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EXECUTIVE SUMMARY

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

PROJECT OBJECTIVES 

Volume 1: Improving the biodiversity importance rating of SA estuaries.

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 KwaZulu-Natal estuaries were collated in an excel database. 

2. Filling information gaps with field work : summer bird counts in Wild Coast estuaries.

Birds were counted in 67 estuaries along the Transkei coast in January-February 2002.  A total of 2206 waterbirds and 40 waterbird species were recorded. Excluding terns, only 983 birds were counted in estuaries in total.  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 estuaries.  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. There was no major change in the importance ratings of 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 are now accurately 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.

3. Predictors of biodiversity.

Meetings were held with team members and other interested parties on the selection of estuaries 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 temperate zone. Intertidal invertebrates were sampled in 16 estuaries.  This project has shown that each estuary is highly unique in character and that developing predictive relationships at the species level would be extremely difficult.  Preliminary investigations suggest that simple relationships to predict species richness can be found, and that the research will have provided a useful guide for the improvement of the importance index for invertebrates.  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 community attributes on the basis of broadscale estuary characteristics

-  Gauging the importance of estuaries for different taxa: how much sampling is enough?
4. Updating the importance rating of all South African estuaries.

Existing data and field data from this project were used to produce an updated importance rating database for South African estuaries.

Volume 2: Quantifying water quality changes that affect different taxa.

Quantitative information on the response of estuarine taxa to changes in water quality was collated. A CD has been compiled containing the data (tolerance 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, Each biotic group is in a sub-directory, phytoplankton, microphytobenthos, macrophytes, invertebrates and fish.  Each constituent is in a separate file in the sub-directories e.g. salinity.xls, dissolved oxygen.xls. This format has been used so that the information can be updated easily and transferred into a database format.  The system variables 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 nutrients considered.  The effect of toxic substances (e.g. trace metals) was only considered for invertebrates and fish.
Volume 3: Responses of the biological communities to flow variation and mouth state in temporarily open / closed estuaries.  (Importance of the river-estuary interface zone in temporarily open / closed estuaries). 

1. Literature review
The literature review by Perissinotto et al. on the “Ecology of South African temporarily open/closed estuaries: a review of current knowledge” was e-mailed to 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 to provide an overview of the existing knowledge on the major biological, physical, chemical and management issues that affect the 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 a workshop on 24 October 2001 at the University of Natal, Durban, to discuss the terms of reference and hypotheses for the study, and to 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 pattern 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 Mdloti.  The study showed that provided the flows are sufficient to sustain residence times in 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 river-estuary interface zone is established that is characterized by higher biodiversity and biomass compared to the closed phase of the mouth and that biotic communities in the river estuary interface (REI) zone during the open phase of the mouth are distinct from downstream communities.  These hypotheses were revised as KwaZulu-Natal estuaries are perched, a feature which prevents a distinct REI zone from forming.
The study showed that during the open phase there was strong freshwater inflow followed by low water levels.  Highest biodiversity and biomass occurred when the mouth was closed (phytoplankton, microphytobenthos, zooplankton).  The maximum microphytobenthos biomass (601 mg chl-a.m-2) occurred in December 2002, after a period of closure of about 15 days.  Zooplankon (copepod nauplii) attained peak levels within 2 to 4 weeks following a 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 develops after the open state with filter feeders becoming dominant due to food availability 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 drier habitats did not support any of the small, shallow-burrowing prey.

