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	Executive Summary




Background

This study was initially commissioned by the Department of Water Affairs (through FST/WRP Consulting Engineers) to provide a First estimate of the Environmental Reserve for the Mtata and ten adjacent estuaries in the former Transkei region. Later the Mtata (T20), Xora (T80C/D) and Mngazi estuaries were registered for reserve determinations as part of the Mtata River Basin Study.  For the Mtata Estuary an intermediate reserve determination was undertaken and for the Xora and Mngazi rapid reserve determinations.  A desktop assessment was completed for an additional eight estuaries.

The report is divided into three parts:

Part A : Intermediate RDM determination for the Mtata Estuary.

Part B : Rapid RDM determination for the Mngazi and Xora Estuaries.

Part C:  Desktop assessment for eight estuaries adjacent to the Mtata Estuary.

Part A: Mtata Estuary

The intermediate reserve determination for the Mtata Estuary involved a once off site visit and a one-day workshop.  Limitations of the study were that a bird specialist was not part of the study team due to budget constraints and that future scenario datasets were not provided.  These scenarios are usually important in refining the reserve in terms of water quantity.  Water quality data were not available for a river site upstream of the estuary and therefore the reserve for water quality could not be set.  The confidence in the results of the Intermediate Reserve Determination of the Mtata Estuary is therefore low.

Geographical boundaries

The Mtata Estuary is 8.5 km in length and a series of rapids delimits the upper extent of tidal and saline influence. The estuary is permanently open to the sea.
Present and Reference state

Reductions in flow to less than 0.5 m3 s-1 for prolonged periods could result in mouth closure.  Different abiotic states were defined for the estuary (Table 1).  The confidence in the accuracy of these states is low because of the lack of data.

Table 1.  Abiotic states indicating the relationship with flow.


	FLOWS

(m3 s-1)
	

	State 1: Predominantly marine
	0 – 0.5 

	State 2: Salinity gradient present
	0.5 – 2

	State 3: Salinity gradient present

              (freshwater dominated)
	 2 –  5 

	State 4: Predominantly fresh
	 5 – 10 

	State 5: Fresh
	 > 10 


The present and reference states were described for the different biotic components.  The human interferences on the various abiotic and biotic components were also described.  The present state assessment for the macrophytes and fish had a high (80%) confidence because of the availability of information (Colloty et al. 2000, Harrison et al. 2000, Plumstead et al. 1989).  The present status assessment for the microalgae had a medium confidence (60%) and the invertebrates had a low confidence (40%).

A reduction, on average, of 22% in the magnitudes of the 10 highest monthly flows was observed between the Reference condition and the Present state. This indicates that major floods are at present affected by the presence of the Mtata dam.  There are two major differences between the reference and present state condition;

1.  Under the Reference (Natural) condition, high runoff occurred during the summer months and low runoff during the winter months. This has been completely reversed under the Present condition with high runoff during winter and low runoff during summer as a result of the operation of the hydroelectric scheme.

2.  The occurrence of low flows (below 2 m3s-1) has almost completely disappeared under the Present State and is significantly reduced compared to the Reference (Natural) condition.

Present Status Category

The Present Ecological Status (PES) Category was determined using the Estuarine Health Index. The estuarine health score was 58.8.  This score was equivalent to a Present Ecological Status Category of D (i.e. largely modified).  The average confidence level for this assessment was 56% close to a medium confidence of 60%.

The low score was as a result of the high unnatural suspended sediment load in the estuary and the shift in the seasonality of flows.  As a result of the Mtata dam and hydroelectric scheme, the estuary now receives higher flow in winter compared to summer.  The high suspended sediment load has resulted in an unstable bottom substratum.  A consequence of this is a loss of the benthic invertebrate community and benthic microalgae.  Submerged macrophytes that are sensitive to alterations in light and turbidity no longer occur in the estuary.

Human disturbance such as boating activity, trampling, bait collecting and mangrove harvesting has also reduced the health of the estuary.

Ecological importance

For this study, the ecological importance score of the Mtata Estuary was obtained from the Estuarine Prioritisation for RDM project (Turpie et al. 2000). Ecological importance was determined by using the Estuarine Importance index and the importance score for the Mtata Estuary was 78.4.

The Mtata Estuary has high importance, mainly because is it fairly large and is permanently open.  It has a diversity of habitats that include mangroves, salt marshes and reed/ sedge areas. 

Ecological Management Class

The Ecological Management Class is determined based on the Present Status Category and the Ecological Importance score.

Because of the high importance score of the Mtata Estuary (78.4) the Ecological Management Class was set as a C.  The rule applied was that if an estuary has an importance score between 60 to 80 then the Ecological Management Class is equivalent to the Present Status Category + 1 (i.e. D + 1 = C). A reserve for water quantity terms of flow ranges was set to maintain the estuary in a Class C. 

Reserve for Water Quantity

Where the EMC allocated to an estuary is higher than its Present Status Category, it implies that mitigatory measures will have to be implemented to improve the Present State of the estuary to a level that will meet the EMC. In order to achieve this, it will be necessary to manage or reduce the impacts of existing activities or human interferences on the estuary.  The actions required in order to improve the EMC from a D to a C were identified and a water quantity reserve was set to maintain the estuary in a C class.  

These actions were:

1. Reduce suspended solid load.  

Motivation : Suspended sediments have had a major impact on the estuary as it has resulted in the loss of the benthic communities.  The submerged macrophyte Zostera capensis no longer occurs in the estuary, benthic microalgal biomass is low and the benthic invertebrate community is absent.


2. Reduce elevated winter flows.

Motivation: The high winter flows have reduced the size and occurrence of the productive river-estuary interface (REI) zone.

3. Manage human disturbance

Motivation:  Mangrove harvesting, cattle trampling, bait collecting and fishing have reduced the biotic health of the estuary.

The reserve was selected as that which would maintain the estuary in an EMC of C. However, this needs to be checked through monitoring, as the confidence of this assessment is low.  Table 2 indicates the required average monthly flow ranges for the estuary if it is to meet the requirements of an EMC of a C.
Table 2 Recommended average monthly flow ranges to meet the requirements of a Class C EMC for the Mtata Estuary.

	MONTH
	Monthly flow range

(m3s-1 )


	Motivation

	Oct
	2 – 10
	Minimum flows of 2-3 m3s-1 are required to establish a REI zone in the estuary that is characterised by high water column productivity and habitat diversity.

Freshwater pulses of 10 –15 m3s-1 are required to  stimulate water column productivity and enhance succession.  These would also serve as cues for larval migration of fish into the estuary that are important at this time of the year.



	Nov
	2 – 10
	

	Dec
	2 – 10
	

	Jan
	2 -  3 (minimum flow)
	Minimum flows of 2-3 m3s-1 are required to create a REI zone that is characterised by high water column productivity.  These summer months are typically characterised by high flows and therefore it is difficult to set a maximum flow requirement.


	Feb
	2 – 3 (minimum flow)
	

	March
	2 – 3 (minimum flow)
	

	Apr
	2 – 3 (minimum flow)
	

	May
	0.5 – 4
	To manage the estuary as a class C, the seasonality must to some extent be reversed back to the natural situation.  To achieve this the flow for these winter months must be less than 4 m3 s-1.  The benthic biota may re-establish under these conditions due to improved water clarity and a more stable bottom substrate.



	June
	0.5 – 4
	

	July
	0.5 – 4
	

	Aug
	0.5 – 4
	

	Sept
	0.5 – 4
	

	Notes:

Maximum flows for Jan-April will fluctuate in response to natural cycles.

During drought, minimum flows to the estuary may drop to 1-2 m3s-1.

