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and restoring the beach profile to that resembling the pre-mining situation. No
accumulations of tailings should be left above the high water mark.
Berms or groynes should be designed in such a way that they will erodenaturally as rapidly
as possible as soon as active maintenance ceases. Once mining has been completed in an
area, as much of the berms as possible should be actively removed, leaving onlythose
portions below the low water mark to be eroded naturally.
On cessation of operations, all mining equipment, artificial constructions or beach
modifications created during mining must be removed from above and within the
intertidal zone.
To quantify the full impact of the mining using berms on the beaches in the mining and
prospecting licence areas, it is recommended that a structured Before-After/Control-
Impact (BACI) monitoring programme be implemented. The experimental design and
details of this programme should be compiled in collaboration with the DEA: Oceans &
Coasts. Monitoring should commence before mining starts, be undertaken for at least
as long as mining remains in operation, and thereafter to determine the rate of
recovery. Monitoring should continue until communities in the impacted areas show
evidence of having recovered to within 80% of levels at suitable ‘reference’ sites
(bioequivalence tests) over a minimum of at least three successive years. However,
following each survey the status of the beach should be re-assessed and the sampling
programme revised to reflect both changes in the impacted communities as well as
changes to the mining plan(s). The requirements for a monitoring programme and the
proposed methodology are presented in Appendix |.
In the case of diver-assisted shore-based mining operations, the following mitigation
measures should be implemented:

— No disposal of tailings above the high water mark;

— Avoid re-mining of sites in the medium term;

— Prohibit blasting and large-scale removal of rocks from subtidal gullies into the

intertidal;

— Designate and actively manage specific access, storage and operations areas;

— Remove all equipment on completion of activities; and

— Flatten all remaining tailings heaps on completion of operations.

_— ces Environmental Services (Pty) Ltd 82

~



Marine Specialist Assessment - West Coast Resources

8. REFERENCES

Anderson RJ (2000) The effects of kelp harvesting on the biodiversity of kelp epiphytes. Proc. 10th S. Afr.
Mar. Sci. Symp., (SAMSS 2000): pp. 1.

Anderson RJ, Simons RH, Jarman NG (1989) Commercial seaweeds in southern Africa: a review of utilization
and research. South African Journal of Marine Science 8: 277-299.

Atkinson LJ (2009) Effects of demersal trawling on marine infaunal, epifaunal and fish assemblages: studies in
the southern Benguela and Oslofjord. PhD Thesis. University of Cape Town, pp 141.

Atkinson LJ, Field JG, Hutchings L(2011) Effects of demersal trawling along the west coast of southern Africa:
multivariate analysis of benthic assemblages. Marine Ecology Progress Series 430: 241-255.

Awad AA, Griffiths CL, Turpie JK (2002) Distribution of South African benthic invertebrates applied to the
selection of priority conservation areas. Diversity and Distributions 8:129-145.

Baan PJA, Menke MA, Boon JG, Bokhorst M, Schobben JHM, Haenen CPL (1998) Risico Analyse Mariene
Systemen (RAM). Verstoring door menselijk gebruik. Waterloopkundig Laboratorium, Delft.

Bailey GW (1991) Organic carbon flux and development of oxygen deficiency on the modern Benguela
continental shelf south of 22°S: spatial and temporal variability. In: Tyson RV, Pearson TH (Eds.),
Modern and Ancient Continental Shelf Anoxia. Geol. Soc. Spec. Publ., 58: 171-183.

Bailey GW (1999) Severe hypoxia and its effect on marine resources in the southern Benguela upwelling
system. Abstract, International Workshop on Monitoring of Anaerobic processes in the Benguela

Current Ecosystem off Namibia.

Bailey GW, Beyers CJ De B, Lipschitz SR (1985) Seasonal variation of oxygen deficiency in waters off southern
South West Africa in 1975 and 1976 and its relation to catchability and distribution of the Cape rock-
lobster Jasus lalandii. South African Journal of Marine Science, 3: 197-214.

Bailey GW, Chapman P (1991) Chemical and physical oceanography. In: Short-term variability during an
Anchor Station Study in the southern Benguela Upwelling system. Prog. Oceanogr., 28: 9-37.

Bally R (1987) The ecology of sandy beaches of the Benguela ecosystem. South African Journal of Marine
Science, 5:759-770.

Baptist MJ, Tamis JE, Borsje BW, Van Der Werf JJ (2009) Review of the geomorphological, benthic ecological
and biogeomorphological effects of nourishments on the shoreface and surf zone of the Dutch coast.
Report IMARES C113/08, Deltares Z4582.50, pp69.

Barkai A, Bergh MO (1992) The effects of marine diamond pumping operations on the littoral and shallow
sublittoral benthos along the South African west coast, Namaqualand region, with special attention to
possible effects on the rock lobster resource: a pilot study. UCT Unpublished Report. 43 pp.

Barkai A, Branch G (1988) Contrasts between the benthic communities of subtidal hard substrata at Marcus and
Malgas Islands: a case of alternative states? South African Journal of Marine Science, 7:117-137.

Barlow R, Sessions H, Balarin M, Weeks S, Whittle C, Hutchings L (2005) Seasonal variation in phytoplankton in
the southern Benguela: pigment indices and ocean colour. African Journal of Marine Science, 27:275-
287.

Berg JA, Newell REl (1986) Temporal and spatial variations in the composition of seston available to the
suspension-feeder Crassostrea virginica. Estuar. Coast. Shelf. Sci., 23: 375-386.

& -zes Environmental Services (Pty) Ltd 83



Marine Specialist Assessment - West Coast Resources

Bergen M, Weisberg SB, Smith RW, Cadien DB, Dalkey A, Montagne DE, Stull JK, Velarde RG, Ananda
Ranasinghe J(2001) Relationship between depth, sediment, latitude and the structure of benthic
infaunal assemblages on the mainland shelf of southern California. Marine Biology 138: 637-647.

Best PB (2007) Whales and dolphins of the southern African subregion. Cambridge University Press, Cape Town.
pp 336

Bijkerk R (1988) Ontsnappen of begraven blijven. De effecten op bodemdieren van een verhoogde
sedimentatie als gevolg van baggerwerkzaamheden., RDD Aquatic Systems.

Bilodeau AL, Bourgeois RP (2004) Impact of beach restoration on the deep-burrowing ghost shrimp, Callichirus
islagrande. Journal of Coastal Research, 20: 931-936.

Birklund J, Toxvig H, Laustrup C (1996) RIACON Evaluation of the nourishment and sand extraction of
Torsminde Denmark. The Danish Coastal Authority in cooperation with the VKI, Draft Final Report: 65

PP

Bishop MJ, Peterson CH, Summerson HC, Lenihan HS, Grabowski JH (2006) Deposition and long-shore transport
of dredge spoils to nourish beaches: Impacts on benthic infauna of an ebb-tidal delta. Journal of
Coastal Research, 22: 530-546.

Blaber SJM, Blaber TG (1980) Factors affecting the distribution of juvenile estuarine and inshore fish. Journal
of Fish Biology 17:143-162

Blanchard AL, Feder HM (2003) Adjustment of benthic fauna following sediment disposal at a site with
multiple stressors in Port Valdez, Alaska. Mar. Pollut. Bull., 46: 1590-1599.

Bolton JJ (1986) Seaweed biogeography of the South African west coast - A temperature dependent
perspective. Bot Mar 29: 251-256.

Boyd AJ, Oberholzer GPJ (1994) Currents off the west and south coasts of South Africa. S Afr Shipping News
and Fish Ind Rev, 49: 26-28.

Boyd SE, Limpenny DS, Rees HL, Cooper KM (2005) The effects of marine sand and gravel extraction on the
macrobenthos at a commercial dredging site (results 6 years post-dredging). ICES Journal of Marine
Science, 62: 145-162.

Braby J (2009) The Damara Tern in the Sperrgebiet: Breeding productivity and the impact of diamond mining.
Unpublished report to Namdeb Diamond Corporation (Pty) Ltd.

Branch, GM (2008) Trophic Interactions in Subtidal Rocky Reefs on the West Coast of South Africa . In:
McClanahan, T, Branch GM (eds). Food Webs and the Dynamics of Marine Reefs. New York: Oxford
University Press, 2008. Oxford Scholarship Online.Oxford University Press. pp 50-79.

Branch GM, Branch M (1981) The Living Shores of Southern Africa. Struik. Cape Town, South Africa.

Branch GM,Eekhout S, Bosman AL(1990) Short-term effects of the 1988 Orange River floods on the inter-tidal
rocky-shore communities of the open coast. Transactions of the Royal Society of South Africa, 47:

331-354.

Branch GM, Griffiths CL (1988) The Benguela ecosystem part V: the coastal zone. Oceanography & Marine
Biology: An Annual Review, 26: 395-486.

Branch GM, Griffiths CL, Branch ML, Beckley LE (2010) Two Oceans - A guide to the marine life of Southern
Africa, David Philip, Cape Town and Johannesburg. Revised edition.

oy zes Environmental Services (Pty) Ltd 84



Marine Specialist Assessment - West Coast Resources

Bremner JM, Rogers J, Willis JP (1990) Sedimentological aspects of the 1988 Orange River floods. Trans. Roy.
Soc. S. Afr., 47: 247-294.

Bricelj VM, Malouf RE (1984) Influence of algal and suspended sediment concentrations on the feeding
physiology of the hard clam Mercenaria mercenaria. Mar. Biol., 84: 155-165.

Britz P, Sauer W, Mather D {1999) Northern Cape Province Fishing and Mariculture Sector Plan. Report for
Ministry of Economic Affairs and Tourism, Northern Cape Province, pp. 35.

Britz P, Sauer W, Mather D, Philips L (2000) Towards equity, sustainability and stability: a sector planning
approach to fishing and mariculture development in the Northern Cape Province, South Africa. |IFET
2000 Proceedings:1-10.

Britz PJ, Hecht T (1997) Northern Cape Province baseline sectoral studies: fishing and mariculture. Report for
the Ministry of Economic Affairs and Tourism of the Northern Cape Province. 67pp.

Brosnan DM, Crumrine LL (1994) Effects of human trampling on marine rocky shore communities. J. Exp. Mar.
Biol. Ecol., 177: 79-97.

Brouwer SL, Mann BQ, Lamberth 5J, Sauer WHH, Erasmus C (1997) A survey of the South African shore angling
fishery. South African Journal of Marine Science, 18: 165-178.

Brouwer, S.L., Mann, B.Q., Lamberth, S.J., Sauer, W.H.H. & C. Erasmus, 1997. A survey of the South African
shore angling fishery. South African Journal of Marine Science 18: 165-178.

Brown AC, McLachlan A (1994) Ecology of sandy shores, pp. 1-328 Amsterdam, Elsevier.

Brown AC, Odendaal FJ (1994) The biology of Oniscid Isopoda of the genus Tylos. Advances in Marine Biology,
30: 89-153,
Brown AC, Stenton-Dozey JME, Trueman ER (1989) Sandy beach bivalves and gastropods: a comparison

between Donax serra and Bullia digitalis. Advances in Marine Biology, 25:179-247.

Brown AC, Trueman ER (1991) Burrowing of sandy-beach molluscs in relation to penetrability of the
substratum. Journal of Molluscan Studies, 57: 134-136.

Brown AC, Trueman ER (1995) Burrowing behaviour and cost in the sandy-beach oniscid isopod Tylos
granulatus Krauss 1843. Crustaceana, 69: 425-437.

Burd BJ (2002) Evaluation of mine tailings effects on a benthic marine infaunal community over 29 years.