Many of the study hypotheses were focussed on freshwater input and its importance in introducing nutrients and stimulating biotic response.  However both the Mdloti and Mhlanga estuaries receive treated sewage effluent and therefore available nutrients were never a problem.  Indeed the Mhlanga Estuary was found to be eutrophic.  Phytoplankton biomass was 303 mg chl-a m-3 in the lower reaches of the estuary in October 2002, this is the highest reported for any South African estuary.  The hypotheses also focussed on the importance of mouth opening in stimulating biotic response.  In both estuaries 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 estuarine dependent invertebrates and fish.  Overtopping was indirectly demonstrated, when six 20 mm Diplodus sargus were netted in the Mhlanga while storm-swell overtopping was occurring (September 2002).  Direct, conclusive evidence of recruitment through wave overtopping was obtained at the Mhlanga where juveniles of three fish species were netted in the incoming waves at the peak of the spring high tide in 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 Mdloti Estuary.
One component of the study that was not addressed was the short-term responses of microalgae 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 to organise workshops on the RDM methodology to 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 Ministry of Agriculture, Water and Rural Development and UPE.  From the feedback received it is obvious that participants were very appreciative of these training 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 Mdloti Estuary in February 2002 and on the Mhlanga Estuary in April 2003.  Representatives from local authorities attended the workshop as well as students and trainees from the University of Natal Durban and CSIR Environmentek.  This study provided a first estimate of the freshwater requirements of the Mdloti and Mhlanga estuaries.  

These reserve studies could not have been completed without the research and understanding gained from the Amazon research project “Responses of the biological communities to flow variation and mouth state in temporarily 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.

Technology transfer

Scientific papers (completed)

Adams, JB, Bate, GC, Harrison, TD, Huizinga, P, Taljaard, S, van Niekerk, L, Plumstead, E, Whitfield, AK and Wooldridge, TH. 2002.  A method to assess the freshwater inflow requirements of estuaries and application to the Mtata Estuary, South Africa.  Estuaries 25(6B): 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 Whitfield, 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, Demetriades NT and Jairam S (In prep.). Comparison of the benthic communities of the Mhlanga and Mdloti estuaries in KwaZulu-Natal, South Africa. 

Kibirige I, R Perissinotto and X Thwala (In compl.). A comparative study of zooplankton dynamics in two subtropical temporarily open/closed estuaries, South Africa.

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

Perissinotto R, A Connell, I Kibirige and MJ Joubert (In prep.). Direct evidence of recruitment of estuarine-dependent fish into temporarily open/closed estuaries through berm overtopping.

Thomas C, R Perissinotto and I 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 to estuaries.  Estuarine Research Federation Conference, St Petersburg, Florida, 4-8 November 2001.

Iyer, K, R. Perissinotto and I. Kibirige.  2003. The comparison of microphytobenthic biomass between the Mdloti and the Mhlanga estuaries in KwaZulu-Natal.  Oral presentation at the 19th Congress of the Phycological Society of Southern Africa, 19-21 January, Mpekweni Sun, Eastern Cape. 

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

Perissinotto, R. 2003. The comparative ecology of two contrasting temporarily open/closed estuaries: Mhlanga & Mdloti.   KZN-Wildlife Symposium on “Coastal & Marine Conservation Research”, Krantzkloof, Durban, 4-5 June 2003.

Simpson, H.  2003. The influence of the state of temporarily open estuaries on the composition of the juvenile fish community: case study of the Mhlanga and Mdloti estuaries.  KZN-Wildlife 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, 4-5 June 2003.

Thwala, X. 2003. Annual variations in the zooplankton of the Mdloti and Mhlanga estuaries in relation to freshwater inflow. KZN-Wildlife Symposium on “Coastal & Marine Conservation Research”, Krantzkloof, Durban, 4-5 June 2003.

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

van Niekerk, L, S Lamberth, S Taljaard, P Huizinga and JB Adams. 2003. A South African approach to estuarine 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 to 4 July 2003, University of Cape Town.
Reports

Taljaard, S, JB Adams, AT Forbes, T Harrison, P Huizinga, R Perissinotto, S Pillay and L van Niekerk. 2002. Rapid determination of resource directed measures for the Mdloti 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 Huizinga, 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 Mhlanga Estuary.  Report prepared for the RDM Directorate, Department of Water Affairs and Forestry.  86 pp.

Dissertations & Theses

Third – year research projects

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

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

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

Honours 

Jairam, S. 2002. The macrobenthic ecology of the Mdloti 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 to flow variation and mouth state in two temporarily open/closed estuaries. BSc Hons (Mar Ecol) Dissertation, University of Natal, Durban, pp 28.