The occurrence and magnitude of floods greater than 1: 5 year floods should not be reduced compared to present day conditions.


Reserve for Water Quality

The reserve for water quality could not be specified due to the lack of available data.  The following is required:

Concentrations of water quality variables (e.g. system variables, nutrients and toxic substances) in the river upstream from the estuary under the Present State and Reference Condition.  The RDM methodology for estuaries assumes that this information will be derived as part of the RDM determination on the riverine resource just upstream of the estuary.  Before the reserve for water quality can be specified for the estuary, the reserve for water quality must be specified for the riverine resource unit upstream of the estuary.

The study recommended that a DWAF water quality monitoring site be set-up upstream of the estuary.  The estuary has a low EMC of D because of the unnaturally high suspended sediment load.  This must be reduced in order to manage the estuary in a Class C.  A guideline is that the turbidity of inflowing river water in winter must be less than 50 NTU or have a Secchi disk reading of at least 0.5 m. 

Implementation of a variety of management actions could reduce the sediment load to the estuary. Erosion in the catchment must be addressed.  The riparian zone must be re-established.  The felling of forestry trees should not take place in summer when there is a greater risk of increased sediment laden run-off.  Ideally, bottom (sediment laden) water should not be released from the dam.  Unfortunately the dam does not have the capacity to release surface water.

Resource Quality Objectives 

Resource quality objectives were identified for the estuary. The most important objectives were related to the improvement of water quality conditions (i.e. reduction in high suspended sediment loads), reversal of the artificial change in seasonal flows, and management of resource utilisation (e.g. bait collecting and mangrove harvesting).

Resource Monitoring Programme


The resource monitoring programme identified abiotic and biotic characteristics that need to be assessed in order to improve the confidence of this intermediate determination and aspects that need attention before a comprehensive RDM study could be conducted.  Some of these aspects are the understanding of the relationship between flow and longitudinal salinity profiles and the measurement of seasonal variability of the presence and abundance of benthic biota such as invertebrates and microalgae.  This is required in order to establish whether under clearer less turbid conditions benthic organisms return.  An assessment of the importance of the estuary for birds and an assessment of the functional importance of the estuary is also required.

.

Part B: Mngazi and Xora Estuaries  

Geographical boundaries
Mngazi Estuary

The upstream boundary of the Mngazi Estuary is approximately 5 km upstream from the mouth of the estuary.  The Mngazi Resort abstract water 8 km upstream from the estuary mouth and therefore at this point the water must be fresh.

Xora Estuary

The upstream boundary of the Xora Estuary is approximately 6 km from the estuary mouth.  This is documented with low confidence and needs to be checked with surveys of salinity and water level fluctuations.

Present state

The present state was described for the abiotic components and for macrophytes and fish.  The Reference state was not described as simulated run-off data sets for the reference (natural) condition were not available for the estuaries.

Mngazi Estuary

The mouth of the Mngazi Estuary probably closes during low flow conditions of less than 4 m3 s-1.  The estuary is perched and may remain for extended periods in a semi-closed condition.  During this time there is little or no tidal exchange.  The estuary is then strongly stratified and the bottom saline waters can be anoxic in places.

The estuary has a low botanical importance score as only reeds and sedges are found, no productive intertidal plant community types such as salt marsh and mangroves are present.  This indicates the absence of intertidal habitat or regular tidal exchange.  Although fish abundance and diversity is good for this type of estuary (temporarily open/ closed), for the subtropical biogeographic region the Mngazi Estuary was only ranked 62 out of 133 subtropical estuaries using a Fish Importance Rating system.

Xora Estuary

There is greater tidal exchange in the Xora Estuary compared to the Mngazi Estuary and the mouth is probably open most of the time.  Mangroves that require intertidal habitats are found here whereas they are absent from the Mngazi Estuary (probably due to periodic closure).  However, the mouth of the Xora Estuary could close at flows between 0.2 and 0.3 m3 s-1.   Out of the 12 estuaries in the study region the Xora Estuary had the 3rd highest botanical importance score.  It is mostly open and contains mangroves, salt marsh and the submerged macrophyte Zostera capensis.

Fish abundance and diversity is good for this type of estuary. In the subtropical biogeographic region the Xora Estuary was ranked 12 out of 133 using the Fish Importance Rating system.

Present Ecological Status

The Present Ecological Status Category (PES) was determined using the Estuarine Health Index.

Mngazi  Estuary 

The estuarine health score was 84.8.  This score was equivalent to a Present Ecological B Status Category (i.e. largely natural with few modifications).    Human disturbances in the estuary such as fishing, bait collecting and associated trampling was the biggest problem.

Xora Estuary

The estuarine health score was 87.5.  This score was equivalent to a Present Ecological B Status Category  (i.e. largely natural with few modifications).    Human disturbances in the estuary such as  fishing, bait collecting and associated trampling was the biggest problem.  An increase in suspended sediment to the estuary also reduced the health score.

Ecological Importance

The ecological importance score for the estuaries was obtained from the Estuarine Prioritisation for RDM project (Turpie et al. 2000). Ecological importance was determined by using the Estuarine Importance index.

Mngazi Estuary

The Importance score for the Mngazi Estuary was 58.  This low score was attributed to the small size of the estuary, low zonal type rarity and low habitat diversity.

Xora Estuary

The Importance score for the Xora Estuary was 77.  Only zonal type rarity was low, other factors such as size, habitat diversity, biodiversity and functional importance were moderately high.

Ecological Management Class

The Ecological Management Class is determined based on the Present Status Category and the Ecological Importance score.

Mngazi Estuary

The Ecological Management Class was set as a B.  The Mngazi Estuary had a low importance score and therefore the rule applied was that the EMC will be equivalent to the PES category.

Xora Estuary

Because of the high importance score of the Xora Estuary the Ecological Management Class was set as an A.  The rule applied was that if an estuary has an importance score between 60 to 80 then the Ecological Management Class is equivalent to the Present Status Category + 1 (i.e. B + 1 = A) . 

Reserve for water quantity

Previous Estuarine Freshwater Requirement (EFR) or Reserve studies are consulted to derive an expected range within which the reserve for water may lie, based on the allocated EMC.  The sensitivity to reductions and changes in river inflow is then used to derive a more specific estimated annual flow (expressed as a % of natural MAR) that would be required to keep the estuary in (or rehabilitate it to) its allocated EMC.

For both estuaries the estimated reserve for water quantity was greater than 90 % of the natural MAR.

Mngazi Estuary

The mouth of the estuary is exposed to wave action and a reduction in baseflow would result in an increase in closed mouth conditions.  At flows of less than 4 m3 s-1 the mouth will tend towards a semi-closed condition.  The biotic characteristics under these conditions must be investigated.  Lack of tidal flushing or freshwater input may lead to more widespread anoxic conditions and reduced biological functioning.  Developments currently in progress in the catchment of the Mngazi Estuary could have a major impact on the ecology and long-term viability of the estuary.  An Intermediate RDM determination is essential.

Xora Estuary

The mouth is more sheltered compared to the Mngazi Estuary and a baseflow of between 0.2 to 0.3 m3 s-1 may be adequate to keep the mouth open.  Further data are required to confirm this.  A reduction in river flow will alter the salinity concentrations and the productive river-estuary interface zone.

Resource monitoring programme

Before an Intermediate RDM assessment can commence certain critical data sets are required.  For example, it is  necessary to establish the relationship between flow, mouth condition and salinity gradients.  Baseline information is required on microalgae, invertebrates and birds.  Water quality particularly of incoming freshwater must be assessed for both low and high flow conditions. The functional importance of the estuaries particularly with regards to nursery function and migratory routes must be addressed.

