



























































































































































































































































fishes. This study also suggested that grazing may have been important in determining the
temporal variation observed in epiphyte biomass. Experimental exclosures and enclosures have
shown that invertebrate biomass was the main factor influencing epiphyte biomass, with an
increase in epiphyte biomass being linked to a decrease in invertebrate grazers and vice versa
(Cattaneo 1983; Schanz et al. 2002). Epiphyte biomass was significantly greater in winter than
in spring in this study (Chapter 4), which may be indicative of decreased grazing occurring
during this season. In Chapter 5 of this study, it was observed that the polychaete Spirorbis sp.
was significantly greater in summer than in winter and spring, with it being completely absent
from seagrass blades during winter. The highest epiphyte biomass was observed in winter,
which corresponds to the decrease in Spirorbis sp. on seagrass blades during this season. In
Chapter 5, it was also observed that the percentage cover of epibionts on seagrass blades, was
significantly greater in spring and summer than in winter. In Chapter 4, the species richness of
epiphytic diatom taxa, was the lowest during summer (5 species), this could be explained by
the high density of Spirorbis sp. during summer in addition to the greater percentage cover of

epibionts on seagrass blades during this season.

The seagrass habitat has been identified as a core nursery area for R. holubi as it provides an
abundance of food resources and protection from predators, which allows high specific growth
rates and survival of juveniles respectively (Leslie et al. 2017; James et al. 2019). The
significantly higher relative abundance of R. holubi observed in Z. capensis seagrass compared
to Spartina maritima salt marsh and sand flats by Leslie et al. (2017) in the Bushmans Estuary,
suggests that seagrass supports more R. holubi juvenile recruits to adult populations. This is
due to relative abundance being related to density and studies using higher densities of juvenile
fish as important indicators of emigration and recruitment (Minello 1999; Heck et al. 2003).
Estuarine habitats may provide resources for juvenile fish without being considered a nursery
habitat. This was observed in the sand flats habitat of the Bushmans Estuary by James et al.
(2019), that provided invertebrate food resources for R. holubi, however, the low abundance of
fish observed in this habitat, suggested that it was of limited value as a nursery for R. holubi.
Refugia from predation likely diminishes the nursery potential of sand flats rather than food
resource availability. The value of a critical estuarine nursery habitat depends on submerged
aquatic vegetation providing optimum feeding and refuge opportunities, whilst also supporting
a great diversity and abundance of fish and invertebrate species (Edworthy and Strydom 2016).

Seagrass ecosystems are experiencing a global decline due to direct (mechanical damage,

eutrophication and coastal development) and indirect (negative impacts of climate change
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including erosion by sea-level rise and increased storms) anthropogenic disturbances, with the
loss of these habitats leading to a decline in the abundance and diversity of juvenile fish that
depend on these areas as nurseries (Duarte 2002). Sea-level rise is predicted to be a significant
cause of seagrass decline (Hemminga and Duarte 2000). Erosion associated with sea-level rise
and an increase in storm surges and high intensity rainfall events, will likely remove seagrass
beds through uprooting (Duarte 2002). Sea-level rise will also affect the distribution of seagrass
beds in estuaries due to changes in water depth and seawater intrusion (Short and Neckles
1999). Changes in the occurrence, spatial extent and functioning of estuarine macrophyte
habitats in response to potential sea-level rise, therefore, needs to be documented in order to

properly assess how sea-level rise will impact fish nursery areas (Whitfield 2017).

The evaluation of estuarine habitats as fish nursery areas has received significant attention in
recent years, with the majority of studies suggesting that a habitat is a nursery due to supporting
a higher density of juveniles relative to other habitats (Sogard and Able 1991; Rozas and
Minello 1997; Bloomfield and Gillanders 2005). However, Beck et al. (2001), suggests that it
is insufficient to use these single factors such as density, proof of feeding or protection from
predators in isolation as proof of nursery provision and that multi-method approaches would
provide better insight. Multi-method approaches quantifying growth, survival of juveniles and
recruitment of sub-adults to adult populations are, however, rare due to the difficulty
implementing them in a wide range of estuarine habitats. It is, therefore, necessary to develop
more practical approaches to assess juvenile nursery habitats in estuaries. Future studies should
focus on the nursery value of multiple habitat types in South African estuaries for R. holubi
and other estuarine-dependent fish species. Studies should also focus on the nursery role of
other submerged aquatic macrophyte species including Potamogeton pectinatus and Ruppia
cirrhosa, occurring along the southern and eastern Cape coast of South Africa in addition to
mangrove forests occurring along the east coast of South Africa northwards of the Nahoon

Estuary, as little is known about the nursery value of these habitat types (Leslie 2016).

Estuaries are considered to be one of the most valuable aquatic ecosystems in the coastal zone
attributed to their wide range of ecosystem services. Despite this, they are also one of the most
degraded environments on earth due to being the focal points for human colonisation (Edgar et
al. 2000). There is, therefore, widespread interest in the conservation and management of these
coastal waters. Studies evaluating the nursery role of estuarine habitats, will provide insight on
the nursery value of different habitat types, which will inform ecosystem management and

conservation plans (Beck et al. 2001). The link between threatened estuarine habitats such as
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seagrasses and the communities that depend on them, also highlights the need for an ecosystem-
based management approach that incorporates interdependencies and facilitation between

species (Hughes et al. 2009), which is essential for effective conservation.

An assessment of the epiphytic diatoms and macrofauna associated with Z. capensis beds in
the middle reaches of the Swartkops Estuary in this study, would have been useful in
identifying additional taxa that were not represented in the lower reaches. The composition of
the epiphytic diatom and macrofauna communities were similar across all sites based on their
location in the lower reaches of the estuary, so a broader study area (not confined to the lower
reaches) would have incorporated a wider range of epiphytic diatom and macrofauna taxa. To
further improve this study, an assessment of food availability during autumn would have been
beneficial in a comparison of the temporal variation in the abundance and diversity of epiphytic
diatom and macrofauna species, however, this was not possible due to the COVID-19
pandemic. Future studies should expand on the diatom assemblages associated with
filamentous algae, which is abundant in the lower reaches of the Swartkops Estuary, as de Wet
and Marais (1990), found that Z. capensis together with filamentous algae, comprised the major
proportion of the seasonal dietary pattern of R. holubi juveniles in the Swartkops Estuary.
Future studies should also assess the nursery value of the seagrass habitat for other estuarine-
associated fishes including Cape silverside Atherina breviceps, estuarine round-herring
Gilchristella aestuaria in addition to white seabream Diplodus sargus, that dominate this
habitat in the Swartkops Estuary.

This study showed the importance of Z. capensis seagrass beds in providing an abundance of
food resources for juvenile fish, with the loss of this habitat, further influencing the
communities that depend on them. Human disturbances such as boating and bait digging have
reduced Z. capensis area cover and biomass in South African estuaries. Boating can reduce
seagrass cover through physical removal by propellers in addition to bank erosion and by
increasing turbidity (Adams 2016). Trampling as a result of bait digging and pumping for mud
and sandprawns, have caused localised extinction of Z. capensis in Langebaan Lagoon (Pillay
et al. 2010). Trampling, sand excavation and scouring due to bivalve collection in addition to
fishing gear, has also significantly reduced the extent of Z. capensis beds in Maputo Bay
(Bandeira and Gell 2003). Swartkops Estuary has one of the largest subpopulations of Z.
capensis in South Africa and, therefore, it is essential that this habitat is properly managed due
to the important resources that it provides for juvenile marine fish, which is integral for their

survival and recruitment to adult populations.