Zietsman, I. 2002. The Hydraulics and Hydrodynamics of Temporary Open Estuaries, with Case Studies of Mhlanga and Mdloti   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 Africa.  Unpublished MSc mini-thesis (Conservation Biology).   Percy FitzPatrick Institute of African Ornithology.  University of Cape Town.

Thomas CM. 2003. A comparative study of the phytoplankton biomass and size structure in two subtropical temporarily open/closed estuaries in KwaZulu-Natal. MM&CM Thesis, University of Natal, Durban, pp. 66.

Zietsman I. 2004. Hydrodynamics of temporarily open estuaries, with case studies of Mhlanga and Mdloti. MSc(Eng) Thesis, University of KwaZulu-Natal, Durban. 

MSc (pending)

Thwala XC (In compl.). The comparative zooplankton abundance and biomass of the Mdloti and Mhlanga estuaries, KwaZulu-Natal north coast. MM&CM Thesis, University of KwaZulu-Natal, Durban.

Iyer K (In compl.). The comparative biomass and physiological health of  microphytobenthos in the Mdloti and Mhlanga 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 birds of the Transkei coast were completed.  Invertebrates were sampled in 16 warm temperate estuaries and from these data a predictive model for invertebrate community attributes was developed based on broadscale estuary characteristics.  New knowledge on minimal sampling strategies for different estuarine taxa were proposed and an updated importance rating of all South African estuaries 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 information gaps could be identified.  Data were mainly sourced from overseas studies indicating the lack of detailed studies on South African taxa and their water quality responses.

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

Mouth condition

This research has made an important contribution to the knowledge of processes controlling the dynamics of temporarily open/closed estuaries. The results seem to support others which show that TOCEs experience a period of biological rejuvenation some time after natural breaching, followed by a period of maximal productivity shortly after the re-closure of the mouth (Whitfield 1992, Nozais et al. 2001).   For microphytobenthos this was approximately 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 overtopping was important 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 estuarine dependent species in the catches, almost to the exclusion of other marine species, demonstrates a remarkable ability of the small larvae to manoeuver and orientate in the surfzone for the purpose of recruitment to the estuaries.  Rhabdosargus holubi juveniles were of a similar size, approximately 28 days post hatch.  This single cohort in the catches begs the question whether adult spawning, and hence juvenile arrival at the beaches, for recruitment to estuaries might be linked to the lunar cycle in this species.

Sewage discharge

The study has highlighted the problems associated with sewage discharge to temporarily open / closed estuaries 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 and biomass of fish in the Mdloti Estuary compared to the Mhlanga Estuary was related to the greater water retention within the system (i.e. longer 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 estuaries will be used by DWAF will be used in future RDM studies.  The importance rating of a system is an important step in the RDM process that is used to set the recommended ecological 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 utilise 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 to set the ecological flow requirements of the Mdloti and Mhlanga estuaries (DWAF RDM studies).  Transfer of results has thus taken place and indeed the research increased the confidence of the RDM assessments.  This project has provided good baseline data for future monitoring of the Mdloti and Mhlanga estuaries.

Important new knowledge was generated in this project that had direct application to management problems.  This has already been implemented in the re-direction of sewage effluents away from the Mhlanga and Mdloti 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 problems of sewage discharge to temporarily open / closed estuaries (i.e increased flow and 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.

The study on the prediction of invertebrate community attributes on the basis of broadscale estuary characteristics should be extended to KwaZulu-Natal.  The South African database on estuarine birds was collated in the 80’s.  There is a need for updated bird data as developmental pressures have changed in estuaries, which has influenced the distribution and abundance of estuarine birds.
PROJECT 2  Quantifying water quality changes that affect different taxa.

The collation of available information in one database can be used to identify gaps.  Overall the study has shown that there is little ecophysiological data for most of South Africa’s estuarine biota. Thus there is plenty of scope for detailed studies on individual taxa.

