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EXECUTIVE SUMMARY

The aim of this programme was o provide data and understanding 1o support the estuarine component
of the Resource Directed Measures programme of the Depariment of Water Affairs and Forestry. This
was a multidisciplinary programme of the Consortium for Estuarine Research and Management (CERM).
The Amazon sub-commitiee of CERM administered the project. There were three projects that are
reported in Volume 1 (Project 1) and Volume 2 (Project 3). Project 2 is reported on a CD as Volume 3.
The capacity building and technology transfer components of the study are reported on in the Executive
Summary.

PROJECT OBJECTIVES
Project 1: Improving the biodiversity importance rating of SA estuaries (Volume 1),

1. Improvement of existing database through collation of existing data.
Recent Co-ordinated Water Bird counts (CWAC) were entered in a database. Recent fish data
were identified but were not included due to the expense. Existing invertebrate data for all
estuanes were collated in an excel database.

2. Filing information gaps with field work : summer bird counts in Wild Coast estuarnes.

Birds were counted in 67 estuanes along the Transkel coast in January-February 2002. A total of
2206 waterbirds and 40 waterbird species were recorded in the estuanes. Excluding tems. only
983 burds were counted in estuanes in tolal. Mangrove estuaries tended to have higher numbers
of waders, and of birds in general. Ordination and multi-dimensional scaling analysis did not
reveal any significant patterns in bird communities within the Transkei estuanes Indeed, even
though permanently open estuanes had move intertidal area, they did not support much higher
numbers or vanety of waders, as might have been expected. There was no major change in the
importance ratings of Transkei estuanes as a result of the data generated in this study, due 1o the
smal numbers of birds involved. However, the importance ratings for Transkei estuaries are now
accurately known, and a few of the larger estuanes are expected to be fairly important for birds,
espacially those supporting rare species such as Mangrove Kingfisher.

3. Predictors of biodiversity.
This research is reported on in three chapters in Volume 1:
- A field study of the intertidal invertebrate fauna of 16 warm temperate estuaries.
- Predicting invertebrate species nchness on the basis of broadscale estuary characteristics

Meetings were held with team members and other inferested parties on the selection of estuanes

for study and the methodology, as well as the emphasis of the study. Due to budget constraints
field sampling only took place in the warm lemperate zone. Intertidal invertebrates were sampled




in 16 estuaries. This project has shown that each estuary is highly unigue in character and that
intertidal invertebrate communities are distinct and cannot be accurately predicted on the basis of
simple environmental measures. A large proportion of species recorded were only present in one
or two of the estuanes sampled. Species nchness per estuary was the most predictable attribute
and was strongly correlated with the siope of the river and estuary mouth condition

The study then attempted to develop a predictive model for invertebrate species nchness for all
estuanes using avalable data on some warm temperate estuanes. The vanables considered
were those that are readily available for most South African estuanes. Some 538 invertebrate
taxa have been recorded in South African estuanes. These were separated by habitat into
intertidal benthic, subtidal benthic and planktomic invertebrates

This study 1s the first attempt at collating the invertebrate data of all South Afncan estuanes, and
provides new insight into the relative coninbution that these sub-communities make o estuanne
blodiversity. The research found that there is relatively little overlap between speces recorded in
the plankton, subtidal and intertidal macrobenthos and suggests tha! data on invertebrate
biodiversity for only one or two of these groups would not adequately represent the bicdiversity of

an estuary

Significant regression models were obtained for total species richness and subbdal benthic
species nchness. Subtidal species nchness was significantly comelated with the area of
submerged macrophytes (fypically eelgrass Zostera capensis). and the area of mangroves
When estuary lypes were analysed separalely subiial species nchness was significantly
correlated with mean annual runoff in both cases

For warm temperate permanently and tempovarly open estuanes. species rnichness as a
proportion of the ‘species pool was significantly positively correlated with estuary size. The
research thus showed that estuary size is the most important vanable determining the number of
potential species that actually occur in an estuary. Estuary size is comelated with habitat area,
habitat civersity and estuary type (i.e. permanently open estuanes are larger than others). The
pregictive equations for invertebrate species nchness were used !0 defermine estuarine
importance scores for all South Afncan estuanes. In the rewised importance rating there was no
correlation between the new scores and the old invertebrate scores, further supporting earler
concemns that the onginal index was inadequate

Updating the importance rating of all South African estuaries.

Existing and field study data were used to produce an updated importance rating database for
South African estuaries. Despite the radical changes in the invertebrate importance scores and
the significant changes in the bird importance scores, the overall ratings of estuanes were not
greatly affected
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Project 2: Quantifying water quality changes that affect different taxa (submitted as a CD).

Quantitative information on the response of estuarine laxa 1o changes in water Quaitly was collated. A
CD has been compiled containing the data (folerance bands and exposure times) and information tables
in MS Excel format. The CD is available for use in future Resource Directed Measures studies. The data
are contained in the directory, Estuarine Water Quality Database Fach biotic group is in & sub-
directory. microalgae, macrophytes, invertebrates and fish. Each constituent is in a separate file in the
sub-directories e.g. salinity xis. dissoived oxygen.xis. This format has been used so that the information
can be updated easily and transferred info a database format. The system vanables considered were
salinity, turbidity/suspended solids and dissolved oxygen. For the microalgae temperature and pH were
also included. Inorganic nitrogen, phosphate and ammonium were the nutnents considered. The effect
of toxic substances (e.g. trace metals) was only considered for invertebrates and fish,

Project 3: Responses of the biological communities to flow variation and mouth state in in two
KwaZulu-Natal temporarily open - closed estuaries. (Importance of the river-estuary interface
zone in temporarily open / closed estuaries — Volume 2).

1. Literature review

The literature review by Perissinofto el al. on the "Ecology of South African temporanily open/closed
estuanes: a review of current knowledge” was e-mailed fo the CERM members for input. After the
inclusion of relevant inputs this review paper was submitted to the Journal of Marine Systems for
possible publication. The aim of the synthesis was 10 provide an overview of the existing knowledge
on the major biological, physical. chemical and management issues that affect dynamics of these key
but highly threatened ecosystems.

2. Quantifying the response of the biota to changes in flow and mouth condition.

The Consortium for Estuarine Research and Management held a8 workshop on 24 October 2001 at
the University of Natal, Durban, to discuss the terms of reference and hypotheses for the study, and
fo select a research team. The Mdloti and Mhlanga estuaries were chosen as the study sites and the
research team consisted of participants from the University of Natal, Durban and the CSIR. Durban
with Prof Renzo Perissinotto as the project leader. Monthly sampling was conducted from March
2002 to March 2003 for physico-chemical, microalgal and zooplankton measurements.
Macrobenthos. fish and birds were sampled quarterly. An unusual rainfall pattem was observed
during the year of this study, with anomalous high precipitation recorded during the winter (July
2002). In terms of breaching events, 13 of these were recorded at the Mhlanga and 9 at the Mdioti.
The study showed that provided the flows are sufficient o sustain residence times of the order of 1-2
days, then the mouth will stay open.

The original hypotheses proposed for the study were that during the open phase of the mouth, a
nver-estuary interface zone is established that is charactenzed by higher biodiversity and biomass




compared fo the closed phase of the mouth and that biotic communities i the RE| zone during the
open phase of the mouth are distinct from downstream communities. These hypotheses were
revised as KwaZulu-Natal estuanes are perched which prevents a distinct RE! zone from forming.

The study showed that dunng the open phase there was strong freshwater infiow followed by iow
water levels Highest brodiversity and blomass occurred when the mouth was closed
(phytopiankton, microphytobenthos, zoopiankton). The maximum microphytobenthos biomass (601
mg chl-a.m ") occurred in December 2002, after a penod of closure of about 15 days. Zooplankon
(copepod naupli) aftained peak levels within 2 to 4 weeks following @ rainfall event with
temperature and state of the mouth being the main factors controlling the delay in this response
The study hypotheses for macrobenthos (i.e. a different fauna deveiops after the open state with
filter feaders becoming dominant due (o food avalability three months after mouth closure) could not
be tested because there was no unbroken three month closure period. The open mouth state did
not increase the diversity of birds as much of the areas exposed after breaching became supratidal
rather than intertidal and the dner habitats did not support any of the small, shallow-burrowing prey
species

Many of the study hypotheses were focussed on freshwater input and s importance in introducing
nutrients and stmuiating biotic response. However both the Mdiot and Mhlanga estuanes receive
treated sewage effluent and therefore available nutnents were never a problem. Indeed the
Mhianga Estuary was found to be eutroptic. Phytoplankton biomass was 303 mg chi-a m” in the
lower reaches of the estuary in October 2002, this is the highest reported for any South African
estuary. The hypotheses alsc focussed on the importance of mouth opening in stimulating biotic
response. In both estuanies mouth breaching occurred regularly due to increased flow from the
sewage plants. and the question is rather not how frequently the mouth should open in a year, but
rather how long the mouth should remain closed. Frequent breaching results in a disturbed system
where biomass can never build up.

Another important hypothesis that was tested was that overtopping of the berm is important for the
recruitment of estuanine dependent invertebrates and fish. Overtopping was indirectly demonstrated,
when six 20 mm Diplodus sargus were neffed in the Mhianga while storm-swell overtopping was
occumng (September 2002). Direct. conclusive evidence of recrutment through wave overtopping
was obltained at the Mhianga where juveniles of three fish species were netted in the incoming waves
at the peak of the spnng high tide i August and September 2003. The berm overtopping study
showed minimal recruitment of invertebrates during the closed phase as only a few ghost crabs
mole crabs. nematodes and siphonophorans were collected during the six sampling exercises at
Mhlanga and the two exercises at the Maloti Estuary

Recruitment of juvenie fish and invertebrates via berm overtopping appears to be relatively smail at

the estuanes studied Coarse sediments with steep, exposed beaches charactenze them

Conversely KZN South Coast estuanes e g Lovu, Msimbazi. have finer sediments. and less steep




beach slopes. Here recruitment via overtopping was observed repeatedly and on a much larger scale
than at the Mhianga/Madlot estuanes.

One component of the study that was not addressed was the short-term responses of microalgee
and zooplankton to the closing of the mouth. The objective of this investigation was to provide
information on the time-scale of recovery of the primary producers and consumers after a mouth-
breaching event and re-closure of the estuary. By December 2003 the mouth had not breached and
therefore this component of the study could not be included in the final report

Capacity building

Resource Directed Measures (RDM) workshops

The objective of this component of the programme was 10 organise workshops on the RDM methodology
o increase the pool of experts capable of doing this work. A workshop was held in Port Elizabeth in
June 2002. Participants included Department of Water Affairs and Forestry personnel from the Port
Elizabeth, East London, King Williams Town and Cradock offices and from the RDM office in Pretoria.
This was also a training workshop for the Thukela RDM study participants.

Two workshops were held in 2003, one in Durban and one in Cape Town. Participants included DWAF
personnel, Umgeni Water, Durban Metro, KZN Wildlife, CSIR, Ninham Shand. City of Cape Town,
Western Cape Nature Conservation, Department of Environmental Affairs, Namibian Mirustry of
Agnculture, Water and Rural Development and UPE. From the feedback received it is obvious that
participanis were very appreciative of these trainng workshops. The DWAF RDM directorate will
undertake training in the future. In the short-term when no formal training was occurring the Amazon
project filled an important gap. The feedback from the RDM workshop participants as well as the training
materials have been passed on to DWAF so that it can be incorporated in the design of future training
workshops.

Mdloti and Mhlanga Rapid Resource Directed Measures studies

A rapid RDM study commissioned by DWAF was completed on the Mdioti Estuary in February 2002 and
on the Mhianga Estuary in April 2003. Representatives from local authorities attended the workshop as
well as students and trainees from the University of Natal Durtban and CSIR Environmentek. This study
provided a first estimate of the freshwater requirements of the Mdloti and Mhianga estuanes.

These reserve studies could not have been compieted without the research and understanding gained
from the Amazon research project “Responses of the biological communities to flow variation and mouth
state in temporanily open / closed estuaries.” In addition these reserve studies have improved capacity at
the UND and Environmentek (Durban). Researchers now have the confidence and capacity to undertake
other estuary RDM studies in the future.
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Technology transfer

Scientific papers (completed)

Adams, JB, Bate, GC, Harnison, TD, Huizinga, P. Taljaarc, S, van Niekesk, L. Plumstead, E. Whitfield, AK
and Wooldrdge, TH 2002 A method 1o assess the freshwater inflow requirements of estuaries and
application to the Mtata Estuary, South Africa Estuaries 25(68) 1382-1393

Bate. GC, AK Whitfield, JB Adams, P Huizinga and TH Wooldridge. 2002 The importance of the river
estuary interface (REI) zone in estuaries Water SA 28 271.279

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

Scientific papers (pending)
Forbes AT, Demetriaces NT and Jairam S (In prep.). Comparison of the benthic communities of the
Mhlanga and Mdioti estuaries in KwaZulu-Natal, South Africa.

Kibinge |, R Perissinotto and X Thwala (In compl.). A comparative study of zooplankton dynamics in two
subtropical temporarily openclosed estuanes, South Afnca.

Perissinotto R, AT Forbes, D Stretch, TD Harrison, S Mundree, | Zietsman, NT Demetriades and A
Connell (Submitted). Ecology of South African Temporarily open/ciosed estuaries. a review of current
knowledge. Journal of Marine Systems

Perissinotto R, A Connell, | Kibinge anc MJ Joubert (In prep.). Direct evidence of recruitment of
estuarine-dependent fish into temporariy open/ciosed estuaries th ough berm overlopping

Thomas C, R Perissinotto and | Kibirige (In compl.). The phytoplankton biomass and size structure of two
contrasting temporarily open/closed estuaries on the South African east coast.

Conference presentations
Adams, JB and B Weston. 2001. Working together to ensure freshwater input 1o estuaries. Estuarnne
Research Feceration Conference, St Petersburg, Florida, 4-8 November 2001

lyer, K, R. Penssinotto and |. Kibinge. 2003. The comparison of microphytobenthic biomass between the
Mdioti and the Mhlanga estuanes n KwaZulu-Natal. Oral presentation at the 197 Congress of the
Phycological Socety of Southern Africa. 19-21 January, Mpekwen: Sun, Eastern Cape

lyer, K. 2003. The microphytobenthic biomass of the Mdioti and Mhlanga estuaries in relation to their
mouth state  KZN-Widife Symposium on “Coastal & Marine Conservation Research™, Krantzkloof,
Durban. 4-5 June 2003

Perissinotte, R. 2003. The comparative ecology of two contrasting temperarily open/closed estuaries
Mhlanga & Mdioti. KZN-Wildife Symposium on "Coastal & Marine Conservation Research”, Krantzkioof,
Durban, 4-5 June 2003

Simpson, H.  2003. The influence of the state of temporarily open estuanes on the composition of the
juvenile fish community: case study of the Mhlanga and Mdloti estuaries. KZN-Wildiife Symposium on
“Coastal & Marine Conservation Research”, Krantzkloof, Durban, 4-5 June 2003.

Stretch, D. 2003. Inlet dynamics of temporarily open/closed estuaries. KZN-Wildlife Symposium on
“Coastal & Marine Conservation Research”. Krantzkloof, Durban, £-5 June 2003.

Thwala, X. 2003. Annual variations in the zooplankton of the Mdioti and Mnlanga estuaries in relation to
freshwater inflow. KZN-Wildife Symposwum on “Coastal & Marine Conservation Research”, Krantzkloof,
Durban, 4.5 June 2003




Zietsman, |, 2003. The hydrodynamics of temporarily open/closed estuanies: flow and water monitoring.
KZN-Wiidife Symposium. Krantzkloof, Durban, 4-5 June 2003

van Nwekerk, L, S Lamberth, S Taljaard. P Huizinga and JB Adams. 2003. A South African approach to
estuarne flow requirements Numerical modelling of the Breede Estuary. Oral presentation. Joint
conference of SASAQS and ZSSA: Current trends in Zoology and Limnology in southern Africa. 30 June
1o 4 July 2003, University of Cape Town.

Reports

Taljaard, S, JB Adams, AT Forbes, T Harrison, P Huzinga, R Pernssinotto, S Pillay and L van Niekerk
2002. Rapid determination of resource drected measures for the Mdioti Estuary. Including preliminary
estimates of capping flows for the Mdloti and Mhlanga estuaries. Report submitted to the Department of
Water Affairs and Forestry

Taljaard, S. JB Adams, P Huzinga, L van Niekerk, R Perissinotto, S Pillay, N Demetriades. A Forbes, AK
Whitfield and AD Connell. 2003. Preliminary determination of the ecological reserve on a rapid level for
the Mhianga Estuary. Report prepared for the RDM Directorate, Department of Water Affairs and
Forestry. 86 pp.

Dissertations & Theses

Third - year research projects

Bailey, D. 2002. Establshing an artificial estuarine system to cetermine the effect of increased
freshwater input on estuarine communities occurring within the lower reaches of the Swartkops Estuary.
Unpublished 3™ year research project. Depariment of Botany, University of Port Elizabeth. 20 pp.

Botes, C. 2002. The effect of inundation on the intertidal salt marsh plant Triglochin bulbosa.
Unpublished 3" year research project. Department of Botany, University of Port Elizabeth. 38 pp.

Joubert, MJ. 2003. Recruitment of estuarine-cependent fish into temporarily open/closed estuaries in
KwaZulu-Natal through overtopping. BSc 3"-year Project, University of Natal, Durban, pp 14.

Honours
Jairam, S. 2002. The macrobenthic ecology of the Mdioti and Mhlanga estuaries in KwaZulu-Natal. BSc
Hons (Mar Ecol) Dissertation, University of Natal, Durban, pp 43.

Simpson, H. 2003. Responses of estuarine-associated marine fish species 1o flow variation and mouth
state in two temporarily open/closed estuanes. BSc Hons (Mar Ecol) Dissertation, University of Natal,
Durban, pp 28.

Zietsman, |. 2002 The Hydraulics and Hydrodynamics of Temporary Open Estuaries, with Case Studies
of Mhianga and Mdioti  BSc (Eng) Hons Dissertation, University of Natal, Durban

MSc (completed)

Knox, DH. 2003 Assessing the conservation importance of estuarine intertidal invertebrate
communities: A pilot study of warm temperate estuaries in South Afrca. Unpublished MSc mini-thesis
(Conservation Biology). Percy FitzPatrick Institute of African Ornithology. University of Cape Town.

Thomas CM. 2003. A comparative study of the phytoplankion biomass and size structure in two
subtropical temporarily openiclosed estuaries in KwaZulu-Natal. MMACM Thesis, University of Natal,
Durban, pp. 66.

Zietsman 1. 2004, Hydrodynamics of lemporarily open estuaries, with case studies of Mhianga and
Mdioti. MSc{Eng) Thesis, University of KwaZulu-Natal, Durban.

MSc (pending)
Thwala XC (In compl.). The comparative zooplankton abundance and biomass of the Mdlioti and Mhlanga
estuaries, KwaZulu-Natal north coast. MMACM Thesis, University of KwaZulu-Natal, Durban.

lyer K (In compl.). The comparative biomass and physiological health of microphytobenthos in the Mdioti
and Mhianga estuaries. MM&CM Thesis, University of KwaZulu-Natal, Durban,




SUMMARY OF NEW KNOWLEDGE GENERATED FROM THE RESEARCH

PROJECT 1 Improving the biodiversity importance rating of SA estuaries.

Comprehensive field counts of all the brds of the Transkel coast were completed. Invertebrates were
sampled in 16 warm temperate estuaries and from these data a predictive model for invertebrate
community atiributes was developed based on broadscale estuary characteristics. New xnowledge on
minimal sampling strategies for dfferent estuarine taxa were proposed and an updated importance rating
of all South African estuanes was produced.

PROJECT 2 Quantifying water quality changes that affect different taxa.

The objective of this component of the programme was not to generate new knowledge but rather to
collate existing data so that mnformation gaps could be identfied. Data were mainly sourced from
overseas studies indicating the lack of detaled studies on South African taxa and their water guality
responses

PROJECT 3 Responses of the biological communities to flow variation and mouth state in
temporarily open / closed estuaries

Mouth concition

This research has made an important contribution to the knowledge of processes controlling the
dynamics of temporarily openiclosed estuaries. The results seem to support others which show that
TOCEs experence a period of biological rejuvenation some tme after natural breaching. followed by a
period of maximal productivity shortly afler the re-closure of the mouth (Whitfield 1992, Nozais ef al
2001). For microphylobenthos this was approximalely two weeks and for zooplankton it was two-four
weeks after mouth closure.

New insights on the process of mouth breaching have been gained. Observations have shown that high
seepage flows through the sandbar to the sea cause erosion of the beach face and slumping of the
sandbar. Wave overiopping was imporiant in lowering the height of the berm, which promoted overflow
and scour

Recruitment

The research has shown that overtopping of the berm can result in fish recruitment but minimal
invertebrate recruitment. The dominance of estuanne dependent species in the calches, almost 1o the
exclusion of other marine species, demonstrates a remarkable ability of the small larvae to manoceuver
and orentate in the surfzone for the purpose of recruitment 10 the estuaries. Rhabdosargus holubi
juveniles were of a similar size, approximately 28 days post hatch. Ths single cohort in the calches begs
the queston whether adult spawning, and hence juvende arrival at the beaches, for recruitment 1o
estuanes might be linked to the lunar cycle in this species




Sewage discharge

The study has highlignted the problems associatec with sewage discharge to temporarily open / closed
estuanes e g algae blooms and low oxygen concentrations. Sewage discharge also increases base
flow, thus increasing the water level in the estuary causing premature mouth breaching The Mhlanga
Estuary was shown to be in an unstable state due to the frequent breaching of the mouth. The greater
abundance anc biomass of fish in the Md'oti Estuary compared o the Mhianga Estuary was related to
the greater water retention within the system (i.e. icnger periods of mouth closure)

RECOMMENDATIONS FOR TECHNOLOGY TRANSFER OF RESULTS

PROJECT 1 Improving the biodiversity importance rating of SA estuaries.

The updated biodiversity importance ranking of all SA estuanes will be used by DWAF in future RDM
stucies. The importance rating of a system :s an important step in the RDM process that is used to set
the recommended acological category of the estuary

PROJECT 2 Quantifying water quality changes that affect different taxa.
The database on the CD will be available to be used in all RDM studies. In this way people will utise the
available information as well as provide further data for the improvement of the current database

PROJECT 3 Responses of the biological communities to flow variation and mouth state in
temporarily open / closed estuaries

The results from this project were used 10 set the ecological flow requirements of the Mdioti and Mhlanga
estuanes (DWAF RDM studes) Transfer of resulls has thus taken place and indeed the research
increased the confidence of the RDM assessments  Thes project has provided good baseline data for
future monitoring of the Mdioti and Mnlanga estuaries. Important new knowledge was generated in this
project that had direct application to management problems This has already been implementec n the
re-direction of sewage effluents away from the Mhlanga and Mclol: estuaries. The new water treatment
system planned by Ethekweni Water Services (Durban Metro) will now discharge to the Mgeni Estuary
The study has highlighted the prablems of sewage discharge to tempararily open ! closed estuaries (L e
increased fiow anc unnatural breaching). In particular the eutrophication processes at Mhlanga Estuary

can serve as a case study for testing responses in similarly affected estuaries

RECOMMENDATIONS FOR FUTURE RESEARCH

PROJECT 1 Improving the biodiversity importance rating of SA estuaries.
Future studies should address the following needs

1. Completon of the habitat area and total area estimales for all estuanes This includes checking the

existing area data in cases where there are doubdts about accuracy It would be particularly useful if

the estuanes were dgitized in a geographic information system (GIS)




2 Sampling of invertebrates from a lot more systems. This wou'd improve the accuracy of the mocels
produced in this study, and would also provide useful baseline data for future RDM assessments,
especially rapid or desktop assessments.

3. Anin depth study of the trade-off between sampling effort and data quality for estuarine fishes,
allowing an evaluation of the Harrison data used in the index versus use of the other more
comprehensve data-sets, and mplications for the fish importance rating.

4. Atotal recount of birds of all the South African estuaries to update the counts which are mostly over
20 years old

5. A sensitivity analysis of the weightings in the importance index. Testing of the index is needed, 1o
investigate the effects of. for exampie, only retaining the biotic elements, or reducing the weighting of
the zonal type rarity index

PROJECT 2 Quantifying water quality changes that affect different taxa.

The coliation of avalable information in one database can be used 1o dentfy gaps. Overall the study
has shown that there s Iittle ecophysiology and ecoloxicology data for most of South Africa’s estuarine
biota. Thus there is plenty of scope for detailec studies on individual 1axa

PROJECT 3 Responses of the biological communities to flow variation and mouth state in
temporarily open / closed estuaries

This study has emphasized the need for medium / long term monitoring programmes for key estuaries
Climate change and an increase in the frequency of droughts will have a major influence on the mouth
cynamics of temporarily open / closec estuaries, It is recommended that a programme on the effects of
climate change on estuaries be initialed. Research into the mecharusms of mouth breaching is
necessary particularly in light of the response of the mouth o slumping as a result of outflow of estuary
waler. Investigations of this nature should be extended to temporarily open / closed warm temperate
estuanes.
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1. INTRODUCTION

Jane Turpie
1.1 Background and rationale

Estuaries represent the most anthropogenically degraded habitat type on earth (Edgar ef al.
2000). In South Africa, while many estuaries are still in a relatively good condition (Turpie
2003), numerous direct threats such as the development of marinas and resorts, land
reclamation projects and increasing human disturbance and exploitation are jeopardizing the
health and functioning of estuaries in the country (Schlacher & Woolridge 1996, Turpie ef al
2002, Turpie 2003). In addition, catchment degradation and the reduction or alteration of
freshwater flows into estuaries constitutes a significant threat to the functioning of these
ecosystems. Sound estuary management and meeting the ecological requirements for
freshwater inputs will thus be the two main factors influencing the future health and
productivity of estuarine habitats (Turpie et a/ 2002). While both aspects are vitally
important, this study is concerned with the determination of freshwater inputs into estuaries

The new National Water Act (36) 1998 makes provision for an environmental reserve (a
minimum input of water quantity and quality) which ensures the continued ecological
functioning of aquatic ecosystems. However, there is a range of possibilities in that
freshwater flows can be controlled 10 maintain aquatic ecosystems in varnous states ranging
from a near-pristine state (e g. due 1o very little abstraction of water) 1o a satisfactorily-
functioning, but altered state (Turpie et a/ 2002). The proportion of the natural flow which is
reserved for the environment will be determined by a new set of methods called “Resource
Directed Measures™ (RDM: = measures directed at maintaining the aquatic resource) and will
vary depending on ecological, social and economic goals (Adams ef a/ 1998) The decision
process involves assigning a ‘'management class”™ 1o each water resource, with a high class
usually requiring a higher proportion of the water supply allocated to the environment. For
estuaries. the ecological goal (water requirement from a solely ecological perspective) is
determined on the basis of ecosystem health and importance for biodiversity conservation.