87

http://etd.uwc.ac.za/



References

Able KW, Fahay MP. 1998. The first year in the life of estuarine fishes in the Middle Atlantic
Bight (Vol. 342). New Brunswick, New Jersey: Rutgers University Press.

Abrantes KG, Sheaves M. 2010. Importance of freshwater flow in terrestrial-aquatic energetic
connectivity in intermittently connected estuaries of tropical Australia. Marine Biology
157: 2071-2086.

Adams DH, Paperno R. 2012. Stable isotopes and mercury in a model estuarine fish: multibasin
comparisons with water quality, community structure, and available prey base. Science
of the Total Environment 414: 445455,

Adams J, van der Colff D. 2018. In press. Zostera capensis Setch. National Assessment: Red
List of South African Plants.

Adams JB, Grobler A, Rowe C, Riddin T, Bornman TG, Ayres DR. 2012. Plant traits and
spread of the invasive salt marsh grass, Spartina alterniflora Loisel., in the Great Brak
Estuary, South Africa. African Journal of Marine Science 34: 313-322.

Adams JB, Pretorius L, Snow GC. 2019. Deterioration in the water quality of an urbanised

estuary with recommendations for improvement. Water SA 45: 86-96.

Adams JB, Raw JL, Riddin T, Wasserman J, van Niekerk L. 2021. Salt Marsh Restoration for

the Provision of Multiple Ecosystem Services. Diversity 13: 680.

Adams JB, Veldkornet D, Tabot P. 2016. Distribution of macrophyte species and habitats in
South African estuaries. South African Journal of Botany 107: 5-11.

Adams JB. 2016. Distribution and status of Zostera capensis in South African estuaries — A

review. South African Journal of Botany 107: 63-73.

Alcoverro T, Duarte CM, Romero J. 1997. The influence of herbivores on Posidonia oceanica

epiphytes. Aquatic Botany 56: 93-104.

Appleton CC, Forbes AT, Demetriades NT. 2009. The occurrence, bionomics and potential
impacts of the invasive freshwater snail Tarebia granifera (Lamarck, 1822) (Gastropoda:
Thiaridae) in South Africa. Zoologische Mededelingen 83: 525-536.

Armbrust EV. 2009. The life of diatoms in the world's oceans. Nature 459: 185-192.
88

http://etd.uwc.ac.za/



Avila E, Yéafiez B, Vazquez-Maldonado LE. 2015. Influence of habitat structure and
environmental regime on spatial distribution patterns of macroinvertebrate assemblages
associated with seagrass beds in a southern Gulf of Mexico coastal lagoon. Marine
Biology Research 11: 755-764.

Baird D, Hanekom NM, Grindley JR. 1986. Estuaries of the Cape. Part ii Synopses of available
information on individual systems. Report No. 23: Swartkops.

Baird D. 2001. Estuarine Systems of Sub-Saharan Africa: Carbon, Nitrogen and Phosphorous
Fluxes. LOICZ Reports and Studies No. 18. LOICZ, Texel. The Netherlands.

Bandeira SO, Gell F. 2003. The seagrasses of Mozambique and southeastern Africa. In: World
Atlas of Seagrassess. Berkeley CA: University of California Press. pp 93-100.

Barbier EB, Hacker SD, Kennedy C, Koch EW, Stier AC, Silliman BR. 2011. The value of

estuarine and coastal ecosystem services. Ecological monographs 81: 169-193.

Barnabas AD, Butler V, Steinke TD. 1977. Zostera capensis Setchell, 1: Observations on the
Fine Structure of the Leaf Epidermis. Zeitschrift fi Pflanzenphysiologie 85: 417-427.

Barnes RSK, Barnes MKS. 2014. Biodiversity differentials between the numerically-dominant
macrobenthos of seagrass and adjacent unvegetated sediment in the absence of sandflat

bioturbation. Marine Environmental Research 99: 34-43.

Barnes RSK. 2018. Context dependency in the effect of Ulva-induced loss of seagrass cover
on estuarine macrobenthic abundance and biodiversity. Aquatic Conservation: Marine
and Freshwater Ecosystems 29: 163-174.

Barnes RSK. 2021. Patterns of seagrass macrobenthic biodiversity in the warm-temperate

Knysna estuarine bay, Western Cape: a review. Aquatic Ecology 55: 327-345.

Bartholomew A, Diaz RJ, Cicchetti G. 2000. New dimensionless indices of structural habitat
complexity: predicted and actual effects on a predator's foraging success. Marine

Ecology Progress Series 206: 45-58.

Bate GC, Adams JB, van der Molen S. 2002a. Diatoms as indicators of water quality in South

African river systems. Pretoria: Water Research Commission.

Bate GC, Smailes PA, Adams JB. 2004. Benthic Diatoms in the Rivers and Estuaries of South

Africa. Port Elizabeth: Water Research Commission.

89

http://etd.uwc.ac.za/



Bate GC, Whitfield AK, Adams JB, Huizinga P, Wooldridge TH. 2002b. The importance of
the river-estuary interface (REI) zone in estuaries. Water SA 28: 271-280.

Beaumont NJ, Jones L, Garbutt A, Hansom JD, Toberman M. 2014. The value of carbon
sequestration and storage in coastal habitats. Estuarine, Coastal and Shelf Science 137:
32-40.

Beck MW, Heck KL, Able KW, Childers DL, Eggleston DB, Gillanders BM, Halpern B, Hays
CG, Hoshino K, Minello TJ, Orth RJ, Sheridan PF, Weinstein MP. 2001. The
Identification, Conservation, and Management of Estuarine and Marine Nurseries for
Fish and Invertebrates. BioScience 51: 633.

Beckley EL. 1983. The ichthyofauna associated with Zostera capensis Setchell in the
Swartkops estuary, South Africa. South African Journal of Zoology 18: 15-24.

Berglund J, Mattila J, Ronnberg O, Heikkila J, Bonsdorff E. 2003. Seasonal and inter-annual
variation in occurrence and biomass of rooted macrophytes and drift algae in shallow
bays. Estuarine, Coastal and Shelf Science 56: 1167-1175.

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

Blaber SJM. 1973. Population size and mortality of juveniles of the marine teleost
Rhabdosargus holubi (Pisces: Sparidae) in a closed estuary. Marine Biology 21: 219-
225.

Blaber SIM. 1974a. The population structure and growth of juvenile Rhabdosargus holubi
(Steindachner) (Teleostei: Sparidae) in a closed estuary. Journal of Fish Biology 6: 455—
460.

Blaber SIM. 1974b. Field studies of the diet of Rhabdosargus holubi (Pisces: Sparidae).
Journal of Zoology 173: 407-417.

Blake RE, Duffy JE. 2016. Influence of environmental stressors and grazer immigration on
ecosystem properties of an experimental eelgrass community. Journal of Experimental

Marine Biology and Ecology 480: 45-53.

Bloomfield AL, Gillanders BM. 2005. Fish and Invertebrate Assemblages in Seagrass,
Mangrove, Saltmarsh, and Nonvegetated Habitats. Estuaries 28: 63-77.

90

http://etd.uwc.ac.za/



Bornman TG, Schmidt J, Adams JB, Mfikili AN, Farre RE, Smit AJ. 2016. Relative sea-level
rise and the potential for subsidence of the Swartkops Estuary intertidal salt marshes,
South Africa. South African Journal of Botany 107: 91-100.

