)
50 - 100
km

31.49

21.11

47.4

No data

1.67

42.28

56.06

No data

17.44

29.17

53.39

No data

1.82

23.67

74.52

No data

Zone 1 <
25 km

National
>100 km

Explanation of Tables 1a, b and c: The percentages in Zones reflect the following:
SP-1, 2 and 3 : % of catch and effort in actual areas to be mined of total Namibian historical catch and
effort for years specified (direct impact)
MLA : Historical catch and effort in the whole Mine Lease Area as a % of the total Namibian catch and
effort for the years specified (likely impact)
Zone 1 : Historical catch and effort in Zone (1) only [MLA margin to 25 km] as a proportion of the total
Namibian catch and effort (equation 1 – see section 6.3) (likely impact).
Zone 2 : Historical catch and effort in Zone (2) only [>25 to 50 km margin] as a proportion of the total
Namibian catch and effort (equation 1 – see section 6.3)(indirect impact)
Zone 3 : Historical catch and effort in Zone (3) only [>50 to 100 km margin] as a proportion of the total
Namibian catch and effort (equation 1 – see section 6.3)(indirect impact)
Zone 4 : Historical catch and effort in Zone (4) [>100 km to EEZ) as a proportion of the total Namibian
catch and effort (equation 1 – see section 6.3)(indirect impact)
Table 1c : Column MLA: Mining will or will not result in fishing being affected based on recent catch and
effort reported in the MLA – yes / no
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Specifically for each fishing sector we summarise as follows:
The hake trawl fishery (Figures 19 and Tables 1a and c)
Figure 19 (and Tables 1a and b) shows the position of hake trawls carried out during the period
2004 – 2009. Trawling intensity is expected to be moderate as the preferred trawl depth for the
fishery is greater than 300 m. Catches taken from the MLA and Zone 1 (i.e. Mine Site) is a small
proportion of the entire Namibian EEZ and constitutes 5.03% of the total catches (Table 1a) and
4.37% of effort. Within the MLA the historical catch is 0.86% or about 1% of total hake trawl
effort. There are minimal records of fishing in SP-1 and SP-3 but fishing has been reported in SP2. Hake trawling however is likely to be impacted within the whole MLA, in particular on the
seaward (deeper) areas (western fringes of the MLA). Trawling for hake, although it occurs
significantly beyond the MLA, is highly unlikely to be affected. The only caveat in this regard is the
extent of any exclusion zone around the mining operation (which is not likely to be beyond the
MLA).
The hake longline fishery (Figure 20 and Table 1c)
Hake is also targeted by the demersal longline fishery and the position of the throws relative to
the MLA is represented in Figure 20. The catch distribution of longline is similar to the trawl in
that in the MLA the fishery overlaps on the fringes of their catch distribution profile. The
demersal longline fishery should only be impacted in the south western portion of the MLA. Note
% shown in Table 1c is not for the whole EEZ catch, it is only up to the 100km boundary – Zone 3.
The monk trawl fishery (Figure 21 and Table 1a and b)
This fishery deploys similar bottom-trawl gear to hake but target monk using gear with some
modifications (such as tickler chains). The mining operation is expected to significantly impact
monk-directed trawling as the data show that historically an estimated 6.34% (Table 1a) of monk
are taken in the MLA (Figure 21) and 19.75% if Zone 1 is included. Catches are taken from more
than 50% of the MLA and in particular monk trawling will be excluded from the SP-2 and SP-3
areas. The proximity of SP-1 to monk grounds is also likely to exclude monk trawling. We
conclude therefore that monk trawling will be largely excluded from parts of the MLA especially
in SP-2 during the second phase of mining.
Horse mackerel (Figure 22 and Table 1a and b)
The bulk of the mid-water fleet catches of horse mackerel are usually made north of 20°00’S.
Only a small percentage (0.32% Table 1a) of the fishing activity occurs in the MLA (Figure 22) and
1.08% if Zone 1 is included. The frequency (intensity) of midwater trawling in the MLA is
therefore expected to be low as the cumulative effort (hours trawled) approximates 1.25%
(Table 1b) .Note however that the data suggest that fishing has occurred in the whole of the MLA
but that fishing intensity is low. This implies that the mid-water trawl fishery will lose the option
of fishing in the MLA but that due to the low frequency of fishing in the area, the overall impact
on the fishery will be moderate to low.
Small pelagic (Figures 23-26 and Table 1c)
Though the MLA is not situated in the main small pelagic fishing grounds (sardine – Figure 25;
round herring – Figure 26), the MLA is an area of occasional high abundance of adult fish (Figure
23). For sardine the estimated historical catch in the MLA and Zone 1 approximates 17% (of the
100km around the MLA) with most taken in Zone 1 and zero catch in each of SP-1, 2 and 3. The
northern extent of the MLA overlaps marginally with purse seine grounds and to a greater extent
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northwards of the MLA into the zones more distant from the mining area. This has significance
depending on the extent of the plume generated by the actual mining operation and the
discharge of water once settled in the dredger. As the extent of the plume is understood to be
localised (and not extend much further than 500 to 1500 m) (CSIR 2006b) it is considered highly
unlikely that mining will impact the small pelagic fishery.
In general for all fisheries the likely impacts on are summarized in Table 2 5 .
Note :

5

-

Hake trawl, horse mackerel, midwater trawl and monk trawl will be directly impacted on by
mining within the actual mining locations (SP1-3) and within the MLA.

-

In all other zones the proportion of fishing that may be indirectly impacted will vary with
distance from the actual Mining Lease Area.

-

With respect to demersal and pelagic fish, the dredge overspill plume impacts will likely be
low or minimal and localised, provided that plumes are contained within the mining or
immediate operational area.

-

Due to the northward-flowing current along the Namibian shelf it is possible, but unlikely,
that the impact of the operations might be transported into the main distribution areas for
hake, horse mackerel, sardine and monk.

-

Depending on the concentration of the dredge overspill particles in the water column, the
effects can vary. Small pelagic fish as filter feeders are expected to be disturbed by dredging
activity, either directly by gill clogging or indirectly through the food web.

-

There is a remote possibility that dredging would alter the plankton abundance and
community and disturb normal feeding behaviour of small pelagic species.

-

As long as the effects of dredging are not transported inshore where most small pelagic
spawning activity occurs, the effects of phosphate mining on small pelagic commercial fish
are considered low.

Our assessment does not consider the impact of the removal or disturbance of naturally occurring bacteria in the MLA
(refer to Appendix 1c).
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Table 2.
Impact assessment table summarizing the impact of phosphate mining on the
main Namibian fisheries

Nature of the
impact

Extent

The impact on fishing operations of phosphate mining on the main Namibian fishing
sectors; a) hake trawl and b) hake longline, c) monk trawl d) horse mackerel mid-water
trawl, and e) small pelagic purse seine fisheries. The fishing sectors will not be able to
operate in certain areas due to 1) actual mining operations due to dredging operations
and vessel activities, 2) associated sediment plumes 3) exclusion zones around the mining
site and 4) increase levels of maritime traffic associated with the mining operation.
MLA - fishing operations will be affected in the MLA and beyond to within a 25 km
boundary of the actual target mining sites SP-1, SP-2 and SP-3.

Duration

Long term - the direct impact will cease once the mining activity ends after 20 years (the
period for which the mining licence is issued). Thereafter the recovery of the fishing
grounds and fish abundance to levels prior to the commencement of mining operations is
expected to take up to 20 years (long term)

Intensity

Serious effects - significant impacts will occur for the duration of mining in the MLA,
moderate effects are expected to occur in the long term once mining ceases (up to 20
years).

Probability
Status (+ or -)
Significance (no
mitigation)
Mitigation

Definite- consequences will occur in all instances for the duration of mining. Once mining
ceases consequences are expected to occur in some instances (moderate effects) within
the MLA and persist at a reduced level in the long term within the 25 km boundary zone.
Negative - the impact will result in a direct loss in fishing operations in MLA
Medium - the project design might require modification to accommodate certain fishing
operations
Consider options to minimise impact on fishing operations for example options with
respect to spatial and temporal area closures.

Significance (with
mitigation)

Medium to low

Confidence level

High - the evaluation is based on good qualitative and quantitative, historical and current
fisheries related data.
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Figure 19. Hake commercial data (2004-2009). Each dot
represents the position per trawl relative to the MLA.
n=63351

Figure 20. Hake commercial longline data. Each dot
represents the position per throw relative to the MLA. n =
4553

Figure 21. Monk commercial data (2005-2010). Each dot
represents the position per trawl. n=36798

Figure 22. Horse mackerel commercial data (19972011). Dots are the position of the last trawl per day.
n=39697
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Figure 23. Small pelagic commercial data (anchovy,
sardine and round herring) 2000 – 2011. n=2260

Figure 24. Location of anchovy catches from commercial
data (2000 – 2011). n=552

Figure 25. Location of sardine catches from commercial
data (2000 – 2011). n=1099

Figure 26. Location of round herring catches from
commercial data (2000-2011). n=83
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8.2

IMPACT 2: THE IMPACT OF THE MINING OPERATIONS ON THE ECOSYSTEM
(TROPHIC INTERACTIONS)
As commercial data are not “independent”, we used survey data as the basis for estimating the
approximate spatial distribution of the main commercial fish species. These species are used as
biological indicators of the main fish components of the ecosystem, in particular their distribution
reflects the likely trophic structure of the ecosystem in the vicinity of the MLA. Note that trophic
modelling of the Benguela ecosystem has been done although the specific application to Namibia
and the MLA in particular can only be inferred from these broad studies (Shannon, 1986). Note
also that trophic modelling is inclusive of top predators as well as species lower in the food chain
including benthic organisms removed with the substrate in the dredging process. We have
enquired regarding the status of trophic marine modelling in Namibia and the BCC but have as
yet no conclusive models or data on which to give a more informed assessment of the impacts on
the ecosystem. Equally this problem applies to all aspects of the Benguela ecosystem including
fishing and other anthropogenic effects.
The survey data (see Table 3) were analysed by visually examining the maps (Figures 27 – 38). To
determine the likely impact of mining we used it as an indicator for the distribution and
abundance of each species relative to their proximity to the MLA. The unit or index applied is
simply the cumulative catch of a particular species in the different surveys.
This rough assessment is summarized in Table 3 - i.e. the likelihood of the species listed being
found (and impacted) in the actual mining locations within the MLA. The significance of the
impact is summarised in Table 4. Note also that our data pertain only to the species recorded in
the surveys we had access to. We are aware that many more species are found in the MLA, but
that there is no data or records of these we are aware of (excluding the benthic sampling
undertaken for the phosphate pre-studies). As such the data we have had access to can only be
considered an “indicator” with no direct inference to all species potentially impacted by the
proposed dredging.

Table 3.
Visually assessment of the potential impacts of phosphate mining on ecologically important
commercial fish species
Dataset

Dates

Hake survey data

1995-2010

Monk survey data

2007-2010

Small pelagic survey data

2002-2011

Hake, monk and small pelagics
survey data combined

1995-2011

Species
Horse mackerel
Snoek (Thyrsites atun)
Bearded Goby (Sufflogobius bibarbatus)
Monk
Hake
Sole (Austroglossus microlepis)
Monk
Goby
Orange roughy (Hoplostethus atlanticus)
Sole
Horse mackerel, anchovy, sardine and
round herring
All species counted per sample station
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Figure 27. Distribution of hake from hake-survey data
(1995-2010). Dots show the cumulative weights per
station. n=678

Figure 28. Horse mackerel from hake-survey data (19952010). ). Dots show cumulative weight per station. n=78

Figure 29. Monk from hake- survey data (1995 – 2010).
Dots show cumulative weight station. n=134

Figure 30. Monk from monk-survey data (2007-2010).
Dots show cumulative weight per station. n=100
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Figure 31. Pelagic (anchovy, sardine and round herring)
weights from pelagic-survey data (2002 – 2011). n=2557

Figure 32. Total catch per station for snoek from hakesurvey data (1997-2010). n=8

Figure 33. Distribution of goby from hake-survey data
(1995 – 2010). n=93

Figure 34. Distribution of goby from monk-survey data
(2007 – 2010). n=24
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Figure 35. Total catch per station for west coast sole
from hake-survey data (1997 – 2010). n=48

Figure 36. Total catch per station for west coast sole
from monk- survey data (1997 – 2010). n=42

Figure 37. Distribution of orange roughy from hakesurvey data (1995 – 2010). n=4

Figure 38. Distribution of orange roughy from monksurvey data (2007 – 2010). n=29
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Based on the survey data we conclude the following with respect to the impact of the mining
on the abundance and distribution of the main commercial fish species :
Hake : (Figure 27) - Hake (M. capensis) are found throughout the mining lease area. One station
in the MLA and just south of SP-1 has a high frequency of occurrence of hake. Otherwise we
assume the abundance of hake in the MLA and surrounding areas is fairly uniform with higher
levels of hake abundance in deeper water. Mining at the specific sites is therefore expected to
impact on hake but due to their mobility hake will most likely avoid the mined area. This will
result in displacement of hake biomass into adjacent areas, mortality is unlikely. From an
ecosystem perspective this will have implications only in a localised context (we assume hake will
avoid the mined area). Disturbance of the substrate will not result in loss of food for hake since
hake generally do not feed on substrate organisms and predate mostly on other fish species and
squid.
Horse mackerel : (Figure 28) - In the MLA horse mackerel abundance is low although high
incidence of this species is expected north and westwards of the MLA. Horse mackerel are highly
mobile and as with hake, are expected to be displaced outside of the mined locations. Mortality
is not expected and the impact on the ecosystem is expected to be low.
Monk : (Figures 29 and 30) - Monk are found throughout the MLA and the adjacent areas.
Distribution appears fairly uniform. Monk are aggressive ambush predators and are found mostly
on flat muddy substrate. They are also not highly mobile fish and have mostly patchy localised
distribution patterns. These characteristics are expected to make monk vulnerable to mortality
from the physical nature of the dredging process. This will have a localised impact on the trophic
ecology but due to the relatively small area of the mining sites (up to 3 km2 mined annually and
60 km2 in the 20 year life of mine), this impact is expected to be moderate. The removal of the
preferred substrate type for monkfish will have a long-term (at least 15 years) impact on the
availability of monk in and around the mining sites (starting with SP-1). Note it is not possible
without long-term monitoring to determine the rate of substrate recovery (appendix 1c) or the
potential for monk to repopulate the mined areas.
Pelagic species : (Figure 31) - Abundance of small pelagic species is assumed to be low (based on
the distribution of catch and effort only) in the MLA. Availability of this species group increases
into Zone 1 and northwards into Zones 2 and 3. Due to data limitations we are unable to estimate
relative abundance beyond 23°S. One survey station indicates that small pelagic species are
found in the MLA. We assume therefore that small pelagic species are highly likely to be found
throughout the MLA but that the impact of mining and the resulting plumes cannot be stated
with sufficient confidence.
Snoek : (Figure 32) - This species is found in and around the MLA. They are highly mobile and are
only found seasonally and in aggregations with high abundance at these times. Snoek, when
occurring in the area of the MLA and mining operation, are expected to avoid the area – i.e. will
be displaced. This is not expected to have a significant impact on the ecology in the MLA and
adjacent zones.
Bearded goby : (Figures 33 and 34) - Two surveys suggest that gobies are distributed throughout
the MLA and will occur inside the mining sites (SP1-3). Gobies have been identified as having a
key trophic role in the ecosystem. As gobies are a mobile species they will be displaced. Mortality
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is expected at the dredging location. Both the displacement and mortality of this species will have
a moderate impact on the whole ecosystem in the MLA only.
Sole : (Figures 35 and 36) – Similar to monk, sole are a sedentary species preferring muddy
substrate. They feed on polychaetes and other worms and fauna in the substrate. Their
distribution is throughout the MLA and extending into the adjacent zone. Dredging operations
will have a significant impact on sole abundance due to localise mortality. Some displacement of
sole to adjacent areas away from the mining is expected. This localised impact will be long-term
(at least 15 years) due to the removal of the preferred substrate of sole.
Orange roughy : (Figures 37 and 38) – Orange roughy are only found in deeper waters and well
outside of the MLA. No impact on the ecosystem is expected.
Table 4.

Impact assessment table of phosphate mining on the ecosystem

Nature of the
impact

The impact of phosphate mining on the ecologically important demersal and pelagic fish
species. The impact will result in the redistribution and/or displacement of hake, monk,
horse mackerel, sole, orange roughy, bearded goby populations and small pelagics because
of 1) actual mining activities due to dredging operations and vessel activities 2) habitat
disturbances and the removal of substrate and 3) sediment plumes (turbidity)

Extent

MLA - demersal and pelagic fish species will be displaced or redistributed from inside the
MLA and possibly from the surrounding areas into Zone 1.

Duration

Permanent (>20 yrs) - the impact will cease once the mining activity ends after 20 years
(the period for which the mining licence is issued) however fish recovery is expected to
occur sooner

Intensity

Moderate effects - only a small fraction (compared to the regional extent) of fish inhabit
the MLA and fish populations will recovery or settle in areas after mining operations ceases
however habitat destruction may cause a longer period of recovery particularly for monk
and sole.

Probability

Highly probable - fish (and in particular demersal fish) are expected to move away from the
mining activity resulting in displacement of biomass

Status (+ or -)
Significance
(no mitigation)
Mitigation

Negative
Medium - the duration of the impact is permanent but recovery of fish populations in the
area may occur in the long term. The intensity is minor to moderate and the extent is
confined to the MLA and Zone 1
In terms of the ecosystem as a whole there are no particular mitigation measure that can
be implemented.

Significance
(with
mitigation)

Not applicable (no mitigation alternatives)

Confidence
level

Low to medium - assumptions based on fish ecology is limited by the data available
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8.3

IMPACT 3: THE IMPACT OF PHOSPHATE MINING ON FISH RECRUITMENT
We identify recruitment as the mechanism by which most fish species breed, spawn, migrate and
ultimately become available for exploitation. The data used to this assessment are given in Table
5. The significance of the impact is summarised in Table 6.

Table 5.
Data (surveys) used in the assessment of the potential impacts of phosphate mining on fish
recruitment
Dataset

Hake length-frequency survey data
Pelagic length-frequency survey
data
Hake maturity survey data

Dates

1995-2010
2002-2011
1995-2010

Pelagic egg and Larvae from
Spanish survey data
Pelagic egg and Larvae from
Nansen survey data

1999 - 2005

Pelagic egg from SWAPELS survey
data

1978-1985

Mesopelgic fish eggs

August 2006

Species (percentage of 100km
buffer zone)
Horse mackerel juveniles (<21cm)
Hake juveniles (<21cm)
Monk juveniles (<21cm)
Horse mackerel, anchovy, sardine
and round herring juveniles (<8cm)
Hake stage 4 (spawning stage)
Anchovy eggs and larvae
Sardine eggs and larvae
Sardine eggs
Horse mackerel eggs and larvae
Sardine
Anchovy eggs
Lightfish
Lanternfish
Red eye

MLA
(SP-1, SP-2 and
SP-3)
No
Yes
Yes
No
Yes
No
No
No
No
No
No
Yes
No
No

Hake : (Figures 39 and 40) – The distribution of juvenile hake (< 21 cm) occurs throughout and
mostly shallower than the 200 m bathycontour. This is a typical distribution pattern for juvenile
hake that recruit in shallow water and then migrate deeper as they age. Specifically juvenile hake
are found in the MLA in the northern part near SP-1. Juvenile hake are expected to be displaced
from the dredging area, but their mobility should limit the likelihood of mortality. The distribution
of stage 4 adult hake is an indicator that these fish are spawning. The data provided suggest that
spawning hake are not commonly found in the MLA and are generally found in the areas north of
the MLA well away from the mining site. Hake recruitment is therefore not expected to be
significantly impacted. We note however that maturity estimates and spawning activity estimates
are constrained by the data limitations i.e. to survey periods.
Horse Mackerel : (Figures 41 and 46) – Horse mackerel juveniles are not in high abundance in the
MLA and Zone 1. They occur mostly northwards of the MLA (Zone 2 and beyond). Similarly, horse
mackerel eggs and larvae are found predominantly north of the MLA. The impact on the
recruitment of horse mackerel is therefore expected to be low.
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Monk : (Figure 42) – Juvenile monk (< 21 cm) are found throughout the MLA but are not in high
abundance (note this is surmised from hake survey data only). The impact on juvenile monk as a
direct result of the dredging operation will be high (mortality) – the data given however suggest
that the extent of the mining area is small compared to the overall distribution of monk. Total
recruitment effects on monk are therefore expected to be low.
Small pelagics : (Figures 43, 44, 45, 47 and 48a) – The known distribution patterns of small pelagic
juveniles (species combined) suggests that they are predominantly found landwards (shallower)
than the MLA. Further, egg and larval surveys suggest spawning occurs well north of the MLA.
Historical data suggests also that spawning occurred north of Walvis Bay and far away from the
MLA. There is however some evidence that historically sardine and anchovy eggs were found in
small numbers south of Walvis Bay and across the MLA. In the context of the attempts to rebuild
the much depleted small pelagic stocks however, any minor disturbance or disruption of
potential spawning by small pelagic species raises the impact implications to moderate.
Fish Recruitment Summary
-

In general the mining operations are unlikely to have a significant impact on the
recruitment of most commercially and ecological important fish species. However Cape
hake spawn in deep water (100 and 400 m) between Cape Cross and Conception Bay (2224°30’S) (Sundby et al. 2001). Depending on environmental conditions (cross-shelf
circulation, low oxygen layers, meso-scale gyres), the dredging activities could impact on
the hake spawning throughout the water column

-

The potential increased turbidity around the mining area is unlikely to impact on all species
but it should be noted that turbidity plumes might extend into important areas for Cape
hake (M, capensis) and monk juveniles. There is, therefore a concern that the mining
operations might have an effect on recruitment of these species

-

The distribution of sardine and anchovy ichthyoplankton (eggs and larvae) (Figures 44 –
48a) are found further north and do not overlap with the MLA. It should be noted that this
could purely be a result of the lack of survey stations in the southern areas of Namibia.
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Figure 39. Hake juvenile numbers (<21cm) from length
frequency hake- survey data (1995-2010). n=6649

Figure 40. Hake stage 4 represented as a percentage
of the total number of all stages per station form hakesurvey data (1995-2010). n=8769

Figure 41. Horse mackerel juvenile numbers (<21cm)
from hake- survey data (1995-2010). n = 1368

Figure 42. Juvenile monk (<21 cm) from hake- survey
data (1995-2010) represented as numbers per station.
n=263
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Figure 43. Pelagic (anchovy, sardine, and herring)
juveniles numbers (< 8cm) from pelagic-surveys 20022011. n=10714

Figure 44. Distribution of anchovy eggs (grey) and
Larvae (black) from Spanish survey data. n=333

Figure 45. Distribution of sardine eggs (grey) and
larvae (black) from Spanish survey data. n=333

Figure 46. Horse mackerel eggs and larvae from
Nansen survey data (1999-2005). n=2811
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Figure 47. Distribution of sardine (grey) and anchovy
(black) eggs from SWAPELS survey data (1978-1985).
n=265

Figure 48a. Distribution of sardine eggs (grey) and larvae
(black) from Nansen survey data (1999 – 2005). n=2811

Figure 48b. Distribution of mesopelgaic eggs (lightfish,
lanternfish and red eye)
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Table 6.

Impact Assessment of phosphate mining on fish recruitment

Nature of the
impact

The impact of phosphate mining on the recruitment of key commercial fish stocks a) hake
b) horse mackerel c) monk and d) small pelagic species. The dispersal and survival of
juveniles, eggs and larvae are effected by 1) physical disturbance of the fishing grounds
and 2) sediment plumes (turbidity)

Extent

MLA - impacts on recruitment is restricted to areas inside the mining licence area and
possibly the surrounding areas up to the 25 km impact zone

Duration

Permanent (>20 yrs) - the impact will only cease once the mining activity ends after 20
years (the period for which the mining licence is issued)

Intensity

Minor effect - only a small fraction (compared to the regional extent) of juveniles and eggs
and larvae occur in the MLA. Impacts will decrease in this area after mining operations
cease

Probability
Status (+ or -)
Significance (no
mitigation)
Mitigation

Improbable - mass mortality of juveniles and eggs and larvae may occur under extreme
circumstances but is highly unlikely
Neutral
Low
No practical mitigation measures are possible.

Significance (with
mitigation)

Not Applicable (no mitigation)

Confidence level

Low to medium - assumptions based on fish ecology is limited by the data available

8.4 IMPACT 4: THE IMPACT ON BIODIVERSITY/…..
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8.4

IMPACT 4: THE IMPACT ON BIODIVERSITY
The living marine resources of Namibia are relatively well-known. By definition marine
biodiversity is the degree of variation of marine life forms within a given ecosystem. It is a
measure of the health of the ecosystem and changes in marine biodiversity are directly caused by
exploitation, pollution and
habitat destruction or
indirectly through climate
change
and
related
perturbations of ocean
biogeochemistry (Worn et
al. 2006)

Figure 49. Dots represent number of species counted per coordinate
(lat/long) from the hake-survey data, monk-survey data, and small pelagicsurvey n=9116

Data on biodiversity in the
Benguela ecosystem is not
well documented although
there
are
on-going
initiatives
to
study
biodiversity through the
Benguela
Current
Commission. As a proxy
for biodiversity we have
used the number of
species recorded in all
independent surveys to
gauge the relative number
of species (predominantly
fish) expected in and
around the MLA. This
should form a baseline to
monitor changes in the
fauna diversity in the
proximity of the mining
area(s).
Critical
to
biodiversity
is
the
permanent loss of any
unique species to the area.
Note, the list is not
intended to be exhaustive.
Our data are presented in
the Table in Appendix 1a 5 and spatially in Figure 49.

The survey data from the
hake, monk and small pelagic research cruises are shown spatially disaggregated by survey type
and station (Figure 49). Specifically within the MLA the number of stations sampled is relatively
low compared to stations in deeper water towards the shelf edge. Nevertheless we conclude that
the diversity of primarily fish fauna in and immediately adjacent to the MLA is comparatively low.
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This crude assessment does however indicate that approximately 40 different species have been
recorded in or adjacent to the MLA and that these species i.e. fish biodiversity will in some way
be impacted by the mining operation. The extent of this is impact difficult to judge. Note also that
the nature of the data and survey methods does not capture all species – these data are
therefore only a subset (indicator) of the total biodiversity. The precautionary approach would be
to permit mining under strict monitoring conditions once a biodiversity baseline for the MLA has
been established. The significance of the impact is summarised in Table 7.
Table 7.

Impact assessment table of phosphate mining on fish biodiversity

Nature of the
impact

Extent

Duration

Intensity

Probability
Status (+ or -)
Significance (no
mitigation)
Mitigation

The impact of phosphate mining on species diversity. Mining operations will result a
reduction or loss in biodiversity because of the 1) actual mining operations due to
dredging operations and vessel activities, 2) the habitat destruction and the removal of
substrate and 3) sediment plumes
MLA – impact on species diversity is restricted to areas inside the mining licence area
(ML 170) and possibly the surrounding areas up to the 25 km buffer zone
Permanent (>20 yrs) - the impact will only cease once the mining activity ends after 20
years (the period for which the mining licence is issued) and should persist for an
indefinite period thereafter. If biodiversity is lost, the impact is permanent.
Minor effect – biodiversity in the MLA is expected to be comparatively low. Loss of
biodiversity in the MLA is likely although at the regional level the limited extent of the
mining locations is unlikely to cause permanent loss of biodiversity. Recovery of
biodiversity in the specific area of extraction within the MLA once mining has stopped is
likely to be slow and will follow a natural process of ecological succession that is
dependent upon the rate of recover of the substrate.
Improbable – consequence of diversity loss may occur under extreme conditions but
are highly unlikely
Negative
Low – the impact on species diversity is not expected to influence project design
provided the current area limitations are maintained. Expansion of dredging in the
current or alternate lease areas without baseline monitoring of biodiversity and
controls must be a prerequisite to the commencement of mining.
No practical mitigation measures are possible.

Significance (with
mitigation)

Not applicable (no mitigation)

Confidence level

Low to medium - assumptions based on marine biodiversity in the MLA is limited to the
nature of the data available.
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8.5

IMPACT 5: IMPACT ON SEABIRDS AND MARINE MAMMALS
The Namibian coast supports large populations of seabirds (refer to Para. 4.1). The published
literature (Cooper 1981, Wiliams and Cooper 1983, Cooper 1985, Berruti 1989, BirdLife
International 2004, Hockey et al. 2005, Crawford et al. 2007, Kemper et al. 2007, Kemper 2007,
Petersen et al. 2007, Pichegru et al. 2007, Ludynia et al. 2011, Sinclair et al. 2011). Numerous
coastal seabirds are expected to be found in or near the MLA (refer to Para. 4.1). Also, Kemper
(response to this EIA) suggests that using data logger technology several species of non-breeding
seabirds are likely to forage well offshore. These include the species identified in Para. 4.1
(African Penguin and Cape Gannet). These species are therefore likely to be found in and around
the MLA. There is also a low likelihood that Bank Comorants and seasonal pelagic species
(albatrosses and shearwaters) may be found occasionally in the MLA. In addition these species
are likely to be impacted by the lights of the dredging operation (Ryan 1991).
The Namibian marine mammal fauna is considered a marginal component of the broad southern
Atlantic marine mammal community and includes three species of pinnepeds (seals) and roughly
40 species of cetaceans (whales and dolphin) (Griffin 1998). There has been a northerly shift
(away from MLA in the south) in breeding seal populations in the last decade, which is thought to
be linked to shifts in the geographical distribution of prey (Kirkman et al. 2007).
Baleen whales are thought to be primarily seasonal visitors to the Namibian coast (Para. 4.3
refers) although some species may support resident populations (Griffin 1998). Today most
species which were once exploited remain very rare (Bianchi et al. 1999) and whales are now fully
protected by Namibian legislation. While the Namibian breeding population of southern right
whales Eubalaena australis is thought to have been eradicated by over exploitation (Roux et al.
2001 in Currie and Grobler, 2007), the historical breeding range included Walvis Bay, Conception
Bay, Spencer Bay, Lüderitz Bay, Elizabeth Bay and the Sperrgebiet coast. Since 1996 calves have
been sighted between Conception Bay and the Orange River, indicating the presence of a
breeding population. Mother and calf pairs being recorded within 1 nautical mile of the shore in
the shelter of Conception Bay and six locations to the south (Currie and Grobler 2007).
Other baleen whales (Para 4.3 refers) that occur along the Namibian coast include, but are not
limited to, pygmy right whales Caperea marginata, fin whale Balanoptera physalus, minke whale
Balaenoptera acutorostrata, humpback whale Megaptera novaeangliae (Bianchi et al. 1999). All
of these species are widely distributed on a global scale but detailed records of the distribution
and habitat use of these animals along the Namibian coast are not available. Toothed whales
known from Namibia include sperm whale Physeter catodon, killer whales Orcinus orca and the
longfinned pilot whale Globicephala melas (Bianchi et al. 1999). All of these species have wide
global distributions and thought to be occasional visitors to Namibian coastal waters. A number
of dolphin species, most notably the dusky dolphin Lagenorhynchus obscurus, bottlenose dolphin
Tursiops truncatus and Heavisides dolphin Cephalorhynchus heavisidii are year round residents
along the Namibian coast (Griffin, 1998).
The MLA is located in a critical area offshore – that is mid-shelf along the 200 m bathycontour. Its
location is therefore close enough to the shore line to expect coastal and oceanic sea birds as well
as the large migrating whales and the more localised distributions of the smaller mammals (such
a common dolphins and pilot whales). It is therefore assumed that there is a likelihood that
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numerous mammal and bird species will be occasionally found in or near the MLA (Para. 4.3
refers). Most mammal species are naturally inquisitive and certainly, any dredging activity will
attract small marine mammals e.g. dolphins and seals. Larger, mostly migrating mammals are
expected to avoid areas where maritime activity is high (although this does not exclude the
possibility that large mammals will occasional be found in or near the MLA).
Impacts on birds and marine mammals will nevertheless be limited to the actual mining site and
immediate areas (500 m around the dredging location). Disturbance of the substrate is also likely
to result in higher levels of biological activity, increased particulate matter (assumed of poor
nutritional value) in the water column and at the surface. This will alter bird behaviour as they will
be naturally attracted to these areas. The significance of the impact is summarised in Table 8.
Table 8.
Table of assessment of Impact 5 summarizing the likely impact of phosphate mining on the
seabirds and mammals around the MLA.

Nature of the
impact

Extent

Duration

Intensity

Probability
Status (+ or -)

The impact of phosphate mining on seabirds and marine mammals. Mining operations
might result in the displacement and/or redistribution of seabirds and mammals
because of 1) disturbance of the ecosystem and availability of feed and 2) physical
disturbance of the dredgers including noise pollution
MLA - impact on seabirds and mammals is restricted to areas inside the mining licence
area (ML 170) and possibly the surrounding areas including Zone 1
Medium term – The impact on sea birds and mammals will be for the term of the
exploitation. Occasional interaction between the dredging operations and mammals and
seabirds is likely although the actual level cannot be determined without more specific
information on these groups for the MLA and Zone 1. Once mining ceases these groups
will no longer be affected by the presence of the dredger although the alteration of
behaviour of some species due to possible loss of foraging options cannot be
determined.
Minor effects - Trophic disturbances could have an impact on the behaviour of seabirds
and marine mammals. Noise pollution is a consideration for marine mammals whose
acoustic communications may be affected resulting in avoidance of the area. Night
strikes of birds due to deck lights are likely.
Probable - consequences of trophic interaction disturbances and noise pollution is highly
likely.
Negative

Significance (no
mitigation)

Medium – Most sea birds and mammal species found in the area will be affected but at a
low level due to the limited extent of the mining operations.

Mitigation

Maintain a bridge watch for large mammal species. Although the dredger will have
limited manoeuvrability a protocol to limit interaction should be followed – in this regard
JNCC guidelines are recommended. Lighting control to minimise night strikes of birds.

Significance (with
mitigation)

Low

Confidence level

Medium - information based on seabirds and mammals was provided by scientific
specialists, however spatial data is limited. Baseline applies to the whole Namibian coast
for most bird and mammal species – confidence relating to impact in the actual MLA is
therefore low.
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9

ASSESSMENT OF LIKELY FISHING ACTIVITY IN THE MLA AND ZONE 1

This section is an addition to the original draft EIA submission. It was requested that the levels of
expected fishing effort in the MLA be described. Refer also to Para. 6.2 and 8 and Tables 1a and
1b.
Ideally to be able to estimate the historical movements of fishing vessels in and around the MLA,
start and end positions of trawls and gear sets is required. The data provided however was limited to
single set locations for trawls, longlines and other gear types.
Broad assumptions of our fishing assessment are as follows :
1.

We assume that fishing effort is located around the central point of each of the
proposed areas to be mined (SP-1, SP-2 and SP-3);

2.

On average a trawler (monk or hake) will tow for about three hours at a speed of 3-4
knots;

3.

We acknowledge that this may not always be the case, such as for longer tows at
night, midwater trawls etc. The objective is to give a broad indication of effort levels
in the mined and adjacent areas;

4.

As we have no end positions, we assume therefore that the fishing will occur in a
radius around the central points of each mined location. This radius approximates
19.4 km;

5.

These radii are illustrated in Figure 50.

6.

We have also had to approximate the number of vessels operating in each fishery.
This was extracted from the MFMR website (www.mfmr.gov.na) which provided
data for 2009 (so current vessel quantities are assumed the same). Note this is only
to obtain a broad estimate as we were only provided with the actual effort hours in
Tables 1a-b.

7.

For the fisheries in which we were provided data on vessel displacement (GRT) we
also estimated the levels of effort in GRT groups so that the vessel size historically
active in the MLA and Zone 1 could be gauged.
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Figure 50. Areas identified to estimate fishing vessel activity in the mined and adjacent areas.

9.1

RESULTS

The results of this assessment are summarised in Tables 9 and 10.
In Table 9 we calculated an average number of times vessels from the different fisheries were
reported in the MLA and Zone 1 (this differs slightly from the areas shown in Figure 50). Note that
this relates only to the data provided and does not include possible passage through the area when
no fishing or when no catch log data is recorded.
Table 9 is self explanatory giving a breakdown by vessel power group. Note that the smaller vessels
are in the hake longline group, hake trawl sectors include large freezers and smaller wetfish vessels
and the horse mackerel vessels are the largest. No vessel power data was provided for the monk and
small pelagic trawls. It could be assumed that the monk fishery uses mostly smaller vessels with an
approximate power similar to the smaller hake trawl groups.
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Table 9.

Breakdown of fleet composition by gross registered tonnage (GRT)

Hake longline

GRT

100
200
300
400
500
Total

Hake

Horse mackerel

Number of times
Number of times
this GRT group
this GRT group
Average
Average
entered the MLA for all the GRT entered the MLA for all the
+ Zone 1
+ Zone 1
years
group
years 2004
(cumulative to 2006 2010
(cumulative to
2009
25km)
25km)
105.00
630
100
10
50
378
75.6
200
430
71.67
63.00
378
300
255
51
87
14.50
400
49.2
246
25.4
500
285
47.50
127
53.83
323
1056
600
19.83
119
700
800
277
46.17
1.50
9
900
1000
229
38.17
1.83
1200
11
25
4.17
1300
525
87.50
1500
1600
11
1.83
6.67
1700
40
Total
3379

GRT

4000
5000
6000
8000
Total

Monk

Small
pelagics

Number of times
Number of
Number of
Average
this GRT group
trawls in the shoots in the
entered the MLA + for all the
MLA+ Zone 1 MLA+ Zone 1
years 1997
Zone 1
(cumulative (cumulative
(cumulative to
2011
to 25 km)
to 25 km)
25km)
3872
57
3.80
185
23.33
350
1.27
19
16
1.07
442

Table 10 refers specifically to the areas designated in Figure 50. The table shows SP-1, SP-2 and SP-3
and the expected effort for each of the four fisheries for which we had adequate data:
a) Our historical data is from 2008 to 2010
b) We have the number of vessels in each sector for 2009 and 2008 but for 2010 we have
assumed the 2009 values;
c) The column “records per year” is the actual number of times these vessels reported in their
catch logs to be in each area;
d) We also used the total effort hours reported for each fishery to estimate the expected time
per day each vessel would trawl in the areas designated. Note that this does not mean that
the vessel will move from the area. Typically vessels remain in an area if fishing is good.

9.2

CONCLUSIONS

The data shown here is a further refinement of the analysis done in Para. 6.3. We stress that these
are approximations of the effort and vessels expected in the area based on the data available to us.
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Table 10.
A summary of the number of vessels, records and hours a vessel was in an area per day for
each of the four fisheries.
MONK

SP1*

SP2*

SP3*

HAKE TRAWL

SP1*

SP2*

SP3*

HAKE LONGLINE

SP1*

SP2*

SP3*

Year
2010
2009
2008
2010
2009
2008
2010
2009
2008

Year
2009
2008
2007
2009
2008
2007
2009
2008
2007

Year
2010
2009
2008
2010
2009
2008
2010
2009
2008

Number of vessels
MFMR DATA
Number of records
(Ministry of
records of total
in each area per
fisheries 2009
hours in each area
year
annual report))
per year
31
505.65
16
1763.62
16
96
684.27
25
39
2613.97
152
16
4759.82
16
264
3572.67
205
25
4110.88
16
228
182
3285.05
16
4726.32
25
262
Number of vessels
MFMR DATA
Number of records
(Ministry of
records of total
in each area per
fisheries 2009
hours in each area
year
annual report))
per year
486.28
71
35
1660.37
91
115
238
3055.83
87
61
884.28
71
2765.97
91
176
3069.28
87
222
24
366.22
71
101
1633.68
91
484.48
33
87
Number of vessels
MFMR DATA
Number of records
records of total
(Ministry of
in each area per
hours in each area
fisheries 2009
year
per year
annual report))
0
18
0
18
18
9
18
33
NO DATA
41
18
18
153
18
30
18
37
18
98

Expected average
time per vessel in
each area per day
16.31
18.37
17.55
17.20
18.03
17.43
18.03
18.05
18.04
Expected average
time per vessel in
each area per day
13.89
14.44
12.84
14.50
15.72
13.83
15.26
16.18
14.68
Expected average
time per vessel in
each area per day

NO DATA

Number of vessels
MFMR DATA
Number of records
Expected average
(Ministry of
records of total
Year
in each area per
time per vessel in
HORSE MACKEREL
fisheries 2009
hours in each area
year
each area per day
annual report))
per year
0
0
2011
0
0
0
0
0
2010
0
SP1*
49.50
9.90
2009
9
5
8
99.17
12.40
2008
10
0
2011
0
0
0
2010
0
0
0
0
SP2*
0
0
0
0
2009
0
0
2008
0
0
2011
0
0
0
0
0
2010
0
0
0
SP3*
2009
0
0
0
0
2008
0
0
0
0
* SP1, SP2, SP3 + 19.4 km bounda ry (bounda ry a rea ca l cul a ted by mul ti pl yi ng s peed of tra wl er (3.5nm)
by ti me (3 hours ) to get di s ta nce (19.4 nm))
** As s umed number of ves s el s a ccordi ng to previ os yea r (2009)
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10 CONCLUSIONS
Overall we emphasize that our assessment of fish resources, fisheries, marine mammals and birds
is based on the best available data. In the case of fisheries, data have been provided by the
Ministry of Fisheries and Marine Resources. The analyses undertaken using these data are aimed
only at informing the EIA as best possible regarding the risks of the proposed mining. We wish to
stress also that with respect to the impact on commercial fisheries, our assessment equates more
to a broad operational impact rather than an environmental one.
With respect to the risk assessment of the impact on the broader ecosystem, the assessment is
“data poor” and inadequate to fully assess the likely impacts of dredging on the Namibian marine
environment (including biodiversity and trophic ecology). We stress however that this uncertainty
could apply equally to other exploited marine resources (such as fishing and diamond mining)
where there is much uncertainty regarding ecosystem impacts and the extent to which
anthropogenic activities (historical and current) may already have altered the marine
environment.
Five critical impacts have been identified.
The impact on Namibian fisheries will vary depending on the fishing sector.
The operations of all fisheries will in some way, and at different levels of intensity, be impacted.
Overall however the significance is considered to be negative and medium to low primarily
because the area to be mined (annually up to 3 km2 and for the 20 year mining lifespan up to 60
km2) is a small fraction of the overall Namibian fishing grounds. This fraction may however
increase significantly if mining of this nature is to be expanded or alternative mine sites
introduced.
Of the main commercial fisheries, the monk-directed trawl fishery will be most impacted. The
species exploited (monk) prefers muddy/sandy substrate of which the dredging operation as
proposed, will remove 60 km2 for the duration of the mining licence. The monk-directed catch
and effort data and trawling locations from 2005-2010 suggest that about 1% of the total monk
fishing grounds in SP-2 will be lost, 0.08% in SP-3 and zero % in SP-1 i.e a direct impact in the actual
mined site. Further, 19.75 % of the monk fishing grounds in the MLA + Zone 1, may be indirectly
impacted. The actual nature and intensity of the impact away from the actual mined sites cannot
be definitively stated and is also likely to vary and be reduced in intensity further away from the
mining operation. The primary effects of the dredging operation is expected to be disturbance
and removal of the preferred monk substrate resulting in either displacement of monk to
adjacent ground or actual mortality of monk that may be caught in the dredging process.
Similarly the hake trawl and longline fisheries will also lose fishing grounds although this is
unlikely to happen in the first phase of mining as the data provided suggest effort in these
fisheries has not been directed in the SP-1 mining target area. Expansion of the dredging into the
other areas (SP-2 and SP-3) will however increase the exposure of these fisheries to the dredging
operations.
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Of the other main fisheries, which include horse mackerel and other small pelagic species, the
mining area does not overlap significantly with the grounds fished (horse mackerel = 0.32% of
catch taken in the MLA and 0.05% in SP-1). Further, unlike with trawling and demersal longling,
the nature of the gear deployed by mid-water and purse seine, is such that these fisheries will be
less impacted. The normal operations of these fisheries will however be affected by any statutory
maritime exclusion safety zones around the dredging operations. Availability of small pelagic
resources (such as horse mackerel and sardine) may also be affected by the likely sediment
plumes created by the dredging operations. The nature of this impact cannot be definitively
stated – it is assumed that these species are likely to avoid such plumes and will be displaced to
adjacent areas.
Considering the impact of the proposed mining on the broader ecosystem, in particular the fish
fauna, the impact will on average be moderate. The mining will displace fish resources and
remove essential habitat occupied by these fish resources (such as monk, gobies, hake and
others). In particular, gobies have been identified as a key forage feeder in the mining area and
are also a key trophic species (bottom-level). There is therefore expected to be significant
alteration of the ecosystem characteristics in the immediate mining area. This alteration of the
ecosystem will be very localised and is unlikely to impact the broader marine ecosystem. This
rating (unlikely) assumes that the mining is contained within the proposed areas inside the MLA
and that the extent remains a very small fraction of the ecosystem in the Namibia Exclusive
Economic Zone and of the total areas fished.
Any expansion of the dredging may significantly alter the potential to impact on the broader
ecosystem.
With regard to the third impact identified, that is the impact on fish recruitment, we consider the
impact to be low relative to the total recruitment area available to fisheries resources in
Namibian waters. There is an obvious impact in the immediate area of the mining which is serious
and likely to be permanent (or at least > 15 years) – that is the physical removal and destruction
of substrate. The expected low relative impact on recruitment to fisheries resources is however
not equal for all fisheries. In particular, monk recruitment is likely to be impacted at a much
higher level than other fisheries, although the significance and extent is difficult to state
conclusively. Sediment plumes are not expected to significantly affect recruitment as, similar to
the expected impact on fisheries, the mining operation is proportionately a small fraction of
known fishing grounds in the Namibian EEZ. Further, the plumes are likely to disperse quickly
over a short distance. Data provided suggest that spawning and egg and larval abundance of the
main exploited fish resources are not concentrated in or near the mining lease area. Hake
juveniles (pre-recruiting sizes to the fisheries) are abundant in the depth range of the MLA,
however their mobility will allow them to avoid the disturbed areas thus reducing possible
mortality and recruitment to the hake fisheries (unlike monk that are less mobile). We stress that
our data are based on the best available information (mostly surveys) that do not necessarily
represent the biological situation throughout a full year.
With regard to the fourth impact identified, biodiversity – the impact in the immediate mining
area will be severe and will result in loss of flora and fauna. However we have no evidence to
suggest that the mining will result in a permanent loss of biodiversity, assuming there are no
species unique to the area to be mined. The approach here however should be precautionary
since little is known of the biodiversity in the MLA.
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The final impact relates to seabirds and marine mammals. Mining, although localised, will result
in modification of behaviour of mammals and seabirds in the mined area. Small marine mammals
will most likely be attracted to the disturbed area, although this behaviour is unlikely either to
persist or to be negative once operations cease. Large marine mammals, most of which are
transient, will occur in the area but are also likely to avoid the mining area due to the disturbance
created by the dredging. Noise levels from the dredging may also affect mammal and bird
behaviour, but we have no firm conclusion on this impact which requires a specialist response.
Seabirds will also interact with the mining. The exact nature and extent of this interaction cannot
be determined conclusively due to data paucity, but will certainly result in behavioural changes
associated with the disturbance created by the dredging operations. For this reason we rate the
impact on birds and mammals as negative but cannot judge the likely intensity or significance.
Bird mortality associated with bird strikes will require mitigation.
With regard to maritime traffic in general and specifically the likely fishing vessel activity in or
adjacent to the MLA. The monk fishers are expected to be the most active. To a lesser extent the
hake trawl, horse mackerel, small pelagic and hake longline fisheries will also be active in the MLA
and surrounding area.
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11 RECOMMENDATIONS
11.1 MITIGATION
The information presented in this assessment has been provided by NatMIRC. The spatial
assessment provided here is a first attempt, based on the information provided, to assess the risk
associated with the proposed dredging for phosphates. We advise that there is a need for the
establishment of a baseline for the MLA. This can be based on the available data, but where
considered critical, additional data collected for a baseline prior to mining commencing.
To mitigate loss of fishing grounds there are no realistic options in our view. The only possible
exception is the accommodation of the needs of the monk fishery through a mutually agreed
access operational plan.
For mammals and seabirds protocols for minimising deck light intensity should be introduced as
well as following JNCC standards for minimising interactions with marine mammals (similar to
those followed by seismic survey vessels).