The health of an estuary is determined using a set methodology which is applied when an
estuary is selected for an RDM study. The importance of an estuary is a relative measure,
however, and cannot be determined in isolation. Thus the RDM procedure relies on a
predetermined importance score for each estuary in the country, which in turn reles on an
understanding of estuarine bicdiversity in all South African estuaries. When the RDM




method was initially developed (ca. 2000), the importance score had to be devisad relatively
rapidly. based on available data (Turpie ef a/ 2002). Box 1 summarises the way in which the
importance scores were derived. details of the method are given in Turpie ef al (2002)

Box 1. A summary of the method used for determining an estuary's importance score

An estuary's importance was definec as its importance in maintaining ecclogical diversity and
functioning on local and wider scales Estuanne attnbutes inciuded in the index and their weightings
were chosen in a workshop involving @ wide range of estuanne scientists. The compasition of the
score is lllustrated by the following value tree:
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Apart from functional impertance, which is based on scores out of 100, the remaning scores are
converted to deciles, so that estuanes sconng in the top 10% are grven a score of 100, in the next 10%
are given a score of 90, and so on, This is because of the skewness of the area data and rarity scores
Ranty scores are based on the Spacies Ranty Index as follows:

SRI =100x)_r, . where r, = the rarity score of the ih species, and
-l

|
r,—»-‘(l,— based on abundance data or r;=? based on presence-absence data
/] '~
where g = number (or area) in estuary and Q = total number (or area) in all SA estuanes or coast, and
Ni is the number of estuaries in which the species occurs in South Afnca  Whereas functonal
importance is determined 3t an RDM workshop, the other components of the index have been
computed for all South African estuanes (Turpie ef a/. 2000)

Components of the iodiversity importance score are weighted equally The importance index 18 based
on the following weighting

Attributes Weighting if computed Final Weighting
without last attribute

Size 40 15

Zonal type rarity 10 10

Habitat diversity 25 25

Biociversty importance 25 25

Functional importance 25




1.2 Shortcomings of the existing importance rating

The available data upon which the importance scores were based were patchy and of
varying quality. Thus. in the ensuing years during which the methodology has been tested
on a handful of estuanes, there has been ongoing debate on how the importance rating
might be improved

The data used by Turpie et a/ (2002) are briefly summarised below, together with some of
their shortcomings that have undermined the accuracy of the importance rating scores:

1. The estuary list: The list of estuaries included in the study is based on the strictest
published list of functional estuaries (Whitfield 2000) but could be expanded to
include others such as Verlorenvlei or even Langebaan Lagoon;

2. Area data come from several sources, and have not been measured in a standard
way for all the estuaries;

3 Botanical data: These are relatively up-to-date and complete, although there are a
few data gaps.

4. Invertebrate data: No empirical data were used, and due to the lack of a database
comparable to other laxa, the inveriebrate index had to be based on distribution
ranges of estuarine invertebrates (i.e. assuming that a species is present if the
estuary is within its range).

5. Fish data: A once-off sampling of most South African estuaries, undertaken in about
1990, was used. Apart from a few gaps in this data set, these data are mainly
criticised in that they are based on a very limited number of samples in each estuary.
A single sampling may not adequately reflect an estuary’s ichthycfauna;

6. Bird data: The bird count data used were from a set of once-off summer counts of the
estuaries of most of the entire coastline aparnt from the Transkei-Ciskei coasts. These
data are more than 20 years out of date, only cover about two-thirds of the estuaries,
and a single count may not adequately reflect an estuary's avifauna

Thus there are some significant gaps in the data used 10 generate the importance rating.
Where no data were available, an estuary was assumed to score in the lowest decile for that
taxon. Although this is probably true in many cases, since it is often the very small estuaries
that have not been sampled, this generalsation may not always hold true. Much information
is required 1o fill data gaps in this database, in order 1o come up with a more confident or
robust rating of estuarine importance. Because the botanical data are relatively up-to-date




and complete, this study concentrates on the three faunal components, invertebrates, fish
and birds. with special emphasis on inveriebratas

1.3 Aims of this study

The aims of this study were as follows

1. To improve the existing database through collation of published and unpublished data
on invenebrates, fish and birds from individual estuanes;

2. To fil some of the information gaps by doing field work (e g the total lack of bird
count data for the Wild Coast region); and

3. To improve the estimates made for remaining information gaps using predictive
models. based on analysis of existing data and data collected in this study

4. To update the importance rating of all South African estuanes on the basis of
improved information and understanding.

1.4 Study approach and limitations

It was considered probable that some of the gaps in information could be filied with existing
information that had not previously been collated, such as data collected for environmental
impact studies or other grey Iterature. Thus the first step of the study involved an intensive
literature search and contacting key practtioners in the field to find out about the avaiability
of data Where possible, data were obtained and collated in a database

For the remaining gaps. new data needed to be generated. Some of these could feasibly be
filled by straightforward field data collection. Thus it was decided that the simplest way of
generating bird data for the estuaries of the Transkei - Ciskei coasts. the biggest data gap
for birds, was to conduct a count of this area. The coast was traversed on foot by three
counters in January - February 2002 Invertebrates were also sampled in some of the
estuaries during this study. Some additional counts were made during a subsequent visit to
the same area in January 2004. Unfortunately, budget limitations precluded the sampling of
fishes, for which data are missing from a number of Transkei estuaries

There are so few invertebrate data available that field sampling of all the remaining (over

200) estuanes for invertebrate fauna would not be feasible within a study such as this. Thus




this study attempted 1o seek rapid methods of assessment that would yeld more robust
results, based on modelling of field data. Because so few field data are available. particularly
for intertidal invertebrate fauna, it was necessary to first develop a8 more thorough
understanding of the invertebrate fauna of selected estuanes through a field study. Thus
intertidal invertebrates were sampled intensively in 16 estuaries. The number of estuaries
was limited due to budgetary constraints (<R12 000 per estuary, including analysis), and thus
it was decided to confine the field study to permanently or temporarily open estuaries of the
warm temperate zone (between Cape Point and roughly the Mbashe estuary)

Following this, all available field data on invertebrates (benthic intertidal, benthic subtidal and
planktonic) were analysed in an attemp! to produce predictive relationships that could
generate scores for estuaries for which no data were available. These relationships had to
be based on estuary characteristics for which data were readily available for all estuaries
Although predictive relationships are generated for the both warm temperate and subtropical
estuaries, it should be borne in mind that the data qualty is biased towards the warm
temperate zone.

The different sampling efforts for different taxa have yielded all sorts of data which vary in
their potential for inclusion in the importance rating of estuaries. Thus before updating the
current index, the implications of using different types of data, and of sampling at different
intensities, was explored. This gave rise to the rationale used in the updating of the
importance scores, which are reporied in the final section
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2. EXISTING DATA ON AREA, PLANTS, INVERTEBRATES,
FISH AND BIRDS OF SOUTH AFRICAN ESTUARIES

Jane Turpe

2.1 Introduction

As a prerequisite 1o updating the importance rating of estuaries, it was necessary 10 review
the existing data required for this exercise, determine its availability. and collate the data for
further analysis where appropriate. The study thus set out 1o do the following:
« Source all species lists and quantitative information on invertebrates. fish and birds for
South African estuaries, from the published Iiterature, student projects, EIA studies, etc ;
e Devise a way of recording the information so that it can be easily updated and
summarised for each estuary;
o Convert different types of sampling data into common units where necessary. and
« Update the summary database.

2.2 Areadata

Although not specifically an element of this study, the area of an estuary is an important
component of the importance index, and was thus considered worthy of a brief mention in
terms of data availability. Area data were obtained from three main sources: Colloty’s (2001)
database on habitat areas (see below), Cowan's (1995) collation of data on South African
wetlands, and CERM's (1996) database produced for an estuary ranking exercise. CERM's
database was originally used as the primary data source (Table 2. 1). However, in this case,
the areas of the estuaries probably came from numerous sources, and using various
methods to define the upstream, seaward and lateral extents of the estuaries. Colloty's
(2001) database is the only data set which is consistent in its definition of estuary
boundaries, and was thus subsequently taken as the primary source. Nevertheless, while
the overall reliability of the area measurements is considered to be much improved, there are
still some estuaries where the accuracy of these measurements may be debatable, and a
few estuaries for which alternative sources had 1o be used or no data were available. This

would probably merit some further detailed research. However, area data have not been
further updated in this study




2.3 Plant data

Similarly, plant and habitat data are not updated in this study. due to the database being
relatrvely recent and compiete. Colloty's (2001) database pulls together information gathered
for the Botanical Importance Rating of South African estuaries (e.g. Coetzee et al 1997
Colioty et al. 1998, Colloty ef a/ 2001) and updates the data in Colloty (2000). This exercise
entaled quantifying habitat areas from recent and past (ca 1960) aenal photographs of 230
(90%) of the 255 estuarias considered in the importance rating It is interesting to note
though that recent data were available for only 157 estuaries. whereas historic data were
available for 186 estuanes. VWhere both were available, the most recent data was used
Colloty's (2001) database includes species lists for 228 estuaries (85%). The vanation in

sampling effort and completeness of these lists is unknown, however

Table 2.1. Available information on the size, habitat areas and plant species of South African estuaries. Estuaries
are classified as River mouths (R), Permanently open (0), Temporarily open/closed (C), Estuarine Bay (B)
or Estuarine Lake (L). Habitat cover data from Colloty 2001 are either for present cover, past cover or both,
Plant species data are as listed in Colloty 2001. Estuaries are listed from west to east.

No ESTUARY Type Sze Hadb  Plamt No ESTUARY Type Size Hab Plant
(ha) cover spp (ha) cover spp
1 Orangs (Ganep] R $/452 both Y 26 Gree 0 45528 pres Y
2 COidants 0 70165 pres Y 27 Duiwenoks 0 2307 Dboth Y
3 Berg (Groot 0 315 pres Y 28 Goukou 0 15476 both Y
4 RendeiDep C 515 Y 29 Goums 0 1125 both Y
5 Houdaa R past Y 0 Shinde C Y
§  Wildevoélviei c 7578 both Y 31 Hartende C 2055 Dboth Y
7 Bokramspeut c Y 32 ¥ien Brak C « Y
8 Schuster C 33  Geoot Brak C 1382 pres Y
§ Krom C Y 34 Masgate c 13§ Y
10 Silvermine C 652 both Y 35 Gwang c Y
11 Sand c 15548 pres Y 35 Kaamans 0 ¢ Y
12 Eerste c 102 pres Y 37 Wigemess L pres Y
13 Lourens C 708 pres Y 38 Swarndei L 2786 Y
14 SrilowrysPass C 285 both Y 39 Goukamma C 270 Y
15 Steenbras 0 188 Dboth 4) Knysna Bay 3554  both Y
16 Roowis c 084 Ddoth Y 41 Noetse C g Y
17 Buflels (Ocs) C 1728 Dboth Y 42 Pwsanc C 3224 pres Y
18 Palmeet 0 33 Dboth Y 4] Keyrdcoms 0 23517 both Y
19 BotKleinmond L ‘6984 past Y 42 MatesSitoy c
20 Onrus C 4111 pres Y 45 Sout(Oos) 0 NW pres Y
21 Kien L 2058 ¢ Y 4 Groot (Wes) G 32 pres Y
22 Nskraals c 1047 Dboth Y 47 Sloykrans R Y
23 Ratel C 10 Y 48 Lottenng R 17 Y
24 Heunngnes 0 7251 both Y 49 Elandsbos R 6 Y
25 Kipdisiontsin  C 50 Sworms R __pres Y




|
|
|

"No ESTUARY  Type Size Hab Panmt  No ESTUARY  Type Saze Hab  Plant |
| (ha) cover spp = . _(ha) cover spp
§2  Groot (Ocs) R Y 111 Haga-haga ] 34 pres Y
53 Tstskamma c pres Y |12 Miendwe c 1123 past %
54  Kipant C Y 13 Quko C 358 pres Y
55 Slang C 114 Morgan c 24 pres
56 Kromme 0 2403 beth Y 115 Cwh G 12 pres
57 Seekoei C 13222 both Y || 116 GreatKei 0 2224 both Y
| 58 Kabelous C 11784 beth Y 17 Guara c 239 both Y
| 59 Gamtoos 0 45703 beth Y 118  Noogwane c 812 both Y
60 Var Stadens £ 2% pres Y || 1% Qolora - 229 both ¥
| 61 Matland C 02 pres ' g | 120 Ncizele c 6.635 both Y
| 62 Swartkops 0 499 both Y 121  Kobongaba 0 264 both Y
83 CoegaiNgowra) C 1014 pres Y || 122 NxaxoNgqusi 0 15348 both Y
64 Sundays 0 17337 pres Y ’ 123 Cebe C 1553 both Y
65 Boknes c 27 past Y 124 Gaunee c 175 both Y
66 Bushmans 0 213 past Y | 125 Zau C 1235 both
67 Kaneg 0 198 past Y | 126 Nzaword c 1835 both Y
68 Kasuks c 38 past Y || 127 Shicotteeni'Gon C 1101 both Y
| 69 Kowe O 11863 pres Y 128 Qora 0 8963 both Y
70 Rutane - Y | 128 Junra c 477 both Y
71 Ret C 7306 past Y 130 Ngadia C 13884 both Y
72 KeremondWes C 80 past Y 131 Shixn 0 221 both Y
73 KeremondOos C 35 past Y 132 Ngabara 0 10866 both Y
74 Klein Paimiet c 133 Ngoma¥obule c 10.11 both Y
75  Grest Fish 0 38568 both Y 134 Mendy c 2383 both Y
76 Oldwoman's c 2512 both Y 135 Mbashe 0 131585 both Y
77 Mpexwen c 14141 both Y || 136 KuApenzu C 1338 both Y
T8 Mt c 1242 both Y | 137 KuBhulaWohan, C 76 both Y
78 Mgwalana c 12362 both Y 138 Ntionyane c 4132 both Y
| 80 Bm c 9748 both Y 138 Nkanya ¢ 1547 both Y
| 81 Gqutywe C 5164 both Y || 140 Xora 0O 15058 both Y
| 82 BueKars c 254 both Y | 141 Bukngda c 184 both Y
. B3 Murs C 1569 both Y 142 Ky-amanamy2 C 365 both Y
84 Keisamma 0 45384 both Y 143 Mncwasa C 19216 both Y
85 Nognisa c 1267 both Y 144 Mpako c 1351 both Y
86 Kmane c 188 both Y || 145 Nenga C 1001 both Y
87 Tydloega C 10744 both ¥ | 146 Mepud c 159 both Y
' 88 Shelbemssroom  C 147 Mata 0 18679 both Y
89 Lilyvale c 23 pres | 148 Mdumbi 0 7607 both Y
; 90 Ross' Creek ¢ | 148 Lwanciana c 989 both Y
81 Nesez C 284 pres 150 Lwancile c 222 both Y
92 Mk - 16 pres | 151 Miakatye 0 11681 both Y
| 93 Mcantsi c 9 pres | 152 HulekaMausni C 149 both Y
| - G C 485 pres Y 153 Mneny c .52 both Y
95 Goda C 172 pres Y 154  Muwnge c 322 both Y
9% Hozi C 07 pres 155  Mpande C 1504 both Y
97 Hckman's c 43 pres Y | 156 Smangwana c 132 both Y
98 Bufac 0 % pres Y 157  Mngazana 0 22485 both Y
% Bind c 05 pres Y 156  Mngazi c 17.1 both ¥
L 100 Hizze [ 15 pres Y 150 Buluko (- 1262 both Y
101 Nahoo 0 577 pres Y | 160 Mambane c 1084 both Y
| 102 Cinira ¢ 7213 pres Y || 161 Mamwubu R 15088 both Y
103 Gouude 0 534 pres Y 162  Ntwpen c 437 both Y
4 Kwelen 0 501 pres Y 163 Nkodusweni C 325 beth Y
105 Buura C B5 pres Y 164 Mntafuly 0 2407 beth Y
! 105 Cunge ¢ 05 pres 165 Mzntava 0 2305 both Y
| 107 Crvsa C 23 pres Y 166  Maimpunai c 508 both Y
| 108 Cefane C 827 pres 168  Mkozi c 401 both Y
Lms Kwenxura C 201 pres Y 168 Myekane (] 152 both Y




No ESTUARY  Type Size Hab Plant  No ESTUARY Type Size Hab  Plant

[ — (ha] cover spp - (ha)  cover spp
170 Lupatana C 355 both Y 214 Ntwalume C 48 past Y
171 Miwen C 7 both Y 215 Mwn C .8 past
172 Mskaba 0 1513 both \ 216 Fafe c 22 past Y
173 Moweagwe C 87¢ both Y 217  Moesngane ¢ 04 past
174  Mowettyana C 328 both Y 218 Sezela C 12 past Y
175 Meny 0 5253 both Y 215 Mxymbae C 3 past Y
176 Sikombe C 1148 both Y 220 Mzinte c 7 past Y
177 Kwanyana C '13 both Y 221  Mamay C 1 past Y
178 Mnyamen C 2782 Dboth Y 222 Mpambanyon C 23 past Y
179 Mpahlanyana C 385 both Y 223  Mahlongwa C 58 past Y
180 Mpaniane C 352 both Y | | 224 Mahongaana C 68 past Y
181 Mzambs 0 054 both Y 225 Mkomaz 0 ¢ both Y
182 Mentwanz C 1141 both Y 226 Ngane C '4 past Y
183 Mtamwna C 8353 both Y | 227  Umgababa G 76 past Y
184 Zowane C 05 past Y | | 228 Msmbdad C 32 past Y
185 Sanciundiu C 4 past Y 22¢ Low E 05 past Y
186 Ku-boboy C 1.1 past Y 230 UmeManzimiod C 15 past Y
187 Tongaa C 08 past Y 231  Manomiob C 67 past Y

| 183 Kancandmow  C 18 past Y | |232 Moowdwen c 72 past Y

| 189 Mpeniat c 115 past Y 231 Spingo 0 65 past Y
180 Umhiangankuly c 97 past Y 234 Durdan Bay 3 past Y
197 Xaba C 24 past Y | | 235 Mgen c 4% past Y

| 192 Mbizana C 124 past Y | | 235 Wnianga C 1001 both Y
193 Mwvutshini C 0% past 237  Mdios C 581 both Y
184 Bidanhlolo C 25 past Y 238 Tongat C 373 both

| 195 Uwzana C 08 past 235  Mhlai > 21 past Y

[ 196 Kongwen C 14 past Y || 280 Sewen c 11 past Y
197 Vungu C 1.1 past Y 241 Mot ; 184 past Y
198  Mniangen C i85 past 242 Mdiotane C 2642 both Y |
199 Zotsha c 73 past Y 243 Nonot C 18 past Y

| 200 Bobon c 13 past Y 284 Zinkwas c 7116 both Y
21 Moang c 09 past 245  TugelaThukela R 35 past Y
202 Mamkulu 0 74 past Y 245  MatiguluNyoni 0 192 past Y
203 Anentwen c § past Y 247 Siyaya C 765 both Y

| 204  Mriangamkuly c 39 past Y || 248 Malas 0 224 both Y
205 Damby C 17 past Y 243 Mhlathuze 3 59 both Y |
206 Koshwana C 12 past Y 250 Richard's Bay : 1800 3
207  Imshambi C 1.7 past Y 251 Nhiabane L 144 both Y
208 Mumbe c 158 past Y || 252 Mbika R 180 past Y
200 Mhiangshare C 23 past Y 253 Stlucia L 38290 both Y
210 Malungwa c 31 past Y 258  Mgobezeleni L 3 past Y |

| 211 Mfazazana _C 21 past Y | 1255 Kos L 300 past u




2.4 Invertebrate data

There has been a considerable amount of research on invertebrates in South African
estuanies. This information has never been colliected in @ systematic fashion or collated in
any way, however, apart from the presentation of information on the estuaries of Natal by
Begg (1978), and data summaries in the Estuaries of the Cape series (Heydom & Tinley
1980) However, neither compilation provides comprehensive data on estuarine
invertebrates. Begg (1878) provides data mainly on pelagic invertebrates such as swimming
prawns and crabs, and Heydorn & Tinley (1680) provide lists of species recorded. but their
comprehensiveness is variable,

Emmanuel et al (1992) and Awad et a/ (2002) compiled detailed nformation on the
distribution of invertebrates around the South African coast. The existing importance rating
used the latter data 1o develop a data set of the distributions of estuarine species. This was
then used to devise lists of potentially present species in all South African estuaries.
However, it was recognised that this was to be an interim measure until a better indicator of
estuary importance for invertebrates could be devised.

Estuarine invertebrates are a complex group that can be divided into several sub-groupings
based on general habitat, behaviour and sze. Few, if any, studies attempt to quantify all
types of invertebrates in an estuary, with most of the literature dealing with the biclogy of
selected species. Furthermore, studies that do describe aspects of inveriebrate communities
are often limited to covering a cenain size range (determined by sampling mesh size). and 1o
a certain ecological grouping. Available data for each grouping are descrided below.

2441 Zooplankton

Zooplankton studies can be distinguished on the basis of the size of organisms described.
Microzooplankton comprises pelagic inveriebrates smaller than 200um. There are very few
data on these e g Jerling (1993) for the Sundays estuary. Wooldridge (1878) (on nauplii
larvae only) in the Swartkops estuary.

Most work on zooplankton concentrates on the mesozooplankion. Many studies of these
have been restncted to selected groups such as copepod and mysikd species (eg
Wooldridge 1679, Jering & Wooldridge 1985). However, several studies describing
estuarine zooplankion communities have been camed out (e.g. Wooldridge 1976, 1977,

1




Coetzee 1983, 1985, Davies 1987, Deysel 2001), although much of this work has not yet
been written up or published (e.g. Wooldndge unpublished data for 12 Cape estuanes). In
all, zooplankton data could be located for a total of 23 estuaries (9%)

242 Nektonic invertebrates

This group comprises the larger invertebrates which are capable of active swimming and
characteristically migrate between estuanne nursery habitats and coffshore areas (Forbes
1999). This group includes the penaeid prawns. the portunid crab Scylla serrata and the
palaemonid shrimps (Forbes 1888) There has been extensive work on the biology of these
species in KwaZulu-Natal. but comparatively little elsewhere. Although this group is more
charactenistic of tropical estuaries, there are species that extend into temperate areas. Begg
(1984a.b) lists the prawn species captured in trawls for a large number of KwaZulu-Natal
estuaries (in addrion to the fish and crab species)

243 Benthic meiofauna

Very littie work has been carned out to describe this group, ¢.g. Dye & Furstenberg's (1578)
description of meiofauna in the Swartkops estuary and Dye (1983). Meiofauna biomass has
been estimated from carbon biomass measurements, e g for the Kromme, Swartkops and
Sundays estuaries (Charler ef al. 1998)

244 Benthic macrofauna

Much of the work camed out on estuarine invertebrates is on the macrobenthos, with
numerous surveys having been carried out both in KwaZulu-Natal and Cape estuaries (e.g
Bokt 1975, Blaber et a/ 1983, Hay 1585a. Hodgson 1987, Hanekom ef a/ 1988, Whitfield
1989; see Table 2.2). Teske & Wooldridge (2001), based on Teske (2000), describes the
macrobenthos of 12 Eastern Cape estuanes. although sampling excluded the intertidal area
In addition to published data. unpublshed assessments include Sogayisa's work in 10
Eastern Cape estuaries (towards an MSc at Fort Hare) and this study (16 Cape estuaries)
Whereas Sogayisa sampled the subtidal benthos only, this study concentrated only on the
intertidal benthos. with a view 1o complementing the work of Teske and others. Other

unpublished data includes the work of Trevor Harrison, who took about @ core samples in




each of the KwaZulu-Natal estuaries (samples housed at the University of Zululand, but not
analysed), and the 9 ~ 12 cores taken by Barry Clark in five Transkei estuaries (results
included in this study) Recent research projects have involved comprehensive sampling of
invertebrates at three Transkei estuaries (Nxaxo, Mngazana and Mngazi - Wooldridge, pers.
comm.) and detailed work is underway on the Berg River estuary by Tris Wooldridge s group
(subtidal and plankton) and Barry Clark (intertidal), but the data are not yet available
Estuary freshwater requirement studies have resulted in data collection for the Palmiet,
Breede and Thukela estuaries. and will shortly yield data for the Kromme, Seekoei and
Olfants estuaries. The estuaries for which invertebrate data are available are summarised in
Table 2.2.

Usually sampled with grabs, benthic macrofauna studies usually describe fauna that are
extracted with a 0.5mm sieve, although coarser sieves have also been used (eg. 1mm -
Pemberton 2001). There has been less emphasis on the intertidal component of the benthic
macrofauna than the subtidal component, however, especially in Cape estuaries. Ancther
point of interest is that in KwaZulu-Natal and some Cape estuaries (e.g. Nahoon - Bursey &
Wooldridge 2002). the intertidal fauna has largely been sampled using grabs at high tide,
whereas in the Cape. the sampling technique has been using cores taken at low tide (e g
Kaleta & Hockey 1981, this study).

Due to the need for a more holistic understanding of estuaring communities and functioning,
for example for the determination of freshwater requirements of estuaries, there is an
increasing trend for studies to be more comprehensive. Invertebrate studies are increasing
including all aspects, including subtidal and intertidal macrobenthos (sieved to 0.5mm),
plankton, and more recently, hyperbenthos (e.g. Wooldridge 2001). The latter are collected
using sleds.

Macrobenthos data are available for at least 51 South African estuaries (20%) (Table 2.2).
The macrobenthos has been described for some 46 Cape estuaries (Northern, Western and
Eastern Cape), or 25%, whereas data are known from only 7% of KwaZulu-Natal estuaries.