Borowitzka MA, Lavery PS, van Keulen M. 2006. Epiphytes of Seagrasses. In: Larkum A,
Orth RJ, Duarte C (eds), Seagrasses: Biology, Ecology and Conservation. Springer,
Dordrecht. pp 441-461.

Borowitzka MA, Lethbridge RC, Charlton L. 1990. Species richness, spatial distribution and
colonisation pattern of algal and invertebrate epiphytes on the seagrass Amphibolis
griffithii. Marine Ecology Progress Series 64: 281-291.

Borum J. 1985. Development of epiphytic communities on eelgrass (Zostera marina) along a

nutrient gradient in a Danish estuary. Marine Biology 87: 211-218.

Bosselmann A. 1990. Recruitment and postlarval growth of some macrozoobenthos species in
german bight. Meeresforschung (Hamburg) 33: 141-158.

Bostrom C, Bonsdorff E. 2000. Zoobenthic community establishment and habitat complexity—
the importance of seagrass shoot-density, morphology and physical disturbance for

faunal recruitment. Marine Ecology Progress Series 205: 123-138.

Burkholder JM, Tomasko DA, Touchette BW. 2007. Seagrasses and eutrophication. Journal
of Experimental Marine Biology and Ecology 350: 46-72.

Buxton CD, Kok HM. 1983. Notes on the diet of Rhabdosargus holubi (Steindachner) and

Rhabdosargus globiceps (Cuvier) in the marine environment. African Zoology 18: 406—
408.

Cai H, Savenije HHG, Toffolon M. 2013. Linking the river to the estuary: influence of river
discharge on tidal damping. Hydrology and Earth System Sciences Discussions 10:
9191-9238.

Capriulo GM, Smith G, Troy R, Wikfors GH, Pellet J, Yarish C. 2002. The planktonic food
web structure of a temperate zone estuary, and its alteration due to eutrophication. In:
Orive E, Elliott M, de Jonge VN (eds), Nutrients and Eutrophication in Estuaries and
Coastal Waters. pp 263-333.

91

http://etd.uwc.ac.za/



Carassou L, Whitfield AK, Bergamino L, Moyo S, Richoux NB. 2016. Trophic Dynamics of
the Cape stumpnose (Rhabdosargus holubi, Sparidae) Across Three Adjacent Aquatic
Habitats. Estuaries and Coasts 39: 1221-1233.

Castellanos DL, Rozas LP. 2001. Nekton use of submerged aquatic vegetation, marsh, and
shallow unvegetated bottom in the Atchafalaya River Delta, a Louisiana tidal freshwater
ecosystem. Estuaries 24: 184-197.

Cattaneo A. 1983. Grazing on epiphytes’. Limnology and Oceanography 28: 124-132.

Chung MH, Lee KS. 2008. Species composition of the epiphytic diatoms on the leaf tissues of

three Zostera species distributed on the southern coast of Korea. Algae 23: 75-81.

Clark BM. 2006. Climate change: a looming challenge for fisheries management in southern
Africa. Marine Policy 30: 84-95.

Coleman VL, Burkholder JM. 1995. Response of microalgal epiphyte communities to nitrate
enrichment in an eelgrass (Zostera Marina) meadow’. Journal of Phycology 31: 36-43.

Colloty BM, Adams JB, Bate GC. 2000. The use of a botanical importance rating to assess
changes in the flora of the Swartkops Estuary over time. Water SA 26: 171-180.

Connolly RM. 1994. A comparison of fish assemblages from seagrass and unvegetated areas

of a southern Australian estuary. Marine and Freshwater Research 45: 1033-1044.

Cyrus DP, MacKay CF, Weerts SP. 2008. Intrusion of beach-disposed dredger spoil into the
Mhlathuze Estuary, South Africa, and its impact on Zostera capensis. African Journal of
Aquatic Science 33: 223-231.

Cyrus DP, Martin TJ. 1988. Distribution and abundance of the benthos in the sediments of
Lake Cubhu: A freshwater coastal lake in Zululand South Africa. Journal of the

Limnological Society of Southern Africa 14: 93-101.

Dame R, Chrzanowski T, Bildstein K, Kjerfve B, McKellar H, Nelson D, Spurrier J, Stancyk
S, Stevenson H, Vernberg J, Zingmark R. 1986. The outwelling hypothesis and North
Inlet, South Carolina. Marine Ecology Progress Series: 217-229.

Dauby P, Poulicek M. 1995. Methods for removing epiphytes from seagrasses: SEM
observations on treated leaves. Aquatic Botany 52: 217-228.

De Villiers P. 2016. Estuary Management in South Africa—An Overview of the Challenges and

92

http://etd.uwc.ac.za/



Progress Made to Date. In: Diop S, Scheren P, Machiwa J (eds), Estuaries: A Lifeline of

Ecosystem Services in the Western Indian Ocean. pp 301-311.

De Wet PS, Marais JFK. 1990. Stomach content analysis of juvenile Cape stumpnose
Rhabdosargus holubi in the Swartkops Estuary, South Africa. South African Journal of
Marine Science 9: 127-133.

Den Hartog C, Kuo J. 2006. Taxonomy and Biogeography of Seagrasses. In: Larkum A, Orth
RJ, Duarte C (eds), Seagrasses: Biology, Ecology and Conservation. Springer,
Dordrecht. pp 1-23.

Dirnberger JM. 1990. Benthic determinants of settlement for planktonic larvae: availability of
settlement sites for the tube-building polychaete Spirorbis spirillum (Linnaeus) settling

onto seagrass blades. Journal of Experimental Marine Biology and Ecology 140: 89-105.

Driver A, Sink KJ, Nel JN, Holness S, van Niekerk L, Daniels F, Jonas Z, Majiedt PA, Harris
L, Maze K. 2012. National Biodiversity Assessment 2011: An assessment of South
Africa’s biodiversity and ecosystems. Synthesis Report. Pretoria: South African National
Biodiversity Institute and Department of Environmental Affairs.

Drum RW, Gordon R. 2003. Star Trek replicators and diatom nanotechnology. Trends in
Biotechnology 21: 325-328.

Duarte CM. 2002. The future of seagrass meadows. Environmental Conservation 29: 192-206.

Dublin-Green CO. 1990. Seasonal variations in some physiochemical parameters of the Bonny
estuary, Niger delta. Nigerian Institute for Oceanography and Marine Research Lagos.
Technical Report No. 59.

Duffy JE, Reynolds PL, Bostrom C, Coyer JA, Cusson M, Donadi S, Douglass JG, EkI6f JS,
Engelen AH, Eriksson BK, Fredriksen S. 2015. Biodiversity mediates top—down control

in eelgrass ecosystems: a global comparative-experimental approach. Ecology Letters

18: 696-705.

Duffy JE. 2006. Biodiversity and the functioning of seagrass ecosystems. Marine Ecology
Progress Series 311: 233-250.

Dunstan GA, Baillie HJ, Barrett SM, Volkman JK. 1996. Effect of diet on the lipid composition
of wild and cultured abalone. Aquaculture 140: 115-127.

93

http://etd.uwc.ac.za/



Edgar GJ, Barrett NS, Graddon DJ, Last PR. 2000. The conservation significance of estuaries:
a classification of Tasmanian estuaries using ecological, physical and demographic

attributes as a case study. Biological Conservation 92: 383-397.

Edgar GJ. 1990. Population regulation, population dynamics and competition amongst mobile
epifauna associated with seagrass. Journal of Experimental Marine Biology and Ecology
144: 205-234.

Edworthy C, Strydom N. 2016. Habitat partitioning by juvenile fishes in a temperate estuarine
nursery, South Africa. Scientia Marina 80: 151-161.