Marine Environmental Research, 53: 481-519,

Bustamante RH, Branch GM (1996a) The dependence of intertidal consumers on kelp-derived organic matter on
the west coast of South Africa. J Exp Mar Biol Ecol 196:1-28

Bustamante RH, Branch GM (1996b) Large scale patterns and trophic structure of southern African rocky
shores: the roles of geographic variation and wave exposure. Journal of Biogeography, 23:339-351.

Bustamante RH, Branch GM, Eekhout 5 (1995b) Maintenance of exceptional intertidal grazer biomass in South
Africa: Subsidy by subtidal kelps. Ecology 76(7): 2314-2329.

Bustamante RH, Branch GM, Eekhout S (1997) The influences of physical factors on the distribution and
zonation patterns of South African rocky-shore communities. South African Journal of marine Science,

18:119-136.

— ~-zes Environmental Services (Pty) Ltd 85



Marine Specialist Assessment - West Coast Resources

Bustamante RH, Branch GM, Eekhout S, Robertson B, Zoutendyk P, Schleyer M, Dye A, Hanekom N, Keats D,
Jurd M, McQuaid C (1995a) Gradients of intertidal primary productivity around the coast of South
Africa and their relationships with consumer biomass. Oecologia, 102:189-201.

Carey ES (2005) The Effects of Beach Renourishment on Benthic Microalgae. Unpublished MSc Thesis,
University of North Carolina, Wilmington

Carr MH (1989) Effects of macroalgal assemblages on the recruitment of temperate zone reef fishes. J. Exp.
Mar. Biol. Ecol., 126: 59-76.

Carr MH (1994) Effects of macroalgal dynamics on recruitment of a temperate reef fish. Ecology, 75(5):
1320-1333.

Chandrasekara WU, Frid CLJ (1998) A laboratory assessment of the survival and vertical movement of two
epibenthic gastropod species, Hydrobia ulvae (Pennant) and Littorina littorea (Linnaeus), after burial
in sediment. Journal of Experimental Marine Biology and Ecology, 221: 191-207.

Chapman P, Shannon LV (1985) The Benguela Ecosystem. Part Il. Chemistry and related processes. Oceanogr.
Mar Biol Ann Rev, 23: 183-251.

Chenelot H, Jewett S, Hoberg M (2008) Invertebrate Communities Associated with Various Substrates in the
Nearshore Eastern Aleutian Islands, with Emphasis on Thick Crustose Coralline Algae. In: Brueggeman
P, Pollock NW, (eds.) Diving for Science. Proceedings of the American Academy of Underwater
Sciences 27th Symposium.Dauphin Island, Alaska, AAUS, pp13-36.

Cheshire AC, Miller DJ (1999) The impact of sand dredging on benthic community structure at Pt Stanvac
Dredge Site 4: Final report on the results of surveys 1992 to 1999. Department of Environmental
Biology, University of Adelaide.

Christie H, Fredriksen S, Rinde E (1998) Regrowth of kelp and colonization of epiphyte and fauna community
after trawling at the coast of Norway. Hydrobiologia, 375/376: 49-58.

Christie ND (1974) Distribution patterns of the benthic fauna along a transect across the continental shelf off
Lamberts Bay, South Africa. PhD Thesis, University of Cape Town, 110 pp & Appendices

Christie ND (1976) A numerical analysis of the distribution of a shallow sublittoral sand macrofauna along a
transect at Lambert’s Bay, South Africa. Trans. Roy. Soc. S. Afr., 42:149-172.

Christie ND, Moldan AG (1977). Effects of fish factory effluent on the benthic macro-fauna of Saldanha Bay.
Marine Pollution Bulletin, 8: 41-45.

Clark BM (1997a) Variation in surf zone fish community structure across a wave exposure gradient. Estuarine &
Coastal Shelf Science 44:659-674.

Clark BM (1997b) Dynamics and Utilisation of Surf Zone Habitats by Fish in the South-Western Cape, South
Africa. Unpublished PhD Thesis, University of Cape Town

Clark BM, Bennett BA, Lamberth SJ (1994) A comparison of the ichthyofauna of two estuaries and their
adjacent surf-zones, with an assessment of the effects of beach-seining on the nursery function of
estuaries for fish. South African Journal of Marine Science, 14:121-131.

Clark BM, Atkinson LJ, Pulfrich A (2005) Sandy Beach and Rocky Intertidal Monitoring Studies in the Bogenfels
Mining Licence Area, Namibia. Monitoring Report 2005. Report to NAMDEB Diamond Corporation (Pty)
Ltd., Oranjemund, Namibia.

--es Environmental Services (Pty) Ltd 86
_—_—



Marine Specialist Assessment - West Coast Resources

Clark BM, Atkinson LJ, Steffani N, Pulfrich A (2004) Sandy Beach and Rocky Intertidal Baseline Monitoring
Studies in the Bogenfels Mining Licence Area, Namibia. Monitoring Report 2004. Report to NAMDEB
Diamond Corporation (Pty) Ltd., Oranjemund, Namibia.

Clark BM, Hutchings K, Pulfrich A (2009) Survey of sandy-beach macrofaunal communities and Tylos granulates
in the Bogenfels Mining Licence Area. 2009 Monitoring Report. Report to NAMDEB Diamond
Corporation (Pty) Ltd., Oranjemund, Namibia. 74pp.

Clark BM, Hauck M, Harris JM, Salo K, Russell E (2002) Identification of subsistence fishers, fishing areas,
resource use and activities along the South African coast. African Journal of Marine Science, 24: 425-
437.

Clark BM, Smith CE, Meyer WF (1998) Ecological effects of fine tailings disposal and marine diamond pumping
operations on surf zone fish assemblages near Liideritz, Namibia. Report to Namdeb Diamond
Corporation (Pty) Ltd., Oranjemund, Namibia. 46pp.

Clarke DG, Wilber DH (2000) Assessment of potential impacts of dredging operations due to sediment
resuspension. DOER Technical Notes Collection (ERDC TN-DOER-E9), U.S. Army Engineer Research and
Development Centre, Vicksburg, MS. www.wes.army/mil/el/dots/doer.

Cockeroft A, Mackenzie AJ (1997) The recreational fishery for west coast rock lobster Jasus lalandii in South
Africa. South African Journal of Marine Science, 18; 75-84.

Cockcroft AC, Schoeman DS, Pitcher GC, Bailey GW, van Zyl DL (2000) A mass stranding, or ‘walk out’ of west
coast rock lobster, Jasus lalandii, in Elands Bay, South Africa: Causes, results and implications. In:
Von Vaupel Klein JC, Schram FC (Eds), The Biodiversity Crisis and Crustacea: Proceedings of the Fourth
International Crustacean Congress, Published by CRC press.

Colosio F, Abbiati M, Airoldi L (2007) Effects of beach nourishment on sediments and benthic assemblages.
Marine Pollution Bulletin, 54: 1197-1206.

Crawford RJM, Shannon LV, Pollock DE (1987) The Benguela ecosystem. 4. The major fish and invertebrate
resources. Oceanogr Mar Biol Ann Rev., 25: 353 - 505.

Crawford, R.J.M., Shannon, L.V. and D.E. Pollock, 1987. The Benguela ecosystem. 4. The major fish and
invertebrate resources. Oceanogr. Mar. Biol. Ann. Rev., 25: 353 - 505.

CSIR (2000) Coastal Evolution as a Result of the Disposal of Dredger Tailings in the G68 to G90 region: 1999
Study. CSIR Report ENV-5-C 2000-020

Culter JK, Mahadevan S (1982) Long-term Effects of Beach Nourishment on the Benthic Fauna of Panama City,
Florida. U.S. Army Corps of Engineers, Coastal Engineering Research Center, Misc. report. No. 82-2.

Currie DR, Sorokin SJ, Ward TM(2009) Infaunal macroinvertebrate assemblages of the eastern Great Australian
Bight: effectiveness of a marine protected area in representing the region's benthic biodiversity.
Marine and Freshwater Research, 60: 459-474.

Dankers N, Binsbergen M, Zegers K (1983) De effecten van zandsuppletie op de fauna van het strand van Texel
en Ameland., Rijksinstituut voor Natuurbeheer.

David, J.H.M, 1989., Seals. In: Oceans of Life off Southern Africa, Eds. Payne, A.l.L. and Crawford, R.J.M.
Vlaeberg Publishers. Halfway House, South Africa.

Day JH, Field JG,Montgomerey M(1971) The use of numerical methods to determine the distribution of the
benthic fauna across the continental shelf of North Carolina. Journal of Animal Ecology, 40:93-126.

_zes Environmental Services (Pty) Ltd 4
e



Marine Specialist Assessment - West Coast Resources

Dayton PK, Tegner MJ, Parnell PE, Edwards PB (1992) Temporal and spatial patterns of disturbance and
recovery in a kelp forest community. Ecol. Monogr., 62: 421-445.

De Decker AH (1970) Notes on an oxygen-depleted subsurface current off the west coast of South Africa.
Invest. Rep. Div. Sea Fish. South Africa, 84, 24 pp.

De Greef K, Griffiths CL, Zeeman Z (2013) Deja vu? A second mytilid mussel, Semimytilus algosus, invades
South Africa’s west coast. African Journal of Marine Science, 35(3): 307-313.

de Waal SWP (2004) Stock assessment, Port Nolloth Sea Farms abalone (Haliotis midae) ranching project.
Report to the Industrial Development Corporation of South Africa (Ltd), 58pp

Defeo O, Lecari D (2003) Testing taxonomic resolution levels for ecological monitoring in sandy beach
macrobenthic communities. Aquatic Conservation: Marine and Freshwater Systems, 14: 65-74.

Dugan JE, Hubbard DM, McCrary MD, Pierson MO (2003) The response of macrofauna communities and
shorebirds to macrophyte wrack subsidies on exposed sandy beaches of southern California. Estuarine,
Coastal and Shelf Science, 58S: 133-148.

Eekhout S, Raubenheimer CM, Branch GM, Bosman AL, Bergh MO (1992) A holistic approach to the exploitation
of intertidal stocks: limpets as a case study. South African Journal of marine Science, 12: 1017-1029.

Ellingsen KE(2002) Soft-sediment benthic biodiversity on the continental shelf in relation to environmental
variability. Marine Ecology Progress Series, 232: 15-27.

Ellis DV (2000) Effect of Mine Tailings on The Biodiversity of The Seabed: Example of The Island Copper Mine,
Canada. In: SHEPPARD, C.R.C. (Ed), Seas at The Millennium: An Environmental Evaluation. Pergamon,
Elsevier Science, Amsterdam, pp. 235-246.

Ellis DV, Heim C (1985) Submersible surveys of benthos near a turbidity cloud. Marine Pollution Bulletin, 16:
197-202.

Elwen SH (2008) The distribution, movements and abundance of Heaviside’s dolphin in the nearshore waters of
the Western Cape, South Africa. PhD Thesis, University of Pretoria.

Elwen SH, Thornton M, Reeb D, Best PB (2010). Near-shore distribution of Heaviside’s (Cephalorhynchus
heavisidii) and dusky dolphins (Lagenorhynchus obscurus) at the southern limit of their range in South
Africa. African Journal of Zoology, 45: 78-91.

Emanuel BP, Bustamante RH, Branch GM, Eekhout S, Odendaal FJ (1992) A zoogeographic and functional
approach to the selection of marine reserves on the west coast of South Africa. South African Journal
of Marine Science, 12: 341-354.

Engledow HR, Bolton JJ (1994) Seaweed alpha-diversity within the lower eulittoral zone in Namibia: the
effects of wave action, sand inundation, mussels and limpets. Bot. Mar., 37: 267-276.