Table 2.2. Summary of the degree of available information on invertebrates in South African estuaries. SL =
species lists only; Quant = quantitative data; P = published. G = grey Iterature. Pvt = exists in private
collections; CWAC = quantitative Co-ordinated Waterbird Count data, available for 3 fee from ADU,
University of Cape Town. Note that only estuaries for which data exist are listed (see Table 2.1 for
complete estuary list) (note: this may exclude some recent work in KZN)

Size Intertical Subtidal
No ESTUARY  Type (ha) macrobenthos macrobenthos Plankton
1| Orange (Ganep, _ * 97432 : Fotomng
2 | | Odfants O | 70189 _ Forthcomng N _J
Kalerta & Hockey
3 | Berg (Groot) 0 3815 | 1991 -
16 | Roowels 1€ | 10.84 | Thus stugy | . __ |
18 | Palmiet 0 33 | This study | N o
DJeDecker & Baly 1985
15 | BotKenmond | L | 16084 ~ DeDecker 1957 _ Coetzee 1983 1985
24 | Hommmes O 17251 | Ths study I _
' | Wooldndge 2001,
| Pembericn 2001, Ths  Wooldndge 2001
2% | Bred 10 455.28 | study (nd hypesbentcs) Wooldnidge 2001 |
132 |KenBrak | C 9 | Ths study -
3’ @rpggrsrak C 11392 | - | Momtonng programme " Montonng | prograrn'ne |
'3 Kaamans 0 | 8 | Thes study l
| 38 | Swartviei L 1076 63 Daves 1982 |
40 Knysma  Bay | 35M _ Dawies 1587 |
| Woolandge unputl
Estuanes of the Cape
Charler &' al *358 Tashke 2000 Teske & ‘388 Charler af 2/
| 55 Kromme O | 24034 | Barceral 1981 Wooldndge 2001 1938
[ S7 Seews ~C | 13222 — | Forhicomng _ 1
Teske 2000 Teske & Schlacher §
58 Kaveljous_ C 11784 ' Ths study Wooldndge 2001 Wocienage 1595
Shiacher & Wooldndge Estuanes of the Cape. |
| 58 | Gamioos o 45703 | Ths study 1996 Calahan 2001 Callahan 2000 |
Teske 2000 Teske & Axkcrmge unpubl
|60 WVanStadens C | 28| | Wooldndge 2001 REED
Hanekom ef 8l 1588, | MacLachian & Grndley
| Charler & &/ 1958 1974 Teske 2000 Teske  Glen 1980 Charler of
62  Swartkops )| 49% | This study 8 Wooldndge 2001 al 1948
[ | Woolandge & Saley
1982 Jering &
‘ Forbes 1994, Chader | Teshke 2000. Teske & Wocldndge 1995
| 64 Sundays O | 17337  ela 1998 This study | Wooldndge 2001 | Charter of 8l 1998
| 5 Bushmans O | 213 | This study
. 6 Hocgsen 1967, 7.This | Teske 2000 Teshe & -'-o::l:!ro;e unpubl
|67 Kamaga  O© 198 | shudy | Wooldidge 2001 )
| ‘ ; ‘ Esmmesc'me Cape
| B9 Kowe 0 11863 | | Estuanes of the Cape “98' _ |
| 72 Klenemond W\ c | & Hill 1985 - | 1
| Teshe 2000 Teske & Wooldndge unpub
73 KiememodE€ C | 35 Forbes.T | Wookdndge 2001 Jtes8
‘ Teske 2000 Teske 3 Wooldnage unpubl
75 Great Fish 0 35568  This study Wooldndge 2001 1938
, Teske 2000 Teske & Wooldnaze unpudl
76 OMd woman's C 2512 Wooldridoe 2001 _ 18
Teshe 2000 Tesie & Aociindge unputi
77 Moskwen C 14141 Wooldnage 2001 1958




T T
] Sze intertdal I
No _ ESTUARY _Type | (ha)  macrobenthos Subtidal macrobenthos  Plankton
. ) | Teske 2000, Tes«e & !‘Momdgem
8 | Meat |C 1242 | Wookindge 2001 | 1998
79 | Mgwalana C 12362 | This study x | Woogndoe unp. 1948
| | ]rmzooo.rm& | Woolgndge unpudi
81 | Gouywes |C 51564 | _ Wooldridge 2001 | 1998
; | ;Tmzooo.rms - Wooiondge unpudl
8 | Keskamma 0 49384 | This study Wooldndge 2001 . 1968
86 | Kwane c 188, | Sogayisa 2000
£7 | Tyolomnga [ 10744 | Ths study
B9 | Liyvale C 2.3 Sogayisa 2000
8 Gu c 285 Sogaysa 2000 I
& | Goda c 172 ) Sogayisa 2000 l
%  Hoz c 0.7 | Sogayisa 2000 ‘
€7 | Hekman's c 43 Sogayiss 2000 !
‘ ; | Bursey 1958: Bursey |
\ | & Wooldridge 2002 Bursey 1958 Bursey 8
| 101 | Nahoor 0 5.7 | Wooldnage 2002 e
107 | Cintsa [ 83T Sogaysa 2000 1
108 | Cetane c 827 Sogayisa 2000 I
| Tﬁnmud
! | 2000 Walker ef &
| 110 | Nyara C 171 Sogayisa 2000 | 2001
| 122 | NxaxoNggust | O 159.48 | Clark unpubl Deysel 2001
| 126 Ngowara 1C 1935 | Clak unpubl R S
| 127 | ShiontiwenGoni | C 11.01 | Clark unpubl
| 128 | Qora |0 89.63 | Clark unpubl
135 | Mpashe 10 | 13185  Clark ungudl
| Branch & Gangley ,
157 | Mngazana |0 22685 | 1979 Forthcoming Wooldridge 177
158 | Mngaz. |C 17.1 | Forthcoming :
172 | Msiaba |0 | 1513 . | Wooandge 1976
188 | Mpenjati ' - Kiyge 2002
U f ' . Gnndey 1561
236 | Mhianga Whitheld 1960 | Whifeld 1580ab
237 | Mook |C 581 ] This study Vol il | Blaber a al 1984
| 238 | Tongan | | Bavereta(1984 | Blaberatal 1984
245 | TogelaThutela | R 5| Receni ROM study |
| 247 2 | C 768 | Cyrus unpubl cata
Connell et ai. 1561,
‘ Jerkng 158819, van
249 | Mhathuze Bay 1691 Mackay & Cyrus 19968 | derEist et al 18600
| Forbes & Demetnaces
| ' 2000, 2002. Vivder of al
251 | Nhiabane | | | 1868
‘ ' Bol 1975, Baber ef &
‘ 1963, Hay 1585; Cyrus
‘ \ 1588, Owen & Forbes
| 253 | Stluca ll 38290 1967




2.5 Fish data

As with invertebrates, research on fish has been concentrated in a few areas, notably in
estuaries close to academic research institutions, There has, however, been one study of
estuarine fish which was country wide. As part of the data collection for an estuanne health
index, Harrison sampled fishes in 215 of the South African estuaries considered in this study
(84%). Although based on only a few samples per estuary. the cata set provides a
standardised set of once-off samples which are comparable from estuary to estuary. These
data are mostly from the 1990s, but because of small sampling effort, do not pick up rare
species. The raw data (Harrison, unpubl. data) are in the form of numbers of each species
caught in each estuary

Other studies have provided far more comprehensive assessments of the ichthyofauna of
individual estuaries or groups of estuanes (e g. Marais & Baird 1980, Marais 1982a.b,
1983a.b. 1996, Plumstead e! a/ 1985, 158%9a 1991, Bennet e! al 1985 Whitfield
1980a,b,1988, Cloete 1980, Whitfield ef al 1984, Russel 1986, TerMorshuizen ef a/ 1986,
1997, Cowley 1998 Weerts & Cyrus 1998/G, Lamberth 2001). Many studies have
concentrated on the larval component, or ichthyoplankton (e g. Melville-Smith & Baird 1980,
Melville-Smith 1981, Beckley 1984, Strydom 1995 Harms & Cyrus 189985, 1997, 1999)
Although none of the above studies predate 1980, Day et al (1981) give fish species
recorded in 24 estuaries.

More comprehensive data have recently been collected for over 30 Cape estuanes by Steve
Lamberth (13 estuaries) Paul Cowley (4 estuanes). Angus Faterson (1 estuary) Paul
Voerwek (11 estuanes) and Alan Whitfield and students. In addition, there have been recent
fish surveys of several KwaZulu-Natal estuanes (Cyrus, pers. comm.) These studies include
comprehensive once-off studies (eg sampling every kiometre up an estuary), and
comprehensive studies that are repeated in different seasons and'or annually. One of the
longest-term studies is of the fishes of the Kowie estuary (over 8 years of monthly data)
While some of the data are published in summary form (e g Voerwek 2001), many (if not
most) of these data only exist in raw form at present (not even in digital form), and as part of

ongoing research projects, are yet available for public use




2.6 Bird data:

There is a set of once-off summer counts for 178 estuanes which took place in the summers
of 1879/80 and 1980/81. The entire set of counts is in a spreadsheet printout (Underhill &
Cooper 1984), and parts have been published in Ryan & Cooper (1985), Ryan ef al. (1986)
and Ryan et al. (1988). This counting effort included counts along the entire coast. which
allowed estimates 1o be made of the total coastal population of each species. Since about
1983, monrtoring of bird numbers by volunteer counters has been carried out on 23 estuaries
under the Co-ordinated Waterdbird Counts project. based at the Avian Demography Unit
University of Cape Town. These comprise annual summer and winter counts. The actual
count data are only available for a substantial fee, but mean, maximum and minimum
numbers of each species recorded during 1993 — 7 are published in Harrison ef al (1887)
These data have been collated in an electronic database. In addition, count data for several
estuaries have been recorded in a number of grey literature reports (e.g. for Environmental
Impact Assessments) and published papers (Table 2 2). Additional count data were
produced for the Transkei estuanes during this study (see Chapter 3). Other bird count data
(e g. for KwaZulu-Natal estuaries) exist but have not been published or released for public
use. Existing data scurces for estuarine birds are summarised in Table 2.2. An electronic

database was compiled summarising all available bird count data for South African estuaries




Table 2.3. Existing information on fish and bird communities for South African estuaries (i.e. excluding studies of
the biology of selected species). “Harrison™ refers to an unpublished data set. CWAC (Co-ordinated
Waterbird Counts) means that the estuary is counted twice yearly, since ca. 1993 or later.

Size
_No_ ESTUARY Type (na) Fish - Birds -
Hamson. Seaman & van As 1538 | Grndley 1359 Ryan & Cooper
1 Omange(Ganep) R | 87452 Lamberth unpudl 2003 1985 Wilams 1986 )
2 Ot‘ams 0 70% 55 T Hamison Lamberth unpubl 84-58 04 | Ryan & Cooper 1985 CWAG
23 Verdorenvie: C Aamison Lamberth unpubl 2002 B —
Velasquez ef al 931 Hockey
Hamson Bennet 1994 Lamberth 1963 Mamta & Hockey 1954
| 3 Berg (Groot) 0 3615 | unpubdl; Clark uapubl 2003 CWAC
4 RetdeiDep C 915 | Lamberth urpuds Ryan ef 8l 1588: CWAC
S jalin e = | R A | Hamson ) B . -
8 Widevoeiviel C 7575  Hamson. Lamberth unpubl CWAC Turpee 2003
7 Sokramspruit C
[8 | Schusier c | |Hamson
, Krom - c__. | Hamson Nt | —
vermng C 6.52 Famson. Southemn Walers unoud

Gagher 1578, Hamson. Clark ef ol

1954, Lamberth unputl  Moram
| | 1991, Quick & Harding
|11 Sand -~ 15548 | 1904 Hamson 1988 00 Ryan et al 1588 CWAC
' Hamson, Morant 1981, Clark et af
1954, Hamson 1956, Lamberh

| 12  Eerste C | 102 | unpuwdl Ryan of a' 1588
[ | | Hamson, Hamson 1998 Lamberth
| 13 | Lourens C 703 | unpudl Ryan of 8 1388
| 14 | Sir Lowry's Pass C 295 Hamson
[ 15 | Steenbras C 188 Hamson
[16 |Rooels LC | 1084 | Hamson. Lamberth unpubl __ Ryanefal 1988
|17 | Bufiels (Oos) C 11728 Hamson [ Rymnetal 1388
| 18| Pamet 013 Hamson Lamberth unpubl Ryan ef ! 1383
1 | Koop ef & 1383 Bernetef ol 1985, eyl & Cume 1385 Ryan et al
| 19 | SotKienmond L | 16884 ' Lambe unpubl monthly daca 01-04 1983 CWAC
{20 | Onrus C 4113 | hamson Lamberth unpubl Ryanefa 1988
‘ _' Hamison. Lamberth unpubl monthly
21| Ken I L 26589  data 01.04 o | Ryaneta 1988 -
22 | Uishraals C 1047  Harison Ryan of & 1988
23 Rawl C 10 Hamson Ryan ot 3’ 1383
| 24 | Heunngnes 0 | 17251 | Hamson, Lamberth unpubl 95-04 Ryan of 3' 1888 CWAC
(25 | Wipdwsonten | C _ T Hamson [ Ryanetsl 1988
] T Famscn Lamberth 2001, Lambern
25 | Breé 0 455.23 | urpubl 87-04 (quanery) Ryan et ' 1328 Turpe 2001
| Hamson Lamberth unpudl 02.04
27 | Duiwenhoks 10 | 20307  (quartery) Jnderndl & Cooper 1984
1 ' ‘ Hamson: Lamberth unpubl 02-04
| 28 | Goukou (Kaffrkuils) | O 1476  (quarterty) Jnderhdl & Cooper 1984
| hamson Lamberth unpudl 02-04
|28 | Gounts |0 11258  (quartery) a _ Underhil & Cocper 1954
130 | T Blinde |1C ___ hamson | Ungerhii & Cooper 1984
31| Hantenbos C 405  Hamson , | Underhdl § Cooper 198¢
- 32| Kiein Brak C s Hamson a Jnderhdl 8 Cooper 1888
33 | Groot Brak C 113.92 Hamson Jndarndl & Cooper 1354
34 Maaoate C 135 Hamson
L 35 :’_Gwm c_ Hamson , 1
| 36 | Kaamans 0 8 Hamson Jndearhdl & Cooper 1984
18




a Size

¢
ILlo _ESTUARY Type maL Fish Birds
| Hal ef & 1987 Hamson Russel
| 37 | Widemess L | 193 Undertill § Cocper 1584, CWAC
| l 10766 Kok & Wtteic 1986, Whitfield
38 | Swanvie L 3 1988 Harmson, Russel 1996 . Undertill 8 Cocper 1564; CWAC
3% | Goukamma C 270 Hamson | Unoernl & Cocper 1964
40 | Knysna Bay | 1584  Hamison Ungernill & Cooper 1964 CWAC
41 Noetse C ' B Hamson Uncernll 8 Cocper 1964
(42 Pesag @ C 9224  Hamson Ungerhil & r 1564
L 43 | Keutooms 0 29517 Hamison Ungertill & Cooper 15864. CWAC
T4 Maties Baou C | Hamison Underhull & Cooper 1964
45 | Sout (Oos) 0 5222 | Hamison Underhuli & Cooper 1964
45 | Groot (Wes) C 3928 | Hamson _ Underhill & Cooper 1564
47 | Biouwrars R Harmison
4 Lotwerng R Harrison .
48 | Elandsbos R 6 Hamson
| 0 | Swoms R | |Hamson Undertill § Cooper 1564
51 | Elends R Harison
§2 | Groot (Ocs) R Hamson
53 | Tstsikamma C | Hamson N
54 | Kipad C Hamson "1 Undernil & Cooper 1964
85 | Sanyg N C Hamson i
| Mehille-Smith 1981 Marars 19833
Krom Oos ! Hanekom & Bard 1564; Hamison:
| 56| (Kromme) O | 24034  Cloete 1590 Strydom 1265 Underhil & Cocper 1984
57 | Seekoel C | 13222 | Dundas 1954 Undernil & Cooper 1954
58 | Kabejous C_ | 11794 | Hamson Duncas 1984 | Underhl & 1982
' Marais 1982a b, 10830 Hamson | Shewell 1950 Undertl & Cooper |
59 | Gamtoos 0 45703 | Whithield & Wooc 2003 1984
60| Van Stadens C 28 | Wamson Duncas 1954 | Underhil & Cooper 1984 |
61 | Matland C 02 - Hamson Underil & 1984 |
| Winter 1978, Mehalle-Smith & Basc | Every 1573, Undertill & Cooper
1860; Marass § Bard 1960; 1984, Marin § Bard 1967, Martin
62 | Swartkops 0 456 Harmison: Daniel 1554 1991; Tree & Martin 1993 CWAC
| Every 1870 Undertull & Cooper |
63 |CoegaiNgcura) | C | 10.14 | Harrison —— 1984 '
84| Sundays O 17337 | Bechkley 1354 May 1565 Hamison | Underhil & Cooper 1384
65 | Boknes c 27 Hamson | Undeshil & Cooper 1584
% | Bushmans 0 213 Famson | Underhil & Cooper 1384
Hamson: Paterson & Whinheld 2000
67 | Kanega ) 198 Whitfieid & Woee 2003+M235 Underhil § Cooper 1984
Kasua c | 38 Hamson Undertul & Cooper 1584
(69  Kowe 0 118563 | Hamson Underhill & Cooper 1584
70 Rufane C Harmson
71 Ret C 7306 | Hamson | Scor 1954 Kaepa
7¢  KememondWes | C 80 Famson I M"..@!E"w. e
Hamson Cowley 1998 Vorwerk of |
al 2001, Cowley & Whitfeld 2001, |
73 WenemordOos |C |3 || efa 2000 | Undetwll & Cooper 1984
74| Wien Palmiet | Vorwer af al 2001
* Hamson. TerMorshuzen ef af
x | 19961967, Whitheld & Wood 2003, |
75 Great Fish |0 | 38568 | Vorwerk of &/ 2001 Underil 8 Cooper 1584
76 Old woman's | C 2512 | Hamson Uncemnil 8 Cocper 1584
77 Mpekwen c 141 41 | Hamson: Vorwerk ef al 2001 | Ungerhdl 8 Cooper 1584 |
78 M C_ | 1242 | vamson: Vorwerk of al 2001 | Uncermil & Cooper 1584
78 | Mgwalana c 12362 | Harmson, Vorwerk of &/ 2001 . Ungernil & Cooper 1584
80 | Bra [ G748 | Hamson: Vorwerk ef al 2001 | Uncemil 8 Cooper 1564
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Size

_No ESTUARY  Type (ha) _Fish_ ____ Birds o
81 Gautyas c 5154  Hamson Vorwerkef@ 2001  Undemil & Cooper 1384
82 ' Bue Krans C 254
83  Mtana C [ 1585 ' Hamsen JUnderhu! § Cooper 1384
34 | Keiskamma (O 48354 Hamson: Vorwerk ef 3l 2001 Underhil § Cooper 1564
85 | Nogrusa c 1267 | Hamson Ungernil & Cooper 1564
| 86 | Kmane IC_ 188 Harmson |
87  Tyolomnga C 107 44 | Hamsen Undernil & Cooper 1564
88  Shelbenssroom C . Hamsan —
89  LUipae c_ .23 Harmson e i
90 | Ross Creex C__| Hamson
91  Neera C | 284 Hamson Undemil & Cooper 1384
92 Ml C |35 | Hamson Underndl & Cooper 1884
93 | Mcants iIC_ |9 | Harmson Undarhil & Cooper 1384
9 G JC |485 | Hamson =000 Undami & Cooper 1584
9  Goda C 172  Hamson " Unaemil & Cooper 1384 N
9%  Hioz C 10.7 | Hamson Unoemil & Cooper 1384
97 | Hicaman's C 43 | Hamson Uncertdl & Cooper 1934
98 | Buffao 10 % | Hamson Jnderndl & Cooper 1384
| 89 | Bunc 4C _ 105 Mamson B e e .
| 100 | Haze {C |15 | Hamson
| 101 | Nahoon IO | 577 | Hamson | Underndl & Cooper 1334
102 | Qinira | C 7213 | Hamson Undertdl & Cooper 1934
103 | Gaunube 0 534 Hamson Undertdl & Cooper 1334
104 Kwelera 0 50.1 Hamson . Uncerhil & Cooper *334 _
105  Bulra C 355 amson | Underhill & Cooper 1334
106 Cunge C 05 Hamson
| 107 | Cntsa | C 263 Hamson | Undertill & Cooper 1954
108 = Cefane |C 827 | Hamson | Undertull & Cooper 1934
108 | Kwenxura | C 1291 | Hamson Jndarhil & Cooper 1384
110 | Nyara C | 171 | Hamson Jnderhil & Cooper 1384
111 Hacahaga C 34 | Hamson N
112 Migndwe > 1123 | Hamson
113 Quko C 3618 | Ramson Underhdl & Cooper 1334
114 Morgan ] C 24 | Hamison Undarhidl & Cooper 1384
115 | Cwili | C 12 | Hamson | Turpie unpubl data
| | ‘ | Underndl & Cooper 1934 This
116 Great Ke | O 2224 | Plumstaad ef al 1985; Harmison | study
117 Gazra | C 238 amson This study
116 Ngogwane 1C 1912 Hamson | This study
‘ ‘ | Underndl & Cooper 1554 This
118 | Qolora C 29 | Hamson | study
120 | Nooele C_ 6635  Hamson | Ths study .
121 Wobongaba | O | 264 | Mamson s - , .
‘ | Underhill & Cooper 1588 This
122 NxaxoNgqusi 0 15548  Hamson | study
Undertill & Cooper 1554 This
123 | Cebe C 1653  kamson | study
124 | Gounge C 17.9¢ | This stucy
125 | Zaku C 2% | This study
*, Underhill & Cooper 1952 This
126 Ngowara C 1635  Hamson Sty
127 ShicngweniGeni | C 11.01 This Shly o
126 Qo L O 8863 . Hamson . Ths stugy e
126 ' Juura C 477 Hamsaon  Ths study
130 | Noada _ C [ 13883 | Mamson _ | 1
131 | Shion 0 2.1 Hamson This study
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| Size
No ESTUARY  Type (ha) _ Fish o Birds ]
132 | Ngabara 0 10965 | ]
133 | NgomaKobue | C 1011 |
132 | Mendu C 2383 S ‘
| | Plumstead of & 19898 Plumsteac  Undernd & Cooper 1984 This |
L 135 | Moashe 10 13195 | 1990 Hamson study
136 | Ku-Mpenzu C 1335 | Hamson Tis study
| | Ku- | ‘ |
137 | BhuaMhanyana | C 76 | Hamisen This study
138 ' Ntlonyane | C 4134 | Hamsen This swdy
| 139 | Nkanya | C 1547 | HMamson L Thssdy
14D | Xora |0 15058 | Hamson This study
| Underhill & Cooper 1384, Ths
141 | Bukngula C__ 184 stdy ‘
142 | Ku-amanzmuzama | C kL) This study
143 | Mncwasa C 18216 This study
124 | Mpako | 1351 This sty
145 | Nenga IC___ 1001 | Hamsen This swdy
136 | Mapup [C 1158 | Hamson I Thesudy
147 | Muata 0 16878 | Plumstead ef al 1985 Hamson This swudy
148 | Mdumes 0 7607 | Hamiscn ___ This sudy
149 | Lwandiana C 968 This swudy
| 150 | Lwandie C 22 This study
| 151 | Miakatye 10 116 61 This study
L 152 | HidebaMausini  C 149 This study
' |C 80.52 This study
C 22 | This stucy !
C__ 1504 | Hamson | Tns - |
€ 132 | Hamnson This study |
O | 22485  Harmison This study |
[ 171 Hamson This study
C 1262  Hamson This stucy
C__Jww | o Ths sty
R 15088 | Hamscn This study
C | 4.37 Harmsen This study
C 26 This study
8] | 2407 | Pumstead of ai 1951 M3SHamson | This study
0306 | | Thastoy o
C 508 This study
C 5039 | Hamson This study
c__lao | This shudy
C 192 Thes study
C 355 Thes study
¢ 17 This
[¢] 1513 | Hamison This study
C 879 | Hamson Thes study
C 328 Harison This study
0 5293 | Hamson This stody 1
C_ 114 This study
[+ 793 | This study
c 2792 This study |
C 385 This study
C 392 Thes study
O [ 7054  Hamson This study
C 1143 This study
[ 63.53  Begg 1984ad Ryan ef a! 1586
C Ryan ef 8! 1886




Size

_No_| ESTUARY D 0) |Feb B
185 | Sandundiy C Hamson: Begg 1554ab R)r o & 1985 B
186 Ku doooy C 1 1 Hamscn Begg '834at _Ryanelal 1966
167 Tongaa | C (8 Hamssn: Begg 15843t Ryan ef a 1985
_188  Kangandnow |C 18 Hamson Begg 1584ab Ryan of 3 1985
185 | Mpenat C 116 Hamson. Begg 1584at (Rysnea 1%
190 Umhiangankuly C 8.7 Hamson. Begg 1584at Ryan ol &l 1986 B
191 | Kaga C <4 Hamson Segs 1584at Ryan efa 1986
182 Mozana 1 C (124 mamson Begg 158%at Ryan ef al 1986
’~3 Mwtshn ' C C9 - Pams..n Segg 1584ab Ryan er al 1986 |
184 | Blantiolo C |26 HRamson Begg 1584at | Ryan o & 1986 |
185 | Uvuzana C 06 Famson Segg 1584ab Ryan of al 1986 ]
195 | Kongwens C T4 Hamson. Segs 1584at Ryan ef al 1986
157 | Vungu JIRE '1 __ hHamson Segg 1584ab Ryan ef al 1986
.lisﬂgfyagggni R | - T35 hamson Segg 1984at Ryanef al 1986
Hamson. Segp 1984ab, Hamson § |
163 | Zotsha _C_ |73 Whitheid 1985 Ryan ef al 1986
200 | Baboy . C 13 Hamson Begg 1984ab | Ryaneral 1966
201 | Mbano C |09 Hamson Begc 1934ab Rymam 1956 B
202 | Mamiuhy Q 7 Hamson. Sege 1984a% | Ryan of o/ 1986
203 | Mhentwers ¢ 8 Hamson: Begg 1984at
204 | Mulangamkuly 1C 139 Harmson: Beqg 1984a%
Hamson Begg 1984ab. Hamson &
| 205 | Dambs _ (C 117 | Wnitheid 195
206 | Koshwana L C 12 | Hamson Baegg 1584ad
| 207 | Intshambik | C 17 | Hamson Begg 1584ab - - S |
208 | Mzumbe C 158 Hamson. Begg 186421 | -
208 Mniabatshane C 23 Hamsor: Begs 1864ab o
| 210 | 1 C 31 | Hamson Begj 15543 Ryan e 3/ 1535
| 211  Mazazana | C 2.1 Hamson Begg 1584ab Ryanefsl 1885
[ 212 | KwaMabos | C 25 Hamson: Begg 1584ab ) _-_er elal 1985
[ 213 | Mnamh | C 13 Hamson: Begg 1564ab Ryanetal 1585
| 214 | Mrwalume [C 48 Hamson: Begg 1564ad Ryan of al 1585
1215 | Wz |C_ 08 | Hamson Begg 1554ab Ryan ef al 1585
| 216 | Fata | C 29 " Harmison_Begg 1584ab Ryan & al 1485
| 217 | Mdesngane | C 04 Begg 1584ab (Ryanetal 1985
1 | Hamson: Bagg 1884ab. Ramm et
| 218 | Sezela C 12 al. 1587 |Ryanefal 1985
| 219 | Mkumbane C 0.3 Hamson: Begg 1584ab Rym oal 1985
| 220 | M2nto C 7 Hamson: Bagg 15842 Rmc‘a' 1985
| 221 | Mzmay C 1 Hamson: Begg 1564ad Ryan of al 1585
| 222 | Mparmbanyon: C 23 | Hamson: Bagg 1564ab Ryanetal 1985
223 | Mahlongwa C 59 | Hamisor Begg 1584ab Ryan & al 1985
224 | Mahlongwana C 68 | Hamson: Begg 1584ab |Ryanefa/ 1986 |
| 225 | Mkomaz 0 77.8 Hamson: Bagg 1884ab Ryan of al 1385
| 226 | Ngane C 14 | Begg 1934ad Ryan of al 1385
| 227 |Umgababa [ C 176 | Begg 1384ab o |Rymnetal1985 |
| 228 | Msmbaz C 13.2 Hamson_ Begg 1584ab | Ryan et al 1986 o
| 228 | Low |1C 10.5  Hamson. Bagg 15842k ij of 4l 1985 1
2% | Lrte Manomion c 15 Hamson: Begg 1584ab Ryan of al_1985
231 | Manamiob (€ 67 | Hamson Begg 1584ad " Ryan ot al 1985
232 | Mbokodwen | C 72 Hamsor Begg 1584ab | Ryan efal 1985
233 | Spno 0 68 Hamson: Begg 1584ab _Ryan o al 1985 N
; Hamson. Begg 158420 hams &
234 | Durbar Bay Bay Cyrus 1866 Ryar ¢t 2/ 1985
235 | Mgen C 43 Hamson: Begg 1584ab __, Ryanefal 1985 CWAC