Part C: Eight estuaries adjacent to the Mtata Estuary

Available information

The following estuaries were included in the assessment: Mbanyana, Ntlonyane, Mncwasa, Mpako, Nenga, Mdumbi, Mtakatye, Mnenu and Mngazana.  There was little available information on the physical dynamics; invertebrates and birds of the estuaries and therefore the confidence in the results of this report are low.  Some information was available on water quality, macrophytes and fish.

Present physical status of the estuary

A brief assessment of the present physical status of the estuaries was made at the workshop. The type of estuary was documented (i.e. permanently open or temporarily open / closed) as well as the size and MAR.  Observations of the mouth were made from 1993 colour aerial photographs.  Only the Mdumbi, Mngazana and Mtakatye estuaries are permanently open, the other estuaries are temporarily closed (Mbanyana, Ntlonyane, Mncwasa, Mpako, Nenga, Mnenu).

Present Ecological Status

For the desktop assessment there is insufficient data to apply the Estuarine Health Index, therefore the available information from the Botanical Importance Rating system (Colloty et al. 2000) and the Water Quality and Fish Health system (Harrison et al. 2000) was used.  The general impression was that most of the estuaries are in a pristine state and because of this are important on a national scale.  Present Ecological Status categories for the different estuaries were; A for Mtakatye  and Mbanyane, B for Ntlonyane, Mpako, Nenga, Mdumbi, Mnenu and Mngazana and C for Mncwasa.  The PES category for the Mncwasa Estuary was based only on botanical information i.e. estuarine plants have been removed for crop production on the islands.  Overall the PES categories are based on limited data and have low confidence.

Estuarine Importance

For this study, the Ecological Importance scores for the estuaries were obtained from the Estuarine Prioritisation for the RDM project.  The Mngazana is a nationally important estuary, it had an importance score of 84, the other permanently open estuaries, Mtakaye (68) and Mdumbi (67) had higher scores than the temporarily closed estuaries.  The permanently open estuaries have higher scores because of their greater size, habitat and biotic diversity.
Ecological Management Class

EMC is set based on the Present Status Category and Estuarine Importance score.  For this desktop assessment the PES was assigned based on data for water quality, plants and fish.  This dataset is incomplete as hydrology, physical dynamics, invertebrates and birds were not considered.  A qualitative assessment of EMC was therefore made at the workshop, which must be regarded as preliminary.  Ecological Management Classes for the different estuaries were A for Mtakatye, Mbanyane, Mngazana and Mdumbi, B for Ntlonyane, Mpako, Nenga, Mnenu and Mngazana and C for Mncwasa.  
Reserve for water quantity

An estimate of the percentage of the MAR required to keep the estuary in the designated management class was derived.  This has a very low confidence because of the lack of available data and further studies are essential to quantify this more accurately.  The Ntlonyane, Mncwasa, Mnenu and Mbanyane require approximately 95 % of the natural MAR.  These estuaries are small and baseflow is essential in keeping the mouth open. The Nenga Estuary requires approximately 90 % of the natural MAR, the Mdumbi, Mngazana and Mtakaye, 80 % and the Mpako 75 %.  The mouth of the Mpako Estuary is protected from closure by the “hole in the wall” rock formation and the lower reaches of the estuary probably function as an estuarine bay.  The permanently open estuaries have a requirement for 80 % of the baseflow.  This is less than that required by the temporarily closed estuaries as tidal exchange and not only baseflow plays an important role in keeping the mouth open.

Conclusions

Many of the estuaries adjacent to the Mtata Estuary are small, temporarily or semi- closed systems where freshwater, particularly baseflow is important in order to keep the mouth open. The mouths of estuaries need to be open continuously or for parts of the year in order to retain estuary status. If freshwater is abstracted from these estuaries they may close or become semi-closed more frequently and for longer periods of time or permanently.  Further studies are necessary to quantify the relationship between flow, mouth condition and biotic functioning.

The larger permanently open estuaries are sensitive to alterations in freshwater input as this can alter salinity gradients and tidal exchange.  These estuaries have a high national ecological importance as they are characterized by high biodiversity.  They occur in a transition zone between the warm temperate and subtropical regions.  The Mngazana Estuary is of particular importance as it has the third largest mangrove area in South Africa.
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BACKGROUND

This study on the Mtata Estuary was initially commissioned by the Department of Water Affairs (through FST/WRP Consulting Engineers) to provide a First estimate of the Environmental Reserve for the Mtata and 10 adjacent estuaries in the former Transkei region. Later the Mtata (T20), Xora (T80C/D) and Mngazi estuaries were registered for reserve determinations as part of the Mtata River Basin Study.  For the Mtata Estuary an intermediate reserve determination was undertaken and for the Xora and Mngazi a rapid reserve determination.  A desktop assessment was completed for an additional eight estuaries.

The specialist team appointed for this project was as follows: 

	TEAM MEMBER
	ROLE/EXPERTISE
	CONTACT DETAILS

	Dr Alan Whitfield
	Project coordination
	JLB Smith Institute of Ichthyology

A.Whitfield@ru.ac.za

	Dr Janine Adams
	Preparation of RDM Report
	Department of Botany, UPE

btajba@upe.ac.za

	Piet Huizinga
	Physical dynamics (including hydrodynamics and sediment dynamics)
	CSIR, Stellenbosch

phuizinga@csir.co.za 

	Lara van Niekerk
	
	CSIR, Stellenbosch

lvnieker@csir.co.za

	Trevor Harrison

Emile Plumstead
	Water quality
	CSIR, Durban

tharrison@csir.co.za

Zoology Department, University of Transkei

Plumstead@getafix.utr.ac.za

	Prof Guy Bate
	Microalgae and Macrophytes
	DEM, Port Elizabeth

btagcb@mweb,ac.za or btagcb@upe.co.za 

	Dr Janine Adams
	
	Department of Botany, UPE

btajba@upe.ac.za

	Dr Brian Colloty
	
	Department of Botany, UPE

briancolloty@hotmail.com

	Prof Tris Wooldridge
	Invertebrates
	Department of Zoology, UPE

Zlathw@zoo.upe.ac.za

	Emile Plumstead 

Trevor Harrison
	Fish
	Zoology Department, University of Transkei

Plumstead@getafix.utr.ac.za 

CSIR, Durban

Tharrison@csir.co.za


In addition to the specialist team listed above (except for Lara van Niekerk), the following people also attended the Reserve Workshop held in Port Elizabeth on 30 and 31 August 2000: 

	TEAM MEMBER
	ROLE
	CONTACT DETAILS

	Bruce Nicol
	Fongoqa, Skade, Toyi & Associates
	bruce@fstec.co.za

	Dennis Behrmann
	Water Resources Planning, DWAF
	icf@dwaf.pwv.gov.za

	Frans Stoffberg
	Water Resources Planning, DWAF
	ica@dwaf.pwv.gov.za

	Barbara Weston
	Social & Ecological Services, DWAF
	ded@dwaf.pwv.gov.za

	Glenn Daniell
	Water Resource Management, DWAF EC
	danielg@dwaf-ecp.ecape.gov.za

	Angus Paterson
	Coastal & Environmental Services
	ces.2@imaginet.co.za


Approach

The Intermediate Determination of RDM for the Mtata Estuary was based on available information and one field visit.  The following process was followed:

1.        A site visit involving hydrodynamic, botanical and fish experts in September 1999.

2.
Specialists prepared draft reports for each of the abiotic and biotic components that included:   

· Description of natural conditions

· Description of Present State

· Identification of changes that occurred from the natural to present

Specialists were requested to present their information in the required format proposed in the RDM methodology for estuaries.