11.2 MONITORING
Due to the small scale of the proposed dredging operations in the context of the larger ecosystem
and extent of the marine resources it is unlikely to be able to discriminate a clear signal relating
to ecosystem change as a result of dredging (primarily due to variability within the ecosystem).
In the short term both MFMR and the mining lease operator should establish appropriate
monitoring line (s) through the Mining Licence Area to monitor the effects of dredging on a realtime basis (possibly coinciding with established surveys).
Given the number of industrial mineral EPLs that have been granted in the area between Walvis
Bay and Lüderitz consideration should be given to requesting that the Benguela Current
Commission incorporate into their Strategic Environmental Assessment of the mineral sector of
the Benguela ecosystem a study of the potential impacts of dredging.
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Appendix 1a-1 Seabirds of southern Namibia
SPECIES
African Penguin
Spheniscus demersus
Black-necked Grebe
Podiceps nigricollis
Wandering Albatross
Diomedea exulans
a
Shy Albatross
Thalassarche cauta
Black-browed Albatross
T. melanophris
Grey-headed Albatross
T. chrysostoma
a
Yellow-nosed Albatross
T. chlororhynchos
Northern Giant Petrel
Macronectes halli
Southern Giant Petrel
M. giganteus
Pintado Petrel
Daption capense
Antarctic Fulmar
Fulmarus glacialoides
Antarctic Prion
Pachyptila desolata
Great-winged Petrel
Pterodroma macroptera
Atlantic Petrel
P. incerta
Soft-plumaged Petrel
P. mollis
White-chinned Petrel
Procellaria aequinoctialis
Grey Petrel
P. cinerea
Spectacled Petrel
P. conspicillata
Manx Shearwater
Puffinus puffinus
Great Shearwater
P. gravis
Sooty Shearwater
P. griseus
Cory’s Shearwater
Calonectris diomedea
European Storm Petrel
Hydrobates pelagicus
Wilson’s Storm Petrel

RELATIVE
ABUNDANCE

SEASONALITY

CONSERVATION
STATUS (IUCN)

Common

All year

Endangered

Locally
common

Winter, summer

Rare

Winter, summer

Vulnerable

SM, offshore

Uncommon

All year

Near threatened

SM, offshore

Common

Winter, summer

Endangered

SM, offshore

Rare

Vagrant

Vulnerable

SM, offshore

Common

Winter, summer

Endangered

Common

All year

Least concern

Uncommon

All year

Least concern

SM, offshore

Common

Winter

SM, offshore

Rare

Winter

SM, offshore

Common

All year

SM, offshore

Uncommon

All year?

SM, offshore

Rare

Summer

SM, offshore

Uncommon

Winter, summer

SM, offshore

Common

Winter, summer

Vulnerable

SM, offshore

Rare

Winter

Near threatened

SM, offshore

Rare

Winter, summer

Vulnerable

NM, offshore

Rare

Summer, winter

SM, offshore

Uncommon

Summer passage

SM, offshore

Common

Winter, summer

NM, offshore

Common

Summer

NM, offshore

Common?

Summer, winter

SM, offshore

Common

Winter, summer

STATUS*
B, inshore
(<100km)
AM, inshore
SM, offshore
(>100km)

SM,
In/offshore
SM,
In/offshore
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SPECIES
Oceanites oceanicus
Leach’s Storm Petrel
Oceanodroma leucorhoa
Band-rumped Storm Petrel
Oceanodroma castro
Black-bellied Storm Petrel
Fregetta tropica
White-bellied Storm
Petrel
F. grallaria
White-faced Storm Petrel
Pelagodroma marina
Great White Pelican
Pelecanus onocrotalus
Cape Gannet
Morus capensis
Cape Cormorant
Phalacrocorax capensis
Bank Cormorant
P. neglectus
Crowned Cormorant
P. coronatus
White-breasted Cormorant
P. carbo
Red (Grey) Phalarope
Phalaropus fulicarius
Parasitic Jaeger
Stercorarius parasiticus
Pomarine Jaeger
S. pomarinus
Long-tailed Jaeger
S. longicaudus
Subantarctic Jaeger
Catharacta antarctica
Sabine’s Gull
Xema sabini
Kelp Gull
L. dominicanus
Hartlaub’s Gull
L. hartlaubii
Grey-headed Gull
L. cirrocephalus

STATUS*

RELATIVE
ABUNDANCE

SEASONALITY

NM, offshore

Uncommon

Summer

NM; offshore

Uncommon

Summer

SM, offshore

Rare

Winter

SM, offshore

Rare

Winter

SM, offshore

Rare

Winter

B, inshore

Rare

All year

B,
In/offshore

Common

All year

Vulnerable

B, inshore

Common

All year

Near threatened

B, inshore

Rare

All year

Endangered

B, inshore

Uncommon

All year

Near threatened

B, inshore

Uncommon

All year

NM, offshore

Uncommon

Summer

NM,
In/offshore

Common

Summer, winter

NM, offshore

Common

Summer, winter

NM, offshore

Common

Summer

SM, offshore

Common

Winter, summer

NM,
In/offshore

Common

Summer

Common

All year

B, inshore

Common

All year

B, inshore

Rare

All year
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SPECIES
Common Tern
Sterna hirundo
Arctic Tern
S. paradisaea
Sandwich Tern
S. sandvicensis
Swift Tern
S. bergii
Damara Tern
S. balaenarum
Caspian Tern
S. caspia
Black Tern
Chlidonias niger

STATUS*

RELATIVE
ABUNDANCE

SEASONALITY

NM, inshore

Common

Summer

NM, offshore

Uncommon

Summer passage

NM, inshore

Common

Summer

B, inshore

Common

All year

B, inshore

Uncommon

All year

B, inshore

Rare

All year

NM, inshore

Rare

Summer

CONSERVATION
STATUS (IUCN)

Near threatened

* B: breeding resident; AM: African migrant; SM: Southern Ocean migrant; NM: northern hemisphere migrant.
a
Recent taxonomic divisions not taken into account.

Appendix 1a-2. Distribution and seasonal abundance of Mysticete
(baleen) whales in southern Namibian waters
SPECIES
Blue whale
(Balaenoptera
musculus)
Fin whale
(B. physalus)
Sei whale
(B. borealis)
Minke whale
(B. acutorostrata)
Bryde’s whale
(B. edeni)
Humpback whale
(Megaptera
novaeangliae)
Southern right whale
(Eubalaena australis)
Pygmy right whale
(Caperea marginata)

SEASONALITY

DISTRIBUTION

CONSERVATION STATUS

Migratory

Pelagic

Endangered

Migratory

Pelagic – some association
with the shelf edge
Pelagic

Vulnerable

Migratory

Endangered

Migratory / year
round
Migratory

Pelagic / Neritic

Migratory / year
round
(some summer
residency)
Migratory

Pelagic / Neritic (uses coastal
waters as migratory corridors)

Endangered

Neritic – extreme inshore

Vulnerable

Migratory

unknown

Probable pelagic
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Appendix 1a-3. Distribution and seasonal abundance of
odontocetes (toothed whales and dolphins) in southern Namibian
waters
SPECIES
Sperm whale
(Physeter macrocephalus)
Pygmy Sperm whale
(Kogia breviceps)
Cuvier’s beaked whale
(Ziphius cavirostris)
Layard’s beaked whale
(Mesoplodon layardii)
Gray’s beaked whale
(M. grayii)
Killer whale
(Orcinus orca)
False killer whale
(Pseudorca crassidens)
Pygmy killer whale
(Feresa attenuata)
Long finned pilot whale
(Globicephala melas)
Risso’s dolphin
(Grampus griseus)
Common dolphin
(Delphinus delphis / capensis?)
Dusky dolphin
(Lagenorhynchus obscurus)
Heaviside’s dolphin
(Cephalorhynchus heavisidii)
Southern right-whale dolphin
(Lissodelphis peronii)
Bottlenose dolphin
(Tursiops truncatus)

SEASONALITY
Some migration

Pelagic

Unknown

Pelagic

Unknown possibly year
round
Unknown though stranding
data suggest a strong
autumn seasonality
Unknown

Pelagic

Year round

Cosmopolitan

Year round

Pelagic

Unknown

Pelagic

Unknown

Pelagic

Unknown
Unknown

Pelagic – some association
with the shelf edge
Pelagic

Year round

Neritic

Year round

Neritic

Year round

Pelagic / Neritic (localised)

Year round

Pelagic
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Appendix 1a-4. Datasets provided by the Namibian Ministry of
Fisheries and Marine Resources (MFMR) for this impact
assessment.
DATASET

DATES

SPECIES

Hake commercial trawl data
Hake commercial longline data
Horse mackerel commercial mid-water
trawl data
Monk commercial trawl data

2004-2009
2006-2010

Hake (Merlucius paradoxus and M. capensis)
Hake (Merlucius paradoxus and M. capensis)

1997-2011

Horse mackerel (Trachurus trachurus)

2005-2010

Small pelagics commercial data

2000-2011

Hake survey data

1995-2010

Monk survey data

2007-2010

Small pelagic survey data

2002-2011

Hake length-frequency survey data

1995-2010

Pelagic length-frequency survey data

2002-2011

Hake maturity survey data
Hake, monk and small pelagics survey data
combined

1995-2010

Monk (Lophius vomerinus and L. vaillanti)
Anchovy (Engraulis encrasicolus)
Sardine (Sardinops sagax)
Round herring (Etrumeus whiteheadi)
Horse mackerel
Snoek (Thyrsites atun)
Goby (Sufflogobius bibarbatus)
Monk
Hake
Sole (Austroglossus microlepis)
Monk
Goby
Orange roughy (Hoplostethus atlanticus)
Sole
Horse mackerel, anchovy, sardine and round
herring
Horse mackerel juveniles (<21cm)
Hake juveniles (<21cm)
Monk juveniles (<21cm)
Horse mackerel, anchovy, sardine and round
herring juveniles (<8cm)
Hake stage 4 (spawning stage)

1995-2011

All species counted per sample station

Pelagic egg and Larvae from Spanish survey
data
Pelagic egg and Larvae from Nansen survey
data

1999-2005

Pelagic egg from SWAPELS survey data

1978-1985

Mesopelgic egg survey

Aug 2006
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Anchovy eggs and larvae
Sardine eggs and larvae
Sardine eggs
Horse mackerel eggs and larvae
Sardine
Anchovy eggs
Lightfish
Lanternfish
Red eye
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Appendix 1a-5.

List of species included in the biodiversity
assessment

SPECIES INCLUDED IN THE BIODIVERSITY ASSESSMENT
Acanthurus monroviae

Cruriraja parcomaculata

Melanocetus johnsoni

Raja wallacei

Aequorea sp.

Cynoglossus capensis

Melanostomias sp.

Riparidae (family)

Alepocephalus (family)

Cynoglossus zanzibarensis

Merluccius capensis

Salps

Alepocephalus australis

Deania calcea

Merluccius capensis (big)

Sardinops ocellatus

Allocyttus verrucosus

Dicrolene intronigra

Merluccius paradoxus

Schedophilus huttoni

Aphrodite pol

Diogenidae (family)

Miscellaneous fishes

Scorpaena stephanica

Aquorea aquarea

Ebanania costaecanari

Mola mola

Aristeus varidens

Echinorhinidae

Molluscs

Selachophidium
guentheri
Sepia australis

Arnoglossus imperialis

Engraulis capensis

Monolene microstoma

Sepia elegans

Astronesthes sp.

Epigonus denticulatus

Moroteuthis robsoni

Sergestidae (family)

Austroglossus
microlepis
Bivalves

Epigonus telescopus

Muraenidae (family)

Serrivomer beanii

Etmopterus branchyurus

Mustelus palumbes

Shark eggs

Bajacalifornia megalops

Etrumeus whiteheadi

Myxine sp.

Shrimp mix

Bassanago albescense

Galatheidae (family)

Naucrates ductor

Bathynectes piperitus

Galeus polli

Neocyttus rhomboIdalis

Bathyraja smithii

Gastropods

Neoharriotta pinnata

Shrimps, small, non
comm.
Snapper shrimp
(Alpheus sp.?)
Solenocera africana

Bathyuroconger vicinus

Gempylidae

Neolithodes capensis

Sponges

Benthodesmus tenuis

Genypterus capensis

Nephropsis atlantica

Sqaulus megalops

Bothus sp.

Glyphus marsupialis

Nezumia micronychodon

Squatina oculata

Brachioteuthis picta

Gobiidae

Nezumia milleii

Brama brama

Gonostoma elongatum

Nezumia sp.

Squilla acuelata
calmani
Squilla sp.

Caelorinchus braueri

Gymnura sp.

Notacanthus sexspinis

Starfish, mixed

Caelorinchus
simorynchus
Callanthias (family)

Helicolenus dactylopterus

Octopus vulgaris

Stomias boa boa

Heterocarpus grimaldii

Ommastrephes pteropus

Stromateus fiatola

Callionymidae

Hexanchus griseus

Ophistoteuthes agassizi

Sufflogobius bibarbatus

Calloryhnchus capensis

Hoplostethus cadenati

Ophiuroidea

Symbolophorus boops

Caristius groenlandicus

Hoplostethus melanopus

Opostomias micripnis

Synapturichthys kleini

Centrophorus
granulosus
Centroscyllium fabricii

Hoplostetus atlanticus

Panulirus sp.

Todarodes angolensis

Jellyfish

Parapaguridae (family)

Todarodes sagittatus

Centroscymnus
crepidater

Laemonema laureysi

Parapenaeus longirostus

Todaropsis eblanae
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Chaceon maritae

Lamprogrammus exutus

Paronchelius stauchi

Torpedo nobiliana

Chatrabus melanurus

Lepidopus caudatus

Perulibatrachus rossignoli

Trachipteridae

Chelidonichthys
capensis
Chlamydoselachus
anguineus
Chlorophthalmus
agassizi
Chlorophthalmus
atlanticus
Chloroscombrus
chrysurus
Chlorothalmus
punctatus
Chrysaora spp

Lithodes ferox

Photonectes braueri

Trachurus capensis

Lithognathus mormyrus

Plesionika martia

Lobotes surinamensis
Lophius vaillanti

Plesiopenaeus
edwardsianus
Polychaelidae (family)

Trachurus trachurus
capensis
Trachyrincus acanthiger

Lophius vomerinus

Pontinus leda

Trachyscopia capensis

Lophius vomerinus (juvenile)
Lycodes agulhensis

Psychrolutes
macrocephalus
Psychroniyidae spp

Trachyscorpia
eschmeyeri
Trigla lyra

Coelorinchus acanthiger

Lycoteuthis lorigera

Pterothrissus belloci

Tripterophycis gilchristi

Coelorinchus
coelorhinchus polli
Coelorinchus matamua

Macrouridae (family)

Raja caudaspinosa

Turbo sp. Gastropods

Malacocephalus laevis

Raja clavata

Unidentified mix

Coloconger scholesi

Malacosteidae

Raja confundens

Vitreledonella richardi

Coryphaenoides
macrolophus
Cranchia scabra

Malecocephalus occidentalis

Raja leopardus

Yarrella blackfordi

Maurolicus muelleri

Raja pullopunctate

Yarrella sp.

Megalocranchia sp.

Raja spinacidermis

Zeidae

Raja straeleni

Zeus capensis
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WATER COLUMN SPECIALIST STUDY

APPROACH TO THE STUDY

•

The risks to marine life in the water column arising
from dredging for phosphates at depths of
between 190-300 m on Namibia’s continental
shelf are assessed in this study. The study is to be
integrated into a multidisciplinary assessment of
effects of the proposed mining.

•
•
•

Information about ecosystem functioning in the
mining licence area was obtained from consulting
local experts and extrapolated from reports on
other surveys done in Namibian and southern
African waters.
Additionally the scientific
literature topical to dredging was drawn on. No
fieldwork was done for the project.

•
•
•

A standard impact assessment methodology is
used to predict the severity of impacts arising
from the following typical dredging activities:
•
•
•
•

•

disposal of wastes from regular vessel
operations;
exchange of ballast water;
discharge of overspill from dredge
hoppers, and
excavation of the seabed.

•
•

Where possible measures to prevent or otherwise
minimise negative effects are given.

Ecosystem disruption by alien species
discharged with ballast water;
Organisms adversely affected by
suspended sediments in the water
column;
Toxicity from released hydrogen sulphide
in the water column;
Reduction in dissolved oxygen in the
upper water column from introduced
anoxic bottom waters;
Increased nutrients promote
phytoplankton growth and ultimately
reduce dissolved oxygen concentrations;
Trace metals (cadmium and nickel)
discharged with the overspill affect
organisms in the water column;
Benthic organisms are exposed to
remobilised cadmium and nickel in the
dredge areas on the seabed;
Benthic and/or demersal organisms are
exposed to an increased flux of dissolved
H2S into the lower water column;
Benthic and/or demersal organisms are
exposed to anoxic sediments and lowered
oxygen levels on the seabed; and
Removal of thio-bacteria mats by
dredging increases the flux of H2S to the
lower water column.

The results of the impact assessment are
summarised in the table below. Ten of the eleven
identified impacts are rated to be of low
significance, at most, both before and after
mitigation; the exception being the possibility of
importing alien species in ballast water, which
could be serious. However, the level of risk posed
by the dredger releasing ballast water taken up
from ports outside of the BCLME region is

OUTCOMES OF THE STUDY
Based on the specific environmental conditions
which exist in the project area, and the proposed
mining/dredging method and schedule, eleven
potential impacts are assessed. These are:
• Pollution from discharged vessel wastes;
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miniscule compared to the other shipping that
may be discharging ballast water in Walvis Bay.
Accordingly, this assessment does not identify any
unique or significant environmental risks that may
be generated by the proposed mining project.
Also, it is clear from other specialist studies that
considerable areas of the seabed are disturbed by
industrial fishing. However, until the effects of
fishing are quantified, specifically the area of
seabed disturbed by demersal trawling, neither
cumulative nor additive effects can be assessed.
Finally, the confidence levels awarded to the
impact assessments show that there is some
uncertainty about the biogeochemical properties
of the sediments in the proposed mining areas.
This should be resolved by investigations specific
to the mining areas either prior to
commencement of mining or in its early/initial
stages.
The proposed dredging tracks
(approximately 4 km long by 3.0 m wide) are
unique in terms of monitoring investigations on
overspill plume characteristics and behaviour.
Therefore field investigations into these using
combinations of ADCP (backscatter) coverage,
multi-parameter CTD profiling and water sampling
need to be conducted at intervals over at least the
first years of mining operations.
If these
investigations show that the impacts are more
severe than predicted herein, then real-time
controls on, for example, exceeding established
thresholds for turbidity, dissolved oxygen, H2S etc.
should be used to manage the dredging
operations.
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IMPACT ASSESSMENT SUMMARY TABLE
Table No.

4-3

Risk Area

4-4

4-5

4-6

Vessel operation

4-7

4-8

4-9

4-10

4-11

Overspill discharge

4-12

4-13

Seabed dredging

Pollution from
wastes

Alien spp. in
ballast
water

Turbid
plume

H2S toxicity
at surface

Oxygen
deficient
water at
surface

Nutrients
added at
surface

Trace-metal
toxicity at
surface

Trace-metal
toxicity on
seabed

H2S toxicity
on seabed

Lowered
oxygen
levels on
seabed

Increase of
H2S flux.

Dredge area

National

Dredge area

Dredge area

Dredge area

Dredge area

Dredge area

Annual
Mining Area

Dredge area

Annual
Mining Area

Dredge area

Duration

Very short
term

Short term
to
permanent

Very short
term

Short term

Very short
term

Short term

Short term

Short term

Medium
term

Medium
term

Long term.

Intensity

No lasting
effect

None to
serious

No lasting
effect

Minor
effects

No lasting
effect

No lasting
effect

Minor
effects

Minor
effects

Moderate
effects

Minor
effects

Minor
effects

Probability

Possible

Possible

Possible

Possible

Improbable

Possible

Possible

Possible

Possible

Possible

Improbable

Status

Negative

Negative

Negative

Negative

Negative

Neutral

Negative

Negative

Negative

Negative

Negative

None

Can be high

Low

Low

None

None

Low

Low

Low

Low

None

System
maintenance

IMO
guidelines

Built-in

None
possible

n/a

None
possible

None
possible

None
possible

None
possible

Not possible

n/a

Significance (with
mitigation)

None

None

Low

Low

None

None

Low

Low

Low

Low

None

Confidence level

High

High

High

Medium

High

Medium

Medium

Medium

Medium

High

Medium

Nature of the
impact
Extent

Significance (no
mitigation)
Mitigation
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< - less than
> - greater than
°E – degrees east
°S – degrees south
µg/ℓ – micrograms per litre
µm – micro-metre
µMol - micro-mole
AAIW - Antarctic Intermediate Water
ADCP – acoustic doppler current profiler
BCLME – Benguela Current Large Marine Ecosystem
BNL - bottom nepheloid layer
cm/s - centimetres per second
Contaminant – foreign matter
EIA – Environmental Impact Assessment
EMMP – Environmental Monitoring & Management Programme
EPL - Exclusive Prospecting Licences
ESACW - Eastern South Atlantic Central Water
ESD – equivalent spherical diameter
2

g C/m /yr – grams of carbon per metre squared per year
H2S - hydrogen sulphide
INL – intermediate nepheloid layer
km – kilometre
m – metre
3

m – cubic metre
MFMR – Ministry of Fisheries and Marine Resources
ml/ℓ – millilitres per litre
MLA – Mining Licence Area
MV – Motor Vessel
NADW - North Atlantic Deep Water
+

NH4 - ammonium
-

Nitrate (NO3 )
NMP - Namibian Marine Phosphate (PTY) Ltd
-

NO2 - nitrite
o

/oo - parts per thousand or per ‘mille’
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3-

PO4 - phosphate
POC - particulate organic carbon
Pollution – The introduction of contaminants into natural environment that may affect organisms or
ecological processes.
POM – particulate organic matter
PON - particulate organic nitrogen
psu – practical salinity unit
SACW - South Atlantic Central Water
SiO3 – silicate
SNL – surface nepheloid layer
SPM - suspended particulate matter
TSHD - Trailing Suction Hopper Dredge
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1

INTRODUCTION
Lwandle Technologies (Pty) Ltd. (Lwandle) has been commissioned by Namibian Marine
Phosphate (Pty) Ltd to assess potential impacts of dredging for phosphates on the continental
shelf off the central Namibian coast (called the Sandpiper Phosphate project).
The proposed mining and mining method inter alia will:
• Directly modify the seafloor in the mined area;
• Redistribute fine sediments to the adjacent seabed;
• Modify benthos community structure in the mined area;
• Affect seawater quality through re-suspension of sediments at the dredge head and
discharge of lean water from the dredger’s hoppers, possibly modifying dissolved oxygen
distributions through either relocating hypoxic water in the water column or exposing
anoxic pore water in the sediments. This can also apply to methane, hydrogen sulphides
and contaminants that may be held within the dredge area sediments;
• Import alien and/or noxious organisms into the region via ballast water discharges from
the dredger on first entry to the project area;
• Possibly affect fish and fisheries;
• Possibly disturb marine mammals and seabirds; and
• Possibly compromise other ecological services such as eco-tourism etc.
This specialist study is part of a suite of investigations into the various environmental risks posed
by the proposed phosphate ore mining and is solely focused on potential water quality effects of
dredging and risks associated with ballast water discharges (boxed text above).

1.1

APPROACH
The assessment into possible water quality effects was conducted as a desktop study based on
the scientific literature topical to the proposed mining project. In addition local experts were
consulted on the anticipated biogeochemical implications of dredging the identified ore body. No
primary data were acquired for the project or project area.
These data were analysed to assess environmental risks and potential impacts and to formulate
recommendations for use in an environmental management and monitoring programme. The
assessment has the following goals:
• first to prevent impacts;
• second to minimise the impacts that cannot be entirely prevented; and
• third to mitigate the residual minimal impacts.

1.2

STUDY AREA
The proposed mining area is located on the Namibian central continental shelf offshore of the
region between Conception Bay and Langewand (Figure 1-1). Water depths in the mine area
range between 190-300 m. The map on the right in Figure 1-1 shows the Ministry of Mines and
Energy’s licence areas as at 1st March 2012; areas shaded pink are Mining Licence Areas (MLAs),
grey are Exclusive Prospecting Licences (EPLs).
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Figure 1-1: Location of Mining Licence Area (MLA) 170 offshore central Namibia.
MLA 170 is a consolidation of EPLs 3414, 3323 & 3415
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1.3

ASSUMPTIONS AND LIMITATIONS
This assessment is based on a number of assumptions and is subject to certain limitations, which
should be borne in mind when considering information presented in this report, i.e.
• It is assumed that the project information provided was correct at the time of writing of
this report. In the event that project design changes significantly, further assessment may
be warranted;
• The data gaps are unlikely to have a significant bearing on the results of the assessment
and the mitigation measures recommended in this report take account of any potential
risks associated with any data gaps; and
• The assessment of potential impacts assumes that NMP and all subcontractors will
adhere to best practice Health, Safety and Environment (HSE) policies.
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2

PROJECT DESCRIPTION
A detailed project description with all technical data tabulated is provided in the general EIA.
Below is a brief summary of the proposed project.
The export target for the Sandpiper phosphate project is 3 million tonnes of ‘rock phosphate’ per
annum, which requires the mining of 5.5 million tonnes of marine sediments. The mining licence
is issued for a period of 20 years. In order to accommodate product supplies to the market place,
as well as building a stockpile of exportable phosphate material, a three-year ramp up of
production, is envisaged.
Within the mineral resource of the Mining Licence Area 170 , there are two initial target areas, SP1 in the north and SP-2 south of this and slightly further offshore (Figure 2-1). A further candidate
area has been identified (SP-3), this is 11 km long and 8 km wide (88 km2) in water depths of 235270 m. SP-1 is 22 km long and 8 km wide (176 km2) in water depths of 190-235 m. This is the
primary target site where dredging will commence. SP-2 has the same size but is in deeper water
ranging from 245 m to 285 m.
The phosphate ore will be recovered by standard dredging techniques using a Trailing Suction
Hopper Dredge (TSHD) operating in discontinuous mode; Figure 2-2 shows a schematic view of a
TSHD and suction pipes. During dredging the dredge arm and drag head will be lowered to the
sea floor and then the dredger will sail along a defined dredge path removing a 3.0 m wide (width
of drag head) by 0.75 m deep swath of sediment. It is proposed that the largest available TSHD
will be used in the mining. This has a fill capacity of 46 000 m3 which will produce approximately
70 000 tonne of sediment (saturated wet bulk density). It is anticipated that approximately 15%
of the mass of the dredged material, equivalent to about 9 000 tonnes, will be fine sediments
(<125 µm) and will be discharged overboard with the excess (lean) water through a discharge
point in the dredger’s hull located 10-15 m below the sea surface.
Once the dredger hopper is filled, the TSHD will sail to a single point mooring to pump the slurry
ashore to a holding pond. It is assumed that it will take 16-17 hours to fill the hopper, and on
average 20 hours to sail to shore for unloading and sail back to the operational location to initiate
dredging again. The vessel will continue to dredge within the particular ‘cut’ zone terminating
dredging just above the footwall clays. Depending on the resource this may be 2-3 m deep. It is
expected that there will be 43 weeks of dredging per year during full operations (year 3).
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Figure 2-1: Location of the proposed target sites SP-1, SP-3 and SP-3
within the three resource areas of the Sandpiper Phosphate licence area.
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Figure 2-2: Schematic of a TSHD operating in relatively shallow water.

2.1

RISK FACTORS IDENTIFIED
Activities which need to be managed to reduce negative effects, as they are typically sources of
potentially significant impacts on water quality, are:
•
•
•
•

exchange of ballast water at commencement of dredging campaigns;
excavation of the seabed in the mine area(s) potentially releasing hydrogen sulphide,
exposing anoxic sediments with associated modifications to dissolved oxygen
distributions, mobilisation of trace metals and possibly nutrient enrichment;
discharge of fines and water from the dredger hopper (=plumes) in dredger overspill; and
disposal of wastes from regular vessel operations.

Potential impacts will be assessed in Section 4 below in relation to the specific environmental
conditions which exist in the project area as described in Section 3 below.
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3
3.1

ENVIRONMENTAL DESCRIPTION
REGIONAL OVERVIEW
The Namibian coastline is about 1500 km in length and runs in a general SSE - NNW direction with
a continental shelf between 100 and 160 km wide. The shelf is widest off the Orange River and off
Walvis Bay and the main shelf break is at 300-450 m depth with a secondary ‘minor’ break at
130 - 180 m (e.g. Inthorn et al. 2006). Namibia and the west coast of South Africa is the eastern
boundary of the Benguela Current Large Marine Ecosystem (BCLME), which lies between 15 - 37°S
and 0 - 26°E (Shillington et al. 2006). The cool Benguela current is the only eastern boundary
current to be bounded at both ends by warm water of tropical origin, the Angola Current on the
north and Agulhas current in the south (Figure 3-1). The surface currents of the Benguela are
generally equatorward, with vigorous coastal upwelling cells and strong equatorward shelf edge
jets. Subsurface currents on the continental shelf especially below 100 m depth are consistently
poleward (Shillington et al. 2006). Upwelling of cool nutrient rich water occurs throughout the
Namibian continental shelf water and is generated by Ekman transport forced by the
equatorward wind stress pattern of the Benguela system. A significant feature of the Namibian
continental shelf is the presence of a mud belt about 740 km long in the inner and mid-shelf
between Cape Frio and Conception Bay. The sediments are biogenic in origin, resulting from the
high primary productivity of the region.
Seasonal intrusions of tropical, warm and saline waters from the Angola Current into the northern
Benguela region occur in late summer or early autumn, while in winter and spring the front is then
pushed northwards into the Angola gyre (Boyd 1987). The Angola front is a permanent feature at
the sea surface maintained throughout the year in a narrow latitudinal band between 14 - 16°S
(Hardman-Mountford et al. 2003). In years where the intrusion of the Angolan front is stronger
and maintained during the summer/ autumn months, it is often referred to as a Benguela Niño
year. At the southern end of the BCLME is the warm Agulhas Current (34 - 37°S), which is the
western boundary of the southern Indian Ocean. Occasionally this retroflexes around the
southern tip of Africa, intermittently producing Agulhas rings which may interact with the
southern Benguela upwelling frontal system.
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Figure 3-1: Main oceanographic surface features of the Benguela upwelling system
(from Bianchi et.al. 1999). The cross shows the location of the prospective phosphate dredge area.

Upwelling intensity is not uniform over the coastal area due to short term and seasonal
differences in the wind regime and coastal topography. The major upwelling cell in the Benguela
is located at Lüderitz. This may possibly be the strongest sustained, locally wind-driven coastal
upwelling region of the world oceans (Hardman-Mountford et al. 2003). It is believed to
effectively divide the Benguela system into two regions, acting as an environmental barrier for a
number of species. Upwelling cells of lower intensity also occur northwards to Cape Frio, but
observations have been made of upwelling occurring as far north as 15°S (Parrish et al. 1983). A
number of generally weaker upwelling cells are located along the northern Namibian coast
around 20°S and near Walvis Bay (23°S) in central Namibia. In the Southern Benguela additional
cells are found near Hondeklip Bay (30°S) and at Cape Columbine (32°S) (Hardman-Mountford et
al. 2003).
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The Benguela ecosystem is highly productive and supports large fish stocks and associated
commercial fisheries. The fishing industry in Namibia is the second largest contributor to the
country’s GDP and is therefore of great importance to the economy. Changes in distribution of
demersal fauna occur mainly along depth gradients and latitude, with the central shelf area north
of Lüderitz mainly being dominated by Cape hake Merluccius capensis and the pelagic goby
Sufflogobius bibarbatus and has a low overall species diversity, consistent with the generally
hypoxic waters in the area (Bianchi et al. 1999.). Higher species diversity is found south of the
Lüderitz upwelling cell, with a number of species reaching their northernmost limit having their
distribution off South Africa. Even though the oxygen content is also low, it is not as extreme as in
the northern shelf region allowing for a larger number and diversity of fish species and
invertebrates.

3.2
3.2.1

CENTRAL NAMIBIAN CONTINENTAL SHELF
Water Circulation and Currents
In the area of the proposed dredge site, waters shallower than 40 m have an overall northward
flow, with maximum velocities occurring in austral summer. Poleward flow starts dominating as
the water depth increases (Shillington et al. 2006). Shillington et al. (2006) used the CLIPPER
numerical model to simulate and represent graphically current and coastal circulation around the
shelf areas of Namibia (http://www.ifremer.fr/lpo/clipper/ present.html). The prevailing currents
and circulation at various depths are shown in Figures 3-2 to 3-4.

3.2.1.1

Surface layers (0-30 m)

Circulation in the surface waters along the Namibian coast and mining licence area are shown in
Figure 3-2 – LEV01. The surface circulation appears to be dominated by a perennial northward
coastal current (1), with intensity peaking during austral summer (25 cm/s). The current (1) is
seen to be stronger south of Lüderitz before it bifurcates partly westwards (2 and 3). The current
in the coastal area between 22 - 26°S is less intense at about 15 cm/s and exhibits a lower
seasonal effect. The westward circulation (4) does not seem to interact with coastal circulation.
3.2.1.2

Circulation at 40 m

The circulation at 40 m (Figure 3-2 - Lev04) is almost identical to the surface waters, with two
main exceptions. Firstly, the maximum current speeds are lower, the northward coastal current
(1) is only about 20 cm/s in summer and the current north of 26°S is still present but less intense
so that the branching current (3) is not always easily defined. Secondly, the main change at 40 m
is the development of a poleward current (red dotted arrow 4) centred at 14°E just off the Walvis
Bay area which reaches to about 25 - 26°S. The poleward circulation at this depth is not a
permanent feature and occurs twice a year, in February-March and again in October. Dotted
arrows indicate that the current is intermittent and shows seasonal variability.
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Figure 3-2: Modelled circulation at the surface (Lev 01) and 40 m depth (Lev 04),
representative of the perennial modelled coastal circulation. The northward coastal current (1 and 3) is
weaker during austral winter (modified from Shillington et al. 2006). The red star represent the location of
the proposed mining site.
3.2.1.3

Circulation at 80 m and 130 m

Figure 3-3 shows model output diagrams based on the circulation at 80 m (Lev07) and 130 m
(Lev10) depths for the same stretch of coastline. At 80 m the southward current (4) intensifies in
comparison with the northward current (3), and becomes especially prevalent in September
through to April. The northward flowing coastal current becomes much weaker at 80 m and is not
as clearly identifiable with maximum current speeds of about 10 cm/s. At 130 m all flow is
poleward and there is no evidence of any northward (equatorward) flow. The branches feeding
the northward current south of Lüderitz are unstable and also become less defined.
3.2.1.4

Circulation at 230 m and 350 m

Figure 3-4 depicts model output diagrams based on the circulation at 230 m (Lev13) and 350 m
(Lev15) depths. The currents flow poleward with maximum speeds, occurring in February and
October, in the order of a few centimetres per second. The northward current south of Lüderitz
along the shelf (1) only develops in winter at very low speeds and does not penetrate north of
27°S.
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Figure 3-3: Modelled circulation at 80 m (Lev07) and 130 m depth (Lev10)
(from Shillington et al. 2006). The red star represent the proposed mining site.

Figure 3-4: Modelled circulation at 230 m (Lev 13) and 350 m depth (Lev 15)
(from Shillington et al. 2006). The red star represent the proposed mining site.
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3.2.2

Temperature and Salinity
Water column temperatures in the region of the proposed mining site show seasonal signatures
with the surface waters warming above 20°C in summer, largely due to solar heating. According
to Bartholomae and van der Plas (2007), the 14°C isotherm is generally located at 30-40 m in
summer, and during years of more intense and sustained intrusion of the Angolan front, such as
Benguela Niño years, this deepens to 90-100 m.
Figure 3-5 shows the general vertical stratification and characteristic properties of the different
water masses which make up the water column just north of the Lüderitz upwelling cell (Inthorn
et al. 2006). Below the thermocline, two central water masses can be identified, the oxygen
depleted, nutrient rich SACW flowing south in the poleward undercurrent from the Angola gyre,
and the less saline, relatively nutrient-poor ESACW from the Cape Basin (Shillington et al. 2006;
Inthorn et al. 2006). In both these
water bodies there is generally a
significant oxygen deficit with the
oxygen minimum zone intensifying
closer to the shelf where the
influence of the poleward flowing
SACW is strongest. At depths
below this, along the continental
slope, AAIW, which is formed at the
surface in sub-polar and polarregions, enters the northern
Benguela through the Angola Basin
in the poleward undercurrent along
the shelf edge (Shillington et al.
2006). At depths greater than
~800 m
NADW
would
be
encountered (Inthorn et al. 2006).
Neither AAIW nor NADW appear to
extend onto the continental shelf,
being confined to the continental
shelf slope and deeper.

Figure 3-5: Water mass distributions off
Namibia
at the northern edge of the Lüderitz upwelling
cell at about 25°S. SACW: South Atlantic
Central Water, ESACW: Eastern South Atlantic
Central Water, AAIW: Antarctic Intermediate
Water, NADW: North Atlantic Deep Water
(taken from Inthorn et al. 2006).
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Figure 3-6 shows a time series distribution of the water conditions at the outer shelf, at 320 m
water depth, off Walvis Bay for the decade between 1994 and 2004. It can be seen that in the
summer the surface water temperatures can reach up to 20 - 21°C towards the end of summer
and cool to about 12 - 14°C during the winter. At the base of the water column the temperature
ranges between 8 °C and 11 °C.
Salinities range between 34.7 and 35.1 psu with the higher salinities occurring in the near surface
waters (above 200 m depth). Below this depth salinity co-varies with temperature (Figure 3.6).

Figure 3-6: Variability of temperature (a), salinity (b) and oxygen (c) at the outer shelf
at 23°S in the Central Benguela between 1994 and 2004. The oxygen variability is modulated by both seasonal
(summer/late summer) and interannual (1996-1999 vs 2000-2002) scales
(taken from Monteiro and van der Plas (2006)).

3.2.3
3.2.3.1

Upwelling and Thermoclines
Upwelling

The South Atlantic high pressure system is a permanent feature of the region and is subject to
seasonal shifts of its centre. The anti-clockwise flow runs almost parallel to the Namibian coast
with winds present throughout the year, strongest in winter and spring. The resulting Ekman
offshore transport induced by the Southeast trade winds is the primary driving force for the
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upwelling of the subsurface water mass between Conception Bay at about 23°S and southwards
to about 27°S (Hardman-Mountford et al. 2003). High primary production off Namibia is
supported by the resulting upwelling of cold, nutrient rich, oxygen depleted SACW that penetrates
the area from the Angola gyre in austral summer and mainly from the ESACW in winter. Strong
upwelling is perennial, with the main seasonal change being noticed in the increased temperature
gradient between the offshore ocean water and the upwelled water inshore. The intensity and
longevity of the Lüderitz upwelling cell divides the Benguela system into northern and southern
sub-systems.
The prospective dredge area is situated on the northern edge of the main Lüderitz upwelling cell
and south of the Walvis Bay upwelling cell which is situated at about 22 - 23°S. Due to the
intensity of the Lüderitz cell, there is very little primary production in the near shelf area at
Lüderitz, but very rich productivity occurs on the upwelling cells boundaries (Bartholomae and van
der Plas 2007). The northward flowing surface current feeds the cold, nutrient rich and highly
productive water from the upwelling cell over and northwards of the Walvis Bay shelf. This high
productivity becomes a major source of biogenic material for the mud belts in the northern
Benguela and contributes to the hypoxic and anoxic water conditions characteristic of the central
continental shelf in this region (as discussed below).
An extreme intrusion event of the Angola Current into the northern Benguela, likely in autumn,
would cause a southward migration of the Angola-Benguela front and bring in warm, nutrient
poor water along the northern Namibian coast, possibly as far south as Meob Bay, at about 24°S
(Hardman-Mountford et al. 2003). Such an intrusion would be associated with decreases in
primary productivity in the northern Benguela due to the deepening of the thermocline stabilising
the water column and thereby preventing upwelling in the areas of the warm water intrusion with
the associated low nutrient concentrations inhibiting phytoplankton production (HardmanMountford et al. 2003).
3.2.3.2

Thermoclines

According to Boyd (1987), the thermocline off Namibia, between 22°S and 24°S is generally found
between 15 - 25 m water depth in both winter and summer, while further south in the centre of
the Lüderitz upwelling cell no thermocline exists over the shelf-edge at any time of the year.
Figure 3-6 shows the temperature distributions (top panel) at the edge of the continental shelf at
23 °S with clear evidence of the periodic development of thermoclines in the upper water column.
These relax in late winter/spring. In autumn, southward intrusions of the Angola Current into the
northern Benguela can also deepen thermoclines and restrict upwelling. This is dependent on the
strength of the intrusion, which may reach down to Meob Bay in extreme years (Shillington et al
2006; Hardman-Mountford et al. 2003).
3.2.4

Nutrients
The shelf waters of the Benguela are characterised by elevated concentrations of nutrients in
comparison with those in the surface mixed layer of the adjacent oceanic waters, and also in
comparison with concentrations from source waters (Table 3.1). For example, SACW water at the
thermocline contains about 0.8 - 1.5 µMol (micro-moles) phosphate, but continental shelf waters
have phosphate concentrations typically between 1.5 and 2.5 µMol, with values as high as 8 µMol
having been recorded off Namibia. This indicates that local regeneration processes within the
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water column are important throughout the Benguela, but particularly off Namibia (Shannon and
O’Toole 1999).
Table 3-1: Nutrient concentrations (µMol) in offshore upwelling source water,
taken to be 11 °C 12 °C, continental shelf and oceanic surface waters in Namibia (Chapman and Shannon 1985,
Shannon and O’Toole 1999).
Water Body
Offshore upwelling source water
Continental Shelf
Oceanic Surface

Nitrate
15-25
10-30
<5

Phosphate
1.5-2.5
2-3
<2

Silicate
5-20
20-50
<1

Surface water outside of the upwelling zones may be depleted in silicate which may become the
growth limiting nutrient for diatoms (siliceous phytoplankton). In these waters phosphorus is
sufficient to support phytoplankton production which is based on ammonium as a nitrogen source
(Dittmar and Birkicht 2001).
3.2.5

Dissolved Oxygen
The subsurface waters for much of the Benguela Current system , in particular off Namibia, are
naturally hypoxic (<3 ml/l), even anoxic at depth, partly as a consequence of the southward
subsurface flow of SACW from the highly saline and hypoxic Angola Basin (Shillington et al 2006;
Monteiro and van der Plas 2006). The strength of the thermocline contributes to the formation
and maintenance of the low oxygen waters as it inversely dictates the downward flux of oxygen to
levels below that of the biogeochemical demand in the deeper waters (Monteiro and van der Plas
2006). Figure 3-6(c) shows the oxygen variability at the continental shelf edge off Walvis Bay from
1994 – 2004. Surface waters are generally normoxic with concentrations >5 ml/l, but there is a
substantial decrease in oxygen concentrations to hypoxic conditions below 100 m water depth.
These low oxygen concentrations extend over a large proportion of the Namibian continental
shelf and are particularly evident over the mud belts as shown by comparing Figure 3-7 with
Figure 3-9.
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Figure 3-7: Spatial distribution of dissolved oxygen concentrations
along the central Namibian shelf (Taken from Bartholomae and van der Plas 2007). The red star shows the location
of the proposed mining site and the black dots the Walvis Bay monitoring line.
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Low oxygen conditions are temporally persistent both at the shelf edge (Figure 3-6) and on the
mud belt itself (Figure 3-8). The latter figure indicates that anoxic (<20 µmol = < 0.5 ml/l)
conditions at the base of the water column may persist for as much as a year. Time series data
from the Walvis Bay monitoring line (location shown in Figure 3-7) indicate that 10-30% of the
central Namibian continental shelf waters may have dissolved oxygen concentrations below
0.5 ml/ℓ (Barthomolae and van der Plas 2007). This confirms the contention of Chapman and
Shannon (1985) that the continental shelf waters off central Namibia are typically oxygen
stressed.

Figure 3-8: Time series measurements of dissolved oxygen concentrations
in the water column overlying the inner continental shelf mud belt off Walvis Bay (from Joubert 2006).