Size
No_ ESTUARY [Type | (ha) | Fish _ Birgs
‘ ‘ | Hamson. Whitfeld 19803 Segs ‘
235 | Mhianga L€ 11001 | 1984ab Hamson 8 Whifield 1995 | Ryan er & 1566 -
237 | Mdiot C | 581 | Hamson Begg 1984ab | Ryan el & 1586 -
<38 | Tongat C 373 Hamson Begg 1984ab Ryan af & 1586
| Mhiak C bil ‘Harmson Begg 1984ab Ryan el & 1685
24)  Seten ¢ 11 Hamson Begg 198420 Ryan ef & 1560
| 241 | Mwot R 184 | Hamson Begg 1984ad Ryan ef & 1566
| 242 | Mdiotane C 2547 | Hamson Beog 1384ab Ryan af & 1986
| 243 | Nonob C [ Harmson Begg 1984ab Ryan ef & 1986
244 Tnkwas C 17116 | Hamson Begg 1564ab Ryan ef al 1385
245 | TugelaThukela R 55 Hamson_ Begg 1564a% Ryan ef af 1585, CWAC
245 | MabguluNyoni 0 192 | Hamson Begg 1964ab Ryan efal 1986
: ; Hamson: Begg 1984akh; Van der
247 | Siyays | C 769 | Estetal 1999 Ryan et af. 1566
248 | Maaz 'O | 202 | Hamson Begg198éab | Ryanefal 1985, CWAC
| Hamson Begg 1984ah; Weens &
243 | Mnlatheze Bay | 1691 | Cynus 1998'5+M3 Cyrus 196890
g Hamson Begg 1984ab: Hams &
250 | Rehard's Bay Bay | 1800 | Cymus 1867 Ryan af & 1586, CWAC
' Hamson Begg 1984ab; Chater &
| 251 | Nhiabane L 44 van der Elst 1965+M3 Ryanefa 1566
252 | Miolozi R 180 Hamson_ Begg 1984ab Ryan ef & 1586
. ! | Hamson: Begg 1964ab Hamis & Bemutl 1880a.b Ryan efal 1985
| 253 | StLucia L | 38290 | Cyrus 1995 cwee
| 254 | Moobezeieni L 113 | Hamson Begg 1984ab Ryan et af 1585
I Hamson. Begg 1964ab; Hams ef al
255 | Kos L lasoo 1968 Rysnefaf 1586 |

2.7 Creation of a database

Available data on birds and invertebrates have been collated in spreadshee! databases. A
MS Access database was originally designed for the purpose. but then deemed
unnecessary, as a simple spreadsheet would suffice for the available data The invertebrate
database only includes data that were made available to the project. Other data exist in
private collections. The fish data were not collated due to a shontage of rescurces: most of
these data are literally still in raw form, and the largest data set is not yet available for public
use, It was thus decided to retain an emphasis on birds and invertebrates. Using these
data, the importance rating database was updated, as described in this report.

23




2.8 Annotated bibliography

Awad, A A . Grifiths, C.L & Turpie, J K. 2000. Distribution of South African marine benthic
invertebrates appbed to the selection of priority conservation areas. Diversity and
Distnbutions 8 129-145 (marine invertebrate distributions - SA)

Bawd, D.. Marais, J.F K. & Wooldridge. T. 1981. The influence of a marina canal system on
the ecology of the Kromme estuary, St. Francis B. South African Journal of Zoology
16 21-34 (Inverts - Kromme)

Beckley, L.E 1984, The ichthyofauna of the Sundays estuary, South Africa, with particular
reference to the juvenile marine component. Estuanies 7: 248-250. (Fish — Sundays)

Begg. G 1978 The estuaries of Natal. Natal Town and Regional Planning Report 41
Backhouse Press, Pietermaritzburg (all available info — KZN estuaries)

Begg. G.W. 1984a The estuaries of Natal Part 2. Natal Town and Regional Planning Report
55

Begg. G.W. 1984b. The comparative ecology of Natal's smaller estuaries. Natal Town and
Regional Planning Report 62. (Fish, Invertebrates — KZN estuaries)

Bennett, B A 1983 A comparison of the fish communities in nearby permanently open,
seasonally open and normally closed estuaries in the southwestern Cape, South
Afnca. South Afncan Journal of Manne Science 8: 43-55. (Fish - SW Cape
estuaries)

Bennet, B A 1994 The fish community of the Berg River estuary and an assessment of the
likely effects of reduced freshwater inflows. South Afrnican Joumal of Zoology 29: 118-
125 (Fish - Berg)

Bennett, B A, Hamman, KC.D., Branch. GM. & Thorme, S.C. 1985. Changes in the fish
fauna of the Bot estuary in relation to opening and closure of the estuary mouth.
Transactions of the Royal Society of South Afnca 45 445464 (Fish - Bot)

Berruti, A 1980a Status and review of waterbirds breeding at L St Lucia. Lammergeyer 28:
1-1S_ (Birds - St Lucia)

Berruti, A 1580b. Birds of L St Lucia. Southern Birds 8 1-60 (Birds - St Lucia)

Blaber, S J M., Cyrus, D P & Whitfield, A K. 1584 The ecology of two degraded estuaries on
the north coast of Natal, South Africa. South African Joumal of Zoology 19: 244-240
(Invertebrates, fish, birds - Tongati, Mdloti)

Blaber, S J.N. Kure, N.F . Jackson, S. & Cyprus, D.P. 1983. The benthos of South Lake, St.
Lucia following a period of stable salinities. South Afncan Journal of Zoology 18: 311-
319

24




Boltt, R.E. 1975. The benthos of some southern African Ls. Part 5. The recovery of the
benthic fauna of St Lucia following a penod of excessively high salinity. Transactions
of the Royal Society of South Africa 41: 295-323

Branch, G.M. & Day, J.A. 1984, Ecology of southern African estuaries. Part XIII. The Paimiet
river estuary in the south-western Cape. South African Journal of Zoology 19: 63-77.

Branch, G.M. & Grindley, JR. 1579. Ecology of southem African estuaries. Part XI.
Mngazana: a mangrove estuary in Transkei. South Afnican Joumal of Zoology 14;
149-170 (Fish, Invertebrates — Mngazana)

Bursey, M.L. 1998. MSc thesis, University of Port Eilzabeth. (Invertebrates — Nahoon)

Bursey, M.L. & Wooldridge, T.H. 2002. Diversity of benthic macrofauna of the flood-tidal
delta of the Nahoon Estaury and adjacent beach, South Africa African Zoology 37:
231-246. (Invertebrates — Nahoon)

Bursey, M.L. & Wooldridge, T.H. 2003. Physical factors regulating macrobenthic community
structure on a South African estuarine flood-tidal delta. African Joumal of Marine
Science 25: 263-274. (Invertebrates — Nahoon)

Callahan, R. 2001. Spatial and temporal distribution of the peracarid community of an
estuarine flood tidal delta. MSc thesis, University of Port Elizabeth. (Invertebrates —
Gamtoos)

Consortium for Estuarine Research and Management (CERM) 1996. A co-ordinated research
programme on decision Support for the conservation and management of estuanes.
Unpublished report to the Water Research Commission.

Charler, UM., Baird, D. & Winter, P.E.D. 1998 Diversity and productivity of biotic
communities in relation to freshwater inputs in three Eastern Cape estuaries. WRC
Report no. 463/1/98. (Kromme, Gamtoos, Swartkops)

Chater, S.A., van der Eist, R.P. 1995. A checklist of the fishes of Lake Nhiabane, Zululand.
Lammergeyer 43: 24-28. (Fish — Nhlabane)

Clark, BM., Bennett, B A & Lamberth, S.J. 1994 A comparison of the ichthyofaunas 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_(Fish - Sandvlei, Eerste)

Cloete A. 1880. A comparative study of the seasonal abundance, distribution and catch per
unit effort of fishes in the Krom River, by means of gill and seine nets, with short
notes on the fishes in the Marine Glades canal system. B.Sc. (Hons) Project, Dept of
Zoology, University of Port Elizabeth. (Fish — Kromme)

Cloete, A.E. 1893 Comparative assessment of ichthyofauna in three marinas. MSc thesis,
University of Port Elizabeth (Fish)




Coetzee, D.). 1983, Zooplankton and environmental conditions in @ southern Cape coastal
Lake system Joumal of the Limnologicai Society of Southern Afnca 9: 1 - 11
Coetzee, D.J. 1885. Zooplankton and some environmental conditions in the Bot River

estuary. Transactions of the Royal Society of South Africa 45: 363-378.

Coetzee, D J.. Adams. JB. & Bate, G.C. 1996 A botanical importance rating system for
estuaries. Journal of Coastal Conservation 2: 131-138,

Coetzee, D.J., Adams, J.B. & Bate, G.C. 1997. A botanical importance rating of selected
Cape estuaries. Water SA 23: 81-93.

Colioty, B.M. 2000. Electronic database of estuarine habitats. University of Port Elizabeth
(Plants — most SA estuaries)

Colloty, BM 2001. Updated electronic database of estuarine habitats as at July 2001
University of Port Elizabeth (Plants — most SA estuaries)

Colloty, BM., Adams, JB. & Bate, G.C. 1998. The use of a botanical importance rating system
fo assess changes in the flora of the Swartkops estuary Department of Water Affars
and Forestry, Pretoria

Colioty, B.IM., Adams. J.B. & Bate, G.C. 2001. The Botanical Importance Rating of the
estuaries in former CiskelTranskei. Water Research Commission Report TT 160/01

Connell, AD., McClurg, T.P_, Stanton, R.C., Engelbrecht, E M., Stone, V.C. & Pearce, ZN
1681. Ill. The Siyaya river study (nutrient balance in an estuarine system), a)
Progress report for the penod up to July 1980. In: Cooperateive Scientific
Programmes, Inland Water Ecosystems Annual Report 1981, CSIR Pretoria, pp. 1-7
+ 8 tab.

Cowan, G.|. (ed) 1995. Wetlands of South Africa. Dept of Environmental Affairs and
Tourism, Pretoria

Cowley, P.D. 1998. Fish population dynamics in @ temporarily open/closed South African
estuary. PhO thesis, Rhades University. Grahamstown. (Fish - Kleinemonde E)

Cowley, P.D. & Whitfield. A K 2001. ichthyofaunal characteristics of a typical temporarily
open/ciosed estuary on the southeast coast of South Africa. ichthyological Bulletin of
the J.L B Smith Institute of Ichthyology 71: 1-19. (Fish - Kleinemonde E)

Cowley, P.D., Whitfield, A K. & Bell, K.N.I. 2001. The surf zone ichthyoplankton adjacent to
an intermittently open estuary, wth evience of recrutment during marine overwash
events. Estuanine, Coastal and Sheif Science 52: 339-348

Cyrus, D.P. 188/9%a. The state of knowledge of water quality and major biotic components of
the Mhiathuze Estuary. Southern African Journal of Aquatic Sciences 24: 130-140
(Mhlatuze)

Cyrus, D.P. 1898/99b. A review of the aguatic avifauna of the Mhlathuze Estuary. Southem
African Journal of Aquatic Sciences 24: 130-140_ (Birds — Mhlatuze)

26




Cyrus, D.P. 1988. Episodic events in estuaries: effects of cyclonic flushing on the benthic
fauna and diet of Solea bleeken (Teleostei) in Lake St Lucia on the south-eastern
coast of Africa. Journal of Fish Biology 33: 1-7. (Invertebrates — St. Lucia)

Daniel, C. 1994, A comparative assessment of gill net and anglers’ catches in the Swartkops
and Sundays estuaries, eastern Cape MSc thesis, University of Port Elizabeth (Fish
-~ Swartkops, Sundays).

Davies, B.R. 1982, Studies on the zoobenthos of some southern Cape coastal lakes. Spatial
and Toral changes in the benthos of Swartviei, South Africa. in relation to changes in
the submerged Ittoral macrophyte community. J Limnol Soc s Afr. 8 33-45.
(Invertebrates — Swartviei)

Davies, H A 1987 Factors affecting the distribution of zooplankion in Knysna estuary, South
Africa. MSc thesis, University of Cape Town, Rondebosch. (Invertebrates — Knysna)

Day, J.H. 1967. The biology of Knysna estuary, South Africa. In Lauff, G H. (ed) Estuanes.
Pp 397-407. Washington DC: American Association for the Advancement of Science.

Day. JH., Blaber, SJM. & Wallace, JH. 1981 Estuarine fishes. Pp197-221. In Day, JH
(ed). Estuanne ecology, with particular reference fo southern Africa. A A Balkema,
Cape Town

Day, J H., Millard, N A H. & Broekhuysen, G.J. 1954, The ecology of South African estuaries.
Part 4. The St. Lucia system. Transactions of the Royal Society of South Africa 34:
128-156_ (Invertebrates, fish, birds - St Lucia)

Day, JH., Millard, NAH. & Harrison, AD 1952. The ecology of South African estuaries.
Part 3. Knysna: a clear open estuary. Transactions of the Royal Society of South
Africa 33 367-413 (Invertebrates — Knysna)

Day, JH . Morgans, J.F.C. 1956. The ecology of South African estuaries. Part 7. The bioclogy
of Durban Bay. Annals of the Natal Museum 13: 259-312_ (Invertebrates, Fish —
Durban Bay)

DeDecker, HP. & Bally, R. 1985. The benthic macrofauna of the Bot River estuary. South
Africa, with a note on its meiofauna. Transactions of the Royal Soceety of South
Afrca 45 375-396 (Invertebrates - Bot)

DeDecker, H P. 1987 Breaching the mouth of the Bot River estuary, South Africa: impact on
ts benthic macrofaunal communities. Transactions of the Royal Soceety of South
Africa 46 231-250 (Invertebrates - Bot)

Deysel, S. 2001. Honours project, University of Port Elizabeth. (Invertebrates — Nxaxo)

Dundas, A. 1994. Comparative analysis of fish abundance and diversity in three semi-closed
estuanes in the eastern Cape. MSc thesis, University of Port Elizabeth (Fish -
Seekoei, Kabeljous, Van Stadens)

27




Dye. AH 1977 An ecophysiological study of the benthic meiofauna of the Swartkops
estuary MSc thesis. University of Port Elizabeth, Port Elzabeth. (Invertebrates -
Swartkops)

Dye, A H. 1579. Aspects of the ecology of the meiofauna in Mngazana estuary, Transkei
South Afncan Journal of Zoology 14: 67-73

Dye. AH 1983 Composition and seasonal fluctuations of meiofauna in a southern African
mangrove estuary. Manne Siclogy 73: 165-170. (Invertebrates — Transkei)

Dye, AH & Furstenberg. J.P. 1978. An ecophysiological study of the meiofauna in the
Swartkops estuary. |l The meiofauna: composition, distribution. seasonal fluctuation
and biomass. Zoologica Africana 13: 19. (Meiofauna - Swartkops)

Emmanuel. B.P. Bustamente, R.H., branch, G.M., Eekhout, S. & Odendaal. F.J 1992 A
zoogeographic and functional approach to the selection of marine reserves on the
west coast of South Africa. S A J Mar So 12: 341-354. (marine invertebrate
distributions —- SA)

Every. B. 1670 The birds of the Coega River mouth. Eastern Cape Naturalist 400 22-23
(Birds - Coega)

Every. B. 1973 Wintering waders on the Swartkops river. Bee-cater 24(3): 7. (Birds -
Swartkops)

Forbes, A 1998 Studies on estuarine macroinvertebrates: Nektonic invertebrates IN
Allanson. B.R. & Baird, D. (eds) Estuaries of South Africa. pp 167-207.

Forbes, V.R 1984 Community structure of the intertidal benthic macrofauna in relation to
salnity and circulation in the Sundays river estuary. B Sc (Hons ) Project, Dept of
Zoology, University of Port Elizabeth. (Invertebrates — Sundays)

Forbes, AT. & Demetriades. NT. 2000. Effects of the second dredger crossing on the
Nhiabane estuary Unpublished report prepared for Richards Bay Minerals
(Invertebrates — Nhlabane)

Forbes AT & Demetriades, N.T. 2002. Rapid assessment of macrobenthos in the Nhlabane
estuary. Unpublished report prepared for Richards Bay Minerals. (Invertebrates —
Nhlabane)

Gaigher, | G . & Thomne, S.C 1979. The relative densities and length compositions of fish in
the Sandvlei estuarine lake, Muizenberg Western Cape Cape Department of
Natural and Environmental Conservation Report: 1-27. (Fish — Sandvlei)

Glen, R P. 1880 The nanoplankion of the Swarnkops estuary, Port Elizabeth. MSc thesis
Unwversity of the Witwatersrand, Johannesburg. (Invertebrates - Swartkops)
Grindley. F. R 1959 Birds of the Orange River Estuary Ostnch 300 127-129 (Birds -

Orange)

28




Grindley. JR. 1981. Estuarine plankton. Pp 117-146 In: Day, J.H. (ed), Estuarine ecology.
with particular reference to southemn Africa. AA Balkema, Cape Town

Hall, C M . Whitfield. A K & Allanson, B R 1987 Recruitment, diversity and the influence of
constrictions on the distribution of fishes in the Wilderness Ls system, South Africa.
South African Journal of Zoology 22: 163-169. (Fish - Wilderness)

Hanekom, N. & Baird, D. 1984 Fish community structures in Zostera and non-Zostera
regions of the Kromme estuary, St Francis B. S. Afr. J. Zool. 19: 285-301. (Fish -
Kromme)

Hanekom, N, Baird, D. & Erasmus, 7. 1988 A quantitative study tc assess standing
biomasses of macrobenthos in soft substrata of the Swartkops estuary, South Africa.
South African Journal of Marine Science 6: 163-174. (Invertebrates — Swartkops)

Hamms, S A & Cyrus, D.P. 1995 Recruitment of larval fish in the St Lucia estuary, KwaZulu-
Natal, South Africa. South African Journal of Marine Science 16: 333-350. (Fish - St
Lucia)

Hams, SA & Cyrus. D P 19897 Composition, abundance and seasonality of larval fish in
Richards Bay harbour, KwaZulu-natal, South Africa. Southern Afnican Jourmnal of
Aguatic Sciences 23: 56-78. (Fish - Richards Bay)

Harris, S A & Cyrus, D.P. 1999 Composition, abundance and seasonality of larval fish in the
mouth of Durban Harbour, KwaZulu-natal, South Africa. Southern Afncan Journal of
Marine Science 16: 333-350. (Fish - Durban Bay)

Harris, S A Cyrus. DP. & Forbes, AT. 1995. Composition of ichthoplankton in the mouth of
the Kosi estuary, KwaZulu-Natal, South Africa. South African Journal of Manne
Science 16: 351-364. (Fish - Kosi)

Harrison, T.D. 1987a. A preliminary survey of coastal river systems on the South African
west coast, Orange River — Groot Berg, with particular reference 1o the fish fauna.
Transactions of the Royal Society of South Africa 52: 277-321. (Fish -~ west coast)

Harrison, T.D. 1887b. A preliminary survey of coastal river systems on the South African
wes! coast, Cape Columbine - Cape Point, with particular reference to the fish fauna.
Transactions of the Royal Society of South Africa 52: 323-344. (Fish — west coast)

Harrison, T.D. 1998 A preliminary survey of coastal river systems of False Bay, south-west
coast of South Africa, with particular reference to the fish fauna. Transactions of the
Royal Society of South Afnca 53: 1-31. (Fish - False Bay)

Harrison, TD. & Whitfield A K 1980, Composition, distribution and abundane of
ichthyoplankton in the Sundays River estuary. South African Joumnal of Zoology 25:
161-168.




Harmson. 7.0 & Whitfield, A K 1995 Fish community structure in three temporarily open
closed estuaries on the Natal coast. Ichthyological Bulletin of the JLE Smith Institute
of ichthyology No. 64 (Fish = Mhlanga, Damba, Zotsha)

Hay. C. 1985b. Bepaling van die talrykheid en biomassa van die groter vis compenent in die
Sondagsriver. B.S¢. (Hons) Project. Dept. of Zoology. University of Port Elizabeth.
(Fish = Sundays)

Hay, D.G. 1985a. The macrobenthos of the St Lucia Narrows. MSc thesis, University of
Natal Pietermaritzburg. (Invertebrates - St Lucia)

Heydom, AEF 1879 OQverview of present knowledge on South African estuaries and
requirements for their management S. Afr. J. Sci. 75: 544-546. (General)

Heydom, AEF. & Tinley, K.L. 1980. Estuanes of the Cape Part |. Synopsis of the Cape
Coast - Natural features. dynamics and utiizaton CSIR Research report 380 97pp

Heyl. CW. & Currie, M. H. 1985, Variations in the use of the Bot River estuary by waterbirds
Transactions of the Royal Society of South Africa 45 397-417. (Birds - Bot)

Hill, BJ 1965 Abundance. breeding and growth of the crab Scyila serata in two South
Afncan estuaries. Marine Biology 32: 119-126

Hockey, P.A.R. 1983, Potential impacts of water abstraction on the birds of the lower Berg

River wetiands. Percy FitzPatrick Institute, University of Cape Town. Unpublished
report to DWAF

Hodgson, ANN. 1987. Distribution and abundance of the macrobenthic fauna of the Kanega
estuary South Afncan Jouma! of Zoology 22: 153-162 (Invertebrates - Kariega)

Jerling, H L. 1983, Feeding ecology of mesozooplankton in the Sundays River estuary. PhD
Thesis, Department of Zoclogy, University of Port Elizabeth

Jerling, H.L. 1998/9. Zooplankton of the Mhlathuze (Richards Bau) Estuary: an overview,
with comments on freshwater requrements. South African Joumna! of Aquatic
Sciences 24: 141-147 (Invertebrates — Mhlathuze)

Jerling, H.L. 2003 The zooplankton community of the Mhlathuze (Richards Bay) estuary: two
decades after construction of the harbour. African Journal of Marine Science 25 288-
300. (Invertebrates ~ Mhlatuze)

Jerling, HL & Wooldridge, T.H. 1995 Plankton distribution and abundance in the Sundays
river estuary. South Africa, with comments on potential feeding interactions. South
African Journal of Marine Science 15 165-184. (Invertebrates - Sundays)

Johnson, |M. 1877 A study of the phytoplankton of the St Lucia system MSc thesis
University of Natal, Pietermaritzburg. (Invertebrates — St Lucia)

30




Kalefta, B. & Hockey, P.AR. 1991. Distribution, abundance and productivity of benthic
invertebrates at the Berg River estuary, South Africa. Estuarine, Coastal and Shelf
Science 33 175-191 (Invertebrates — Berg)

Kaletja. B. & Hockey, P.A.R. 1984, Distribution of shorebirds at the Berg river estuary, South
Africa, in relation to foraging mode, food supply and environmental features. Ibis 136:
233-239. (Birds - Berg)

Kalejta, B. & Allan, D.G. 20007. Birds of Rietviei. Unpublished report. (Birds -
Rietviei/Diep)

Kibinge, |. 2002. The structure and trophic role of the zooplankton community of the Mpenyjati
estuary. a subtropical and temporarily-open system on the KwaZulu-Natal coas! PhD
thesis, University of Durban-Westville, South Africa, 163pp. (Invertebrates -
Mpenjati)

Kok, HM. & Whitfield, A K. 1986. The influence of open and closed mouth phases on the
marine fish fauna of the Swartviei estuary. South Afnican Journal of Zoology 12: 309-
315 (Fish - Swartvlei)

Koop, K., Bally, R. & Mcquaid, C.D. 1983. The biology of South African estuaries. Part 12,
The Bot River, a closed estuary in the southwestern Cape. South African Journal of
Zoology 18: 1-10_(Fish - Bot)

Lamberth, S.J. 2001. Breede river estuary EFR/RDM study: specialist report on fish. Report
to the CSIR (Fish - Breede)

Mackay. C F. & Cyrus, D.P. 1998/9. A review of the macrobenthic fauna of the Mhlathuze
Estuary: setting the Ecological Reserve. Southern African Journal of Aquatic
Sciences 24: 111-129. (Invertebrates — Mhlathuze)

Marais, J F K 1982a. Fish abundance and distribution in the Gamtoos estuary with notes on
the effects of floods. South Afncan Journal of Zoclogy 18: 103-9. (Fish - Gamtoos)

Marais, J.F. K. 1982b. The effects of river floocding on the fish populations of two Eastern
Cape estuaries South African Journal of Zoology 17 96-104. (Fish - Gamtoos,
Kromme)

Marais, J F K 1983a. Seasonal abundance, distribution and catch per unit effort of fishes in
the Krom estuary, South Africa South African Joumnal of Zoology 18: 96-102 (Fish -
Kromme)

Marais, J F K 1983b. Fish abundance and distribution in the Gamtoos estuary, with notes on
the effects of floods. South Afncan Journal of Zoology 18:103-109 (Fish — Gamtoos)

Marais, J.F K. 1988. Some factors that influence fish abundance in South African estuaries.
South African Journal of Marine Science 6: 67-77.

Marais, J F K. 1996. Abundance and diversity of the small fish component from the lower
reaches of ten Eastern Cape estuaries (was in prep in 1998) (Fish — 10 estuaries).