Elliott M, Hemingway KL (eds). 2008. Fishes in Estuaries. London: John Wiley and Sons.

Elliott M, Whitfield AK. 2011. Challenging paradigms in estuarine ecology and management.
Estuarine, Coastal and Shelf Science 94. 306-314.

Els J, Human LRD, Adams JB. 2019. Carbon and nutrient storage of the Swartkops Estuary
salt marsh and seagrass habitats. MSc Dissertation, Nelson Mandela University, South
Africa.

Els SF. 1982. Distribution and abundance of two crab species on the Swartkops estuary
saltmarshes and the energetics of the Sesarma catenata population. PhD Thesis,
University of Port Elizabeth, South Africa.

Emmerson WD 1985. The nutrient status of the Swartkops River estuary , Eastern Cape. Water
SA 11: 189-198.

Emmerson WD, Watling HR, Watling RJ. 1982. A community analysis in the Kromme and the
Swartkops estuaries and in the Algoa Bay region. University of Port Elizabeth, Zoology
Dept. Rep. Series 16: 1-128.

Enviro-Fish Africa (Pty) Ltd. 2009. C.A.P.E. Estuaries Management Programme. Swartkops
Integrated Environmental Management Plan. Vol. 1: Draft Situation Assessment (State

of Play Report). Produced for Nelson Mandela Bay Municipality.

Fong CW, Lee SY, Wu RS. 2000. The effects of epiphytic algae and their grazers on the
intertidal seagrass Zostera japonica. Aquatic Botany 67: 251-261.

Fourtanier E, Kociolek JP. 1999. Catalogue of the diatom genera. Diatom Research 14: 1-190.

Frankovich TA, Fourqurean JW. 1997. Seagrass epiphyte loads along a nutrient availability

94

http://etd.uwc.ac.za/



gradient, Florida Bay, USA. Marine Ecology Progress Series 159: 37-50.

Gacia E, Costalago D, Prado P, Piorno D, Tomas F. 2009. Mesograzers in Posidonia oceanica
meadows: an update of data on gastropod-epiphyte-seagrass interactions. Botanica
Marina 52: 439-447.

Gambi MC, Lorenti M, Russo GF, Scipione MB, Zupo V. 1992. Depth and Seasonal
Distribution of Some Groups of the Vagile Fauna of the Posidonia oceanica Leaf

Stratum: Structural and Trophic Analyses. Marine Ecology 13: 17-39.

Gauna MC, Escobar JF, Odorisio M, Caceres EJ, Parodi ER. 2017. Spatial and temporal
variation in algal epiphyte distribution on Ulva sp. (Ulvales, Chlorophyta) from northern

Patagonia in Argentina. Phycologia 56: 125-135.

Gibson RN. 1994. Impact of habitat quality and quantity on the recruitment of juvenile
flatfishes. Netherlands Journal of Sea Research 32: 191-206.

Gillanders BM, Able KW, Brown JA, Eggleston DB, Sheridan PF. 2003. Evidence of
connectivity between juvenile and adult habitats for mobile marine fauna: an important

component of nurseries. Marine Ecology Progress Series 247: 281-295.

Gordon N, Adams JB, Bate GC. 2008. Epiphytes of the St. Lucia Estuary and their response to

water level and salinity changes during a severe drought. Aquatic Botany 88: 66—76.

Grant GN, Cowley PD, Bennett RH, Murray TS, Whitfield AK. 2017. Space use by
Rhabdosargus holubi in a southern African estuary, with emphasis on fish movements

and ecosystem connectivity. African Journal of Marine Science 39: 135-143.

Grol MG, Nagelkerken I, Rypel AL, Layman CA. 2011. Simple ecological trade-offs give rise

to emergent cross-ecosystem distributions of a coral reef fish. Oecologia 165: 79-88.

Hanekom N, Baird D, Erasmus T. 1988. A quantitative study to assess standing biomasses of
macrobenthos in soft substrata of the Swartkops Estuary, South Africa. South African
Journal of Marine Science 6: 163-174.

Hanekom N, Baird D. 1984. Fish community structures in Zostera and non-Zostera regions of
the Kromme estuary, St Francis Bay. African Zoology 19: 295-301.

Harrell Jr FE. 2021. Hmisc: Plot Precision of Estimate of Pearson Correlation Coefficient.

95

http://etd.uwc.ac.za/



Harrison TD. 2004. Physico-chemical characteristics of South African estuaries in relation to

the zoogeography of the region. Estuarine, Coastal and Shelf Science 61: 73-87.

Hecht T, van den Lingen CD. 1992. Turbidity-induced changes in feeding strategies of fish in
estuaries. African Zoology 27: 95-107.

Heck Jr KL, Pennock JR, Valentine JF, Coen LD, Sklenar SA. 2000. Effects of nutrient
enrichment and small predator density on seagrass ecosystems: An experimental

assessment. Limnology and Oceanography 45: 1041-1057.

Heck KL, Hays G, Orth R. 2003. Critical evaluation of the nursery role hypothesis for seagrass
meadows. Marine Ecology Progress Series 253: 123-136.

Heck KL, Nadeau DA, Thomas R. 1997. The Nursery Role of Seagrass Beds. Gulf of Mexico
Science 15: 51-54.

Heijs FM. 1984. Annual biomass and production of epiphytes in three monospecific seagrass
communities of Thalassia hemprichii (Ehrenb.) Aschers. Aquatic Botany 20: 195-218.

Hemminga MA, Duarte CM. 2000. Seagrass Ecology. Cambridge University Press.

Hilmer T, Bate GC. 1990. Covariance analysis of chlorophyll distribution in the Sundays River

estuary, Eastern Cape. Southern African Journal of Aquatic Sciences 16: 37-59.

Hilmer T, Talbot MMB, Bate GC. 1988. A synthesis of recent botanical research in the
Swartkops estuary. The Swartkops estuary (SANCOR Report 156). FRD-Foundation for

Research Development, Pretoria.

Hobson KA. 1999. Tracing origins and migration of wildlife using stable isotopes: a
review. Oecologia 120: 314-326.

Holland AF, Mountford NK, Hiegel MH, Kaumeyer KR, Mihursky JA. 1980. Influence of
predation on infaunal abundance in upper Chesapeake Bay, USA. Marine Biology 57:
221-235.

Howe ER, Simenstad CA. 2011. Isotopic determination of food web origins in restoring and
ancient estuarine wetlands of the San Francisco Bay and Delta. Estuaries and Coasts 34:
597-617.

96

http://etd.uwc.ac.za/



Hughes AR, Williams SL, Duarte CM, Heck Jr KL, Waycott M. 2009. Associations of concern:
declining seagrasses and threatened dependent species. Frontiers in Ecology and the
Environment 7: 242-246.

Huizenga JM. 2011. Characterisation of the inorganic chemistry of surface waters in South
Africa. Water SA 37: 401-410.

Human LRD, Adams JB, Allanson BR. 2016. Insights into the cause of an Ulva lactuca
Linnaeus bloom in the Knysna Estuary. South African Journal of Botany 107: 55-62.

IUCN red list of threatened species. International Union for Conservation of Nature and

Natural Resources. Available at https://www.iucnredlist.org [accessed 12 May 2020].

Jacobs RPWM, Noten TMPA. 1980. The annual pattern of the diatoms in the epiphyton of

eelgrass (Zostera marina L.) at Roscoff, France. Aquatic Botany 8: 355-370.