Environmental Evaluation Unit(1996)Impacts of Deep Sea Diamond Mining, in the Atlantic 1 Mining Licence Area
in Namibia, on the Natural Systems of the Marine Environment. Environmental Evaluation Unit Report
No. 11/96/158, University of Cape Town. Prepared for De Beers Marine (Pty) Ltd. 370 pp.

Escaravage V, Herman PMJ, Merckx B, Wtodarska-Kowalczuk M, Amouroux JM, Degraer S, Grémare A, Heip
CHR, Hummel H, Karakassis |, Labrune C, Willems W(2009) Distribution patterns of macrofaunal
species diversity in subtidal soft sediments: biodiversity-productivity relationships from the MacroBen
database. Marine Ecology Progress Series, 382: 253-264.

-zes Environmental Services (Pty) Ltd 88



Marine Specialist Assessment - West Coast Resources

Essink K (1993) Ecosystem effects of dredging and dumping in the Ems-Dollard estuary and the Wadden Sea,
RWS, RIKZ.

Essink K (1997) Risk analysis of coastal nourishment techniques (RIACON). Final evaluation report.
Rijkswaterstaat, National Institute for Coastal and Marine Management/RIKZ.

Essink K (1999) Ecological effects of dumping of dredged sediments; options for management. Journal
ofCoastal Conservation, 5: 12.

Fanini L, Marchetti GM, Scapini F, Defeo O (2009) Effects of beach nourishment and groynes building on
population and community descriptors of mobile arthropodofauna. Ecological Indicators, 9: 167-178.

Fegley SR, Macdonald BA, Jacobsen TR (1992) Short-term variation in the quantity and quality of seston
available to benthic suspension feeders. Estuar. Coast. Shelf Sci., 34: 393-412.

Field JG, Griffiths CL (1991) Littoral and sublittoral ecosystems of southern Africa. In: Mathieson AC, Nienhuis
PH (eds). Ecosystems of the World 24. Intertidal and Littoral Ecosystems, Elsevier Science Publishers,

Amsterdam

Field JG, Griffiths CL, Griffiths RJ, Jarman N, Zoutendyk P, Velimirov B, Bowes A (1980) Variation in structure
and biomass of kelp communities along the south-west cape coast. Trans Roy Soc S Afr., 44: 145-203.

Findlay KP, Best PB, Ross GJB, Cockroft VC(1992) The distribution of small odontocete cetaceans off the
coasts of South Africa and Namibia. South African Journal of Marine Science, 12: 237-270.

Fossing H, Ferdelman TG, Berg P (2000). Sulfate reduction and methane oxidation in continental margin
sediments influenced by irrigation (South-East Atlantic off Namibia). Geochim. Cosmochim. Acta.
64(5): 897-910,

Foster MS (1975) Algal succession in a Macrocystis pyrifera forest. Mar. Biol., 32: 313-329.

Goosen AJJ, Gibbons MJ, Mcmillan IK, Dale DC, Wickens PA(2000). Benthic biological study of the Marshall
Fork and Elephant Basin areas off Liideritz. Prepared by De Beers Marine (Pty) Ltd. for Diamond Fields

Namibia, January 2000. 62 pp.

Gorzelany JF, Nelson WG (1987) The effects of beach replenishment on the benthos of a sub-tropical Florida
beach. Marine Environmental Research, 21: 75-94.

Gray JS (1974) Animal-sediment relationships. Oceanography and Marine Biology: an Annual Review, 12: 223-
261.

Gray JS(1981)The ecology of marine sediments: an introduction to the structure and function of benthic

communities. Cambridge University Press, Cambridge.

Greene K (2002) Beach Nourishment: A Review of the Biological and Physical Impacts, ASMFC Habitat
Management Series #7 (Atlantic States Marine Fisheries Commission). Pp 179

Griffiths CL, Hockey PAR, Van Erkom Schurink C, Roux PJL (1992) Marine invasive aliens on South African
shores: implications for community structure and trophic functioning. South African Journal of marine
Science, 12:713-722.

Griffiths CL, Seiderer JL (1980) Rock-lobsters and mussels - limitations and preferences in a predator-prey
interaction. J. Exp Mar. Biol. Ecol., 44(1):95-109.

ces Environmental Services (Pty) Ltd 89



Marine Specialist Assessment - West Coast Resources

Hackney CT, Posey MH, Ross SW, Norris AR (eds.) (1996) A Review and Synthesis of Data: Surf Zone Fishes and
Invertebrates in the South Atlantic Bight and the Potential Impacts from Beach Nourishment. Prepared
for U.S. Army Corps of Engineers, Wilmington District, Wilmington, NC.

Hall SJ (1994) Physical disturbance and marine benthic communities: life in unconsolidated sediments.
Oceanography and Marine Biology: An Annual Review, 32: 179-239.

Hard CG, Palmer HW, Stanley DJ, Swift DJP (Eds.) (1976) Sedimentation and ocean engineering: ocean
dumping. In: Marine sediment transport and environmental management, Publ. by: Wiley, New York,
NY (USA), pp 557-577.

Harris LR (2012) An ecosystem-based patial conservation plan for the South African sandy beaches. Published
PhD Thesis, Nelson Mandela University, Port Elizabeth

Harvey M, Gauthier D, Munro J (1998) Temporal changes in the composition and abundance of the macro-
benthic invertebrate communities at dredged material disposal sites in the Anse a Beaufils, Baie des
Chaleurs, Eastern Canada. Marine Pollution Bulletin, 36: 41-55.

Hawkins SJ, Hartnoll RG (1983) Grazing of intertidal algae by marine invertebrates. Oceanography & Marine
Biology: An Annual Review,21: 195-282.

Hayden B, Dolan R (1974) Impact of beach nourishment on distribution of Emerita talpoida, the common mole
crab. Journal of Waterways, Harbors, and Coastal Engineering Division, 100: 123-132.

Herrmann C, Krause J Chr, Tsoupikova N, Hansen K (1999) Marine Sediment extraction in the Baltic Sea. Status
Report.Baltic Sea Environmental Proceedings, 76. 29 pp.

Hockey PAR, Bosman AL (1986) Man as an intertidal predator in Transkei: disturbance, community
convergence and management of a natural food resource. Oikos, 46: 3-14,

Hockey PAR, van Erkom Schurink C (1992) The invasive biology of the mussel Mytilus galloprovincialis on the
southern African coast. Transactions of the Royal Society of South Africa, 48:123-139.

Hurme AK, Pullen EJ (1988) Biological effects of marine sand mining and fill placement for beach
replenishment: Lessons for other uses. Marine Mining, 7: 123-136.

Hutchings L, Verheye HM, Huggett JA, Demarcq H, Cloete R, Barlow RG, Louw D, da Silva A (2006) Variability
of plankton with reference to fish variability in the Benguela current large marine ecosystem-An

overview. Large Marine Ecosystems, 14: 91-124.

Hylleberg J, Nateewathana A, Chatananthawej B (1985) Temporal changes in the macrobenthos on the west
coast of Phuket Island, with emphasis on the effects of offshore tin mining. Research Bulletin of the
Phuket Marine Biological Center, 38: 32 pp.

Jackson LF, McGibbon $(1991) Human activities and factors affecting the distribution of macro-benthic fauna
in Saldanha Bay. S. Afr. J. Aquat. Sci., 17: 89-102.

Janssen GM, Leewis L, Marx S (2011) Mitigation of the ecological effects of nourishment on sandy shores, a
case study. In: Bayed A (ed.). Sandy beaches and coastal zone management - Proceedings of the Fifth
International Symposium on Sandy Beaches, 19th-23rd October 2009, Rabat, Morocco Travaux de
lInstitut Scientifique, Rabat, série générale, 6: 121-123.

Janssen GM, Mulder S (2005) Zonation of macrofauna across sandy beaches and surf zones along the Dutch
coast. Oceanologia, 47(2): 265-2812.

— zes Environmental Services (Pty) Ltd 90



Marine Specialist Assessment - West Coast Resources

Jaramillo E, McLachlan A, Dugan J (1995) Total sample area and estimates of species richness in exposed sandy

beaches. Marine Ecology Progress Series, 119:311-314.

Jarman NG, Carter RA (1981) The primary producers of the inshore regions of the Benguela. Trans Roy Soc S
Afr., 44(3):321-325.
Johnson BH, Parchure TM (1999) Estimating dredging sediment resuspension sources. DOER Technical Notes

Collection (TN DOER-E6). U.S. Army Engineer Research and Development Center, Vicksburg, MS.
www.wes.army/mil/el/dots/doer.

Kendall MA, Widdicombe 5(1999) Small scale patterns in the structure of macrofaunal assemblages of shallow
soft sediments. Journal of Experimental Marine Biology and Ecology, 237:127-140.

Kennelly SJ (1987a) Physical disturbances in an Australian kelp community. |. Temporal effects. Mar. Ecol.
Prog. Ser., 40: 145-153.

Kennelly SJ (1987b) Physical disturbances in an Australian kelp community. Il. Effects on understorey species
due to differences in kelp cover. Mar. Ecol. Prog. Ser., 40: 155-165.

Kenny AJ, Rees HL (1994) The effects of marine gravel extraction on the macrobenthos: Early post-dredging
recolonisation. Marine Pollution Bulletin,28: 442-447,

Kenny AJ, Rees HL (1996) The effects of marine gravel extraction on the macrobenthos: results 2 years
postdredging. Marine Pollution Bulletin, 32: 615-622.

Kenny AJ, Rees HL, Greening J,Campbell 5(1998) The effects of marine gravel extraction on the macrobenthos
at an experimental dredge site off north Norfolk, U.K. (Results 3 years post-dredging). ICES CM
1998/V:14, pp. 1-8.

Kinoshita, I., Fujita, S., 1988. Larvae and juveniles of blue drum, Nibea mitsukurii, occurring in the surf zone
of Tosa Bay, Japan. Japanese Journal of Ichthyology 35, 25-30.

Kirk JTO (1985) Effects of suspensoids on penetration of solar radiation in aquatic ecosystems. Hydrobiologia,
125: 195-208.

Kranz PM (1974) The anastrophic burial of bivalves and its paleoecological significance. Journal of Geology,
82:29.

Laird M, Griffiths C (2008) Present distribution and abundance of the introduced barnacle Balanus glandula
Darwin in South Africa. African Journal of Marine Science, 30:93-100.

Lane SB, Carter RA (1999) Generic environmental management programme for marine diamond mining off the
west coast of South Africa. Marine Diamond Miners Association, Cape Town, South Africa.6 Volumes.

Lange L(2012) Use of demersal bycatch data to determine the distribution of soft-bottom assemblages off the
West and South Coasts of South Africa. PhD thesis, University of Cape Town.

Lasiak TA(1981) Nursery grounds of juvenile teleosts: evidence from surf zone of King's beach, Port Elizabeth.
South African Journal of Science, 77: 388-390.

Le Roy D, Degraer S, Megaert K, Dobbelaere |, Vincx M, Vanhaecke P (1996) Risk of shoreface nourishment for
the coastal marine benthic community. Evaluation of the nourishment of De Haan, Belgium. ECOLAS

N.V., Antwerpen.

Z _ —-es Environmental Services (Pty) Ltd 91



Marine Specialist Assessment - West Coast Resources

Levitt GJ, Anderson RJ, Boothroyd CJT, Kemp FA (2002) The effects of kelp harvesting on its regrowth and the
understorey benthic community at Danger Point, South Africa, and a new method of harvesting kelp
fronds. South African Journal of Marine Science, 24: 71-85.