3




Marais. J F K & Baird, 0. 1980 Seasonal abundance. distribution and catch per unit effort of
fishes in the Swartkops estuary. South Afncan Journal of Zoology 15: 66-71. (Fish =
Swartkops)

Marais, JF K. & Prinsloo, J F. 1980 Species compasition and catch per unit effort of fishes
in four Transkeian estuanes. Unpublished report, Zoology Dept University of
Transkei, Umtata. (Fish - 4 Transkei estuaries)

Maniin, AP & Baird D 1987 Seasonal abundance and distribution of birds on the
Swartkops estuary. Ostnch 58 122-134  (Birds - Swartkops)

Martin, AP. 1881. Numbers and feeding habits of birds on the Swartkops estuary. The
Naturalst 35(2) 27-31  (Birds — Swartkops)

MclLachian, A. & Grindley, J.R. 1574. Distribution of macrobenthic fauna of soft substrata in
the Swartkops estuary with observations on the effects of floods. Zoologica Africana
9 147-160 (Invertebrates — Swartkops)

Melville-Smith, R. 1981. The ichthyoplankton of the Kromme River estuary. South Afncan
Journal of Zoology 16: 71-72. (Fish - Kromme)

Melville-Smith, R. & Baird, D. 1980 Abundance. distribution and species compaosition of fish
larvae in the Swartkops estuary. South Afncan Journal of Zoology 15: 72-78. (Fish -
Swartkops)

Morant, P.D. 1991, The estuaries of False Bay. Transactions of the Royal Society of South
Afnca 47: 828-640

Owen, R.K & Forbes, A.T. 1997. Salinity, floods and the infaunal macrobenthic community
of the St Lucia estuary, KwaZulu-Natal. South Africa. Southern African Joumal of
Aquatic Sciences 23° 14-30 (Invertebrates ~- St Lucia)

Paterson, AW. & Whitfield, A K. 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. (Fish - Kariega)

Pemberton 2001, (Analysis of bird distribution in relation to invertebrate food supply on the
Breede estuary). Honours thesis, University of Cape Town

Pernsinotto, R, Walker, D.R., Webb, P. Wooldridge, T.H. & Bally, R. 2000. Relationships
between zoo- and phytoplankton in a warm-temperate. semi-permanently closed
estuary, South Africa Estuanne Coasta' and Shelf Science 51 1-11 (Invertebrates
- Nyara)

Plumstead, EEE. 1984. The occurrence and distribution of fishes in selected Transkei
estuanes. MSc thesis, University of Transkei Umtata (Fish - Transkei estuaries)

Plumstead, E.E. 1980. Changes in ichthyofaunal diversity and abundance within the Mbashe
estuary, Transkei. following construction of a river barrage. South Afncan Joumnal of
Manne Science 9: 399-407 (Fish - Mbashe)

32




Plumstead. E.E.. Prinsloo. J.F. and Schoonbee, H.J. 1985, A survey of the fish fauna of
Transkei estuaries. Part 1. Kei River estuary. South African Journal of Zoology 20:
213-220 (Fish - Kei)

Plumstead, E.E.. Prinsioo, J.F. and Schoonbee. H.J. 158%a. A survey of the fish fauna of
Transkei estuaries Part 2. The Mbashe estuary South Afncan Journal of Zoology 24
273-281 (Fish - Mbashe)

Plumstead. E.E., Prinsloo. J.F. and Schoonbee, H.J. 1885. A survey of the fish fauna of
Transkei estuaries. Part 3. The Mtata River estuary South Afncan Journal of Zoology
24:282-289 (Fish - Mtata)

Plumstead. E.E.. Prinsioo. JF. and Schoonbee, H.J. 1991. A survey of the fish fauna of
Transkei estuaries. Part 4: the Mntafufu and Mzamba River estuaries. South African
Journal of Zoology 26: 153-163. (Fish - Mntafufu, Mzamba)

Quick, A.J.R. & Harding. W.R. 1954. Management of a shallow estuarine lake for recreation
and as a fish nursery. Zandvlei, Cape Town, South Africa. Water SA 20: 289-297
(Fish — Sand)

Ramm, AE.L.. Cerff. EC. & Harnison, T.D. 1987. Documenting the recovery of a severely
degraded coastal lagoon. Joumnal of Shoreline Management 3 159-167. (Fish -
Sezela)

Ryan, P.G. & Cooper, J. 1985. Waders (Charadri) and other coastal birds of the
northwestern Cape Province, South Africa. Bontebok 4: 1-8_ (Birds — west coast)

Ryan. P.G., Cooper, J.. Hockey, P AR. & Berruti, A. 1986. Waders (Charadrii) and other
water birds on the coast and adjacent wetlands of Natal, 1980-1981. Lammergeyer
36: 1-33 (Birds — Natal estuaries)

Ryan, P.G., Underhill. LG . Cooper, J. & Walner, M. 1988. Waders (charadrii) and other
waterbirds on the coast. adjacent wetlands and off shore islands of the south-western
Cape Province, South Africa. Bontebok 6: 1-18. (Birds — SW Cape estuaries)

Russel, |L.A. 1996 Fish abundance in the Wilderness and Swartviei L systems: changes
relative to environmental factors. South African Journal of Zooiogy 31: 1-9. (Fish -
Wilderness, Swartvie)

Scharler, UM, Baird, D. & Winter, PED 1897 Diversity and productivity of biotic
communities in relation to freshwater inputs in three Eastern Cape estuanes. WRC
Report No. 463/1/88, 196pp. (Kromme, Swartkops, Sundays)

Schiacher, T A & Wooldridge. T.H. 1995. Small-scale distribution and variability of demersal
zooplankton in a shallow, temperate estuary: tidal and depth effects on species-
specific heterogeneity Cah Biol Mar 36 211-227 (Invertebrates —Kabeljous)

33




Schlacher., T A & Wooldridge. TH 1996 Axial zonation patterns of subtidal
macrozoobenthos in the Gamtoos estuary, South Africa. Estuaries 19: 680-696
(Invertebrates - Gamtoos)

Scott, KM.F 1954 Notes on the birds of the Diep River and Rietviei. Ostrich 25 25-31
(Birds — Rietvlei/Diep)

Seaman, M.T. & van As, J.G. 1988. The environmental status of the Orange R as reflected
by the fish community. WRC Report No. 505/1/88, 73pp  (Fish - Orange)

Shewell. E.L. 1950. Birds of the Gamtoos estuary. Ostrich 21: §7-102. (Birds -~ Gamtoos)

Sogayisa. L.P. 2000. Effects of catchment area degradation on the benthic macrofauna of 9
estuaries in the Eastern Cape, South Africa. MSc thesis under revision, University of
Fort Hare (Invertebrates - 9 E Cape estuaries)

Strydom, N.A. 1995, The effects of freshwater input on the abundance and diversity of fish
and ichthyoplankton in the Krom estuary. BSc (Hons) project. Dept. of Zoology.
University of Port Elizabeth. (Fish — Kromme)

TerMorshuizen, L.D., Whitfield, A K. & Paterson, AW. 1996. Influence of freshwater flow
regime on fish assemblages in the Great Fish River and estuary Southem Afncan
Journal of Aquatic Sciences 22: 52-61. (Fish - Great Fish)

TerMorshuzen, L.D., Whitfield, A. K. & Paterson, AW. 1897. Distribution patterns of fishes in
an Eastern Cape estuary and river with particular emphasis on the ebb and flow
region. Transactions of the Royal Society of South Afnca 51: 257-280. (Fish - Great
Fish)

Teske., P.R. 2000 Macrozoobenthcs of permanently open and temporary open/closed
Eastern Cape estuanes (Inverterates - 12 estuaries)

Teske, P.R. & Wooldridge. T.H. 2001. A comparison of macrobenthic faunas of permanently
open and temporarily open/closed South African estuanes. Hydrobiologia 464 227-
243

Tree. T. & Martin, A.P. 1993. Report on the Jan/Feb 1993 CWAC counts in the eatern Cape
Bee-cater 44 18-26

Turpie, J K. 2001 Breede nver estuary EFR/RDM study: specialist report on birds. Report to
the CSIR. (Birds - Breede)

Underhill. L. G. & Cooper, J. 1984 Counts of waterbirds at southern African coastal wetlands
Western Cape Wader Study Group and Percy FitzPatrick Institute of African
Ornithology. Cape Town (unpublished report) (Birds — 178 SA estuaries)

Van der Eist. R P, Birnie. S L. & Everett, B.|. 1999 Siyaya catchment demonstration project
an experiment in estuarine rehabiltation. Oceanographic Research Institute Special
Publication No 6. Durban, 89pp. (Fish - Siyaya)



Velasquez, C R, Kalejta. B. & Hockey. P.AR. 1991. Seasonal abundance. habitat selection
and energy consumption by waterbirds at the Berg River estuary, South Africa.
Ostrich 62° 108-123  (Birds ~ Berg)

Vivier, X.. Cyrus. D.P., Jerling, H.K. & Cilliers, G.J. 1998. Effect of the dredger crossing on
the Nhiabane estuary - final report. Coastal Research Unit of Zululand.
Investigational report no. 57. Unpublished report submitted to Richards Bay Minerals.

Vorwerk, P .D., Whitfield, A K., Cowley, P D, Paterson, AW. 2001 A survey of selected
Eastern Cape estuanes, with particular reference to the ichthyofauna. Ichthyological
Bulletin 72, J.L B. Smith Institute of ichthyology, Grahamstown, South Africa (Fish -
E Cape estuaries)

Walker, D R. Perissinotto, R. & Bally, R.P.A. 2001. Phytoplankton/protozoan dynamics in the
Nyara estuary, @ small temporarily open system in the Eastern Cape (South Africa).
Afrnican Journal of Aquatic Science 26 31-38. (Invertebrates — Nyara)

Wallace, J H. 1975. The estuarine fishes of the east coast of South Africa. Oceanographic
Research Institute Investigational Report Nos. 40-42. (Fish - St Lucia, Durban
Harbour, Richard's Bay, Umlalazi, Sinkwazi, Amatikulu, Umhlanga)

Wallace, J H., Kok, HM., Beckliey, L.E., Bennett, B.. Blaber, SJM. & Whatfield, A K. 1984.
South African estuaries and their importance 1o fishes. South Afncan Joumal of
Science 85: 203-207.

Weerts, S.P. & Cyrus, D.P. 1888/9. A review of the ichthyofauna of the Mhlathuze estuary.
Southern African Joumnal of Aquatic Sciences 24: 99-110. (Fish — Mhlathuze)
Whitfield, A K. & Wood, A D. 2003. Studies on the river-estuary interface region of selected
Eastern Cape estuaries. WRC report no. 756/1/03. (Fish - Gamtoos, Kariega, Great

Fish)

Whitfield, A K 1980a. Distribution of fishes in the Mhlanga estuary in relation to food
resources. South African Journal of Zoology 15: 159-165. (Fish — Mhlanga)

Whitfield, A.K. 1980b. A checklist of fish species recorded from Maputaland estuarine
systems. Pp 204-208 In: Bruton, M.N. & Cooper. K H_ (eds) Studies on the ecology of
Maputaland. Rhodes University, Grahamstown and Wildlife Society, Durban. (Fish -
Maputaland estuaries)

Whitfield, A K. 1988, The fish community of the Swartvlei estuary and the influence of food
availability on resource utilization. Estuaries 11: 160-170. (Fish — Swartvlei)

Whitfield, A K. 1989. The benthic invertebrate community of a southern Cape estuary:
structure and possible food resources. Transactions of the Royal Society of South
Africa 47: 158-179. (Invertebrates - Swartviei)




Whitfield, AK.. Paterson, AW, Bok, AH & Kok, HM. 1984, A comparison of the
ichthyofaunas of two permanently open eastern Cape estuaries. South African
Journal of Zoology 29: 175 - 185. (Fish — Kowie, Great Fish)

Williams, AJ. 1986. Wetland birds at the Orange River mouth and their conservation
significance. Bontebok 5 17-23. (Birds - Orange)

Winter, PL.LE.D. 1979. Studies on the distribution, seasonal abundance and diversity of the
Swartkops estuary ichthyofauna. MSc thesis, University of Port Elizabeth. (Fish -
Swartkops)

Winter, P.ED. & Baira, D. 1988. Diversity, productivity and ecologica’ importance of
macrobenthic invertebrates in selected Eastern Cape estuaries Pp. 148154 in
Bruton, MN. & Gess, F.W. (eds.). Towards an environmenta! plan for the Eastern
Cape. Grahamstown: Rhodes University. (Invertebrates - E Cape estuaries)

Wooldridge. T.H. 1674, A study of the zooplankton of two Pondoland estuaries. MSc thesis,
University of Port Elzabeth. (Invertebrates - Msikaba, Mngazana)

Wooldridge, T.H. 1976. The zooplankton of the Msikaba estuary. Zoologica Africana 11: 23-
44 (Invertebrates — Msikaba)

Wooldndge, T.H. 1977. The zooplankton of the Mngazana, a mangrove estuary in Transkei,
southem Africa. Zoologica Africana 12: 307-322. (Invertebrates — Mngazana)
Wooldridge, T.H. 1979. Studies on the biclogy and ecology of estuarine copepoda,
mysidacea and the beach mysid Gastrosaccus psammodytes in the eastern Cape,

South Africa. D.Sc. thesis, Department of Zoology, University of Port Elizabeth.

Nooldridge, T.H. 2001. Invertebrate input required for the reserve determination of the
Breede River estuary. Report to the CSIR. (Invertebrates - Breede)

Wooldridge, T.H. & Bailey, C. 1982, Euryhaline zooplankton of the Sundays estuary and

notes on trophic relations. South African Jourmal of Zooiogy 17: 151-163

(Invertebrates - Sundays)




3. A FIELD COUNT OF THE BIRDS OF THE TRANSKEI
COAST AND ESTUARIES: JANUARY-FEBRUARY 2002

Jane Turpie, Paul Martin & Charles Pemberton

3.1 Introduction

This study forms part of a project entitled “Improving the Biodiversity Importance Rating of
South Africa’s Estuaries”, which in turn forms part of a larger Water Research Commission
Project entitied “Information requirements for the implementation of resource directed
measures (RDM) for estuaries”. The RDM methodology entails determining the reserve of
water supply required for the ecological functioning of estuaries. and is based on the health
and importance of the estuary (Taliaard ef al. 2002). The conservation importance status of
each estuary must necessarily be seen in the context of the attributes of all South African
estuaries, as relative importance cannot be determined in isolation. Thus importance scores
for all South African estuaries have already been derived on the basis of the existing
information on plant, invertebrate, fish and bird populations (Turpie ef al. 2002). These
scores are rough, however, since data are patchy for some taxa. In the case of bird data,
importance scores have been based on a series of counts that took place between 1979 and
1981. These counts did not include the Transkei coast (Turpie 1995), which contains about
a quarter of South Africa’'s estuaries. The aim of this project was to fill the data gap by
providing comparable bird count data for Transkei estuarnies.

3.2 Methods

The Transke: estuaries were counted between 21 January and 9 February 2002, The coast
was divided into three sections (Fig. 1), each of which was tackled by one counter with an
assistant. Paul Martin counted the northern section, Charles Pemberton counted the central
section, and Jane Turpie counted the southern section.

37




.A',\'\.

Vrentie AN

TN '-"(i‘:vk@i’on Edward

DU AT
Willowvale

"‘".u,_-n _f\‘,'\ s

9 80 Kiometers |

en
vu

Figure 3.1. Map of the study area showing the three counting sections

Counts included both estuaries and the rest of the coastling, and concentrated on waterbird
species. The whole coast was covered on fool, and walking was timed so that arival at
estuaries would coincide with low tide as far as possible. Large estuaries were counted from
canoes as far as possible, but canoces were not always available, n which case, the
estuaries were counted on footl. A total of 55 estuaries as recognised by Whitfield 2000, were
counted. Numerous small river mouths or very small estuaries were also encountered, and
birds counted in these were recorded separately in case of future information requirements,

but numbers are included with the coastal counts in this repon

Coastal counts were included for completeness, as counts of other sections of coast have
included these. For coastal counts, the coast was counted by habitat type: sandy, rocky and
mixed shores. and small nver mouths. Coastal counts were only carned out over part of the

central section

Positions of estuanes and points between counting sections (e.g. breaks in habitat type)

were recorced with GPS




3.3 Results and discussion

A total of 3265 waterbirds and 41 waterbird species were recorded along the entire coast, of
which 2206 birds (68%) and 40 species were recorded in estuaries (Table 1), Of the 41
species, only Ruddy Turnstone was never recorded in an estuary.

Terns were included in estuary counts, but were usually roosting at the mouths of estuaries.
These roosts were associated with the larger estuaries, usually located on sandbanks and
rocky outcrops at the mouth, where birds were able to roost on areas surrounded by water
(giving security) Roosts were found at Mkozi, Mzimvubu, Mgazi and Mbashe. Small roosts
were also found at Mnenu and Nxaxo. Tern roosts were also found along the open coast.

Excluding terns, only 983 birds were counted in estuaries in total.  Of these 608 (62%) were
waders, and the most commonly recorded species was Whitefronted Plover, which occurred
in 62% of estuaries counted. Common Sandpiper and Greenshank each occurred in 44% of
estuanes. Walter Dikkop was also common, occurring in 38% of estuaries. Kingfishers (121
counted) were the next most abundant group, and Pied Kingfisher was the second most
widespread species, occurring in 47% of estuaries. Wagtails were the third most common
group. with Cape Wagtail occurring in 35% of estuaries. African Pied wagtail was only
recorded in the subtropical part of the coast (north of Mbashe), where it was as common as
Cape Wagtaill. Waterfowl were only recorded in 18% of estuaries, but this is also partly an
artefact of sampling methods, in that waterfow! were mostly found in the upper reaches, and
were usually only encountered when a count was done by canoe. Fish Eagles were
recorded in 22% of eswaries. Whitebreasted Cormorants and Grey Herons were also
frequently encountered

The compostion of the waders was fairly interesting. Waders were dominated by
Whitefronted Plovers, Common Sandpipers, Greenshank, Threebanded Plovers and Ringed
Plovers, all of which peck very small prey from the surface of exposed sandy or muddy
substrates. Species which probe andior feed predominantly on polychaetes, such as Curlew
Sandpipers. Whimbrels, Godwits and Grey Plovers, were scarce. This pattern is not
surprising. since preliminary sampling of esluaries suggested that most were very
unproductive in terms of benthic macrofauna. However, numbers were also low in some

estuaries that did appear to be productive, such as Shixini. Mangrove estuaries, presumably




the most productive systems. tended to have higher numbers of waders, and of birds in

general

A total of 52 African Black Oystercatchers, a red cdata species, were counted on the Transkei
coast, of which 17 were recorced in estuaries.  Most Oystercalchers were recorded in the
Warm temperate biogeographical zone south of the Mbashe, but 5 were recorded in the
northern part of the coast, at Msikaba and Mntafufu. Breeding was recorded on several
occasions. The total population of Oystercatchers in the country is about S000 birds, of

which 280 (including this count) are found in estuanes

Another red data species recorded was the Mangrove Kingfisher, but only 7 were counted, in
four estuanes. This speces 15 not common on the Transke: coast. occuming only in
Mangrove astuanes, with Nxaxo estuary being the southernmost point of its range. Due to
s seasonal movements, summer is not the ideal ime for counting this species, and it is
ikely that this count is an underestimate. The Transkei population is likely to be a large
proportion of the total South Afncan population.

Waterfow! numbers were particularly low. A number of factors might contribute to this,
including low levels of estuanne productivity and hunting

Both Giant Kingfishers and Hamerkops were far more common in the north of the range than
further south. Both Whitefronted Plovers and Sanderlings are more common towards the

south, suggesting more productve beach areas in the south

In general, larger estuaries supportec more walterdbirds than smaller ones, although the
pattern was somewhat dichotomous for permanently open estuaries (Fig. 2). The two
estuaries with the highest bird counts in Fig. 2 are the Nxaxo estuary, which attracted large
numbers of roosting birds to its mouth area. and the Qora. Excluding these two estuaries
there was no clear trend between estuary size and number of birds for permanently open

estuanes.
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Table 3.1. Summary of bird counts along the Transkei coast in Jan-Feb 2002.
sections as follows: North - Mtentwana to Mzimvubu, Mid = Mgazi to Mbanyane, South = Mbashe to Great

Counts are divided into three

Kei
Estuaries | Coast | Estuaries + coast
North Mid South Total North Mid South Total North Mid South Total
Ememm Cormorant B 4 28 ‘g 19 17 sg 2 28 44 9%
rey Heron 2 10 3 1 3 2 10 6 18
urple Heron H B 0 0 4
Litte Egret 1 5 3 0 1 5 0 6
Famerkoz & 1 2 1 7 17 n 1 2
adeda Iois 1 7 2 2 1 7 1
gyptian Goose 7T 10 3 7 10 i 0
Yellowbilled Duck 5 2 5 12 5 2 5 1
African Black Duck 1 13 14 ' 1 13 14
purwnged Goose 1 2 10 1 1 2 10 1
Emm Fish Eagle 8 2 6 1 1 1 8 2 7T 17
frican Black Oystercatcher 5 12 1M 210 23 T 10 35 82
Turnstone | 1 2 13 N g2 73
Knot 2 T 2 2
nged Plover 3 8 15 5 5 8 8 15 3
Mitefronted Plover 4 ] B4 13T 54015 66 135 94 48 130 ni
nded Plover 232 &8 9 5 13 1 20 8 22 5
Greater Sand Plover 1 T2 11
2 1 3 2 1 4 1 1 B
§ 5 4 1 g 5 4 1
% 3B 5 N E 2 1 55 ¥ 27 1
1 2 8 1 1 2 &N
1 3% 26 72 3 1 1 6 ¥ 27 Mm
3 3 3
1 1 1
3 2 75 62 17 248 9% 17 200 402
12 5 17 4 4 % 9 25
1 1 1 1
51 & 15 15 ¢ g & 3 15 84
17 2 18 2 1 25 a
07 5 "2 2 50 139 5 50 1
17 4 15 1 17 4 15
641 175 171 987 71T 841 175 242 1058
Listle Temn 103 103 21 2 124 124
Pied Kingfisher 2 122 30 64 12 1 2 12 &£ 1m
Gant Kingfisher 13 3 16 8 2 1 21 5 26
collared Kingfisher 10 "n 21 3 13 1" %
Malachite Kingfisher 1" 2 13 1 1 12 2 1"*
Mangrove Kingfisher 4 1 2 T < 1 2 7
African Pied Wagtal | 21 3 3 3 24 14 8
Cape Viagtail | 20 1323 s T 51 128 97 13 74 184
TOTAL birds | 1133 415 658 2206 312 66 681 1059 1445 481 1330 3265
No. of Species 33 29 31 40 20 & 20 2 53 31 3B M
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Figure 3.2. Relationship between estuary size and numbers of birds, excluding terns, for permanently open and
temporarily open estuanes

Permanently open estuaries did not support more waterbirds than temporarily open estuaries
of the same size. Ordination and multi-dimansional scaling analysis did not reveal any
significant patterns in bird communities within the Transkei estuanes. Indeed, even though
permanently open estuaries had more intertidal area. they did not support much higher

numbers or variety of waders, as might have been expected

In the context of the estuarine birds around the South African coast. the Transkei contributes
only 0.8% of the entire population, The rest of the Eastern Cape accounts for a further 5.7%
64 5% are in Western and Northern Cape estuanes, and 29% are in KwaZulu Natal. The
Transkel estuaries support a very low aggregate population as well as low populations on
individual estuanes. The numbers of birds per estuary are low compared o areas both to the
west and east of the Transkei (Fig. 3). a pattemn which can at least partially be explained by

the size of estuaries in this area (Fig &)
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3.4 Conclusion

Transkei estuanes ganerally have low numbers of birds. but several do contain reasonable
numbers, and several estuaries support important bird species. The estuarine impornance
rating index has up till now assumed a minimum score for all estuanes for which there are no
data. The count data produced here will be incorporated mnto the index. On the whole, there
is unlikely to be any major change in the importance ratings of non-Transkei estuaries as a
result of the data generated in this study. due to the small numbers of birds involved
However, the importance ratings for Transkei estuaries will be known, and a few of the larger
estuaries are expected to be fairly important for birds, especially those supporting rare

species such as Mangrove Kingfisher
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4. A FIELD STUDY OF THE INTERTIDAL INVERTEBRATE

FAUNA OF 16 WARM TEMPERATE ESTUARIES
David Knox, Barry Clark & Jane Turpie

4.1 Introduction

Information on the inventebrate fauna of South African estuaries is scarce compared with
other taxa. and comprehensive data are only available for a handful of estuaries. This
presents a challenge in determining the importance of estuaries in terms of their invertebrate
populations. The development of precictive models of invertebrate community
characteristics from existing data will require a large enough set of estuares for which data
are available for all groups of invertebrates. In general, the most frequent information gap is
for intertidal invertebrates. This study thus concentrated on the intertidal invertebrate fauna
of estuaries for which data already existed for other invertebrate communities.

Early research concentrated on intertical taxa and their ecology (e.g. Day et al. 1952, Day
1964, Day 1967) and included broad distribution and habitat data in all biogeographical
zones in South Africa, but quantitative data are scarce. Since then, several studies have
focused on individual estuaries in each of the biogeographic zones, but these have often
overlooked intertidal invertebrates and have concentrated on plankton, nekton or subtidal
benthic fauna (e.g. Coetzee 1985, Hodgson 1987, MclLachlan & Grindley 1974, Begg 1984).
Some studies of intertidal invertebrates (e.g. Kalejta and Hockey 1991) have used a 1.0 mm
mesh size to sieve samples, rather than 0.5mm that is now the standard (see Schaicher &
Wooldridge 1996a). More recent invenebrate studies have concentrated on subtidal
macrobenthic fauna (e.g. Teske and Wooldridge 2001), but very few have included both
subtidal and intertidal macrobenthos (e.g. Bursey & Wooldridge 2002). Understanding of the
physical factors affecting intertidal invertebrate communities is lacking..