James NC, Leslie TD, Potts WM, Whitfield AK, Rajkaran A. 2019. The importance of different
juvenile habitats as nursery areas for a ubiquitous estuarine-dependent marine fish

species. Estuarine, Coastal and Shelf Science 226: 106270.

Jenkins GP, Wheatley MJ. 1998. The influence of habitat structure on nearshore fish
assemblages in a southern Australian embayment: comparison of shallow seagrass, reef-
algal and unvegetated sand habitats, with emphasis on their importance to

recruitment. Journal of Experimental Marine Biology and Ecology 221: 147-172.

Jernakoff P, Brearley A, Nielsen J. 1996. Factors affecting grazer-epiphyte interactions in
temperate seagrass meadows. In: Ansell AD, Gibson RN, Barnes M (eds), Oceanography

and Marine Biology: An Annual Review 34. pp 109-162.

Kates M, Volcani BE. 1966. Lipid components of diatoms. Biochimica et Biophysica Acta
(BBA)-Lipids and Lipid Metabolism 116: 264-278.

Kennish  MJ. 2002. Environmental threats and environmental future of

estuaries. Environmental Conservation 29: 78-107.

Kisten Y, Pattrick P, Strydom NA, Perissinotto R. 2015. Dynamics of recruitment of larval and
juvenile Cape stumpnose Rhabdosargus holubi (Teleostei: Sparidae) into the Swartkops

and Sundays estuaries, South Africa. African Journal of Marine Science 37: 1-10.

97

http://etd.uwc.ac.za/


https://www.iucnredlist.org/

Lemley DA, Adams JB, Taljaard S, Strydom NA. 2015. Towards the classification of eutrophic

conditions in estuaries. Estuarine, Coastal and Shelf Science 164: 221-232.

Lepoint G, Havelange S, Gobert S, Bouquegneau JM. 1999. Fauna vs flora contribution to the
leaf epiphytes biomass in a Posidonia oceanica seagrass bed (Revellata Bay,
Corsica). Hydrobiologia 394: 63-67.

Leslie TD, James NC, Potts WM, Rajkaran A. 2017. The relationship between habitat
complexity and nursery provision for an estuarine-dependent fish species in a
permanently open South African Estuary. Estuarine, Coastal and Shelf Science 198:
183-192.

Leslie TD. 2016. Assessing estuarine nursery habitats for Cape stumpnose (Rhabdosargus
holubi), (Pisces: Sparidae) in a warm-temperate estuary in the Eastern Cape, South
Africa. MSc Dissertation, Rhodes University, South Africa.

Levin PS, Stunz GW. 2005. Habitat triage for exploited fishes: Can we identify essential
“Essential Fish Habitat?”. Estuarine, Coastal and Shelf Science 64: 70-78.

Lewis FG. 1984. Distribution of macrobenthic crustaceans associated with Thalassia, Halodule

and bare sand substrata. Marine Ecology Progress Series 19: 101-113.

Livingston RJ. 1984. The relationship of physical factors and biological response in coastal

seagrass meadows. Estuaries 7: 377-390.

Lubke RA, van Wijk Y. 1988. Estuarine plants. A Field Guide to the Eastern Cape Coast.
Grahamstown: The Grahamstown Centre of the Wildlife Society of Southern Africa. pp
133-145.

Mabrouk L, Hamza A, Brahim MB, Bradai MN. 2011. Temporal and depth distribution of
microepiphytes on Posidonia oceanica (L.) Delile leaves in a meadow off
Tunisia. Marine Ecology 32: 148-161.

Macnae W. 1957. The Ecology of the Plants and Animals in the Intertidal Regions of the
Zwartkops Estuary, Near Port Elizabeth, South Africa. Part Il. Journal of Ecology 45:
361-387.

Majewska R, D’ Alelio D, De Stefano M. 2014. Cocconeis Ehrenberg (Bacillariophyta), a genus
dominating diatom communities associated with Posidonia oceanica Delile

(monocotyledons) in the Mediterranean Sea. Aquatic Botany 112: 48-56.

98

http://etd.uwc.ac.za/



Marais JFK. 1984. Feeding ecology of major carnivorous fish from four eastern Cape

estuaries. African Zoology 19: 210-223.

Marnewick MD, Retief EF, Theron NT, Wright DR, Anderson TA. 2015. Important Bird and
Biodiversity Areas of South Africa. Johannesburg: BirdLife South Africa.

Marsh GA. 1973. The Zostera Epifaunal Community in the York River, Virginial. Chesapeake
Science 14: 87-96.

Marsh GA. 1976. Ecology of the Gastropod Epifauna of Eelgrass in a Virginia
Estuary®. Chesapeake Science 17: 182-187.

Martin AP, Baird D. 1987. Seasonal abundance and distribution of birds on the Swartkops
Estuary, Port Elizabeth. Ostrich 58: 122-134.

Masson H, Marais JFK. 1975. Stomach content analyses of mullet from the Swartkops

estuary. African Zoology 10: 193-207.

May V, Collins AJ, Collett LC. 1978. A comparative study of epiphytic algal communities on
two common genera of sea-grasses in eastern Australia. Australian Journal of Ecology
3:91-104.

Mazzella L, Spinoccia L. 1992. Epiphytic diatoms of leaf blades of the Mediterranean seagrass
Posidonia oceanica (L.) Delile. Plant Biosystem 126: 752—754.

Mazzella L. 1995. Biodiversity of epiphytic diatom community on leaves of Posidonia
oceanica. In: Proceedings of the Thirteenth International Diatom Symposium. Biopress
Limited. pp 241-251.

McLachlan A, Grindley JR. 1974. Distribution of macrobenthic fauna of soft substrata in
Swartkops Estuary, with observations on the effects of floods. African Zoology 9: 211
233.

Michael TS, Shin HW, Hanna R, Spafford DC. 2008. A review of epiphyte community
development: Surface interactions and settlement on seagrass. Journal of Environmental
Biology 29: 629-638.

Minello TJ, Able KW, Weinstein MP, Hays CG. 2003. Salt marshes as nurseries for nekton:
testing hypotheses on density, growth and survival through meta-analysis. Marine
Ecology Progress Series 246: 39-59.

99

http://etd.uwc.ac.za/



Minello TJ. 1999. Nekton densities in shallow estuarine habitats of Texas and Louisiana and

the identification of essential fish habitat. American Fisheries Society 22: 43-75.

Moncreiff CA, Sullivan MJ, Daehnick AE. 1992. Primary production dynamics in seagrass
beds of Mississippi Sound: the contributions of seagrass, epiphytic algae, sand

microflora, and phytoplankton. Marine Ecology Progress Series 87: 161-171.

Morant P, Quinn N. 1999. Influence of Man and management of South African estuaries. In:
Allanson B, Baird D (eds), Estuaries of South Africa 289. pp 321.

Nagelkerken I, Sheaves M, Baker R, Connolly RM. 2015. The seascape nursery: a novel spatial
approach to identify and manage nurseries for coastal marine fauna. Fish and Fisheries
16: 362-371.

Nagelkerken 1. 2007. Are non-estuarine mangroves connected to coral reefs through fish

migration?. Bulletin of Marine Science 80: 595-607.

Naidoo T, Glassom D, Smit AJ. 2015. Plastic pollution in five urban estuaries of KwaZulu-
Natal, South Africa. Marine Pollution Bulletin 101: 473-480.

Nel JL, Murray KM, Maherry AM, Petersen CP, Roux DJ, Driver A, Hill L, van Deventer H,
Funke N, Swartz ER, Smith-Adao LB. 2011. Technical report for the national freshwater

ecosystem priority areas project. Water Research Commission Report 1081. pp 1-11.