Lindquist N, Manning L (2001) Impacts of Beach Nourishment and Beach Scraping on Critical Habitat and
Productivity of Surf Fishes, Final Report.

Littler MM, Martz DR, Littler DS (1983) Effects of recurrent sand deposition on rocky intertidal organisms:
importance of substrate heterogeneity in a fluctuating environment. Mar. Ecol. Prog. Ser.,11: 129-

139.

Littler MN, Murray SN (1975) Impact of sewage on the distribution, abundance and community structure of
rocky intertidal macro-organisms. Marine Biology, 30: 277-291.

Loffler M, Coosen J (1995) Ecological Impact of Sand Replenishment. P.291-299. In: Healy & Doody (Eds).
Directions in European Coastal Management. Samara Publishing Ltd., Cardigan.

Lombard AT, Strauss T, Harris J, Sink K, Attwood C, Hutchings L (2004) South African National Spatial
Biodiversity Assessment 2004: Technical Report. Volume 4: Marine Component. Pretoria: South African
National Biodiversity Institute. (www.sanbi.org).

Lutjeharms JRE, Meeuwis JM (1987) The extent and variability of South East upwelling in the Benguela and
Comparable Ecosystems. South African Journal of Marine Science, 5: 51-62.

Lynch AE (1994) Macrofaunal recolonization of Folly Beach, South Carolina, After Beach Nourishment.
Unpublished master’s thesis, University of Charleston, Charleston, S.C.

Majiedt P, Holness S, Sink K, Qosthuizen A, Chadwick P (2013) Systematic Marine Biodiversity Plan for the
West Coast of South Africa. South African National Biodiversity Institute, Cape Town. Pp 46.

Mather D (1999) Northern Cape Province Fishing and Mariculture Sector Development: Socio-economic
Assessment and Baseline Study. 57pp

Matthews SG, Pitcher GC (1996) Worst recorded marine mortality on the South African coast. In: Yasumoto T,
Oshima Y, Fukuyo Y (Eds), Harmful and Toxic Algal Blooms. Intergovernmental Oceanographic
Commission of UNESCO, pp 89-92.

Maurer D, Keck RT, Tinsman JC, Leathem WA, Wethe CA, Huntzinger M, Lord C, Church TM (1978) Vertical
Migration of Benthos in Simulated Dredge Material Overburdens. Col. I: Marine Benthos. DMRP
Technical Report D-78-35. Report prepared by University of Delaware, College of Marine Studies.
Vicksburg, Miss.: U.S. Army Engineer Waterways Experiment Station, U.S. Army Corps of Engineers.

Maurer D, Keck RT, Tinsman JC, Leathem WA (1981a) Vertical migration and mortality of benthos in dredged
material: Part | - Mollusca. Marine Environmental Research, 4: 299-319.

Maurer D, Keck RT, Tinsman JC, Leathem WA (1981b) Vertical migration and mortality of benthos in dredged
material: Part Il - Crustacea. Marine Environmental Research,5: 301.317.

Maurer D, Keck RT, Tinsman JC, Leathem WA (1982) Vertical migration and mortality of benthos in dredged
material: Part Ill - Polychaeta. Marine Environmental Research,6: 49-68.

Maurer DL, Leathem W, Kinner P, Tinsman J (1979) Seasonal fluctuations in coastal benthic invertebrate
assemblages. Estuarine and Coastal Shelf Science, 8: 181-193.

Maurer D, Keck RT, Tinsman JC, Leathem WA (1986) Vertical migration and mortality of marine benthos in
dredged material: A synthesis. Int. Revue Ges. Hydrobiologia,71: 49-63.

ces Environmental Services (Pty) Ltd 92



Marine Specialist Assessment - West Coast Resources

Mayfield S (1998) Assessment of predation by the West Coast rock lobster (Jasus lalandii): relationships among
growth rate, diet and benthic community composition, with implications for the survival of juvenile
abalone (Haliotis midae) Unpusblished PhD Thesis, University of Cape Town

Mayfield S, Branch GM, Cockcroft AC (2000) Relationships among diet, growth rate and food availability for
the South African rock lobster, Jasus lalandii. Crustaceana, 73(7): 815-834.

McLachlan A (1980) The definition of sandy beaches in relation to exposure: a simple rating system. South
African Journal of Science, 76:137-138.

McLachlan A (1996) Physical factors in benthic ecology: effects of changing sand particle size on beach fauna.
Marine Ecology Progress Series,131: 205-217.

McLachlan A, Jaramillo E, Donn TE, Wessels F (1993) Sandy beach macrofauna communities and their control
by the physical environment: a geographical comparison. Journal of coastal Research, Special Issue,
15:27-38.

McQuaid CD, Branch GM (1985) Trophic structure of rocky intertidal communities: response to wave action and
implications for energy flow. Mar Ecol Prog Ser., 22:153-161.

McQuaid CD, Dower KM (1990) Enhancement of habitat heterogeneity and species richness on rocky shores
inundated by sand. Oecologia (Berlin),B84: 142-144,

Melville-Smith R, Van Sittert L (2005) Historical commercial West Coast rock lobster Jasus lalandii landings in
South African waters. African Journal of Marine Science, 27(1):33-44.

Menge BA (1992) Community regulation: under what conditions are bottom-up factors important on rocky
shores? Ecology,73: 755-765.

Menn | (2002) Ecological comparison of two sandy shores with different wave energy and morphodynamics in
the North Sea. Berliner Polarforschung und Meeresforschung,417: 1-174.

Menn |, Junghans C, Reise K (2003) Buried alive: Effects of beach nourishment on the infauna of an erosive
shore in the North Sea. Senckenbergiana Maritima,32:125-145.

Miller DC, Sternberg RW (1988) Field measurements of the fluid and sediment dynamic environment of a
benthic deposit feeder. J. Mar. Res., 46: 771-796.

Mitchell-Innes, B.A. and D.R. Walker. 1991. Short-term variability during an Anchor Station study in the
southern Benguela upwelling system. Phytoplankton production and biomass in relation to species

changes. Prog. Oceanogr.,28: 65-89,

Modde T (1980) Growth and residency of juvenile fishes within a surf zone habitat in the Gulf of Mexico. Gulf
Research Reports 6, 377-385

Moldan AGS5(1978) A study of the effects of dredging on the benthic macrofauna in Saldanha Bay. South
African Journal of Science, 74: 106-108.

Monteiro PMS (1998) Assessment of sediment biogeochemical characteristics in the Espirito Santo Estuary-
Maputo, Bay system in order to devise a low risk dredging-disposal management plan linked to the
proposed MOZAL Matola Terminal. CSIR Report No: ENV/s-C98131 A. pp 39.

Monteiro PMS, Van Der Plas AK (2006) Low Oxygen Water (LOW) variability in the Benguela System: Key
processes and forcing scales relevant to forecasting. In: Shannon V, Hempel G, Malanotte-Rizzoli P,
Moloney C, Woods J (Eds). Large Marine Ecosystems,15: 91-109.

-zes Environmental Services (Pty) Ltd 93



Marine Specialist Assessment - West Coast Resources

Morisaka T, Karczmarski L, Akamatsu T, Sakai M, Dawson S,Thornton M(2011) Echolocation signals of
Heaviside's dolphins (Cephalorhynchus heavisidii), Journal of the Acoustical Society of America, 129:
449-457.

Mulder S, Raadschelders EW, Cleveringa J (2005) Een verkenning van de natuurbeschermingswet-geving in
relatie tot Kustlijnzorg. De effecten van zandsuppleties op de ecologie van strand en
onderwateroever, RWS RIKZ.

Naqvi SM, Pullen EJ (1982) Effects of beach nourishment and borrowing on marine organisms. US Army Corps
Engineers, Misc. Rep., 82-14: 1-43,

Nel P (2001) Physical and biological factors structuring sandy beach macrofauna communities. PhD Thesis,
University of Cape Town, Cape Town, South Africa: pp 202

Nel R, MclLachlan A, Winter DPE (2001) The effect of grain size on the burrowing of two Donax species.
Journal of Experimental Marine Biology and Ecology,265: 219-238.

Nel P, Pulfrich A, Penney AJ (2003) Impacts of beach mining operations on sandy beach macrofaunal
communities on the beaches of Geelwal Karoo, Report by Pisces Environmental Services (Pty) Ltd
prepared for Trans Hex Operations (Pty) Ltd, Cape Town.

Nelson G (1989) Poleward motion in the Benguela area. In: Neshyba et al. (Eds), Poleward Flows along Eastern
Ocean Boundaries. 34: Coastal and Estuarine Studies New York; Springer, pp110-130.

Nelson G, Hutchings L (1983) The Benguela upwelling area. Prog. Oceanogr., 12: 333-356.

Nelson WG (1985) Physical and Biological Guidelines for Beach Restoration Projects. Part |. Biological
Guidelines. Report No. 76. Florida Sea Grant College, Gainesville.

Nelson WG (1989) An overview of the effects of beach nourishment on the sand beach fauna. In: Proceedings
of the 1988 National Conference on Beach Preservation Technology. Tallahassee: Florida Shore and
Beach Preservation Association. Pp. 295-309.

Nelson WG (1993) Beach restoration in the southeastern US: Environmental Effects and Biological Monitoring.
Ocean Coastal Management,19: 157-182.

Newell RC, Seiderer LJ, Hitchcock DR (1998) The impact of dredging work in coastal waters: a review of the
sensitivity to disturbance and subsequent recovery of biological resources on the sea bed. Oceanogr.
Mar. Biol. Ann. Rev.,36: 127-178.

Newell RC, Seiderer LJ, Simpson NM, Robinson JE (2004) Impacts of Marine Aggregate Dredging on Benthic
Macrofauna off the South Coast of the United Kingdom. Journal of Coastal Research,20(1): 115-125.

Newman GG, Pollock DE (1971) Biology and migration of rock lobster Jasus lalandii and their effect on
availability at Elands Bay, South Africa. Investl. Rep. Div. Sea Fish. S. Afr., 94: 1-24.

O'Toole MJ (1997) A baseline environmental assessment and possible impacts of exploration and mining of
diamond deposits (Prospecting Grants Areas M46/3/1946, 1950) off the coast of Namibia. In: Lane S,
CMS, 1996. Environmental Assessment and Management Plan report for deep sea diamond mining in
Namibia by Arena Mining (Pty) Ltd.

Parkins CA, Branch GM (1995) The effects of the Elizabeth Bay fines deposit on the inter-tidal rock shore in

the Bay, and the effects of the contractor diamond divers on the inter-tidal rocky-shore communities
of the Sperrgebiet Coast. Report to NAMDEB Diamond Corporation (Pty) Ltd., Oranjemund, Namibia,

56 pp.

-zes Environmental Services (Pty) Ltd 94



Marine Specialist Assessment - West Coast Resources

Parkins CA, Branch GM (1996) The effects of diamond mining on the shallow sub-tidal zone: An assessment of
the Elizabeth Bay fine-tailings deposit, and the contractor diamond divers, with special attention to
the rock-lobster, Jasus lalandii. Report to NAMDEB Diamond Corporation (Pty) Ltd., Oranjemund,
Namibia, 44 pp.

Parkins CA, Branch GM (1997) The effects of the Elizabeth Bay fines deposit and contractor diamond diver
activities on biological communities: Inter-tidal and sub-tidal monitoring report. Report to NAMDEB
Diamond Corporation (Pty) Ltd., Oranjemund, Namibia, 42 pp.