In light of these data gaps, this study aims to:
1 describe and quantify species richness, community structure and distribution
patterns within warm temperate estuaries;
2. identify the key factors affecting within- and between-estuary patterns; and
investigate the trade-offs between sampling intensity and data quality.
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4.2 Study sites

Estuaries around South Africa are divided into three main biogeographic regions with water
temperature being the major discriminating factor: the cool temperate region, from Walvis
Bay (22° 59' S, 14° 31" E) to Cape Point (34 22' S, 18* 30' E): the warm temperate region
from Cape Point to the Mbashe River estuary (32° 17' S, 28" 54’ E); and the subtropical
region, from the Mbashe River estuary north to Mozambique (Whitfield 1994, Turpie et al
2000). The warm lemperate estuaries have higher total species richness than either the
subtropical estuanes or the cool temperate estuaries (Day 1964). Because of limitec
resources, this study concentrated on a sample of 18 estuaries within the warm temperate
region (Figure 1). The cool temperate estuanies of the wast coast and the subtropical
estuaries of Natal were excluded from this study to minimise the number of variables. All

estuaries sampled had open connections to the sea at the time of sampling.
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Figure 4.1, Location of the sixteen estuaries sampled in thes study
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Estuaries were selected on the basis of size — to provide a suitable mix of small (<40 ha),
medium (40ha-200ha), and large (>200ha) estuanne systems — and geographic location —
to span the entire warm temperate region. Preference was given 1o those estuaries on which
data for fish and subtidal benthos existed as this allows comparnsons o be drawn between
different faunal groups. All estuaries were classified as permanently open or temporarily
closed, and other estuary types were excluded due to their being relatively rare in the region
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Figure 42. Maps of all estuaries investigated in this study with sampling sies indicated by arrows. The relative
sizes of each estuary are also given in the map.
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4.3 Methods

431 Invertebrate sampling

Core samples of invertebrate macrofauna were obtained from a total o 88 sites in 18
estuanes (Figure 2) during September and October 2002, using a nestec sampling protocol
that allowed for comparisons between estuanes and between sites within estuanes. In
general, two 10 twelve sites were sampled per estuary; two transects ~30m apart within each
site, and three tidal levels (high water mark, mid water mark, and low water mark) within
each transect for a total of six core samples collected at each site. Sampling was carred out
throughout the length of the estuary in which intertidal areas were found. In the field, salinity
measurements, changes in sediment type and vegetation patterns were used to define the
reaches within an estuary (Teske & Wooldridge 2001). The lower reaches were
characterised by high sahknity and coarse grain sands, the middle reaches were typically a
mix of sand and mud but in most cases were predominantly mud with salinity values between
15 and 25 %, and the upper reaches were also predominantly mud with low salinity (<15%e)
and were marked by the presence of the common reed, Phragmites australis, a species that
s intolerant of highly saline water. All estuanes were sampled during the heavies! tides to
ensure that the intertidal zone was adequately sampled.

Each sample consisted of a sediment core of 270 mm depth and 180 mm diameter. Cores
were sieved using a 0.5 mm mesh size and stored n plastic bags until they were soned later
in the day. Upon sorting, each sample was treated with rose bengal dye to stain the
invertebrates. which were then removed and stored in collection bottles n a 10%
formaldehyde solution. Care was taken with samples containing plant material lo check for
any animals that clung to the plant debris. Macroinvertebrates were identified 1o species
level and counted using a binocular microscope in the laboratory. Previous data collected for
South African intertidal and subtidal invertebrates sieved the samples using a 1.0 mm mesh
size and although time efficient, retains a smaller proportion of species present. The
retention efficiency for total biomass using a 1.0 mm mesh size is only 49% but is improved
to 8€% when using a 0.5 mm mesh size (Schlacher & Wooldndge 1996a)

The prawn species, Upogebia africana and Callianassa kraussi, burrow up to 1 0m in the
muafiats and therefore could not be adequately captured by the core samples (Hanekom et
al. 1988). Intentidal prawn abundance was thus quantified using 0.25 m* quadrats with
twelve replicates per site. The quadrats were placed adjacent to the samples along the
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transects within each site. Within each quadrat, prawn holes were counted to estimate
prawn density and care was taken in distinguishing prawn holes from other types of
burrowing invertebrates such as pencil bat Solen capensis and blood worm Arenicola loveni
(Zoutendyke & Bickerton 1988). No distinction was made between types of prawn holes as it
was too difficult to distinguish between Upogebia and Callianassa holes with any degree of
certainty in the field. A ratio of 1:1 was used for the number of holes to the number of
prawns in the sediment as this was similar to the actual ratio of 1:1.05 determined by Clark
(1998). This ratio was developed for Calllanassa holes and thus could potentially
underestimate the number of Upogebia since the ratio of prawns:holes is not well
documented for Upogebia.

43.2 Assessment of sampling effort

Species effort curves were constructed to determine whether estuaries had been adequately
sampled, and to investigate the minimimum level of sampling that would be required in order
to adequately assess an estuary's conservation importance. Species effort curves were
constructad for each estuary by randomly re-sampling all cores for 100 iterations. From this
iterative process, the cumulative mean, minimum, and maximum number of species could be
calculated for different levels of sampling effort (number of cores).

The data set summarising species captured per core was sub-sampled to determine how
many species would be captured if a rapid survey was conducted instead of the
comprehensive sampling effort used in this study. This rapid survey was done at three levels
of sampling intensity, 9 cores per estuary, 18 cores per estuary, and 27 cores per estuary
For simulating this sampling exercise, one core was taken at each sampling site in the
estuary starting at the mouth and moving up the estuary with each additional core. After
reaching the top site in the estuary, another core was then taken at each site starting again
at the mouth of the estuary and extending to the upper reaches. This was repeated until the
level of sampling intensity or the maximum number of species was reached for each estuary.




433 Environmental Data

Data were analysed with respect to environmental varables at two separate scales: 1) sites
within an estuary and 2) between estuaries

At the site level, seven environmental variables were examined: total organic matter in the
sediments, median particle size, a sorting coefficient, percent mud, presence or absence of
Zostera capensis, distance from the mouth of the estuary. and salinity. Distance from the
mouth was estimated using ortho-photographs (1:10 000) of each estuary. In the middle of
the channel at each site, salinity was recorded from a boat using an optical refractometer at
the time of macrofaunal sampling at the surface and at half meter intervals until the
maximum depth was reached

Two sediment samples were taken at each site. One sample was used to determine medan
particle size, the sorting coefficient, and percent mud. Mud fractions were separated from
the coarse fraction by wet-sieving a8 weighed subsample using a 63 um sieve. The remaining
coarse fraction was placed in a pre-weighed beaker and dried at 110° C. The percent of
mud in each sample was then calculated from the mass differences between the subsamples
before and after sieving. The sand fraction was civided 10 oblain a statistically random split
of about 3 grams for setthng in a settling column which yieldec¢ the median particle size
(expressed in phi (@) units to give md @) and the sorting coefficient (also in @ units) (Boggs
1995). Both the percent mud, median particle size. and a sorting coefficient were included in
the analysis because the median particle size and sonting coefficient were calculated for the
sand fraction only, thus giving no indication of the quantity of mud in the sediments. The md
and the sorting coefficient were both necessary to adequately describe the nature of the
sand fraction in the sediments because the md @ only yelds the S0th percentile diameter of
the sediments while the sorting coefficient describes the range of grain sizes found in the
seciments. Teske & Wooldridge (2001) concluded that the type of sediment is a major
determinant of subtidal invertebrate zonation patterns.

A second sediment sample was used to estimate total organic matter present. Each sample
was dned for 24 hours at 110°C in a drying oven. After drying, the samples were placed in
crucibles of known weight in order to get the dry weight of the sediments before ignition. The
crucibles were then placed in a muffie fumace for 3 hours at 550°C. They were then
removed from the furmace, placed in a desiccator, and weighed again to determine the

amount of organic matter lost on ignition (Berglund 1986)
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Ten environmental variables were used for comparnsons between estuaries: water quality
index, human disturbance index, mouth condition, @stuary area and length. slope of the river,
distance from Cape Point, median particle size (md @), mean percent mud. and mean annual
runoff.

The water quality of each estuary was estimated using data from Harrison ef al. (2000). This
index has three principle components: suitability for aquatic life, suitability for human contact,
and trophic status which together determine an estuary’s water quality status. The suitability
for human contact was not regarded as an important variable controlling macroinvenebrate
distribution so was excluded and a water quality index (WQI) was developed for this study
using the two remaining parameters. The suitability for aquatic life incorporates the
dissolved oxygen which is essential to aquatic fauna. the oxygen absorbed which is a
measure of organic loading, and the unionised ammonia, a known toxin to aquatic fauna.
The trophic status component incorporates nitrate and ortho-phesphate concentration, which
stimulate growth in aquatic plants. These parameters were combined with equal weight and
a waler quality score on a scale of 0 (poor quality) to 10 (excellent quality) was assigned to
each estuary in the study.

A human disturbance index (HDI) was subjectively assigned to each estuary on a scale of 1
(no disturbance) to 5 (highly disturbed). The HDI gives an indication of the amount of habitat
loss around the estuary. Values were assigned based on the number of houses adjacent to
the estuary, the level of development and amount of farming around the estuary, the type
and level of industries operating close 1o the estuary, the abundance of recreational boaters
and fishermen, and the abundance of bait collectors in the intertidal areas. The Swartkops,
for example, had the highest human disturbance (HDI = 4) as it was marked by several
industries with effluent running directly into the estuary and a high abundance of fisherman
and bait collectors. The Kaaimans estuary had the lowest human disturbance (HDI = 1) and
was in a near pristine state with only a few houses along its banks

Area and length for each estuary were taken from previously published data (Turpie et al.
2002). The slope of a river was taken from GIS data using the elevation at the source of the
river and the length of the river. The distance from Cape Point was calculated from GIS data
and was used as a variable 1o account for the subtropical sudtraction effect (Whitfield 1994,
Turpie ef al. 2000 Awad et al. 2002). This effect represents a progressive loss of species
richness and diversity as one moves West from the subtropical region towards Cape Point.
Median particle sze (md @) and mean percent mud in the estuary were taken from the site




gata mentioned above and a mean was calculated for each estuary. Mean annual runoff

was taken from Hamson et al. (2000).

Whitfield's classification (1994) does not reveal the finer scale details of the differences
between permanently open and temporarly closed estuaries. For this reason, estuaries
were categorised according to their predominantly occurring mouth condition: 1 = closed, 2
= semi-closed and 3 = open. Estuaries were assigned to categories using historical data
(Van Niekerk et al. 2002). A semi-closed state occurs when the mouth of an estuary has
only a shallow, narow opening allowing for a small outflow channel 10 sea (Van Niekerk e!
al. 2002). Semi-closed mouth states have only limited sea water intrusion. little to no tidal
variation, and are charactenstic of the smaller estuarine systems in South Africa, including
the Rooiels, Paimiet, and Kaaimans estuaries. The Klein Brak is classified as temporarily
openiclosed, but its predominant mouth state is open, as it only closes once every two to
three years. This estuary thus has a well developed intertidal community and is more akin to

a permanently open system

434 Analysis of within- and between-estuary patterns

Variation in macroinvertebrate assemblages associated with different sites and in different
estuaries was assessed using multivariate analyses run on the PRIMER scftware package
(Clarke & Gorley 2001). Similarity matrices relating pairs of sites and estuaries were
calculated for macrofauna using the Bray-Curtis similarity coefficient and then analysed using
non-meltric multidimensional scaling (MDS). Species data were double root transformed
before analysis to scale down the importance of dominant species while retaining the
information about rare species. MDS plots were produced for all estuaries to compare the

sites within an estuary, except the Rooiels estuary where only two sites were sampled

A similarity matrix and MDS plots were constructed for all the estuaries to identify clusters
between the different estuaries. The data sel describing tota! density of species in each
estuary was first refined 10 exclude the rarer species (Species<1% of total abundance) as
recommended by Clarke & Warwick (1984) This refinement retains the 50 to 80 species
with the highest total abundance across all samples resulting in a more interpretable
ordination plot. When examining the faunal pattems within each estuary, the exclusion of

rare species was not necessary.




Similarity matrices were calculated and principle components analysis (PCA) were performed
for the environmental data as recommended by Clarke & Gorley (2001). The BIOENV
procedure using Spearman rank coefficients was used to determine which combination of
physical variables correlated best with patterns from the biotic community assemblages.
When performing the BIOENV analysis, environmental variables were first tested for auto-
correlation using Draftsman plots. Any variables that were found to be significantly auto-
correlated (r, > 0.95) were omitted 1o leave only one variable. The one remaining variable
can be used as a substitute for the other correlated variables without effective loss of
information. A SIMPER ("similarity percentages”) routine was used to identify which taxa
were responsible for making the greatest contribution to the differences between clusters of
estuaries identified in the MDS plots (Clarke & Warwick 1994),
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44 Results

441 Physical characteristics of the estuaries

Broadscale characteristics of the 18 estuanies are summarised in Table 4.1. Most of the
estuaries are permanently open, though two of these (Palmiet and Kaaimans) have a
predominantly sami-closed mouth condition. Four of the sixteen are classified as temporarily
open/closec, though one of these (Klein Brak) has a precominantly open mouth. The sizes
of the estuaries studied vaned from 8 to 429 ha. The estuaries were fed by rivers of 06 to
25 km length and ranged in gradient from extremely steep (1:11) to extremely flat (1: 588)
Average muddiness vanied greatly between systems, but there was less variation in mean
particle size (Table 4.1). Physical characteristics also varied substantially along each
estuary. Alhough most estuaries followed similar general trends (Figure 4.3), there are
differences between the systems,

Table 41. Summary of the general environmental characteristics of each estuary ( listed from West to East).

ESTUARY Type Predom- Area Length Slope Km Mean Md® WQI HDI

inant (ha) (km) from % l
Mouth Cape Mud |
Condition . _ Point |
Roowels T 2 1 06 111 31 0.7 0 757 1 |
Palmiet s 2 33 16 1:63 45 14 1.24 914 1 |
Heuningnes P 3 173 114  1:200 154 34 228 757 2 |
Breede P 3 463 250 1:256 217 215 287 888 3
Kiein Brak T 3 @ 51 1:192 338 108 191 857 3
Kaaimans 8 2 B 1.5  1:20 378 193 233 920 1 |
Kabeljous T 1 134 24 171 506 79 171 620 2 |
Gamtoos P 3 490 20 1125 603 273 25 588 3 |
Swartkops P 3 409 149 1102 662 81 227 814 4 |
Sundays P 3 173 154 1:323 682 266 294 657 3 |
Bushmans P 3 213 151 1538 756 393 222 757 2
Kanega P 3 198 157 1:213 761 254 359 643 2 |
Great Fish P 3 366 112 1323 809 215 247 829 3 |
Mgwalana T 1 124 26 1:152 825 318 252 171 1
Keiskanma P 3 404 73 1:233 844 518 200 700 4
_Tyolomnga P 3 107 6.1 1:145 858 254 2356 &M 4 |

Type = Wnitfield's Classification (1934). P. = permanently Open Estuary. 1. = lemporanly open esauary, Mouth Conaton
(Van Nekerk ef al. 2002): 1= closed. 2= semi-closed. 3= open. Water Quality index (WQI) (from Hamson et &f. 2000)
12poor. 10=excalient. Human Disturb@nce index (HDI): 1sunaisiurbed, Sshighly disturbed
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Figure 4.3. Physical characterstics within the different estuaries in the study area. Estuaries for which salinity data
were not measured are marked with asterisks. Presence of Zostera is indicated by the solid square on the
X-axis.

55




Heunngnes Breede”
Jy-r\‘ Wf
- » g— — - - ~ N
g U s = B an Tmmm B =1
10 20 30 40 50 100 15.( 20 250
= Kiein Brak Sundays
&
(3]
—
= - o
LT}
o
O .
o —ca- S_:?
< o 1 1 0 =
& ¢ 1.0 2 3 40 50 5 150 <
w “"
= 14 o ol
c Kariega Gamtoos* >
- c
- a
LY - - .

TOM, M

T

‘ < 4 e 8.C 2C
14 "
Bushmans .~ ° " Swartkops
e
Twem ©co 0O 00O gdos g8 @& O 00
§ 8.0 200 00 S ( 10.0 50

Distance from mouth (km)

TOM Mean Ph

Sorting Coefficient coee Salinty  —— % Mud




442 Patterns of species richness and abundance

A total of 9.064 individuals belonging to 97 invertebrate taxa were recorded from sixteen
estuaries during the study (Table 4 2). Crustaceans (38 species) were the richest taxonomic
group, followed by polychaetes (23 species) and molluscs (23 species)

Few species were cosmopolitan, most having been collected at only one (40%) or two
estuaries (57%). Most of the common species (e.g. Ceratonereis erythraeensis, Cirolana
fluviatitis. Grandidierella ignorum, and Corophium triaenonyx) were found in all reaches of
the estuanes sampled and there were no distinct cut-offs for their distribution. There were a
few common species found exclusively in the lower sandy reaches of the estuaries sampled.
Pontogeioides latipes and Urothoe pinnata were found in the lower sites of twelve and eleven
of the estuaries studied, respectively. Scololepsis squamata and Eurydice longicomis were
also found exclusively in the lower sandy sites of seven and five estuaries, respectively. This
is consistent with their preferred habitats of high salinity and sandy substrates near the
estuary mouth (Branch et al. 1994). By contrast. Dendronereis arborifera, Cyathura estuana,
and Paratylodiplax spp. were found mainly in the middle and upper reaches of five, thirteen,
and twelve of the estuaries, respectively. Species common in the upper muddy reaches
were those known 1o prefer Zostera beds or mud with low sakinity (Branch ef al. 1954).

Species richness per estuary ranged from 6 in the Rooiels to 33 for the Bushmans. Although
species richness tended to be higher in larger and longer estuaries, the only significant
correlation was with with river slope (Figure 4.4).

| P —— - e ——

10 \." y = 6 4725Ln(x) - 5.629
. R = 0607

000 0.02 002 006 0.08 010
River slope

Figure 4.4. Relationship between intertidal invertebrate species richness and river slope in 16 estuaries
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Table 42, List of all taxa found in the Warm Temperate Region. Numbers are given as density (m?) within each estuary
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Nemertea

Caovelvalidus sp
Govgorewhynchus sp

' Polychaeta

Uiricheantliedd Nerertean

Aonrdes oxycophala

Arecodin lowwew

CageNa cagmata

Cagmotinian sp

Ceralonerars erylivaeaensis

Coralonmrnes kenskarmuna

C.ermlonerais sp

Oendroneress arbonifera

Giycera sp

Livmnbvinerens Ivevicwra

[ umbianerens Ielrinna

Magedona cncta

Neptilys capens:s

Nopinys Ionber gy

Nepiitys sp

Nerewd sp

Notomastus sp
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Macoma Movals
Nassarus kraussianus
Natica genuvana

Natica gualenana
Natica sp

Natica lecta

Octopus granwaltus
Psammotelina capensis
Sangmolaria capensis
Solen capensis
Umdentified mollusc 1
Urwdlentified molusc 2
Umndentified mollusc 3

i Inescta

Chirononnd larvae
Dolchopocidae
nsecta pupae
Stratiormnysdae
Xanthocanace
Unwdentfied Insecta 1
Umdentfied Insecta 2
Umidentified Insecta 3
Total number of taxa

Average individuals per m’
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Permanently open systems contained an average of 23.8 = 7.9 species (n = 12), compared
with 155 + 79 species for temporarily open/closed systems. When compared in terms of
mouth condition, estuanes whose predominant meouth state was open had the highest
species richness, and those with semiclosed mouths had the lowest species nchness (Figure
45)

35
-
30 3
-
25 3
£
20
g . :
& 15 &
| % :
5 >
0 — [ -
0 ' 2 3 4

Predominant mouth condition

Figure 4 5. Species richness in relation to predominant mouth condition: 1 = closed, 2 = semi-closed, 3 = open

The average overall densities of intertidal invertebrates ranged from 129 per m® in the
Rooiels to 1808 per m’ in the Keiskamma There was no relationship between species
richness and invertebrate density. Some estuanes had low species nchness and abundance
(e g. the Rooiels), some had low richness and high abundance (e.g. Palmiet. in which 79% of
numbers are made up of the polychaete Ceratonereis spp . the amphipod Grandidierella
Ignorum, and the sand prawn Calllanassa kraussi), some had high richness and abundance
(e.g Keiskamma), and some had high nchness and low abundance (e g Kanega

Heuningnes)

Within estuaries, species richness and overall abundance varied along the estuary. Both
decreased with increasing distance from the mouth in the Heuningnes and Kaamans
estuaries. However, in most estuaries (the Paimiet, Breede, Klein Brak, Kabeljous,
Gamtoos, Swartkops, Bushmans. Kariega. Mgwalana Tyolomnga and Keiskamma), species
rnchness and total number of indivduals were highest in the middie to upper reaches

Species richness and abundance were uniformly distributed in the Sundays estuary. The
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Great Fish was also peculiar in that it was the only estuary where the upper sites had lower
species richness than the lower sites

Species richness was significantly positively correlated with abundance within ten of the 16
estuaries, with the strongest correlations in the Tyoclomnga and Heuningnes estuarnies (Figure
4 6). Such relationships were not found in the Kaaimans, Swartkops, Sundays or Bushmans,
and were only weakly positive in the Mgwalana and Keiskamma estuaries. Neither species
richness nor abundance was consistently correlated with any of the physical vanables within
estuaries,

y=2817x + 41 837
50 | o R*= 08813

[ Le— M

0 2 2 6 8 10 12 14
Species richness

Figure 45. Average number of invertebrates per core for each site versus total number of species recorded at that
site in the Heuningnes estuary.

443 Determinants of community structure within estuaries

The ordination plots of all estuaries are depicted in Figure 47. The stress statistics
associated with these plots remained low across all estuaries ranging from 0 in the Kaaimans
and Palmiet estuaries to 0.09 in the Gamtoos estuaries suggesting excellent two-dimensional
representation of the results. There were pronounced differences in patierns between
estuaries west and east of the Sundays. In the western estuaries, there was a gradual cline
among species assemblages from the mouth 1o the upper reaches, wheras in the eastern

estuanes, siles were separated into two distinct clusters
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Figure 47. MDS ordination plots for each estuary. The sizes of the circles are scaled according to the percentage
mud in the sediment. Labels indicate the location of each site within the estuary with site 1 at the mouth
No individuals were found in the cores or quadrats for Ste 2 in the Breede estuary so it was omitted from
the MOS plot
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In general. patterns appeared to be strongly related to the percentage mud in the sediments

(Figure 4 7). with sandy sites supporting different communities to muddier sites

The results from the BIOENV analys:s of the environmental variables affecting the biotic
patterns within each estuary are summarnsed in Table 4 3. Intertidal macrofaunal patterns
were influenced by a number of environmental variables However the varnables and
strength of the correlation influencing distribution patterns varied greatly between estuaries
In general. community assemblages were controlled principally by distance from mouth
quantity of organic matter in the sediments, percent mud, and median particle size (Md @)
(Table 4.3). In the Gamtoos, total organic matter was excluded because it was significantly
auto-correlated with percentage mud. The presence or absence of Zostera was excluded in
the Great Fish due to its auto-correlation with total organic matter and percentage mud. and
in the Breede, Md @ was correlated with percentage mud. Percentage mud was exluded in
the Kaaimans because of its correlation with total organic matter.

Table 43. Summary of the results for the BIOENV procedure for environmental variables affecting faunal patterns
within estuanes. A dash indicates vanables not included due to autocorrelation with other variables.

| Estuary Kmfr Salinity TOM Md  Sort Zostera % R, o

| mouth @ coeft mud |

| Palmeet x X 026 ns

i Heuningnes X X X 082 <0.05

| Breede X X - 066 <005

| Klein Brak X 085 <0.08
Kaamans X X X - 084 <005
Kabeljous X X X 081 <0.05
Gamioos X . X 048 ns
Swartkops X X X X 066 <0.05
Sundays X 087 <005
Bushmans X X 044 ns
Kanega X 064 <005
Great Fish X X - 04 ns
Mgwalana X X 037 ns
Kerskamma X 076 <005

_Tyolomnga S . X X 068 <005
444 Patterns of community structure among estuaries

The ordination plot incorporating all the estuaries is depicted in Figure 48 The stress
statistics associated with the result was 0.16 for a two-dimensicnal plot and 0.06 for a three-
dimensional piot. The three-dimensional plot provided additional clarity particularty when
explaining the relatively high stress statistic associated with the two-dimensional piot. From
the three-dimensional plot it was evident that some of the outliers, mainly the Kabeljous and

to a lesser extent the Kaaimans. Rooiels and Palmiet. were depicted far from the two-
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dimensional plane thus accounting for the high stress statistic when displaying the MDS data
in a two-dimensional plot. The two-dimensional plot was therefore considered 1c be adeguate
and the three-dimensional plot excellent in representing the data (Clarke 1993). In general,
intertidal invertebrate communities appear 0 be more similar in estuaries which are
predominantly or permanently open relative to those in estuaries which close more often
(Figure 4 8) A similar result was obtained when data were analysed at the family level

{Figure 4 9)

Siress U 16

Mgwalana Rooiels
Bushmans

” Kaaimans

Tvolomngs

Great Frsh
Reishammas
Karicga
Camioos Kabeljous
Heuningnes
Klcin brak
Swarthops
x Breede
Sunday s Palrmact

Figure 48. MDS Plots of all estuaries in the study. Circles represent predominant mouth condition: open, semi-
closed (hashed), or closed (solid).
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«
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Heuningnes

Figure 4.3. MDS plots using data aggregated to family level.




445 Species-effort curves and implications of sampling effort

Species effort curves calculated for each estuary sampled suggest that maost of the diversity

was captured in the sampling, since curves were flattening out for all systems (Figure 4.10)

Data were further analysed lo investigate the level of sampling required to adequately reflect
the species nchness of an estuary, or at least the nchness of estuaries relative to one

another

The results of subsampling of the data suggest that a sample of 27 cores per estuary would
have captured over 100% of the species in eight of the estuaries and over 90% of the
species in all other estuaries except for the Bushmans and the Heuningnes

If one ranks estuaries in terms of their species richness on the basis of data obtained from
different levels of sampling. sampling with 27 cores per estuary yields a ranking which has a
very high correlation with that obtained by the sampling effort in this study(r” = 0.7, p<0.001
Table 4.4). \WWhen only using 9 or 18 cores per estuary, several estuaries had equal rankings

for nichness

Table 44 Spearman rank correlation coefficients between the different levels of sampling intensity

. . 9Cores ~~~~~ 18Cores =~~~ 27 Cores
18 Cores 071

27 Cores 0 68 0 96°**

All Cores 068 0.91°** N 0.97***

Significance levels: *p<0.05, *“p<001, " p<0001

Larger estuaries require more sampling effort than small systems, but required effort does
not increase in proportion to size. For small estuanes (<40ha), 6-21 cores (0.77 cores per
hectare) are required, medium-sized estuares (40ha-200ha) require 20-27 cores (0. 18 cores
per hectare) and large estuaries (>200 ha) usually require 27 cores (0.05 cores per hectare)
This amount of sampling effort ensures that approximately 90% of the species that would

normally be captured are captured, if all cores in all estuares were taken
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Figure 4,10, Species-effort curves for all the estuaries sampled during this study, showing the mean, maximum and minimum rate of accumulation of species with additional
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4.5 Discussion

451 Patterns of species richness, abundance and community structure within
estuaries

Branch and Grindley (1979) found that species nchness of intertidal invertebrates is typically
highest at the mouth of estuaries, with a steady decline in numbers towards the head. Only
the Heuningness and Kaaimans estuanes followed this pattern in this study. Most other
estuaries had highest richness and abundance in the middle to upper raches. This is
possibly linked to the greater diversity of available habitats in these reaches (Hodgson 1987),
though it is probable that stable muddy banks could have provided the necessary conditions
for supporting high diversity and abundance.