3.2.6

Seabed Sediment Properties
A major feature of the seabed sediments on the Namibian continental shelf is the longshore
bands of high and low POM (Figure 3-9). These are considered to be mediated by sedimentation
of the products of high surface productivity in the inner, richer mud belt and then resuspension
and offshore transport of relict material in nepheloid layers (Inthorn et al. 2006). The banded
structure is thought to be the result of distributions of turbulence associated with internal tides
(Monteiro et al. 2005).
Van der Plas et al. (2007) present data showing that the inshore high POM belt has a high
percentage of particulate organic carbon and nitrogen, carbon/nitrogen ratios of 7-8, high
percentage mud texture and is comparatively unconsolidated with a high water content. In
contrast, low POM sediments have the expected low particulate organic carbon and nitrogen
concentrations, carbon/nitrogen ratios of 9-10, a muddy sand texture and are relatively well
consolidated with lower water content. Sediment pore water distributions mostly follow those of
the sediment properties. The inshore high POM belt has pore water with elevated hydrogen
sulphide (H2S), ammonium (NH4+), phosphate (PO43-) and silicate (SiO3) but low nitrite (NO2- and
nitrate (NO3-) concentrations. Reverse distributions were recorded for low POM sediments except
that nitrites were similarly low and nitrates marginally higher.
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Pore water ammonium and hydrogen sulphide ion concentrations were related to
carbon/nitrogen ratios; the former being elevated below a threshold value of 10 while the latter
was more restricted to sediments with ratios <8.
Van der Plas et al. (2007) applied a simplified steady state simulation model to their data to
identify biogeochemical conditions controlling the release of hydrogen sulphide from sediments
into the bottom boundary layer. This showed that, below dissolved oxygen concentrations of 1.4
ml/l, hydrogen sulphide flux was high and related to particulate organic carbon concentration and
flux within the sediments. At higher dissolved oxygen concentrations the hydrogen sulphide flux
to the bottom boundary layer was low and insensitive to the particulate organic carbon flux.
The important conclusions from the above derived by the authors is that the spatial extent of the
benthic-pelagic coupling link for the formation of low oxygen bottom waters and associated fluxes
of ammonium and hydrogen sulphide ions to the benthic boundary layer (and potentially higher
in the water column) is limited to the inshore high POM mud belt at depths between 80 m and
140 m.

Figure 3-9: Spatial distribution of particulate organic matter (POM),
representing the mud belt along the central Namibian shelf showing the longshore bands of high and low POM
(Taken from van der Plas et al. 2007). The red star shows the location of the proposed mining site in deeper water
(190-230 m) outside of the inshore mud belt.
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Details on surficial sediment properties in the actual mine areas are derived from shallow gravity
core logs compiled during prospecting (NMP data) a survey of sediment properties in the
approximate centre of the mining licence area (Rogers 2008), the Bremner (1978) regional
sediment texture data and observations on sediment texture from benthos grab samples (Steffani
2011).
Gravity core logs indicate that the upper portions of the cores, taken across the centres of the
proposed mine areas, were typically muddy sand with abundant shell material. The sand contains
phosphorite pellets usually in the fine (125 µm) to medium (250 µm) particle size range. In a series
of eight grab samples extending from 44-58 km offshore at 24.44° S the two inshore samples (44
& 46 km offshore) had sandy mud textures whilst the balance further offshore were
characteristically muddy sand with shell material. Benthos grab samples were classed as
fine/medium sand with shell; the mud fraction appeared to be absent in these samples. It is
possible that, due to the high shell content, the jaws of the grab used for sampling did not
completely close and whatever mud that may have been sampled washed out of the grab. It
appears to be improbable that this would have occurred for all of the grab samples and therefore
it is considered to be likely that mud comprised a very minor proportion of the sampled
sediments, if it was at all present. These observations accord with the sediment properties listed
by van der Plas et al. (2007) for their station 2 immediately offshore of the inshore mud belt off
Walvis Bay. Further, the location of the mining area immediately offshore of the inner continental
shelf break (~180 m depth) coincides with the depth band where there is elevated turbulence
associated with internal tides. This is probably sufficient to prevent retention of sedimenting
organic matter from surface productivity and advection from the inshore mud belts (Monteiro et
al. 2005).
The differences in sediment textures between the sediments in the proposed mine areas and
those recorded for the inshore mud belt to the north are illustrated in Figure 3-10.
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Figure 3-10: Ternary diagram showing sediment textures
in the proposed mine areas and the inshore mudbelt.
Data extracted from Bremner (1978) and Rogers (2008)
Station data used in the plot are listed in Appendix A.

Regional scale information on trace metals on the Namibian continental shelf appears to be
restricted to the distributions derived by Calvert and Price (1970, cited in Chapman and Shannon
1985) which are depicted in Figure 3-11. These show a consistent relationship between trace
metal concentrations and elevated organic carbon concentrations. From this it can be inferred
that the distribution of trace metal concentrations will follow that of the high POC mud belts and
that concentrations outside of these will be relatively low. This is consistent with general and
widespread observations on sediment trace metals in that they are largely associated with silt and
clay sized particles and generally have lower concentrations in coarser sediments (e.g. ANZECC
2000).

Final Report
Namibian Marine Phosphate (Pty) Ltd.
Page 30

WATER COLUMN SPECIALIST STUDY

Figure 3-11: Distributions of a) organic carbon, b) copper, c) nickel, d) lead and e) zinc
on the Namibian continental shelf. Units are mg/kg except for organic carbon which is % weight. Plots taken from
Calvert and Price (1970) as presented in Chapman and Shannon (1985)

Trace metal concentrations from shallow sediment cores (40-65 cm) taken from within the
inshore high POM mud belt immediately north of Walvis Bay are listed in Table 3.2 and compared
against the sediment quality guideline concentrations for the BCLME region (CSIR 2006a).
Table 3-2: Comparisons of trace metal concentrations
in the inshore mud belt immediately north of Walvis Bay against the BCLME sediment quality guidelines
(CSIR 2006a). Concentrations are mg/kg sediment.
Inshore mud belt (POM>90%)
BCLME
BCLME
Trace
Probable
Borchers et al
Chapman &
Guideline
metal
Effects
2005
Shannon 1985
level
level
As
13
7.24
41.6
Hg
0.13
0.7
Cr
83
52.3
160
Zn
35
81
124
271
Cd
29
0.68
4.21
Pb
8
30.2
112
Ni
46
116
15.9
42.8
Co
4
Al
Mn
45
Fe
Cu
37
75
18.7
108

These data imply that arsenic, chromium, cadmium, nickel and copper concentrations in the high
POM mud belt may exceed the BCLME sediment quality guideline values and that cadmium and
nickel exceed the defined probable effect level for toxicity to marine organisms. Unpublished
trace metal data for the region held by MFMR confirm this but also show that although cadmium
and nickel may also exceed the BCLME guideline concentration thresholds in muddy sand
sediments offshore of the inshore mud belt the measured concentrations are well within the
probable effect level concentrations. Borchers et al. (2005) point out that the elevated
concentrations observed are attributable to cycles of H2S outgassing and sulphidation of the lower
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water column. This triggers precipitation of some trace metal species and sedimentation along
with POM from phytoplankton. These are then sequestered in the sediments leading to the
observed concentrations. The trace metal distributions are therefore a consequence of natural
processes as opposed to contamination from an anthropogenic source or sources.
3.2.7

Suspended Particulate Matter
Information on suspended particulate matter (SPM) on the Namibian central continental shelf is
sparse. Emery et al. (1973, cited in Chapman and Shannon 1985) show a negative gradient with
distance offshore in particulate matter concentration ranging from 1.0 to 0.12 mg/ℓ. Most of this
is biogenic with 60-90% organic matter. In a more recent study of nepheloid layers Inthorn et al.
(2006) reported peak SPM concentrations of 2.1 mg/ℓ near the seafloor in the bottom nepheloid
layer (BNL). These authors also detected surface (SNL) and intermediate (depth) nepheloid layers
(INL). Peak SPM concentrations in the former attain ~3.4 mg/ℓ nearshore whilst the latter are
more typically 0.5 mg/ℓ or less (calculated from Figure 5 and Table 2 in Inthorn et al. 2006).
Particle properties vary between the various nepheloid layers; in the SNL they are ‘fresh, large,
biogenic particles’ whilst in the INL and BNL they are considered to be finer and contain more
refractory material (Inthorn et al. 2006).
The nepheloid layers are the main vectors for SPM transporting surface produced material to
deposition areas in the nearshore mud belt and offshore of the continental shelf break. A
schematic representation of these distributions in relation to the proposed mining area is shown
in Figure 3-12.

Figure 3-12: Organic carbon distribution on the Namibian continental margin.
Particulate organic carbon (POC) is transported to the depocentre on the upper to intermediate shelf slope by BNL
flows affected by Ekman veering (from Inthorn et al. 2006). The red circle shows the proposed mining area in
relation to the POC distributions.
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Monteiro et al. (2005) report considerably higher SPM concentrations in the BNL for inner and
outer continental shelf locations on the central Namibian continental shelf measured by moored
instrumentation (optical backscatter sensors calibrated against filtered surface water samples). At
their outer continental shelf break station (450 m depth) they recorded 34 turbidity events where
SPM was in excess of 20 mg/ℓ and five events where SPM exceeded 100 mg/ℓ over a 180 day
measurement period. At their inner continental shelf station located in the inshore high POM
mud belt most of the measurements exceeded 20 mg/ℓ and for 56 days of the 180 day
measurement period SPM concentrations exceeded 100 mg/ℓ. The highest concentrations
measured at this site were 400-500 mg/ℓ. The elevations in SPM concentrations were attributed
to physical forcing (internal tides) at the outer, deep water site and (methane) gas bubble fluxes in
the inshore mud belt. These distributions are likely to extend over the length of the mud belt
features making them a major source of SPM in the region.
The fate of the re-suspended material is probably specifically linked to the behaviour of the BNL
(above) and it is possible that the generally low SPM concentrations reported by Inthorn et al.
(2006) were measured outside of a period of elevated turbidity in the inshore mud belt.
3.2.8

Plankton
The BCLME supports primary production rates > 300 g C/m2/yr, making it one of the most
productive marine areas in the world (Shannon & O'Toole 1998). The phytoplankton form the
base of the pelagic trophic structure, while the heterotrophic zooplankton supply the dietary
requirements for most of the small pelagic fish in the ecosystem such as sardines, anchovy and
red-eye, and so in turn provide the energy needed to sustain larger fish, bird and mammal
predator species.

3.2.8.1

Phytoplankton

Phytoplankton growth in off Namibia is driven by inorganic nutrients (nitrogen, phosphorus and
silica) supplied to the continental shelf by upwelling. The dominant upwelling cell in the region is
that at Luderitz where sustained equatorward winds drive perennial upwelling (Shannon, 1985).
Cold, nutrient rich water from this area is carried northwards towards Walvis Bay, warming and
stabilising through thermocline development as it does so. The high light, high nutrient conditions
in the upper water column downstream of the upwelling cell allow the development of dense
blooms of phytoplankton (e.g. Shannon and Pillar, 1986). Chlorophyll-a concentrations on the
inner continental shelf in the Walvis Bay region attain 3->10 µg/ℓ with peak concentrations
generally within 30-40 km of the coast. Offshore of this phytoplankton biomass declines with cell
counts <25% of values inshore (Kruger 1983, cited in Shannon and Pillar 1986).
Namibian continental shelf phytoplankton biomass varies in space and time depending on the
state of upwelling, season and episodic invasions of the region by relatively oligotrophic Angola
current water (section 3.2.3). Figure 3-13 shows such variability for the overall region. The low
biomasses in the Luderitz upwelling cell (~26.5° S) are clearly evident as are the increased
biomasses in the downstream Walvis Bay region. The proposed mine area is located on the
southern end of the region with these elevated phytoplankton levels and at 40 km offshore, is
also probably on the outer edge of the inshore band of high phytoplankton biomass.
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The Benguela is generally regarded as a diatom-dominated system. Diatoms are characteristic of
turbulent, nutrient-rich upwelled water such as that found along the eastern edge of the Benguela
current. Both the northern and southern Benguela share many similar species assemblages, with
Chaetoceros, Nitzschia, Thalassiosira, Rhizosolenia being distributed throughout the region
(Shannon and O’Toole 1999). There are, however, essential differences between the north and
the south, some of which are linked to the atmosphere/ocean dynamics (e.g. nutrient supply,
turbulence and stratification). The diatom Delphineis karstenii (Fragilaria karstenii) is restricted to
the north, while Skeletonema costatum is found predominantly in the southern Benguela
(Shannon and O’Toole 1999). Dinoflagellates are also common in the central area of the northern
Benguela e.g. Gymnodinium and Peridinium spp (Shannon and O’Toole 1999).

Figure 3-13: Satellite derived chlorophyll-a distribution on the Namibian continental shelf.
over the period 1997-2005. The plot shows average concentrations across a 60 km swath (Barthomolae and van
der Plas 2007). The latitude of the proposed mine area is shown (modified from GeoTask 2006).

3.2.8.2

Zooplankton

Zooplankton in the Benguela ecosystem is dominated by small crustaceans, with copepods and
euphausiids being the most important groups for the remainder of the trophic structure in the
BCLME. Copepods are numerically the most abundant and diverse group. Of the euphausiids in
the Benguela ecosystem, Nyctiphanes capensis is dominant in the northern Benguela and
Euphausia lucens in the south. These two species generally do not occur together except near
Lüderitz (Shannon and O’Toole 1999). Thaliaceans (gelatinous zooplankton) are common
throughout the Benguela. The impact of thaliaceans on zooplankton and ichthyoplankton (fish
eggs and larvae) has not been quantified, but it could be significant at times. In the northern
Benguela peak abundances of zooplankton appear to coincide with periods of maximum
phytoplankton abundance viz. November - December and March - May, the former following the
main upwelling season and the latter during moderate upwelling when summer stratification
weakens.
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4

ENVIRONMENTAL IMPACT ASSESSMENT
The risks of impacts on marine life arising from changes to water quality from proposed dredging
at sea are assessed in this section. It focuses on the dredge site/s and adjacent areas as spillage
and/or leakage of material from the dredge vessel during transit to the offloading point is
considered to be negligible. Mitigation measures are presented to avoid or reduce negative
effects. The monitoring required to assess the accuracy of predictions made herein, and so
improve future predictions, and success of mitigation measures is outlined in Section 5.
Components of the natural environment in the mining area offshore central Namibia which may
be sensitive to disturbance by the envisaged activities are drawn from the Description of the
Environment in Section 3 of this report.
Activities associated with the planned dredging which could cause negative impacts are drawn
from information provided by NMP’s Sandpiper project engineers and assumptions drawn from
experience about dredging. Details are presented in Section 2, the Project Description chapter of
this report.

4.1

IMPACT ASSESSMENT CRITERIA
The impact analysis is based on the criteria given in Table 4-1 below.
Table 4-1: Impact ranking criteria.
Impact Criteria:

Extent

Duration

Intensity/
Magnitude

1

Specific
Dredge Area
Mine Site
Annual
Per vessel
Mining Area (SP1 or SP2)
cycle i.e.
each is
2
~66,000m or
2
22x8 km or
Up to 3 km
6.6 ha
2
176km
Very Short
Term
3 days

Short term
3 days – 1 year

No lasting effect
No environmental
functions and
processes are
affected

Local

Regional

25-50 km or
2
2,000km 2
8,000km

50-100 km or
2
8,000km –
2
30,000km

Medium term
1 - 5 years

Long term
5 – 20 years

National
100 km to EEZ
(200 nautical
1
miles)
100 to 370 km,
2
or >30,000km
Permanent
> 20 years (life of
mine)

Minor effects
Serious effects
Moderate effects
The environment
Environmental functions
Environmental functions
functions, but in a
and processes are
and processes are altered
modified manner
altered to such extent
to such extent that they
that they permanently
temporarily cease
cease

1 nautical mile = 1,85 kilometres
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Probability

Improbable

Possible

Probable

Highly Probable/
Definite

Evaluation of the significance of impacts uses a balanced combination of extent, duration and
magnitude/ intensity, and modified by probability, risk, irreversibility, cumulative effects.
Significance is evaluated before and after mitigation (unless mitigation is built into the dredging
proposal, and is guaranteed). The significance is given in Table 4-2 below:
Table 4-2: Significance ratings.
None

Impact
Significance

A concern or
potential impact
that, upon
evaluation, is
found to have
no significant
impact at all.

Low

Medium

High

Any magnitude,
impacts will be
localised and
temporary

Impacts of moderate
magnitude locally to
regionally in the short
term

Impacts of high
magnitude locally and in
the long term and/or
regionally and beyond

Accordingly the
impact is not
expected to require
amendment to the
project design

Accordingly the impact
is expected to require
modification of the
project design or
alternative mitigation

Accordingly the impact
could have a ‘no go’
implication for the project
unless mitigation or redesign is practically
achievable

As stated in the summary Project Description, activities which need to be managed to prevent
significant negative effects on life in the water column, are:
•
•
•
•

disposal of wastes from regular vessel operations;
exchange of ballast water;
discharge of overspill from dredge hoppers (=plumes); and
excavation of seabed.

Risks of impacts typically arising from these activities are illustrated in Figure 4-1 below:
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Figure 4-1: Risks to water quality
from operation of a Trailer Suction Hopper Dredger at sea.

The Sandpiper project is predicted to result in eleven potentially negative impacts on the water
column from dredging operations; these are individually assessed below.

4.2

IMPACTS OF DISCHARGE TO SEA OF SHIP WASTES
Discharges to sea from the dredger of wastes such as oily water, sewage, food and grey water
occur under normal ship operations. These wastes are controlled in terms of MARPOL 73/78, to
which convention Namibia is a signatory. This limits what can be disposed of to sea, and specifies
the monitoring and record keeping required. Therefore compliance with these regulations will,
under normal operating conditions, limit pollution effects in the water column.
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Table 4-3: Potential impact of releasing vessel wastes into the sea.
Nature of the impact
Extent
Duration
Intensity
Probability (of pollution)
Status
Significance (no mitigation)
Mitigation
Significance (with mitigation)
Confidence level

4.3

Potential deterioration in water quality from discharges to sea of
wastes such as oily water, sewage, food, grey water, from the dredger.
Within the actual dredge area per event (~6.6ha)
The effects of the event are “very short” because normal mixing would
rapidly dilute the discharge material
No lasting effect, because effects will not be measurable.
Possible
Negative
None
Ensure vessel discharge systems are in good working order and do not
malfunction.
None
High

IMPACTS OF EXCHANGE OF BALLAST WATER
The dredger to be used will probably be travelling into the mining area from a foreign port,
unladen. For safe navigation it will have taken on ballast water which will be gradually discharged
during the initial dredging cycle. Uncontrolled ballast water discharges have been identified as
important vectors for alien and/or noxious species (IMO, http://www.imo.org).
Table 4-4: Potential impact of releasing alien species with ballast water.
Nature of the impact
Extent
Duration
Intensity

Probability
Status
Significance (no mitigation)
Mitigation
Significance (with mitigation)
Confidence level

Alien marine species may displace indigenous species and reduce
indigenous biodiversity and/or affect aquaculture and/or aquaculture
products.
National: introduced aliens can spread throughout central and northern
Namibia (from Luderitz upwelling cell to the Angola Benguela front).
Unknown, depends on the introduced organisms but likely to be very long
term or permanent when an introduced alien becomes invasive
None to serious. Unknown, depends on behavior of the introduced
organisms.
Possible (i.e. it can occur)
Negative
Can be high – ecosystem changing
Follow IMO guidelines on ballast water management
None. (Alien introductions would become “improbable” but if
introductions were to occur the consequences (significance) would still be
high).
High
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4.4

IMPACTS OF DISCHARGE OF OVERSPILL WATER FROM DREDGE HOPPERS
Plumes of suspended sediments are caused by the discharge of overspill water from the dredger.
Overspill discharge removes fine sediments (generally <125 µm ESD) and concentrates the
material retained in the dredge hopper improving dredging efficiency (e.g. Vlasblom 2003).
Suspended sediment concentrations in these discharges are generally dependent on the type of
sediments being dredged and overall turbulence within the hopper from which the overspill water
is being produced. CSIR (2006b) show that overspill from dredging for diamond mining in 100 m+
water depth has suspended sediment concentrations ranging from 168 g/ℓ for mud to 18 g/ℓ for
muddy sand. Sand sized sediments generally produce very low suspended sediment
concentration overspill water (~3 g/ℓ). Overspill rates are dependent on the dredger pump rate
which is estimated to be 10-12 m3/s for the proposed Sandpiper project. The target dredge
sediments are classed as muddy sand (Figure 3-10) and therefore from the above the rate of
suspended sediment discharge is calculated as ~713 tonnes/hr. As an independent check on this
it has been estimated that 9 000 tonnes of sediment will be discharged with the overspill during a
16-17 hour dredge cycle in the proposed project (see section 2). For a 16 hour cycle the discharge
rate is 562 tonnes/hr, very close to that calculated from the discharge characteristics for a muddy
sand sediment as measured by CSIR (2006b).
The overspill discharge is located in the bottom of the dredger’s hull 10-15 m below the sea
surface depending on sediment load in the dredge hoppers. There will be some jet momentum
added to the discharge because of elevation differences between the discharge collection point
and the sea surface but the main variable affecting the discharge behaviour will be the
concentration of fine sediments in the overspill water (Winterwerp 2002). In concentrated
mixtures, e.g. that typical of overspill water when dredging mud, the discharge will act as a
negatively buoyant plume and flow directly downwards in convective descent through the
receiving water column until the density difference between it and the receiving water is reduced
by mixing through entrainment or as it encounters the seabed; at this point the density flow will
undergo dynamic collapse and mix laterally with the adjacent waters and be subject to advection
by ambient currents. In this discharge behaviour scenario, therefore, the bulk of the sediment in
the overspill water will rapidly return to the base of the water column, either to be held in the BNL
or to redeposit on the seabed. Conversely, if sediment concentrations in the discharged overspill
water are relatively low, e.g. that quoted for sandy sediments above, there will be minimal density
differences between the overflow and the receiving water, the jet momentum will rapidly
dissipate and mixing will occur. Under the latter scenario the receiving water body will be the
upper mixed layer (i.e. surface to the top of the thermocline) and most of the effects of the plume
will be exerted there. These are expected to be short-lived however as sedimentation rates for
fine sand sized particles are relatively high (~4 mm/s, CSIR 2006b) and most of the particulate
material should sink out of the upper mixed layer (mean depth when present of 25 m, Boyd 1987)
within a few hours. Suspended sediment that remains in the upper mixed layer should be carried
north-west by the Benguela Coastal Current (BCC) (Figure 3-2) and be advected away from the
proposed mining areas and the coast. Conversely, fine sediments that sink to the seabed will be
entrained in the BBL and carried southwards and offshore and probably be deposited in the
depocentre southwest of the mine site (Figure 3-12). Muddy sand sediment mixtures at
intermediate concentrations in the overspill are expected to behave in ‘transition mode’; defined
by Winterwerp (2002) as the discharged plume being subject to both density currents and mixing.

Final Report
Namibian Marine Phosphate (Pty) Ltd.
Page 39

WATER COLUMN SPECIALIST STUDY

Therefore in this scenario there can be effects both in the upper mixed layer and in the subthermocline waters.
Given the target dredge sediment texture (muddy sand) and calculated sediment concentrations
in the overspill discharge it is expected that overspill plumes generated by dredging during the
proposed phosphate mining will behave in the ‘transition mode’.
CSIR (2006b), on the basis of hydrodynamic modelling, estimated suspended sediment plume
dimensions from dredger overspill for mud, muddy sand and sand substrates in 100-130 m depth
off southern Namibia. Modelled plumes generated during dredging of mud extended for >7 km in
the upper mixed layer and up to 10 km from source at the base of the water column. Suspended
sediment concentrations exceeded 100 mg/ℓ up to 1.5 km from source and were >20 mg/ℓ
3-5 km away. Concentrations were variable over time, however, with levels >100 mg/ℓ occurring
for <10% of the time simulated in their model (up to 3 months simulation periods). At the base of
the water column suspended sediment concentrations >1 000 mg/ℓ occurred in the immediate
vicinity of dredging. Concentrations of 100 mg/ℓ were predicted to extend as far as 10 km from
the dredge area but exceedances for >50% of the time were limited to within 2 km of dredging.
Concentrations >20 mg/ℓ could extend over an area of ~10 km2.
In muddy sand sediments plume dimensions were constrained to within 4 km2 around the dredge
area. Suspended sediment concentrations >100 mg/ℓ were predicted to be limited to the area of
active dredging and to be limited in terms of occurrence to 1% of the three month period
simulated. i.e. <1 day. Concentrations of 20 mg/l did extend over the entire plume area but were
limited in terms of occurrence to 1-10% of the time (<1-9 days).
As pointed out above the sediments in the Sandpiper project’s targeted dredging areas are
predominantly muddy sand and it is therefore expected that dredge plumes generated will
behave similarly to that described by CSIR (2006b) for this class of sediment. For the impact
assessment it is assumed that plume dimensions will be 1 500 m long by 800 m wide and that
suspended sediment concentrations within this plume will be >20 mg/ℓ but <100 mg/ℓ. These
dimensions are estimated from measured and modelled sediment plumes in Newell et al. (1998)
and measurements of plumes from a dredger with an overspill discharge rate of 3 017 tonnes/hr
in southern Namibia by CSIR (2006b). This discharge rate is ~4x higher than that estimated for the
Sandpiper project. The sediment concentration limits approximate the effects thresholds for
suspended sediments defined by EMBECOM (2004). For the lower limit, chronic effects on marine
biota can be expected after 3 day exposures whereas acute effects may be generated in
concentrations above 100 mg/ℓ.
Plumes are dynamic three dimensional structures and decay over time through mixing with the
receiving water body and through the particles sinking to the seabed. Figure 4-2 provides an
example of the vertical structure of an overspill discharge plume generated by dredging muddy
sand sediments. In this example the average speed of the dredger was 1 m/s (= ~2 kts) so the
distance on the x-axis approximates elapsed time from discharge in seconds.
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Figure 4-2: An example of the vertical structure of an overspill discharge plume
generated by dredging muddy sand sediments (from CSIR 2006b).
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Maximum suspended sediment concentrations for the plumes shown in Figure 4-2 estimated by
calibration of ADCP backscatter intensity against measured turbidity and filtered water samples
are 40-50 mg/ℓ, with most of the concentrations in the sediment plume falling into the
20-30 mg/ℓ range.
The two modes of plume behaviour are evident in Figure 4-2; on the right of the discharge point
the sediment is falling rapidly to the base of the water column in what is interpreted as the
density driven convective descent mode. Elapsed time from discharge to sea floor is
approximately 1 000 seconds (~17 minutes). To the left of the discharge the sediment is behaving
in the mixing mode but is still sinking to the seafloor with the maximum duration of suspension in
the water column of ~3 000 seconds (~1 hour). This plume is therefore short-lived. Other
examples of measured plumes in CSIR (2006b) indicate longevities of 1-2 hours. All of these
observed sedimentation rates are higher than those calculated from sediment particle
sedimentation rates. The average settling rate for muddy sand sediments measured by CSIR
(2006b) is 1.6 mm/s. This indicates equivalent plume longevities of ~16 hours. The differences
are probably especially due to the cohesive behaviour of the finer silt and clay particles in the
discharged sediment mix, which would accelerate sedimentation, and/or a higher prevalence of
the convective descent mode of discharged sediment behaviour (e.g. Winterwerp 2002).
For the assessment of dredger plumes generated in the proposed Sandpiper Project mining area
the lower sedimentation rate of 1.6 mm/s is applied. This indicates durations of ~3 hours being
required to transit the upper mixed layer and ~33 hours to sink to the base of the water column.
Consistent with the CSIR (2006b) measurements and hydrodynamic modeling, sediment
concentrations within the plumes are predicted to be <100 mg/ℓ.
The overspill water discharged during dredging may also contain dissolved compounds such as
hydrogen sulphide (H2S), inorganic nutrients including phosphorus and ammonium/ammonia and
possibly trace metals liberated from the sediments by the dredging process and associated
turbulence. As the dredged sediments are transported into the dredge hopper as a slurry of
sediment and seawater, hypoxic or anoxic bottom water may also be withdrawn from near the
sea floor and released into surface waters with the overflow water. Each of these may affect
water quality in the area of dredge operations.
The main factor controlling possible deleterious effects on water quality is mixing, and therefore
dilution, in the receiving waters. The dredger will be pumping an approximately 40%
sediment/sea water slurry at ~11 m3/s into the dredger hopper. Assuming that there is no sea
water retention in the hopper this will result in a sea water overflow rate of 6.6 m3/s. This will be
discharged along the length of the dredger track (~16 km) from the bottom of the dredger’s hull
(10-15 m depth). The receiving water body will be the upper mixed layer which has a mean depth
of 25 m (Boyd 1987). A major source of turbulence to enhance mixing will be the motion of the
dredger itself through propeller wash and water displacement. This is estimated to affect an area
extending 5 m either side of the 40 m beam width operating dredger i.e. a swath approximately
50 m in width.
From the above it is calculated that the volume of the receiving water body for each 4 km pass of
the dredger is ~5 000 000 m3 and the volume of sea water discharged over the 1.33 hour dredge
cycle is ~31 680 m3. Given these circumstances if it is assumed that the sea water discharged is
totally anoxic, an unlikely scenario given turbulent mixing in the dredger hopper and exposure to
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air, the effect of the dilution process would be to decrease the oxygen concentration in the
receiving water body by <1%. Upper mixed layer oxygen concentrations are approximately 6 ml/l,
although they can reach super saturation levels in phytoplankton blooms (Chapman and Shannon
1985). The corresponding decrease in oxygen concentrations would therefore be <0.06 ml/ℓ
which is probably not observable within the natural diurnal variation (balance of photosynthesis
and respiration) in the region.
Similar dynamics would apply to the other potentially biogeochemical transforming chemicals
that may be translocated from the base of the water column to the surface layers.
4.4.1

Increased suspended sediment concentrations to levels and persistence where deleterious
effects on biota are predicted
Table 4-5: Potential impact of the suspended sediment / plume
Nature of the impact
Extent
Duration
Intensity

Probability
Status
Significance (no mitigation)
Mitigation
Significance (with mitigation)
Confidence level

4.4.2

Dredging generates plumes of suspended sediments that adversely
affect organisms in the water column
Dredge Area - >20mg/ℓ suspended sediment concentration
Very short term – plume disperses within 1-2 days
No lasting effect – within water quality guidelines for suspended
sediment (chronic effects ensue after 3 days exposure to >20 mg/ℓ)
Possible
Negative
Low
Built in, with discharge below dredger’s hull (10-15 m below sea
surface)
Low
High

Changed biogeochemical properties of near surface waters (overflow is higher in sulphides)
Table 4-6: Potential impact of sulphides in overflow water.
Nature of the impact
Extent
Duration

Intensity
Probability
Status
Significance (no mitigation)
Mitigation
Significance (with mitigation)
Confidence level

Sulphidic sediment pore-water entrained in the dredged sediment is
discharged with the over-spill water thereby affecting organisms in
the water column
Dredge area – the amount of H2S entrained will be minimal due to
predicted low concentrations in the target dredge sediments.
Short term – because entrained H2S will de-gas in the dredger hopper
(turbulence) and rapidly dilute if released to the upper water column;
however if toxicity effects do occur recovery periods can be longer than
3 days but definitely less than 1 year.
Minor effects – there may be short term toxicity effects on plankton
(regeneration rates for plankton are days to weeks)
Possible
Negative
Low
None possible
Low
Medium – the assessment relies on a prediction of a low H2S
concentration in the target dredge area sediments.
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4.4.3

Changed biogeochemical properties of surface waters (overflow is lower in oxygen)
Table 4-7: Potential impact of lower oxygen levels in overflow water.
Nature of the impact
Extent
Duration
Intensity

Probability
Status
Significance (no mitigation)
Mitigation
Significance (with mitigation)
Confidence level

4.4.4

Hypoxic/ anoxic bottom water is entrained in the discharged overflow
water so reducing dissolved oxygen concentrations in the upper water
column where it can affect organisms.
Dredge area
Very short – as mixing will reduce the oxygen debt.
3
No lasting effect – in a worst case scenario approximately 31 680m of
anoxic water may be discharged along a 4 km long dredge path during
6 3
dredging. This will be mixed into approximately 5x10 m of normal
oxic water. Mixing factors are therefore <1%; and dissolved oxygen
concentration reductions will be negligible (<0.1ml/ℓ). Such levels are
not generally measurable at sea.
Improbable
Negative
None
N/a
None
High

Changed biogeochemical properties of surface waters (overflow is higher in nutrients)
Table 4-8: Potential impact of higher nutrient levels in overflow water.
Nature of the impact

Extent
Duration
Intensity
Probability
Status
Significance (no mitigation)
Mitigation
Significance (with mitigation)
Confidence level

Increased availability of nutrients (ammonium and phosphorus)
promote phytoplankton growth. Following senescence, the
phytoplankton will add to the POM flux to the seabed eventually
further reducing dissolved oxygen concentrations through
remineralisation
Dredge area
Short term
No lasting effect (silicate is probably the limiting nutrient for diatoms)
Possible
Neutral
None
None possible
None
Medium – due to there being no nutrient data specific to the proposed
mining areas
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4.4.5

Changed biogeochemical properties of surface waters (overflow is higher in trace metals)
Table 4-9: Potential impact of higher levels of trace metals in overflow water.
Nature of the impact
Extent
Duration
Intensity
Probability

Status
Significance (no mitigation)
Mitigation
Significance (with mitigation)
Confidence level

4.5

Trace metals (cadmium and nickel) bound in the dredged sediment
are discharged with the over spill water thereby affecting organisms
in the water column.
Dredge area – the affected area would be that of the suspended
sediment plume.
Short term – equivalent to the life of the plume.
Minor effects – there may be short term chronic toxicity effects on
plankton specifically from cadmium. Regeneration rates for plankton
are days to weeks.
Possible but unlikely due to required exposure periods being much
longer than the predicted plume durations (< 40 hours) as the 240 hr
EC50 concentration is >1000 µg/l).
Negative
Low
None possible
Low
Medium – due to there being no trace metal data specific to the
proposed mining areas

IMPACTS OF EXCAVATION OF THE SEABED
By definition dredging excavates sediments from the seabed. For the proposed marine pelletal
phosphate mining this will remove sediments to 1-3 m depth down to just above the clay footwall
horizon. This will probably occur through a series of 0.75 m deep cuts in a series of 4 km long
dredging lanes in the specified mining areas. The dredging will therefore expose various sediment
layers to the overlying water body as it proceeds to recover phosphate ore.
The biogeochemical properties of Namibian continental shelf sediments varies with the amount of
pelagically produced POM that sediments out onto the sea floor and is held in the seabed
sediments. On the inner continental shelf mud belt the downward flux of POM is high, as is the
retention, and consequently the sediments have high POC concentrations; are generally anoxic
and may be sulphidic and contain methane gas (van der Plas et al. 2007). Fluxes of ammonium
and H2S to the water column are appreciable as is oxygen demand due to links with organic
matter remineralisation (e.g. Joubert 2006). The H2S flux allows the establishment of thio-bacteria
on, or just above, the sediment surface. These bacteria take up sulphur and therefore provide
natural controls over the amount of noxious H2S that is released to the water column through
diffusion processes (Lavik et al. 2008). The bacterial maps therefore play an important ecological
role in reducing specifically H2S toxicity in the lower water column allowing fish, e.g. pelagic goby,
occupy these areas. These bacteria do not however limit ‘bulk’ releases of H2S to the water
column mediated by methane bubble fluxes (van der Plas et al. 2007). The sulphidation process in
the sediments and overlying water sequestrates dissolved trace metals leading to elevated
concentrations within the seabed sediments.
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In contrast coarser muddy sand sediments immediately seaward of the offshore flank of the mud
belt show very much reduced pore water concentrations of H2S and silicate, moderately reduced
ammonium and phosphate but broadly similar nitrate-nitrogen levels (van der Plas et al. 2007).
This is consistent with the strongly reduced POM concentrations as shown by POC and particulate
organic nitrogen (PON) concentrations being ~20% of those in the inshore mud belt. The low
POM here is due to the location outside of the inshore highly productive upwelled water and to
the removal of POM that falls to the seabed by turbulence associated with internal tides
(Monteiro et al. 2005). Therefore conditions required for inter alia H2S production, i.e. high POM
fluxes, possibly extending to burial of POM, and anaerobic bacterial sulphate reduction, are not
generally met. Consequently the reservoirs and fluxes of this compound along with nutrients are
expected to be low as is the potential oxygen take-up by sediments due to the absence of
significant amounts of fresh, labile POM in the sediments. However, thio-bacterial mats have
been observed in water depth ranges similar to those of the proposed mining areas (Nat-Mirc in
litt., 2012) indicating that the H2S flux at these depths is at least sufficient to allow their
establishment. Obviously if bacterial mats are present in the mine area mining will disrupt them
with possibly increased H2S fluxes to the over lying lower water column with associated toxicity
effects on marine organisms.
Sediments in the target dredge areas are predominantly muddy sand (Figure 3-10) and are
expected to be biogeochemically similar to the muddy sand sediments located offshore of the
inshore mud belt described above.
4.5.1

Changes to biogeochemical properties of bottom waters: Remobilised trace metals
(affecting demersal fish and benthos).
Table 4-10: Potential impact of exposing trace metals on the seabed.
Nature of the impact

Extent
Duration
Intensity

Probability
Status
Significance (no mitigation)
Mitigation
Significance (with mitigation)
Confidence level

Trace metals held within the target dredge area sediments are
remobilized; they become bio-available through exposure to the
overlying water during dredging with deleterious effects on filter
and/or deposit feeding benthos.
Annual Mining Area
Short term – bio-availability will reduce with time as trace metals
become bound into the sediments again.
Minor effect - the toxicity risk is from cadmium and /or nickel.
Concentrations are below the probable effects level and therefore the
risks of toxicity effects are considered to be low as is the potential for
bio-magnification in the food chain.
Possible
Negative
Low
None possible
Low
Medium – due to there being no trace metal data specific to the
proposed mining areas

Final Report
Namibian Marine Phosphate (Pty) Ltd.
Page 46

WATER COLUMN SPECIALIST STUDY

4.5.2

Changes to biogeochemical properties of bottom waters: Release of hydrogen sulphide
into the water column
Table 4-11: Potential impact of releasing hydrogen sulphide from the seabed.
Nature of the impact
Extent
Duration

Intensity
Probability
Status
Significance (no mitigation)
Mitigation
Significance (with mitigation)
Confidence level

4.5.3

Sulphidic sediment pore-water is exposed by dredging, and the flux of
dissolved H2S into the lower water column is increased, so affecting
benthos.
Dredge area –the amount of H2S released will be minimal due to
predicted low concentrations in the target dredge sediments.
Medium term –pulses of H2S escaping from the trench walls should be
extremely short term with toxicity effects on benthos being
experienced over benthos life cycles.
Moderate effects
Possible
Negative
Low
None possible
Low
Medium – the assessment relies on a prediction of low H2S in the target
dredge area sediments.

Changes to biogeochemical properties of bottom waters: Anoxic sediments exposed
(reduces dissolved oxygen concentrations in the lower water column)
Table 4-12: Potential impact of exposing anoxic sediment surfaces on the seabed.
Nature of the impact
Extent
Duration
Intensity

Probability
Status
Significance (no mitigation)
Mitigation
Significance (with mitigation)
Confidence level

Exposure of anoxic sediments by dredging reduces the already low
concentrations of oxygen that occur in the lower water column so
affecting resident biota, primarily benthos.
Annual mining area – it is expected that oxygen distributions that
existed prior to dredging would re-establish themselves with time, and
the effects on benthos will diminish.
Medium term
Minor effects – The area is already identified as being hypoxic and
therefore any additional effects from dredging will be relatively small.
Possible
Negative
Low
Not possible
Low
High - the supporting evidence about sediment properties in the target
dredge areas is robust.
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4.5.4

Changes to biogeochemical properties of bottom waters: Thio-bacteria layer removed from
the seabed
Table 4-13: Potential impact of removing the thio-bacteria mat.
Nature of the impact
Extent
Duration
Intensity
Probability

Status
Significance (no mitigation)
Mitigation
Significance (with mitigation)
Confidence level

4.6

Removal of thio-bacteria mats by dredging increases the flux of H2S to
the lower water column.
Dredge area – the footprint of physical disturbance.
Long term – the overall amount of H2S in the dredge furrow sediments
has been reduced and requires significant POM flux re-establish itself;
only then could the thio-bacteria return.
Minor effects
Possible – Thio-bacterial mats have been observed at similar depth
ranges to the proposed mining areas so despite predicted low H2S flux
rates there can be a net supply of this compound to the lower water
column until re-establishment.
Negative
Low
n/a
Low
Medium – the assessment relies on a prediction of low H2S in the target
dredge area sediments.

CUMULATIVE EFFECTS
It is clear that considerable areas of the seabed are disturbed by industrial fishing (see Appendix
1A). However, until the effects of fishing are quantified, i.e. specifically the area of seabed
disturbed by demersal trawling, neither cumulative nor additive effects can be assessed.
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5

MONITORING
The confidence levels in the impact assessments show that there is some uncertainty about the
biogeochemical properties of the sediments in the proposed mining areas. This should be
resolved by investigations specific to the mining areas either prior to commencement of mining or
in its early/initial stages.
The proposed 4 km long dredging tracks in ~200 m water depths are unique in terms of
monitoring investigations on overspill plume characteristics and behaviour. Therefore field
investigations into these using combinations of ADCP (backscatter) coverage, multi-parameter
CTD profiling and water sampling need to be conducted at intervals over at least the first years of
mining operations. If these investigations show that these impacts are more severe than
predicted herein, then real-time controls on e.g. exceedances of turbidity, dissolved oxygen, H2S
thresholds etc., should be established to manage the dredging phase.
Finally, as required in terms of the International Convention for the Prevention of Pollution from
Ships 73/78 (MARPOL), monitoring and systematic record-keeping of all waste streams on the
dredger shall be done and ballast record books kept.

Final Report
Namibian Marine Phosphate (Pty) Ltd.
Page 49

WATER COLUMN SPECIALIST STUDY

6

SYNTHESIS
As is evident in Table 6.1 below, ten of the eleven impacts assessed are rated low (at the highest),
both before and after mitigation; the exception to this is the potential consequences of the
possible import of alien species which could be serious if one or more should become invasive.
However the risk presented by the infrequent import and release of ballast water taken up from
ports outside of the BCLME region by the dredger is miniscule compared to the other shipping
that may be discharging ballast water in Walvis Bay. Accordingly this assessment does not identify
any unique or significant environmental risks that may be generated by the proposed mining
project.
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Table 6-1: Impact assessment summary table.
Table No.

4-3

Risk Area

4-4

4-5

4-6

Vessel operation

4-7

4-8

4-9

4-10

4-11

Overspill discharge

4-12

4-13

Seabed dredging

Pollution from
wastes

Alien spp. in
ballast water

Turbid
plume

H2S toxicity
at surface

Oxygen
deficient
water at
surface

Nutrients
added at
surface

Trace-metal
toxicity at
surface

Trace-metal
toxicity on
seabed

H2S toxicity
on seabed

Lowered
oxygen
levels on
seabed

Increase of
H2S flux.

Dredge area

National

Dredge area

Dredge area

Dredge area

Dredge area

Dredge area

Annual
Mining Area

Dredge area

Annual
Mining Area

Dredge area

Duration

Very short term

Short term to
permanent

Very short
term

Short term

Very short
term

Short term

Short term

Short term

Medium
term

Medium
term

Long term.

Intensity

No lasting effect

None to
serious

No lasting
effect

Minor effects

No lasting
effect

No lasting
effect

Minor effects

Minor effects

Moderate
effects

Minor effects

Minor effects

Probability

Possible

Possible

Possible

Possible

Improbable

Possible

Possible

Possible

Possible

Possible

Improbable

Status

Negative

Negative

Negative

Negative

Negative

Neutral

Negative

Negative

Negative

Negative

Negative

None

Can be high

Low

Low

None

None

Low

Low

Low

Low

Low

Mitigation

System
maintenance

IMO
guidelines

Built-in

None
possible

n/a

None
possible

None
possible

None
possible

None
possible

Not possible

n/a

Significance
(with
mitigation)

None

None

Low

Low

None

None

Low

Low

Low

Low

Low

Confidence
level

High

High

High

Medium

High

Medium

Medium

Medium

Medium

High

Medium

Nature of the
impact
Extent

Significance (no
mitigation)
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Namibian Marine Phosphate (Pty) Ltd (NMP) has
been awarded a 20-year mining licence (ML170),
which is located on the Namibian continental shelf
offshore Conception Bay in water depths ranging
from 180 to 300 m covering a total area of
2233 km2. Within the mineralized resource zones
of the licence area, (also named Sandpiper licence
area), three target areas have been identified, i.e.
Sandpiper-1 (SP-1), 2 (SP-2), and 3 (SP-3), which
are the focus of this EIA. SP-1 is in the north of
ML170 in water depth from 190-235 m, SP-2 is in
the center in depth 245-285 m and SP-3 is in the
south at 235-270 m depth. Both SP-1 and SP-2
target areas are 22 km long x 8 km wide, while SP3 is 11 km long x 6 km wide. NMP is proposing to
dredge the uppermost 1-2.5 m (up to 3 m) of the
seafloor in these target areas to recover
phosphate rich material for use as fertilizer. The
export target for the Sandpiper Phosphate project
is 3 million tonnes (Mt) of ‘rock phosphate’ per
annum, which requires the mining of 5.5 Mt of
marine sediments.

target area SP-1 including a single station from SP3, no further data on biotic communities or the
physical environment (e.g. H2S concentrations,
oxygen conditions, etc.) exist or were available at
the time of writing this report. The study thus
relies almost entirely on data from publicly
accessible literature based on studies conducted
in the larger general region. The only site-specific
data are those from the above-mentioned
macrobenthic survey and associated sediment
analysis conducted in 2010.