2. A 2-day RDM workshop was held on 30 and 31 August 2000 at the University of Port Elizabeth.  The workshop agenda was as follows:

                            DAY 1 Intermediate Reserve: Mtata Estuary

· Presentation of individual specialist reports

· Discussion on the Present State and Reference Condition of the Estuary (Step 3)

· Determination of Present Status category using the Estuarine health index (Step 4a) 

· Determination of Ecological Importance (Step 4b)

· Set Ecological Management Class (Step 5)

· Set Reserve for Water Quantity and Water Quality (Step 6a and b)

· Set Resource Quality Objectives (Step 6c)

· Design appropriate resource monitoring programme (Step 7)

                             DAY 2  RAPID RESERVE: XORA & MNGAZI ESTUARIES

· Presentation of available information

· Discussion on the Present State and Reference Condition of the Estuary (Step 3)

· Determination of Present Status category using the Estuarine health index (Step 4a) 

· Determination of Ecological Importance (Step 4b)

· Set Ecological Management Class (Step 5)

· Set Reserve for Water Quantity (Step 6a)

· Design appropriate resource monitoring programme (Step 7)

DESKTOP ASSESSMENT OF EIGHT OTHER ESTUARIES

· Presentation of available information

· Discussion on sensitivity of estuary to alterations in freshwater input

· Determination of Present Status category using available information i.e. water quality, plants and fish.

· Determination of Ecological Importance (Step 4b)

· Set Ecological Management Class (Step 5)

· Set reserve for water quantity in terms of % MAR (Step 6)

3.
A draft RDM Report was produced and circulated to the specialists for comments and inclusion of additional information.

4.
Specialist comments were included in a final RDM Report.

A flow chart of events for the Intermediate and Rapid determination of RDM as proposed in Resource Directed Measures for Protection of Water Resources: Estuarine Ecosystem Component (www- dwaf.pwv.gov.za/idwaf/Documents) is provided below:
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ASSUMPTION AND LIMITATIONS 

The following assumptions and limitations need to be taken into account for this study:

Mtata Estuary

a. The study was initially planned as a first estimate and not an Intermediate RDM determination for the Mtata Estuary.  A first estimate would provide an assessment of the freshwater requirements of the estuary (specified as a % of Mean Annual Run-off).  This study has provided a first estimate of the Reserve for Water Quantity (specified in monthly flow requirements).  This estimate has a low confidence and must be checked with further detailed studies and monitoring.

b.
Owing to limitations in the existing database, budget and time constraints, the setting of the Reserve for Water Quality and determination of Resource Quality Objectives are not dealt with in detail in this report.  The report does, however, highlight additional data requirements and important aspects that need to be considered in setting of the Reserve for Water Quality and the Resource Quality Objectives for the Mtata Estuary in future. 

c.
The accuracy of the simulated run-off data was regarded as medium to high because of detailed hydrological modelling and available data from the Mtata Dam.
d.
Crucial field data such as measured river inflows and simultaneous measurements of salinity distribution patterns in the estuary (for example, to define the River-Estuary-Interface [REI] zone) were not available.  The importance of the REI to total estuarine structure and function is only now becoming appreciated (late 1990s) and is defined as that sector of the estuary where salinity is <10 ppt.

e.
Birds were not addressed; an ornithologist was not included in the study team due to budget constraints.

f.
For the once off field survey only invertebrates associated with the main estuary channel were assessed and not those occurring in the mangrove areas.

g. Criteria for confidence limits attached to statements throughout this report are as follows: 

	LIMIT
	DEGREE OF CONFIDENCE

	40
	If no data were available for the Mtata Estuary or similar estuaries, i.e. low confidence

	60
	If limited data were available for the Mtata or other similar estuaries, i.e. medium confidence

	80
	If sufficient data were available for the Mtata Estuary on a particular issue, i.e. high confidence


Mngazi and Xora estuaries

a. Simulated run-off data were only available for the Mngazi Estuary in its present state.  No run-off data were available at the workshop for the Xora Estuary.

b. Available data sets were limited to that of water quality, plants and fish.

c. The upper reaches of the estuaries could not be accurately defined due to the lack of data on salinity and water level fluctuations.

d. Reference conditions could not be summarized because simulated run-off data were not available for the reference (natural) condition.

e. Present state was only described for macrophytes and fish as no information was available for invertebrates or birds.

Nine estuaries adjacent to the Mtata

a.  Available data sets were limited to water quality, macrophytes and fish. There was little to no available information on the physical dynamics; invertebrates and birds of the estuaries and therefore the confidence in the results of this report are low.

b. The Mbanyana was only added to the list of estuaries to be considered at the workshop and therefore detail on this estuary may not be found in the specialist reports. 

c. For the Rapid, Intermediate and Comprehensive methods Present Ecological Status is determined using the Estuarine Health Index that assesses the change in the estuary between natural and present day conditions.  For the desktop assessment there is insufficient data to apply the Estuarine Health Index, therefore the available information from the Botanical Importance Rating system (Colloty et al. 2000) and the Water Quality and Fish Health system (Harrison et al. 2000) were used to determine the PES category.

d. A qualititative assessment of EMC was made at the workshop that was based on the Present Status Category and Estuarine Importance.  This is regarded as preliminary as no data were available for some components e.g. hydrology, physical dynamics, invertebrates and birds.

e. An estimate of the percentage of the natural MAR required to keep the estuary in the designated management class was derived.  Further studies are essential to quantify this more accurately.

	PART A

Determination of Intermediate Resource Directed Measures

MTATA ESTUARY




	Step 1:  

Delineation of Geographical Boundaries




The Mtata Estuary is 8.5 km in length and a series of rapids delimits the upper extent of tidal and saline influence.  The river has a catchment area of 2600 km2 and a dam with a capacity of 257 x 106 m3 is situated approximately 70 km inland from the mouth. In a regional context the Mtata Estuary falls into the subtropical biogeographical zone and represents one of the few large permanently open estuaries on this section of coast.

For the purposes of the Intermediate Determination of Resource Directed Measures (RDM) for the Mtata Estuary, the geographical boundaries were defined as follows:

· Downstream boundary: The estuary mouth.  

· Upstream boundary:  Rapids 8.5 km upstream

· Lateral boundaries: The 5 m contour above MSL along the banks, a delineation that could be readily referenced from an ortho photograph of the area.

Although the 5 m contour above MSL along the Mtata Estuary may, for example not include the 1:50 year flood line in all places, it does delineate the area below which most of the physical and biological processes in the estuary occur.

Because the banks of the estuary are steep in many places, a shift of the lateral boundaries to a lower or higher level is not likely to markedly alter the lateral area of the estuary.

	Step 3:

Assessment of Present State

and Reference Condition




Step 3a:  Assessment of Present State

Abiotic Components
a.
River inflow characteristics under the Present State

Floods:

Major floods normally flush out accumulated sediments, both of marine origin and those from the catchment. An analysis of the occurrence of major floods is therefore normally undertaken to obtain an indication of whether increased sedimentation will take place under different scenarios.  Data on the occurrence of major floods are not available for the Mtata Estuary. The only information available for Reference (Natural) and Present conditions is the simulated monthly run-off data.  An analysis of the occurrence of the highest monthly run-offs in these data sets was therefore undertaken to obtain an indirect indication on the occurrence of major floods. 

The reduction in total monthly flows in million m³ for the ten highest flows, simulated for the Reference condition, are summarized in Table 1 for a preliminary assessment of the reduction in the magnitude of the flows for the Present state compared to the Reference condition.