It is common to divide estuanes into the lower, middle and upper reaches in terms of ther
physical and biotic patterns (Raffaelli et a/ 1991, Schumann ef al 1999). These reaches are
defined mainly on the basis of differences in salinity (Schlacher & Wooldridge 1996b;
Schumann e! al. 1998). Fish and subtdal macrobenthic invertebrates are known to
segregate in an estuary with respect 1o an axial salinty gradient and changes in sediments
(Marais 1983, Bulger ef al 1993, Schaicher & Wooldrdge 1996b). Schlacher & Wooldridge
(1996b) identified four distinct subtidal macrobenthic faunal zones in the Gamtoos estuary,
and Marais (1983) discerned top (upper and middle reaches) and bottom (lower reaches)
sections of the estuary in terms of fish distributions. In this study, intertidal invertebrate
communities in sandy mouth areas tended to be different from those in the rest of the
estuary, particularly in the Kiein Brak, Kanega, Bushmans, Mgwalana and Tyolomnga and
Keiskamma estuaries. The lower estuary supports a suite of species that are typically found
in predominantly sandy, high salinity habitats. There was no discernable division between
middie and upper reaches, however, but this is probably attributable to the fact that intertidal
areas do not fully penetrate an estuary’s upper reaches. No consistent relationships existed
between intertidal invertebrate communities and physical characteristics such as salinity.

Above the mouth area, the ordination data also suggested a general cline in species
assemblages along the length of estuanes. This concurs with a recent study of Tasmanian
estuaries in which fauna did not separate into distinct clusters along the estuaries and had a
high degree of overlap (Edgar ef a/. 1999). A study of four estuaries in New Zealand found
that benthic macrofauna were distributed along a similar gradient with little of no grouping of
sites within an estuary (Momisey ef al. 2003).
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Teske & Wooldndge (2001) identfied mud content as being the most important
environmental variable responsible for subtidal macrofaunal patterns in 13 Eastern Cape
estuaries Maclachlan & Grindley (1974, focussing on anumurans and bivalves) also found
substrate (together with competition) to be one of the main factors controlling macrofaunal
communities in the Swartkops estuary. with salinity only playing a minor role. In this study
there were no strong trends in physical factors determining patterns of species richness or
abundance. but community composition did appear to be strongly linked to mud content.
BIOENV analysis identified the main determinants of intertidal community composition as
distance from mouth and sediment characteristics, viz. quantity of organic matter in the
sediments, percent mud, and median paricle size (Md @) Various pairs of these
characteristics were often correlated in estuaries. but there were no consistant patterns.

Salintty did not play an important role in determining intertidal community structure, though it
is considered to be an important determinant of benthic invertebrate communities (e g
Schlacher & Wooldridge 1996b). Salinity is @ highly variable feature of estuarine systems
and cannot accurately be captured during a single sampling trip. The state of the tide
coupled with rainfall events, can influence relative salinity values in an estuary at the time of
sampling (Whitfielkd & Bruton 1888). Distance from mouth could be used as a proxy vanable
for the salinity gradient. since these two are often correlated. However, distance from mouth
is also frequently cormrelated with changes in sediment characteristics These factors
probably explain why distance from mouth was found to be the strongest determinant of
community structure in this stucy. rather than either salinty or a sediment characteristic
Mornsey ef a/ (2003) used the position of a site within an estuary as measured by the
distance of the site from the mouth as a percentage of the total length of the estuary. This
may provide a better surrogate for environmental factors that vary along an estuary and
which are difficult to summarise in a single variable. The latter study found that percent
sand, organic matter and distance from mouth were the main influences of benthic
macrofauna in New Zealand estuaries. In contrast, salinity and tidal range were the most
important factors influencing intertidal and subtidal macrobenthos in Tasmania, with mud
content having only minor influence (Edgar e! al 1999). Another Tasmanian study identified
salinity and seagrass bicmass as the most important variadles (Edgar & Barrett 2002). The
presence or absence of Zostera capensis failed to contribute significantly in explaining

macrofaunal patterns in this study.




452 Differences in species richness, abundance and community structure
between estuaries

Differences in species richness between estuaries was not easily explained by any single
factor such as size. Species richness tended to be highest in medium 1o large estuaries that
are predominantly open, with the Bushmans estuary having the highest species richness.
However, the best predictor of species rnchness was the slope of the river. Steep rivers are
typically short and may lead to extreme scouring of estuaries during rainfall events. Longer,
lower gradient rivers. on the other hand. attenuate the flooding effects of rainfall events,
allowing for a more stable environment. In addition, these estuaries are likely to have longer
waler retention times, which allows for a more productive environment. These factors are
Iikely to give rise to greater diversity and abundance of organisms. For example. the high
species richness of the Kariega estuary has been explained in terms of its stable
environmental conditions, low fine silt load from freshwater nputs, and stable salinity
gradient (Hodgson 1987). The relatively stable environments associated with low-river-
gradient estuaries probably also faciltates the development of Zostera beds. which increases
the diversity of habitats available to intertidal invertebrates. The extensive Zostera beds in
the Kariega, Bushmans and Swartkops estuaries probably contribute the high diversity of
species in these estuarnies. It is possible that biogeographical factors also play a role, given
that Awad ef al (2002) documented a peak of species richness around Port Elizabeth for
South African manine invertebrates, based on their coastal distributions.

The Great Fish, Sundays and Breede are relatively species poor, given the fact that these
are large, permanently open systems. The Sundays and Fish receive additional freshwater
input from the Upper Orange River inter-basin water transfer scheme. This drastically affects
the intertidal fauna by promoting souring events in the estuary (Davies ef al 1992). Both
estuaries also have high silt loads, which reduces species richness (De Villers ef al 1999),
In the case of the Breede, the relativiey low species richness 1s partly attributable to its large
tidal prism, leading to unstable sandy habitats near the mouth.

The high species nchness in the Mgwalana is surprising given that it is temporarily
open/closed. and is a relatively small estuary. The estuary was sampled during a brief open
pencd, during which intertidal habitat was available. However it is unhkely that a true
intertidal invertebrate community could develop within the short open period, and the sample
really reflected the subtidal macrobenthos




Estuaries with the lowest species richness were semi-closed and closed systems (Palmiet
Kaaimans and Rooels) with steep river gradients. Low species rnchness in the Paimiet anc
Rooels estuanes has been attributed 1o high volume seasonal flooding and strong tidal inflow
(Branch & Day 1984), creating highly disturbed conditions that only aloow a few highly
competitive species to persist (Connell 1878, Huston 1979). Water qualty is probably also
an important factor. Unlike the Mgwalana, these are all estuaries that contain oligotrophic,
tannin-coloured water in which estuarine productivity is limited by lack of nutrients and light
penetration. The nature of this water is due to the fynbos vegetation of the catchments of
these estuaries Though many Western Cape rivers flow thorugh such areas, not al
estuanes are black-water estuanes. We suggest that this is probably because longer,
shallow gradient rivers provide the opportunity for tannins to be removed from the water.
Marine-tolerant species can thrive in the mouths of these estuanes, however, with very high
densities recorded in the Palmiet. Branch & Day (1984) recorded high numbers of
Grandidwerella, Cyathura and Ceratonerais subtidally in the Paimiet, and this study found
these species 10 be abundant in the interudal zone as well

Mouth condition was an important determinant of differences in speces richness between
estuaries. Low species diversity is commonly associated with closed estuaries in South
Africa and Australia (Branch & Day 1984; Platell & Potter 1996). Indeed. 74 species occur in
permanently open estuaries that are not found in temporarily open/closed systems. Several
speces of decapods are known to have an obligate marine larval phase (Wooldridge 1991,
Pereyra Lago 1993), and thus cannot survive for long periods in estuaries with insufficient
connection to the sea. There is little data on the larval biology of several estuanne
polycheaetes and bivalves, but their absence from closed systems suggests that they may
also have an obligate marne larval phase (De Villers ef & 1999) Multivarate analyses
showed that the faunal communities of the Rooiels, Palmiet. Kabeljous and Kaamans
estuaries were distinctly different from the other estuanes sampled, with the Kabeljous being
most distinct. The Kablejous was the only system closed for most of the year. For parts of
the year, the Roociels. Paimiet and Kaaimans have a semi-closed mouth state, in which there
is only a narrow outflow channel to the sea (van Niekerk ef a/ 2002). None of these
estuaries support true intertidal communities, and the sampling effectively captured the
subtidal community that was temporarily exposed. The relatively large Mgwalana estuary
appeared to have greater affinity to permanently open estuaries in terms of its invertebrate
community. Unlike the other temporarily open/closed estuanes, this system was hypersaline,

with salinities of up 1o 36 ppt in the upper estuaries




453 Sampling effort

The comprehensive sampling approach taken in this study appears to have paid off in terms
of achieving representivity of estuarine taxa. It was assumed that if species were well
sampled, then the community structure was also relatively well sampled. However, it should
be noted that some of the smallest animals might have been under represented due to the
fact that animals were picked from samples without the aid of a microscope.

Subsampling of the data suggested that if the purpose of sampling was to ascertain the
relative rankings of different estuaries in terms of their species richness. then this could be
achieved with far fewer samples.

46 Conclusions

Estuarine intertidal inveniebrate community structure did not relate strongly to any single or
group or environmental variables, and appeared to be influenced by a number of factors.
This was the case when differences were examined both within and between estuaries.
Within estuanes, muddiness appeared to play an important role. with distinct communities in
very sandy areas, but other influencing factors ruled out strong correlations within or between
estuaries. It could be concluded that communities within individual estuaries are distinct. and
cannot be accurately predicted on the basis of simple environmental measures Indeed, a
large proportion of species recorded in the study were only present in one or two of the
estuanes sampled

Invertebrate abundance appeared to be influenced by multiple factors and was not strongly
predictable. Species richness per estuary was perhaps the most easily predictable attribute,
being strongly comelated with the slope of the river, and being related to estuary mouth
condition.

These findings have important implications for assessing the conservation importance of
estuaries where empincal data are lacking. It suggests that conservation importance indices
should be based on relatively simple measure of species richness, with the measures for all
unsampled estuaries being obtained by predictive models. or by rap«d sampling of up to 27
cores per estuary. The best approach will depend on the accuracy of the predictive models
obtained for all invenebrates.
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5. PREDICTING INVERTEBRATE SPECIES RICHNESS ON
THE BASIS OF BROADSCALE ESTUARY
CHARACTERISTICS

Jane Turpee, Barry Clark & Conrad Savy

5.1 Introduction

Determination of the relative conservation importance of different South African estuaries in
terms of their invertebrate communities has been hampered by a lack of data, with only a
small percentage of estuaries having been sampled. The use of distribution as surrogate
presence-absence data for estuarine invertebrates, which has been employed as an interim
measure (Turpie ef al 2002), is considered inadequate. One possible way of solving the
problem of a lack of data is 10 predict the importance of different estuanes based on what is
known about a few. This study investigates the feasibility of such an approach.

Previous studies (e g Teske & Wooldridge 2001, this study) have provided some insight into
the determinants of estuarine invertebrate community structure both within and among
different estuaries, although these studies have concentrated on benthic invertebrates only,
and do not extend to planktonic communities. These studies have focused on investigating
the factors influencing species richness and community pattérns based on environmental
variables measured explicitly for this purpose (e.g. salinity, sediment particle size). The
choice of explanatory variables has included variables for which information would not be
readily available for other estuaries. The aim of this study was to develop a predictive model
for invertebrate species richness using variables that are readily available for most South
African estuaries

The key questions addressed by this study were as follows:

1. To what extent do invertebrate communities within intertidal, sublidal and planktonic
habits overlap in composition

2. Are there any correlations between species richness of intertidal, subtidal and planktonic
invertebrate communities in estuaries

3. Could one group of invertebrates provide an indicator of overall species rnchness?

4. What are the main determinants of estuarine invertebrate species richness for intertidal,
subtidal and planktonic communities separately and together?

5. Can inveriebrate species richness be predicted using broadscale characteristics of
estuanies for which data are easily obtainable at a national level?
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6. Is this a wviable approach for estimating the importance of estuanes in terms of

invertebrate communities in the absence of sufficient empirical data?

5.2 Methods

521 Overall approach

All available data on the speces and densities of invertebrates recorded in South African
estuanes were collated. Effort was focussed on the most recent published data (subsequent
to 1980). Data were recorded in terms of presence-absence records, or as the average
densities of animals per m* (for benthic invertebrates) or per m’ (for planktonic invertebrates)
Where possible, this data was separated by habitat into intertidal benthic, subtidal benthic

and planktonic invertebrates. For benthos, only macrofauna > 0.5mm were considered

Due to the imited availability of existing data. this study concentrated on the Warm
Temperate region (from Cape Point to the Mbashe estuary). athough broader analyses were

initially attempted

522 Habitat-based comparisons

Data sets were analysed to investigate the relative contribution of different components of
the estuarnine invertebrate fauna (planktonic, subtidal benthic and intertidal benthic) to overall
invertebrate diversity, the extent of overlap between these communities, and whether there
were strong enough correlations between them to use one community as a surrogate. These
analyses were performed since more data were available for some groups than for others,

and the results could also guide future sampling efforts
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523 Estuary characteristics as predictors of invertebrate communities

Based on the range of data available for South African estuaries, a set of variables was
selected which were deemed to be potential predictors of invertebrate communities. These
were identified based on the understanding gained from earlier studies (Table 5.1).

. Varable name Units Description Source

| Mouthclass Na Categonsaton of mouth type JKT data
Sae Ha Estuary size JKT datz ,
Biog Na Biogeograhical zone Hamson ef al. 2000 |
Geoclass Na Geomerphologeal class Hamson of &l 2000 }
La Decimal degrees Latituce NRIO (1985, 1987a.b ¢ 1488) '
Long Decimal degrees  Longitude NRIO (1985, 1987a b.c. 1988) '
CPT dist Km Distance from Cape Point NRIO (1986, 1987abc 1988) |
Catch A Kmv Catchment area NRIO (1986, 1987ab c. 1988)
Riv_ing? Km River length NRIO (1985, 1987a.b.c. 1988)

| Source_elev Xl Elevation of source NRIO (1986, 1987ab.c. 1988)

| Rv_grad B River gradient Calculated ‘

| MAR Mm Mean Anrwual Runolt NRIO (1986, 1987ab.c 1988)

| MAR var % Annual vanason in MAR NRIO (1686 1987abc 1988)
Sed Tonnes' kim’/ yr  Sediment yield NRIO (1985, 1987a.b.c. 1988)
Irter_Shmrsh Ha mlertidal Sabmarsh area ‘Botancal catabase Jul 007
Supra_Stmesh Ha Supralida’ sahmarsh area ‘Botanical datadase Jul 00
Sub_macrophyt Ha Submerged macrophyte area “Botanical catabase Jul 00"

Ha Reed and sedge area “Botanical database Jul 00°

Mngree Ha Mangrove forest area “Botanical catabase Jul 00"
Inserncal Ha intertidal sand mudfiats (Benthic mcroaigae)  “Botamcal database Jul 00
Water Ha Permanent water area (Phytoplankion area)  “Botanical datadbase Jul 00" .
Rock Ha interbdal rock (Macroalgae area) ‘Botancal database Ju 00" '
Swirplorest Ha Swamp forest area “Bolancal database Jui 00
Tot habdat Ha Sum of vegetaton type reas “Botancal database Jul (0

The set of variables identified in Table 5.1 were investigated using Principal Component
Analysis (PCA) in order to identify a core set of relatively independent varables that
characterise estuaries. Only factors with eigenvalues greater than 1 were considered
(StatSoft Inc. 2004). Within these factors, the loading of individual variables was investigated
to determine the nature of the factor in order to identify a minimum set of explanatory
variables, usually those with the highest loading and/or explanatory power.

These variables were used in a stepwise multiple regression (backward selection) to develop
a suitable model which could predict species richness in the remaining estuaries. This
method only retans those variables with significant B values and with minimal
intercorrelations between one another (Tolerance >0.0001) (StatSoft Inc. 2004).
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Data were analysed using multiple regression analyses and generalised linear modelling
(which incorporates categorical vanables such as estuary type). Mouth condition of an
estuary i1s recognised as one of the most important factors determining species richness
particularly among benthic invertebrates (De Villiers & a/ 19989). Thus analyses were
performed on permanently and temporanly open estuanes in combination and separately
Due to data deficiencies, Subtropical estuaries were not included in any of the above

analyses

524 Predicting species richness as a proportion of the available species pool

Finally, an alternative approach was tested to deal with the analytical complexities that arise
because of the ‘subtropical subtraction effect’ (decrease in overall species from tropical to
cold temperate waters) The ‘species pool for any particular estuary was defined in terms of
the distributional ranges of estuanne invertebrates. Similar analyses to the above were
performed in order to predict the ratio of actual species richness to the species pool

The species ranges used in the analysis were onginally devised by Bruce Emmanuel and
George Branch on the basis of sampling data and a knowledge of individual systems that
allowed reasonable accuracy to a resolution of 100-km zones around the coast (Emmanuel
et al. 1987, Prof. G.M. Branch, University of Cape Town, pers. comm.), and later refined in
Awad et a/ (2000). These data were the basis of the inferred presence-absence used in

earlier importance rating indices

5.3 Results & Discussion

531 Data characteristics

At least some information on the invertebrate species present was available for 168 estuaries
(86% of South Afnican estuanes), with the magpority (104 of 168 = 629%) occurring in the Warm
Temperate biogeographic region (Figure 5.1). Estuaries included in this study are listed in
Table 52 to Table 54
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Figure 5.1. Proportion of estuaries falling into the three biogeographic regions and the
proportion with available species richness data.

At least 16 estuaries (8 permanently open and 8 temporarily open) are considered to have
been comprehensively sampled, using comparable methods. for both plankton and benthic
fauna, including intertidal benthic fauna in open estuanes In addition, three temporarily
open estuaries have been sampled in the intertidal during open phases Nevertheless,
benthic subtidal sampling would ordinarily cover all the benthic fauna in temporarily open
estuaries. |f intertidal data are a reasonable indication of all benthic fauna, then one
temporarily open estuary, and several more permanently open estuaries can be considered
to be well sampled. Several more estuaries are well sampled for benthic fauna alone, but
have not been subject to plankton studies.

The above mentioned estuaries fall predominantly within the Warm Temperate region. While
data are available for most estuaries in the Subtropical region, these are mostly only
available for particular taxa (e.g. Macruran and Brachyuran crustaceans in KZN estuaries:
Begg 1984), which makes comparisons difficult. Further problems in using data from various
studies in compiling the larger data set for all 168 estuanes, were the variability of sampling
effort and methods, season and estuary status at time of sampling and the age of the
sample.

Table 5.2. Available species richness data for Cold Temperate estuaries.

“Name T Type Sources Total SR Plankion SR Subtidal SR Intertidal SR
' Ferr GB, Day X

Berg (Groot) Fer GB. K+ 25 %

Rietve: Dep Eerr GD 35

"GB “Green Book™ Estuanes of the Cape Seres Day Day 1981 GD Grndey & Dudiey 1988, KH.
Kaljeta & Hockey 1981
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Table 5.3. Available species richness data for Cold Temperate and Warm Temperate estuaries
Estuaries in bold are considered to be comprehensivly sampled.
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Table 5.4, Available species richness data for Subtropical estuaries.

Name Type Sources Total Plankton Prawns Benthic |
species SR & crabs SR

- recorded SR

Mbashe Perm BG 70

Mngazana Perm Wo. BG 208 30

Mbotyi Temp w 22 22

Msikaba Perm w 28 28

Mtentu Perm Cco 10

Little Manzimioti Temp AD 3

Durban Bay Bay KP 148

Mgeni Temp Begg 24 24

Mhianga Temp Begg 16 16

Mdiots Temp Begg 12 12

Tongati Temp Begg 8 8

Mhiah Temp Begg 16 16

Seten Temp Begg 5 5

Mvoti River mouth Bega 6 6

Mdiotane Temp Begg 3 3

Nonoti Temp Begg 5 5

Zinkwas Temp Begg 23 23

Mialazi Perm Day -2

Mhlathuze Bay MC. JE 72

St Lucia Lake B4

O

LS " . .

AD Amazon Database Begg Begg 1578 - Prawns and crabs only. BG Branch & Gnindiey 1878. MC
CO. Connell 1974 —~ mainly zooplankton. Day Day 1981, JE: Jering 1998/9. KP. Kim Prochaska
database Mackay & Cyrus 1988/8. W. Wooldnage 1974, Wo: Wooldndge 1877

Complete data on the estuary characteristics selected for this study were available for a
maximum of 126 estuaries (49%; Figure 52). As with species richness data, the largest
proportion of estuanes with available data fell under the Warm Temperate region.
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Figure 5.2. Proportion of estuaries falling into the three biogeographic regions and the
proportion with available data on estuary characteristics.




53.2 Diversity and habitat specificity

Some 538 invertebrate taxa have been recorded in South African estuanes, although not all
of thase have been identified 10 species level which means that some of this is kely 1o be
duplication. More taxa have been recorded in subtidal benthic habitats than in the plankton
or intertidal benthos. The groupings of taxa and ther known occurrence in three main

habitats is summarised in Table 55 Details of all taxa recorded are given in Table 56

Table 5.5. Total number of species recorded in each habitat for each taxon. The numbers are not additive as many
species are shared across habitats

Higher Taxon Planktonic Subtidal Intertidal

Acarna 1

Actinara

Amptepoda ry

Anomura 5

Arachnida

Asteroicea

8' vava 24 -

Brachyura 5 15 16

Branchiura 1

Cephalopoda 1

Chaetognatha 1

Cladocera 1

Cirripadia 1

Cnidana

Coelentarata

Copepoda 45

Cumacea 2 2

Decapoda 1

Echinowdea 1

Echiunda 1

Gastropoda 13

Hirudinea 1

Insacta

Isopoda

Macrura

Mollusca

Mysidacea

Nematoda

Nemertea

Oligochaeta

Opisthobrancha

Ostracoda 1

Platyheiminthes

Polychaeta 3

Prosobranchia

Pulmonata

Tanadacea - 3 1
Grand TOTAL ' 143 224 171
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Table 5.6. Invertebrate species recorded in Planktonic (P), Subtidal benthos (S) and Intertidal benthos (I) sampling in

temperate South African estuaries
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Only 3% of taxa have been identified in all three invertebrate communities (Figure
5.3). At least 12 species have been found to be shared between the plankton and
subtidal benthos, many of these, along with the species found in all three habitats,
are larvae of the benthic species Only 26% of benthic species are shared between
the intertidal and subtidal habitats. The degree of habitat specificty indicated by
Figure 53 may be exaggerated, however, since roughly half of the taxa recorded in
separate habitats have not been entfied to species level in the various studies
Nevertheless, it can still be concluded that habitat specificity appears to be fairly
high

Subtidal Intertidal
Plankton benthos benthos
11 135 92
‘unique’ taxa ‘unique’ taxa ‘'unique’ taxa
59 shared spp
12 shared spp
18 ‘cosmopolitan’ spp

Figure 5.3. Recorded distribution of 538 invertebrate taxa among different estuarine habitats in temperate
South African estuaries. Note, however, that 55%, 39% and 61% of the ‘unique’ taxa in plankton,
subtidal and intertidal benthos, respectively, were not identified to species level | and thus that
‘uniqueness’ is probably overestimated. 2 species were shared between intertidal and plankton
habitats.

533 Relationships between invertebrate sub-communities

For the 16 comprehensively-sampled estuaries, there was a significant correlation
between sublidal benthic species richness and overall richness However, there was
poor correlation between each of the separate components (Table 5.7). This
suggests that subtidal benthic fauna could be a reasonably good indicator of richness
in estuanes where only data on these species exists. Nevertheless, it may not be
sufficient considering the diversity that intertidal areas add to permanently open
estuaries and the fact that factors affecting plankton richness may differ considerably

from those affecting benthic richness




Table 5.7. Correlation between total species richness and species richness of different
invertebrate communities within an estuary. Only comprehensively-sampled
estuaries were included (n=16). Only permanently open estuaries (n = 8) are
included in correlations with intertidal fauna. Significant correlations (p>0.05)
are shown in bold,

Species Richness Total Intertidal Subtidal Plankton
Intertidal 57 . . )
Subtidal 80 21 ? .
Plankton &3 01 27 ’
534 Correlation of estuary characteristics

A correlation matnx of the 23 estuary charactenstics selected for this study is

presented in Table 5.8




Table 5.8. Correlation between estuary characteristics of the permanently open and temporarily open/closed estuaries used in this study

Variable name  Mouthclass Size Biog Geoclass Lat Long CPT dist  Catch A Riv Ingth  Source elev  Riv grad
_ (ha) (decdeg)  (decdeg) (k) (sq km) (km) (m) (tx)
Mouthdlass 1.00 0.4 000 043 012 017 014 04 063 072 0.5
Size 034 100 024 02 0.13 o0 019 024 0.36 038 031
Biog 0.00 024 100 023 032 083 083 007 0.05 017 025
Geoclass 043 0% 023 100 0.05 on 0.14 030 045 045 052 ‘
Lat 012 on 032 005 100 065 .70 010 002 024 013
Lang 017 o 083 o1 065 100 099 015 002 036 021
CPT dist 014 019 083 014 0.70 093 100 010 001 033 025
Calch A 046 024 007 0% 0.10 015 0.10 100 082 069 059
R Ingth 063 0% 005 045 202 002 001 082 100 082 082
Source elev 272 038 0107 045 0.24 036 033 069 0.82 1.00 050
Rv g 056 031 025 052 013 021 025 059 052 050 100 l
MAR 0.11 008 055 052 020 04 043 02 027 003 045 |
MAR var 020 02 048 015 038 068 0§87 004 003 039 oM |
Sed 042 004 0.30 ! 0.07 028 027 048 0.70 054 0s7 |
Inter_SATIren 0.50 058 0 0M 016 021 0.13 041 039 048 0N
Supra Sliesh 024 098 227 017 019 025 017 022 030 028 025
Sub macrophyt 0.17 0.95 o 014 010 0 0.18 005 017 0.18 016
Reads 018 095 026 013 013 02 017 007 021 0.21 019
Mngrve 047 002 005 0N 010 003 009 002 00 000 003
Bth microalg 038 063 024 02 0.19 041 036 014 022 0.32 013
Phytpinita 049 082 008 041 010 014 007 042 059 0.60 051 |
1Aacr0ag 018 003 0.12 001 0.02 01§ 015 009 010 020 012 |
| Tot habkat 034 09 025 025 013 02% 018 025 036 037 030 |




Table 5.8. Correlation between estuary characteristics of the permanently open and temporarily open/closed estuaries used in this stud contd.