PROJECT DESCRIPTION
The preferred method of sediment recovery is the
use of a Trailing Suction Hopper Dredge (TSHD).
Dredging will be primarily on a north (N) or south
(S) heading (swell dependent), recovering
sediment in a ~ 3.0 m wide x ~ 0.75 m deep cut
along a mine block (4 km length) of the larger
target mine area. Mining will commence in SP-1,
with subsequent mining in SP-2 and later possibly
SP-3. To fill the hopper of 46,000 m3 capacity, up
to 6 parallel and adjacent 4 km long cuts will be
made. During dredging, excess water with some
fines will be discharged through an overflow pipe
at 10-15 m below the surface. Once the vessel
hopper is filled, the sediment will be pumped
ashore. A typical dredge cycle is assumed to
consist of 16-17 hours dredging to fill the hopper,
and on average 20 hours to sail to shore for
unloading and sail back to the operational location
to initiate dredging again. Once back at the
location, the vessel will continue to dredge within
the particular ‘cut’ zone. Depending on the
resource this will be 1-2.5 m deep (possibly up to a
depth of 3 m). Underlying the phosphate resource
is a stiff clay footwall, and the operational
requirement is not to cut (dredge) into the
footwall, but to rather leave a residual thickness of
phosphatic marine sediments over the footwall of

During the public scoping process for this project,
the need for a specialist report describing and
evaluating the potential impacts of the dredging
activities on the benthic communities inhabiting
unconsolidated sediments was recognised.
Dredging is destructive by nature and the removal
of the sediment and with it the associated benthic
fauna has been identified as one of the main
impacts. This specialist study assesses the impacts
associated with dredging in SP-1, SP-2 and SP-3
only and with the technical specifications
provided. If at a later stage mining is planned to
be undertaken outside these areas or other
technologies are considered, this needs to be
assessed in a separate study. As specified by the
terms of references, a ‘desktop’ approach was
adopted for this study. Besides an 18 station
macrobenthic baseline study conducted in the
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0.3 m (approximately 10 % of the particular mine
block thickness). As a result, the surface of the
dredged area will be locally uneven or
hummocked.
Determined by the average
resource thickness, the maximum annual mining
rate is 3 km2, which at a life of mine of 20 years
amounts to a maximum total mined-out area of
60 km2 or 2.7% of the total ML170 licence area,
with a maximum potential dredged-depth of
2.5 m (possibly up to 3m) below the original
seafloor.

area are pelletal phosphate sands of Miocene age
that are geographically distinct and have a
different origin than the concretionary
phosphorite that presently forms in the
diatomaceous mud belt. Furthermore, the licence
area lies at the southern offshore fringe of the
OMZ, with perennial low dissolved oxygen levels
(<0.5 ml/ℓ) at the bottom but typically not anoxic
conditions.
Hydrogen sulphide pore water
concentrations, H2S fluxes from the sediments and
H2S bottom water concentrations are likely to be
very low, but it cannot be excluded that H2S
concentrations in deeper sediments (>50 cm) may
be higher.

BASELINE ENVIRONMENT
Typical of coastal upwelling systems, the central
Namibian shelf is characterised by the occurrence
of natural shelf hypoxia, which is referred to as the
oxygen minimum zone (OMZ). On the Walvis Bay
margin, there are two shelf breaks at about 150 m
and 300-400 m depths, which effectively divide
the shelf into an inner and outer shelf. A
significant feature of the central Namibian inner
shelf is an extensive mud belt comprising
organically rich diatomaceous oozes originating
from planktonic detritus, which extends over 700
km in an N-S direction in approximately 50-150
water depth. The mud belt is characterised by
severe hypoxic and often anoxic conditions and
high toxic hydrogen sulphide (H2S) concentrations
in the upper sediment layers that support
extensive mats of large sulphur-oxidising bacteria
that reduce the flux of H2S into the water column
by oxidising sulphide to sulphur with nitrate to
obtain energy. Occasional H2S eruptions from gas
pockets contained in the thickest parts of the mud
belt (>8 m) can spread over large areas with
disastrous effects on fish and other marine life.

Despite oxygen depletion, specialised benthic
assemblages can thrive in OMZs and many
organisms have adapted to low oxygen conditions
by developing highly efficient ways to extract
oxygen from depleted water. Within OMZs,
benthic foraminiferans, meiofauna (animals
between 0.1-1 mm), and macrofauna (>1 mm)
typically exhibit high dominance and relatively low
species richness. Macrofauna and megafauna
(>10 cm) often have depressed densities and low
diversity in the OMZ core, where oxygen
concentration is lowest, but they can form dense
aggregations at OMZ edges. Body size seems to
be very important as small organisms are best
able to cover their metabolic demands in the
OMZ, and besides adaptation to low oxygen often
have a capability to conduct anaerobic
metabolism. Meiofauna may thus increase in
dominance in relation to macro- and megafauna.
Nonetheless, although small organisms prevail,
the species inventory of OMZs comprises the
whole range between micro- (<0.1 mm such as
bacteria) and megafauna. Very little is known
about the benthic fauna specific to the Namibian
OMZ. Data from a macrofauna baseline survey in
SP-1 have shown that overall species richness of
the benthic macrofauna assemblages was
relatively low and strongly dominated by
polychaetes particularly the spionid polychaete
Paraprionospio pinnata, which is the dominant
species found worldwide in oxygen-constrained
environments. Crustaceans, on the other hand,
were both in terms of abundance and biomass
very poorly represented. The phyla distribution is
generally in common with other OMZs around the

Put into a regional context, ML170 and specifically
the three target areas, are located in a generally
sandy environment on the outer shelf beyond the
inner shelf break, and thus offshore of the
diatomaceous mud belt and south of a mid-shelf
belt high in organic matter. As ascertained from
the available literature, organic matter as well as
nutrient concentrations in the sediments of the
target areas are likely to be relatively low, which is
a result of relatively strong bottom currents in this
region, preventing the deposition of fine material.
The target phosphorite deposits in the licence
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world. Most species found in the study area have
a larger geographical distribution and/or have
been recorded elsewhere from the Namibian
and/or South African west coast. No data exist on
meio- or microfauna (bacteria) composition in the
target areas, but evidence from published data
strongly suggests that concentrations of large
sulphur-oxidising bacteria in the target areas are
likely to be very low, if present at all.




Other specific concerns voiced during the Public
Participation Process and summarised in the
Scoping Report are:

IMPACT ASSESSMENT



As a result of the dredging operations to recover
marine phosphate resources in ML170, trenches
will be excavated in the seabed and the benthic
biota associated with the sediments will be
removed. The mining licence is issued for a period
of 20 years, and at a maximum dredging rate of 3
km2 per annum, this will lead to a dredged area of
60 km2, divided over the three target areas SP-1,
SP-2 and SP-3. The total dredge depth will be on
average 1.69 m, 1.70 m and 1.30 m for SP-1, SP-2,
and SP-3 respectively. The maximum resource
depths are 2.0 m, 2.25 m and 1.85 m for SP-1, SP-2
and SP-3 respectively (possibly up to 3 m). (There
may be variability in the actual depth to which the
resource will be mined in comparison with the
thickness of the resource as determined from
exploration). The most immediate effect of
dredging is the loss of benthic organisms by the
removal of the substratum, but a typical byproduct of dredging activities is the re-suspension
of sediments into the water column and the
eventual re-deposition of this material. More
specifically, aspects of the dredging activities that
are considered include:







The effects of re-deposition of suspended
material; and
Release of nutrients by dredging and its
direct/indirect effect on benthic
communities, and release of hydrogen
sulfide from sediments during dredging.





The removal of mats of large sulphuroxidising bacteria and associated
recovery rates;
The possible proliferation of bacteria in
an anaerobic environment, specifically
the botulism causing bacterium
Clostridium botulinum, and its
subsequent contamination of fish and
other wildlife (and possibly humans); and
The possible release of hydrogen sulphide
from the sediments by dredging.

This specialist report focuses on the benthic softbottom environment and therefore only discusses
impacts relating to this habitat. Sources of risks to
the pelagic environment, the water quality (e.g.
turbid plumes, re-suspension of contaminants),
and fish communities and associated fisheries are
described in detail in other specialist studies (this
EIA).
An assessment of the risks associated with the
dredging activity identified nine potential negative
impacts on the benthic biota in the three target
areas or beyond. Of these, two impacts are
considered to be of medium significance, six of
low significance, and one is assessed as having no
significance. The impacts of medium significance
are:

The loss of benthic communities through
removal of sediment during the dredging
process;
The effects of sediment removal on (re-)
colonisation and recovery rates of
impacted communities;
Change in sediment characteristics due to
dredging;
The potential indirect effects of the loss
of benthic communities on demersal fish
in the area;

Impact - The removal of the upper 1-2.5 m (up to
3 m) of sediment by dredging will result in the loss
of the benthic biota associated with the sediment.
The exposed sediments are likely to be different to
the original superficial deposits, and sediment
refill rates at this depth are likely to be very slow.
Colonising assemblages are likely to differ from
those present prior to the dredging activity.
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Significance - Medium as the duration of the
impact is permanent (exceeds life of mine) in view
of recovery to original community but recovery to
a different community but providing similar
ecosystem services may occur sooner. The
intensity is moderate to serious but the extent is
confined to the actual mine sites, with a maximum
of 60 km2 after 20 years of dredging.

publicly available literature data, whereas data
from ML170 itself are very limited. A verification
survey is therefore critical to confirm these
assumptions, which should include sampling of
meio- and macrofauna, surveying for presence of
large sulphur-oxidising bacteria, measurements of
sediment characteristics, organic matter and
nutrient concentrations as well as H2S and oxygen
concentrations. In case that the verification data
reveal a substantially different habitat to that
discussed in the environmental baseline
description, the impacts will need to be reassessed.

Mitigation - Leave behind a residual sediment
layer over the clay footwall of at least 30 cm to
cover the clay footwall. Leave behind undredged
areas to enable migration of mobile organisms
from these areas into the mined areas.

Subsequent to the verification survey, a
monitoring programme needs to be established.
Sampling of benthic macrofauna (using a 500- or
300-micron sieve) should be undertaken both
before the start of operations, as well as at regular
intervals after completion of dredging to
determine the (functional) recovery rates of
benthic communities. The sampling interval can
best be determined after the first post-dredging
sampling campaign, approximately three years
after dredging of the first area. Sampling stations
should include dredged and undredged reference
stations in comparable environmental habitats
(e.g. similar depth and sediment characteristics
prior to dredging). Included in the sampling
procedure should be the sampling, for at least,
sediment properties (i.e. grain size analysis) as
well as near-bottom dissolved oxygen
concentrations and organic matter content.

Impact - The depth of the dredged area might
change local near-bottom hydrographical
conditions and thus act as trap for very fine
material. This could lead to high decomposition
rates and consequently anoxic conditions and H2S
concentrations in the sediments.
Significance - Medium as the duration is
permanent (beyond life of mine) and intensity
moderate to serious, but extent is restricted to the
mine sites and large areas of the inner shelf are
naturally subjected to anoxic conditions.
Mitigation - Leave behind a residual sediment
layer over the clay footwall of at least 30 cm,
which will reduce the depth of the dredged-out
area.
Although the mitigation measures will facilitate
the colonising of the newly exposed sediments,
and may reduce the risk of large areas of the
dredged sites becoming anoxic, the significance
will remain medium after mitigation. This is due
to the very long time scales anticipated for the
recovery of the disturbed biota to its original
status and the expected low infilling rates at this
water depth. Functional recovery, defined as
recovery to a community that provides similar
ecosystem functions to those of the original
community despite being different in composition,
is, however, likely to occur sooner.
In general, the confidence level in the assessments
is medium, as most of the impact evaluations are
based on assumptions that are derived from
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Anoxia/anoxic
Authigenic deposits

Benthic
Benthic organisms
Benthos
Biodiversity
Biomass
Biota
Bottom nepheloid layer
Chemolithotroph
Community
Diagenesis/diagenetic
Dissolved oxygen (DO)
Epifauna
Eukaryote/eukaryotic
Habitat
Hypoxia/hypoxic
Infauna
Macrofauna

Containing no oxygen.
An authigenic mineral or sedimentary rock deposit is one that was generated
where it is found or observed. Authigenic sedimentary minerals form during
sedimentation by precipitation or recrystallization instead of being
transported from elsewhere.
Referring to organisms living in or on the sediments of aquatic habitats
(lakes, rivers, ponds, etc.).
Organisms living in or on sediments of aquatic habitats.
The sum total of organisms living in, or on, the sediments of aquatic habitats.
The variety of life forms, including the plants, animals and micro-organisms,
the genes they contain and the ecosystems and ecological processes of
which they are a part.
The living weight of a plant or animal population, usually expressed on a unit
area basis.
The sum total of the living organisms of any designated area.
A layer above the ocean floor that contains significant amounts of suspended
sediment.
An organism that obtains its energy from the oxidation of inorganic
compounds.
An assemblage of organisms characterized by a distinctive combination of
species occupying a common environment and interacting with one another.
The process of chemical and physical change in deposited sediment during
its conversion to rock.
Oxygen dissolved in a liquid, the solubility depending upon temperature,
partial pressure and salinity, expressed in milligrams/litre or millilitres/litre.
Organisms, which live at or on the sediment surface being either attached
(sessile) or capable of movement.
A single-celled or multicellular organism whose cells contain a distinct
membrane-bound nucleus.
The place where a population (e.g. animal, plant, micro-organism) lives and
its surroundings, both living and non-living.
Low oxygen conditions (<0.5 ml/ℓ dissolved O2) that are physiologically
stressful to marine organisms.
Animals of any size living within the sediment. They move freely through
interstitial spaces between sediment particles or they build burrows or
tubes.
Benthic invertebrate animals >1 mm.
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Meiofauna
Microfauna
Megafauna
Oxygen minimum
(OMZ)
Pelagic
Photic zone
Phylum
Population
Prokaryote/prokaryotic
Protozoa
Species
Taxon (Taxa)

zone

Benthic invertebrate animals <1 mm.
Animals <0.1 mm, including bacteria and protists.
Benthic invertebrate animals >10 mm.
Zone in the ocean where oxygen saturation is perennially at hypoxic
(<0.5ml/ℓ) conditions.
Living in the water column as opposed to benthic.
Region of the ocean through which light penetrates and where
photosynthetic marine organisms live.
The major taxonomic group of animals and plants; contains classes
Population is defined as the total number of individuals of the species or
taxon.
An organism whose cell lacks a true nucleus, or any other membrane-bound
organelles, such as bacteria and archea.
Eukaryotic organisms belonging to a group characterized for being singlecelled, most of them motile and heterotrophic such as flagellates, ciliates,
sporozoans, amoebas, and foraminifers.
A group of organisms that resemble each other to a greater degree than
members of other groups and that form a reproductively isolated group that
will not produce viable offspring if bred with members of another group.
Any group of organisms considered to be sufficiently distinct from other such
groups to be treated as a separate unit (e.g. species, genera, families).

Abbreviations
BID
EIA
EPL
H2S
I&APs
MFMR
ML
MLA
Mt
NMP
POM
SP-1, -2, -3
TSHD

Background Information Document
Environmental Impact Assessment
Exclusive Prospecting Licence
Hydrogen sulphide
Interested and Affected Parties
Ministry of Fisheries and Marine Resources, Namibia
Mining Licence
Mining Licence Area
million tonnes
Namibian Marine Phosphate (Pty) Ltd
Particulate Organic Matter
Sandpiper-1, 2, 3; the target areas within ML 170
Trailing Suction Hopper Dredge
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1

INTRODUCTION
Namibian Marine Phosphate (Pty) Ltd (NMP) has Exclusive Prospecting Licences (EPLs) for the
marine licence areas 3323, 3414 and 3415 (and four more EPLs), and exploration confirmed
world-class phosphate resources in parts of the three lease areas. Subsequently, a mining licence
(ML170) was awarded to NMP in July 2011, which incorporates the whole of EPL 3414 and parts
of EPL’s 3415 and 3323. ML170, also named Sandpiper licence area, is located on the Namibian
continental shelf approximately 120 km south, south west of Walvis Bay in water depths ranging
from 180 to 300 m covering a total area of 2233 km2 (Figure 1).
NMP is proposing to dredge a 5.5 Mt amount of sediment on an annual basis from the uppermost
1-2.5 m (possibly to 3.0 m) of the seafloor in ML170 to recover phosphate rich material for use as
fertilizer. The preferred method of sediment recovery is the use of a Trailing Suction Hopper
Dredge (TSHD). Three target areas from within the mineralized resource area, have been
identified in ML170, i.e. Sandpiper-1 (SP-1), -2 (SP-2), and -3 (SP-3), of which SP-1 and SP-2 are the
initial dredging areas.
With respect to the proposed project, NMP is required to undertake an Environmental Impact
Assessment (EIA) based on the Namibian Environmental Management Act (Act. No. 7 of 2007).
During the scoping process for this EIA, the removal of sediments from the seabed has been
identified as a primary impact of the proposed project (see Background Information Document
(BID)). Dredging will disrupt the sediment structure and profile of the dredged area, and with it
the associated benthic fauna. Potential impacts associated with this, include:
•
•
•
•

Loss of soft-bottom habitat;
Effects on the associated marine benthic fauna;
Impairment of food chain functionality; and
Creation of new habitat colonised by as yet unknown fauna.

To assess the significance of these impacts, NMP requires a Marine Benthic Specialist Study, and
has appointed Steffani Marine Environmental Consultant for this task. This Specialist Study
evaluates the impacts associated with dredging in SP-1, SP-2, and SP-3 only and with the technical
specifications listed in the detailed project description of the EIA. If at a later stage mining is
planned to be undertaken outside these areas or other technologies are considered, the findings
and conclusions of this study will have to be re-assessed.
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Figure 1:

Location of the Sandpiper Phosphate Licence Area off the coast of central Namibia.
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1.1

TERMS OF REFERENCE
The Terms of Reference (ToR) for the Marine Benthic Specialist Study are to provide:
• An introduction with a brief project overview, study approach, methodology, and
assumptions and limitations;
• A description of the marine environment of the project area, focusing on the benthic
invertebrate communities with special reference to the Oxygen Minimum Zone, utilising
the information gathered during the macrofaunal baseline survey (it is understood that
the physical environment, the water column and associated fauna, as well as fish and
fisheries, mammals, and coastal birds are covered by other Specialist Studies);
• A description of the potential impacts of the project on the benthic invertebrate fauna,
followed by an assessment of the significance of these impacts. The assessment will take
into account the spatial scale, intensity, duration, etc. of the impacts, presented in table
format; and
• Recommendations for mitigation measures and monitoring requirements, which may
include the development of a macrofauna and/or meiofauna monitoring program.
Within the ML170 Licence Area, there are three general target areas, Sandpiper-1 (SP-1), -2 (SP-2)
and -3 (SP-3). Mining is only proposed for these target areas and the EIA and consequently this
Benthic Specialist Study is thus concerned only with the proposed phosphate mining by dredging
in these three target areas for a period of 20 years, as well as the collection of exploration and
environmental samples (core samples and grab samples) in the larger ML170. Any mining
outside of these target areas, the introduction of other mining technology, and/or an extension
to the life of mine are not covered in this Specialist Study and would need to be assessed in a
separate study.

1.2

RATIONALE AND APPROACH TO THE STUDY
As determined by the terms of reference for the NMP project, this specialist report adopts a
‘desktop’ approach, and no new data will be collected for the purpose of the EIA. Relevant
macrofauna and sediment character distribution data were, however, collected from target area
SP-1 (18 stations) and SP-3 (1 station) during a benthic baseline survey in May 2010 (Steffani
2010a). Existing information from available published scientific literature was gathered and
reviewed, as were unpublished reports from several sources. The assessment is structured on:
• A short description of the project background and design;
• A brief account of the affected benthic environment and existing impacts;
• A summary of the effects of sediment removal and sedimentation on benthic
communities, and identification of potentially threatened habitats and/or species;
• Identification of the potential direct and indirect environmental impacts on benthic
communities associated with the dredging in the Sandpiper Licence Area, and an
assessment of their extent, duration, and intensity;
• Recommendation of mitigation measures and management actions; and
• Identification of monitoring requirements.
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1.3

ASSUMPTIONS AND LIMITATIONS
The specialist study is limited to a ‘desktop’ approach and thus relies almost entirely on existing
information only. Apart from the NMP macrofauna baseline study (Steffani 2010a) in the
northern part of the Sandpiper Licence Area, and one single station in the southern part, no data
on benthic communities or the physical environment (e.g. H2S sediment concentrations, near
bottom oxygen concentrations, etc.) are available, and the extent and severity of the cumulative
biological impacts, or the recovery period that may be expected, thus remain largely unknown.
Furthermore, the frequency of natural perturbations along the southern Namibian coastline (e.g.
low oxygen events, sulphur eruptions, ‘berg’ winds etc.), make it difficult to separate natural from
human-induced impacts.
The Ministry of Fisheries and Marine Resources (MFMR) Namibia through the Permanent
Secretary has been approached to grant permission to engage with MFMR scientists to obtain
access to information and/or data (if available) that have relevance to the project location. At the
time of writing of this report, such information relating to the benthic environment was,
however, not available/provided, and the report therefore relies on publicly accessible data only.
Scientific discussions were, however, conducted with, and limited unpublished data sourced from
other international scientists that have worked or are currently working in the area.

1.4

LEGISLATION AND STANDARDS OF RELEVANCE
The legislation, standards, and codes that have relevance to the Sandpiper phosphate project are
summarised in Chapter 2 of the EIA. These where relevant are applicable to this Benthic
Specialist Study.
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2

PROJECT DESCRIPTION
A detailed project description with all technical data tabulated is provided in the general EIA.
Below is a brief summary of the proposed project.
The aim of the Sandpiper Phosphate project is to export 3 million tonnes (Mt) of ‘rock phosphate’
per annum, which requires the mining of 5.5 million tonnes of marine sediments. The mining
licence has been issued for a period of 20 years. In order to accommodate product supplies to
the market place, as well as building a stockpile of exportable phosphate material a three-year
ramp up of production, is envisaged.
Within the ML170 Licence Area, there are three general target areas, one in the north (SP-1), one
in the centre (SP-2) and one in the south of the licence area (SP-3) (Figure 2). SP-1 is 22 km long
and 8 km wide (176 km2) in water depth of 190 to 235 m (Table 1). This is the primary target site
where dredging will commence. SP-2 has the same size but is in deeper water ranging from 245
to 285 m. SP-3 is 11 km long and 6 km wide (66 km2), in water depth ranging from 235 to 270 m.
After consideration of several alternatives for the proposed recovery of the phosphate rich deepwater sediments, the use of a Trailing Suction Hopper Dredger (TSHD) has been identified as the
preferred method. The proposed TSHD has a hopper capacity of 46,000 m3 of slurry. The mining
operation is a four part process: the first step is the dredging on a north (N) or south (S) heading
(swell dependent), with the continual engagement of the dredge arm and draghead, recovering
sediment in a ~3.0 m wide x ~0.75 m deep cut. The draghead needs to be engaged with the
seafloor for up to ~16 km to fill the hopper (the actul distance is variable with vessel speed and
cut depth); as the mine blocks within the target mine areas are only 4 km long, this implies up to
4 parallel cuts in a particular mine block for a 0.75 m deep cut. During dredging, excess water
with some fines will be discharged through the overflow pipe at 10-15 m below the surface.
Once the vessel hopper is filled, the dredger will sail to a single point mooring to pump the slurry
ashore to a holding pond. It is assumed that it will take 16-17 hours to fill the hopper dredge, and
on average 20 hours to sail to shore for unloading and sail back to the operational location to
initiate dredging again.
Once back at the location, the vessel will continue to dredge within the particular ‘cut’ zone.
Depending on the resource this will be 1-2.5 m (possibly up to 3 m) deep (Table 1). The
operational requirement is not to cut (dredge) into the footwall clay, but to rather leave a
residual thickness of marine sediments over the footwall of 0.3 m. Although the primary dredge
direction is N-S (or S-N), dredging may also occur W-E (or E-W) to reach the desired extraction
coverage. The residual layer will be thus of irregular thickness (“hummocked”) due to cut width
and depth, and cut numbers, and will constitute between 10 and 15% of the original thickness of
the deposit at that location.
125,500 t of solids will be transported per campaign week to the shore for offloading, amounting
to a dredged deposit of 5.5 Mt per annum. The levels of production are expected to require
approximately 43 weeks of continuous dredging per year when the operation is in full production,
which is expected to be in the third year.
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Dredging will initially take place within the SP-1 deposits, which are accessible by the dredger
using a single extension arm. Subsequent dredging in the deeper SP-2 and SP-3 will require a
double extension arm to be installed on the dredger to be able to dredge in water depth of up to
275 m. The actual timing of this is dependent on the successful testing of the extension arm, and
other factors such as the phosphate market, grade of the phosphate in the sediments, and other
sediment properties (e.g. the volumes of shell in the upper layer).
Table 1: Parameters describing the three target areas in the ML170 Licence Area

Detail
Approximate width (km)
Approximate length (km)
2
Area (km )
Water depth range (m)
Deposit thickness Avg (m)
Deposit thickness Max (m)
Deposit thickness Min (m)
2
Area mineable (km )
Average area mined/annum
2

Sandpiper-1

Sandpiper-2

Sandpiper-3

8
22
176
190 - 235
1.69
2.5
0.5
160
2.44

8
22
176
245 - 285
1.70
2.25
0.50
162
2.42

6
11
66
235 – 270
1.30
1.80
0.60
54
3.17

The scale of mining is primarily controlled by the annual mining target of 5.5 Mt of marine
sediments to achieve the export target of 3 Mt rock phosphates. This is based on the average
tonne of marine sediment containing 60% of minable grade phosphate. The area that needs to
be mined in a year depends on the thickness of the deposit. The thickness of the deposit varies,
but on average the resource thicknesses are (Table 1):
•
•
•

1.69 m for the SP-1 deposit, which at full production will result in area of 2.44 km2 being
mined,
1.7 m for the SP-2 deposit, which at full production will result in area of 2.42 km2 being
mined, and
1.3 m for the SP-3 deposit, which at full production will result in area of 3.17 km2 being
mined.

In a licence period of 20 years and a maximum annual dredging rate of 3 km2, this amounts to a
maximum total mined area of 60 km2 or 2.7% of the total ML170 licence area, with a maximum
dredge-depth of ~2.5 m (possibly up to 3 m) below the original seafloor. The dredged areas are
expected to predominantly from SP-1 in the initial years and from SP-2 in the mid and later years,
potentially supported by material from SP-3.

Final Report
Namibian Marine Phosphate (Pty) Ltd.
Page 15

MARINE BENTHIC SPECIALIST STUDY

Figure 2:

The Sandpiper Phosphate Licence Area showing the three resource areas SP-1, SP-2, and SP-3.
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3

DESCRIPTION OF THE RECEIVING BENTHIC ENVIRONMENT
Descriptions of the regional bathymetry, geology, and oceanographic and physical processes as
well as fish and pelagic communities off the central Namibian coast are presented in the EIA
report and/or other specialist studies. Outlined below is a summary of the general regional
setting, and a description of the benthic communities of the study area.

3.1

REGIONAL SETTING
Bathymetry and Regional Sediment Properties
The continental shelf along the west coast of southern Africa is variable in width and depth, with
the edge of the continental shelf, termed shelf break, at about 200 m depth but may vary in
places between about 200 and 500 m (Shannon 1985, Shannon & Nelson 1996). Double shelf
breaks are common, and near Walvis Bay (23°S) there are inner and outer shelf breaks at depths
varying from about 130-180 m and 300-450 m respectively. Following from the shelf break is a
steep continental slope, which descends to a depth of about 5,000 m where it meets the abyssal
plain of the South-east Atlantic Ocean.
The central Namibian continental shelf is covered by layers of sediments primarily of biogenic
(biological) origin as a result from the high productivity in the upwelled waters (see below for
upwelling). A significant feature of the central Namibian middle shelf is an extensive mud belt
comprising organically rich diatomaceous oozes originating from planktonic detritus. The
diatomaceous mud belt with a thickness of up to 14 m extends over 700 km in an N-S direction
and 100 km in an E-W direction (Bremner 1983, Figure 3 after Currie & Emeis 2009). Depending
on the local bathymetry and dynamic current intensity (Mohrholz et al. 2008), the landward flank
of the mud belt is found at 15-104 m water depth, and the seaward flank from 45-151 m
(Bremner & Willis 1993). In contrast, a second southern mud belt extends from the Orange River
southwards and is mainly of river origin (Rogers & Bremner 1991).
Off central Namibia, high concentrations of particulate organic matter (POM) in the seafloor
sediments are confined to three well-defined longshore belts of 500-800 km length (Bremner
1978, Rogers & Bremner 1991, Monteiro et al. 2005, van der Plas et al. 2007): the inner shelf mud
belt with highest POM concentrations (7-25%) at a depth of 50-140 m, a mid-shelf belt in 200-300
m depth, which ends around 23.5°S, and an outer shelf belt in 500-1400 m depth (Figure 4).
Inshore and between these belts are sediments with lower concentrations of POM, i.e. the
turbulent shallow waters <50 m, an inner shelf low-POM belt at 140-200 m and an outer shelf
belt at 300-500 m. Analysis of sediment pore water from a cross-shelf transect at 22°S (north of
Walvis Bay) has shown a similar trend with high concentrations of ammonium and phosphate in
inner shelf mud belt sediments, while beyond the inner shelf break (~150 m) concentrations
decreased (van der Plas et al. 2007). In contrast to the inshore mud belt, which is sustained by
high inner shelf phytoplankton new-production fluxes (i.e. settlement of new organic matter from
the overlying water column), the deeper long shore belts of organic-rich sediments are outside
the upwelling front from where most new production is exported. As indicated by the higher C:N
ratios there, the organic matter is probably relict particulate organic matter originating from the
inshore mud belt (van der Plas et al. 2007).
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Figure 3:
The continental shelf offshore central Namibia. The grey area corresponds to the extent of the
soft diatomaceous mud. The mining licence area is overlaid, showing the three target areas SP-1, SP-2, and
SP-3. (Figure adapted from Currie & Emeis 2009).

Monteiro et al. (2005) suggest that while Ekman transport drives the long-shore and cross-shore
transport of suspended POM, the large-scale banded POM distributions in the sediments are
largely governed by the interaction of internal tides with varying shelf topography (i.e. shelf break
zones versus non-shelf break zones) that determines the strength of bed shear-stress and thus
the potential for re-suspension of POM. This is substantiated by further research that has shown
that the spatially heterogeneous organic matter accumulation and burial on the central Namibian
shelf is strongly controlled by lateral transport in subsurface nepheloid layers (Inthorn et al. 2006,
Mollenhauer et al. 2007). The bottom nepheloid layer or nepheloid zone is a layer of water
above the ocean floor that contains significant amounts of suspended sediment. Its thickness
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(100-300 m) depends on bottom current velocity and is a result of a balance between
gravitational settling of particles and turbulence of the current. The particles in the layer may
come from the upper ocean layers and from stripping the sediments from the ocean floor by
currents. A prominent depo-centre of organic carbon is located between 24.5°S and 26°S on the
upper continental slope in water depths of 400-1500 m (Figure 4, the outer shelf belt) and it is
suggested that the material in this depo-centre is exported from the shelf in the nepheloid layer
(Inthorn et al. 2006). The noticeably low organic carbon content on the outer shelf and along the
shelf edge further support the hypothesis of locally prevailing erosion (Inthorn et al. 2006).

Figure 4:
Spatial distribution of the large-scale high- and low-POM bands along the Namibian shelf
(adapted from Bremner 1978). The mining licence area is overlaid, showing the three target areas SP-1,
SP-2, and SP-3.

Further support is provided by acoustic profiling, which defines three main regions with different
sediment patterns (Brüchert et al. 2006). The continental slope contains soft silts forming a
smooth surface with westward prograding layers, whereas the outer shelf area (>150 m) is
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characterised by hardground and consolidated deposits of mainly silty/sandy sediments that
suggest that strong bottom currents prevent the deposition of fine material. These sediments are
apparently reworked deposits that contain only small amounts of reactive organic material. At
water depths of less than 150 m, high sedimentation of organic matter forms a diatom mud layer,
the diatomaceous mud belt. This agrees with the early work by Bremner (1978), who intensively
surveyed the region between 17°S and 25°S collecting >550 surficial sediment samples, and
found that the outer shelf region from >200 m down to around 300-400 m is characterised by
sand deposits, and sandy mud and mud is confined to the inner shelf and beyond the 1000-m
isobaths (Figure 5).

Figure 5:
Textural facies on the inner and outer shelf and the upper continental slope on the Namibian
margin between 17 S and 25 S (adapted from Bremner 1978). The mining licence area is overlaid, showing
the three target areas SP-1, SP-2, and SP-3.
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Within this regional context, the mining area and specifically the three target areas ranging in
water depth from 190-230 m, 235-275 m and 235-270 m, respectively, are located in a generally
sandy environment on the outer shelf beyond the inner shelf break, and thus offshore from the
diatomaceous mud belt and south of the mid-shelf high-POM belt. Bremner (1978) recorded that
this POM-rich mid-shelf belt disappears south of Sandwich Harbour (~23.5°S) where the
concentration of pelletal phosphorite and mollusc shell beds reach their maximum, thus
reflecting the slow rate of sedimentation in this area. According to the mapped POM
concentrations from the Namibian continental margin (Figure 4), POM concentrations in the
target areas are, when put into a regional context, likely to be relatively low with 4-7%, and
nutrient concentrations are also likely to be low. This is probably a result of relatively strong
bottom currents in this region, preventing the deposition of fine material (Monteiro et al. 2005,
Inthorn et al. 2006, Brüchert et al. 2006). Only the southern portion of SP-2 may have slightly
higher organic matter concentrations potentially exceeding 7% (Figure 4).
Phosphate Deposits in the Target Areas
Bremner and Rogers (1990) describe three types of phosphorite deposits from the Namibian shelf
each occurring in geographically distinctly separated areas; phosphorite sand, rock phosphorite
and concretionary phosphorite. The phosphorite sand is further subdivided into pelletal
phosphorite and glauconotized pelletal phosphorite. Both the pelletal and glauconotized pelletal
varieties are found on the outer shelf and have been dated radiometrically as pre-Quaternary,
probably Miocene in age (Bremner 1978). The phosphorite sand occurs in three principal
deposits centred at 19°S 12°E (off Rocky Point), 24°S 14°E (between Walvis Bay and Sylvia Hill),
and 29°S 15°E (off the Orange River). The central deposit is the largest, measuring 550 km in
length and 70 km in width, and is situated between 100 and 500 m depth. NMP’s Sandpiper
phosphate mining licence area falls into this central deposit. In contrast, the concretionary
phosphorite forms today by slow authigenic growth in the interstitial waters of the diatomaceous
mud belt, facilitated by sulphur bacteria (Goldhammer et al. 2010). Rock phosphorite deposits
are minor on the Namibian shelf. Rock and concretionary phosphorite deposits are not being
targeted by NMP.
The phosphate resources and sedimentological stratigraphy throughout the Sandpiper project
area has been ascertained from gravity cores (with a penetration potential of up to 2.8 m) and
older (Gencor) vibrocores (with a penetration of up to 6 m) (Annels 2009). Over most of the
project area, the phosphorite horizon is generally subdivided into two distinct layers: an upper
0.1 to 1.0 m thick shelly phosphorite layer (Layer 1) that demonstrates a downward fining
sequence and a lower 0.05 to >2.0 m thick clayey phosphorite layer (Layer 2), both identified as
Miocene in age. The upper Layer 1 is characterised as a coarse broken shell bed that contains
delicate off-white to brown bivalves and occasional Turritella supported in a very dark brown
(blackish) matrix of phosphorite pellets (fine sand sized particles) and dark green organic mud.
The photo in Figure 6 contrasts a shelly phosphate rich sediment sample from the target area in
205 m depth with a muddy sediment sample from 139 m water depth from the inner shelf mud
belt (Source: Annels 2009). Shell fragments in Layer 1 become smaller and the phosphorite pellet
component and clay increase with depth until the horizon becomes mostly a fine phosphorite
sand with lesser clay. With sediment depth, this horizon passes gradationally into Layer 2 of 0.05
to >2.0 m thickness that consists of a very dark brown (blackish), soft, sticky, clayey, fine
phosphorite sand, which usually becomes more clayey with depth (there are exceptions where
the clay content can decrease with depth). The phosphorite content is usually highest in this part
of the sequence although in some areas clay predominates. The phosphatic material within the
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sediment predominantly comprises unconsolidated fine sand sized phosphorite ooliths and
pellets, falling in the 100 to 500 micron grain size range (mostly 150 to 250 microns). The
phosphorite horizon has a sharp bioturbated contact with an underlying Miocene marine clay.
This contact represents a sedimentary hiatus. This zone is a pale grey to dark olive green-grey,
firm, sticky clay with coarse burrows in the top 15 cm filled with sediment from the layer above.
If the phosphatic Layers 1 and 2 were being removed completely, this clay footwall is likely to be
the layer exposed after dredging. However, dredging of the footwall is undesirable from a
technical perspective, and since the footwall is undulating, complete removal of the above layers
cannot be achieved without occasional penetration of the footwall. The project design thus
proposes to avoid the complete removal of the upper layers.

Phosphate horizon Layer
1 at 205 m

Muddy sediment sample
at 139 m

Figure 6:
A phosphate rich surface sample from 205 m water depth with moderately high shell content
(left) compared to a sediment sample from 139 m depth with low shell and phosphate but high organic mud
content (right) (Source: Annels 2009).

During the benthic fauna baseline survey conducted by NMP in 2010, the sediment grain size
structure of the upper 20 cm of the sediments was analysed for each benthic of the 80 grab
samples taken (Steffani 2010a). This analysis confirms that the surficial sediments over most of
the study area (SP-1 and the areas immediately west and east of the block) is littered with
molluscan shell fragments, with the sediment being generally described as olive silty sand with
shell fragments, or shells and shell fragments with some sand (sediment fractions determined
through standard sieving techniques conducted by the geotechnical laboratories of Geoscience,
Cape Town). The sediments were poorly sorted and had a strong bimodal distribution, with the
two main grain size fractions being gravel (>2 mm which are primarily the shell fragments) and
fine (125-250 micron) to medium (250-500 micron) sand, whereas mud and/or silts (<63 micron)
were nearly undetectable. A sedimentological study by Rogers (2008) reports on the surficial
sediments from the southern part of the licence area EPL 3323 (the eastern part of the Sandpiper
licence area) from depth 136-182 m. This study confirms that at depths of 150 m and deeper the
sediments are highly dominated by sand whereas the mud content drops significantly to 0-20%,
and it also reports the presence of significant amount of shell fragments. Bremner (1978)
suggests that the mollusc layer is relict. This sediment characteristic seems to follow the POM
banding as described by several studies (Bremner 1978, Monteiro et al. 2005 see above). For
example, van der Plas et al. (2007) have shown for a transect at 22°S that sediments from the
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inner-shelf mud belt and the POM band on the continental slope at ~1000 m depth consisted
predominantly of mud (>96%), whereas the POM-depleted stations between the POM-rich bands
were dominated by sand (50-75%) or muddy sediments (25-50%). A station near the inner shelf
break at 200 m depth had appreciable amounts of gravel in the sediments.
Upwelling, Hypoxia, and Hydrogen Sulphide
The coastal waters off central Namibia are part of the Benguela upwelling system, one of the
major upwelling systems of the world (Shannon & Nelson 1996). The strongest upwelling cell is
near Lüderitz (27°S), with several secondary upwelling cells, namely the Kunene, northern
Namibia and central Namibia cells (at ~18°, 20°, 24°), and the Namaqua, Columbine and Cape
Peninsula cells in South Africa. During upwelling, cold nutrient-rich bottom water is transported
to the photic zone, resulting in a high primary production, which in turn fuels a rich secondary
production in the upper pelagic and nearshore zones.
In common with other eastern boundary upwelling systems (Helly & Levin 2004), the northern
and central Benguela regions are characterised by the occurrence of natural shelf hypoxia, which
is referred to as oxygen minimum zone (OMZ) (Monteiro et al. 2011). OMZs have dissolved
oxygen concentrations of ≤0.5ml/ℓ and typically impinge upon the continental margins of
upwelling regions at depths of 100-1000 m (Helly & Levin 2004). Off Namibia, this layer extends
between at least 18°S and 28°S and up to 60 km from the shore. The hypoxic conditions show
seasonal variation, locally shifting to anoxic conditions in late summer-autumn (Monteiro et al.
2008). Brüchert et al. (2006) provide areal estimation of anoxic and hypoxic bottom waters on
the central Namibian shelf, respectively. In accordance with the two shelf breaks they divided the
shelf into a total shelf and an inner shelf area defined as the areas inside the 300 m and 100 m
isobaths, respectively. Anoxic bottom water conditions occur in an area covering 8,944 km2 while
hypoxic conditions can spread over 46,954 km2, 55% of the total shelf area. Hypoxic conditions
are a typical feature of highly productive systems as they are rich in decaying organic material,
leading to high biological and chemical oxygen demands in the water column and the underlying
organic-rich sediments (Brüchert et al. 2006). The local oxygen consumption during
remineralisation of sinking detritus, however, cannot fully maintain the observed low oxygen
concentrations on the northern Benguela shelf. It appears that a combination of local oxygen
consumption and the relative dominance of oxygen poor South Atlantic Central Water, which
flows southward from the Angolan Dome, over oxygen rich Eastern South Atlantic Central Water
contribute to the observed oxygen status (Monteiro et al. 2006, 2008, 2011, Mohrholz et al.
2008, Ohde & Mohrholz 2011), and that ventilation rates are related to shelf width (Monteiro et
al. 2011).
Intense anaerobic decomposition of organic matter in the sediment by sulphate reducing bacteria
leads further to the formation of toxic hydrogen sulphide (H2S) with the highest rates of bacterial
sulphate reduction occurring right below the sediment-water interface (Brüchert et al. 2003).
Ultimately, even sulphate availability is limited in these sediments, and methanogenesis starts a
few centimetres below the sediment surface, which leads to the accumulation of free methane
gas (Emeis et al. 2004). Nearshore hydrogen sulphide eruptions are a well-known phenomenon
off the Namibian coast, particularly near Walvis Bay, that can affect areas of ocean surface of
more than 20,000 km2 (Weeks et al. 2004, Ohde & Mohrholz 2011) often with devastating effects
on the fish and invertebrate fauna. Hydrogen sulphide accumulation in the water column is
mainly driven by the diffusive flux of hydrogen sulphide from the sediment and transport with
methane bubbles (Brüchert et al. 2006, 2009). Large areas of the organic-rich sediments of the
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inner shelf mud belt also host free gas just decimetres to metres below the sediment-water
interface. The gas is a mixture of methane and H2S, whereby a portion of the H2S is produced by
the reduction of sulphate with methane in the sulphate-methane transition zone. Emeis et al.
(2004) reported that eruptions of these biogenic gas accumulations are a further significant
contributor to inshore hydrogen sulphide outbreaks. Sediment craters and severely disrupted
sediments at the seafloor give evidence to these eruptive degassing events. Potential triggers for
eruptions include changes in the atmospheric and oceanographic pressure fields. A key factor
controlling the extent of the gas-charged zones is the thickness of the diatomaceous mud
whereby sediments of >12 m thickness may be completely gas-charged. According to Brüchert et
al. (2006), gas-charged sediments cover an area of approximately 1,350 km2 and are confined to
the landward side of the diatomaceous mud belt (Figure 7, from Brüchert et al. 2006).

Figure 7:
Distribution map
of diatomaceous mud belt, the
gas-charged area and areas
with abundant crater
structure and disrupted
seafloor. The lines depict
acoustic profiling transects
(Map according to Brüchert et
al. 2006). The red rectangle
indicates the approximate
location of the Sandpiper
licence area (not to scale).
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Brüchert et al. (2003) investigated the regulation of bacterial sulphate reduction and hydrogen
sulphide fluxes along two transects ranging from 25-2000 m depth; one off Walvis Bay (23°S) and
one offshore of south of Sylvia Hill at 25.30°S. They reported that sulphate reduction rates are
high in mud belt sediments but that across the inner shelf break, sulphate reduction rates drop
drastically from 150 to 200 m water depth. They postulated that this is linked to re-suspension of
fines in bottom currents leaving the remaining particulate organic matter increasingly altered and
more refractory. Some of the re-suspended material is subsequently also exported to the
continental slope through the bottom nepheloid layer (Inthorn et al. 2006). Further research has
confirmed that for central Namibian shelf areas with depths >150 m, sulphate reduction rates
and pore water concentrations of dissolved sulphide are low, and fluxes of hydrogen sulphide
across the sediment-water interface were found to be below detection (Brüchert et al. 2006).
Similar results were reported from a cross-shelf transect at 22°S, which showed that the H2S
concentration was high in the pore waters of the inshore mud-belt sediments (up to 190 µmol in
4-8 cm sediment depth) but low (<5 µmol) beyond the shelf break (van der Plas et al. 2007). In
general, significant sulphide fluxes to the water column correspond to the distribution of the
diatomaceous mud belt, which has a seaward limit at the inner shelf break (Brüchert et al. 2006).
With increasing abundance of biogenic carbonate sand in the sediment, the fluxes of sulphide
decrease (Brüchert et al. 2003). Sediment cores taken near 23°S from 100 to 300 m water depth
confirm that sulphide concentrations are high at depth <150 m but decrease drastically at 200300 m depths, at least in the upper 10-40 cm of sediment (Figure 8, V. Brüchert, RV Poseidon
cruise 250/2, May 1999, unpublished data). H2S concentrations in deeper sediment layers were,
however, not measured and potentially could be higher.

Figure 8:
Total dissolved sulphide concentrations in the upper 40 cm sediment layer in 125, 150, 200 and
300 m water depth near 23°S (V. Brüchert, RV Poseidon cruise 250/2, May 1999, unpublished data).