Table 1:
 The reduction in monthly flows in million m3 for the ten highest flows for the reference condition and the present state. 
	NUMBER
	DATE
	REFERENCE CONDITION
	PRESENT STATE 
	% REMAINING

	1
	March 1976
	388.83
	390.15
	100

	2
	March 1963
	370.19
	372.43
	101

	3
	April 1978
	351.48
	279.86
	80

	4
	February 1985
	340.00
	190.46
	56

	5
	September 1987
	282.32
	194.69
	69

	6
	June 1997
	234.97
	219.47
	93

	7
	November 1936
	233.99
	167.88
	72

	8
	October 1976
	231.68
	159.11
	69

	9
	 November 1989
	225.42
	158.77
	62

	10
	July 1931
	221.57
	180.92
	82

	Average 

remaining
	
	
	
	78


The following observations are made:

a. A dam such as the Mtata Dam will normally result in a reduction in the occurrence and magnitude of major floods. However, a slight increase is observed for the two highest monthly flows between Present and Reference Conditions. The reason for this is unknown, but this does indicate that exceptionally large floods are little affected by the Mtata Dam.

b. The high flow occurrences for some months are more affected by the different scenarios than others. This is probably related to the volume of water in the dam at the beginning of these months. The high monthly flows and also the magnitude of floods will be little affected if the dam was full at the beginning of a flood.

c. A reduction on average of 22% in the magnitude of the 10 highest monthly flows is observed between the Reference condition and the Present state. This indicates that major floods are at present to some extent affected by the presence of the dam.

d. These average monthly flows give only indirectly an indication of the reduction in the occurrences and magnitudes of major floods. A detailed hydrological investigation into the occurrence of major floods is warranted because of their importance for the equilibrium of sedimentation and erosion in the estuary.
The available information indicates that hardly any sedimentation by marine sediments is occurring upstream of the Mtata Estuary mouth.  The reduction in the occurrence and magnitude of major floods could  have resulted in a reduction of sediments being flushed from the estuary during floods. This could indirectly have resulted in increased sedimentation. Further monitoring is required to establish whether sedimentation is taking place. 

Monthly flow distributions:

Simulated average monthly run-off data for the Present State (MAR 348.39 million m³, a reduction of 8% compared to natural conditions where MAR is 377.8 million m3), covering the period of October 1920 to September 1998, is given in Table 3. Flow ranges highlighted in Table 3, were selected as indicated in Table 2 (confidence limit 40 %):
Table 2.  Typical flow ranges selected for the Mtata Estuary.

	FLOW RANGE (m3 s-1)
	COMMENT

	0 – 0.5
	Predominantly marine

	0.5 – 2.0
	“Normal” salinity gradient present

	2.0-5.0
	Salinity gradient present, freshwater dominated

	5-10
	Predominately fresh

	> 10
	Fresh


b.  Closure of the estuary mouth

The mouth of the Mtata Estuary is, according to available information, permanently open. Aerial photographs also show that the mouth is well protected against south-easterly wave conditions. However, a pocket beach is present north-east of the mouth. A rocky coastline is observed further to the north-east and also south-west of the mouth. 

The estuary is approximately 8 km long and the tidal flows are therefore smaller than in many other longer estuaries on the south coast of South Africa. The almost continuous higher than natural river flow could therefore play a role in keeping the mouth permanently open.  Based on present general understanding of the dynamics of estuary mouths, it is considered possible that a considerable reduction in river flow to levels below 0.5 m3 s-1 for periods of a few months could result in mouth closure.  Reductions in river flow to levels below 0.5 m3 s-1 are apparently not considered at present, but the possibility of mouth closure should be taken into account if future increased abstraction is considered. 

c.  Prevailing abiotic conditions under different inflows of freshwater (referred to as Abiotic states)  

No data were available to quantify the relationship between river inflow and salinity distribution patterns. However, because the relationship between freshwater flow and salinity distributions could be the most important aspect in the estimation of the freshwater requirements and the Reserve of the estuary, a first estimate of the relationship between river flow, salinity distributions and the length of the river-estuary interface zone is briefly described. 

Table 4.  Abiotic states indicating the relationship between flow, salinity distributions and the length of the REI.

	FLOWS

(m3 s-1)
	Possible extent FROM MOUTH of SALINITY GRADIENT (km)
	Possible STRETCH of REI  ZONE (km)
	

	State 1: Predominantly marine
	0 –   0.5 
	8.5 – 8  
	0 – 0.5 

	State 2: Salinity gradient present
	0.5 – 2
	8 – 6 
	2 

	State 3: Salinity gradient present

              (freshwater dominated)
	2 – 5 
	6 – 2 
	1 – 2.5 

	State 4: Predominantly fresh
	5 – 10 
	0 – 2 

(Start to flush the system)
	0 - 1 

	State 5: Fresh
	> 10 
	0 (Completely fresh)
	0 


Table 3: Simulated Present State mean monthly flows (m³/s) for the Mtata Estuary.

The probability of occurrence (%) of the different Abiotic states within any month for the Present State is illustrated in Figure 1 below.  The assumption is that the distribution patterns over the simulation period are indicative of variations within a month:


Typical abiotic characteristics for each of the Abiotic states are described on the following pages.  

	ABIOTIC STATE 1:  Predominantly marine

	Typical flow  patterns:

Between 0 and 0.5 m3 s-1  

Confidence:  40%

	State of the mouth:

Usually open.  Mouth is until now permanently open. However, flows below 1.0 m3 s-1 rarely occur. The possibility exists that mouth closure could occur if river flow drops below 0.5 m3 s-1. 

Confidence:  40%

	Flood plain inundation patterns:

Assuming that the mouth remains open, flood plain inundation will occur on spring flood tides. 

Confidence:   40%

	Amplitude of tidal variation (indicative of exposure of inter-tidal areas during low tide):

Much as at present, provided mouth closure does not occur. 

Confidence:  60%

	Salinity distributions in the estuary:

Salinity values throughout the estuary are likely to be close to that of seawater, i.e. between 34 –35 ppt, except high upstream in the estuary, where a salinity gradient will be present. 

Confidence:  60%

	Temperature, pH, dissolved oxygen and SS/turbidity:

Temperature and pH of the water is likely to be strongly influenced by marine conditions.  The water is also likely to be well oxygenated although bottom values may be depressed due to decomposition of organics in the predominantly muddy sediments.  Turbidity will probably be less than at present at such low river flows. Locals are apparently of the opinion that this sometimes was the case at lows flows during winter before the dam was constructed.  

VARIABLE                                                         ESTIMATED CONCENTRATIONS

Temperature (oC)                                               Similar to marine waters (15-25 oC)

pH                                                                      Similar to marine waters (±8.0)

Suspended solids (mg/l)                                    Probably less than at present

Confidence:  60% 



Figure 1.  The probability of occurrence within a month of different Abiotic states for the Reference condition and Present State (Abiotic states and associated flow ranges are listed in Table 4).

	ABIOTIC STATE 2:  “Normal” salinity gradient present

	Typical flow  patterns:

Between 0.5 and 2 m3 s-1  

Confidence:  60%

	State of the mouth:

Open.  

Confidence:  80%

	Flood plain inundation patterns:

Flood plain inundation will occur on spring flood tides.

Confidence:   60%

	Amplitude of tidal variation (indicative of exposure of inter-tidal areas during low tide):

Considerable tidal variations as occur at present  

Confidence:    60 %

	Salinity distributions in the estuary:
Although it is expected that river flow in this range is likely to lead to a “normal” salinity gradient in the estuary, no data are available to quantify the relationship between river inflow and salinity distribution patterns.  Based on expert opinion it is expected that within this flow range the position of the important 10 ppt salinity contour may vary between 0.2 km and 2.5 km from the upstream end of tidal influence.  It should, however, also be noted that the distribution of salinity concentrations in an estuary is largely dependent on the duration of a particular flow regime, as well as other physical factors such as stratification and the extent of seawater intrusion for which no relevant data were available on the Mtata Estuary.  Stratification would, however, be expected.   