Nel L, Strydom NA, Perissinotto R, Adams JB, Lemley DA. 2017. Feeding ecology of
Rhabdosargus holubi (family Sparidae) in multiple vegetated refugia of selected warm

temperate estuaries in South Africa. Estuarine, Coastal and Shelf Science 197: 194-204.

Nienhuis PH, De Bree BHH. 1980. Production and ecology of eelgrass (Zostera marina L.) in
the Grevelingen Estuary (The Netherlands). Netherlands Journal of Sea Research 14:
102-118.

Nirupama N, Simonovic SP. 2007. Increase of Flood Risk due to Urbanisation: A Canadian
Example. Natural Hazards 40: 25-41.

Odum EP. 1980. The status of three ecosystem-level hypotheses regarding salt marsh estuaries:
tidal subsidy, outwelling, and detritus-based food chains. In: Kennedy VS (eds),

Estuarine Perspectives. Academic Press. pp 485-495.

100

http://etd.uwc.ac.za/



Oksanen J, Blanchet FG, Friendly M, Kindt R, Legendre P, McGlinn D, Minchin PR, O’Hara
RB, Simpson GL, Solymos P, Stevens MHH, Szoecs E, Wagner H. 2020. vegan:

Community Ecology Package.

Olafsson EB, Peterson CH, Ambrose Jr WG. 1994. Does recruitment limitation structure
populations and communities of macro-invertebrates in marine soft sediments: the
relative significance of pre-and post-settlement processes. In: Ansell AD, Gibson RN,
Barnes M (eds), Oceanography and Marine Biology: An Annual Review 32. pp 65-109.

Olds AD, Connolly RM, Pitt KA, Pittman SJ, Maxwell PS, Huijbers CM, Moore BR, Albert
S, Rissik D, Babcock RC, Schlacher TA. 2016. Quantifying the conservation value of
seascape connectivity: a global synthesis. Global Ecology and Biogeography 25: 3-15.

Omarjee A, Taljaard S, Ramjukadh CL, van Niekerk L. 2021. pH variability in catchment flows
to estuaries—A South African perspective. Estuarine, Coastal and Shelf Science 262:
107605.

Omarjee A, Taljaard S, Weerts SP, Adams JB. 2020. The influence of mouth status on pH
variability in small temporarily closed estuaries. Estuarine, Coastal and Shelf Science
246: 107043.

Oppenheimer M, Glavovic B, Hinkel J, van de Wal R, Magnan AK, Abd-Elgawad A, Cai R,
Cifuentes-Jara M, Deconto RM, Ghosh T, Hay J, Isla F, Marzeion B, Meyssignac B,
Sebesvari Z. 2019. Sea Level Rise and Implications for Low Lying Islands, Coasts and
Communities Supplementary Material. In: IPCC Special Report on the Ocean and

Cryosphere in a Changing Climate. In Press.

Orth RJ, Heck KL, van Montfrans J. 1984. Faunal communities in seagrass beds: a review of
the influence of plant structure and prey characeristics on predator-prey relatonships.
Estuaries 7: 339-350.

Orth RJ, van Montfrans J. 1987. Utilization of a seagrass meadow and tidal marsh creek by
blue crabs Callinectes sapidus. I. Seasonal and annual variations in abundance with

emphasis on post-settlement juveniles. Marine Ecology Progress Series 41: 283-294.

Paterson AW, Whitfield AK. 1997. A stable carbon isotope study of the food-web in a
freshwater-deprived South African estuary, with particular emphasis on the

ichthyofauna. Estuarine, Coastal and Shelf Science 45: 705-715.

101

http://etd.uwc.ac.za/



Paterson AW, Whitfield AK. 2000. The ichthyofauna associated with an intertidal creek and
adjacent eelgrass beds in the Kariega Estuary, South Africa. Environmental Biology of
Fishes 58: 145-156.

Pavlidis MA, Mylonas CC (eds). 2011. Sparidae: Biology and aquaculture of gilthead sea

bream and other species. Wiley-Blackwell.

Peduzzi P. 1987. Dietary Preferences and Carbon Absorption by two Grazing Gastropods,
Gibbula umbilicaris (LINNE) and Jujubinus striatus (LINNE). Marine Ecology 8: 359—
370.

Penhale PA. 1977. Macrophyte-epiphyte biomass and productivity in an eelgrass (Zostera
marina L.) community. Journal of Experimental Marine Biology and Ecology 26: 211
224.

Perry D, Staveley TA, Gullstrom M. 2018. Habitat Connectivity of Fish in Temperate Shallow-

Water Seascapes. Frontiers in Marine Science 4: 440.

Philippart CIM. 1995. Effect of periphyton grazing by Hydrobia ulvae on the growth of Zostera
noltii on a tidal flat in the Dutch Wadden Sea. Marine Biology 122: 431-437.

Pillay D, Branch GM, Griffiths CL, Williams C, Prinsloo A. 2010. Ecosystem change in a
South African marine reserve (1960-2009): role of seagrass loss and anthropogenic

disturbance. Marine Ecology Progress Series 415: 35-48.

Pillay D, Perissinotto R. 2008. The benthic macrofauna of the St. Lucia Estuary during the
2005 drought year. Estuarine, Coastal and Shelf Science 77: 35-46.

Plumstead EE, Prinsloo JF, Schoonbee HJ. 1985. A survey of the fish fauna of Transkei
estuaries. Part 1. The Kei River estuary. South African Journal of Zoology 20: 213-220.

Potter IC, Tweedley JR, Elliott M, Whitfield AK. 2015. The ways in which fish use estuaries:

a refinement and expansion of the guild approach. Fish and Fisheries 16: 230-239.

Potter IC, Veale L, Tweedley JR, Clarke KR. 2016. Decadal changes in the ichthyofauna of a
eutrophic estuary following a remedial engineering modification and subsequent

environmental shifts. Estuarine, Coastal and Shelf Science 181: 345-363.

Prado P, Alcoverro T, Martinez-Crego B, Vergés A, Pérez M, Romero J. 2007. Macrograzers
strongly influence patterns of epiphytic assemblages in seagrass meadows. Journal of
Experimental Marine Biology and Ecology 350: 130-143.

102

http://etd.uwc.ac.za/



Pritchard DW. 1967. What Is An Estuary: Physical Viewpoint. In: Lauff GH (eds), Estuaries,
American Association for the Advancement of Science. Washington DC, Vol. 1: 149-
176.

R Core Team. 2021. R: A language and environment for statistical computing. R Foundation

for Statistical Computing, Vienna, Austria. URL https://www.R-project.org/.

Reddering JSV, Esterhuizen K. 1981. The sedimentary ecology of the Swartkops Estuary.
Rosie Report 1. Geology Department, University of Port Elizabeth.

Reiss H, Kroncke I. 2005. Seasonal variability of infaunal community structures in three areas
of the North Sea under different environmental conditions. Estuarine, Coastal and Shelf
Science 65: 253-274.

Retief K, Louw L, Haskins C. 2016. Diep River Estuary Management Plan. City of Cape Town.

Reyes J, Sanson M, Afonso-Carrillo J. 1998. Distribution of the epiphytes along the leaves of
Cymodocea nodosa in the Canary Islands. Botanica Marina 41: 543-551.

Rosenberg DM, McCully P, Pringle CM. 2000. Global-Scale Environmental Effects of
Hydrological Alterations: Introduction. BioScience 50: 746—-751.