Vanable name MAR  MAR Sed Inter Supra Sub Reeds Mngive Bnth Bnth Phytpinkin  Macroalg  Tot habitat
(mm)  var (Vsq Sitmrsh Shmesh macrophyt  (ha) (ha) microalg microalg (ha) (ha) (ha) ‘
(%) kmyr)  (na) (ha) fha) (ha) (ha) -
Mouthclass on 02X 042 0.50 QM 017 018 017 033 038 044 018 0
Size 0 02 004 0.58 0.98 095 096 0.02 063 063 082 003 099 l
Beng 055 D43 030 014 027 Q27 026 005 0D 4 008 012 025
| Geoclass 052 0.16 04 0M 017 04 013 on 026 0.2% 04 001 025
Lat 0xN 038 Q07 0.16 019 0.10 013 0.10 019 0.19 010 002 013
Long 044 0.68 028 on 025 024 023 009 LR} 04 URL) 015 026
CPT disl 048 0.57 027 013 D17 018 017 003 035 036 oW 015 018 1
Calch A 022 D04 048 oNn 0 005 207 003 04 014 042 009 02% |
Ree Ingih 027 003 0.70 0139 030 017 an 001 022 022 044 010 0 36
Source_elev 003 0¥ 0.54 D42 0% 0.18 o oM 03 02 060 020 0.3 '
Riv grad D46 0O M 0.57 on 025 0.16 019 003 013 013 051 012 0
MAR 10 055 0N 016 0.04 0.02 002 006 008 0.08 an RE 009
MAR var 055 100 025 016 017 017 016 000 026 0.26 015 027 019
Sed 031 025 100 017 oo 007 D02 014 006 006 035 005 006
rier Siesh 016 0.16 017 100 049 038 0N 003 062 0.62 066 on 0.61
Supra Sitmesh 04 017 o0m 045 100 0.96 097 002 0.53 053 075 002 097
Swb macrophyt 002 017 007 038 096 1.00 098 001 05} 053 068 003 094
Reads 002 016 002 0N 097 0.98 100 002 052 052 073 000 096
Mngrve 006 000 014 003 0.02 om 002 100 004 0.04 am 003 002
Bath microaly 008 026 0.06 062 053 053 0.52 004 100 1.00 0.55 010 065 |
Phylpinkin 02 015 035 066 075 0.68 0.73 0 055 0.55 100 014 085
Macroalg 014 o7 005 on 002 003 000 003 010 010 014 100 001
| Tot habtat 009 019 0.06 061 097 094 0.96 002 085 0.65 0.85 001 100

A
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535 Principal components analysis of estuary characteristics

Six factors with eigenvalues greater than 1 were extracted. explaining over 83% of the
variance in the data on parmanently open and temporarily open/ciosed Temperate estuaries
(Table 5.9). The swamp forest variable was excluded as it did not apply to any estuaries in
the sample. Analysis of the scree plot indicated that the first three factors were most
important in determining variation in the dataset but all € factors identified above were
considered

Table 5.9. Factors extracted during PCA with eigenvalues >1.

Factor Eigenvalue Proportion of variance Cumulative variance explained

explained (%) (%)
1 78 339 338
2 48 2089 548
3 32 140 68.8
B 12 53 741
5 12 51 791
3 1.0 44 835

The pattern of vanable correlations with each factor are given in Table 5.10, but can be
summarised as follows:

1. Primarily habitat and area related variables linked to estuary characteristics which
appear to be linked to overall size of the system (catchment area, river length and
gradient). Total habitat area and river lengths were used,

2. Flow characteristics which appear related to biogeographic zone, rainfall, sediment
yields and gradient. MAR, distance from Cape Point and river gradient were used;

3. Similar to factor 1, with catchment area and habitat areas of specific plant
communities being extracted Submerged macrophyte habitat area was used,
Intertidal rocky area,;

No strongly correlated variables were identified; and

Mangrove habitat area




Table 5.10. Pattern of variable correlations with factors extracted using Principal Components
Analysis (PCA). Values greater than 0.5 are considered strong correlations and are
marked in bold.

Factor
____Variable name 1 2 3 4 . 3
Mouthclass 0.60 0.23 147 .1 0.23 0.06
Sze LN 0.11 038 0.02 002 1
80g 0.27 0.7% .18 0.00 21 8
Geoclass 0.42 048 017 0.17 045 0.02
Lat 0.00 045 0.52 {48 0.20 0.15
Long 0.37 -0.80 238 0.16 002 0.03
CPT_as 028 0.81 043 0.18 0.08
canch_A 0.51 2.34 .50 0.06 0.32 13
Riv_ingth 0.64 045 148 0.03 0.25 01
Source_elev -0.68 Q.12 .64 0.08 {007 0.00
Riv_grad -0.51 -0.66 023 016 014 007
VAR 0.13 0.70 D13 032 L34 0.10
MAR var 0.26 068 0.32 025 0.05 0.01
Sec 0.27 064 0.38 004 021 0.22
ner_Sitmrsh 0.70 .07 L.04 008 022 0.31
Supra_Shmrsh -0.85 014 045 008 012 004
Sub_macrophyt 0.78 021 0.52 0.01 H04 008
Reeds 08 0.18 0.51 0.01 008 0.10
Mangrove 0.00 012 0.02 042 0.38 0.78
nertidal mud'sandfat -0.68 0.23 0.05 016 044 D18
Water area -0.90 017 0.10 008 006 008
Rock area 0.08 017 0.23 066 025 ) &0
_Tot habtat 0.92 0.10 03 00 003 J.02

The stepwise regression analyses yielded some significant models for predicting species
diversity in temperate estuaries (Table 511) Generalised hnear modelling prowided the
same rasull, since categorncal variables (e g estuary type) did not make a significant
contribution to the models. The fact that predictive models could not be obtained in all
instances, with no success in the case of intertidal species richness, is probably largely
related to the sample sizes involved, especially when estuanes were separated by type The
significant regression models obtained for total species richness and subtidal benthic species

richness (Table 512, Table 5 13). were each based on different explanatory variables

Table 5.11. Degree of success in predicting estuarine invertebrate diversity from broadscale
estuarine characteristics. Perm = permanently open, Temp = temporarily open/closed.
All analyses were for temperate estuaries only,

Attribute Perm & Temp Perm only Temp only
| - __combined -
Total species nchness P <0001 ns ns
Plankton species nchness ns ns ns
Subtidal benthos species nchness P <000 P<0D P<001
|_Intertidal benthos species nchness _ns o ns.__ na

a7




River gradient was retained as the most significant uncorrelated predictor of total species
nchness (Table 5.12). This vanable may be linked to sediment charactenstics and other
variables which determine species richness in estuaries, where low gradients will result in
slow water flow. higher deposition rates and increased habitat stability (Knox 2003). It also
appears that low gradent is associated with water clarity in the warm temperate region, a
charactenstic which is often associated with high species diversity in estuaries (Day 1981).
Nevertheless, the regression was far too weak 10 be a reliable predictor of species richness.

Table 5.12. Model predicting total species richness in permanently open and temporarily
open/closed Temperate estuaries (n=45). R'=0.191, Adj. R= 0.172, F,, = 10.137,
p<.005. SE of estimate = 39.677.

" Variables Beta SE of Beta 8 SEolB T(43) 3
“nlercept 2042 970 210 0.04
Rvgrad(tx) 044 0.14 022 007 118 0003

Subtidal species richness across all estuaries in the sample was significantly correlated with
the area of submerged macrophytes (typically eelgrass Zostera capensis), and the area of
mangroves. While there are no species that are restricted 10 either of these habitats in South
African estuaries (Day 1981, de Villiers ef al. 1999), they support charactenstic communities
and usually add significantly to the diversity of species that an estuary supports. Moreover,
submerged macrophytes are usually more extensive in larger estuaries, and size is hkely to
be positively correlated with diversity. Given the above finding that subtidal benthic diversity
is significantly correlated with overall diversity. it could be possible to use the model
described in Table 513 to provide an estimate of relative species richness in temperate
estuanes. However, the regression is again a fairly weak one. albed stronger than that for
total species nchness. The degree of error would be high, especially as one would have to
make use of two models 1o get 1o overall species richness.

Table 513. Model predicting subtidal benthic species richness in permanently open and
temporarily open/closed temperate estuaries (n=26). R*=0.486, Adj. R*= 0.440, F2, 23 =
10.855, p<.001. SE of estimate = 16.727.

_ Varables Beta  SE of Beta E SEofB T23) P ]
Imercept 18.85 3483 479 0 00008 :
Submerped macrophyte area (ha) 051 0.15 2.08 061 4 0.002

_ Mangrove area (ha) 048 0.15 0395 2848 3130 0.003
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The above analysis i1s based on roughly equal numbers of permanently and temporarnily open
estuaries, thus over-reprasenting the former. When estuary types were analysed separately,
subtidal species richness was significantly correlated with mean annual runoff in both cases
(Table 5 14, Table 5 15). This was an intuitively satisfactory result, since MAR s likely 10 be
a predictor of other more directly influential variables such as sediment particle size, salinity
and clarity which are not widely available for most estuaries in South Africa Freshwater
input and the associated sediment load and charactenstics are known to be important factors
in determining species nchness (De Villiers ef al 1999). Again, goodness of fit was not very
high

Table 5.14. Model icting subtidal species richness in permanently open temperate estuaries
(n=10). R*=0.604, Adj. R*= 0.554, F1,8 = 12,201, p<.005. SE of estimate = 0,37925.

Variables ~ Beta SE of Beta B SEolB T(8) P
ntercept 1.75 0.15 172 0000003
MAR(mm) OT8 0.22 0.00 0.00 348 0.008

Table 5.15. Mode! Prednctmg subtidal species richness in permanently open temperate estuaries

(n=16). R*=0.470, Ad|. R'= 0.432, F1,14 = 12.397, p<.005. SE of estimate = 6.59
“Variables  Beta SEofBeta B  SEoflB  T|14) P
Mercept M2 474 1.32 0 00000
MAR (mm) 068 019 017 2.05 352 2.003
536 Predicting species richness as a proportion of the available species pool

Distributional information was available for 263 invertebrate species that occur in estuaries,
at the resolution of their presence or absence within 28 100-km zones around the country
Based on these distributions, species richness is relatively low on the west coast, is highest
on the southeastern coast (Eastern Cape) and drops off slightly as one progresses further
north toward the border with Mozambique (Figure 5.5).

OCbwiously not all of the species within a zone will occur in all estuanes within that zone. It
was surmised that the proportion of the available species pool for an estuary that actually
occurs in an estuary could be predicted on the basis of broacscale estuary charactenstics
Thus a model was developed using these proportions for estuanes for which species
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richness data was available. Proportional occurrence was regressed aganst a number of
possible explanatory variables. Since the overall number of taxa recorded in estuaries is
double that of the number for which distributional data are available, these proportions could
theoretically reach 2. However, this was not considered to be a significant shortcoming in

the analysis

O

4 5§ 6 7 B 9 1011 1213 14 15 1 17 1819 20 29 22 23 24 25 26 27 28
100-km zone

Species

Figure 54. Numbers of species whose distributions coincide with each of 28 roughly 100-km zones around the
coast of South Africa, from west 10 east, based on distributions of a total of 263 species .

For warm temperate permanently and temporarily open estuanes, species richness as a
proportion of the ‘species pool' was significantly positively correlated with estuary size (n =
47. R = 048, P < 0.0001; Figure 55). The relationship was not improved when other
variables such as estuary type. MAR or river gradient were taken into consideration

Variability in the data is probably partly due to differences in sampling effort

The inclusion of Knysna estuary. an estuarine Bay. produced an intuitively good species-

area relationship and increased the R’ of the model to 0 72 (Figure 5 6)
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Figure 5.5. The relationship between proportion of ‘pessible” species (based on distridution ranges of species) that
have been recorded in warm temperate estuaries and the size of the estuary, excluding Knysna estuary,
showing the positions of different estuaries in the analysis. P < 0.0001,
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Figure 5.6. Relationship for warm temperate estuaries, as for Figure 5.5 above, but including Knysna estuary




The analysis was repeated for subtropical estuaries, athough far fewer data were available
No significant relationship was obtained if St Lucia or Mngazana was included. but without
these, the overall result is that subtropical estuaries contain a slightly lower proportion of the
species pool than do their warm temperate counterparts (Figure 5.7). No comprehensive
data were available for the smaller estuaries of under 100ha, which is problematic since most
subtropical estuanes are in this size range. Inclusion of the under-sampled estuanes
probably underestimates the proportion of the species pool contained in these estuaries, but
their exclusion appears to create the opposite problem

(a)

1.20
1.00 >
g
2 080
=
% 060
T 040
3 y = -4E-07¥ + 0.0012x + 0.047
5 0.20 R =09186
0.00
0 500 1000 1500 2000
Estuary size (ha)
(b)
1.20 ; — ——n
e 1.00 |
S
2 080 |
2
& 080
% .
040 | & y = -5E-08x + 0.0005x + 0.3388
' R'=0072
000 ‘- - — ——————
0 500 1000 1500 2000
Estuary size (ha)

Figure 5.7. Regression between estuary size and proportion of ‘possible’ species (based on distribution ranges of
species) that have been recorded in subtropical estuaries, excluding St Lucia (too large) and Mngazana
(disproportionate sampling effort?). (a) all estuaries for which species richness data are available (P <
0.001) and (b) for four comprehensively sampled estuaries, P < 0.05.
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54 Conclusions

Studies on estuarine inveriebrates have tended to concentrate on one of the major groups
such as plankton or subtidal benthos, with a relatively small proportion of studies attempting
to study the full complement of sub-communites. In particular, there is so little known about
the meiofauna that this component could not be considered in this study The relationships
between the macrofaunal groups are better understood but have not been well descnbed
No previous attempt has been made to collate the invertebrate cata of all South African
astuaries, and this study provides some new insight into the relative contribution that these
sub-communities make to estuarine biodiversity. This study found that there is relatively little
overlap between species recorded in the plankton, subtidal and intertidal macrobenthos
This suggests that data on invertebrate biodiversity for only one or two of these groups would
not adequately represent the biodiversity of an estuary. This is interesting in that several
previous studies of benthic invertebrates have ignored intertidal sampling based on the
assumption that it would probably not add much to overall diversity (Wooldridge. pers
comm. ). Indeed, data suggest that this habitat could add as much as 17% to overall
diversity. Nevertheless, it was also found that diversity of the dominant group. the subtidal
benthos, is correlated with overall invertebrate diversity. probably largely by virtue of its
dominance. The other groups would not be adequate predictors of overall levels of
invertebrate diversity.

Significant regressions were found for overall species richness and for subtidal benthos
richness in temperate estuanes, but not for plankton or intertidal species nchness. The
regressions had rather weak correlations. however, and would not make satisfactory models
for predicting species richness. Although one model for predicting subtidal benthos was
slightly stronger, using this as a surrogate for species richness (see above) would simply
result in compounding the error. The stepwise regression process selected river gradient
submerged macrophyte area. mangrove area and MAR as explanatory vanables in these
models

From the above process it emerged that the way in which the multiple characteristics of
estuaries combine to influence invertebrate community patterns could not be satisfactorily
distilled from the data available. Thus a slightly different approach was taken, which was to
investigate how many species of the possible number of species within whose distribution an
estuary hes would be expected to occur in that estuary. This approach neutralises the added

complexity that is otherwise created by the subtropical subtraction effect and the irregularities
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in this pattern due 10 geographical patterns and features. Indeed. the broadscale pattern of
estuarine invertebrate species richness around the coast is not one of steadily increasing
richness from west to east, but increases irregularly up to the Eastern Cape before declining
again towards Kosi Bay

The results of this study suggest that estuary size is the most important variable determining
the number of potential species that actually occur in an estuary. This is completely
congruent with ecological theory, except that it might be expected that in estuaries, factors
such as estuary type and niver gradient (which probably affects water clanty, at least in
temperate estuaries) might also be important. Mouth condition plays an important role in the
ecology of certain invertebrate species for which part of the life cycle is marine. These
species do not survive well, if at all, in temporarily open estuaries. The fact that they include
some of the most conspicuous and abundant species, such as the mudprawn Upogebia
africana. means that mouth condition is highly significant in determining inveriebrate
community structure. However, the actual proportion of species that are affected is not
known to be very high, and thus estuary type per se might not have a more significant
influence on species diversity than estuary size. Estuary size is correlated with habitat areas
and habitat diversity, which would account for much of this. It is also correlated with estuary
type, in that estuaries that are permanently open tend to be larger than those that are not.
The results of these regressions also had a relatively goed fit, suggesting that it would be
acceptable to use them 1o predict species richness for estuanes for which data are lacking, at
least as an interim measure until more data becomes available

The goodness of fit obtained in the final analysis was higher than expected, given the
complexity of inveriebrate communities. difficulties in describing the factors that shape them,
and the paucity of data. Furthermore, it is important to bear in mind the purpose of using a
predictive equation. which s simply to divide the countries estuanes into deciles in terms of
their importance for invertebrates, so that estuanes can be rated in the top tenth, second-top
tenth, etc. Given this application, the level of accuracy is probably sufficient 1o achieve a
reliable result. This will be investigated in the final chapter
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6. AN UPDATED IMPORTANCE RATING OF ALL SOUTH
AFRICAN ESTUARIES.

Jane Turpie
6.1 Introduction

This chapter uses the results of the previous chapters to updale the importance rating of
South African estuaries. Changes made are described for each component of the index, and
the updated overall rating system is presented

6.2 The estuary list

The estuary kst has been expanded to include Verlorenviei, due to widespread opinion that
this system should have been included in the list of functional estuaries in South Africa.
While Langebaan Lagoon is effectively estuarine in nature, and should be taken into
consideration in estuarine conservation planning, it is not technically an estuary, and will not

be subject to resource directed measures, and is therefore not included in the study.
6.3 Measures of area

No changes have been made to the estimates of area. since no new data have come to light
However, the area of Durban Bay, which was previously omitted due to a mistaken
impression of lack of data, is now included (1060 ha - Begg 1978). The present-day
accuracy of this estimalte still needs to be verified, as do some estimates for other estuaries

6.4 Importance for plants

No changes have been made to the botanical elements in the importance rating. These data

are considered 1o be adequate and reliable




6.5 Importance for invertebrates

Invertebrate scores were updated from those based on inferred presence of species based
on their coastal distribution patterns. Due to the nature of data available, the invertebrate
index itself had to be revised

The importance rating index for biotic components has up to now required data on the
presence/absence or abundance of individual species in each estuary as well as in all the
estuaries in the country as a whole (number of estuaries in which a species occurs, or total
estuarine or coastal population). This study has confirmed the fact that it would be
impossible to model the presence or absence of the hundreds of species of estuarine
invertebrates in South African estuaries, species by species. It was mooted at one stage that
the country's estuarine specialists might be able to devise a rule based model for each
species, and thus build up the species complement for each estuary. However, further
discussion and analysis of the situation and the quality of data and depth of national
understanding on invertebrates and estuaries has led to the conclusion that this task could
not be achieved. Thus the importance index for invertebrates would have to be based on
measures such as species richness, diversity, abundance or biomass, or a combination of
these. Diversity indices such as the Shannon index have been rejacted in previous studies
as being flawed for use in importance ratings (e.g. Turpie 1995). Thus species richness and
abundance or biomass are the obvious measures for inclusion. This study has shown that
reasonable estimates of species richness can be achwved for South Afrnican estuaries based
on simple relationships with broadscale characterstics. Biomass data are sorely lacking, and
studies on biomass seem to have decreased, with most studies now concentrating only on
abundance measures. From the few data available, it appears that biomass is not a simple
correlate of abundance or species richness. There are two problems that prevent the use of
abundance in the index. Firstly, without a knowledge of the abundance of individual species
in each estuary. one would have to create some sort of measure of overall abundance,
effectively the number or density of invertebrates in an estuary. This gives equal weighting
to all species. irrespective of whether they are generally common or scarce, and is
complicated by the enormous size differentials within this group. Secondly, there are
insufficient data on abundance in order 10 produce predictive relationships about abundance,
and because of the size differentials. it is not expected that a3 simple relationship could be
found



The approach taken here is thus to determine estuarine importance for invertebrates on the
basis of species richness alone. The implicit assumption in this approach are that estuaries
that have high species richness will also have the highest richness of range-restricted
species and of rare species. This is probably the case. What is not taken intc account is the
ecological importance (and economic, but this is not the concern of the importance index)
associated with the abundance and productivity of invertebrates in an estuary. These
elements may be weakly correlated. but are unlikely to be strongly correlated with species
rchness.

Where comprehensive sampling data for zooplankton, subtidal benthes, and in the case of
open estuanes, intertidal benthos, exist, those species richness data were used. Data were
available for all but one of the cool temperate estuaries. The Orange was estimated to
contain similar species complement to the Olifants estuary, as an interim measure before
data becomes available from the recent studies on that estuary. The species richness of
warm temperate and subtropical estuaries for which there were insufficient or no data was
estimated using the equations developed in chapter 5

Species richness in Warm Temperate estuaries:
SR=3x10"x"-4x107x" 4+ 0.0013x = 0,073,

Species richness in Subtropical estuaries:
SR =-4x107 %" +0.0012x + 0.047

where x = estuary area (ha).
Estuaries were divided into deciles based on species richness and the invertebrate
importance index was assigned as one of ten scores from 10 to 100, with 100 being

assigned to estuaries scoring in the top 10%.

There was no correlation between the new scores and the old invertebrate scores (n = 255,
r* = 0.08; ). further supporting earlier concerns that the original index was inadequate.
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Figure 6.1. Changes in the invertebrate importance scores after the data and index were completely changed. Note
that each dot may represent several estuaries.

6.6 Importance for fish

No changes were made to the fish component of the index. Despite its shortcomings (see
chapter 1) it remains the most consistent, and thus comparable, data set. and is considered
to be better than an index based on either (1) mixed data from Harnson and from more
comprehensive studies - this would bias the index in favour of the latter, or (2) modelling fish
species rnchness on the basis of pattarns found in well-sampled estuaries (similar to the
approach used for invertebrates). The latter goes against common sense in replacing
empirical data with imputed data. losing information on abundance in the process

Nevertheless it was hoped to investigate the implications of such approaches. but this had to

be abandonad due to limited resources and difficulties in accessing unpublished data




6.7 Importance for birds

The existing bird data were used. with the addition of bird counts completed in the former
Transkei estuaries (this study). A similar situation exists as for fish in that single counts for
all estuaries could potentially be updated using regular twice-yearly counts in 23 estuaries.
However. this was decided against because it would generate a bias towards the latter
estuaries

The inclusion of data for 67 new estuaries meant that the scores for many of these estuaries
increased from 10 to anything from 20 (e.g. Mtakatye) to 90 (Mbotyi) (Figure 6.2). Of those
that increased in score from 10. 1 went to 90, 3 to 80, 10 to 70, 7 to each of 60, 50 and 40, 5
to 30 and 11 to 20 Others for which preliminary count data had been updated with better
count data increased from middie to higher scores, €.g. Nxaxo, from 50 to 90 while the score
for Cebe decreased from 50 to 30. With the general increase in data in this group, overall
inclusion in percentiles increased slightly. with many estuaries being ‘upgraded’ by one level
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Figure £2. Changes in the bird importance scores after data were included for an additional 57 estuaries. Note that
cach dot may represent several estuaries.
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6.8 Impact on the biodiversity importance scores

The invertebrate and bird indices together carry 50% of the weight in the biodiversity
importance score Thus the changes described above have a significant impact on this
score, with both lower and higher ranking estuanes having increasec thew scores or

gecreased theirr scares

New Biodiversity Importance Score
.-

. &) " - % 120

Old Biodivers ity Importance Score

Figure 6.3. Impact of the information update on the biodiversity importance scores of South African estuanes




6.9 Updated overall importance ratings

In spite of the radical changes in the invertebrate importance scores and the significant
changes in the bird importance scores, the overall ratings of estuaries were not greatly
affected (Figure 6.4). This is because the changes in the invertebrate and bird indices were
buffered by other groups in the biodiversity importance rating. and the latter only carries a
weight of 25% in the final importance rating. If biodiversity was to carry more weight, then
these changes would have more closely resembled those in Figure 6 3. The new rankings

are presented in Table 6.1 and Table 6.2
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Table 6.1. Ranking (R) of South African estuaries in terms of Conservation Importance Score (in order of
ranking), calculated on the basis of size (S), zonal type rarity (Z), habitat importance (H) and the
updated biodiversity importance score (B)
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Table 6.2 Ranking (R) of South African estuaries (ordered from west to east) in terms of Conservation
Importance Score, calculated on the basis of size (S), zonal type rarity (Z), habitat importance (H)
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7. THE WAY FORWARD

— — e —————— —

This study has attended to some of the main criticisms of the estuary importance ratings.
However, it has not been able to address all issues. While RDM practitioners can have
much greater confidence in the updated ratings, there is still room for further improvement in
future. Future studies should address the following needs:

1. Completion of the habitat area and total area estimates for all estuaries. This includes
checking the existing area data in cases where there are doubts about accuracy. It
would be particularly useful if the estuaries were digitized in a geographic information
system (GIS)

2. Sampling of invertebrates from a lot more systems. This would improve the accuracy of
the models produced in this study, and would also provides useful baseline data for
future RDM assessments, especially rapid or desklop assessments,

3. An in depth study of the trade-off between sampling effort and data quality for estuarnine
fishes, allowing an evaluation of the Harrison data used in the index versus use of other
more comprehensive data-sets, and implications for the fish importance rating

4. A total recount of birds of all the South African estuanes to update the counts which are
maostly over 20 years old

S. A sensitivity analysis of the weightings in the importance index. Testing of the index is
needed, 10 investigate the effects of, for example, only retaining the biotic elements, or
reducing the weighting of the zonal type rarity index.




Other related WRC reports available:

Resource monitoring procedures for estuaries: For application in the ecological
reserve determination and implementation process.

Taljaard S; van Niekerk L; Huizinga P; Joubert W

Monitoring of water resources is required under the NWA, but some methods still need
to be developed. Monitoring of the ecological Reserve in estuaries is a case in point, and
the aim of this project is to develop resource monitoring procedures to establish the status
of the estuaries and to monitor the response to the RDM once implemented. Monitoring
IS necessary to provide feedback to the ongoing management of individual estuaries, but
more importantly to refine and increase confidence in Reserve determinations. Personne
will also be trained to do the work. This project links to the estuary management programme
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