Confidence:  40%

	Temperature, pH, dissolved oxygen and SS/turbidity:

Both temperature and pH in the lower reaches would approximate that of the adjacent marine waters while the upper reaches (salinity < 10 ppt) would probably have a strong freshwater signal similar to inflowing river waters.  Conditions in the middle reaches would be difficult to estimate. The waters may also probably be stratified.  Dissolved oxygen concentrations would approximate river and marine conditions in the upper and lower reaches respectively, however, if the system were stratified then depressed oxygen levels would be expected in the bottom waters.  High turbidity will probably occur as is the case at present with a possible turbidity maximum occurring in the middle reaches. 

VARIABLE                                              ESTIMATED CONCENTRATIONS

Salinity                                                                 > 30ppt (similar to seawater)

                                                                              Middle salinity ranges

                                                                           < 10 ppt (similar to river water)

Temperature (oC)                                                                    15-25 oC

13-26 oC

11-27 oC

pH                                                                                                ±8.0

7.5-8.0

±7.0

Suspended solids (mg/l)                                                             ‘low’

‘high’

‘high’

Confidence:  40 %

	Nutrients :

Nutrient concentrations in the lower reaches may be similar to the adjacent marine waters while conditions in the upper reaches would approximate inflowing riverine waters.  Conditions in the middle reaches would be difficult to predict.  If the system were stratified, then surface and bottom nutrient concentrations may differ, however the effect of biogeochemical processes on nutrient concentrations are also difficult to predict.

VARIABLE                                          ESTIMATED CONCENTRATIONS

Nitrite-N (µg/l)                                                                              2-6

2-6

2-6

Nitrate-N (µg/l)                                                                          35-81

35-250

25-250

Ammonia + ammonium-N (µg/l)                                               30-600

30-600

30-600

Reactive phosphate-P (µg/l)                                                     20-40

2-25

2-25

Confidence:  40%


	ABIOTIC STATE 3:  Salinity gradient present, freshwater dominated

	Typical flow  patterns:

Between 2 and 5 m3 s-1  

Confidence:  60%

	State of the mouth:

Open. 

Confidence:  80%

	Flood plain inundation patterns:

Flood plain inundation will occur on spring flood tides. 

Confidence:   60%

	Amplitude of tidal variation (indicative of exposure of inter-tidal areas during low tide):

Considerable tidal variations as occurs at present  

Confidence:    60%

	Salinity distributions in the estuary:
Although it is expected that river flow in this range is likely to lead to a “normal” salinity gradient in the estuary, no data are available to quantify the relationship between river inflow and salinity distribution patterns.  Based on expert opinion it is expected that within this flow range the position of the important 10 ppt salinity contour may vary between 2.5 km and 6.5 km from the upstream end of tidal influence.  The stretch with salinity concentrations between 1 ppt and 10 ppt will probably be between 1 km and 2.5 km long.  Marine conditions may be restricted to the mouth area.  Stratification is expected.  It should be noted, however, that the distribution of salinity contours in an estuary is largely dependent on the duration of a particular flow regime, as well as other physical factors such as stratification and the extent of seawater intrusion for which no relevant data were available on the Mtata Estuary

  Confidence:  40 %

	Temperature, pH, dissolved oxygen and SS/turbidity:

Both temperature and pH in the upper reaches (salinity < 10 ppt) would probably have a strong freshwater signal similar to inflowing river waters.  Conditions similar to the adjacent marine waters may occur near the mouth. The situation in the middle reaches would be difficult to estimate.  The waters may also be stratified.  Dissolved oxygen concentrations would approximate river conditions in the upper reaches, however, if the system were stratified then depressed oxygen levels would be expected in the bottom waters.  High turbidity will probably occur, as is the case at present. 

VARIABLE                                              ESTIMATED CONCENTRATIONS

Salinity                                                                 > 30ppt (similar to seawater)

                                                                              Middle salinity ranges

                                                                           < 10 ppt (similar to river water)

Temperature (oC)                                                                    15-25 oC 

11-27 oC

11-27 oC

pH                                                                                              7.5-8.0

7.5-8.0

±7.0

Suspended solids (mg/l)                                                       ‘moderate-high’

‘high’

‘high’

Confidence:  60 %

	Nutrients :

Nutrient concentrations in the upper reaches (salinity < 10 ppt) may be similar to the inflowing river waters.  Conditions in the middle reaches would be difficult to predict.  If the system were stratified, then surface and bottom nutrient concentrations may differ, however the effect of biogeochemical processes on nutrient concentrations are also difficult to predict.

VARIABLE                                                       ESTIMATED CONCENTRATIONS

Nitrite-N (µg/l)                                                                              2-6

2-6

2-3

Nitrate-N (µg/l)                                                                          35-81

25-250

25-250

Ammonia + ammonium-N (µg/l)                                               30-600

50

50

Reactive phosphate-P (µg/l)                                                      20-40

2-40

2-25

Confidence: 40 %


	ABIOTIC STATE 4:  Predominantly fresh

	Typical flow  patterns:

5 - 10 m3 s-1  
Confidence:  40 %

	State of the mouth: 

Open.  
Confidence:  80 %

	Flood plain inundation patterns:

Flood plain inundation will occur on spring flood tides. 
Confidence:   80%

	Amplitude of tidal variation (indicative of exposure of inter-tidal areas during low tide):

Similar to those occurring at present.  

Confidence: 80 %

	Salinity distributions in the estuary:

The estuary is likely to be largely fresh. Thus salinities will be 0 ppt, except for some saline intrusion near the mouth at high tide. This is slightly enhanced by stratification.

Confidence: 40 %

	Temperature, pH, dissolved oxygen and SS/turbidity:

The water in the estuary is predominantly of river origin.  It is expected that the temperature, pH, dissolved oxygen and suspended solids concentrations in the estuary will be similar to that of the inflowing river water.

VARIABLE                                                          ESTIMATED CONCENTRATIONS

Temperature                                                                           11-26 oC

pH                                                                                         ±7.5–7.0

Suspended solids                                                                     ‘high’

Confidence: 40 % 

	Nutrients :

It is expected that the nutrient concentrations in the estuary will be similar to that of the inflowing river water.

 NUTRIENT                                               ESTIMATED CONCENTRATIONS

Nitrite-N (µg/l)                                                                           2-3

Nitrate-N (µg/l)                                                                      25-250

Ammonia + ammonium-N (µg/l)                                               50

Reactive phosphate-P (µg/l)                                                   2-25

Confidence: 40%


d.
Human interferences affecting abiotic components under the Present State: 

	Structures, e.g. dams, weirs, causeways, bridges, jetties:

Water is released from the Mtata Dam (capacity of 257 x 106 m3 ) for generation of electricity. The effects on the estuary are:

a. The general pattern of high flows in summer and low flows in winter has been completely reversed into lower flows in summer and higher flows in winter. The mean annual runoff has hardly been reduced at present compared to natural conditions.

b. Flows below 2.0 m3 s-1, which regularly occurred under natural conditions hardly occur at present because of the almost continuous release of water for generation of electricity.   

Confidence:  60%

	Human exploitation (consumptive or non-consumptive):

The use of the estuary for recreational activities such as motor boating is limited because of accessibility; however, the system is used for both recreational and subsistence fishing.  Some subsistence agriculture as well as livestock grazing also takes place higher on the banks of the river in the upper reaches.  This may contribute to increased sediment runoff into the estuary during heavy rains.