Rozas LP, Minello TJ. 1997. Estimating Densities of Small Fishes and Decapod Crustaceans
in Shallow Estuarine Habitats: A Review of Sampling Design With Focus on Gear
Selection. Estuaries 20: 199-213.

Russell MJ, Montagna PA. 2007. Spatial and Temporal Variability and Drivers of Net
Ecosystem Metabolism in Western Gulf of Mexico Estuaries. Estuaries and Coasts 30:
137-153.

Sanchez-Botero JI, Leitdo RP, Caramaschi EP, Garcez DS. 2007. The aquatic macrophytes as
refuge, nursery and feeding habitats for freshwater fish from Cabilnas Lagoon, Restinga
de Jurubatiba National Park, Rio de Janeiro, Brazil. Acta Limnologica Brasiliensia 19:
143-153.

Schaffler JJ, van Montfrans J, Jones CM, Orth RJ. 2013. Fish communities in seagrass nurseries
of Chesapeake Bay are structured by abiotic and biotic factors and are vulnerable to

climate change. Marine and Coastal Fisheries 5: 114-124.

103

http://etd.uwc.ac.za/



Schanz A, Polte P, Asmus H. 2002. Cascading effects of hydrodynamics on an epiphyte—grazer
system in intertidal seagrass beds of the Wadden Sea. Marine Biology 141: 287-297.

Scharler UM, Baird D, Winter PED. 1997. Diversity and productivity of biotic communities in
relation to freshwater inputs in three Eastern Cape estuaries. WRC Report No. 463/1/98.

Pretoria: Water Research Commission.

Scharler UM, Baird D. 2003. The influence of catchment management on salinity, nutrient
stochiometry and phytoplankton biomass of Eastern Cape estuaries, South Africa.
Estuarine, Coastal and Shelf Science 56: 735-748.

Schmidt JB. 2013. Influence of predicted sea-level rise on the salt marsh of the Swartkops,
Kromme and Knysna estuaries. MSc Dissertation, Nelson Mandela University, South
Africa.

Seitz RD. 2011. Gradient effects on structuring of soft-bottom benthic infauna: Macoma
balthica and predation, recruitment, and food availability. Journal of Experimental
Marine Biology and Ecology 409: 114-122.

Sheppard JN, Whitfield AK, Cowley PD, Hill JM. 2012. Effects of altered estuarine submerged
macrophyte bed cover on the omnivorous Cape stumpnose Rhabdosargus holubi.
Journal of Fish Biology 80: 705-712.

Sheridan PF, Livingston RJ. 1983. Abundance and seasonality of infauna and epifauna
inhabiting a Halodule wrightii meadow in Apalachicola Bay, Florida. Estuaries 6: 407—
419.

Short FT, Neckles HA. 1999. The effects of global climate change on seagrasses. Aquatic
Botany 63: 169-196.

Siikamaki J, Sanchirico JN, Jardine S, McLaughlin D, Morris DF. 2012. Blue Carbon: Global
options for reducing emissions from the degradation and development of coastal

ecosystems. Resources for the Future (RFF), Washington.

Slinger JH, Taljaard S. 1994. Preliminary investigation of seasonality in the Great Berg
Estuary. Water SA 20: 279-288.

Smith CS, Ito M, Namba M, Nakaoka M. 2018. Oyster aquaculture impacts Zostera marina
epibiont community composition in Akkeshi-ko estuary, Japan. Plos One 13: e0197753.

104

http://etd.uwc.ac.za/



Sogard SM, Able KW. 1991. A comparison of eelgrass, sea lettuce macroalgae, and marsh
creeks as habitats for epibenthic fishes and decapods. Estuarine, Coastal and Shelf
Science 33: 501-519.

South African Environmental Observation Network (SAEON). South African Estuary
Information System - Swartkops. Available at https://saeis.saeon.ac.za/Info/141
[accessed 12 May 2020].

Stark KA, Thompson PL, Yakimishyn J, Lee L, Adamczyk EM, Hessing-Lewis M, Connor

MI. 2020. Beyond a single patch: local and regional processes explain diversity patterns

in a seagrass epifaunal metacommunity. Marine Ecology Progress Series 655: 91-106.

Stunz GW, Minello TJ, Levin PS. 2002. Growth of newly settled red drum Sciaenops ocellatus
in different estuarine habitat types. Marine Ecology Progress Series 238: 227-236.

Talbot MMB, Bate GC. 1987. The distribution and biomass of the seagrass Zostera capensis

in a warm-temperate estuary. Botanica Marina 30: 91-99.

Taylor JC, Harding WR, Archibald CGM. 2007. A Methods Manual for the Collection,
Preparation and Analysis of Diatom Samples. Version 1: 60. North-West University

(Potchefstroom Campus): Water Research Commission.

Tomasko DA, Lapointe BE. 1991. Productivity and biomass of Thalassia testudinum as related
to water column nutrient availability and epiphyte levels: field observations and

experimental studies. Marine Ecology Progress Series: 9-17.

Trobajo R, Cox EJ, Quintana XD. 2004. The effects of some environmental variables on the
morphology of Nitzschia frustulum (Bacillariophyta), in relation its use as a
bioindicator. Nova Hedwigia 79: 433-445.

Turpie JK, Adams JB, Joubert A, Harrison TB, Colloty BM, Maree RC, Whitfield AK,
Wooldridge TH, Lamberth SJ, Taljaard S, van Niekerk L. 2002. Assessment of the
conservation priority status of South African estuaries for use in management and water
allocation. Water SA 28: 191-206.

Turpie JK, Clark BM. 2007. The health status, conservation importance, and economic value
of temperate South African estuaries and development of a regional conservation plan.

Report to Cape Nature.

105

http://etd.uwc.ac.za/


https://saeis.saeon.ac.za/Info/141

Turpie JK, Letley G. 2019. Chapter 2: Benefits of estuarine biodiversity. In: South African
National Biodiversity Assessment 2018: Technical Report. Volume 3: Estuarine Realm.
CSIR Report Number CSIR/SPLA/EM/EXP/2019/0062/A. Pretoria, South Africa: South
African National Biodiversity Institute.

Twilley RR, Kemp WM, Staver KW, Stevenson JC, Boynton WR. 1985. Nutrient enrichment
of estuarine submersed vascular plant communities. 1. Algal growth and effects on
production of plants and associated communities. Marine Ecology Progress Series 23:
179-191.

Underhill LG, Cooper J, Waltner M. 1980. The status of waders (Charadrii) and other birds in
the coastal region of the southern and eastern Cape. Western Cape Wader Study Group,

University of Cape Town.

Van Montfrans J, Wetzel RL, Orth RJ. 1984. Epiphyte-Grazer Relationships in Seagrass

Meadows: Consequences for Seagrass Growth and Production. Estuaries 7: 289-3009.

Van Niekerk L, Adams JB, Bate GC, Forbes AT, Forbes NT, Huizinga P, Lamberth SJ,
MacKay CF, Petersen C, Taljaard S, Weerts SP. 2013. Country-wide assessment of
estuary health: An approach for integrating pressures and ecosystem response in a data

limited environment. Estuarine, Coastal and Shelf Science 130: 239-251.

Van Niekerk L, Adams JB, James NC, Lamberth SJ, MacKay CF, Turpie JK, Rajkaran A,
Weerts SP, Whitfield AK. 2020. An Estuary Ecosystem Classification that encompasses
biogeography and a high diversity of types in support of protection and
management. African Journal of Aquatic Science 45: 199-216.