Parkins CA, Field JG(1997) A baseline study of the benthic communities of the unmined sediments of the De
Beers Marine SASA Grid. Unpublished Report to De Beers Marine, October 1997, pp 29.

Parkins CA, Field JG (1998) The effects of deep sea diamond mining on the benthic community structure of
the Atlantic 1 Mining Licence Area. Annual Monitoring Report - 1997. Prepared for De Beers Marine
(Pty) Ltd by Marine Biology Research Institute, Zoology Department, University of Cape Town. pp. 44.

Parr T, Diener D, Lacy S (1978) Effects of Beach Replenishment on the Nearshore Sand Fauna at Imperial
Beach, California. MR-78-4. U.S. Army Corps of Engineers Coastal Engineering Research Center.

Parry DM, Kendall MA, Pilgrim DA, Jones MB(2003) Identification of patch structure within marine benthic
landscapes using a remotely operated vehicle. J. Exp. Mar. Biol. Ecol.,285- 286: 497-511,

Parsons TR, Kessler TA, Guanguo L (1986a) An ecosystem model analysis of the effect of mine tailings on the
euphotic zone of a pelagic ecosystem. Acta Oceanol. Sin., 5: 425-436.

Parsons TR, Thompson P, Wu Yong, Lalli CM, Hou Shumin, Xu Huaishu (1986b) The effect of mine tailings on
the production of plankton. Acta Oceanol. Sin.,5: 417-423.

Pecquerie L, Drapeau L, Freon P, Coetzee JC, Leslie RW, Griffiths MH (2004) Distribution patterns of key fish
species of the southern Benguela ecosystem: an approach combining fishery-dependent and fishery-
independent data. African Journal of Marine Science, 26(1): 115-139.

Penney AJ, Pulfrich A, Rogers J, Steffani N, Mabille V (2007) Project: BEHP/CEA/03/02: Data Gathering and
Gap Analysis for Assessment of Cumulative Effects of Marine Diamond Mining Activities on the BCLME
Region. Final Report to the BCLME mining and petroleum activities task group. March 2008. 410pp

Peterson CH, Hickerson DHM, Johnson GG (2000) Short-Term Consequences of Nourishment and Bulldozing on
the Dominant Large Invertebrates of a Sandy Beach. Journal of Coastal Research,16(2): 368-378.

Peterson CH, Manning L (2001) How beach nourishment affects the habitat value of intertidal beach prey for
surf fish and shorebirds and why uncertainty still exists. In: Proceedings of the Coastal Ecosystems &
Federal Activities Technical Training Symposium, August 20-22, 2001. Gulf Shores, Alabama.

Peterson CH, Laney W, Rice T (2001) Biological impacts of beach nourishment. Workshop on the Science of
Beach Renourishment, May 7-8, 2001. Pine Knoll Shores, North Carolina.

Pisces Environmental Services (2007) Project BEHP/CEA/03/04: Assessment of cumulative impacts of scouring
of sub-tidal areas and kelp cutting by diamond divers in near-shore areas of the BCLME region. Final
Report to the BCLME mining and petroleum activities task group. 156pp.

Pitcher GC, Calder D (2000) Harmful algal blooms of the southern Benguela Current: a review and appraisal of
monitoring from 1989 to 1997. South African Journal of Marine Science, 22:255-271.

zes Environmental Services (Pty) Ltd 95



Marine Specialist Assessment - West Coast Resources

Poopetch T (1982) Potential effects of offshore tin mining on marine ecology. Proceedings of the Working
Group Meeting on environmental management in mineral resource development, Mineral Resource
Development Series, 49: 70-73.

Posford Duvivier Environment, 2001. Guidelines on the impact of aggregate extraction on European marine
sites. Prepared for the UK Marine SACs Project, Task Manager, Dr Margaret Hill, Countryside Council
for Wales.

Post AL, Wassenberg TJ, Passlow V(2006) Physical surrogates for macrofaunal distributions and abundance in a
tropical gulf. Marine and Freshwater Research, 57: 469-483.

Potter, I.C., Beckley, L.E., Whitfield, A.K., Lenanton, R.C.J., 1990. Comparisons between the roles played by
estuaries in the life cycles of fishes in temperate Western Australia and southern Africa.
Environmental Biology of Fishes, 28: 143-178.

Povey A, Keough MJ (1991) Effects of trampling on plant and animal populations on rocky shores. Oikos, 61:
355-368.

Pulfrich A (1998) The effects of the Elizabeth Bay fines deposits and shore-based diamond diving activities on
biological communities: Intertidal and Subtidal Monitoring Report - 1998. Report to NAMDEB Diamond
Corporation (Pty) Ltd., Oranjemund, Namibia. pp. 37.

Pulfrich A (1998b) Assessment of the impact of diver-assisted nearshore diamond mining on marine benthic
communities in the Kerbe Huk Area, Namibia. Report to NAMDEB Diamond Corporation (Pty) Ltd.,
Oranjemund, Namibia, 29 pp.

Pulfrich A (2004) Baseline survey of intertidal and subtidal rocky shore communities at Elizabeth Bay:
Intertidal and subtidal monitoring report - 2004. Prepared for NAMDEB Diamond Corporation (Pty)
Ltd., Oranjemund, Namibia, on behalf of CSIR Environmentek, 36pp.

Pulfrich A (2004b)Baseline Survey of Sandy Beach Macrofaunal Communities at Elizabeth Bay: Beach Monitoring
Report - 2004. Prepared for NAMDEB Diamond Corporation (Pty) Ltd., Oranjemund, Namibia, on
behalf of CSIR Environmentek, 53pp.

Pulfrich A (2013) Intertidal Rocky-Shore Communities of the Sperrgebiet Coastline: Consolidated Rocky-shores
Monitoring Report - 2013. Report to NAMDEB Diamond Corporation (Pty) Ltd., Oranjemund, Namibia.

126pp.

Pulfrich A, Atkinson LJ (2007) Monitoring environmental effects of sediment discharges from the Uubvlei
treatment plant on sandy beach and rocky intertidal biota in Mining Area 1, Namibia. Report to
NAMDEB Diamond Corporation (Pty) Ltd., Oranjemund, Namibia, September 2007, 87pp.

Pulfrich A,Branch GM (2014a) Using diamond-mined sediment discharges to test the paradigms of sandy-beach
ecology. Estuarine, Coastal and Shelf Science, 150: 165-178.

Pulfrich A,Branch GM (2014b) Effects of sediment deposition from Namibian diamond mines on intertidal and
subtidal rocky-reef communities and the rock lobster Jasus lalandii. Estuarine, Coastal and Shelf

Science, 150: 179-191.

Pulfrich A, Clark BM, Hutchings K (2007) Sandy Beach and Rocky Intertidal Monitoring Studies in the Bogenfels
Mining Licence Area, Namibia. Monitoring Report 2007. Report to NAMDEB Diamond Corporation (Pty)
Ltd., Oranjemund, Namibia. 122pp.

—zes Environmental Services (Pty) Ltd 96



Marine Specialist Assessment - West Coast Resources

Pulfrich A, Clark BM, Hutchings K (2008) Survey of Sandy-Beach Macrofaunal Communities on the Sperrgebiet
Coastline: Consolidated Beach Monitoring Report - 2008. Report to NAMDEB Diamond Corporation
(Pty) Ltd., Oranjemund, Namibia. 191pp.

Pulfrich A, Clark BM, Hutchings K (2010) Survey of Sandy-Beach Macrofaunal Communities on the Sperrgebiet
Coastline: Consolidated Beach Monitoring Report - 2010. Report to NAMDEB Diamond Corporation
(Pty) Ltd., Oranjemund, Namibia. 142pp.

Pulfrich A, Clark BM, Hutchings K (2011) Survey of Sandy-Beach Macrofaunal Communities on the Sperrgebiet
Coastline: Consolidated Beach Monitoring Report - 2011. Report to NAMDEB Diamond Corporation
(Pty) Ltd., Oranjemund, Namibia.

Pulfrich A, Hutchings K, Biccard A, Clark BM (2015) Survey of Sandy-Beach Macrofaunal Communities on the
Sperrgebiet Coastline: Consolidated Beach Monitoring Report - 2015. Report to NAMDEB Diamond
Corporation (Pty) Ltd., Oranjemund, Namibia. 86pp.

Pulfrich A, Nel P, Penney AJ (2004) Impacts of Beach Mining Operations on Sandy Beach Macrofaunal
Communities on the Beaches of Geelwal Karoo: 2004 Beach Survey. Pisces Environmental Services
(Pty) Ltd. Report to Trans Hex Operations (Pty) Ltd. October 2004, 42pp.

Pulfrich A, Parkins CA, Branch GM (2003a) The effects of shore-based diamond-diving on intertidal and
subtidal biological communities and rock lobsters in southern Namibia. Aquatic Conserv: Mar Freshw.

Ecosyst., 13: 257-278.

Pulfrich A, Parkins CA, Branch GM, Bustamante RH, Velasques CR (2003b) The effects of sediment deposits
from Namibian diamond mines on intertidal and subtidal reefs and rock-lobster populations. Aquatic
Conserv: Mar Freshw. Ecosyst., 13: 233-255.

Pulfrich A, Penney AJ (1998) Assessment of the impact of diver-operated nearshore diamond mining on marine
benthic communities in the Zweispitz area, Namibia. Report to NAMDEB (Pty) Ltd. August 1998. 36pp.

Pulfrich A, Penney AJ(1999) The effects of deep-sea diamond mining on the benthic community structure of
the Atlantic 1 Mining Licence Area. Annual Monitoring Report - 1998. Prepared for De Beers Marine
(Pty) Ltd by Marine Biology Research Institute, Zoology Department, University of Cape Town and
Pisces Research and Management Consultants CC. 49pp.

Pulfrich A, Penney AJ (1999b) Assessment of the impact of diver-operated nearshore diamond mining on
marine benthic communities near Luderitz, Namibia. Final Report to NAMDEB Diamond Corporation
(Pty) Ltd., Oranjemund, Namibia, 40pp.

Pulfrich A, Penney AJ (2001) Assessment of the impact of diver-operated nearshore diamond mining on marine
benthic communities near Lideritz, Namibia. Phase Ill Report to NAMDEB Diamond Corporation (Pty)
Ltd., Oranjemund, Namibia, 50pp.

Pulfrich A, Penney AJ, Brandao A, Butterworth DS, Noffke ME (2006) Marine Dredging Project: FIMS Final
Report. Monitoring of Rock Lobster Abundance, Recruitment and Migration on the Southern Namibian
Coast. Prepared for De Beers Marine Namibia, July 2006. 149pp.

Rakocinski CF, Heard RW, Lecroy SE, Mclelland JA, Simons T (1996) Responses by macrobenthic assemblages
to extensive beach restoration at Perdido Key, Florida, U.S.A. Journal of Coastal Research, 12: 326-
353.

Rand AM (2006) Using Geographic Information Systems and Remote Sensing to improve the management of kelp
resources in South Africa. MSc Thesis, University of Cape Town

zes Environmental Services (Pty) Ltd 97



Marine Specialist Assessment - West Coast Resources

Rand, A.M., 2006. Using Geographic Information Systems and Remote Sensing to improve the management of
kelp resources in South Africa. MSc Thesis, University of Cape Town

Reilly F Jr, Bellis V (1978) A Study of the ecological Impact of Beach Nourishment with Dredged Material on
the Intertidal Zone. East Carolina University Institute for Coastal and Marine Resources, Technical
Report No. 4, Greenville, North Carolina. 107 pp.