Final Report
Namibian Marine Phosphate (Pty) Ltd.
Page 25

MARINE BENTHIC SPECIALIST STUDY

Benthic sulphide-oxidising bacteria such as the large bacteria Thiomargarita and Beggiatoa,
which cover large areas of the shelf, particularly the mud belt, and other chemolithotrophs play
an important role in modulating the flux of dissolved sulphide to the water column (Brüchert et
al. 2003, 2006). A recent study in Namibian waters has observed that large inner shelf areas
covered by sulphidic water were detoxified by blooming chemolithotrophs that oxidized the
biologically harmful sulphide to environmentally harmless colloidal sulphur and sulphate (Lavik et
al. 2009). The detoxification proceeded by chemolithotrophic oxidation of sulphide with nitrate
and was mainly catalysed by two discrete populations of Gamma- and Epsilon proteobacteria.
These chemolithotrophic bacteria, which can account for 20% of the bacterioplankton in sulphidic
waters, created a buffer zone between the toxic sulphidic subsurface waters and the oxic surface
waters. The study suggests that sulphide can be completely consumed by bacteria in the
subsurface waters and may easily be overlooked by monitoring of surface waters. Consequently,
sulphidic bottom waters on continental shelves may be more common than previously believed.
Over the last few years, a substantial number of studies have been published concerning the
central Namibian OMZ (e.g. Brüchert et al. 2000, 2002, 2003, 2006, 2009, Dale et al. 2009, Emeis
et al. 2004, Monteiro & van der Plas 2006, Monteiro et al. 2005, 2006, 2008, 2011, Bartholomae
& van der Plas 2007, van der Plas et al. 2007, Lavik et al. 2009, Julies et al. 2010, among others).
These publications, however, focussed primarily on the centre of the OMZ off Walvis Bay (e.g.
MFMR has a monthly monitoring transect off Walvis Bay at 23°S) and/or on the mud belt, which
is in shallower waters than the project area. The average bottom water concentrations of
sulphide and oxygen as observed during 2004-2005 off the central Namibian coast (Lavik et al.
2009) are summarised in Figure 9.
From these maps, and substantiated by other publications (e.g. Brüchert et al. 2006), it is
apparent that hydrogen sulphide in bottom water is largely confined to inshore of the 200 m
isobaths. Low oxygen bottom water (~0.5ml/ℓ) also occurs primarily in waters <200 m but
between 24°S and 25°S, bottom hypoxia can extend into deeper waters. Sulphide and oxygen
bottom water concentrations are, however, temporally and spatially very variable.
Data from the mining area itself do not exist (or were not available at the time of writing of this
report), but from the information in the literature it can be surmised that the licence area lies at
the southern offshore fringe of the OMZ, with perennial low dissolved oxygen levels (<0.5 ml/ℓ)
at the bottom but not anoxic conditions (Lavik et al. 2009, see also Figure 5 in Bartholomae & van
der Plas 2007). Hydrogen sulphide pore water concentrations, H2S fluxes from the sediments and
low H2S bottom water concentrations are, however, likely to be very low (<5 µmol m-2 d-1,
Brüchert et al. 2003, 2006, van der Plas et al. 2007), because the hydrogen sulphide forms slowly
and most of it is oxidised within the sediment. While there can be little doubt that the project
area is affected by low dissolved oxygen concentrations in the bottom waters, it seems that
conditions of severe hypoxia, anoxia, biogenic gas accumulations, high H2S concentrations (both
in sediment and near-bottom waters) and frequent H2S eruptions are more prevalent in the
inner-shelf mud belt and not in the deeper, further offshore located phosphate target areas.
Nevertheless, all long sediment cores that have been retrieved from the inner and outer
Namibian shelf contained some hydrogen sulphide, whereby concentrations typically increased
with sediment depth (V. Brüchert, pers. comm.). It can thus be expected that hydrogen sulphide
concentrations in sediments buried more than 50 cm are higher and may exceed 1 mmol/ℓ.
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Figure 9:
Bottom-water concentrations (~2m above the sediment) of sulphide (a) and oxygen (b) during
2004-2005 (Figure extracted from Lavik et al. 2009). The crosses in (b) and WW positions indicate sampling
locations investigated by Lavik et al. 2009. The red numbering on the thick contour in (b) indicates the 20
µM oxygen concentration.

3.2

BENTHIC COMMUNITIES
Marine sediments are home to many benthic organisms living on (epifauna) or in the superficial
sediments of the sea floor, with the greatest abundance to a depth of ~20 cm (infauna). The
fauna is typically divided by size into megafauna (>10 cm), macrofauna (large enough to be
retained on 1 mm sieve, while some researchers also use a 500-µm sieve), meiofauna (0.1-1 mm)
and microfauna (<0.1 mm). Megafauna include large crustaceans, molluscs, and echinoderms,
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and are often associated with the surface of the sea floor. The macrofauna usually constitute the
dominant biomass or organisms within marine sediments and typical taxa include polychaete
annelids, smaller crustaceans (e.g. amphipods, isopods, shrimps, crabs), molluscs (gastropods and
bivalves) besides many other phyla. The meiofauna is dominated by the large and diverse groups
of nematods and harpacticoid copepods, while microfauna include bacteria and protists.
Macrofauna and other benthic fauna are a major food source for fish and other benthic
predators, and play important roles in ecosystem processes such as nutrient cycling, pollutant
metabolism, and dispersion and burial of organic matter (Sanders 1968, Snelgrove 1998, Gray
2002).
As established in the previous section, the project area lies at the fringe of the central Namibian
OMZ and is thus affected by variable dissolved oxygen conditions with bottom water oxygen
concentrations probably below 0.5ml/ℓ. Despite oxygen depletion, protozoan and metazoan
assemblages can thrive in OMZs (Levin 2003). Many organisms have adapted to low oxygen
conditions by developing highly efficient ways to extract oxygen from oxygen-depleted water.
Adaptations include small, thin bodies, enhanced respiratory surface area, blood pigments such
as haemoglobin, biogenic structure formation for stability in soupy sediments, an increased
number of pyruvate oxidoreductase enzymes, and the presence of sulphide-oxidising symbionts
(Rosenberg et al. 1991, Diaz and Rosenberg 1995, Lamont and Gage 2000, Gray et al. 2002, Wu
2002, Levin 2003).
Within OMZs, foraminiferans, meiofauna, and macrofauna typically exhibit high dominance and
relatively low species richness (Levin 2003). Macrofauna and megafauna often have depressed
densities and low diversity in the OMZ core, where the oxygen concentration is lowest, but they
can form dense aggregations at the OMZ edges (Levin 2003, Levin et al. 2009). This so-called
‘edge effect’ has been observed for both macrofaunal and megafaunal invertebrates, typically at
oxygen concentrations between 0.15 and 0.40 ml/ℓ. Current understanding predicts the
existence of oxygen thresholds, below which most taxa are excluded through physiological
intolerance to hypoxia, and above which selected taxa are able to take advantage of an abundant
food supply. The availability of both oxygen and organic carbon seem to determine the richness
of macrofaunal species in OMZs until the oxygen content rises to about 0.45 ml/ℓ; above that
level, oxygen is much less important (Levin and Gage 1998). Notably, meiofauna do not appear
to exhibit these responses and often persist at high densities throughout OMZs (Levin 2003).
Taxa most tolerant of severe oxygen depletion (~0.2 ml/ℓ hypoxia) include calcareous
foraminiferans, nematodes, and polychaetes. Agglutinated protozoans, harpacticoid copepods,
and calcified invertebrates are typically less tolerant. It has been hypothesized that small-bodied
animals, with greater surface area for O2 adsorption, should be more prevalent than large-bodied
taxa under conditions of permanent hypoxia (Levin 2003). However, body sizes were found not
to be smaller within the lower OMZs of the Oman (Levin et al. 2000) and Pakistan margins (Levin
et al. 2009), and it was suggested that the abundant food supply in the lower or edge OMZs
promotes larger macrofaunal body size.
Very little is known about the Namibian OMZ’s benthic fauna (see Arntz et al. 2006, Zettler et al.
2009). In May 2010, a macrofauna baseline survey was conducted by NMP in SP-1 as this is the
initial priority area for proposed mining operations (Steffani 2010a). The survey design consisted
of three transects, 5 to 10 km apart, with six sampling sites per transect at approximate depths of
175, 185, 200, 215, 230 and 240 m. The target mining area lies between the 190 and 235
isobaths, so that between three and four of the sampling stations per transect fall into the mining
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area while the shallower and deeper sites are outside the area. Overall species richness of the
benthic macrofauna assemblages was relatively low and strongly dominated by polychaetes (64%
of species), followed by crustaceans, molluscs and a number of species belonging to a variety of
other phyla (e.g. Cnidaria, Oligochaeta, Echinodermata, Ascidiacea, Nemertea). By far the most
abundant species, and present in every sample, was the spionid polychaete Paraprionospio
pinnata (44% of overall abundance) followed by a number of other polychaetes and two mollusc
species. Crustaceans, on the other hand, were both in terms of abundance and biomass very
poorly represented. Most species found in the study area have a larger geographical distribution
and/or have been recorded elsewhere from the Namibian and/or South African west coast (e.g.
Savage et al. 2001, Steffani and Pulfrich 2004, 2007, Steffani 2007, 2009, 2010b, c, Zettler et al.
2009). There are almost no data available on Namibian’s OMZ, but the benthic community
composition in terms of species diversity, phyla dominance, as well as the presence of certain
low-oxygen indicator species (e.g. P. pinnata) is generally in good agreement with studies from
other OMZs around the world (e.g. Gutiérrez et al. 2000, Levin et al. 2000, Gallardo et al. 2004,
Lim et al. 2006, Gooday et al. 2009, Levin et al. 2009). Paraprionospio pinnata, for example, is
found all over the world in low-oxygen conditions, usually being the dominant species (Gutiérrez
et al. 2000, Gallardo et al. 2004, Lim et al. 2006, Zettler et al. 2009), and has been classified as
resistant to severe hypoxia (Diaz and Rosenberg 1995). Its tolerance to hypoxic conditions is
apparently related to it possessing four pyruvate oxidoreductase enzymes, which provide a
greater metabolic capacity to cope with functional and environmental hypoxia (González and
Quiñones 2000). Other polychaete genera that are repeatedly recorded from OMZs include
Sigambra sp., Lumbrineris sp., and members of the family Cirratulidae (Gutiérrez et al. 2000, Levin
et al. 2000, Gallardo et al. 2004, Lim et al. 2006), all of which were common in the study area
(Steffani 2010a).
Molluscs are often found to be sparse in OMZs, but contributed a relatively significant proportion
to the fauna in SP-1. A similar finding was presented by Zettler et al. (2009), who studied the
macrofauna community in the OMZ off northern Namibia (offshore the Kunene River mouth,
which is at the northern fringe of the OMZ). In agreement with other OMZs, they reported a far
lower species diversity in the hypoxic zone compared to oxygenated nearshore areas, but
recorded that the community was dominated by two mollusc species (contributing >70%
numerically). They suggested that this community is probably more representative of the fringes
of the upwelling cells of the northern Benguela (Kunene River to Walvis Bay) than for the centre
with severe anoxia and high hydrogen sulphide concentrations. The SP-1 area lies at the
southern fringe of the OMZ and a similar scenario is likely to apply. In an early study by Sanders
(1969) of the benthos in the Namibian OMZ, a reduction in macrofauna species diversity has been
observed in the core of the OMZ, whereas higher abundances and biomasses have been recorded
from the edge of the OMZ, which is in agreement with findings from other OMZs. While there is
at least some limited information on OMZ macrofauna, no data are available on meiofauna
distribution and community composition, whether area specific or regional (at least to the
author’s knowledge).
For shallow, organic-enriched sediments that experience seasonal or episodic hypoxia, it is
hypothesized that hypoxia rather than organic matter availability drives the majority of benthic
faunal responses (Gray et al. 2002). In contrast, Levin et al. (2009) postulate that within OMZs,
where animals have evolved to cope with permanent low oxygen, organic matter supply and
quality may play a more important role in structuring benthic communities than hypoxia. Organic
matter content in the SP-1 sediments was not measured during the baseline survey but regional
Final Report
Namibian Marine Phosphate (Pty) Ltd.
Page 29

MARINE BENTHIC SPECIALIST STUDY

data suggest that the area lies within a re-suspension zone with relatively low POM
concentrations (see Figure 4). The significance of organic matter over low oxygen concentrations
is thus likely to be an important factor for structuring the benthic communities in ML170. It is
therefore important to include organic matter measurements into future monitoring
programmes, as well as measurements of bottom water dissolved oxygen and H2S
concentrations.
Toxic sulphides might also contribute to low diversity in OMZs. As discussed earlier, the central
Namibian shelf is locally subject to hydrogen sulphide in the sediments and the bottom waters.
While H2S is highly toxic to most benthic animals, large sulphur-oxidising bacteria live in the
sediments or build extensive mats on the surface-water interface in such regions. The most
common in Namibian waters is the giant bacterium Thiomargarita namibiensis, which is currently
the largest known bacterium up to 0.75 mm in diameter (Schulz et al. 1999). It occurs in the
upper few centimetres of sediments together with other sulphide-oxidising bacteria such as
Beggiatoa. However, only Thiomargarita appears to tolerate environments with high
concentrations of hydrogen sulphide (Schulz et al. 1999). These bacteria oxidise sulphide to
sulphur with either oxygen or nitrate to obtain energy (i.e. chemosynthesis), whereby both
sulphur and nitrate are stored internally (Schulz et al. 1999, Schulz 2006). Thiomargarita has
been estimated to account for as much as 55% of the total sulphide oxidation of the central
Namibian shelf (Brüchert et al. 2003), which emphasizes its important ecological role. The high
reflectivity of the stored sulphur microgranules gives the bacteria and the surface of the sediment
a white appearance, which makes them easily detectable by sea bottom photography (Brüchert
et al. 2009). Zones of nitrate and hydrogen sulphide do not overlap in marine sediments, but
even though Thiomargarita species are non-motile, they can populate sediments in which their
electron acceptor (nitrate) and energy source (hydrogen sulphide) do not coexist. They probably
rely on external transport events, such as periodic re-suspension of loose sediments possibly
caused by fluid and gas eruptions to contact the oxygenated water column, or on temporal
variation in the chemical environment. Recent investigations have shown that T. namibiensis
appears to have a life mode that is unusual for marine bacteria (Schulz and Schulz 2005). Under
anoxic conditions, it takes up sulphide and, presumably, acetate, which appears to be stored as
glycogen. Because there is an insufficient supply of a suitable external electron acceptor,
internally stored nitrate and polyphosphate are sacrificed and sulphide is oxidized to elemental
sulphur to generate energy. Under oxic conditions, the bacterium can generate energy by the
oxidation of both sulphur and, presumably, glycogen. At the same time, it invests energy in the
accumulation of polyphosphate and nitrate, the latter of which is stored in a central vacuole at
concentrations of up to 800 millimoles. Thus T. namibiensis is able to take up each of these
chemical compounds under conditions where the chemicals are readily available and use them
under different redox conditions when they are a valuable energy source that would otherwise
be impossible to obtain at that time. T. namibiensis is also thought to be the driving force for the
formation of new phosphorite in marine sediments of the diatomaceous mud belt by episodically
releasing phosphate into the anoxic sediment thereby concentrating pore water phosphate
sufficiently to drive spontaneous precipitation of phosphate-containing minerals, such as
hydroxyapatite (Schulz and Schulz 2005, Goldhammer et al. 2010).
Studies suggest that chemosynthesis-based nutrition plays an important role in OMZ systems,
either through symbiosis or through heterotrophic consumption of chemosynthetically fixed
carbon (reviewed by Levin 2003). Numerous OMZ heterotrophs consume free-living
chemosynthetic bacteria or prey on those species that do, which provides a link to higher trophic
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levels. For example, the giant bacteria as well as benthic infauna are implicated in the diet of the
bearded goby Sufflogobius bibarbatus (Utne-Palm et al. 2010). The goby’s distribution ranges
from southern Angola to southern South Africa, with peaks in abundance reflecting the
distribution of the diatomaceous mud belt off central Namibia (Staby and Krakstad 2006). Recent
research has provided insight into the goby’s remarkable physiology, behaviour and dietary
plasticity, which allows it to thrive under even the most severe conditions (Utne-Palm et al.
2010). It is able to tolerate extreme hypoxia and high concentrations of hydrogen sulphide and
capitalises on this advantage by staying on the hypoxic seafloor during the day in order to avoid
predators such as horse mackerel and hakes. At the seafloor, it consumes diatom-containing
mud and benthic infauna. At night, individuals migrate into the water column, where they
associate with, and feed on jellyfish, re-oxygenate their blood and digest the food before
returning to the seafloor at dawn (Utne-Palm et al. 2010). Dietary studies have shown that the
goby is very opportunistic in its diet being able to utilise a large variety of food sources, and that
changes in the diet are linked to ontogenetic changes in the habitat occupied: large individuals
are primarily demersal where they feed on benthic infauna but move up into the water column at
night, whereas smaller individuals are more pelagic and feed primarily on zooplankton (Cedras et
al. 2011, Hundt et al. 2011). A combination of analytical methods has further revealed that
jellyfish can contribute >70% to the goby’s diet while diatom- and bacteria-rich sediments from
the mud belt may contribute 15% to the diet, and that small gobies feed more on zooplankton
while large gobies consume more sedimented diatoms (van der Bank et al. 2011). The migratory
behaviour makes the goby available to a wide variety of predators, including pelagic seabirds,
seals and a variety of fish. Indeed, since the collapse of the pelagic fishery off Namibia during the
1970s, the bearded goby has replaced the sardine Sardinops sagax in the diets of many of the
higher trophic levels within the system and it is now playing a key role within the regional food
webs (Cury and Shannon 2004). Despite the high level of predation pressure, the regional
biomass of the bearded goby is increasing (Staby and Krakstad 2006). Its success within the
altered ecosystem off Namibia is likely to be a result of its physiological adaptions to hypoxic
conditions as well as its ability to utilise the increasing jellyfish biomass and the bacteria-rich
sediments for nourishment (both were up to now considered dead end resources) (van der Bank
et al. 2011). A recent study addressed cross-shelf differences between an inshore station at
120 m water depth in the mud belt and a deeper station at 180 m, and found clear differences in
diet and migratory behaviour. In nearshore environments, characterised by a deep layer of
anoxic bottom water overlying thick diatomaceous sediments, S. bibarbatus of all size classes
were found to feed primarily on the mud and associated sulphur bacteria with digestion at night
near the surface (van der Bank et al. 2011). By contrast, at the offshore station the low oxygen
layer (~0.4 ml/ℓ) was by far thinner and fish in these environments did not contain diatoms (or
bacteria) in their stomachs but had fed on other food items. The diet reflected what is available
in the habitat occupied: larger, more demersal gobies appeared to feed more on benthic infauna,
whereas smaller, more pelagic individuals fed on zooplankton, and digestion appeared to take
place throughout the 24-hour day. It was hypothesized that at the more oxygen-rich offshore
station, the quality of the detritus is lower (which would imply less or no diatom and/or bacterial
mats) and the benthic fauna richer (van der Bank et al. 2011).
During NMP’s benthic baseline survey, bacteria (microfauna) were not sampled, and it is thus
unknown whether these large sulphur-oxidising bacteria occur in the project area. Lavik et al.
(2009, supplementary information) state that Thiomargarita and Beggiatoa are only present in
considerable abundances north of 22°S and do not appear to thrive in the area south of 23°S.
Brüchert et al. (2006), however, provide regional distribution maps of Thiomargarita and
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Beggiatoa, showing that the two bacteria occur south of 22°S but are concentrated in different
areas (Figure 10). Beggiatoa is abundant in the area north of Palgrave Point and is found north to
Cape Frio, whereas Thiomargarita is most common in the area south of Palgrave Point and
around Walvis Bay. Thiomargarita and Beggiatoa are also abundant between 24°S and 25.30°S
near Sylvia Hill and between Conception Bay and Walvis Bay, but are largely confined to the mud
belt in depths <200 m. In depths <200 m, regional differences in the distribution of these bacteria
affect the development of sulphidic bottom waters. While hydrogen sulphide is quantitatively
oxidised in sediments covered by Beggiatoa mats, only a fraction of the sulphide is removed by
Thiomargarita (Brüchert et al. 2006). In an earlier study, Brüchert et al. (2003) also report that
the sediments between the inner shelf break (>150 m depth) and the upper slope contained no
large sulphur bacteria although bacterial sulphate reduction was detected. It was suggested that
the sulphide fluxes at these depths are too low to support the populations of the large sulphur
bacteria, and that chemical sulphide oxidation or oxidation by sulphide-oxidising bacteria other
than the large sulphur bacteria may dominate on the outer shelf and continental slope.
Furthermore, the distribution of Thiomargarita on the central Namibian shelf was found to be
linked to the presence of free gas in the sediments (Vogt 2002, cited in Emeis et al. 2004), and the
accumulation of free gas in turn is restricted to the diatomaceous mud belt, specifically to areas
of substantial sediment thickness (>8m) in the centre of the mud belt (Emeis et al. 2004, Brüchert
et al. 2006, see also Figure 7). On the other hand, recent ROV (Remotely Operated Vehicle)
footage off Rocky Point at 19°S (>550 km to the north of the licence area) clearly shows small
patches of white bacterial mats in ~200 m water depth (Figure 11, footage made available by Rolf
Koppelmann, Institute for Hydrobiology and Fishery at Hamburg University, GENUS project).
However, this particular area and depth falls within the high POM mid-shelf belt that extends
from ~18.5°S to just south of 23°S (Figure 4), which due to its high organic matter content may
have sulphide concentrations high enough to support sulphur bacteria. The mining area,
however, is located far south of this belt in a region of lower organic matter concentrations.
Although at present it cannot be substantiated by empirical evidence, it is thus highly likely that
sulphur-bacteria abundance is very limited in the target mining areas at depths of 190-275 m (V.
Brüchert, Department of Geological Sciences, Stockholm University, Sweden, pers. comm.). The
probable reason for this is that the sediments in this area are primarily reworked sediments with
sulphate reduction rates and resulting hydrogen sulphide concentrations that are too low to
support large abundances of sulphur bacteria (V. Brüchert, pers. comm.). During the exploration
for the Sandpiper project, over 1500 geological grab or core samples (to a depth of around 2 m)
were collected from within ML170 as well as the surrounding area over a five-year period by the
same group of geologists. The core samples in particular provide an undisturbed picture of the
sediments from the seawater-sediment interface to deeper sections. The geologists reported
that they had not observed any bacterial-mat components, and that H2S smells had only been
noticed occasionally, and this from the shallower (<170 m) waters of EPL 3323 (B. Ludick,
Operations Geologist, NMP, signed letter from 1 November 2011). This is obviously only an
anecdotal account and not verified through analytical measurements, but while it is very possible
that bacterial mats can be overlooked (in a 6.5 cm diameter core or from grab samples, especially
if they are not the subject of investigation), the rotten egg smell typical of H2S is very hard to miss.
The fact that a distinct H2S smell was noted from some benthic samples (Steffani 2010a) and
sediment cores is also not conclusive as humans are very sensitive to hydrogen sulphide gas and
can smell it at concentrations as little as <1 µmol; concentrations apparently too low to sustain
sulphur-oxidising bacteria (Brüchert et al. 2003). In addition, while sulphur bacteria are
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associated with present-day phosphate precipitation (Goldhammer et al. 2010), the presence of
phosphorites in turn does not imply the present-day occurrence of sulphur bacteria, as the
pelletal phosphorite sands in the licence area represent older reworked phosphorite deposits,
meaning their formation is not recent but occurred probably during the Miocene age since, as a
consequence of lower sea levels, the region was an intertidal mudflat in a subtropical estuarine
environment (Bremner and Rogers 1990). The concretionary phosphorite deposits, on the other
hand, which are forming today and whose formation is being facilitated by the sulphur-oxidising
bacteria, is confined to the mud belt sediments (Goldhammer et al. 2010), being richest along the
landward edge of the diatomaceous mud belt (Bremner 1980, Bremner and Rogers 1990). These
concretionary deposits are not being targeted by the Sandpiper Phosphate Project.

Figure 10:

Spatial distribution map of (a) Thiomargarita and (b) Beggiatoa (Source: Brüchert et al. 2006,
crosses indicate sampling stations in their study).
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Figure 11:

3.3

ROV photo of white bacterial mats in 207 m water depth at 19°S (Rolf Koppelmann, Hamburg
University, Institute for Hydrobiology and Fishery, (GENUS), unpubl. results).

EXISTING IMPACTS IN THE STUDY AREA
Hydrocarbon exploration wells in the region have been drilled in roughly the same water depth
but to the immediate north and south of the mining licence area. Information on other marine
mining (e.g. diamond mining) or petroleum exploration drilling operations planned in the ML170
licence area is not available.
The demersal trawling industry operates offshore of the 200 m isobath. The trawling grounds
thus overlap with the mining licence area and ML170 will therefore be potentially subjected to
trawling disturbance (as well as having been impacted historically by trawling). A detailed
account of the fishing industry, fishing areas and effort is given in the Fishery Specialist Study
(Appendix 1a). In summary, trawling for hake is done with bottom-trawl (otter) gear. Hakedirected fishing effort is centred in 300-500 m water depth with proportionately lower hake
trawling effort in shallower (<300 m) waters. The mining licence area overlaps with this fishery
only on the fringes of their effort distribution profile with moderate intensity. The monkfish
trawl-fishery operates largely at the same depths as the hake sector but with more effort
concentrated in the shallower depth range (<300 m). It is estimated that about 50% of the
ML170 area has been and is likely to be subjected to monk-directed trawl operations, and
trawling intensity is expected to be relatively high (compared with other trawled areas). This
primarily affects SP-2 and SP-3 while almost no trawling occurs in the shallower SP-1 area. The
monk fishery deploys similar bottom-trawl gear to the hake fishery with some modification such
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as the use of tickler chains, which increases the potential impact of the contact with the trawling
gear on the substrate. Monkfish vessels generally trawl for 24 hours with shorter trawls during
the day and longer trawls at night. Other fisheries such as the midwater trawl-gear for horse
mackerel and purse seine gear for small pelagic species use gear that will have little or no contact
with the seafloor and are thus not of direct consequence for the benthos in the ML170. Only one
other fishery may impact on the benthos in the MLA - the demersal bottom set longline fishery
for hake is expected in the MLA area. The impact of this fishery, however, is expected to be low
as the gear set is static and comprises lines and hooks set on or close to the substrate. There will
thus be contact with the substrate by this fishing gear, but the nature of this contact is expected
to be such that impact on the substrate is very low.
Fishing activities result not only in the removal of target and non-target by-catch species, but also
cause varying levels of disturbance to the environment. Over the past decade, it has become
widely acknowledged that bottom trawling activities have a profound disturbance effect on the
ecosystem (e.g. Dayton et al. 1995, Watling and Norse 1998, Rosenberg et al. 2003, Thrush et al.
2006, Tillin et al. 2006, Kaiser et al. 2006, Shephard et al. 2010, among many others) whereby
towed bottom-fishing gears are described as one of the largest global anthropogenic sources of
disturbance to the seabed and its biota (Kaiser et al. 2006). The effects of trawling on benthic
assemblages has been the focus of many international studies too numerous to summarise here,
also since this is not the topic of this report. From the wealth of studies, however, it is clear that
trawling can alter habitat complexity by homogenising soft-bottom sediments, that it can
remove, damage or kill biota thereby reducing overall benthic production, and that it can lead to
substantial changes in benthic community composition and habitat (see for example Dayton et al.
1995, Collie et al. 2000, Kaiser et al. 2006, Thrush et al. 2006 for reviews of studies). The type of
physical impact the fishing gear has on the seafloor and the biota, depends largely on the mass
and design of the gear, degree of contact with the seafloor and the towing speed (Thrush and
Dayton 2002), while the severity of the impact varies with the type of habitat affected and may
differ for different types of benthic assemblages (e.g. in- or epifauna) (Kaiser et al. 2006). The
greatest measurable direct impacts are usually detected in epifaunal communities, i.e. the biota
that live on or protrude from the sediments, and are thus most vulnerable to the passage of trawl
gear (Jennings and Kaiser 1998). A significant different between bottom trawling and dredge
mining is the repeated impact of bottom trawling, which permits limited time for recovery
between trawls, and the abandonment of mined-out areas after 2 - 3 passes of the dredge head,
which allows recovery to begin without further disturbance.
Although the demersal trawl fishing industry is the largest, most valuable fishery in southern
Africa, up to now there has been only one, very recent study addressing trawling impacts on the
benthic communities in the Benguela upwelling region (the study included one sampling area in
Namibia) (Atkinson 2009, Atkinson et al. 2011). The study focussed on differences between
lightly and heavily trawled areas, as control (untrawled) areas in similar habitats are not available.
The results suggest that differences in trawling intensity are at least partially responsible for
significant variation in benthic assemblage composition between heavily and lightly trawled
areas. The study found that epifaunal abundances, number of species and species diversity
decreased with increasing trawling intensity, and that there were also considerable changes in
epifaunal assemblages in more heavily trawled sites. Impacts on infaunal species richness and
abundances were, however, less evident.
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4

SOURCES OF RISKS TO THE BENTHIC MARINE ENVIRONMENT
The identification of potential environmental issues associated with the phosphate mining
operations set within the framework of the NMP project is based on a review of the proposed
activities and the nature of the affected environment. It incorporates all issues raised during the
Public Participation Process as summarised in the Scoping Report.
The most immediate effect of dredging is the loss of benthic organisms by the removal of the
substratum, but a typical by-product of dredging activities is the re-suspension of sediments into
the water column and the eventual re-deposition of this material. More specifically, aspects of
the dredging activities that need to be considered include:
•
•
•
•
•
•

The loss of benthic communities through removal of sediment during the dredging
process;
The effects of sediment removal on (re-)colonisation and recovery rates of impacted
communities;
Change in sediment characteristics as a result of dredging;
The potential indirect effects of the loss of benthic communities on demersal fish in the
area (will be specifically addressed in the Fishery Specialist Study Appendix 1a);
The effects of re-deposition of suspended material; and
Release of nutrients by dredging and its direct/indirect effect on benthic communities,
and release of hydrogen sulfide from sediments during dredging (will be more specifically
addressed in the Water Column Specialist Study Appendix 1b).

This specialist report focuses on the benthic soft-bottom environment and therefore only
discusses impacts relating to this habitat. Sources of risks to the pelagic environment, the water
quality (e.g. turbid plumes, re-suspension of contaminants), and fish communities and associated
fisheries are described in detail in other specialist studies (this EIA).

4.1

REMOVAL OF SEDIMENT AND POTENTIAL CHANGE IN SEDIMENT CHARACTERISTICS
DUE TO DREDGING
Sediment Removal and Colonisation
Typical dredging activities in the ocean include dredging for navigational purposes (capital
dredging to deepen certain areas or maintenance dredging to maintain a required depth for
navigation), extraction of sediments as construction material (aggregate extractions) and
dredging works needed for construction projects. These dredging activities are the best studied
(e.g. Newell et al. 1998), but differ in operational water depth (typically in shallower waters <50
m) and often dredging depths (in general an aggregate-extraction trench is 20 - 25 cm deep) from
those proposed for the Sandpiper Phosphate Project. Other marine mining operations include
experimental deep-water mining for manganese nodules, exploration for sulphide systems
(hydrothermal vents), and diamond mining in shelf waters. As yet, dredging for marine
phosphate rock has not been conducted but on 22 October 2010, a ten-year offshore mining
licence for an area 180 km north of Lüderitz (ML159) was granted to Samicor’s sister company LL
Namibia Phosphates (www.chamberofmines.org.na). LL Namibia Phosphate will continue to
develop the marine phosphate project, but since this is a large and capital intensive project, it will
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take a number of years to bring into production. A number of other Exclusive Prospecting
Licences (EPL) for marine phosphate mining have been granted and exploration work has been
conducted in some EPLs, but no further applications have been submitted yet
(www.chamberofmines.org.na). Although the proposed Sandpiper Phosphate Project is thus the
first of its kind, marine phosphate deposits, due to the recent substantial increases in the market
value have become attractive in other parts of the world. For example, the New Zealand
company Chatham Rock Phosphate Limited has been granted an offshore prospecting permit for
Chatham Rise, located 450 km east of Christchurch, that covers an area of 4,726 km2 at a depth of
approximately 400 m with an estimated reserve area of 380 km2 of significant seabed deposits of
rock phosphate (www.rockphosphate.co.nz). The advanced technology needed for dredging in
such depths is being provided by the Dutch company Royal Boskalis Westminster. Environmental
studies for this project are underway but not available yet (webpage accessed 30 November
2011).
Marine mining operations are not new to Namibia. Marine diamond exploration in shallow
waters off the west coast of southern Africa began as early as the 1960s. Significant quantities of
diamonds in deeper waters, however, have only been mined since the 1990s, particularly in an
area off the south west coast of Namibia in the mining licence area known as Atlantic 1, an area
of approximately 6,000 km2 (Penney et al. 2007). The mining vessels used for recovery of
diamond-bearing gravel are fully self-contained mining units, with a processing facility on board,
and are potentially able to operate 24-hours a day for at least 11 months a year. Mining at
depths beyond 75 m is conducted using either vertically mounted, large-diameter rotating drillheads (Wirth drills), or seabed crawler systems, which allow a horizontal approach along a ‘lane’,
and are capable of mining sediment thicknesses of up to 5 m, in water depths up to 150 m. The
mined sediment is pumped on board and discharged onto a series of sorting screens. The
oversize boulders and undersize fine tailings are immediately discarded overboard, and the
intermediate fraction is fed into a dense medium separation plant for extraction of the diamonds.
The recovery tailings after diamond extraction are also discarded overboard and thus ~99% of the
pumped material is finally returned directly to the sea (Penney et al. 2007). Recently, the use of
trailing suction dredge systems have been evaluated by diamond mining companies as this would
allow the removal of thicker overburden. In 2006, trial dredging was undertaken near the
terrigenous mud belt in Atlantic 1 MLA at 105-130 m depth whereby all of the dredged sediment
was transported to shore (Penney et al. 2007), a similar operation thus to the one proposed for
the Sandpiper Phosphate Project.
Since the majority of dredging operations are for navigational purposes or for aggregate
extraction, it is not surprising that most of the studies concerning the impact of dredging on
benthic fauna have focused on this type of dredging operations. This research has shown that
typical dredging operations can be expected to result in a 25-70% reduction of species diversity,
45-95% reduction in abundance, and a similar reduction in biomass (see Newell et al. 1998 and
Herrmann et al. 1999 for references). Dredging for aggregate, however, leaves behind trenches
of around 20-25 cm depth only. In the present case, the upper sediment layer of an average of
1.7 m, and up to a maximum of 2.5 m (possibly up to 3 m) will be removed. Soft-bottom benthic
species live on or in the superficial layers of the sediment, with >90% of the animals in the first
20-30 cm. Evidently, the removal of the upper 1-2.5 m (possibly up to 3 m) of substratum can be
expected to result in the total destruction of this benthic biota. Similar total-destruction results
are assumed for marine diamond mining operations (Penney et al. 2007).
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Colonisation (recovery) of the newly exposed surface usually starts rapidly after cessation of
dredging (Hall 1994, Newell et al. 1998, Herrmann et al. 1999, Ellis 2003). Colonisation can take
place by passive translocation of animals during storms or sediment sliding from nearby
unaffected areas, and the active immigration of mobile species, whereby undisturbed deposits
left behind between dredged furrows can provide an important source of colonising species (van
Moorsel 1993, 1994, Cheshire and Miller 1999). The main pathway of colonisation though is
through settlement and recruitment processes from the plankton (Hall 1994), which are highly
variable functions both in space and time, and cannot be predicted with any certainty (Woodin
1986, Butman 1987).
The rate of colonisation depends largely on the extent to which the original community is
naturally adapted to sediment disturbances, on physical factors such as depth, exposure (waves,
currents), and sediment character, and on the biochemical environment (Newell et al. 1998,
Herrmann et al. 1999). Opportunistic species, characterised by being small, mobile, highlyreproductive and fast growing, are the early colonisers and may already attain increased densities
within months after sediment removal. Long-lived species, however, such as molluscs and
echinoderms need longer to re-establish the natural age and size structure of the population, and
biomass therefore often remains reduced for several years (e.g. Kenny and Rees 1994, 1996,
Kenny et al. 2008, van Dalfsen et al. 2000, Desprez 2000, Newell et al. 2004, Boyd et al. 2004,
2005, Hussin et al. 2012).
A key factor governing the speed and nature of colonisation is the quantity of the original
sediments remaining in the dredged area and the rate of refill with sediments (Newell et al.
1998). Aggregate extraction is conducted in shallow locations within the wave base where
sediment movement is usually greater than in deeper areas and therefore recovery can be
expected to be faster. However, even in 20-30 m water depth, dredged depressions have been
observed to persist for 3 to >7 years depending on tidal currents and wave exposure (Boyd et al.
2004, Birchenough et al. 2010). As a result, recovery rates for benthic communities disturbed by
shallow aggregate dredging vary greatly from <1 year to >11 years and are highly site-specific
(e.g. Kenny and Rees 1994, 1996, van Dalfsen et al. 2000, Newell et al. 1998, 2004, Boyd et al.
2004, 2005, Robinson et al. 2005, Birchenough et al. 2010, Borja et al. 2010, Hussin et al. 2012,
among many others). Sediment refill and recovery rates in deeper waters are likely to be far
slower. Results from environmental monitoring surveys conducted by De Beers Marine Namibia
as part of their Environmental Programme to assess the impacts of mining on soft-bottom
communities, suggest that recovery after mining with drill ships or crawlers may take as long as
10 years for areas below the wave base (Parkins and Field 1998, Pulfrich and Penney 1999,
Savage et al. 2001). Diamond mining operations differ from dredging operations in that most of
the recovered sediment is discharged back to sea. Settling rates of the discarded material
depend on particle size, and larger particles often settle back into the mined-out area.
Monitoring surveys in a South African deep water mining licence area have demonstrated refill
rates in mined-out areas of >80 cm over an 8-months period, which was linked to intensive
nearby mining (Steffani 2009). While this facilitated an early start of colonisation, benthic
communities were still different 2.5 years after cessation of mining, and sediment composition
was vastly different from its original state (Steffani 2010b). In contrast, the TSHD trial dredging
that was undertaken near the mud belt in Atlantic 1 MLA in 105 m depth is in terms of
operational procedure comparable to the Sandpiper project as all of the dredged sediment was
transported to shore. The dredged area was 200 x 500 m in size with an estimated average
dredged depth of 5.28 m (Steffani 2010c). Monitoring surveys revealed that three years after
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mining the re-colonisation by macrofauna was relatively advanced, although abundance,
biomass, species number, and species diversity were still lower than before the dredging and also
when compared with a nearby unmined control site (Steffani 2010c). Differences in community
structure were related primarily to a shift in the relative abundance of common species, and not
due to a change in species composition. Interpretation of the data in terms of natural temporal
variability was, however, compromised due to limited sampling of the control site. Although
recovery was not fully accomplished three years after dredging, the recovery process was much
faster than has been anticipated for such depths, and in view of the depth of the dredged area
(>5 m). It is suggested that this is linked to the natural high sedimentation rate in the region (the
area is near the terrigenous mud belt of the Orange River mouth) that facilitated rapid refill of the
mined-out area. Local species in turn, are likely to be adapted to continuous and/or periodical
sediment deposition. Macrofaunal communities typical of such environmentally stressed
habitats are more resilient than those of more environmentally stable habitats (Newell et al.
1998), and species typical of naturally stressed assemblages possess life-history traits that allow
rapid re-colonisation after disturbances leading to shorter recovery times (Bolam and Ress 2003,
Whomersley et al. 2010). It is evident that recovery rates after physical disturbance events are
extremely site-specific and depend on local hydrographical, physical and biochemical conditions,
and the inherent ecological plasticity exhibited by many benthic species.
Changes in Hydrographical Conditions and Sediment Characteristics
An important factor for the recovery of the benthos is whether the new substratum available for
colonisation differs from that prior to the disturbance. This can be due to a number of reasons,
for example when dredging exposes different seabed sediments from those prior to the activity,
when dredging/mining alters the remaining surficial sediments through selective screening or
discharging of certain particle classes, or when the mined-out area changes local hydrographical
conditions leading to changed particle settlement/re-suspension conditions. For example,
diamond mining operations off the Orange Delta in 130 m depth were shown to significantly
increase the gravel and coarse sand components in the surficial sediments, as well as to increase
the spatial heterogeneity of the sediment composition (Rogers and Li 2002). Furthermore, the
natural stratification of the deeper layers of sediment, formed during long periods of time as a
result of sea level changes, is irrevocably destroyed by mining, and will not be recreated until the
next cycle of sea level change. Long-term or permanent changes in grain size characteristics of
sediments will affect other factors such as organic content, pore-water chemistry, and microbial
abundance and composition (Snelgrove and Butman 1994). Together these features manifest as
changes in the physico-chemistry of the substratum. The total removal of the phosphate
deposits in the Sandpiper target areas would expose the footwall, which consists of firm clay,
compared to the sandy/shelly deposits of the original surface layer. Hard consolidated clay is less
than ideal for small burrowing fauna, and the clay may function more like a hard bottom
substrate. This would lead to the area being colonised by a very different suite of animals.
Dredging of the clay footwall, however, is undesirable from a technical perspective and it is
proposed to leave behind a residual layer of phosphate sand to avoid direct contact of the
draghead with the footwall. Mitigation recommendations will also include leaving behind a
minimum layer of approximately 30 cm of sediments. Nonetheless, exposed residual sediments
will be different from the original surficial layers as evidenced by the change in sediment
composition with depth in the geological core samples (Annels 2009). New sediment in the
dredged out area can accumulate through bedload transport of mobile sand, by natural
deposition of fines from the water column, through slumping from the undredged pit walls (and
potentially undredged corridors between trenches), and/or by deposition of outwash fines and
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sand from the dredger. Literature data suggest that the licence area is in an area of sufficient
near-bottom current movement that fine material may be re-suspended and exported in the
bottom nepheloid layer to the continental slope (Monteiro et al. 2005, Inthorn et al. 2006,
Mollenhauer et al. 2007). Nonetheless, at this depth the strength of the bottom currents can be
expected to be too low for bedload transport of sand, as a significant shear-stress is needed to
mobilise sand particles, and only fine material and detritus may be moved by the current. The
local current regime is frequently altered after dredging, with consequences for the
sedimentation and deposition process. Dredging may sufficiently alter seafloor topography to
slow down currents over the tracks or pits, thereby acting as traps for finer sediments and
detritus (Newell et al. 1998). This can lead to an increased organic matter loading and increased
oxygen demand, which in an already low-oxygen stressed environment can result in anoxia and
hydrogen sulphide production. However, it is questionable whether a depth difference of 1-2.5
m (possibly up to 3 m) over a relatively large area will lead to a drastic drop in near-bottom
current strength over the entire dredged area. In SP-1, the maximum resource depth is also only
1.85 m, so that the dredge-depth in this target area will be mostly 1 m, and only localised areas
will exceed 1.5 m. It is more likely that after dredging the area will be structurally very
heterogeneous, criss-crossed by small pits and mounds, perhaps similar in effect to megaripples
that can sometimes be found in deep-water environments (Viana et al. 1998). Areas of detritus
accumulation will then also be patchily distributed occurring in trenches and pits within the larger
dredged area.
Where long-term changes in sediment characteristics and/or biochemical conditions occur, a shift
in community structure is therefore likely as the original community may be unable to adapt to
the new conditions (Kaplan et al. 1974, Herrmann et al. 1999, Desprez 2000). Traditionally, the
ecological recovery of the disturbed seafloor has been defined as the establishment of a
successional community of species, which progresses towards a community that is similar in
species composition, population density and biomass to that previously present (Ellis 2003).
Measures used to assess recovery typically include biodiversity analysis such as the numbers of
species and/or individuals in an assemblage. However, this approach presents a number of
challenges, especially when the physical characteristics of the sediment have been altered to such
an extent that it can no longer accommodate its original assemblage. Recovery in the sense of
the above definition may thus not be achieved (only when the sediment properties revert to their
original state). For this reason, and because it is important to know how ecosystems work, it may
be more sensible to consider the functional capacity (or health) of the ecosystem rather than
simply the range and proportion of species present. Benthic organisms perform a number of
ecosystem-level processes, also termed ‘ecosystem functions’ (Hooper et al. 2005). These
functions include all metabolism, catabolism and dynamic processes such as sediment
bioturbation, active re-suspension, and biogenic structure formation, as well as organic matter
degradation, carbon burial, nutrient flux, microbial grazing and the sequestration of harmful
substances (Snelgrove 1998). Some ecosystem functions can be undertaken by a variety of
different organisms, leading to the notion of possible functional redundancy, whereby the loss of
a particular species may not affect the basic functioning of an ecosystem as long as the function
performed by that species is taken up by another species from the same functional group (Solan
et al. 2004, Hooper et al. 2005). The extent to which species can be lost or changed before basic
ecosystem processes are compromised depends on the functional richness (i.e. the number of
functional groups) in an ecosystem (Hooper et al. 2005). To address this issue, many studies have
recently focussed on functional diversity to assess faunal recovery following anthropogenic
perturbations by incorporating biological differences among species showing that function- or
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trait-based diversity metrics may represent appropriate additional methods for assessing changes
in ecosystem function (e.g. Borja et al. 2003, 2010, Bremner et al. 2006, Josefson et al. 2009,
Cooper et al. 2008, Hussin et al. 2012). In terms of dredging impact on functional diversity,
communities of organisms inhabiting an area of dredged seabed may possibly differ in
composition or diversity from the pre-dredged state, but may develop similar functional capacity
through the recovery process (functional recovery). Therefore, system recovery may not require
similar biomass, biodiversity or community composition. This concept allows for an ecosystem to
be altered without immediately reaching the conclusion that it has been permanently damaged
(Cooper et al. 2008, Hussin et al. 2012). However, a drawback of the use of functional analysis is
that many of the functional-trait indices developed over the last years (e.g. Biological Traits
Analysis (BTA), Infaunal Trophic Index (ITI), Somatic Production, AZTI Marine Biotic Index (AMBI),
among others) require detailed knowledge of the functional traits or guilds on the species level;
information that is often not available for many species in a given habitat.
In sum, the removal of the upper 1-2.5 m (possibly up to 3 m) sediment layer will result in near
total loss of the benthos. At a maximum annual dredging rate of 3 km2, the size of the dredged
area will be approximately 60 km2 after 20 years of dredging. Note that this value of 60 km2
represents the sum of all the dredge paths rather than a discrete mined block or blocks. The
dredged paths, however, will be distributed primarily over two target areas (SP-1 and SP-2) that
are >10 km apart. It can be expected that the exposed sediments after dredging will differ from
the original surface sediments and that at this water depth, sediment refill rates into the dredged
areas are very slow. Furthermore, it is possible that dredge pits may act as trap for finer material,
which through increased decomposition rates could lead to severe hypoxic or anoxic conditions.
The study area is naturally subject to hypoxic conditions and the local community will be adapted
to low-oxygen conditions, but a further reduction in dissolved oxygen or a switch to anoxic
conditions will result in colonisation by very different benthic assemblages (e.g. potentially
bacteria-dominated) to those prior to dredging. Such conditions can be expected to persist for a
long time whereby recovery to the original community composition may not be achieved for a
very long time (several decades or even longer) but functional recovery may be reached sooner.
During the life of the mine, NMP will conduct the collection of exploration and environmental
samples (core samples and grab samples) in the larger ML170. Exploration sampling will be
conducted primarily by gravity cores of 6.5 cm in diameter that can penetrate to a depth of 2 m,
vibracores penetrating to 6.0 m, and occasionally larger grabs with a 2.5 tonne (3 m2) bite.
Environmental sampling will typically be conducted with grab samplers such as Van Veen grabs
that sample a maximum area of 0.2 m2 down to a depth of 20 cm. The area disturbed by these
tools is very small, and slumping from the sites of the hole will fill in the area rapidly. No
measurable effects are expected from this exploration and environmental work. However,
information gained during ongoing exploration can contribute to further understanding of the
environment.
Loss of Benthic Organisms as Food Source
Benthic organisms serve as an important food source for many fish and larger benthic animals.
The loss (temporarily or permanently) of this basic food source reduces the amount of food
available both directly to demersal fish, as well as to their prey utilising these resources, and may
thus have a cascading effect through the food chain. Fish are mobile and will move out of the
dredged areas to feed elsewhere but this will increase pressure on the food source in the
surrounding areas. However, the spatial extent over which food supply in form of benthic biota is
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reduced, is in a regional context relatively small. After 20 years of dredging an area of 60 km2 will
have been dredged, but this does not imply that an entire area of 60 km2 is being lost at the same
time. The dredging schedule prescribes that an area is dredged to depletion (which might require
several dredge cycles) before the dredger moves to a new area. This means that while there is
for 20 years a continuous disturbance of new areas, completed dredge sites will in the meantime
begin the long process of (functional) recovery. Colonisation usually starts soon after cessation of
dredging and although the community might be different from the original one, and is likely to
remain less diverse and abundant for a long time, it still might serve as food source. The 60 km2
of dredged area will also be divided primarily over the two target areas, which are separated by
>10 km. There are thus two smaller populations of displaced demersal fish, rather than one
bigger one. This spreads and therefore reduces the pressure on food resources in the undredged
areas surrounding the target areas. However, if large areas or all of the dredged areas turn
anoxic, macrofauna is unlikely to colonise the areas in significant numbers (if at all). In this case,
bacterial mats may develop and be fed upon by the bearded goby, which seems to be an
opportunistic and versatile feeder. The loss of benthic biota as food source is further discussed
and evaluated in the Fishery Specialist Study (Appendix 1a).
Sulphur-oxidising Bacterial Mats
A major concern voiced during the public participation meetings, is the potential removal of
bacterial mats by dredging, specifically mats of the large sulphur-oxidising bacteria Thiomargarita
and Beggiatoa. There is no direct proof of the absence or presence of sulphur-bacteria in the
mining licence area, but evidence from published data strongly suggests that offshore the mud
belt at 24°S and at depth beyond 200 m, concentrations of large sulphur-oxidising bacteria are
likely to be very low, if present at all. Consequently, there would be no disruption of the
chemosynthesis due to removal of extensive large sulphur-oxidising bacterial mats. However, as
this is based on circumstantial evidence, it is absolutely necessary to verify this assessment by
surveying the target areas for bacterial concentrations.
In this context, a point for consideration is that if the giant bacteria would normally occur in this
area, it is likely that demersal trawling will have disturbed such mats as these overlie the surficial
sediments (see ROV photo Figure 11), which typically are being heavily disturbed by bottom-trawl
gear (Thrush and Dayton 2002). Depending on the frequency of trawling, this disturbance may
generally prevent the development of bacterial mats in trawling areas where H2S concentrations
would otherwise be sufficient for sulphur-oxidising bacteria (if such areas exist beyond the 200-m
isobaths).
Clostridium botulinum Proliferation
There is concern that the dredging works might result in a possible proliferation of bacteria,
particularly the anaerobic bacterium Clostridium botulinum. C. botulinum is a Gram-positive, rodshaped bacterium that produces several neurotoxins, subdivided in types A-G, that cause the
flaccid muscular paralysis seen in botulism. Only types A, B, E, and F cause disease in humans
while types C and D cause disease in cows, birds, and other animals. The bacteria are usually
found in terrestrial soil but occur also in freshwater and marine sediments. The spores of the
non-proteolytic C. botulinum type E are widely distributed in the aquatic (marine and fresh water)
environment in the temperate and arctic zones and this type seems to be a true aquatic
bacterium (Huss 1980). Up to 100% of sediment samples from coastal areas, particularly in
closed, shallow fjords and from aquaculture ponds may contain the organisms (Huss 1980, Huss
et al. 2004). A much lower prevalence is found in live fish although up to 100% of fish from
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aquaculture and certain coastal waters may carry this organism. For example, fish caught in
Scandinavian waters are often contaminated with C. botulinum type E (Hyytiä et al. 1998) but it
also occurs in other marine animals such as crabs, shrimps, and shellfish (Craig et al. 1968). In
contrast, fish caught in the high seas are generally free from C. botulinum (Huss et al. 2004).
C. botulinum is an obligate anaerobe (i.e. it cannot tolerate oxygen), and is only able to produce
the neurotoxin during sporulation, which can only happen in an anaerobic environment. In
unfavourable growth environments, it produces endospores to preserve the organism’s viability
and permit survival in a dormant state until the spores are exposed to favourable conditions. C.
botulinum type E is able to grow and produce toxins at temperatures as low as 3.3 C, but their
spores are thermosensitive. Multiplication of C. botulinum type E in the marine environment
seems to occur in situ, but might not occur in the bottom sediments themselves (Huss 1980, Huss
et al. 2004). Rather fish, or the presence of a rich aquatic fauna, appear to contribute significantly
to a high incidence of type E. Live fish harboring the organism would be active in its
dissemination, and on death would be foci for its multiplication. It is suggested that C. botulinum
type E outbreaks are linked to episodic anoxia events in shallow waters that lead to a mass-kill of
fish and other aquatic life. The rotting biomass at the seafloor can then enable propagation of C.
botulinum type E (Hielm et al. 1998). Contamination of fish with C. botulinum is through
ingestion of contaminated sediments or invertebrate fauna (Hielm et al. 1998, Perez-Fuentetaja
et al. 2006). In the freshwater systems of the Great Lakes, large mortalities of fish and waterfowl
that have fed on infected fish, have been linked to botulism caused by C. botulinum type E (PerezFuentetaja et al. 2006).
Little is known about the factors influencing spore survival of C. botulinum in natural marine
environments. It is possible that oxygen, combined with high salinity in oceans, exerts a
substantial stress on the viability of C. botulinum type E spores (Hielm et al. 1998). It is also
hypothesized that shallower rather than deeper locations are the growth foci for the bacterium.
This might explain why the Baltic Sea, with its low salinity level and low average depth, has such a
high prevalence of type E spores (Hielm et al. 1998). The closely adjacent North Sea is as rich in
aquatic biomass in places, but is not contaminated with C. botulinum type E (Cann et al. 1968),
despite a steady influx of spores from the Baltic Sea (Cann et al. 1965).
Large areas of the Namibian central shelf are affected by seasonal or perennial anoxic conditions,
and it is thus possible that C. botulinum type E occurs naturally in the underlying sediments. Its
presence, however, seems to be primarily restricted to shallow and enclosed waters and it seems
unlikely to occur in appreciable numbers in sediments of open waters at depth of 200 m. An
intensive literature search has produced no evidence of any reported in situ outbreaks of C.
botulinum contamination in southern African fish populations. Any incidences of botulism in the
region were related to contaminated canned food where the infection occurred in the can (Frean
et al. 2004).
In the worst case scenario, changes in the small-scale near bottom hydrographical conditions as a
result of dredging might create an anaerobic environment over an area of 60 km2 after 20 years
of dredging. Put into a regional context, the addition of 60 km2 anaerobic environment where
the bacterium could occur to the naturally occurring vast area of the azoic zone, is minor. If
proliferation of C. botulinum in anaerobic zones were a problem in Namibian waters, it is unlikely
that it would be aggravated by this spatial addition, and the impact is thus regarded as negligible.
This, however, should not indemnify the fishing industry from complying with any regulations
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with regard to potential C. botulinum contamination (see FAO Technical Paper No. 444 by Huss et
al. 2004).