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 dynamics of temporarily open / closed estuaries.  It is recommended that a programme on the effects of climate change on estuaries be initiated.

Research into the mechanisms of mouth breaching is necessary particularly in light of the response of the mouth to slumping as a result of outflow of estuary water.
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Quantifying the Effect of Changes in Water Quality on Estuarine Biota
SCOPE OF WORK

The Consortium for Estuarine Research and Management was commissioned by the Water Research Commission to undertake this project, as part of a research programme addressing Information requirements for the implementation of resource directed measures for estuaries (referred to as the ‘Amazon Project’).  The purpose of this project was to collate available information on the effect of changes in water quality on estuarine biota.

The University of Port Elizabeth collated relevant information on Microalgae and Macropytes, while the University of Zululand was responsible for collating the information on Invertebrates and Fish.
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1.
Purpose

Estuarine specialists in South Africa are increasingly required to make predictions on the impact of future development on estuaries.  An example is the RDM, where predictions of affects are needed on estuaries prior to any water abstraction from, or waste discharge to; an estuary can be licensed (under the National Water Act 36 of 1998).  A requirement in making predictions is a sound understanding of the inter-relationship between the different abiotic and biotic components in an estuary.  One such inter-relationship is that between water quality and estuarine biota (e.g. microalgae, macrophytes, invertebrates and fish).  The water quality objectives that need to be set for a particular estuary largely depend on these inter-relationships.  The basic data requirements in this regard are quantitative information on the response of estuarine biotic components to changes in water quality.  For South Africa, such information is not readily available for estuarine environments as it is for coastal marine waters (i.e. South African water quality guidelines for coastal marine waters, DWAF, 1995). 

The purpose of this project was, therefore, to take the first steps towards producing such information, i.e. to collate available data (preferably quantitative) on the response of different estuarine biotic components to changes in water quality that are relevant to South African estuaries.  This project forms part of a larger research programme addressing WRC Project K5/1247 Information requirements for the implementation of resource directed measures for estuaries (referred to as the ‘Amazon Project’).

2.
Assumptions and Limitations

· Data and information extracted from international sources (particularly those on toxic substances) were only included where such data and information was considered relevant to South African estuaries.  

· For toxic substances, the bulk of the information used came from studies outside of South Africa.  Many of the species are not represented in South Africa and for this reason species were assessed on family level which “increased” the relevance of the information.  In addition, where possible and where it could be established; only species occurring in temperate, subtropical and tropical regions were included.  This approach was used very successfully in the collation of the fish data.  A list of fishes included in the database with reasons why each species was included based on similarities with local species is provided in Appendix A.  However, such information is not readily accessible for invertebrates, as such the invertebrates were chosen to distinguish between taxa such as Amphipoda, Copepoda and Decapoda.

· For fish and invertebrates, data and information on system variables were limited but much more focussed around South African species.

· For microalgae both phytoplankton and microphytobenthos were considered but the focus was on the diatoms.  A list of South African estuarine microphytobenthos species was obtained from Bate et al. (2004) while a list of South African estuarine phytoplankton species was obtained from Clark et al. (2004) and Adams et al. (1996).   Both local and overseas information on these species were collated.

3.
Approach and Methodology

The study focused on four biotic components, namely:

· Microalgae

· Macrophytes

· Invertebrates

· Fish.

Although avifauna are considered a key biotic component in the Ecological Reserve determination process in estuaries, changes in water quality was not considered to be a key factor directly influencing bird populations in estuaries.  For this reason avifauna was not included as a biotic component.