Reilly F Jr, Bellis FJ (1983) The ecological impact of beach nourishment with dredged materials on the
intertidal zone at Bogue Banks, North Carolina. U.S. Army Corps of Engineers, CERC Misc. Rep.83-3: 1-
74.

Reise K (1985) Tidal flat ecology. An experimental approach to species interactions. Springer Verlag, Berlin

Roberts RD, Murray S, Gregory R, Foster BA (1998) Developing an efficient macrofauna monitoring index from
an impact study - A dredge spoil example. Mar. Pollut. Bull., 36: 231-235.

Robinson T, Griffiths C, McQuaid C, Rius M (2005) Marine alien species of South Africa - status and impacts.
African Journal of Marine Science, 27:297-306.

Rogers J (1979) Dispersal of sediment from the Orange River along the Namib Desert coast. S. Afr. J. Sci., 75:
567 (abstract).

Rogers J, Bremner JM (1991) The Benguela Ecosystem. Part VIl. Marine-geological aspects. Oceanogr. Mar.
Biol. Ann. Rev., 29: 1-85.

Rothman MD, Anderson RJ, Smith AJ (2006) The effects of harvesting of the South African kelp (Ecklonia
maxima) on kelp population structure, growth rate and recruitment. J of Applied Phycology, 18:1-7.

Ryder C (1991) The Effects of Beach Nourishment on Sea Turtle Nesting and Hatch Success. Unpublished
Report to Sebastian Inlet Tax District Commission, December 1991.

Salas F, Marcos C, Neto JM, Patricio J, Pérez-Ruzafa A, Marques JC (2006) User-friendly guide for using
benthic ecological indicators in coastal and marine quality assessment. Ocean and Coastal

management, 49: 308-331.

Saloman CH, Naughton SP (1984) Beach restoration with offshore dredged sand: effects on nearshore
macrofauna. NOAA Technical Memorandum NMFSSEFC 133: 20 pp, Panama City

Sauer WHH, Erasmus C (1997) Evaluation of the line and net fisheries along the west coast of South
Africa.Internal Report, Sea Fisheries Research Institute, Cape Town. 26pp

Sauer WHH, Penney AJ, Erasmus C, Mann BQ, Brouwer SL,. Lamberth SJ, Stewart TJ (1997) An evaluation of
attitudes and responses to monitoring and management measures for the South African boat-based
linefishery. S. Afr. J. Mar. Sci., 18: 147-164.

Savage C, Field JG, Warwick RM(2001) Comparative meta-analysis of the impact of offshore marine mining on
macrobenthic communities versus organic pollution studies. Mar Ecol Prog Ser., 221: 265-275.

Schaffner LC (1993) Baltimore Harbor and channels aquatic benthos investigations at the Wolf Alternate
Disposal Site in lower Chesapeake Bay. Final report prepared by the College of William and Mary and
the Virginia Institute of Marine Science for the US Army Corps of Engineers, Baltimore District: pp.

120.

Schiel DR, Taylor DI (1999) Effects of trampling on a rocky intertidal algal assemblage in southern New
Zealand. J. Exp. Mar. Biol. Ecol., 232:125-140.

-zes Environmental Services (Pty) Ltd 98



Marine Specialist Assessment - West Coast Resources

Schoeman DS, McLachlan A, Dugan JE (2000) Lessons from a Disturbance Experiment in the Intertidal Zone of
an Exposed Sandy Beach. Estuarine and Coastal Shelf Science,50(6): 869-884.

Schratzberger M, Rees HL, Boyd SE (2000a) Effects of simulated deposition of dredged material on structure of
nematode assemblages - the role of burial. Mar. Biol., 136: 519-530.

Schratzberger M, Rees HL, Boyd SE (2000b) Effects of simulated deposition of dredged material on structure of
nematode assemblages - the role of contamination. Mar. Biol.,137: 613-622.

Shannon LV, Pillar 5(1985) The Benguela Ecosystem lll. Plankton. Oceanography and Marine Biology: An Annual
Review, 24: 65-170.

Shannon LJ, Moloney CL, Jarre A, Field JG (2003) Trophic flows in the southern Benguela during the 1980s and
1990s. Journal of Marine Systems, 39: 83 - 116.

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, 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(3): 153-169.

Shannon LV, Nelson G (1996) The Benguela: Large scale features and processes and system variability. In:
Wefer G, Berger WH, Siedler G, Wells D.J (eds.). The South Atlantic: Present and Past Circulation.
Berlin; Springer: 163-210.

Shannon LV, O’Toole MJ (1998) Integrated overview of the oceanography and environmental variability of the
Benguela Current region. Synthesis and Assessment of Information on the BCLME: Thematic Report 2.
UNDP/GEF (RAF/96/G43), 58pp

Shannon LV,Field JG(1985) Are fish stocks food-limited in the southern Benguela pelagic ecosystem ?Mar. Ecol.
Prog. Ser.,22(1): 7-19.

Shillington F (2003) Oceanography. In: Molloy F, Reinikainen T (eds) Namibia’s Marine Environment.
Directorate of Environmental Affairs of the Ministry of Environment and Tourism, Namibia:7-18.

Shillington FA, Peterson WT, Hutchings L, Probyn TA, Waldron HN, Agenbag JJ (1990) A cool upwelling filament
off Namibia, South West Africa: Preliminary measurements of physical and biological properties.
Deep-Sea Res., 37(11A):1753-1772.

Simmons RE (2005) Declining coastal avifauna at a diamond mining site in Namibia: comparisons and causes.
Ostrich, 76: 97-103.

Simon-Blecher N, Granevitze Z, Achituv Y (2008) Balanus glandula: from North-West America to the west coast
of South Africa. African Journal of Marine Science, 30:85-92.

Simons RH, Jarman NG (1981) Subcommercial harvesting of a kelp on a South African shore. Proc. 10th Int.
Seaweed Symp., 10: 731-736.

Sink K, Holness S, Harris L, Majiedt P, Atkinson L, Robinson T, Kirkman S, Hutchings L, Leslie R, Lamberth S,
Kerwath S, von der Heyden S, Lombard A, Attwood C, Branch G, Fairweather T, Taljaard S, Weerts S,
Cowley P, Awad A, Halpern B, Grantham H, Wolf T (2012). National Biodiversity Assessment 2011:
Technical Report. Volume 4: Marine and Coastal Component. South African National Biodiversity

Institute, Pretoria.

__zes Environmental Services (Pty) Ltd 99



Marine Specialist Assessment - West Coast Resources

Smit MGD, Holthaus KIE, Tamis JE, Jak RG, Karman CC, Kjeilen-Eilertsen G, Trannum H, Neff J (2006)
Threshold levels and risk functions for non-toxic sediment stressors: burial, grain size changes, and

hypoxia - summary report - TNO.

Smit MGD, Holthaus KIE, Trannum HC, Neff JM, Kjeilen-Eilertsen G, Jak RG, Singsaas |, Huijbregts MAJ,
Hendriks AJ (2008) Species sensitivity distributions for suspended clays, sediment burial, and grain
size change in the marine environment. Environmental Toxicology and Chemistry,27: 1006-1012.

Smith GG, Mocke GP (2002) Interaction between breaking/broken waves and infragravity-scale phenomena to
control sediment sediment suspension and transport in the surf zone. Marine Geology, 187: 320-345.

Smith SDA, Rule MJ (2001) The effects of dredge-spoil dumping on a shallow water soft-sediment community
in the Solitary Islands Marine Park, NSW, Australia. Mar. Pollut. Bull.,42: 1040-1048.

Soares AG (2003) Sandy beach morphodynamics and macrobenthic communities in temperate, subtropical and
tropical regions - a macroecological approach. PhD, University of Port Elizabeth

Soares AG, McLachlan A, Schlacher TA (1996) Disturbance effects of stranded kelp on populations of the sandy
beach bivalve Donax serra (Réding). Journal of Experimental Marine Biology and Ecology, 205:165-186.

Soares AG, Schlacher TA, McLachlan A (1997) Carbon and nitrogen exchange between sandy beach clams.
Marine Biology, 127:657-664.

Speybroeck J, Bonte D, Courtens W, Gheskiere T, Grootaert P, Maelfait J-P, Mathys M, Provoost S, Sabbe K,
Stienen E, Van Lancker V, Vincx M, Degraer S (2004) Studie over de impact van zandsuppleties op het
ecosysteem, Ministerie van de Vlaamse Gemeenschap. Afdeling waterwegen kust.

Speybroeck J, Bonte D, Courtens W, Gheskiere T, Grootaert P, Maelfait J-P, Mathys M, Provoost S, Sabbe K,
Stienen E, Van De Walle M, Van Lancker V, Wouter Van Landuyt W, Vercruysse E, Vincx M, Degraer S
(2005) How may beach nourishment affect the sandy beach ecosystem? The case of Belgian beaches.
In: Herrier J-L, Mees J, Salman A, Seys J, Van Nieuwenhuyse H, Dobbelaere | (Eds). Proceedings ‘Dunes
and Estuaries 2005° - International Conference on Nature Restoration Practices in European Coastal
Habitats, Koksijde, Belgium, 19-23 September 2005. VLIZ Special Publication 19, xiv + 685 pp.

Spring KD (1981) A study of the spatial and temporal variation in the nearshore macrobenthic populations of
the Florida east coast. Master’s Thesis, Florida Institute of Technology, Melbourne, Florida, 1-67.

Steffani CN (2001) Interactions between an indigenous limpet, Scutellastra argenvillei, and an alien invasive
mussel, Mytilus galloprovincialis: moderation by wave action. PhD Thesis, University of Cape Town,
190pp

Steffani CN (2009) Assessment of Mining Impacts on Macrofaunal Benthic Communities in the Northern Inshore
Area of the De Beers ML3 Mining Licence Area - 18 Months Post-mining. Prepared for De Beers Marine
(South Africa), 47pp.

Steffani CN (2007a) Biological Baseline Survey of the Benthic Macrofaunal Communities in the Atlantic 1
Mining Licence Area and the Inshore Area off Pomona for the Marine Dredging Project. Prepared for De
Beers Marine Namibia (Pty) Ltd. pp. 42 + Appendices.

Steffani CN (2007b) Biological Monitoring Survey of the Macrofaunal Communities in the Atlantic 1 Mining
Licence Area and the Inshore Area between Kerbehuk and Bogenfels. 2005 Survey. Prepared for De
Beers Marine Namibia (Pty) Ltd. pp. 51 + Appendices.

: zes Environmental Services (Pty) Ltd 100



Marine Specialist Assessment - West Coast Resources

Steffani CN (2010)Assessment of mining impacts on macrofaunal benthic communities in the northern inshore
area of the De Beers Mining Licence Area 3 - 2010 . Prepared for De Beers Marine (South Africa). pp 30
+ Appendices.

Steffani CN (2012) Assessment of Mining Impacts on Macrofaunal Benthic Communities in the Northern Inshore
Area of the ML3 Mining Licence Area - 2011. Prepared for De Beers Marine (South Africa), July 2012,

54pp.
Steffani CN, Branch GM (2003a) Spatial comparisons of populations of an indigenous limpet

Scutellastraargenvillei and an alien mussel Mytilus galloprovincialis along a gradient of wave energy.
African Journal of Marine Science, 25:195-212.

Steffani CN, Branch GM (2003b) Temporal changes in an interaction between an indigenous limpet Scutellastra
argenvillei and an alien mussel Mytilus galloprovincialis: effects of wave exposure. African Journal of

Marine Science, 25:213-229.

Steffani CN, Branch GM (2005) Mechanisms and consequences of competition between an alien mussel, Mytilus
galloprovincialis, and an indigenous limpet, Scutellastra argenvillei. Journal of Experimental Marine
Biology and Ecology, 317:127-142.