4.2

RE-DEPOSITION OF SUSPENDED MATERIAL
During dredging with a TSHD, suspended sediments can be generated near the sea bottom as the
draghead moves over the seabed, and at the surface arising from the overflow of material from
the hoppers during loading. The impact of suspended sediment plumes on the water column and
its inhabitants are discussed in detail in another specialist report (Appendix 1b). In the present
study, only the effects of the near-bottom plume and the impacts relating to the re-deposition of
suspended material will be discussed.
Sediment re-suspension from the draghead increases with hopper filling speed and travel speed
of the dredger, but is mainly dependent on the properties of the sediments (Johnson and
Parchure 1999). Suspended sediment concentrations generated at the point of dredging tend to
decline as the sediments become coarser. The size fractions of greatest consequence are the
silts, muds and clays (<63 µm) as these create the highest level of turbidity (Johnson and Parchure
1999). Near-bottom dredge plumes usually decrease rapidly with distance from the dredger.
Kirby and Land (1991), for example, recorded suspended sediment concentrations decreasing
from a maximum of 1,100 mg/ℓ at the cutter head of a cutter suction dredger to 20-90 mg/ℓ only
50 m away. The overburden in the target areas is described as silty sand with significant gravel
component and will thus have relatively rapid settlement rates, and the re-suspended sediment
should disperse only over short distances.
Benthic species which may be impacted by re-suspension of sediments at the bottom include
bivalves and crustaceans. Suspended sediment effects on juvenile and adult bivalves occur
mainly at the sublethal level with the predominant response being reduced filter-feeding
efficiencies occurring generally at concentrations of about 100 mg/ℓ. Lethal effects are seen at
much higher concentrations (>7,000 mg/ℓ) and at long-term (3 weeks) exposures (Clarke and
Wilber 2000). Crustaceans appear similarly resistant to lethal effects with 25% mortality rate
reported at 10,000 mg/ℓ for >240 hour exposures (Clarke and Wilber 2000). One has to note
though that any noticeable effect will only occur where the near-bottom plume disperses over
the edge of the target panels. Organisms inside the dredge site will all be removed and further
impacts by suspended sediments are irrelevant to them. Effects related to draghead generated
plumes are thus expected to be negligible.
The second more important plume is a result of the overflow from the dredger’s hopper
compartments. Generally, the extent and area over which plumes disperse are dependent on the
strength and direction of the prevailing currents and winds, and the particle size of the material in
question. The rate of sedimentation from the water column is also a function of the particle size
of the suspended material. The larger the particles, the greater the rate of settlement and
therefore larger particles will be deposited closer to the site of dredging than smaller ones. It is
estimated that sediments <200 µm will be lost in the overspill during loading. The portion
>63 μm will settle more rapidly to the seabed and thus not disperse very far, whereas muds, silts
and clays will stay longer in suspension. For a more detailed account of the possible size and
extent of the plumes refer to the specialist study on water column issues (Appendix 1b). Relevant
for bottom-dwelling communities is the eventual re-deposition of these suspended sediments,
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potentially smothering benthos adjacent and downstream to the dredged area. For example, a
prominent depo-center of fine material is located between 24.5°S and 26°S on the upper
continental slope in water depths of 400-1500 m and it is suggested that the material in this
depo-center is exported from the shelf in the nepheloid layer (Inthorn et al. 2006). Sediments
released with the overflow may thus enter the nephelopid layer and ultimately settle in this
depo-center increasing the sediment settling rate in this area, as well as in areas closer to the
dredging site.
Deposition of sediments can lead to smothering which involves a reduction in nutrients and
oxygen, clogging of feeding apparatus as well as affecting choice of settlement site (Hiscock 1983,
Rodrýguez et al. 1993, Lam et al. 2003), and post-settlement survival (Hunt and Shebling 1997),
and may affect animals directly or indirectly, either lethally or sublethally. In general terms, the
rapid deposition of material from the water column is likely to have more of an impact on the
soft-bottom benthic community due to smothering effects, than gradual sedimentation to which
benthic organisms are adapted and able to respond. However, this response depends to a large
extent on the nature of the receiving community. Studies have shown that some mobile benthic
animals are able to migrate vertically through more than 30 cm of deposited sediment (Maurer et
al. 1979, 1986, Newell et al. 1998, Ellis 2000), and in a study on macrofauna on a bathyal sea floor
50% of the organisms burrowed back to the surface through 4 - 10 cm of rapidly deposited
sediment (Kukert 1991). Meiofauna was also found to be able to migrate through deposited
sediment (Schratzberger et al. 2000). In contrast, sedentary communities potentially could be
adversely affected by both rapid and gradual deposition of sediment. Filter-feeders are generally
more sensitive to suspended solids than deposit-feeders, since heavy sedimentation may clog the
gills. However, research on filter-feeders living in coastal waters showed that bivalves in
particular are highly adaptable, and can maintain their feeding activity over a wide range of
inorganic particulate loads (Iglesias et al. 1996, Navarro et al. 1996, see also above). Impacts on
highly mobile invertebrates and fish are likely to be negligible since they can move away from
areas subject to re-deposition.
A dredge-plume study for the TSHD trial dredging in 105-130 m depth in the Atlantic 1 MLA off
southern Namibia measured low deposition rates of 2 mm about 1.5 km from the dredge panels
(CSIR 2006). Model predictions for dredging operations outside the mud belt estimated potential
accretion of 100 mm in the immediate vicinity of the dredge panels, reducing to negligible
thickness over several kilometres in direction of the prevailing current/wind direction (CSIR 2006).
While the Atlantic 1 MLA dredging area and the Sandpiper Licence Area have different
hydrographical conditions, a similar scenario might still be expected in the licence area. This
suggests that re-settling of sediment may occur over a relatively large area but the sedimentation
thickness is likely to be very low. Smothering effects are restricted to localised areas near the
dredged area. Again, only deposition on undisturbed seafloor areas is of importance while
deposition of sediments in the dredged-out area will have no effect. In areas of naturally high
deposition such as the depo-center of the continental slope, the local biota will also be adapted
to higher settling rates, and are likely to cope with the intermittently higher sedimentation.
However, the cumulative effect of dredging in a relatively restricted area can result in repeated
sedimentation and thus higher deposition rates. Depending on the depth of the resource, the
same area may be dredged up to 5-6 times (maximum resource depth 2.25 m; depth of a single
dredge swath is 0.4 m x 6 cycles = 2.4 m) which would at a dredge cycle of ~37 hours result in <10
days of intermittent dredging in a particular area. Re-deposition of fines over exactly the same
area, however, would require that the weather conditions are very stable over this period (same
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wind direction and strength). In sum, re-deposition impacts are expected to be low as
deposition-thickness rates are assumed to be relatively low and biotic communities living in areas
of naturally high sedimentation rates (e.g. the depo-center on the continental slope) can be
expected to be adapted to sedimentation disturbances.
Some studies have documented a positive effect of dredging in that the disturbance of sediments
released sufficient organic material to enhance the species diversity and population density of
organisms outside the immediate zone of deposition of suspended material (Jones and Candy
1981, Poiner and Kennedy 1984). Crushed organisms returned to the sea with the overspill may
also cause organic enrichment (Newell et al. 1998). On the other hand, a further increase in
organic matter with associated bacterial decomposition in bottom waters, which are already
oxygen-depleted, may be considered deleterious (Newell et al. 1998). The organic matter
content in the sediments of the target area is suspected to be relatively low consisting primarily
of reworked deposits originating from the inshore mud belt. The small amount of organic matter
that will be released with the overflow water including any crushed benthic fauna is also likely to
spread sufficiently enough that once it settles it will not result in a measurable effect.

4.3

DIRECT/INDIRECT EFFECTS OF RE-SUSPENDED DISSOLVED NUTRIENTS AFTER
DREDGING
There is concern that dredging will mobilise bioavailable dissolved nutrients from the sediments
and/or the pore waters, and release these into the water column either directly in the bottom
waters or with the overflow of the fines from the TSHD. The phosphorite pellets, in contrast, are
insoluble in seawater and will not contribute to elevated nutrient levels in the water column.
Increased nutrient levels near the water surface in the photic zone may lead to greater
phytoplankton production, with resultant increased levels of organic matter deposition and
bacterial decomposition. This in turn might lead to anaerobic conditions.
An important consideration is thus whether nutrient concentration in the sediments of the target
areas can be suspected to be very high. Van der Plas et al. (2007) have studied biogeochemical
characteristics of sediments along a cross-shelf transect at 22°S including particulate organic
carbon (POC) and particulate organic nitrogen (PON) loading in the sediments, and nutrient
concentrations in the sediment pore waters. They reported that in mud belt sediments at 115 m
depth, firstly the mud content was very high (>96%), and secondly POC and PON concentrations
were very high while the C:N ratio was very low indicating that the organic matter was freshly
derived material. In contrast, sediments further offshore at 200 m, and at stations between the
POM-rich bands as described by Bremner (1978), were mostly sandy and POC and PON
concentrations decreased sharply. Sediment pore water nutrient concentrations (as well as H2S
concentrations), except for nitrate and nitrite, followed the same trend as the sediment
characteristics and were highest in the mud belt, but drastically lower in the deeper shelf
sediments. The low nitrate and nitrite concentrations in the mud belt were linked partly to
sulphur bacteria that use nitrate to oxidise H2S. Ammonium and phosphate concentrations were
also high in mud belt sediments, but showed a generally decreasing trend with depth offshore
from the mud belt. Although this study was conducted further north and thus outside of the
licence area, these data in combination with the information collated for the environmental
baseline section, suggest that the nutrient levels in the sediments as well as POM and PON
concentrations are potentially relatively low when viewed in the regional context. Nonetheless, a
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certain increase in nutrient levels in the photic zone can be expected but this is unlikely to result
in massive dying phytoplankton blooms reaching the sea bottom in such locally dense
concentrations that this will cause anoxic seafloor conditions. This assessment is based on
assumptions though and the levels of organic matter and nutrients in the target areas should be
measured to verify it.

4.4

HYDROGEN SULPHIDE RELEASE
The possibility of hydrogen sulphide release from the dredging activity and the effects of H2S in
the water column and on the pelagic communities are discussed in a separate specialist study on
water column issues (Appendix 1b). Here are potential impacts on benthic communities
described.
Hydrogen sulphide concentrations in pore waters and/or the bottom waters are likely to be
relatively low or even absent in the three target areas. If significant concentrations of H2S were
present in the upper layers of the sediments, the fauna would already be affected and only those
capable of tolerating H2S will live in the area. The benthic baseline survey (Steffani 2010a)
describes a low macrofauna species richness dominated by polychaetes as is typical for OMZs,
but these animals are unlikely to occur in an anoxic hydrogen-sulphide environment. For
example, sediments directly from the mud belt at 120 m depth with high concentrations of H2S
and dense bacterial mats were found to not contain any macrofauna (Hundt et al. 2011, see also
Dale et al. 2009). Gas pockets of methane and H2S may be trapped in deeper layers of the
sediments, and could be released by dredging. This released gas could spread over the seafloor
before it mixes with the overlying water column, and affect benthic organisms in adjacent
undredged areas. However, this is unlikely to occur since most of any H2S released from the
sediment is likely to be entrained by the dredging process and released into surface water in the
lean water overflow. Again, such gas pockets have been found in thick (>8 m), muddy
diatomaceous sediments from the centre of the mud belt, but have so far not been recorded
from areas outside the mud belt (Emeis et al. 2004, see also Figure 7). However, it cannot be
excluded that deeper sediments of >50 cm may contain H2S as so far all long sediment cores
analysed from the central Namibian shelf contained some traces of the gas (V. Brüchert, pers.
comm.). The possibility of some H2S release from the sediments can therefore not be completely
excluded without direct measurements of H2S presence in the sediments from the target areas. If
H2S is released from sediments, it will, however, presumably be sucked up with the dredged
sediments and residual H2S at the seafloor will be in any case minimal. H2S release with the
overflow from the hopper may, on the other hand, be possible.
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5

EVALUATION OF IMPACTS
The following methods have been used to determine the significance rating of impacts identified
in this benthic specialist study:
1. Description of impact - reviews the type of effect that a proposed activity will have on the
environment;
2. What will be affected; and
3. How will it be affected.
Points 1 to 3 above are to be considered / evaluated in the context of the following impact
criteria:
• Extent;
• Duration;
• Probability; and
• Intensity / magnitude .
These impact criteria are to be applied as prescribed in the table below:
Impact Criteria:

Extent

Dredge Area
Annual Mining
Per vessel cycle
Area
2
i.e. ~66,000m or
2
6.6 ha
Up to 3 km

Very Short Term

Duration

Intensity/
Magnitude

3 days

Short term
3 days – 1 year

No lasting effect
No environmental
functions and
processes are affected

Probability

Specific Mine
Site (SP1 or SP2)
each is 22x8 km
2
or 176km

Improbable

Local

Regional

25-50 km or
2
2,000km 2
8,000km

50-100 km or
2
8,000km –
2
30,000km

Medium term
1 - 5 years

Minor effects
The environment
functions, but in a
modified manner

Possible

Long term
5 – 20 years

National
100 km to EEZ
(200 nautical
1
miles)
100 to 370 km,
2
or >30,000km
Permanent
>20 years (life of
mine)

Moderate effects
Environmental functions
and processes are altered
to such extent that they
temporarily cease

Serious effects
Environmental functions
and processes are altered
to such extent that they
permanently cease

Probable

Highly Probable/ Definite

The status of the impacts and degree of confidence with respect to the assessment of the
significance are stated as follows:

1

1 nautical mile = 1,85 kilometres
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Status of the impact: A description as to whether the impact is positive (a benefit), negative (a
cost), or neutral.
Degree of confidence in predictions: The degree of confidence in the predictions, based on the
availability of information and specialist knowledge. This had been assessed as high, medium or
low.
Based on the above considerations, the specialist provides an overall evaluation of the
significance of the potential impact, which is described as follows:
None

Impact
Significance

A concern or potential
impact that, upon
evaluation, is found to
have no significant
impact at all.

Low

Medium

Any magnitude,
impacts will be
localised and
temporary

High

Impacts of moderate
Impacts of high magnitude
magnitude locally to
locally and in the long term
regionally in the short term and/or regionally and beyond

Accordingly the impact
is not expected to
require amendment to
the project design

Accordingly the impact is
expected to require
modification of the project
design or alternative
mitigation

Accordingly the impact could
have a ‘no go’ implication for
the project unless mitigation or
re-design is practically
achievable

Furthermore, the following are being considered:
•
•

•
•

Impacts are described both before and after the proposed mitigation and management
measures have been implemented;
Where possible the impact evaluation takes into consideration the cumulative effects
associated with this project. Cumulative impacts can occur from the collective impacts of
individual minor actions over a period of time and can include both direct and indirect
impacts;
Mitigation / management actions: Where negative impacts were identified, the
specialists specified practical mitigation measures (i.e. ways of avoiding or reducing
negative impacts); and
Monitoring (forms part of mitigation): Specialists recommend monitoring requirements
to assess the effectiveness of mitigation actions, indicating what actions are required, the
timing and frequency thereof.
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5.1

ASSESSMENT OF IMPACTS
Dredging is destructive in nature and therefore no positive impacts on the biophysical
environment are expected. Impacts on the benthic communities from the proposed Sandpiper
Phosphate Project are only expected during the operational phase of the project (but may extend
beyond the closure of the project). Impacts are thus assessed for the operational phase only, and
not for the initiation and decommissioning phases.

Nature of the
impact

Extent

Duration

Intensity

Probability
Status (+ or -)
Significance
(no mitigation)
Mitigation
Significance
(with
mitigation)
Confidence
level

Nature of the
impact
Extent
Duration
Intensity

The removal of the upper 1-2.5 m (possibly up to 3 m) of sediment by dredging will result
in the loss of the benthic biota associated with the sediment. The exposed sediments are
likely to be different from the original superficial deposits, and sediment refill rates at
this depth are likely to be very slow. Colonising assemblages are likely to differ to those
present prior to the dredging activity.
Specific mine site - the loss of the benthic community is restricted to the dredged-out areas.
2
Target areas are 22 x 8 km in size but only a maximum of 3 km per annum will mined,
2
which amounts to a total of 60 km after 20 years of mining (the period for which the
mining licence is issued).
Permanent (>20 years life of mine) - the recovery to the original community is likely to take
longer than the life of mine or even may not be achieved in a meaningful time-scale.
Recovery to functionally similar communities that provide similar ecosystem services as the
original communities might, however, occur sooner (Long term).
Moderate to serious effects - recovery to the original community is likely to take very long
(several decades, whereby beyond life of mine is classified as permanent), but recovery to a
community providing similar ecosystem functioning is likely to occur sooner, e.g.
environmental functions and processes are altered to such an extent that they temporarily
cease.
Definite
Negative
Medium - the duration of the impact is permanent in view of recovery to original
community but recovery to a different community but providing similar ecosystem services
may occur sooner, and the intensity is moderate to serious but the extent is confined to the
2
mine site, maximum of 60 km after 20 years of dredging.
Leave behind a residual sediment layer of at least 30 cm of the original deposit thickness to
cover the clay footwall. Leave behind undredged strips to unable migration of mobile
organisms from these areas.
Medium - the residual sediment layer will provide a substrate to be colonised by benthic
organisms. Nonetheless, the recovering communities will be very different to those prior to
dredging.
Medium - the assessment is based on assumptions that are arrived from publicly available
data, while data directly from the target areas are limited. A monitoring programme is
needed to confirm the assumptions.
Further exploration and environmental work will be conducted in the larger ML170 that
will remove benthic biota.
Dredge Area – Gravity and vibro-cores are 6.5 in diameter, van Veen grab samples with an
2
2
area of max. 0.2 m and larger grabs sample 3 m bite. The total area disturbed by these
tools even after extensive exploration campaigns will be very small.
Short term – it is expected that slumping from the side of the holes will quickly fill in the
disturbed area and migration from the adjacent area is fast.
No lasting effects – recovery will be very fast as many animals will be transported into the
disturbed area with the material slumping from the sides.
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Probability
Status (+ or -)
Significance
(no mitigation)
Mitigation
Significance
(with
mitigation)
Confidence
level
Nature of the
impact
Extent
Duration
Intensity
Probability
Status (+ or -)
Significance
(no mitigation)
Mitigation
Significance
(with
mitigation)
Confidence
level

Nature of the
impact
Extent
Duration

Intensity

Probability

Probable
Negative
None – recovery will be very rapid and effects on the system will not be measurable.
No mitigation necessary
None – recovery will be very rapid and effects on the system will not be measurable.
High

The depth of the dredged area might change local near bottom hydrographical conditions
and thus act as trap for very fine material. This could lead to high decomposition rates
and consequently anoxic conditions and H2S concentrations in the sediments.
2
Specific mine site - Target areas are 22 x 8 km in size but only a maximum of 3 km per
2
annum will mined, which amounts to a total of 60 km after 20 years of mining (the period
for which the mining licence is issued).
Permanent - sediment refill rates are expected to be very low at the water depth of the
target areas.
Moderate to Serious effects - anoxic conditions are deadly for most benthic communities
but large sulphur-oxidising bacteria can thrive under these conditions.
Probable – localised anoxic conditions may occur in the deeper trenches and pits.
Negative
Medium - duration is permanent and intensity moderate to serious, but extent is restricted
to the mine area and large areas of the inner shelf are naturally subjected to anoxic
conditions.
Leave behind a residual sediment layer of at least 30 cm, which will reduce the depth of the
dredged-out area.
Low to medium - a dredged depth of an average of 1.7 m (possibly up to 3 m) over a
relatively large area is unlikely to reduce bottom current speeds to such an extent that very
fine material will significantly accumulate in the dredge area.
Medium - the assessment is based on assumptions that are arrived from publicly available
data, while data directly from the target areas are limited. A recovery survey is needed to
confirm the assumptions.
Dredging removes mats of large sulphur-oxidising bacteria from the sediment surface and
from the upper layer.
2
Specific mine site - Target areas are 22 x 8 km in size but only a maximum of 3 km per
2
annum will mined, which amounts to a total of 60 km after 20 years of mining (the period
for which the mining licence is issued).
Medium to long term – the recovery of bacterial mats depends on the development of
sufficient H2S concentrations. This requires anoxic conditions that can only develop when
high concentrations of organic matter accumulate in the dredge area. Although higher
organic loading might be a possibility as the dredge area may act as trap, it will take a long
time to build up enough material for anoxic conditions and high H2S concentrations.
Minor to moderate effects – the large sulphur bacteria are important in oxidising the toxic
H2S thereby reducing its diffusion into the water column. Their removal will disrupt this, on
the other hand, the removal of the sediments will also remove any H2S contained in the
sediments, and H2S fluxes from the dredge area are thus not expected unless the system
turns anoxic. If this happens, the bacterial mats are likely to return.
Improbable – evidence from published data strongly suggests that offshore the mud belt at
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Status (+ or -)
Significance
(no mitigation)
Mitigation
Significance
(with
mitigation)
Confidence
level

Nature of the
impact
Extent
Duration

Intensity
Probability

Status (+ or -)
Significance
(no mitigation)
Mitigation
Significance
(with
mitigation)
Confidence
level
Nature of the
impact
Extent
Duration

24°S and beyond the 200 m isobaths concentrations of large sulphur bacteria are low or
absent.
Negative
Low – concentrations of large sulphur bacteria is assumed to be low or absent.
No mitigation necessary
Low – concentrations of large sulphur bacteria is assumed to be low or absent.
Medium - the assessment is based on assumptions that are arrived from publicly available
data, while data directly from the target areas are limited. An initial survey is needed to
confirm the assumptions.
The anaerobic bacterium Clostridium botulinum type E might proliferate in the dredged
area if the system turns anoxic, and may pose a health risk to humans and wildlife when
entering the food chain.
2
Specific mine site - Target areas are 22 x 8 km in size but only a maximum of 3 km per
2
annum will mined, which amounts to a total of 60 km after 20 years of mining (the period
for which the mining licence is issued).
Short term – if the system turns anoxic this will be of long term or permanent duration, but
C. botulinum proliferation is linked to periodic massive die-offs of fish and other aquatic life
that might occur during extreme events such as H2S eruptions. Once bacteria proliferate
they may enter the food chain by ingestion of contaminated sediments from the dredge
area.
Serious effects – botulism caused by the bacteria can be lethal to human and wildlife.
Improbable – no in situ contamination of fish populations by the bacterium has been
reported for southern African fish populations. Literature data suggest that the distribution
of the bacteria is limited in deeper saline waters. If the bacteria are a problem in Namibian
2
waters, it is unlikely that the addition of 60 km of anoxic seafloor will add any measurable
risk of bacteria proliferation to the already large areas of anoxic zone.
Negative
Low – proliferation of bacteria is assumed to be a rare probability
No mitigation necessary but this should not indemnify the fishing (canning) industry from
complying with any regulations regarding C. botulinum contamination
Low – proliferation of bacteria is assumed to be a rare probability
Medium – very little is known about the natural life-cycle of the bacteria and this
assessment is based on data from the northern hemisphere.
High suspended sediment concentrations near the sea bottom generated by the drag
head and subsequent re-deposition of the material causes smothering effects.
Dredge area – sedimentation effects will only be relevant along a narrow strip around the
dredge site as any re-depositions inside the dredge area will have no impact since the
animals are removed.
Very short term – smothering of a particular area occurs only during the dredging activity,
maximum dredging activity per area is assumed to be <10 days for intermittent (16 hourcycle) dredging.
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Intensity

Probability
Status (+ or -)
Significance
(no mitigation)
Mitigation
Significance
(with
mitigation)
Confidence
level
Nature of the
impact
Extent

Duration
Intensity
Probability
Status (+ or -)
Significance
(no mitigation)
Mitigation
Significance
(with
mitigation)
Confidence
level
Nature of the
impact
Extent
Duration
Intensity
Probability

Minor effects – some organisms in the immediate vicinity of the dredge site may be
impacted on a lethal level but the majority of impacts can be expected on a sub lethal level
as many animals can cope with relatively high short-term suspended material
concentrations.
Highly probable
Negative
Low – very small extent, very short duration and low intensity
No mitigation necessary
Low – very small extent, very short duration and low intensity
High – studies on draghead plumes have shown that the affected area is very small

Re-deposition of particles in the overflow plume causes smothering of benthic organisms,
particularly in the depo-center on the continental slope
Local to regional – the fines (<63 micron) in the plumes may be transported for several
kilometres but upon entering the nepheloid layer, material may be transported to the
depo-center ~100 km south-west of the licence area. Significant deposition-thicknesses are,
however, expected to occur only in the immediate vicinity of the dredge area.
Very short term – the overflow plumes will only be generated during dredging which occurs
within a 37-hour dredge cycle for approx. 16 hours
Minor effects – animals in the immediate vicinity of the dredge area may be affected by
smothering, elsewhere sedimentation rates are expected to be very low.
Probable
Negative
Low – although widespread, re-deposition rates are expected to be low, and higher rates
are limited to the immediate vicinity of the dredge area. Communities in the depo-center
where higher settling rates may occur, are also likely to be adapted to sedimentation as this
is a naturally high sedimentation area.
No mitigation necessary
Low – although widespread, re-deposition rates are expected to be low, and higher rates
are limited to the immediate vicinity of the dredge area. Communities in the depo-center
where higher settling rates may occur, are adapted to sedimentation as this is a naturally
high sedimentation area
Medium – assumed low sedimentation rates are based on a study conducted in slightly
shallower waters of southern Namibia with different hydrographical conditions.
Dredging may mobilise dissolved nutrients from the sediments which could be released
into the water column with the overflow. The increased nutrient level may result in
extensive phytoplankton blooms, which upon death cause aggravated decomposition
rates leading to anoxic conditions at the seafloor.
Local – the released nutrients will spread with the overflow plume
Very short term – the overflow plumes will only be generated during dredging which occurs
within a 37-hour dredge cycle for approx. 16 hours
Minor effects – literature data suggest that dissolved nutrient concentrations in the target
areas are relatively low, which means that only low amounts of nutrients will be mobilised.
Possible – it is likely that some nutrients will be mobilised but it is unlikely that this will
result in massive dying phytoplankton-blooms reaching the sea bottom in such locally
dense concentrations that this will cause anoxic seafloor conditions.
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Status (+ or -)
Significance
(no mitigation)
Mitigation
Significance
(with
mitigation)
Confidence
level

Negative
Low – due to potentially low dissolved nutrient concentrations in the target areas

Nature of the
impact
Extent

Release of hydrogen sulphide from the sediments affects benthic communities

Duration

Intensity
Probability

Status (+ or -)
Significance
(no mitigation)
Mitigation
Significance
(with
mitigation)
Confidence
level

No mitigation necessary
Low – due to potentially low dissolved nutrient concentrations in the target areas
Medium - the assessment is based on assumptions that are arrived from publicly available
data, while data directly from the target areas are limited. An initial survey is needed to
confirm the assumptions.

Local – released hydrogen sulphide may spread along the sea bottom affecting undredged
areas and the associated biotic life.
Short term – the spread of hydrogen sulphide across the seafloor will be very short term
and the gas will eventually mix with the seawater. The gas is, however, very toxic and will
kill many animals in its path. Recovery of the benthic communities will be relatively rapid if
hydrogen sulphide conditions are only temporary.
Moderate effects – hydrogen sulphide is very toxic and will kill many animals but its
presence is temporary.
Probable – literature data suggest that hydrogen sulphide concentrations in the nearbottom waters, pore waters and in the upper sediment layers in the target areas are very
low. It can, however, not be excluded that deeper sediment layers may contain hydrogen
sulphide. If hydrogen sulphide is present, it is presumably sucked up with the sediments
and residual hydrogen sulphide at the seafloor will be minimal.
Negative
Low – hydrogen sulphide concentrations are assumed to be low, and the dredging process
will also remove any gas contained in the sediments
No mitigation necessary
Low – hydrogen sulphide concentrations are assumed to be low, and the dredging process
will also remove any gas contained in the sediments
Medium - the assessment is based on assumptions that are arrived from publicly available
data, while data directly from the target areas are limited. An initial survey is needed to
confirm the assumptions.
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6

MITIGATION MEASURES AND MONITORING ACTIONS
As a result of the dredging operations to recover marine phosphate resources in ML170, trenches
will be excavated in the seabed and the benthic biota associated with the sediments will be
removed. The mine permit is issued for a period of 20 years, and at a maximum dredging rate of
3 km2 per annum, this will lead to a dredged-out area of 60 km2, primarily over SP-1, SP-2 and to a
lesser extent SP-3. The dredge depth will be on average 1.69 m, 1.70 m, and 1.30 m for SP-1, SP-2
and SP-3, respectively. The maximum resource depths are 2.5 m, 2.25 m, and 1.85 m for SP-1,
SP-2 and SP-3, respectively, as determined during exploration (possibly up to 3 m). These values
may change as more information is obtained during the dredging operations. The phosphate
layer contacts a clay footwall, whereby the total stripping of the phosphate resource would
expose this footwall. The stiff clay footwall is less than ideal for small burrowing fauna, and it is
strongly recommended that a residual sediment layer of 0.3 m of the original sediment thickness
be left behind. This will provide unconsolidated soft-bottom substrate for animals to colonise.
Nonetheless, it is expected that the residual sediment layer will have different sediment
properties than the original surficial layers. Furthermore, if areas of undisturbed sediments are
left between dredged furrows, colonisation of the dredged area by benthic organisms can be
accelerated. Such undisturbed areas can provide an important source of adult benthic
organisms, which subsequently migrate into the disturbed areas, enabling a faster recovery than
might occur solely by larval settlement and growth.
As the dredging target sites are located at depths beyond the influence of surface waves, infilling
rates will be slow as near-bottom sediment transport is expected to be low. It is recommended
that high resolution geophysical surveys (e.g. side scan sonar) are conducted immediately after
dredging, and 2-3 years post-dredging (and potentially at later years depending on the results) to
determine the depth of the dredged trenches and the sediment infilling-rates.
The deep trenches may potentially result in changes in the near-bottom current regime reducing
the speed of the current so that deeper trenches and pits may act as traps for fine material. The
residual layer left behind will reduce the overall depth of the dredged area, however, organic
matter accumulation may still occur.
Most of the assessments on potential impacts on the benthos are based on assumptions that are
arrived from publicly available data from areas outside the ML170 area while data directly from
the target areas are very limited. A verification survey is needed to confirm the assumptions.
This should include sampling of the macrofauna and/or meiofauna in the target areas, as well as
the surveying of the areas for the presence of bacterial mats. Further aspects of the survey
should include measurements of organic matter concentrations in the sediments, dissolved
nutrients, and H2S concentrations particularly in the deeper sediments. Surveying for bacterial
mats could be done with a ROV. While macrofauna can be sampled with normal van Veen grabs,
meiofauna would need to be sampled with more sophisticated grab tools such as a multi-corer.
Measurements of dissolved nutrients and H2S also require analytical equipment that is not
available to NMP. It is thus recommended that specialist consultants or scientists be engaged to
discuss the programme to collect such verification data.
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Continuing from the initial assessment survey, the severity of the removal and destruction of
benthic communities by the dredging process and the subsequent recovery (functional recovery)
process need to be ascertained. A post-dredging benthic monitoring programme thus needs to
be established. There is continuous debate whether such monitoring programmes should focus
on macrofauna or on meiofauna, or both (e.g. Somerfield et al. 1995, Coull and Chandler 1998,
Kennedy and Jacoby 1999, Schratzberger et al. 2001). Typically macrofauna is the preferred
option as sample collection and species identification is comparatively easier (Kennedy and
Jacoby 1999). In low-oxygen environments such as OMZs, however, body size seems to be very
important as small organisms are best able to cover their metabolic demands in the OMZ, and
besides adaptation to low oxygen often have a capability to conduct anaerobic metabolism.
Meiofauna may thus increase in dominance in relation to macro- and megafauna (Levin 2003).
Nonetheless, although small organisms prevail, the species inventory of OMZs comprises the
whole range between micro- and megafauna and many macrofauna species have developed
adaptations to cope with life in hypoxic habitats (Gonzalez and Quinones 2000, Levin 2003, Arntz
et al. 2006).
The difficulty in conducting meiofauna monitoring surveys in comparison to macrofauna studies
favours the use of macrofauna for long-term studies. An inventory of the meiobenthos
component during the initial survey will shed light on its relative importance in the benthos. The
question is whether macrofauna alone may not sufficiently answer any questions with regard to
the severity of the impact and potential recovery time. By no means is this report attempting to
give an undisputed answer to this, but the extensive use of macrofauna surveys for a wide variety
of anthropogenic disturbances suggests that data on macrofauna composition and abundance
should be able to shed light on it. Macrofauna is also routinely collected in studies on OMZ
benthos (e.g. Levin and Gage 1998, Levin et al. 2000, 2009, Ueda et al. 2000, Gallardo et al. 2004,
Arntz et al. 2006, Gooday et al. 2009, Zettler et al. 2009). The original baseline survey (Steffani
2010a) used a 1-mm sieve to separate the macrofauna from the sediment as this is the standard
mesh size used in macrofauna surveys (Rumohr 2009). Studies on macrofaunal abundance in
OMZs, however, often use smaller sieve sizes in anticipation that many macrofauna species will
be generally smaller (e.g. Gallardo et al. 2004, Gooday et al. 2009, Levin et al. 2009). During the
initial survey, a second set of samples could be collected for macrofauna using a 500 or 300micron sieve. In the laboratory analysis procedure, the size fractions <1 mm and >1 mm should
then be analysed separately to permit comparison to the baseline study and indicate the right
mesh size for the long-term monitoring study. Sampling should be undertaken both before the
start of operations, as well as at regular intervals after completion of dredging to determine the
(functional) recovery rates of the benthic communities. The sampling interval can best be
determined after the first post-dredging sampling campaign (approx. 2-3 years after cessation of
dredging). Sampling stations should include dredged and undredged (reference) stations in
comparable environmental habitats (e.g. similar depth and sediment characteristics prior to
dredging). Included in the sampling procedure should be at least the sampling for sediment
properties (i.e. grain size analysis) as well as near-bottom dissolved oxygen concentrations and
organic matter content. Continuous engagement with the authorities could facilitate the
measurement of other important parameters throughout the monitoring programme.
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CONCLUSIONS
An assessment of the risks associated with dredging for phosphate rich-sediments in the three
target areas in the ML170 area identified nine potential negative impacts on the benthic biota in
the target areas or beyond. Of these, two impacts are considered to be of medium significance,
six of low significance, and one is assessed as having no significance. The impacts of medium
significance are:
Impact - The removal of the upper 1-2.5 m (possibly up to 3 m) of sediment by dredging will
result in the loss of the benthic biota associated with the sediment. The exposed sediments are
likely to be different to the original superficial deposits, and sediment refill rates at this depth are
likely to be very slow. Colonising assemblages are likely to differ from those present prior to the
dredging activity.
Significance - Medium as the duration of the impact is permanent (exceeds life of mine) in view of
recovery to original community but recovery to a different community but providing similar
ecosystem services may occur sooner. The intensity is moderate to serious but the extent is
confined to the mine sites, with a maximum of 60 km2 after 20 years of dredging.
Mitigation - Leave behind a residual sediment layer of at least 30 cm of the original deposit
thickness to cover the clay footwall. Leave behind undredged areas to enable migration of
mobile organisms from these areas.
Impact - The depth of the dredged area might change local near bottom hydrographical
conditions and thus act as a trap for very fine material. This could lead to high decomposition
rates and consequently anoxic conditions and H2S concentrations in the sediments.
Significance - Medium as the duration is permanent and intensity moderate to serious, but extent
is restricted to the mine sites and large areas of the inner shelf are naturally subjected to anoxic
conditions.
Mitigation - Leave behind a residual sediment layer of at least 30 cm of the original deposit
thickness, which will reduce the depth of the dredged-out area.
Although the mitigation measures will facilitate the colonising of the newly exposed sediments,
and may reduce the risk of large areas of the dredged sites becoming anoxic, the significance will
remain medium after mitigation. This is due to the very long time scales anticipated for the
disturbed biota to recover to its original status and the expected low infilling rates at this water
depth. Functional recovery, defined as recovery to a community that provides similar ecosystem
functions to those of the original community despite being different in composition, is, however,
likely to occur sooner.
In general, the confidence level in the assessments is medium, as most of the impact evaluations
are based on assumptions that are derived from publicly available literature data, and data
directly from ML170 are very limited. A survey is therefore critical to confirm these assumptions.
In the case that the initial survey data reveal a substantially different habitat to that discussed in
the environmental description, the impacts will need to be re-assessed.
Only the risks associated with dredging in three distinct target areas within ML170 (SP-1 and SP-2
each being 22 x 8 km and SP-3 being 11 x 6 km in size) are evaluated in this study. Cognisance
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though has to be taken of other current or future projects in the region that could result in
cumulative effects. At present, the only other anthropogenic disturbance (besides normal vessel
traffic) to the benthic environment is that from demersal trawling, whereby the deeper areas
(>200 m) of ML170 including SP-2 and SP-3 may have been impacted by bottom trawl-gear.
Marine mining for diamonds is unlikely to occur as significant diamond resources have not been
reported from as far north as ML170. At least at present, drilling operations for oil and/or gas in
or near ML170 have not been announced.
There are several other phosphate EPLs on the Namibian shelf, of which NMP holds six while
others are held by other companies such as LL Namibia Phosphates and Gecko Mining
(www.chamberofmines.org.na). Exploration work in some EPLs has recently been conducted,
and a marine mining licence for phosphate was granted to LL Namibia Phosphates in October
2010, but mining will not commence for a number of years. Nonetheless, should further
extensive dredging for phosphate rock occur in the region, the size of the disturbed area could
increase significantly. Depending on the scale, this could ultimately lead to unacceptably high
cumulative impacts. This has to be taken into account for the decision-making with regard to this
and any future mining application, but cannot be covered by this specialist study (or the EIA).
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Two species of large jellyfish are common off
Namibia, Chrysaora fulgida (Scyphozoa) and
Aequorea forskalea (Hydrozoa), both of which
have metagenic life-cycles (an alteration between
a small, benthic polyp phase that reproduces
asexually to produce new medusae, and a large,
free-swimming medusa phase, responsible for
sexual reproduction and the eventual generation
of polyps). Our understanding of the polyp-phase
is non-existent, whilst our knowledge of the
medusae is poor.

voracious predation on fish eggs and larvae.
Although large medusae have few direct
predators (sunfish and turtles), they are not the
trophic-dead ends previously considered, and they
form a significant part of the diet of the bearded
goby (Sufflogobius bibarbatus) – which in turn are
important fodder for hake (Merluccius spp), horsemackerel (Trachurus trachurus capensis) and
assorted other higher predators.
Jellyfish do not occur commonly at depth thus
there should be few problems of clogging at the
drag-head. However, at the surface, where water
will be drawn into the vessel for cooling (etc), they
could cause a large problem for vessel activities.
There are no “off-the-shelf” solutions to this and
engineers will need to draw up their own
strategies of dealing with the problem: indeed, the
anti-jellyfish measures that have been devised
elsewhere in the world have all been drawn-up for
shallow operations. Large jellyfish aggregations,
sub-surface, can be detected using multifrequency hydro-acoustic techniques (surface
swarms should be detectable from the bridge) and
so an early warning system could be developed
but these would again need to be tailored to the
vessel’s operational specifications.