Confidence:   40%

	Point/diffuse source discharges affecting WQ (e.g. dump sites, storm water, sewage discharges):

There are no known point source discharges into the Mtata Estuary below the dam.  Indications are, however, that after heavy rains faecal contamination may occur in the system and extend to the estuary mouth.  After a heavy rainfall event faecal coliform counts in the estuary ranged between 596 and 882 counts/100ml.  A refuse dump site has also been noted at the bridge. 

Confidence:  60%


Biotic Components 

a.
Microalgae 
Present State is: 
	Biomass distribution: Chlorophyll a in 1998 ranged between 12.1- 15 µg.l-1 with an average of 13.4 µg.l-1.  At this time the estuary was characterised by a longitudinal salinity gradient.  Average benthic chlorophyll-a in Sept 1999 (intertidal) was 37.03 mg. m-2 and the subtidal value was 37.71 mg.m-2.
Confidence: 60%

	Species diversity, richness and rarity (e.g. provide details on endemic and Red Data species): 

No cell counts were available for phytoplankton. Benthic diatoms showed high levels of dominance. Species found in the estuary can occur in either fresh, brack or marine environments probably indicating that the salinity of the estuary changes quite regularly. Total number of taxa ranged between 3 and 24 per site. This low level of taxa is unusual as between twenty to thirty taxa are mostly found in other estuaries. The substrate was difficult to work with as it clung to the sample equipment and no clear mud/water interface was discernible.
Confidence:  60%

	Seasonal and inter-annual variability, as well as flood situations and drought conditions. 

The present continual high flow will not allow a normal fluctuating REI to develop. Our calculations based on an estimated estuary volume of 9.9 x 105 is that the flow rate for the highest chlorophyll–a in the estuary will be 0.26 m3.s-1.

Confidence:  60%

	Assessment of the relationship to other nearby estuarine and marine systems: 

The present state of microalgae in the Mtata Estuary is less natural than other estuaries because of the continual high flow and sediment load.

Confidence: 60%

	Local/regional/national importance of the estuary in terms of the biotic component.:

Because the estuary is permanently open it assumes greater importance than smaller temporarily open/closed estuaries. This is because the REI zone (a zone of high primary and secondary production) is more permanent.

Confidence: 60%


Important abiotic and biotic components that may influence microalgae are:

	State of the mouth: Because the estuary is permanently open it assumes greater importance than smaller temporarily open systems. This is because the open mouth permits passage of organisms from the sea inland and vice versa. This also leads to higher microalgal diversity.
Confidence: 60%

	Flood plain inundation: N/A
Confidence:  80%

	Exposure of intertidal areas during low tide: Because of the high flow and the steep banks arising from the continual high flow, the intertidal reaches are probably smaller than under natural conditions. Intertidal areas commonly carry a higher microphytobenthic biomass than subtidal areas.

Confidence: 60%

	Salinity distributions in the estuary (including the size of the REI): A strong longitudinal salinity gradient is associated with a productive REI area. The continual high flow of freshwater is calculated to be higher than the flow that would provide the optimal REI. Under natural conditions this state was fairly common throughout the year. Under present conditions, the productive period is confined to Oct – March.

Confidence: 60%

	Other water quality (system variables, nutrients and toxic substances) constituents: Very high TSS is likely to reduce microphytobenthic productivity but probably not that of phytoplankton. 
Confidence: 60%

	Other  biotic components: None

Confidence: 80%


Human interferences having a direct influence on microalgae are: 

	Structures: Dam and constant high water flow with high TSS.

Confidence: 60%

	Human exploitation (consumptive or non-consumptive): None. High cattle load on banks will influence nutrient levels and increase microalgal production.

Confidence: 60%

	Flood plain and catchment development: Floodplain cultivation and catchment erosion from overgrazing leads to an increase of TSS with effects described above.

Confidence: 60%


f.   Macrophytes

Present State is:
	Biomass distribution:

Mangroves cover an area of 33.5 ha, reeds and sedges 6.23 ha and supratidal salt marsh 21.03 ha.

Confidence: 80%

	Species diversity, richness and rarity (e.g. provide details on endemic and Red Data species):

There are 5 different plant community types, mangroves, reeds & sedges, supratidal salt marsh, phytoplankton and benthic microalgae.  There is no swamp forest, intertidal salt marsh, submerged macrophytes or macroalgae.

Confidence:  80%

	Seasonal and inter-annual variability, as well as flood situations and drought conditions

Little seasonal variability in macrophyte response.

Confidence:  60%

	Assessment of the relationship to other nearby estuarine and marine systems:

The Mtata and the other permanently open estuaries in the study region have high botanical importance as salt marsh and mangroves colonize the intertidal habitat.  However the Mbashe, Mdumbi and Mngazana are more important that the Mtata as they have a higher community and species richness.  These estuaries contain submerged macrophytes such as the seagrass Zostera capensis.

Confidence:  80%

	Local/regional/national importance of the estuary in terms of the biotic component.:

Out of the 12 estuaries included in the study region the Mtata estuary had the 4th highest botanical importance score.  It is one of the few permanently open estuaries in this region and it contains both mangroves and salt marsh.  On a national scale the combination of these different plant community types is unique to this region and occurs in this area because of the change in biogeographic zones from warm temperate to subtropical.

Confidence: 80%


Important abiotic and biotic components that may influence macrophytes are:

	State of the mouth:

This permanently open estuary supports plant community types that have specific inundation and salinity tolerances e.g. mangroves.  If baseflows are modified and salinities are changed or the mouth closes certain species will die.

Confidence: 80%

	Flood plain inundation:

The supratidal salt marsh may have a requirement for periodic inundation in order to flush out accumulated salts and maintain moisture status.

Confidence: 60%

	Exposure of intertidal areas during low tide:

Mangroves and intertidal benthic microalgae thrive in this habitat. 

Confidence: 80%

	Salinity distributions in the estuary (including the size of the REI):

Longitudinal salinity gradient maintains biodiversity, different macrophyte species are distributed up the length of the estuary i.e. salt marsh and mangroves in the lower reaches and reeds and sedges in the upper reaches.  If the salinity is altered the growth and distribution of specific species will change.

Confidence: 80%

	Other water quality (system variables, nutrients and toxic substances) constituents:

No submerged macrophytes occur in the Mtata Estuary.  This may be as a result of the high suspended sediment concentrations that would reduce the amount of light available to these plants.

Confidence: 60%

	Other  biotic components:

N/A


Human interferences having a direct influence on macrophytes are: 

	Structures: The dam upstream of  the Mtata Estuary and the release of water with high suspended sediment loads prevents the growth of submerged macrophytes. 

Confidence: 60%

	Human exploitation (consumptive or non-consumptive): Harvesting of mangroves occurs and since 1961 0.5 ha of mangrove area has been removed. Bait digging and trampling in the intertidal areas reduces the area covered by plants.

Confidence: 80%

	Flood plain and catchment development:

Floodplain areas have been cleared to make way for crop cultivation.  Since 1961 the supratidal salt marsh area has been reduced by 22  % (loss of 5.83 ha) and the reed and sedge areas by 34 %   (loss of 3.22 ha).

Erosion in the catchment as a result of overgrazing has contributed to the high sediment load in the Mtata dam.

Confidence: 80%


c.
Invertebrates 

Present state is:
	Biomass distribution:

Benthic community is absent as a consequence of thick bottom layer of fine material. This layer of fine material is unsuitable as a habitat. Because of the fine sediments, biomass of the subtidal benthos in the estuary is severely reduced and this will negatively impact on higher trophic levels dependent on them as a source of food.