For each biotic component the following water quality parameters were considered of key importance and were therefore included in this assessment:
	BIOTIC COMPONENT
	WATER QUALITY PARAMETERS

	Microalgae
	System variables: Salinity, Temperature, pH 

	
	Nutrients:  Inorganic nitrogen, ammonium and phosphate



	Macrophytes
	System variables: Salinity, Temperature, Irradiance (measure of turbidity/suspended solids)

	
	Nutrients:  Inorganic nitrogen and phosphate



	Invertebrates
	System variable:  Salinity, Dissolved oxygen and Turbidity

	
	Toxic substances (e.g. trace metals)



	Fish
	System variable:  Salinity, Dissolved oxygen and Turbidity

	
	Toxic substances (e.g. trace metals)


For each biotic component and associated water quality parameter, the following were recorded (where available):

	ATTRIBUTE
	EXPLANATION

	Concentration 
	Concentration or concentration range of the WQ parameter

	Modifier
	If the effect of the above WQ parameter occurred at specific temperature, salinity, pH or DO level (referred to as modifiers) the modifier plus its level must also be recorded (where such information is provided)

	Modifier concentration/level
	

	Taxa
	List the taxa of the test organism/plant down to the highest detail provided in the data source

	Family
	

	Genus
	

	Species
	

	Description of effect
	Provide a short description of the effect on the organism

	‘Tolerance band’ 

(No observable effect/ chronic/acute)
	Can the effect be classified as ‘no observable effect’, a chronic effect or an acute effect

	Below/Above
	In the case of an effect being classified as ‘chronic’ or ‘acute’, record whether it was a result of the WQ concentration being ‘Below’ or ‘Above’ the ‘No observable effects’ range 

	Exposure time
	Record the exposure time (where provided)

	Reference
	A detailed reference of the origin of the data/information


The type of data and information taken into account included those obtained during actual field measurement programmes, field mesocosm studies, eco-toxicological and toxicity testing, LC50 testing, where the response of the biota to a specific water quality constituent at a specific concentration or concentration range had been documented.  Such data and information are typically obtained through, for example: 

· Recent overseas water quality criteria documents applicable to South Africa’s estuarine environments

· Toxicity databases (e.g. USEPA AQUIRE [Aquatic Toxicity information and Retrieval] database)

· Published documents and papers 

· Unpublished documents 

· Expert opinions.

The databases that were accessed by researcher for the purposes of this project included:

· UPE CAT, which searches for relevant journals and books in the UPE library.

· 
· Internet based databases e.g. www.nisc.co.za.

The data and information collected as part of this project are organised in MS Excel spreadsheets. These spreadsheets have been structured is such a manner so as to allow for future updating.  The structure of the database on the CD is illustrated in the following section.

4.
Structure of Data Base on CD

The data and information are organised in separate directories for each of the biotic components.  These, in turn, are further subdivided into Water Quality Categories, i.e. System variables, Nutrients and Toxic Substances.  Data on specific water quality parameters within a particular category is then presented as individual MS Excel files.  The structure is schematically illustrated in Figure 1.
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Figure 1:  Schematic illustration of the structure of the Directory used on the CD
Within each of the MS Excel files, the information on a particular biotic component is organised (e.g. per taxa) in different worksheets (Figure 2a).  One of the worksheets also contains the references referred to in a particular MS Excel file. 
[image: image3.wmf]Estuarine WQ Data Base

Documentation

Microalgae

Macrophytes

Fish

Invertebrates

Nutrients

System variables

X

Salinity.xls

X

Turbidity.xls

X

................xls


Figure 2a:  An example of the structure used in worksheets used in the MS Excel files 
For each data entry specific attribute data also had to be provided in separate columns, where applicable (Figure 2b)
	CONC
	MODIFIER
	TAXA
	FAMILY
	GENUS
	SPECIES
	COMMON NAME
	DESCRIPTION OF EFFECT
	TOLERANCE BAND
	EXPOSURE TIME
	REFERENCE

	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	


Figure 2b:  Example of the lay-out of each worksheet, illustrating the type of attribute data that accompanied each data entry 


To provide an indication of the ranges of tolerance (1= ‘No Observable Effect; 2 = Chronic and 3 = Acute), the data are presented on a graph in the worksheet, as illustrated in Figure 2c.
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Figure 2c: 
An example of the Tolerance range graphs (1= ‘No Observable Effect; 2 = Chronic and 3 = Acute) provided for on each worksheet.