Steffani CN, Pulfrich A(2004a)Environmental Baseline Survey of the Macrofaunal Benthic Communities in the De
Beers ML3/2003 Mining Licence Area. Prepared for De Beers Marine South Africa, April 2004., 34pp.

Steffani CN, Pulfrich A (2004b) The potential impacts of marine dredging operations on benthic communities
in unconsolidated sediments. Specialist Study 2. Specialist Study for the Environmental Impact Report
for the Pre-feasibility Phase of the Marine Dredging Project in Namdeb's Atlantic 1 Mining Licence
Area and in the nearshore areas off Chameis. Prepared for PISCES Environmental Services (Pty) Ltd,

September 2004.

Steffani CN, Pulfrich A(2007) Biological Survey of the Macrofaunal Communities in the Atlantic 1 Mining
Licence Area and the Inshore Area between Kerbehuk and Liideritz 2001 - 2004 Surveys. Prepared for
De Beers Marine Namibia, March 2007, 288pp.

Stegenga H, Bolton JJ, Anderson RJ (1997) Seaweeds of the South African West Coast.Contributions from the
Bolus Herbarium, No. 18. Creda Press, Cape Town. 655pp

Sweijd N, Snethlage Q, Harvey D, Cook P (1998) Experimental abalone (H. midae) seeding in South Africa. J
Shellfish Res., 17(3): 897 904,

Trueman ER, Ansell AD (1969) The mechanisms of burrowing into soft substrata by marine animals.
Oceanography and Marine Biology: an Annual Review,7: 315-366.

Turk TR, Risk MJ (1981) Effects of sedimentation of infaunal invertebrate populations in Cobequid Bay, Bay of
Fundy. Can. J. Fish. Aquat. Sci., 38: 642-648.

U.S. Army Corp Of Engineers (USACE) (1989) Environmental Engineering for Coastal Protection: Engineer
Manual EM 1110-2-1204, Washington, D.C.: U.S. Government Printing Office. Pp129.

U.S. Army Corp of Engineers (USACE) (2001) The New York Districts’ Biological Monitoring Program for the
Atlantic Coast of New Jersey, Asbury Park to Manasquan Section Beach Erosion Control Project. Final
report. Waterways Experiment Station, Vicksburg, MS.

E -zes Environmental Services (Pty) Ltd 101



Marine Specialist Assessment - West Coast Resources

U.S. Department of the Interior/ Fish and Wildlife Service (USDOI/FWS) (2000) Draft Fish and Wildlife
Coordination Act Report, Brunswick County Beaches Project. Ecological Services Raleigh Field Office,
Raleigh, North Carolina. 175 pp.

Van Dalfsen JA, Essink K (1997) Risk analysis of coastal nourishment techniques in The Netherlands. Part A.
The ecological effects of shoreface nourishment off the island of Terschelling, Part B. The ecological
effects of subagueous sand extraction North of the island of Terschelling, Part C. Literature
references. National Institute for Coastal and Marine Management RIKZ.

Van Dalfsen JA, Essink K (2001) Benthic community response to sand dredging and shoreface nourishment in

Dutch coastal waters. Senckenbergiana Maritima,31: 329-332.

Van Dalfsen JA, Essink K, Toxvig Madsen H, Birklund J, Romero J, Manzanera M(2000). Differential response of
macrozoobenthos to marine sand extraction in the North Sea and the Western Mediterranean. ICES J.
Mar. Sci.,57: 1439-1445.

Van Dolah RF, Martore RM, Lynch AE, Levisen MV, Wendt PH, Whitaker DJ, Anderson WD (1994) Final Report:
Environmental Evaluation of the Folly Beach Nourishment Project. U.S. Army Corps of Engineers,
Charleston District, Charleston, SC.

Van Moorsel GWNM (1993) Long-term recovery of geomorphology and population development of large molluscs
after gravel extraction at the Klaverbank (North Sea). Rapport Bureau Waardenburg bv, Culemborg,
The Netherlands.

Van Moorsel GWNM (1994) The Klaver Bank (North Sea), geomorphology, macrobenthic ecology and the effect
of gravel extraction. Rapport Bureau Waardenburg and North Sea Directorate (DNZ), Ministry of
Transport, Public Works & Water Management, The Netherlands.

Velimirov B, Field JG, Griffiths CL, Zoutendyk P (1977) The ecology of kelp bed communities in the Benguela
upwelling system. Helgolander Meeresunters., 30:495-518.

Velimirov B, Griffiths CL (1979) Wave induced kelp movement and its importance for community structure.
Bot. Mar., 22: 169-172.

Verheye HM, Richardson AJ (1998) Long-term increase in crustacean zooplankton abundance in the southern
Benguela upwelling region (1951-1996): bottom-up or top-down control? ICES Jourpal of Marine
Science, 55:803-807.

Visser GA (1969) Analysis of Atlantic waters off the coast of southern Africa. Investigational Report Division of
Sea Fisheries, South Africa, 75: 26pp.

Warwick RM(1993) Environmental impact studies on marine communities: Pragmatical considerations.
Australian Journal of Ecology,18: 63-80.

WSPCoastal and Port Engineers (2015) Coastal Protection for beach mining in the Koingnaas Area. Report to
West Coast Resources, August 2015, 50pp.

WSP Coastal and Port Engineers (2016) Coastal Protection options for beach mining in the Koingnaas Area.
Addendum 2: Development of Additional Beach Mining Options at Rooiwal Bay. Report to West Coast
Resources, August 2016, 7pp.

Zajac RN, Lewis RS, Poppe LJ, Twichell DC, Vozarik J, Digiacomo-Cohen ML(2000) Relationships among sea-
floor structure and benthic communities in Long Island Sound at regional and benthoscape scales. J.
Coast. Res.,16: 627- 640.

ces Environmental Services (Pty) Ltd 102



Marine Specialist Assessment - West Coast Resources

Zettler ML, Bochert R, Pollehne F(2009) Macrozoobenthos diversity in an oxygen minimum zone off northern
Namibia. Marine Biology,156:1949-1961.

Zoutendyk P (1992) Turbid water in the Elizabeth Bay region: A review of the relevant literature. CSIR Report
EMAS-I 92004.

Zoutendyk P (1995) Turbid water literature review: a supplement to the 1992 Elizabeth Bay Study. CSIR
Report EMAS-| 95008.

. ces Environmental Services (Pty) Ltd 103



Marine Specialist Assessment - West Coast Resources

APPENDIX |

REQUIREMENTS FOR A MONITORING PROGRAMME TO DETECT ENVIRONMENTAL IMPACTS OF
COFFER DAM MINING AND ACCRETION ON THE MARINE ENVIRONMENT

In identifying and assessing environmental impacts it is important to acknowledge that change is
not necessary unnatural nor is it due to human disturbance alone (Green 1979, 1993). An impact
should not therefore be characterised as being the difference in some measure at a particular site
before and after a disturbance only. An impact should be characterized as being the relative
difference between changes at a disturbed site (i.e. the change from before to after a disturbance)
compared with changes that have occurred in a similar undisturbed (or control or 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 different from what occurred in undisturbed control areas.
To achieve this it is necessary to study communities in impacted and reference sites prior to
(provided that this is of course possible) and after an impact has occurred. |f such conditions are
not met, the interpretation of the impact will be compromised (Underwood 1996).

Having established the basic protocol required for an impact assessment, several decisions have to
be taken with regard to how one should proceed with the research or monitoring program. The
most important of these include how much monitoring should be undertaken (intensity, frequency
and duration), what in terms of community parameters should be monitored and, if monitoring is
continued through to the recovery stage, when can a site be declared fully rehabilitated. Central
to all of these is the question of how much change or disturbance matters. Two sorts of mistakes
are inherent in monitoring programs because of the need for statistical analyses. Type | error
occurs where results of a monitoring program suggest that there has been an environmental
changes when there has not. Type Il errors occur when there has been an environmental change
but the monitoring program fails to detect it. The most common reason for the occurrence of Type
Il error is a sampling program that it poorly designed or one that is not comprehensive enough (i.e.
insufficient samples) (Underwood 1996). Assuming that the whole point of a monitoring program is
to illicit managerial response in the event that there is an impact, Type | error should become self-
correcting (further investigation is likely to expose the error). (It may however result in a waste of
money, time, resources, reputations and possible loss of economic activity). In contrast Type ||
error elicits no response. The cost is in terms of the environment - environmental degradation

continues unnoticed.

In terms of environmental management, precautionary principals require that more attention be
paid to Type Il error, such that this is unlikely to occur (Mapstone 1995; Underwood 1996). The
only realistic trade-off is to increase the probability of the Type | error until costs of errors (the
cost of responding to a non-existent environmental threat) are likely to be unacceptably high.
Then trade back the rate of the Type | error in return for more resources for sampling. The
potential costs to society through crying wolf - mistakenly declaring there to be an environmental
change because of a Type | error - can be reduced provided proper resources are made available to
detect real changes (i.e. to have a small probability of Type Il error).

To quantify the full impact of the proposed coffer dam mining or accretion of Mitchell’s Bay on the
marine environment, all affected habitats and/or communities should be monitored before, during
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and after mining. However, prior research has indicated that this is impractical, impossible or
simply unnecessary. Monitoring should rather focus on what are likely to be the most sensitive,
significantly affected and/or representative species, communities, habitats and resources. The
proposed mining areas comprises intertidal sandy beach and rocky shore habitat, as well as subtidal
sandy and rocky habitats. A suite of standard, and widely accepted techniques have been
developed for the monitoring of benthic communities associated with thesehabitats, and it is
proposed that these be adopted for this study. These techniques include both univariate and
multivariate statistical analyses. Vertebrate communities, specifically birds and fish, associated
with surf-zone habitats require a different approach. Previous studies have shown that these highly
mobile animals are generally not significantly affected by beach mining operations. Monitoring of
these populations is therefore considered unnecessary.

The final guestion that needs to be resolved, is how long should a habitat appear to be restored
before it can be declared restored? It is now widely accepted that when assessing recovery
following a disturbance event, the classic scientific approach of testing a null hypothesis is not
really valid (Dixon & Garrett 1992; McDonald & Erickson 1994; Underwood 1996). The classic
approach is an attempt to reject or disprove the “null” hypothesis, which assumes that two
populations are identical. The alternative hypothesis, that the two populations are not identical,
can only be accepted if the probability that any differences detected are due to chance alone is
less than 5%. In deciding whether an impact has occurred, this approach is perfectly acceptable, as
it largely eliminates the probability of declaring a false positive i.e. that an impact has occurred
when this is not the case. However, when we are assessing recovery, this is not the case. We have
accepted that an impact has occurred (otherwise we would not be monitoring recovery), and we
now wish to establish an end point at which we can declare recovery complete. The approach
proposed as an alternative to the classic significance testing is known as the test for
bioequivalence. The approach is to define two areas to be bioequivalent if, for example, the mean
density of a particular organism or organisms on the impacted site exceed a predefined percentage
(R say 80%) of the mean density on the reference site for a defined time interval. Conversely, a
site is said to be impacted or disturbed until the selected variable(s) exceed(s) the predefined level
over a defined time interval. This procedure is commonly used in testing the equivalence of drugs
(Kirkwood 1981; Westlake 1988) and is becoming more popular in other biological sciences (Dixon &
Garret 1992; McDonald & Erickson 1994), It has recently been successfully applied in assessing
recovery of deepwater invertebrate macrofauna following remote mining (Clark 2014), as well as
beach macrofauna following seawall mining and shoreline accretion in southern Namibia (Pulfrich
et al. 2015). Full details of the test are contained in McDonald & Erickson (1994).