Jellyfish are members of the plankton, and as such
their distribution in space and time reflects, to a
large degree, the physical milieu. The biomass of
these medusae is currently estimated to exceed
that of fin-fish in the region. Medusae can be
found along the coastline but are most common in
the central area, inshore of the 200 m isobath.
Whilst they occur throughout the water column,
most of the biomass is concentrated in the upper
50 m: there is no clear evidence that populations
display diel vertical migration. They are to be
found throughout the year, but appear to peak in
abundance during late winter/early spring. In
other words, jellyfish occur at highest abundance
in the same place and at the same time as many
commercial fishes spawn, and are likely therefore
to be having an indirect (as well as a direct,
operational) impact on commercial fisheries.

Jellyfish have no special tolerance of hydrogen
sulphide and are likely to be killed if exposed to it
for prolonged periods of time. They do, however,
have a remarkable tolerance to low
concentrations of dissolved oxygen (as medusae
and polyps) and thus are likely to survive short
periods of exposure to hypoxic waters.

There is strong, if circumstantial, evidence to
suggest that the biomass of jellyfish has increased
since the collapse of the pelagic fisheries off
Namibia at the end of the 1960s and early 1970s.
This is likely to reflect the formerly efficient
predation by fish on newly released, and juvenile,
medusae, as well as to changes in the fish
populations that might feed on the polyps. In the
absence of this predation pressure, jellyfish
populations have increased, to the point that they
can now control fish recruitment through their

Because there are so many unknowns regarding
jellyfish off Namibia (and elsewhere for that
matter), any information that can be collected
would be useful from a scientific point of view,
and a number of suggestions in this regard are
made (see Section 6.2).
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Benthic – bottom-living
Congenerics – species from the same genus
Diel vertical migration (DVM) – movement up and down in the water column from depth to the surface
and back again, on a daily basis.
Ephyra (ephyrae, pl) – early stage medusa
Medusa (medusae, pl) – adult, free-swimming jellyfish
Meroplankton – temporary member of the plankton
Metagenic – alteration between a benthic (polyp) and pelagic (jellyfish) life history phase
Pelagic – in the water column
Plankton – organisms (animals, zooplankton; “plants”, phytoplankton) drifting in the water and lacking
an ability to move against horizontal water flow
Polyp – sessile, attached life-history phase, resembling a sea-anemone
Strobilation – process of asexual reproduction whereby a scyphozoan polyp buds off ephyrae
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Figures
Figure 1: The two common species of jellyfish encountered off Namibia.

6

Figure 2: Life cycle of Hydrozoan (left hand panel) and Sycphozoan (right hand panel), showing the
alteration of life history phases. Taken from:
http://9e.devbio.com/preview_article.php?ch=2&id=6 (Hydrozoa), http://sharon-taxonomy2009p3.wikispaces.com/Cnidaria (Scyphozoa).
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Figure 3: Distribution of jellyfish (both species combined) off Namibia, as positive catches from fisherydependent, demersal trawls (1997-2006, > 200 m only).

9

Figure 4: Distribution of jellyfish (both species combined) off Nambia as fishery-independent samples
collected using both demersal and pelagic nets by the RV Dr Fridtjof Nansen (1990-2006).

10
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1

INTRODUCTION
Detailed descriptions of the regional bathymetry, geology, and oceanographic and physical
processes as well as the benthic invertebrate and demersal and pelagic fish communities off the
central Namibian coast are presented in the EIA report and/or other specialist studies. Here we
provide a brief overview of the distribution, ecology and biology of the dominant species of
jellyfish that are likely to occur in the mining license area, we discuss changes in abundance and
the role that they play within the wider ecosystem and we comment on the likely impacts of
mining activities on same.

2
2.1

DESCRIPTION OF THE ENVIRONMENT
NAMIBIAN JELLYFISH
The primary species of jellyfish considered here are Aequorea forskalea Péron & Lesueur 1810 and
Chrysaora fulgida (Reynaud, 1830) (Figure 1), which belong to the medusozoan classes Hydrozoa
and Scyphozoa, respectively. Although more than 85 species of planktic Hydrozoa (Gibbons et al.,
2010) and less than 10 species of Scyphozoa (http://sajellywatch.uwc.ac.za) have been reported
off Namibia, it is these two aforementioned taxa that attain greatest biomass in the region (Lynam
et al., 2006), and which likely play the most important ecological role within the system.
A

Figure 1: The two common species of jellyfish encountered off Namibia.

A) Aequorea forskalea (above) and
B) Chrysaora fulgida
(from http://sajellywatch.uwc.ac.za)

B

Final Report
Namibian Marine Phosphate (Pty) Ltd.
Page 6

JELLYFISH

Although the two species belong to different classes of Cnidaria, they both have metagenic lifehistories (Figure 2). That is, there is an alteration of generations between a large, conspicuous and
pelagic medusa phase that is responsible for sexual reproduction and dispersal, and a minute,
cryptic and benthic polyp phase that produces new medusae by asexual reproduction. Our
understanding of the biology and ecology of the adult medusa locally (and elsewhere, for that
matter) is generally weak, but our knowledge of the “juvenile” polyp is non-existent, though we
do understand them to prefer hard substrata (rocks, harbour pilings etc).

Figure 2:
Life cycle of Hydrozoan (left hand panel) and Sycphozoan (right hand panel), showing the
alteration of life history phases. Taken from: http://9e.devbio.com/preview_article.php?ch=2&id=6
(Hydrozoa), http://sharon-taxonomy2009-p3.wikispaces.com/Cnidaria (Scyphozoa).

2.2

THE DISTRIBUTION OF NAMIBIAN JELLYFISH IN SPACE AND TIME
Before summarizing what we know about the temporal and spatial patterns of jellyfish
distribution off Namibia, it is important to remember that jellyfish are members of the plankton.
Indeed, they are the largest members of the plankton. That means jellyfish lack the ability to move
horizontally against prevailing water flows, though they can (and do), move vertically in the water
column. This latter ability allows jellyfish to take advantage of depth-linked water flows, which
gives them a measure of control over their horizontal position. Just like other plankton, therefore,
jellyfish tend to have a patchy distribution that is influenced by a suite of physical and (perhaps to
a lesser extent) biological factors. They can be common in embayments and at physical
discontinuities, and can be concentrated by features such as fronts and Langmuir circulation cells
(Graham et al., 2001).
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Owing to the general problems associated with estimating jellyfish abundance (they are more
than 96% water), information on exactly how many jellyfish there are off Namibia is strictly
limited. Computer models of energy flow within the northern Benguela indicate that jellyfish
biomass may be ~ 5 million tonnes (Shannon and Jarre-Teichmann, 1999), which is in broad
agreement with the conclusions reached by Sparks et al. (2001) from trawl estimates. More
recent estimates derived using multi-beam hydroacoustics from a synoptic survey of the entire
Namibian shelf indicate, however, that there may be as much as 12 million tonnes of jellyfish (or
at least, there were during spring 2003 when the survey was conducted: Lynam et al., 2006). This
biomass exceeded that of all fishes at the time by a factor of 4!
The medusae of both species can be found along the length of the Namibian shelf (Figure 3),
which suggests that the benthic polyps of both species can be found on appropriate substrata
along the coast (Flynn et al., in press). In the case of Chrysaora fulgida, this is certainly in
accordance with personal observations, as ephyrae have been recovered in nearshore plankton
samples from the two locations we have investigated to date (Lüderitz and Swakopmund), and
they have been observed by others off northern Namibia (Pagès and Gili, 1992). Whilst animals
can be found along the entire coast, they appear to be encountered most frequently between 2024 °S (Flynn et al., in press). In other words, they are most common off central Namibia. This is in
the same general area as the greatest zooplankton biomass occurs (Olivar and Barange, 1990) and
reflects the topographic and hydrographic features of the area (Shannon and Pillar, 1986; Barange
and Boyd, 1992)).
Both species occur across the width of the shelf, but tend to be more common at depths less than
200 m (Flynn et al., in press). This is again no surprise owing to their meroplanktic nature and
agrees with observations on the distribution of con-generics elsewhere in the world (e.g. Brodeur
et al., 2002; Suchman and Brodeur, 2005; Il’inskii and Zavolokin, 2007). There is some evidence to
suggest that the two species have different centres of cross-shelf distribution, with Chrysaora
fulgida being found inshore of Aequorea forskalea (Brierley et al., 2001; Sparks et al., 2001),
although the reasons for this are unknown, as are the mechanisms by which it is achieved and
maintained.
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Figure 3:

Distribution of jellyfish (both species combined) off Namibia, as positive catches from fisherydependent, demersal trawls (1997-2006, > 200 m only).
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Figure 4: Distribution of jellyfish (both species combined) off Nambia as fishery-independent samples
collected using both demersal and pelagic nets by the RV Dr Fridtjof Nansen (1990-2006).

Final Report
Namibian Marine Phosphate (Pty) Ltd.
Page 10

JELLYFISH

Both species are found throughout the water column, though more than 80% of their biomass
appears to be located in the upper 50 m (Flynn et al., in press). The evidence to suggest that either
species displays clear diel vertical migration (DVM) is missing (but see Brierley et al., 2001; Sparks
et al., 2001), which is perhaps no surprise given the absence of any abundant visual predators
(e.g. sunfish and turtles), and the fact that that their zooplankton prey similarly fail to display
pronounced DVM (Olivar and Barange, 1990) and are also largely concentrated in the upper water
layers.
Jellyfish are present in the waters off Namibia throughout the year (Flynn et al., in press), a fact
that likely reflects the near persistent nature of upwelling throughout much of the year – or
rather, the lack of any clear seasonal signal to upwelling. Whilst the cues responsible for medusa
release by polyps of Aequorea are unknown, work elsewhere indicates that strobilation in
scyphozoan polyps is cued by a drop in temperature (Arai, 1997; di Camillio et al., 2010), though
light, salinity and food can also be important. Our work on strobilation by Chrysaora fulgida is at
an early stage, but it already suggests that the release of ephyrae by polyps takes place when
ambient water temperature drops to ~14 °C. That means that new medusa are likely added to the
population on an ongoing basis, from somewhere along the Namibian coast, and these are then
distributed across the shelf by local circulation. Individual A. forskalea may grow to a diameter of
12 cm (central disk width), whilst medusae of C. fulgida can attain a size in excess of 80 cm
diameter (> 20 kg mass). The growth rates of local species are unknown, but elsewhere they are
thought to be rapid when individuals are small, and to decline with increasing size: Palaomares
and Pauly (2009) have suggested that species of Chrysaora may have growth rates similar to those
of small pelagic fishes.
But the abundance of jellyfish is not only dependent on additions to the population, but also on
losses through mortality. Unambiguous information on what causes the latter is missing, and it
probably varies with environment. In temperate systems it can be a result of senescence following
reproduction (Arai, 1997) as well as mortality following a change in temperature/salinity to
above/below lethal limits (Sexton et al., 2010). Otherwise the declining pulsation rates associated
with (for example) a decrease in temperature could mean that individuals sink (Sexton et al.,
2010) and are then more prone to starvation, disease, parasitism and predation, as well as
physical processes of removal such as advection (Albert, 2005). What is clear, however, is that
under the right conditions, large jellyfish can survive for a relatively long period of time. Albert
(2005) has indicated that up to 40% of the Aurelia labiata population in Roscoe Bay (Canada) may
live to >2 years of age, and Chrysaora fulgida can survive for >20 months in the laboratory (MJG
unpublished data). This longevity provides a buffer to population fluctuations and complicates
unambiguous interpretation of the data, particularly so if Gröndahl (1988) and Brewer and
Feingold (1991) are correct, that the mortality of planulae/polyps is more important in influencing
the medusa population size than is the mortality of ephyrae/medusa.

2.3

CHANGES IN THE ABUNDANCE OF NAMIBIAN JELLYFISH
We need to understand that there is no direct evidence suggesting that there has been an
increase in jellyfish biomass off Namibia over the past 40-odd years, and the subject is a matter of
some debate. For example, Mills (2001) has suggested that the routine, undocumented exclusion
of jellyfish from historic plankton samples has resulted in an erroneous interpretation of recent
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data. While on the one hand this is not an unreasonable suggestion, it is not supported by the
facts. Unterüberbacher (1964), who was one of the first scientists to study zooplankton in the
Benguela system in a quantitative way, clearly notes that “salps, fish larvae and eggs, big
ctenophores and medusa” were removed from samples before analysis. He goes on, however,
and notes that “in some samples the salps occurred in such vast quantities….” but he makes no
further reference to medusa – suggesting that they were not common at that time.
A large number of plankton samples were collected and examined for pelagic cnidarians off the
SW coast of Africa prior to the mid-1900s, including those from the Dana (Kramp, 1959), Discovery
I and II, William Scoresby (Kramp, 1957), Deutschen Südpolar (Vanhöffen, 1908, 1912; Moser,
1925), Deutschen Tiefsee (Valdivia, Vanhöffen, 1902a,b, 1911) and Meteor (Leloup, 1934)
expeditions. While numerous (small and large) pelagic cnidarians were described from all the
collections, neither Aequorea forskalea nor Chrysaora fulgida were recorded at that time. Indeed,
they were only described from the region during the mid-late 20th Century: A. forskalea was first
officially recorded off Namibia during the Discovery Expeditions in the 1950s (Kramp, 1957) and C.
fulgida (as C. hysoscella) was first formally described from the region during the 1990s (Pagès et
al., 1992). Large jellyfish have undoubtedly always been found off Namibia, and the species in
question are indigenous, but if the jellyfish were a “problem” (i.e. occurring at such abundances to
have a noticeable impact on fishing or recreation) then they would inevitably have been reported.
That it was not further indicates that large jellyfish were “relatively” uncommon prior to the
1970s. From the mid-1970s onwards, however, high concentrations of large jellyfish became
routinely apparent off Namibia (King and O’Toole, 1973; Cram and Visser, 1973; Venter, 1988;
Fearon et al., 1992).
The early 1970s are significant, because they mark the time when pelagic fish populations crashed
off Namibia. The shelf waters off Namibia are subject to coastal upwelling, and pelagic fish
communities were dominated by sardine (Sardinops sagax) and (to a lesser extent) anchovy
(Engraulis encrasicolis) prior to the mid 1970s. These small pelagic fish are considered wasp-waist
species (Cury et al. 2000) that use the high primary production relatively efficiently, and they were
the subject of industrial fisheries that date back to the mid-20th century (Boyer et al., 2000).
Annual sardine catches were around 200 000 tonnes for much of the 1950s, then increased
throughout the 1960s to more than 1.5 million tonnes in 1968 after good recruitment in the late
1950s and early 1960s (reviewed by Cury and Shannon, 2004). Following heavy targeted fishing
throughout the 1960s, sardine stocks suffered several crashes (Heymans et al., 2004), from which
they have failed to recover for a variety of possible reasons (Boyer et al. 2001, Boyer and
Hampton 2001, Bakun and Weeks, 2006). Interestingly, and unlike many other coastal upwelling
systems (see Bakun and Weeks, 2008), there has been no classical regime shift off Namibia (Cury
et al., 2000; Cury and Shannon, 2004). This is perhaps in part because the system has always been
considered a sardine-dominated one even in pre-industrial times (Shackleton, 1987; Rau, 1988)
and in part because anchovy, the possible replacement species, was also subject to heavy
exploitation (Butterworth 1983). Instead, a number of opportunistic species (including horse
mackerel Trachurus trachurus capensis, jellyfish and bearded goby Sufflogobius bibarbatus) have
replaced the dominant group (Cury and Shannon, 2004).
The suggestion that jellyfish have increased after the collapse of the large sardine fishery is not
new, as Venter (1988) had noted that the abundance and distribution of jellyfish had increased
“…after the dramatic decrease in pelagic fishing in 1972…” and that, by the latter half of the 1980s
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they had “…become an increasingly irritating nuisance…” to regional fishers (Venter, 1988; page
56).
Quite why jellyfish may have increased is also open to debate, as a number of factors have been
invoked to explain increases in jellyfish blooms elsewhere in the world (Mills, 2001; Purcell et al.,
2007; Richardson et al., 2009; Brotz et al., in review). A number of anthropogenic factors have
been implicated in these increases, and it is likely that these act synergistically (Purcell et al., 2007;
Richardson et al., 2009). These factors include overfishing, eutrophication, climate change, and a
proliferation of hard substrata (all reviewed in Purcell et al., 2007; Richardson et al., 2009), and
may involve introduced species (Graham and Bayha, 2007). In the Namibian case, overfishing is
likely to be the main “causative factor”, as the liberation of niche-space and the reduction in
predation pressure (on ephyrae and juvenile medusa, as well as on polyps) inevitably will have
allowed populations of both life-history phases to increase.
The role that jellyfish play within the northern Benguela ecosystem is largely unknown. Until very
recently, large medusa were considered to represent trophic dead ends, both locally and globally,
and they are generally considered to have a small reach (Brodeur et al., 2011). But, off Namibia it
is now understood that jellyfish can form a significant source of food (up to 70%) for the bearded
goby, Sufflogobius bibarbatus (van der Bank et al., 2011). This is another species that has
proliferated locally since the demise of the commercial pelagic fishery (Staby and Krakstad, 2006),
and although it is not directly exploited at present, it plays a significant role within the system
because it, in turn, is an important food source for higher trophic levels. This includes piscivorous
fishes such as hake, as well as seabirds and seals. Indeed, were it not for the bearded goby,
populations of these other species probably would be substantially lower than they are at present
– despite its poor nutritional value (Ludynia et al., 2010). But jellyfish not only provide food for
gobies (hake etc), they also provide a refuge for the goby from piscivorous predators, when it
migrates into the water column at night (Utne-Palm et al., 2010).

2.4

DIRECT AND INDIRECT EFFECTS OF JELLYFISH ON FISHERIES
Unfortunately, we are not in a position to assess the scale, impact or significance that jellyfish may
be having on the fishing industry – directly or indirectly – as data are totally lacking in a local
context.
Flynn et al. (in press) have reviewed the jellyfish information contained within the (pelagic and
demersal) commercial catch records from Namibia for the period 1997 – 2006 (Flynn et al., in
press). These data suggest that, on average, jellyfish are caught in <2% of demersal trawls
(N>350 000) and only in about 20% of pelagic purse seine sets (N>11 000 samples). These values
are significantly lower than those obtained from fishery-independent sources (Flynn et al., in
press), and this suggests either that commercial fishers avoid catching jellyfish, or that they fail to
fully report on catches. In the case of pelagic fishers, who process their catch in bulk (for canning
(high value) or reduction to fishmeal (low value)), a skipper is unlikely to set a net if there is a risk
of significant catch contamination by jellyfish. Such contamination could, at best, result in the
catch being reduced to fishmeal with a subsequent reduction in remaining quota (not entirely
trivial, Quiñones et al., in review), or (at worst) result in costly additional damage to gear and
other equipment (e.g. the refrigerated seawater cooling system). Excessively contaminated
catches could be illegally dumped at sea. The financial penalties incurred by demersal fishers from
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trawl contamination by jellyfish , by contrast, are likely to be small, as the catch is individually
processed, and the net is only open in the pelagos (where jellyfish are most common) for a
relatively short duration of time.
Indirect effects (through consumption of eggs/larvae) may be significant, however, as the spatial
(latitudinal, longitudinal and vertical) and temporal (seasonal) distribution of jellyfish off Namibia
broadly overlaps with that of many of the commercial fishes (Flynn et al., in press). When the
sardine biomass was much higher than it is today, fish spawned throughout much of the year,
albeit with two seasonal maxima: August/September (late winter-spring) and January/February
(late summer-autumn) (O’Toole, 1977). There were two principal spawning areas, one between
19° – 22 °S and one off central Namibia near Walvis Bay (O’Toole, 1977). Sardine spawning occurs
just below the upper mixed layer and eggs ascend rapidly to the surface owing to their buoyancy
(Stenevik et al., 2001). Whilst there is a tendency for eggs and larvae to be displaced offshore,
larvae can be retained inshore by a combination of behavior and vertical mixing (Stenevik et al.,
2001). Namibian hake too tend to reproduce for much of the year, with peak spawning during
October-December (O’Toole, 1978; Olivar et al., 1988). Spawning occurs along the length of the
Namibian shelf (Olivar and Shelton, 1993), mostly in offshore waters and at depth (Sundby et al.,
2001). Eggs ascend slowly and early larvae are moved onshore and concentrated by a
combination of physical and behavioural processes (Sundby et al., 2001), often in the vicinity of
Walvis Bay (Sundby et al., 2001).
Given the ability of jellyfish to consume large numbers of ichthyoplankton, as both eggs and larvae
(e.g. Purcell and Arai, 2001; Brodeur et al., 2002), jellyfish could have the potential to limit
recruitment (as Möller, 1984, Lynam et al., 2005). Direct evidence of jellyfish predation on fish
eggs and larvae off Namibia is presently missing, but Olivar and Barange (1990) noted that large
jellyfish off Namibia were most common in areas where fish larvae were least abundant and these
authors attributed this near mutually exclusive distribution, in part, to predation. What is most
interesting about this particular observation is that it was made during April, which corresponds to
the second peak in sardine spawning activity.

3

LEGISLATION / STANDARDS OF RELEVANCE
The Marine Resources Act 27 of 2000: The act is administered by the Ministry of Fisheries and
Marine Resources (MFMR). The Ministry has a large capacity. The ministry is the principal
responsible controlling / regulatory authority for all activities below the high water mark that may
affect the marine ecological environment.
This Act provides for the conservation of the marine ecosystem; for the responsible utilization,
conservation, protection and promotion of marine resources on a sustainable basis. [The Act
replaces the Sea Fisheries Act 29 of 1992, which dealt with: Dumping at sea, discharge of wastes
into marine reserves, disturbance of rock lobsters, marine invertebrates or aquatic plants, areas in
which the catching/disturbing of fish or aquatic plants or disturbing/damaging the seabed are
prohibited.
Section 52 states: “Any person who discharges in or allows to enter or permits to be discharged in
Namibian waters anything which is or may be injurious to marine resources or which may disturb
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or change the ecological balance in – any area of the sea, or which may detrimentally affect the
marketability of marine resources, or may hinder their harvesting, shall be guilty of an offence and
liable on conviction to a fine not exceeding N$500 000.”
Section 52 (3) (f) states: “Any person who kills or disables any marine animal by means of any
explosive, poison or noxious substance, or by means of a firearm except as may be prescribed, shall
be guilty of an offence and liable on conviction to a fine not exceeding N$ 500 000.”
Part 10 of the Marine Resources Act empowers the Minister to prescribe specific conditions and
restrictions regarding closed areas and exclusion zones, applicable to commercial fishing rights,
quotas and licenses granted under the Act. In this regard, trawling and longlining is prohibited in
waters shallower than 200 m. The Act also provides for the declaration of Marine Protected Areas
and fishing areas.

4
4.1

SOURCES OF POTENTIAL ENVIRONMENTAL IMPACT / RISK
HYDROGEN SULPHIDE
The liberation of large quantities of hydrogen sulphide by dredging activities has the potential to
kill off any jellyfish present in the affected water column, as these organisms possess no special
tolerance to this metabolic toxin, although both medusa and polyps are remarkably tolerant of
hypoxic water (Purcell et al., 2001; Condon et al., 2001). Affected individuals would then sink to
the seafloor, though whether or not they settle in the operational area depends on local patterns
of water circulation. The magnitude of settlement will obviously depend on local (patchy)
abundances and the extent and intensity of the affected area. Although dead jellyfish could be
concentrated by bottom water movements in depressions left on the seafloor by dredging
activities, such aggregations are unlikely to persist for very long (days rather than weeks) owing to
their high water and low organic matter content (reviewed in Arai, 1997). Our understanding of
the decomposition (rates and processes) of jellyfish is presently weak (e.g. Titelman et al., 2006;
West et al., 2009). The mesocosm study of West et al. (2009) suggested that the rates of nutrient
efflux from jellyfish carcasses, and the associated sediment oxygen demand, were initially high,
but that systems had returned to control levels after 120 hours. Two things need to be borne in
mind when interpreting these results in the present context – 1) the temperature of the West et
al. (2009) study site was 30 °C, and 2) there was no scavenging of moribund/dead jellyfish. Whilst
the lower water temperatures off Namibia would result in a potentially longer decomposition
time, the presence of potential scavengers (such as gobies, Sufflogobius bibarbatus: van der Bank
et al., 2011) could reduce this time. The latter is not insignificant (potentially), because elsewhere
in the world scavengers have been shown to reduce jellyfish carcass mass by 40% within 24 hours
(Yamamoto et al., 2008). This, again, highlights the limited information available on most aspects
of jellyfish ecology in the Benguela.

4.2

TAILINGS PLUME
The plume of fine sediment that will be generated in the water column during dredging
operations has a limited potential to be deleterious to individual jellyfish, with population level
impacts being dependent on the numbers of animals moving through the licence areas. That said.
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it must be stressed that no research has been conducted in this area. The “fines” could settle out
on individual jellyfish, but as the organisms have no specialized respiratory surfaces that could be
blocked, they should be able to continue swimming, and through swimming they should be able
to rid themselves of settled particles. Whilst it could be argued that jellyfish might ingest particles
in the tailing plume, this is considered unlikely. Firstly, the mechanism of prey capture is such that
nematocysts will only discharge if stimulated by physical contact, and a “fines” particle is unlikely
to so stimulate, though if it does the oral arm / tentacle is unlikely to transfer the particle to the
mouth for subsequent digestion without further stimulation by the particle itself. And even if the
“fines” particle does get ingested, its organic nature is such that it is likely to be digested.

4.3

ALTERATION TO THE SEABED HABITAT
The removal of surficial sediments from the benthic environment, as a result of dredging, will alter
the nature of the seabed environment. Whilst this has no impact on jellyfish in the water column,
it could increase the area suitable for polyp attachment should large areas of hard substrata be
exposed. That said, polyps of other species seem to require a sediment-free surface for persistent
establishment. This is unlikely to be realized given the immediate fallout from the tailings plume,
from the persistent sedimentation of photic zone production and from the sluggish nature of
bottom circulation.

4.4

PHYSICAL ENTRAINMENT
Although jellyfish can be found throughout the water column, more than 80% of biomass is found
in the upper 50 m (Flynn et al., in press). This means that jellyfish are unlikely to be entrained in
large quantities in dredged sediments. However, it does mean that jellyfish could block seawater
cooling intakes on the dredging vessel itself, which could pose a significant technical risk. More
details are provided under mitigation measures (below).

5

ASSESSMENT OF POTENTIAL IMPACTS
The following methods have been used to determine the significance rating of impacts identified
in this benthic specialist study:
1. Description of impact - reviews the type of effect that a proposed activity will have on the
environment;
2. What will be affected; and
3. How will it be affected.
Points 1 to 3 above are to be considered / evaluated in the context of the following impact
criteria:
• Extent;
• Duration;
• Probability; and
• Intensity.
These impact criteria are to be applied as prescribed in the table below:
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Impact Criteria:

Extent

Duration

Intensity/
Magnitude

Dredge Area
Annual Mining
Per vessel cycle
Area
2
i.e. ~66,000m or
2
6.6 ha
Up to 3 km

Very Short Term
3 days

Short term
3 days – 1 year

Improbable

Regional

25-50 km or
2
2,000km 2
8,000km

50-100 km or
2
8,000km –
2
30,000km

Medium term
1 - 5 years

Minor effects
The environment
functions, but in a
modified manner

No lasting effect
No environmental
functions and
processes are affected

Probability

Specific Mine
Site (SP1 or SP2)
each is 22x8 km
2
or 176km

Local

Possible

Long term
5 – 20 years

National
100 km to EEZ
(200 nautical
1
miles)
100 to 370 km,
2
or >30,000km
Permanent
> 20 years (life of
mine)

Moderate effects
Environmental functions
and processes are altered
to such extent that they
temporarily cease

Serious effects
Environmental functions
and processes are altered
to such extent that they
permanently cease

Probable

Highly Probable/ Definite

The status of the impacts and degree of confidence with respect to the assessment of the
significance are stated as follows:
Status of the impact: A description as to whether the impact is positive (a benefit), negative (a
cost), or neutral.
Degree of confidence in predictions: The degree of confidence in the predictions, based on the
availability of information and specialist knowledge. This had been assessed as high, medium or
low.
Based on the above considerations, the specialist provides an overall evaluation of the significance
of the potential impact, which is described as follows:
None

Impact
Significance

1

A concern or potential
impact that, upon
evaluation, is found to
have no significant
impact at all.

Low

Medium

Any magnitude,
impacts will be
localised and
temporary

High

Impacts of moderate
Impacts of high magnitude
magnitude locally to
locally and in the long term
regionally in the short term and/or regionally and beyond

Accordingly the impact
is not expected to
require amendment to
the project design

Accordingly the impact is
expected to require
modification of the project
design or alternative
mitigation

1 nautical mile = 1,85 kilometres
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Furthermore, the following are being considered:
•
•
•

•

•

5.1

Impacts are described both before and after the proposed mitigation and management
measures have been implemented;
All impacts are evaluated for all project phases: initiation, operations and
decommissioning;
The impact evaluation takes into consideration the cumulative effects associated with
this and other facilities which are either developed or in the process of being developed in
the region, if relevant. Cumulative impacts are impacts that result from the incremental
impact of the proposed activity on a common resource when added to the impacts of
other past, present or reasonably foreseeable future activities. Cumulative impacts can
occur from the collective impacts of individual minor actions over a period of time and
can include both direct and indirect impacts;
Mitigation / management actions: Where negative impacts were identified, the
specialists specified practical mitigation measures (i.e. ways of avoiding or reducing
negative impacts). Where no mitigation is feasible, this is stated and the reasons given.
Where positive impacts were identified, management actions to enhance the benefit are
recommended. The specialists have set quantifiable standards for measuring the
effectiveness of mitigation and enhancement; and
Monitoring (forms part of mitigation): Specialists recommend monitoring requirements
to assess the effectiveness of mitigation actions, indicating what actions are required, by
whom, and the timing and frequency thereof.

ASSESSMENT OF IMPACTS
Impacts on jellyfish from the proposed Sandpiper Phosphate Project are only expected during the
operational phase of the project (but may extend beyond the closure of the project). Impacts are
thus assessed for the operational phase only, and not for the initiation and decommissioning
phases.

5.2

DETERMINING THE LEVELS OF SIGNIFICANCE OF THE POTENTIAL IMPACTS
Blocking of vessel seawater intake system by dense surface aggregations of jellyfish.
Nature of the
impact

Extent
Duration
Intensity
Probability

Dense surface volumes of jellyfish have been known to block the seawater intakes.
This incoming seawater is used to cool the vessel’s engines and any blockage of the
intake system could cause the engines to overheat and fail, if remedial action is not
taken.
Dredge Event: The extent is limited to immediately adjacent to the vessel during all
operations.
Extremely short term: The duration is limited to the period of time when dense
aggregations of jellyfish are around the vessel: probably no more than a few hours
in duration
No lasting effect. This impact would involve a relatively limited number of jellyfish
and is more likely to have adverse impact to the vessel if not mitigated.
Highly probable: Although it is not possible to predict exactly when dense jellyfish
aggregations may appear around the vessel, they do tend to occur more commonly
during late winter / early spring: it is inconceivable, given how many jellyfish there
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Status (+ of -)
Significance
(no mitigation)

are off Namibia, that this threat will not arise.
Negative to individual jellyfish, possibly positive for fisheries
Low
•

Mitigation

Significance
(with mitigation)
Confidence level

In the case of blockage, jellyfish will have to be physically removed or flushed
from the system.
• Sailing the vessel to areas with less dense aggregations of jellyfish
• Forward looking sonar could be installed on the vessel to identify dense masses
of sub-surface jellyfish during operations. A “jellyfish observer” on deck should
be able to identify jellyfish aggregations at the surface.
Very Low
High
Hydrogen sulphide released from dredge sediments causing mortalities to jellyfish.

Nature of the
impact

Extent
Duration
Intensity
Probability
Status (+ of -)
Significance
(no mitigation)
Mitigation
Significance
(with mitigation)
Confidence level

Nature of the
impact

Extent

Duration
Intensity
Probability

The mining operation is located seaward of the mud belt where high levels of
hydrogen sulphide are known to be associated with soft sediments. Hydrogen
sulphide releases from the sediments in the Mining Licence Area (which is adjacent
to, but not in the mud belt) are thus envisaged to be significantly less frequent and
intense.
Dredge Event
Extremely short term: The duration is short (hours), related to the pulsed release of
hydrogen sulphide.
Minor effects.
Probable. In the event that the combination of adverse factors comes together at
any one time, jellyfish moralities will occur.
Negative to individual jellyfish, possibly positive for fisheries
Low
No mitigation is presented
Low
High: Although there is no information on the tolerance of jellyfish to hydrogen
sulphide, they are unlikely to have special adaptations thereto. More research on
this is needed.
Lean water overflow from the vessel generates a tailings plume of fine sediments
which settle out through and are dispersed in the water column. These fine
sediments if present in sufficient quantities may cause mortalities to jellyfish,
though this is considered unlikely
Mine site: < 25 km. It is understood that whilst dredging a sediment plume of
~1500 m long and 800 m wide will be generated over the cut length of up to 22 km.
This plume is determined to sink to the seabed over a distance of 500-1500m from
the point of discharge. The maximum concentrations of sediments in the sediment
plume are envisaged to be <50 mg/l but most of the plume area will have total
suspended sediment concentrations <10 mg/l above background (1-4 mg/l), these
are regarded as low.
Extremely short term
Minor effects
Rare.
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Status (+ of -)
Significance
(no mitigation)
Mitigation
Significance
(with mitigation)
Confidence level

Nature of the
impact
Extent
Duration
Intensity
Probability
Status (+ of -)
Significance
(no mitigation)
Mitigation
Significance
(with mitigation)
Confidence level

6
6.1

Negative to individual jellyfish, possibly positive for fisheries
Very Low
No mitigation is presented
Very Low
Low – research on this is needed
Removal of seabed sediments will change the nature of the sediment surface.
Jellyfish populations are known to increase in areas where there is an increase of
hard substrate. Typically this occurs where rock, concrete or iron structures are
erected. The removal of the upper relative soft layers of sediment, leaving a
relative hard clay footwall surface may provide such a hard surface.
Annual Mining Area.
Very Short term:
Minor effects
Rare
Positive for jellyfish, negative for fisheries
Low
None: If between 10 - 15 % of the original thickness of the sediment is not
recovered, there will sufficient soft-substrata to preclude polyp settlement.
Very Low
High

MITIGATION AND MONITORING RECOMMENDATIONS
MITIGATION
Mitigation in this context refers to the mitigation of risks to the operational activities, and not to
jellyfish per se. Although a number of techniques exist to “repel” jellyfish, the exact techniques
employed vary with the type of operational activity and none is 100% effective. It is important to
note that the techniques described briefly below have been deployed in shallow, near-shore areas
and may not be appropriate at the operational depths considered here. And it should also be
realized that almost all have been tailor-made to the particular situation by engineers: there is no
off-the-shelf method that fits all situations. It should also be mentioned that published
information on this topic is hard to find, and that most sources consulted are from the internet
(Internet (1) and (2)).
Vertical nets, in conjunction with booms may be deployed around resort beaches, or parts
thereof, to exclude jellyfish from entering bathing areas. Nets and booms are also used at the
entrance to power-plant ponds and the offshore intakes for desalination plants (Azis et al. 2000),
as well as around naval vessels (internet 1) to prevent jellyfish from clogging pumps etc. Typically,
two sets of nets (an outer coarse mesh net system and an inner fine mesh system: internet 2) are
either suspended from surface floats and extend to close to the seafloor, or they are fastened to
pilings sunk into the seafloor (e.g. Marks and Cargo 1974). The problem with nets, as highlighted
by the latter authors, is that they tend to clog and are subject to bio-fouling, which means that
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without regular, routine maintenance (cleaning and repair) they will eventually either sink, or the
hydrodynamic load on them will become so great that they will be ripped away. Regardless, in
addition to catching jellyfish, nets tend to damage them too, which means that “bits” of jellyfish
can still pass through (Marks and Cargo 1974).
Further offshore, hydro-acoustic techniques can be used to alert operations’ managers of the
presence of large numbers of jellyfish sub-surface. Multi-frequency hydro-acoustics (18 kHz, 38
kHz, 120 kHz) have been used to detect jellyfish at high abundances, and algorithms for the
discrimination of both local species have been developed: fuller details can be found in Brierley et
al. (2001, 2004, 2005). Although these techniques have been employed during specialized
research cruises on the Dr Fridtjof Nansen, they are not routinely performed by the Namibian
Ministry of Fisheries and Marine Resources as their research vessels lack the necessary
equipment. In the case of the Dr Fridtjof Nansen, the transducers are fixed to the keel (38 kHz, 120
kHz) and hull (18 kHz) and acoustic backscatter is detected vertically. Whilst such an orientation
may be useful for the detection of large numbers of jellyfish close to the drag head site on the
seafloor, this would perhaps not be appropriate for the detection of sub-surface blooms close to
water-inflow points on the vessel. Further work is clearly needed in this regard.
Although clogging can be minimized if there are effective prevention measures in place, this is
unlikely to be materially achieved at the operational depths considered here. However, a number
of techniques do exist that can be used to limit intake and to deal with caught material. All the
techniques, however, have been developed largely by the energy sector (in shallow
environments), which requires clean water for cooling (and other) purposes in coastal powerplants. As a consequence, they may not be applicable for operations either in deep-water or,
more likely, that wish to include (rather than exclude) sediments.

6.2

MONITORING
It is very hard to propose a monitoring programme for jellyfish that is aimed at minimizing the
potential impact of jellyfish on dredging operations, because at this stage we don’t know what the
operational impacts and risks are. That said, it would be useful to collect the following routine
types of information on jellyfish - but always in association with other environmental measures.
a) Daily observations on the presence/abundance/type of jellyfish at the surface, in
conjunction with similarly captured data on SST and surface currents.
b) If jellyfish are caught on screens (?) from pumping operations at depth, these should be
logged on an ongoing basis in conjunction with operational data (pump flow-rates),
bottom temperature and currents, and the concentration of dissolved oxygen and
hydrogen sulphide.
c) If operations are going to be monitored using ROVs, depth stratified data should be
collected on the presence/abundance/type of jellyfish, throughout 24 h periods, in
conjunction with appropriate environmental data.
d) If opportunities exist for detailed studies on the fate/decomposition (rates and processes)
of jellyfish on the seafloor, and if those opportunities can be exploited without undue
trouble, they too should be exploited.
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Activities a-c (above) can be undertaken routinely by appropriately trained operational staff.
Should NMP be prepared to allow its operational platform to be used for research, activity d
(above) could be conducted by university-based scientists.

7

CONCLUSION
Off Namibia, jellyfish can be found across the shelf and along the shelf, and they are abundant all
year-round. It is thought that their numbers have increased markedly since the collapse of the
pelagic fisheries in the early 1970s, where they presently pose a problem for fishery operations. It
is possible that they are having a negative impact on the sustainability of regional fisheries.
The proposed mining activities are not considered to have a significant and lasting impact on the
abundance and distribution of jellyfish populations: the tailings plume is limited in areal/temporal
extent and jellyfish have no specialized respiratory surfaces that could get clogged; alterations to
the benthos are unlikely to increase the habitat for polyp establishment if a layer of soft sediment
is not recovered, and whilst hydrogen sulphide could kill individuals in the affected water column,
this is likely to be on a very limited scale since dredging will take place seawards of the mud belt
which is the main source of H2S. More serious impacts are likely to be effected by jellyfish on
mining operations, though not though clogging at the drag-head as jellyfish are uncommon at
depth. However, at the surface, where water will be drawn into the vessel for cooling (etc), they
could cause a major problem for vessel activities. There are no “off-the-shelf” solutions to this and
engineers will need to draw up their own strategies of dealing with the problem. Large jellyfish
aggregations, sub-surface, could be detected using multi-frequency hydro-acoustic techniques
(surface swarms should be detectable from the bridge) and so an early warning system could be
developed but these would again need to be tailored to the vessel’s operational specifications.
Because there are so many unknowns regarding jellyfish off Namibia (and elsewhere for that
matter), any information that can be collected would be useful from a scientific point of view, and
a number of suggestions in this regard are made.

8
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Appendix 2f: Extract from MARPOL
1.

MACHINERY SPACE DRAINAGE

MARPOL Annex 1: Regulations for the Prevention of Pollution by Oil, Regulation 9(1)(b) Control of discharge of
oil.
"... any discharge into the sea of oil or oily mixtures from ships to which this Annex applies shall be prohibited
except when all the following conditions are satisfied:
(b)

from a ship of 400 tons gross tonnage and above other than an oil tanker and from machinery space bilges
excluding cargo pump-room bilges of an oil tanker unless mixed with oil cargo residue:
i.
the ship is not within a special area;
ii.

the ship is proceeding en route;

iii.

the oil content of the effluent is less than 15 parts per million; and

iv.

the ship has in operation equipment as required by regulation 16 of this Annex."

Regulation 16, Oil Discharge Monitoring and Control System and Oil Filtering Equipment
(1)

Any ship of 400 tons gross tonnage and above but less than 10,000 tons gross tonnage shall be
fitted with oil filtering equipment complying with paragraph (4) of this regulation. Any such ship
which carries large quantities of oil fuel shall comply with paragraph (2) of this regulation or
paragraph (1) of regulation 14.

(4)

Oil filtering equipment referred to in paragraph (1) of this regulation shall be of a design approved
by the Administration and shall be such as will ensure that any oily mixture discharged into the sea
after passing through the system has an oil content not exceeding 15 parts per million. In
considering the design of such equipment, the Administration shall have regard to the specification
recommended by the Organization.

2.

1

SEWAGE

MARPOL Annex lV: Regulations for the Prevention of Pollution by Sewage from ships, Regulation 8 Discharge of

sewage.
"(1)
Subject to the provisions of regulation 9 of this Annex, the discharge of sewage into the sea is
prohibited, except when:
(a)

1

the ship is discharging comminuted and disinfected sewage using a system approved by the
Administration in accordance with regulation 3(1)(a) at a distance of more than four nautical miles
from the nearest land, or sewage which is not comminuted or disinfected at a distance of more than
12 nautical miles from the nearest land, provided that in any case, the sewage that has been stored in
holding tanks shall not be discharged instantaneously but at a moderate rate when the ship is en route

Refer to the Recommendation on International Performance and Test Specifications for Oily-Water Separating Equipment
and Oil Content Meters adopted by the Organization by resolution A.393(X).
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and proceeding at not less than 4 knots; the rate of discharge shall be approved by the Administration
based upon standards developed by the Organization; or
(b)

the ship has in operation an approved sewage treatment plant which has been certified by the
Administration to meet the operational requirements referred to in regulation 3(1)(a)(i) of this Annex,
and

(c)

(i)

the test results of the plant are laid down in the ship's International Sewage Pollution
Prevention Certificate (1973);

(ii)

additionally, the effluent shall not produce visible floating solids in, nor cause discolouration of,
the surrounding water; or

the ship is situated in the waters under the jurisdiction of a State and is discharging sewage in
accordance with such less stringent requirements as may be imposed by such State.

(2)

When the sewage is mixed with wastes or waste water having different discharge requirements, the
more stringent requirements shall apply."

3.

GALLEY WASTES

MARPOL Annex V: Regulations for the Prevention of Pollution by Garbage from Ships, Regulation 3(1)(b),

(1)(b)(ii) and (1)(c) Disposal of garbage outside special areas.
"(1)(b): the disposal into the sea of the following garbage shall be made as far as practicable from the nearest
land but in any case is prohibited if the distance from the nearest land is less than:
(ii) 12 nautical miles for food wastes and all other garbage including paper products, rags, glass,
metal, bottles, crockery and similar refuse;
(1)(c):

disposal into the sea of garbage specified in subparagraph (b)(ii) of this regulation may be permitted
when it has passed through a comminuter or grinder and made as far as practicable from the nearest
land but in any case is prohibited if the distance from the nearest land is less than 3 nautical miles.
Such comminuted or ground garbage shall be capable of passing through a screen with openings no
greater than 25 millimetres."

4.

SOLID WASTE

MARPOL Annex V: Regulation 3(1)(a) and (1)(b).
"(1)
(a)
(b)

Subject to the provisions of regulations 4, 5 and 6 of this Annex:
the disposal into the sea of all plastics, including but not limited to synthetic ropes, synthetic fishing
nets and plastic garbage bags is prohibited;
the disposal into the sea of the following garbage shall be made as far as practicable from the
nearest land but in any case is prohibited in the distance from the nearest land is less than:
(i)

25 nautical miles for dunnage, lining and packing materials which will float;

(ii)

12 nautical miles for food wastes and all other garbage including paper products, rags, glass,
metal, bottles, crockery and similar refuse;"
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5.

ATMOSPHERIC EMISSIONS
REGULATIONS FOR THE PREVENTION OF AIR POLLUTION FROM SHIPS

MARPOL ANNEX VI:

Regulation 12: Ozone Depleting Substances
(b)

Subject to the provisions of regulation 3, any deliberate emissions of ozone depleting substances
shall be prohibited. Deliberate emissions include emissions occurring in the course of maintaining,
servicing, repairing or disposing of systems or equipment, except that deliberate emissions do not
include minimal releases associated with the recapture or recycling of an ozone depleting
substance. Emissions arising from leaks of an ozone depleting substance, whether or not the leaks
are deliberate, may be regulated by Parties to this Annex.

(c)

New installations which contain ozone depleting substances shall be prohibited on all ships, except
that new installations containing hydro-chlorofluorocarbons (HCFCs) are permitted until 1 January
2020.

(d)

The substances referred to in this regulation, and equipment containing such substances shall be
delivered to appropriate reception facilities when removed from ships.

Regulation 13: Nitrogen Oxides (NOx)
(1)

(a)

(b)

This regulation shall apply to:
(i)

each diesel engine with a power output of more than 130 kW which is installed on a
ship constructed on or after 1 January 2000; and

(ii)

each diesel engine with a power output of more than 130 kW which undergoes a
major conversion on or after 1 January 2000.

This regulation does not apply to:
(i)

(c)

(2)

emergency diesel engines, engines installed in lifeboats and any device or equipment
intended to be used solely in case of emergency; and engines with a rated engine
speed of [2000 rpm] or greater and installed on ships not engaged in voyages to
ports or offshore terminals under the jurisdiction of other Parties to the Protocol of
[1997].

Notwithstanding the provisions of sub-paragraph (a) of this paragraph, the Administration
may allow exclusion from the application of this regulation to any diesel engine which is
installed on a ship constructed, or on a ship which undergoes a major conversion, before
the date of entry into force of the present Protocol, provided that the ship is solely engaged
in voyages to ports or offshore terminals within the State the flag of which the ship is
entitled to fly.