5.
Key Findings
Key findings related to the status of available data on the effects of changes in water quality on estuarine biota in South Africa are as follows:
	BIOTIC COMPONENT
	WATER QUALITY PARAMETER
	STATUS (with short motivation)

	Microalgae
(Phytoplankton)
	Salinity and temperature
	Distribution of South African species in relation to these parameters was mainly obtained from Adams et al. (1996), Clark (2004) and Watt (1998).

	
	pH
	

	
	Inorganic nitrogen, ammonium & phosphate
	

	
	
	

	Microalgae

(Microphytobenthos)
	Salinity 
	Distribution of South African species in relation to these parameters was mainly obtained from Bate et al. (2004).  There was also a substantial amount of international literature available on benthic diatoms.

	
	pH
	

	
	Inorganic nitrogen, ammonium & phosphate
	

	
	
	

	Macrophytes
	Salinity and temperature
	Good availability of data for most species from South African and international sources.

	
	Turbidity/suspended solids (light)
	This component only applied to submerged macrophytes. Some data were available from international literature sources.

	
	Inorganic nitrogen & phosphate
	Very little literature was available from both local and international sources.

	
	
	

	Invertebrates
	Salinity
	Some South African data available on distribution in relation to salinity ranges.

	
	Toxic substances
	Comprehensive data set from international literature was used.

	
	
	

	Fish
	Salinity
	Good availability of data from South African and international sources.

	
	Dissolved oxygen
	Some international literature available.

	
	Turbidity
	Turbidity ranges assigned using available South African data.

	
	Toxic substances
	Comprehensive data set from international literature was used.
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Appendix A 
List of fishes included in database with reasons why each species were included based on similarities with local species

	Alburnus alburnus
	Temperate species occurring in fresh and brackish systems.

	Atherinops affinis
	Sub-tropical species occurring in brackish and marine systems, the family is represented in southern Africa by Atherina breviceps.

	Anguilla japonica
	Tropical catadromous species from the same genus as the southern African freshwater eels.

	nguilla rostrata
	Sub-tropical catadromous species from the same genus as the southern African freshwater eels.

	Aphanius fasciatu
	

	Chasmichthys dolichognathus
	Temperate marine species, of the family (Gobiidae) are very well represented in southern African estuaries.

	Cymatogaster aggregata
	Sub-tropical species occurring in fresh, brackish and marine systems.

	Cyprninodon variegatus
	Sub-tropical species occurring in fresh, brackish and marine systems.

	Encrasicholina purpurea
	Tropical species occurring in brackish and marine systems, the family (Engraulidae) has several representatives in southern Africa.

	Etroplus suratensis
	Tropical species occurring in fresh and brackish water in India and Sri-Lanka

	Fundulus sp.
	Temperate species occurring in fresh, brackish and marine systems.

	Gasterosteus aculeatus
	Temperate anadromous species occurring in fresh and marine systems.

	Kuhlia sandvicensis
	Tropical catadromous species, the genus Kuhlia is represented by two species in South Africa mostly associated with the nearshore marine environment and in some cases permanently open estuaries.

	Lagodon rhomboides 
	Sub-tropical species occurring in fresh, brackish and marine systems, the family (Sparidae) is well represented in southern African estuaries.

	Leiostomus xanthurus
	Sub-tropical brackish and marine species, the family (Sciaenidae) is represented by southern African estuarine dependent species.

	Liza macrolepis
	Tropical species occurring in fresh, marine and brackish systems.

	Menidia sp.
	Temperate species occurring in fresh, brackish and marine systems, the family is represented in southern Africa by Atherina breviceps.

	Morone saxatilis
	Temperate anadromous species occurring in fresh, brackish and marine systems.

	Mugil cephalus
	Sub-tropical catadromous species.

	Mugil curema
	Sub-tropical species occurring in fresh, brackish and marine systems, the genus represented by one species in southern Africa M. cephalus.

	Mugil saliens
	Sub-tropical brackish and marine species, the genus represented by one species in southern Africa M. cephalus.

	Mystus gulio
	Tropical species occurring in fresh and brackish systems.
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