Van Niekerk L, Adams JB, Lamberth SJ, MacKay CF, Taljaard S, Turpie JK, Weerts SP,
Raimondo DC. 2019. (eds). South African National Biodiversity Assessment 2018:
Technical Report. Volume 3: Estuarine Realm. CSIR report number
CSIR/SPLA/EM/EXP/2019/0062/A. South African National Biodiversity Institute,
Pretoria. Report Number: SANBI/NAT/NBA2018/2019/Vol3/A.
http://hdl.handle.net/20.500.12143/6373

Van Niekerk L, Taljaard S, Fundisi D, Huiziga P, Lamberth SJ, Mallory S, Snow GC, Turpie
JK, Whitfield AK, Wooldridge TH. 2015. Desktop Provisional Ecoclassification of the
Temperate Estuaries of South Africa. WRC Report No. 2187/1/15. Pretoria: Water

Research Commission.

106

http://etd.uwc.ac.za/


http://hdl.handle.net/20.500.12143/6373

Van Niekerk L, Turpie JK. 2012. South African National Biodiversity Assessment 2011:
Technical Report. Volume 3: Estuary Component. CSIR Report Number
CSIR/NRE/ECOS/ER/2011/0045/B. Council for Scientific and Industrial Research,
Stellenbosch.

Verweij MC, Nagelkerken I, Wartenbergh SL, Pen IR, van der Velde G. 2006. Caribbean
mangroves and seagrass beds as daytime feeding habitats for juvenile French grunts,

Haemulon flavolineatum. Marine Biology 149: 1291-1299.

Vonk JA, Christianen MJ, Stapel J. 2010. Abundance, edge effect, and seasonality of fauna in
mixed-species seagrass meadows in southwest Sulawesi, Indonesia. Marine Biology
Research 6: 282-291.

Vorwerk PD, Whitfield AK, Cowley PD, Paterson AW. 2003. The influence of selected
environmental variables on fish assemblage structure in a range of southeast African

estuaries. Environmental Biology of Fishes 66: 237-247.

Vroom J, van der Wegen M, Martyr-Koller RC, Lucas LV. 2017. What determines water
temperature dynamics in the San Francisco Bay-Delta system?. Water Resources
Research 53: 99017-9921.

Wallace JH, Kok HM, Beckley LE, Bennett B, Blaber SIM, Whitfield AK. 1984. South African

Estuaries and Their Importance to Fishes. South African Journal of Science 80: 203-207.

Wang Y, Naumann U, Eddelbuettel D, Wilshire J, Warton D. 2021. mvabund: Statistical
Methods for Analysing Multivariate Abundance Data.

Warton DI. 2008. Raw data graphing: an informative but under-utilized tool for the analysis of
multivariate abundances. Austral Ecology 33: 290-300.

Wear DJ, Sullivan MJ, Moore AD, Millie DF. 1999. Effects of water-column enrichment on
the production dynamics of three seagrass species and their epiphytic algae. Marine

Ecology Progress Series 179: 201-213.

Whippo R, Knight NS, Prentice C, Cristiani J, Siegle MR, O'Connor MI. 2018. Epifaunal

diversity patterns within and among seagrass meadows suggest landscape-scale

biodiversity processes. Ecosphere 9: e02490.

Whitfield AK, Bate GC, Adams JB, Cowley PD, Froneman PW, Gama PT, Strydom NA,
Taljaard S, Theron AK, Turpie JK, van Niekerk L. 2012. A review of the ecology and

107

http://etd.uwc.ac.za/



management of temporarily open/closed estuaries in South Africa, with particular
emphasis on river flow and mouth state as primary drivers of these systems. African
Journal of Marine Science 34: 163-180.

Whitfield AK, Grant GN, Bennett RH, Cowley PD. 2018. Causes and consequences of human
induced impacts on a ubiquitous estuary-dependent marine fish species. Reviews in Fish
Biology and Fisheries 28: 19-31.

Whitfield AK, Wooldridge TH. 1994. Changes in freshwater supplies to southern African
estuaries: some practical and theoretical considerations. In: Dyer KR, Orth RJ (eds),
Changes in Fluxes in Estuaries: Implications from Science to Management. Denmark:
Olsen & Olsen, Fredensborg. pp 41-50.

Whitfield AK. 1984. The Effects of Prolonged Aquatic Macrophyte Senescence on the Biology
of the Dominant Fish Species in a Southern African Coastal Lake. Estuarine, Coastal
and Shelf Science 18: 315-329.

Whitfield AK. 1990. Life-history styles of fishes in South African estuaries. Environmental
Biology of Fishes 28: 295-308.

Whitfield AK. 1994. An estuary-association classification for the fishes of southern
Africa. South African Journal of Science 90: 411-417.

Whitfield AK. 1998. Biology and ecology of fishes in southern African estuaries. Monographs
of the J.L.B. Smith Institute of Ichthyology No. 2: 223.

Whitfield AK. 1999. Ichthyofaunal assemblages in estuaries: A South African case
study. Reviews in Fish Biology and Fisheries 9: 151-186.

Whitfield AK. 2017. The role of seagrass meadows, mangrove forests, salt marshes and reed
beds as nursery areas and food sources for fishes in estuaries. Reviews in Fish Biology
and Fisheries 27: 75-110.

Whitfield AK. 2019. Fishes of Southern African estuaries: From species to systems. Smithiana
Monograph No. 4: 495.

Whitfield AK. 2020. Littoral habitats as major nursery areas for fish species in estuaries: a
reinforcement of the reduced predation paradigm. Marine Ecology Progress Series 649:
219-234.

108

http://etd.uwc.ac.za/



Winter PED, Schlacher TA, Baird D. 1996. Carbon flux between an estuary and the ocean : a
case for outwelling. Hydrobiologia 337: 123-132.

Wooldridge T, Melville-Smith R. 1979. Copepod succession in two South African

estuaries. Journal of Plankton Research 1: 329-341.

Ziemann JC, Wetzel RG. 1980. Productivity in seagrasses: methods and rates. In: Phillips RC,
McRoy CP (eds), Handbook of Seagrass Biology, An Ecosystem Perspective. New York:

Garland STPM Press. pp 87-116.

109

http://etd.uwc.ac.za/



Appendix

Appendix Table 1: Abundance (n cm™2) of epibiont taxa per site per season

Species Abundance (n cm™)

Season  Site Hiatula sp. Assiminea ovata  Spirorbis sp.
Winter 1 0 0 0
Winter 1 0 2 0
Winter 1 0 0 0
Winter 3 0 0 0
Winter 3 0 0 0
Winter 3 0 0 0
Winter 5 2 0 0
Winter 5 0 0 0
Winter 5 0 0 0
Spring 1 0 0 81
Spring 1 0 - 0
Spring 1 0 0 0
Spring 3 0 0 0
Spring 3 0 1 0
Spring 3 0 5 0
Spring 5 0 0 0
Spring 5 0 0 0
Spring 5 0 0 0
Summer 1 0 0 656
Summer 1 0 0 44
Summer 1 0 3 622
Summer 3 0 1 220
Summer 3 0 0 160
Summer 3 0 2 102
Summer 5 0 0 %
Summer 5 0 2 15
Summer 5 0 2 2
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Appendix Table 2: Abundance (n cm™2) of mobile epifaunal taxa per site per season

Species Abundance (n cm™)

Unid.
Palaemon Nassarius  Hymenosoma mollusc Assiminea Paridotea
Season  Site peringueyi kraussianus orbiculare 1 ovata ungulata
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