(a) For the purpose of this regulation, "major conversion" means a modification of
where:
(i)

the engine is replaced by a new engine built on or after 1 January. 2000, or
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(3)

(ii)

any substantial modification, as defined in the N0x Technical Code, is made to the
engine, or

(iii)

the maximum continuous rating of the engine is increased by more than 10%.

(b)

The N0x emission resulting from modifications referred to in the sub-paragraph (a) of this
paragraph shall be documented in accordance with the N0x Technical Code for approval by
the Administration.

(a)

Subject to the provision of regulation 3 of this Annex, the operation of each
diesel engine to which this regulation applies is prohibited, except, when the emission of
nitrogen oxides (calculated as the total weighted emission of N02) from the engine is within
the following limits:
(i)

17.0g/kWh

when n is less than 130 rpm

(ii)

45.0*n(-0.2)g/kWh

when n is 130 or more but less than [2000 rpm]

(iii)

[9.8] g/kWh

when n is [2000 rpm] or more

where n = rated engine speed (crankshaft revolutions per minute).
Test procedure and measurement methods shall be in accordance with the N0x Technical
Code, taking into consideration the Test Cycles and Weighting Factors outlined in appendix
V to this Annex.
(b)

(4) (a)

(b)

Notwithstanding the provisions of sub-paragraph (a) of this paragraph, the operation of a
diesel engine is permitted when:
(i)

an exhaust gas cleaning system, approved by the Administration in accordance with
the N0x Technical Code, is applied to the engine to reduce onboard N0x emissions at
least to the limits specified in sub-paragraph (a), or

(ii)

any other equivalent method, approved by the Administration in accordance with the
relevant guidelines to be developed by the 0rganization, is applied to reduce onboard
N0x emissions at least lo the limit specified in sub-paragraph (a) of this paragraph.

Every diesel engine which is designed to operate within the limits specified in sub-paragraph
(3)(a) of this regulation shall be provided with a ready. means of verification, approved by
the Administration in accordance with the N0x Technical Code, which ensures that the
operation of the engine is in compliance with such limits. Such ready means of verification
can take the form of either an equipment requirement or an inspection procedure.
A ship may be fitted with a monitoring and recording device as a ready means of
verification. This device shall be approved by the Administration in accordance with the N0x
Technical Code. These monitoring records shall be kept on board for three months for
verification purposes by the Parties to the Protocol of [1997].
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(5)

Every marine diesel engine to which this regulation applies shall be provided with a Technical File
in accordance with the N0x Technical Code. The Technical File shall be prepared by the engine
manufacturer and approved by the Administration.

Regulation 14: Sulphur Oxides (SOx)
General requirements
(1)

The sulphur content of any fuel oil used on board ships shall not exceed [5.0% m/m].

(2)

The worldwide average sulphur content of residual fuel oil supplied for use on board ships
shall be monitored in accordance with guidelines to be developed by the 0rganization.

Requirements within SOx Emission Control Areas
(3)

For the purpose of this regulation, SOx Emission Control Areas shall include:
[(a) The Baltic Sea area as defined in regulation 10(1)(b) of Annex I:]
(b)

(4)

Any [other] sea, including port, areas designated by. the 0rganization in accordance
with the criteria and procedures for designation of S0x Emission Control Areas with
respect to air pollution from ships contained in appendix II.

While ships are within S0x Emission Control Areas, at least one of the following conditions
shall be fulfilled.
(a)

The sulphur content of fuel oil used on board ships in a S0x Emission Control Area
does not exceed 1.5% m/m.

(b)

An exhaust gas cleaning system, approved by the Administration in accordance with
the guidelines developed by the Organization, is applied to reduce the total emission
of sulphur oxides from ships, including both auxiliary and main propulsion engines,
to 6.0 g S0x/kWh or less calculated as the total weight of sulphur dioxide emission.
Waste streams from the use of such equipment shall not be discharged into
enclosed ports, harbours and estuaries unless it can be thoroughly documented by
the ship that such waste streams have no adverse impact on the ecosystems of such
enclosed ports, harbours and estuaries based upon criteria provided by the
authorities of the port State to the Organisation.

(c)

Any other technological method that is verifiable and enforceable to limit SOx
emissions to a level equivalent to that described in sub-paragraph (b) is applied.
These methods shall be approved by the Administration in accordance with the
guidelines developed by the 0rganization.

(5)

The sulphur content of fuel oil referred to in paragraph (1) and sub-paragraph (4)(a) of
this regulation shall be documented by the supplier as required by regulation 18 of this
Annex.

(6)

Those ships using separate fuel oils to comply with paragraph (4)(a) of this regulation
shall allow sufficient time for the fuel oil service system to be fully flushed of all fuels

Final Report
Namibian Marine Phosphate (Pty) Ltd.
Page 17

PROJECT SUPPORTING DOCUMENTATION
exceeding 1.5% m/m sulphur content prior to entry into a S0x Emission Control Area. The
volume of low sulphur fuel oils (less than or equal to 1.5% sulphur content) in each tank
as well as the date, time and position of the ship when any fuel-changeover operation is
completed, shall be recorded in such log-book as prescribed by the Administration.
[(7) During the first year immediately following entry into force of the instrument designating a
specific S0x Emission Control Area, ships entering that S0x Emission Control Area are
exempted from the requirements in paragraphs (4) to (6) of this regulation.]

Regulation 15: Volatile Organic Compounds
(1)

If the emissions of volatile organic compounds (VOCs) from tankers are to be regulated in ports
or terminals under the jurisdiction of a Party to the Protocol of [1997], they shall be regulated in
accordance with the provisions of this regulation.

(2)

A Party to the Protocol of [1997] which designates ports or terminals under its jurisdiction in
which VOC emissions are to be regulated, shall submit a notification to the 0rganization. This
notification shall include information on the size of tankers to be controlled, on cargoes requiring
vapour emission control systems, and the effective date of such control. The notification shall be
submitted at least six months before the effective date.

(3)

The Government of each Party to the Protocol of [1997] which designates ports or terminals at
which VOC emissions from tankers are to be regulated shall ensure that vapour emission control
2

systems, approved by that Government based on the standards developed by the Organization ,
are provided in ports and terminals designated, and are operated safely and in a manner so as to
avoid undue delay to the ship.
(4)

The Organization shall circulate a list of the ports and terminals designated by the Parties to the
Protocol of [1997] to other Member States of the Organization for their information.

(5)

All tankers which are subject to vapour emission control in accordance with the provisions of
paragraph (2) of this regulation shall be provided with a vapour collection system approved by the
3

Administration based on the standards developed by the Organization , and shall use such system
during the loading of such cargoes. Terminals which have installed vapour emission control
systems in accordance with this regulation may accept existing tankers which are not fitted with
vapour collection systems for a period of three years after the effective date identified in
Paragraph (2).
(6)

This regulation shall only apply to gas carriers when the type of loading and containment systems
allow safe retention of non-methane VOC's on board, or their safe return ashore.

Regulation 16: Shipboard Incineration
(1)

2
3

Except as provided in paragraph (5), shipboard incineration shall be allowed only in a shipboard
incinerator.

Reference is made to MSC/Circ. 585 Standards for Vapour Emission Control Systems.
Reference is made to MSC/Circ. 585 Standards for Vapour Emission Control Systems.
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(2)

Each incinerator installed on board a ship on or after [1 January 2000] shall meet the
requirements contained in appendix IV. Each such incinerator shall be approved by the
Administration based on the standard specifications for shipboard incinerators developed by the
4

0rganization .
(3)

Nothing in this regulation affects the prohibition in, or other requirements of, the Convention on
the Prevention of Marine Pollution by Dumping of Wastes and Other Matters (London, 1972, as
amended).

(4)

Shipboard incineration of the following substances shall be prohibited:
(a)
(b)
(c)
(d)

Annex I, II and III cargo residues and related contaminated packing materials;
polychlorinated biphenyls (PCBs);
garbage, as defined in Annex V of MARPOL 73/78, containing more than traces of
heavy metals; and
refined petroleum products containing halogen compounds.

(5)

Shipboard incineration of sewage sludge and sludge oil may also take place in the main or
auxiliary power plant but, in those cases, shall not take place inside ports, harbours and estuaries.

(6)

Shipboard incineration of polyvinyl chlorides (PVCs) shall be prohibited, except in shipboard
5

incinerators for which IMO Type Approval Certificates have been issued .
(7)

All ships with incinerators subject to this regulation shall possess a manufacturer's operating
manual which shall specify how to operate the incinerator within the limits described in paragraph
2 of appendix IV.

(8)

Personnel responsible for operation of any incinerator shall be trained and capable of
implementing the guidance provided in the manufacturer's operating manual.

(9)

Monitoring of combustion flue gas outlet temperature shall be required at all times and waste
shall not be fed into a continuous-feed shipboard incinerator when the temperature is below the
minimum allowed temperature of 850°C. For batch-loaded shipboard incinerators, the unit shall
be designed so that the temperature in the combustion chamber shall reach 600°C within 5
minutes after start-up.

(10)

4
5

Nothing in this regulation precludes the development, installation and operation of alternative
design shipboard thermal waste treatment devices that meet or exceed the requirements of
this regulation.

Reference is made to the standard specification for shipboard incinerators contained in Appendix 2 to the Revised Guidelines
for the Implementation of Annex V of MARPOL 73/78 (resolution MEPC.59(33)).
Reference is made to the standard specification for shipboard incinerators contained in Appendix 2 to the Revised Guidelines
for the Implementation of Annex V of MARPOL 73/78 (resolution MEPC.59(33)).
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Appendix 2f: Vessel Certification of Register
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1

Background
The waters off the coast of Namibia are among the most productive in the world, due to the fact
that the continental shelf is part of one of the world’s major eastern boundary current systems –
namely the cold Benguela Current. The Benguela Current is bordered to the north by the Angola
Current and to the south by the Agulhas Current, both of which are warm water currents. It flows
towards the Equator and is deflected away from the coast by the Coriolis force generated by the
Earth’s eastward rotation and the prevailing southerly winds. This combination of factors leads to
upwelling of the cold, nutrient-rich, bottom water along the whole southwest African coastline
during much of the year. As a result, dense populations of phytoplankton multiply in the sunlit
surface layers, which in turn support vast numbers of zooplankton. The constant solar radiation
throughout the year allows almost continuous photosynthesis, which generates high levels of
productivity within the Namibian marine ecosystem, and provides an ideal environment for
pelagic fish to feed directly on the plankton and to realise a rapid rate of reproduction. In
addition, dead plankton fall to the ocean floor and decompose, thus starting new food chains
which sustain large populations of bottom feeding species, such as demersal fish, crabs and rock
lobsters. In comparison with the other major eastern boundary current upwelling systems (the
Humboldt, the California and the Canary), the Benguela is probably the second most productive
in terms of fish, after the Humboldt.
This productive system supports rich and diversified fisheries, which consist of a number of
commercially valuable species. Most important among these is the Cape hake, which comprises
two species, shallow water hake (Merluccius capensis) and deepwater hake (M. paradoxus),
which are caught in bottom trawls. The former is found from the coast to depths of about 380 m
and the latter from about 150 m to 800 m depth. Larger individuals of both species occur at
greater depths than smaller fish and there is little overlap in the distribution of mature fish. Two
other trawled fish of commercial importance are the monkfish (Lophius vomerinus) and the
orange roughy (Hoplostethus atlanticus). The monkfish, which occurs in highest densities at
depths of 300 to 400 m off central Namibia, became of importance in the 1980s. The orange
roughy is a deep water species which is found on the outer Namibian shelf at depths of 600 –
1 000 m, mainly over hard substrata in a few small areas and the fishery was only developed in
the 1990s and has now been closed.
In addition, there is a large stock of Cape horse mackerel (Trachurus capensis) in northern
Namibia and the adults are targeted by midwater trawlers; this is the largest fishery by volume in
Namibia. Small pelagic fish which tend to form dense shoals near the surface, such as sardine
(pilchard, Sardinops sagax) and Cape anchovy (Engraulis capensis) are taken in purse seine nets.
Small juvenile horse mackerel tend to form mixed shoals with sardine and anchovy and these are
also caught in purse seine nets. Two other small but valuable fisheries are for West Coast rock
lobster (Jasus lalandii) and deep-sea red crab (Chaceon maritae). Rock lobster is found along the
west coast from east of Cape Point to approximately 25oS (about 180 km north of Luderitz). In
Namibia they are harvested commercially in the Lüderitz area using traps in waters deeper than
about 10 m. Red crab occur on the slope of the continental shelf from about 27oS in Namibia,
stretching northwards to Angola, at depths of about 300 – 900 m.
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An important top predator in the Benguela system is the Cape fur seal (Arctocephalus pusillus
pusillus) which is abundant and breeds at 15 island and mainland colonies scattered along the
Namibian coast as far north as Cape Frio. Seals have been harvested for centuries for meat, skins
and oil, dating back to the days of itinerant sailing vessels in the 17th century. There is currently an
annual harvest of seal pups and adult bulls at Cape Cross and at Wolf/Atlas Bay near Luderitz.
Although the value of this harvest is low, seals are mentioned here because they are a top
predator in the system and their dynamics were strongly affected by a severe depletion in their
prey resources (mainly pelagic fish) in the mid-1990s, which resulted in the death by starvation of
thousands of pups. Thus they may be important visible indicators of environmental change.

2

History of exploitation
At independence in 1990 Namibia inherited severely depleted and over-exploited fisheries, in
which all the above stocks were in decline and were far below their pristine levels. Hence the
industry as a whole could not deliver its potential contribution to the national economy, nor
supply enough jobs to reduce the numbers of unemployed workers. There are many reasons for
this situation, as will be outlined below. One of the prime aims of the new administration in
Namibia has been to rebuild the fish stocks, and to this end strict controls were enforced, both in
the number of vessels licensed to fish and in total allowable catches (TACs).

3

West Coast Rock lobster
There was very little exploitation of fish before the Second World War, but the first rock lobster
canneries had been built at Lüderitz as early as the 1920s. These struggled through the
depression years of the 1930s until the end of the war, when two events transformed the market.
Firstly, in 1946 the two leading United States shipping lines on the South African route agreed to
install deep freeze compartments on all new vessels, making possible the export of frozen lobster
tails. The following year the South African producers imposed a monopoly marketing organisation
(SAFROC) on all quota holders, and in 1949 the Lüderitz producers formed an affiliated body
(SWAFROC). These organisations rapidly opened up the wealthy US market and soon the US
demand outstripped the Namibian production. This in turn led to an increase in prices and the
incentive to harvest more lobsters, since an export quota was now a guarantee of high profits. By
the mid 1950s the Lüderitz canneries had converted almost completely to frozen tails and
mergers and takeovers had reduced the number of producers to two – Sea Products (part of the
Oceana group) and SWA Fishing Industries (SWAFIL). The catch of lobsters steadily increased and
began to overtax the stock. The situation was made worse when, in 1964, a third large quota was
allocated to Angra Pequena (later Blue Angra), a subsidiary of Kaap-Kunene.
This raised the overall quota of lobster whole weight to about 8 300 tonnes. This quota was
caught in 1965 and exceeded in 1966 when about 8 800 tonnes were harvested, which was the
peak of the industry. However, the catch fell sharply in 1967 to about 5 500 tonnes and then, in
1968, the authorities compounded a bad situation by abolishing the minimum size restriction in
response to strong pressure from the companies, who feared the impact of the falling volume of
landings on their profits. A subsequent scientific analysis concluded that the abolition of
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minimum size limits was a further setback to the population after the intensive exploitation
following the increased quota of 1964.
Catches increased again and exceeded the quota in 1968-19 69. In 1970 a minimum size was reimposed and in 1971 the quota was cut by 45%. Again catches fell sharply, this time to around
2 200 tonnes in 1971 (Fig. 1). But it was too late to save the industry. There was a brief revival in
1973-1974 when catches rebounded to about 3 000 tonnes, but thereafter they declined to an
average of about 1 500 tonnes until 1990, when they declined still further to a few hundred
tonnes. From 1998 to 2005 the catches lay between 214 and 365 tonnes (Table 1), which
illustrates the complete collapse of the fishery from its high point in 1966. By 1974 the three
factories had pooled their operations under one roof (Sea Products) and employment had been
halved to about 600 workers and 600 fishermen. During the 1990s a commercial fleet of about 20
vessels took part in lobster fishing activities; this figure had risen to 29 vessels in 2009 (Table 9).

Figure 1:

Catches of rock lobster since 1958 and deep sea red crab since 1979 off Namibia

Table 1 Catches (t) of rock lobster off Namibia 1998 to 2005
Year
Catch

1998
350

1999
304

2000
365

2001
363
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358

2003
250

2004
214

2005
248
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4

Deep-sea red crab
The red crab fishery began in the mid-1970s when it was an open resource targeted by foreign
vessels. By 1974 17 vessels were fishing for crab and catches rose to a peak of about 10 000
tonnes in 1983 (Fig. 1). Landed catches during the 1980s averaged 7 000 – 9 000 tonnes, but fell
to below 3 000 tonnes in 1991 and remained at that level, clearly as a result of over-exploitation
of the stock. Catch limits were introduced in 1989. From 1998 to 2005 catches were fairly stable
at a little above 2 000 tonnes (Table 2). Currently the resource is caught by only three licensed
vessels using Japanese beehive traps and the entire catch is exported to Japan.
Table 2 Catches (t) of the deep-sea red crab off Namibia 1998 to 2005

Year
Catch

5

1998
2283

1999
2074

2000
2700

2001
2343

2002
2471

2003
2128

2004
2467

2005
2413

The pelagic fishery for sardines
The background to the development of the pelagic industry in South Africa and Namibia lies with
the collapse of the Californian sardine industry from 1946 to 1952. In the mid 1940s canneries
and fishmeal plants began to develop in the Cape with funding supplied by the state owned
Fisheries Development Corporation. Due to the collapse of the Californian sardine, the US
corporations had redundant machinery to sell and established markets to supply. They therefore
supplied technicians, the bulk of the plant and large purchase contracts to South Africa.
Early success in South Africa led to the start of the pelagic industry in 1947 in Namibia and the
accompanying demand for factory licences, so that by 1953 six had been awarded to five
companies – namely SWAFIL, Ovenstones, Sea Products SWA, Kaap-Kunene and Marine Products.
By 1954 six large factories were built along the Walvis Bay waterfront housing fishmeal reduction
plants and five also containing canneries. As a result of all this activity, 100 small boats converted
from line fishing to purse seining, fishing crews rose from a few to around 600-700 and factory
employment from under 100 to about 2 500. The sardine (pilchard) catch rocketed from 1 000
tonnes in1948 to 262 000 tonnes in 1953 and for a brief period Walvis Bay was a boom town.
However, the Namibian (or SWA as it was at the time) administration had enacted a
comprehensive enabling law in 1949, the Sealing and Fisheries Ordinance. With the recent and
very severe warning of the Californian collapse, the Administration adopted a very conservative
policy. There was no scientific advice whatever and no idea of the size of the sardine stock, so its
decisions could only be arbitrary. Nevertheless, during 1952–1954 it imposed a series of controls,
in particular banning any further expansion in the number or capacity of the factories, setting
individual quotas for each factory limiting the intake of raw fish and pegging the number and
gross tonnage of the fishing boats supplying the factories. In effect this meant a TAC of 227 000
tonnes, which was a level set at one third of the peak Californian sardine catch in 1936.
For the remainder of the 1950s the quota was held down. Thus restricted, the companies
maximized their profits by improving efficiency. The fleet of purse seiners was thinned out and
organized in a catching programme that would supply a regular flow of fish. Meanwhile, the
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factories concentrated on canned sardines, which had three times the value of fishmeal. Over the
same period technical improvements raised the yield of body oil and of fishmeal and, as the
labour intensive canning lines increased their output, factory employment rose to around 4 000.
But the companies were unhappy and chafed at the restrictions. Their quotas were often filled
within 6 to 7 months, leaving their expensive machinery idle. In 1953 the Walvis Bay factory
managers formed the Fish Factories Executive Committee to represent their interests with the
Administration and when, in 1959, the respected official in charge of fishing policy retired, they
began to apply pressure to have their quotas increased. From that point rational control of the
fishing industry began to crumble in the face of company pressure. Within five years (1960–
1964) the overall quota was nearly trebled in a series of annual steps, each described as
‘temporary’ and in addition the companies were granted mid-season quota increases in 1959 and
1963. Besides all this, in 1961 they won a substantial increase in the permitted factory processing
capacity, as well as permission to open the sixth cannery in Walvis Bay, and in 1964 they opened
two new fishmeal plants, one at Walvis Bay and one at Luderitz. Yet, despite these concessions, in
1966 the companies were able to complain that the quota was restricting them to only 60% of
their operating capacity.

6

The era of the factory ships
As though the above mentioned trebling of the quota were not enough of a threat to the stock, in
1966 there emerged an even greater danger in the form of factory ships. At that time the modern
concept of a 200 nm exclusive economic zone (EEZ) was not in existence and the standard EEZ
was only 3 nm. In 1963 South Africa enacted the Territorial Waters Act which decreed an
extension of South African and Namibian territorial waters to 6 nm, with an additional 6 nm set as
an EEZ – making 12 nm or 22 km in total.
For some time several South African fishing companies had been trying to persuade the South
African government to license factory ships to operate out of Cape Town, which would be able to
bypass altogether the conservation measures of the Namibian administration, which had
jurisdiction only within the 22 km coastal limit. The first licence was issued in 1965 to the
Silverman group, and their factory ship the Willem Barendsz began operating outside the
Namibian coastal limit in late 1966. She was joined a year later by the Suiderkruis owned by KaapKunene/Ovenstone. Each ship had its own flotilla of purse seine catchers and they were the
largest ships of their kind afloat, having nearly double the capacity of a fishmeal plant on shore.
The result of the deployment of these vessels was to bring the Namibian administration into open
conflict with the South African Department of Industries and the ships were barred from being
serviced at any Namibian port. The Fishing Industry Commission described the likely impact of the
ships as ‘extremely dangerous’ and its chairman accused them of ‘sheer piracy’. Having failed to
get the factory ship licences withdrawn, the Namibian administration embarked on a political and
economic offensive and abandoned all measures aimed at conserving the stock. Their policy now
became to catch their fair share of the resource before the factory ships destroyed it completely.
Therefore, they allocated supplementary quotas to the established factories, gave a new large
quota to the Sarusas Development Corporation and in 1968 allocated another new quota to local
trawler interests (Consortium).
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The results of this uncontrolled assault on the stock were predictable and 1968 marked the nadir
in the fortunes of the sardine, since the stock size of the resource, once estimated to have been
more than 10 million tonnes, fell to just a few thousand tonnes by the early 1980s. The two
factory ships reported a catch of 558 000 tonnes of sardines and the shore factories a massive
829 000 tonnes, making a total haul of 1.387 million tonnes in 1968, which was the peak catch of
all-time (Fig. 2). The negative effects of this huge catch on the stock were exacerbated by the fact
that, during the 1970s, the companies were evading quotas by carrying out large scale dumping
of catches at sea. Also, for the first time 12.5 mm anchovy nets were allowed in addition to the 28
mm sardine net, and anchovy constituted about 15% of shore landings. Because anchovy and
juvenile sardines shoal together it was inevitable that many juvenile sardines were caught as well.
Despite mounting evidence that the sardine was in a state of collapse, the authorities were slow
to act. In April 1968 the South African government took over direct responsibility for the
Namibian fishery and for the first time put quotas on the factory ships, but at levels that were far
too generous. In 1970 the ships were banned at last and yet, for some inexplicable reason, the
Willem Barendsz was allowed to return the next year, when it was only able to catch 56 000
tonnes. At this time the Sarusas quota was also withdrawn.
But by now it was far too late to save the stock. In 1970 the sardine landings had slumped by 40%
over the previous two years and the first surveys of an emergency research programme showed
that the sardine biomass had been reduced by about 75% over the previous three years. This
alarming finding prompted some response from the authorities who restricted the sardine quota
for 1971 to 271 000 tonnes and for the first time ever the inshore fleet caught more anchovy and
horse mackerel than sardines.
At this point nature took an unfortunate hand in the further decline of the stock by providing
favourable environmental conditions for a strong year class to recruit to the adult stock in 1972
and during 1972 to 1974 the adult biomass doubled. And this was enough to convince the
companies, naively optimistic as ever, that the 1970-1971 crisis was just a temporary aberration.
Scientific arguments for caution and more comprehensive research were ignored and the quota
was raised once again, so that by 1974 it had doubled to 560 000 tonnes.
During the previous decade of prosperity the economic power of the fishing industry had been
rising steadily and by 1975 strong export prices had encouraged canning (since canned sardines
were a far more valuable product than fishmeal) to an all-time peak production of 10.8 m cartons
in that year. The combined value of the canneries, fishmeal and fish oil was about R100 m at 1975
prices, which contributed about 10% of GDP and 15% of exports. Thus, the pelagic fishing
industry had become a major player in the national economy and it was the second largest
industrial employer after mining. The fishing fleet was still around 100 boats, the number of
fishermen was close to 850 and the boom in canning had the factory labour force to around 7 500
at its seasonal peak, plus another 500 in related employment.
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Figure 2:

7

Catches of of sardine from the Namibian part of the northern Benguela since 1947

The final collapse (1976-1983 and 1983-2006)
Unfortunately, however, this situation of prosperity and economic power was not set to last,
because the canning boom was founded on the illusion that the sardine stock would continue to
recover at the same rate as from 1972-1974. In reality, the recovery was exceedingly fragile and
during 1975-1976 the environmental conditions turned from good to poor, so that very small
numbers of juveniles recruited to the adult stock. In addition, the scientific stock surveys were
halted, so that neither scientists nor factory managers had the vital information they needed to
make the right decisions. During those two crucial years most of the remaining adult sardines
were caught and by mid-1976 the absence of sardines was obvious. An emergency scientific
survey was conducted in early 1977, but found so few shoals that the population size could not
even be estimated. Yet, even then, after receiving such devastating information, the authorities
did not close the fishery – they merely cut the sardine quota to 200 000 tonnes (which was not
quite filled). The next year, 1977, the season was abruptly closed after only 46 000 tonnes were
caught in three and a half months.
In 1978 the authority for fishery management was returned to Namibia and radical action was
taken at last. In 1979-1980 only small canning quotas were allowed and in 1981 canning was
temporarily banned. For 1982 and 1983 the quota was set at 30 000 tonnes, despite a scientific
recommendation of only 20 000 tonnes. For the industry on shore the collapse was calamitous.
Fishmeal and oil output fell by more than half and canned sardines virtually disappeared at one
stage. In 1982 and 1983 cannery production rose to 1.5 million cartons (the peak was 10.8
million), which was only made possible because new refrigerated purse seiners landed their catch
in much better condition and so allowed nearly twice as many cans to be filled from the same
quantity of fish. Nevertheless, by the end of 1982 only three canneries were still operational and
much of the machinery was being cannibalised for spares. The closure of the labour intensive
canning lines was a crippling blow for the workforce and for the fishermen. By 1981, the purse
seine fleet had been halved to 45-50 boats and the number of active fishermen to 400; by 1982-
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1983 total employment in fishing and fish processing had fallen to around 2 500. Thus, some 8
000 jobs had been lost in five years.
At Independence in 1990 the stated aim of the Namibian authorities was to rebuild depleted
fishery stocks as close as possible to their pristine levels. Sadly, in the case of the sardine this has
not happened. A glance at Figure 2 shows that catches remained very low throughout the 1980s.
The highest TAC since 1990 was set at 125 000 tonnes in 1994, but since then they have fallen
again. In 1996 only 1100 tonnes were caught, in 2002 only 4 300 tonnes and in 2006 only 2 100
tonnes. The annual catches from 1998 to 2006 are shown in Table 3. In addition to the low catch
rates, another relevant factor is that the mean fish size has remained low and is significantly
lower than the pre-1960 pristine size. The status of the Namibian sardine stock remains critical
and an annual TAC continues to be set primarily to try to sustain employment and factory
production. Currently only 14 purse seiners are licensed, of which ten were active in 2009. This
fleet of vessels targets juvenile horse mackerel during the first half of the year, moving on to
sardines only when the quota is allocated later in the season.
Table 3 Commercial landings of sardines (t) in Namibia 1998 – 2006
Year
Catch

1998
64500

1999
42800

2000
26500

2001
10700

2002
4300

2003
21000

2004
28400

2005
25200

2006
2100

Whether the Namibian sardine population will be able to rebuild to historical levels is unclear.
Some changes in the system suggest that a regime shift may have occurred. For example, horse
mackerel and anchovy, rarely seen in the 1960s, suddenly became abundant in the 1970s. If the
sardine stock is to recover to anything like its former levels of abundance, managers must strive
to promote a healthy spawning stock, composed of a number of age classes widely spread
throughout the region. Only then and only providing environmental conditions are favourable,
are recruitment levels likely to be sufficient to support a strong sardine fishing sector once again.

8

The hake demersal trawl fishery
The hake resource is the most valuable commercially exploited fish resource in Namibia in terms
of its contribution to GDP and is second in volume to horse mackerel. The fishery began in the
early 1960s using methods of deep sea trawling with both freezer and wetfish trawlers; hake are
also caught by longline vessels. Because the United Nations revoked South Africa’s old League of
Nations mandate to rule Namibia in 1966, the attempt by South Africa to enforce an EEZ for
Namibia was regarded as illegal by foreign fleets. Consequently, the trawlers from foreign nations
were free to fish in Namibian waters at will and from the mid-1960s the trawlers from nine
nations, but mainly from Spain and Soviet Russia, were very active. The fishery was effectively an
open access fishery and catches increased rapidly from under 50 000 tonnes in the early 1960s to
over 800 000 tonnes in 1972, which was the all time peak catch (Figure 3).
After 1972 the catches began to fall rapidly, and as there was no management authority there
was no attempt at conservation of the stock, and no incentive for any particular nation to put in
place conservation measures, if they were the only ones doing it. It was the well known situation
of ‘the tragedy of the commons’, where an open resource is plundered by everybody and
conserved by nobody. Therefore, to reduce the likely negative effects of a multinational fishery
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with no controls, the International Commission for the South-East Atlantic Fisheries (ICSEAF) was
formed in 1969, but only held its first working session in April 1972. ICSEAF provided advice on
the management of hake and other commercially important stocks until 1989, the year before
Namibian independence in 1990. In particular, it implemented a minimum mesh size of 110 mm
for hake in 1975 and member country quotas in 1976, as well as a closed 25 km coastal zone to
protect hake and sardine inshore breeding areas. The catches fell to a low of about 170 000
tonnes in 1980, but then increased between 1981 and 1989, mainly as a result of improved
recruitment with especially strong year classes in 1982 and 1983.
At the time of Namibian Independence all the commercial fisheries were heavily depleted and
overfished. The Administration, therefore, took immediate steps to ban fishing by all foreign
vessels and to declare a 200 nm EEZ. At first illegal fishing continued because Namibia had no
means of enforcing the EEZ, but in March 1991 action was taken against the Spanish fleet and
three vessels were detained, which put an end to illegal fishing. In December of that year the
Government set out its fisheries policies and these were translated into law via the Sea Fisheries
Act of 1992. Strict conservation measures were introduced and the TAC was set low, so that
initially catches were only 55 000 tonnes per year. Catches were then allowed to grow to 87 000
tonnes in 1992 and to 160 000 tonnes by 1999. It is noteworthy that in several years the TAC was
not filled (Figure 3). The hake landings from 2000 to 2004 were fairly consistent at around 150
000 to 165 000 tonnes, but then fell sharply in 2005 and 2006 to only 73 000 tonnes (Table 4),
which may reflect the fragile nature of the recovery of the stock. The most recent management
measures include the prohibition on trawling at depths shallower than 200 m to protect juveniles
and spawning adults. In 2006, due to stock uncertainty, a closed season was introduced for the
month of October and the minimum permitted trawling depth was increased to 300 m south of
25oS. All vessels must also be fitted with Automatic Location Communicators.

Figure 3: Landings of Cape hake off Namibia 1964 – 1999 and TACs set 1977 – 1999
Table 4 Landings of Cape hake (t) in Namibia 2000 – 2006
Year
Catch

1998
145000

1999
167000

2000
151000

2001
165000

2002
156000
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2003
165000

2004
164000

2005
132000

2006
73000
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The Sea Fisheries Act of 1992 had a major impact on the development of the hake industry,
because it ensured that it would contribute as much as possible to the production of value-added
products and would create jobs for Namibians on land as well as at sea. With these aims in mind
the Namibian Ministry of Fisheries and Marine Resources (MFMR) put in place a policy that
reserved an increasing proportion of the TAC to vessels landing their fish wet on ice, rather than
frozen. The structure of the fleet therefore changed from 1992 as the number of wetfish vessels
increased. The increasing percentages of the TAC allocated to wetfish vessels were as follows:
20% in 1993, 40% in 1994, 60% in 1995 and 80% in 2006. Up to 120 trawlers and 20 longliners
fished the hake resource at the peak, but these numbers have fallen as the TAC has been reduced
– there were 71 trawlers and 18 longliners in 2009 (Table 9) . Other developments since 1990
have been the increase in the number of hake processing plants from six (four in Walvis Bay and
two in Luderitz) in 1990 to 11 in 1999 (eight in Walvis Bay and three in Luderitz).
As mentioned, one of the aims of the 1992 Act was to maximize job creation for Namibians and
today the hake fishery is the major employer in the fishing sector. Employment in the hake
fishery, as a percentage of employment in fishing, increased from about 3% in 1990 to 60% in
1999 and by 2000 there were about 4 500 workers on shore and 2 500 based at sea. The
contribution of the sector to GDP was only 1.7% in 1990, but had increased to over 10% by 1999.
At Independence the stated aim was to rebuild the hake to a biomass level of not less than one
million tonnes of exploitable stock. And research to measure the total hake biomass has been
ongoing by means of swept-area trawl surveys and acoustic surveys. This research has shown
that Namibia inherited a hake biomass estimated at only about 500 000 tonnes, which increased
to about 800 000 tonnes in 1992, but then declined again to the 1990 level by 1997. Uncertainties
in the true level of the hake biomass have caused uncertainties in management. The research
surveys of 2000 showed a biomass of 1.2 million tonnes, which led to the stable catches of 2000
to 2004, but the decline in catches thereafter is a worrying factor which calls in question the
robustness of the recovery of the stock.

9

The monkfish
The earliest catch records supplied by ICSEAF, when it was an open resource fishery, date back to
1974, when monkfish were taken as bycatch in the hake fishery. Catches rose to about 14 000
tonnes in 1981 and 1982, before declining to about 6 000 tonnes in 1989. Following
Independence the fishery has developed into a targeted one, in addition to the bycatch from the
hake fishery, in response to increasing market demand and escalating value. Since 1991, annual
catches by small freezer trawlers rose from about 1 500 tonnes to a peak of 16 000 tonnes in
1998. Thereafter, from 1999 – 2006 catches stabilized at between 9 000 and about 14 000 tonnes
(Table 5). The value of the product is high, most of which is exported to Europe, so the fishery is
an important contributor to the Namibian economy.
Table 5 Catches (t) of monkfish in Namibia 1998 – 2006

Year
Catch

1998
16429

1999
12967

2000
14255

2001
12251

2002
14933
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2003
13023

2004
8952

2005
10412

2006
9812
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The orange roughy
Exploratory fishing for orange roughy began in Namibia in 1994. Small catches were made in 1995
and in the following three years catches of 17 000, 14 000 and 10 000 tonnes were made, which
caused much optimism as it came at a time when Namibia’s other marine resources were in
decline. However, by 1998 landings had declined and in 1999 and 2000 only about 2 000 tonnes
per year were caught. Since then catches have declined further, with only a few hundred tonnes
being caught in 2005 and 2006 (Table 6). The product is high value and high quality fillets are
exported to the USA and Japan. This fishery has now been closed.
Table 6 Catches (t) of orange roughy in Namibia 1996 – 2006
Year
Catch

1996
17381

1997
14729

1998
10040

1999
2699

2000
1344

2001
874

2002
1985

2003
1731

2004
1131

2005
360

2006
429

10 The anchovy and juvenile horse mackerel pelagic fishery
Very little anchovy was caught in Namibia prior to the 1968 peak in the sardine catch. Following
the subsequent decline in the sardine stock, anchovy began to appear in the purse seine catches,
initially in small quantities, but from the mid-1970s to mid-1980s at levels of 200 000 to 350 000
tonnes. There was a pronounced peak catch of about 360 000 tonnes in 1987, following which
catches declined to about 50 000 tonnes in the early 1990s and to zero by the mid-1990s. Surveys
conducted in the late 1990s indicated that the anchovy stock was severely depleted. Catches
continued at virtually zero up to 2006 with the exception of 2002, when a little over 40 000
tonnes were caught.
The first catches of juvenile horse mackerel by purse seiners were only recorded in 1971 after the
first collapse of the sardine stock, thus following a similar pattern to the anchovy catches. The
initial catch was 140 000 tonnes, but after that it declined to an average of 59 000 tonnes per
year with a maximum of 116 000 tonnes in 1992. By the late 1990s the catch was down to about
20 000 tonnes. Both anchovy and horse mackerel are utilized entirely for fishmeal and oil.

11 The horse mackerel midwater trawl fishery
Adult horse mackerel are targeted by midwater trawlers and this is the largest fishery by volume
in Namibia. Catches began in the late 1960s at levels below 50 000 tonnes p.a. and rose gradually
to around 500 000 tonnes p.a. between 1978 and 1987. As we have already seen, prior to 1990
this was an open fishery, so that most of the catch was taken by foreign vessels. Following
Independence when Namibia took control of the fishery, a minimum mesh size of 60 mm was
introduced and the midwater trawl industry was not permitted to fish at depths shallower than
200 m. Initially, catches fluctuated around 350 000 tonnes prior to 1998. From 1998 to 2002
catches dipped slightly to 300 000 – 350 000 tonnes and fell further in 2003 and 2004 when small
catches were taken (Table 7). In 2006 the catch was only 124 000 tonnes which correlated with
reduced stock biomass estimates derived from acoustic research surveys in 2006 and 2007, which
showed a decline in biomass from above 1.5 m tonnes to only about 500 000 tonnes.
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Table 7 Catches (t) of adult horse mackerel in Namibia 1998 – 2006
Year
Catch

1998
311000

1999
321000

2000
357000

2001
322000

2002
358000

2003
36000

2004
29000

2005
312000

2006
124000

12 Seals
The Namibian seal harvest is controlled through an annual TAC, with separate quotas for pups
and bulls. The harvest is seasonal, with pups harvested for their skins and oil from July to
September and bulls for the dried genitalia in November. The activity offers only limited seasonal
employment. TAC recommendations are based on annual aerial censuses and estimates of
biological parameters for the population. The recommended seal TAC since Independence has
varied between 28 000 in 1991 and 70 000 in 2004 (pups and bulls combined), but was only fully
harvested in 1995 and 1996. Pups contribute 80-90% of the catch in all years. Table 8 shows the
individual catches of pups and bulls from 1998 to 2004.
Table 8 Harvests of Cape fur seals in Namibia 1998 – 2004
Harvest
Pups
Bulls
Total
TAC

1998
24446
4983
29429
40000

1999
20550
4030
24580
35000

2000
38054
3605
41659
67000

2001
39926
4202
44128
65000

2002
35082
4496
39578
65000

2003
29577
4005
33582
65000

2004
54496
4911
59407
70000

13 Summary
The fisheries are the third largest sector of the Namibian economy, after agriculture and mining.
The sector has generated more than 10% of GDP since 1998 and it is the second largest export
earner after mining, with export value about six times greater than at Independence. It is also the
second fastest growing industry after tourism. Local employment in the sector grew rapidly after
Independence and the number of people directly employed in fisheries in 1998 was about 15 000
of which 7 500 were fishers. The numbers of vessels employed in the Namibian fisheries is shown
in Table 9.
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Table 9 Numbers of vessels licensed to operate in the Namibian commercial fisheries
Fishery
Small pelagic
Demersal Trawlers
Longliners
Midwater
Deepwater
Large pelagic
Linefish
Crab
Rock lobster
Monk
Total

2005
17
121
28
15
4
52
16
2
28
25
308

2006
16
78
39
10
4
65
15
2
18
22
269

2007
9
87
30
13
2
67
15
2
32
20
277

2008
11
91
18
10
0
88
15
3
31
25
292

2009
10
71
18
9
0
48
15
3
29
16
219

The demersal fishery is the most valuable and in 1996 had a landed value of about N$600 m and
a final value after product enhancement of N$720 m; about 60% is processed ashore compared
with only 6% in 1992. About 90% of the catch is hake and the remainder is monkfish with an
average landed value of over N$100 m p.a. Almost the entire demersal catch is exported.
The pelagic fishery is the second most valuable, with canned sardines the most valuable product making up more than 90% of the export earnings. During the 1990s the annual export earnings
were about N$400 m, but the decline in catches of sardines in the 2000s would have caused this
figure to fall.
The third industry is the mid-water trawl fishery for horse mackerel, which contributes about
N$250 m p.a. in export earnings in recent years, mostly in the form of low value frozen fish. There
is little product enhancement and the export value is only about 10% above the landed value.
About 3% of production is consumed by Namibians domestically.
The fourth industry is the deep water fishery for orange roughy, which made a significant
contribution in the 1990s of about N$170 m in export earnings. However, recent low catches
would have reduced this figure significantly. The above four industries normally contribute over
90% of product value, with additional small contributions from the tuna (3%), crab (1.5%) and
rock lobster (1.5%) fisheries. The total processed value of the major industrial fisheries in 1999
was estimated at N$2340 m.
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MINING LICENCE AREA 170
ENVIRONMENTAL IMPACT ASSESSMENT REPORT
March 2012
EXTERNAL REVIEW

Introduction
I present a formal review of the Environmental Impact Assessment (EIA) Report for the proposed
dredging of marine phosphate from MLA 170, offshore Meob Bay, Namibia.
My review is based on my experience of managing numerous marine EIAs along the west coast of
Africa. In particular, since 1993 I have managed EIAs for offshore oil and gas exploration and
production, and marine diamond mining in Namibian waters. I am a Registered Professional
Natural Scientist (Reg. No. 401514/830).
I reviewed the components of the Environmental Impact Assessment as they were completed. In
particular I focused on:
(i)
(ii)
(iii)
(iv)
(v)
(vi)

the Draft and Final Scoping Report in terms of the issues and concerns to be
addressed in the EIA;
the studies conducted by the marine specialist consultants;
the Draft EIA report with a particular emphasis on the assessment of the potential
impacts of the proposed dredging operation;
the Draft Environmental Management Plan (EMP) Report;
the Comments and Response Trail of the reviewed Draft EIA/EMPR (Appendix 5); and
the Final EIA and EMPR.

I attended all six stakeholder consultation meetings: three in Windhoek, one in Swakopmund and
two in Walvis Bay which provided insight into the issues raised by, and the concerns of, all the
stakeholders.
Scope of the Study
The EIA Report encompasses all the proposed activities associated with the dredging of marine
phosphate in MLA 170 from the arrival of the dredger from the high seas, dredging of the
phosphate, and transporting it to the discharge point south of Walvis Bay. It includes the
operation of the support vessel, bunkering, victualling, and crew changes. A separate EIA
currently is being prepared to address all the terrestrial components of the project from the
discharge of the phosphate ore, processing the ore to a marketable grade, and exporting it.
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Technical Completeness of the Report
The Final Scoping Report, submitted to the Ministry of Environment and Tourism on 15
December 2011 documented all aspects of the scoping phase of the Environmental Impact
Assessment for the dredging of marine phosphate in MLA 170. In particular the issues and
concerns raised by stakeholders were recorded and responded to. In many cases no further
response was required. However, technical issues and concerns arising from the proposed
project were given to the specialist scientists to address, as appropriate, in their respective
studies for the EIA itself.
The Environmental Impact Assessment Report, its scope and content, is in full accord with
standard practice for EIA reports describing the planned project, the stakeholder engagement
(scoping) process, the affected environment, potential impacts, and mitigation measures to
address these potential impacts. In addition it includes an Environmental Management Plan
(EMP) to guide the implementation and monitoring of the effectiveness of the mitigation
measures.
Four specialist studies were commissioned to address specific technical issues and to enable the
assessment of potential impacts with an acceptable degree of confidence. All four studies were
based on available information and the scientific literature and, with the exception of the
macrobenthos study, no fieldwork was conducted. The four studies covered the following topics:
1.
2.
3.
4.

Fish and fisheries and seabirds and marine mammals;
Water column dynamics;
Macrobenthos; and
Jellyfish

These studies are of a high standard and fully reflect the knowledge and understanding of the
environmental components concerned and their respective roles in the Benguela ecosystem. In
respect of the macrobenthos study (Appendix 1c) and the Fisheries, Mammals and Seabirds study
(Appendix 1a) certain data requested from the Ministry of Fisheries and Marine Resources were
not provided for the completion of the EIA/EMPR. However this did not prevent a realistic
assessment of the potential impacts of the project on these two environmental components.
In response to requests arising from the review of the Draft Environmental Impact Assessment, a
chapter on the socio-economic aspects of the marine dredging operations has been included in
this EIA. This socio-economic study of the marine dredging operations will also be integrated into
the socio-economic impact study for the entire Namibian Marine Phosphate project. The
comprehensive socio-economic study will be presented in the EIA for the terrestrial component
of the project currently underway.
Acceptability of the Draft EIA Report and appendices
Based on my experience as environmental assessment practitioner, the EIA Report including the
appendices has been produced professionally and fulfills all the requirements for a
comprehensive Environmental Impact Assessment Report. The report provides a clear picture of
the proposed project and the potential impacts arising from it. The potential impacts have been
assessed based on the best available information and thus the findings can be accepted with
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confidence. Where feasible, mitigation measures have been proposed and the implementation
of these, and the monitoring of their effectiveness, are detailed in the Environmental
Management Plan (EMP). The EMP also includes the framework of the environmental
monitoring programme to verify the predictions made in the impact assessment and to monitor
the recovery/(re-) colonisation of the mined areas.
Overall impressions
Having been involved throughout the process, my overall impression is that the Environmental
Impact Assessment Report is of high quality and is a good reflection of the professional
competence and abilities of the EIA process manager, the public consultation team and the
specialist scientists. The level of detail in all aspects of the study provides confidence in the
assessment of the potential impacts and the conclusions drawn. The EIA report provides the
necessary information to permit the authorities and the I&APs to verify that matters of concern
have been addressed comprehensively. I, therefore, recommend that the Environmental Impact
Assessment Report be accepted as fulfilling the requirements for an Environmental Impact
Assessment Report.

Patrick Digby Morant. M.Sc., Pr.Sci.Nat.
CSIR Consulting and Analytical Services: Environmental Management Services
March 2012
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