One of the greatest merits of this approach is that it recognises (a) that systems are naturally
variable and (b) that one does not always have “adequate” baseline data for the assessment of the
significance of a particular impact. It also recognises that while physico-chemical factors are an
important determinant of the structure of biotic communities, other biological factors (such as
timing of recruitment and variations in recruitment success which, to some extent are linked to the
abundance of adults in neighbouring areas, as well as competition and predation) also play an
important role in structuring biotic communities, which can vary greatly in both space and time
even when biophysical conditions remain constant (see for example Hall 1994; Kenny & Rees 1994,
1996; Herrmann et al. 1999; Ellis 2000; Schratzberger et al. 2004a).
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The predefined percentage is necessarily site- or situation-specific, but the value of 80% seems to
have attained fairly wide acceptance (McDonald & Erickson 1994; Underwood 1996). Similarly, the
number of successive intervals over which this value should be achieved is site- and situation-
specific but also depends on the sampling interval. It is proposed that sampling of sandy beach
invertebrates, and rocky intertidal and subtidal benthic communities be conducted annually.
Selected parameters include measures of the abundance and/or biomass of the communities or
certain key species in each case, as well as a measure of the diversity of the community as a whole
(e.g. Shannon-Weiner Diversity), and that the value of R must exceed 80% in each case for at least
three to five years before a site can be considered to have recovered.For the purposes of this
study, the term recovery would thus be defined as: “the re-establishment of ecological function
through colonisation of previously mined areas by marine faunal communities that can be
considered to be functionally equivalent to those that exist in comparable undisturbed sites, taking
into account natural variability, as judged by the fact that they are at least 80% similar in terms of
their species composition, abundance and biomass, measured over a period of at least 3-5 years”.
The biocequivalence tests should also be supplemented with standard multivariate graphical and
statistical tests (e.g. hierarchical cluster analysis, multidimensional scaling, ANOSIM) for which no
bioequivalent alternatives exist. Levels of significance for these tests should be set at 95%.

A graphic depicting how such a process may play out in the case of the assessment of mining
impacts, as presented in Clark 2014) is shown in Figure 1 below. The blue and purple line
represents the average number of individuals, biomass or species at a suite of stations at reference
sites outside of the mining area, and a second group in close proximity to the area being mined
(Discharge), but potentially affected by other mining-related activities, respectively (in the
example the ‘indirect’ effect was the discharge onto the beach of a sediment slurry of fine tailings
from an on-site processing plant to aid with accretion). The red line represents average abundance
at a suite of stations in an area that is subject to mining during the course of the study. The dots
on each line represent average values derived from discrete samples collected, in the example, at
quarterly intervals (every 3 months) at these respective sites. The horizontal dotted lines indicate
abundance/biomass/no. species for all the referencesites averaged across the full time period of
the study, and the 80"percentile for these sites. Sampling at all sites commenced 2 years before
mining started and continued until it was established that the biota at the referencesitesin close
proximity to the impact site (Discharge) and at the mined sites (Impact) had recovered to a level
where the average abundance/biomass/no. species (dotted red line) had recovered within the
80"percentile for the reference stations (blue shaded area). Note that in this diagram abundance
at the reference station in close proximity to the impact site (Discharge) dropped during the
construction phase but recovered again shortly thereafter.

In light of the above, an impacted site would be considered recovered or “functionally equivalent”
if the data measured over a period of at least three years falls between the 20" and 80"percentiles
of the reference and baseline data. Should the pre-mining and reference site data show extremely
high variability, the more conservative approach of using the 25" to 75"percentile can be adopted.
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Figure 1: Graphic demonstration of procedures for monitoring environmental impacts and
recovery. See text for details. Source: Clark (2014)
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PROPOSED METHODOLOGY FOR MONITORING OF SANDY BEACHES, ROCKY SHORES AND
SUBTIDAL REEFS

The monitoring study should consider both physical and biological parameters at reference sites
some distance from the mining sites and at sites targeted for cofferdam mining or beach
accretion.Monitoring sites would span three habitat types, namely 1) sandy beaches, 2) intertidal
rocky shores, and 3) shallow subtidal reef habitats. It is recommended that the respective sites be
selected following a site visit and in close collaboration with both the mine planners and DEA:
Oceans & Coast. Monitoring should be conducted on an annual basis starting a minimum of two
years prior to that in which mining commences, and continuing until all impacted communities have
recovered to acceptable levels as defined in the monitoring program requirements outlined above.
It is recommended that sampling be conducted at approximately the same time (March-June) each
year to eliminate any seasonal variations.

The intertidal beach and rocky-shore surveys have to be undertaken over a spring tide period when
the tides are low enough to permit access to the low shore. Because the amplitude of any given
spring tidal movement can vary considerably during the course of a year, the timing of surveys is
crucial if accurate and reliable data are to be collected. Consequently, surveys must be scheduled
over spring tides when the height of the low tides above chart datum ( = Lowest Astronomical Tide)
is at a minimum. A ‘rule of thumb’ for intertidal surveys is that data is only collected when the
height of the low tide is 0.25 m or less, above chart datum. As natural variables such as oceanic
swell and wind-induced waves will affect the predicted tidal levels, it is all the more critical that
surveys are conducted during the lowest possible tides.The lowest spring tides during the year
usually occur between February - June and in some years between August - October.
Commencement of the monitoring programme will be determined by the mine plan.

The recommended methodologies for the quantitative collection of community data in each of the
habitat types is detailed below.

Sandy Beach Macrofauna

Beach faunal community sampling would be carried out using established sandy-beach sampling
techniques. At each identified sampling site three transects, perpendicular to the shore and
spaced 5 m apart, would be surveyed from above the drift line to the lowest point of the swash
during spring low tide. Ten stations would be positioned along each transect line at equal
horizontal intervals across the beach face. At each station, three 0.1-m* quadrat samples would be
excavated to a depth of 30 cm, and the sediments rinsed in a 1-mm mesh sieve bag. All
macrofauna retained in the sieves would be preserved in 96% alcohol, and identified to the lowest
taxonomic level possible. Dry biomass of all fauna would be obtained by drying the specimens at
60°C for 24 hours. Macrofaunal densities would be expressed as the number of individuals per
square metre, and the biomass as g.m%.

A variety of physical parameters will also be measured at each site. These will include wave height
and period, surf-zone width, beach profile and water table depth. Sediment samples will be
collected from Station 1 (the drift line), Station 5 (mid-shore) and Station 10 (spring low water
mark). In the laboratory, the sediment samples will be passed through a series of graded sieves to
determine the grain-size composition. Graphic methods will be used to obtain the mean particle
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diameter, sorting and skewness of the sediments. These physical data will be used to calculate the
dimensionless fall velocity (or Dean’s value, Q) and to rate each site in terms of wave exposure.
Using the dimensionless fall velocity an indication of the beach morphodynamic state will be
provided.

Rocky Intertidal Macrobenthos

The macrobenthos of rocky intertidal areas would be sampled in six 0.5-m? quadrats along each of
five replicate transects laid perpendicular to the shore between the mean low water spring and
mean high water spring marks. The quadrats are divided into a regular 50x50 mm grid pattern
giving 171 intersecting points in a 1 x 0.5 m frame. The individual species occurring in the algal
canopy would be recorded under each intersecting point as primary and secondary cover, as would
be rare species and mobile organisms within the quadrat. The point counts would be used to
calculate the mean percentage cover of all species (both mobile and sessile), and the counts of
individual mobile organisms to calculate densities within the quadrat area. Data on mean percent
cover and abundance for the community as a whole, individual species and trophic groups would
then be compared.

Shallow Subtidal Reefs

Experienced scientific divers, familiar with underwater census techniques and identification of
benthic organisms, will be used to conduct the underwater benthic assessmentswithin Mitchell’s
Bay and at an equivalent reference site. Dive sites will be selected in three depth zones namely, 1-
5 m, 5-10and 10-15 metres below mean sea level. At each dive site, two divers will each conduct 5
point counts at 5-m intervals along transects across the seabed. Within a 2-m diameter circle at
each point, the seabed type (percentage composition of rock, boulders, gravel or sand), reef profile
(height in metres) and structure (degree of ledging and under-cutting - see Table I) will be
recorded. To minimise individual dive time at the depths surveyed, and maximise the number and
coverage of dives over the survey area, quantitative benthic quadrats will not be attempted.
Instead, the percentage cover of principal benthic community components within the surveyed 2 m
will be estimated and ranked using the Braun-Blanquet scale of coverage categories (Kent & Coker
1992, see Table 1). This scale uses smaller categories at lower coverage, ensuring that scarcer
species are not outweighed by abundant species in subsequent analyses.

Various benthic studies have indicated that there is considerable redundancy in the species which
characterise the composition of benthic communities (Clarke & Warwick 1994; Warwick 1993). This
redundancy often allows analysis at higher taxonomic levels, rather than at species level, without
weakening the results (Warwick 1988a, 1988b, 1993; Ferraro & Cole 1990; Vanderklift et al. 1996;
Bowman & Bailey 1997). As many of the taxa encountered in the southern African west coast hard-
bottom epifauna are undescribed and detailed identification by divers is slow underwater,
organisms recorded during dives will be aggregated into larger, predefined taxonomic groups
(Classes or Families) during actual data collection.

The successful completion of the shallow subtidal surveys will be dependent on sea conditions.
Typically a wave height of <1.5 m is required for confident and accurate underwater data

collection.
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Table 1. Ranking scales used for estimating the percentage cover of benthic organisms and the
degree of crevicing or overhang of reef structure.

Benthi_c. Braun-Blanquet scale Reef structure Extent of
Communities 4 s
% Coverage Rank crevicing/overhang
Rank
0 <1% 0 Flat
1 1-5% 1 0.5m
2 6-25% 2 1.0m
3 26-50% 3 1.5m
= 51-75%
5 76-100%
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INTRODucTioN
1.1 BACKGROUND

West Coast Resources (Pty) Ltd (WCR) intends to re-visit and mine a number of mines on the
Namaqualand coast, particularly those in the existing mining licences for Koingnaas 475 and
Samson's Bak 330. The acquisition of the existing mining rights in the South African Sea
Concessions 8a and 9a, formerly held by Namagroen Prospecting and Investments, are also
underway. As the mining approach would involve the construction of cofferdams in the intertidal
area to optimise the extraction of coastal diamond resources, an amendment of the current
environmental authorisations over these mining rights areas is being compiled, and an
Environmental Impact Assessment (EIA) process is underway to obtain environmental authorisatian
for the proposed new activities.

The marine ecology specialist assessment compiled as part of the EIA, put forward various
environmental management actions for implementation in WCR’s Environmental Management
System. That of most relevance here is summarised below:

e To quantify the full impact of the mining using cofferdams and beach berms, it is
recommended that a structured Before-After/Control-Impact (BACI) monitoring
programme be implemented. Monitoring should commence before mining starts, be
undertaken for at least as long as mining remains in operation, and thereafter to
determine the rate of recovery. Monitoring should continue until communities in the
impacted areas show evidence of having recovered to within 80% of levels at suitable
‘reference’ sites over a minimum of at least three successive years.

The requirements for such a monitoring programme and the proposed methodology were
subsequently presented in an Appendix, which for the sake of completeness is included below.
Following discussions with the Oceans & Coasts section of the Department of Environmental Affairs
(DEA: O&C), the proposed methodology has been expanded and amended to form the basis of
WCR's proposed marine monitoring programme.