However, invertebrates in the water column (macrozooplankton) attain extremely high abundance levels, particularly the copepods.  Abundance of the latter group ranks amongst the highest recorded for South African estuaries, but this is based on a snap-shot assessment.  More data may indicate a different pattern.  The reversal in river flow patterns (now higher in winter compared to summer) is also likely to have led to a relatively higher copepod biomass compared to the natural condition. This assumption is based on the response of copepods to high flow as a driving force.

Confidence: 40%

	Species diversity, richness and rarity (e.g. provide details on endemic and Red Data species):

Invertebrate species richness is low, due to the absence of a subtidal benthic fauna.  Again, this is a snap-shot assessment and more data may indicate a different pattern.

Confidence: 40% 

	Seasonal and inter-annual variability, as well as flood situations and drought conditions

No data available.

	Assessment of the relationship to other nearby estuarine and marine systems:

Insufficient data for the region.

	Local/regional/national importance of the estuary in terms of the biotic component.:

The high biomass of zooplankton would suggest a rich planktonic food supply and this would be important wrt the nursery function of the estuary. However, there are insufficient data to determine whether high biomass is typical for the estuary.  The reversal in river flow patterns (now higher in winter compared to summer) is also likely to result in a higher copepod biomass in winter rather than in summer (natural condition). 

Confidence: 40%



Important abiotic and biotic components that may influence invertebrates are:
	State of the mouth:

A permanently open mouth is essential in maintaining a natural invertebrate community that is zoned along the longitudinal salinity gradient.  Should the mouth close, longitudinal salinity gradients would disappear or weaken and zooplankton species would become more homogeneous in distribution (spatial zonation disappears).  If salinity decreases below about 5 ppt, most of the estuarine zooplankton will die out. 

Some species of estuarine invertebrates include a marine phase of development in their life cycle (e.g. the mudprawn Upogebia africana and species of mangrove crabs). These species may become locally extinct if the mouth closes. In the case of the Mtata, no intertidal surveys were done, but mudprawns and mangrove crabs are likely to be present in the estuary. 

Confidence: 60%

	Floodplain inundation:

Unknown

	Exposure of intertidal areas during low tide:

Intertidal benthic invertebrates are zoned because of tidal rise and fall. This community is predicted to be present, but the survey did not include the intertidal zone. If the tidal range is reduced, then the intertidal community will change and some species may be lost to the estuary.

Confidence: 40%

	Sediment characteristics (including sedimentation):

Subtidal sediments in the lower half of estuary are extremely fine –  they are composed of loose, unconsolidated particles. Further upstream sediments become coarser.  Sediment composition is a prime determinant of invertebrate community structure, and although no subtidal invertebrates were taken in samples, no data exists for longer-term patterns of distribution.

Confidence: 40%

	Salinity distribution:

Full salinity gradients present (zero to 35 ppt) at the time of sampling, but probably persists. This salinity pattern is essential in maintaining invertebrate spatial zonation along the estuary. This contributes to high mysid and copepod biomass: these species are estuarine endemics.

Confidence: 60%

	Other water quality parameters (be as specific as possible):

Excessively high turbidity levels are a negative feature of the estuary and potentially, this should affect phytoplankton in a negative way (light attenuation).  However, filter-feeding zooplankton attains high biomass levels, but there are no data on potential food sources.

Confidence: 40%

	Flora (microalgae and macrophytes):

The loss of seagrass beds has potentially resulted in a loss of benthic fauna associated with this habita.

Confidence: 40%



	Fauna (invertebrates):

Estuarine zooplankton can attain high biomass levels, at least temporarily.  Long-term records are not available and it is not possible to comment on persistence of this high biomass.  Macrobenthic community sparse or absent, due to unstable / silty nature of the sediment.  This condition linked to high silt load of incoming river water.  No information on persistence of silt problem. 

Confidence: 40%



Human interferences that have a direct influence on invertebrates are:
	Structures (e.g. bridges, marinas):

Present management practise regarding water release patterns at the storage dam may not be the best possible option for the estuary downstream.  Although freshwater is released on a regular basis, no information is available on annual and inter-annual variability (a water quantity issue).  Freshwater inflow to the estuary should follow natural flow cycles, but present management practise may advocate a continuous and regular flow more suitable for operations at the dam. 

Excessive amounts of silt-laden freshwater flowing into the estuary may be partly due to release of bottom water from the dam (a water quality issue).  This practise would assist in the flushing of sediment trapped by the dam wall.  Whereas a high silt load may not negatively affect invertebrates in the water column, benthic invertebrates are negatively affected.  Both water quantity and water quality issues need to be addressed as a matter of urgency, and if necessary, reviewed. 

Confidence: 60%

	Human exploitation of resources:

Bait collection of sand and mudprawns would impact the population.  Harvesting and loss of mangrove area would impact the invertebrates associated with this habitat.

Confidence:40%

	Floodplain and catchment development;

Indirectly this has affected the macroinvertebrates through an increase in supended sediment loads and loss of the subtidal benthic community.

Confidence: 40%


d.
Fish 
Present State is: 
	Biomass distribution: 

The total catch over the study period (17 months) consisted of 990 fish averaging 19/4 fish/net and comprised of 26 species.  In this estuary nine species accounted for 92.8% of the total number and 93.9% of the total biomass of 462.9 kg (mean of 9.1 kg/net). In decreasing order of abundance M. cephalus (22.4%), A. japonicus (18.5%), J. dorsalis (17.7%), T  vitrirostris (17.4%), P. commersonnii (5.4%), L. equula (3.8%), P. kaakan (3.5%), E. machnata (2.4%), and L. amia (1.7%). A comparison of numbers and biomass indicates that V. buchanani and C. leucas displaced the smaller species L. equula and P. kaakan and that the smaller species become less important because of their decreased contribution to the total biomass. Mugil cephalus and A. japonicus still dominated, constituting 43.3% and 18.9% of the biomass respectively, while the other seven species collectively comprised 31.7%. The highest biomass was found in the middle reaches with mean catches at Stations 1 and 3 very similar. An assessment based on biomass indicates that J. dorsalis and L. equula showed a preference for the upper reaches, M. cephalus for upper and middle reaches, P. kaakan for the middle reaches, E. machnata for the middle and lower reaches, A.japonicus, P. commersonnii, L. amia, T. vitrirostris, Caranx spp. and M. capensis for the lower reaches.

Due to the fact that the biomass of those species caught in seine nets was unavailable the biomass distribution of the juveniles and smaller resident species cannot be made. I can however, suggest that Psammogobius knysnaensis will be more common on sandy areas whereas Caffrogobius gilchristi in areas with muddy substrates. Gilchristella and Atherina will probably be more abundant in the less turbid water of the estuary.

Confidence: 80%

	Species diversity, richness and rarity (e.g. provide details on endemic and Red Data species):

A total of 64 species have been recorded in the system. Twenty percent (13) of the fish are endemic, 2 red data species occur (Glossogobius biocellatus & Redgobius bikolanus – not recorded during these surveys)

Confidence:  80%

	Seasonal and inter-annual variability, as well as flood situations and drought conditions

Numerically the largest catches were made in spring, the least in winter. Fish biomass peaked in spring/summer and was lowest in winter. Mugilidae catches were lowest in summer and peaked in autumn/winter when some species were congregating in the lower reaches prior to their spawning migrations. The following species were least abundant in winter: A. japonicus, J. dorsalis, T. vitrirostris, P. kaakan and L. equula. The abundance of P. commersonnii, E. machnata and L. amia peaked in summer. The effects of floods on large turbid estuaries is very variable, numbers may increase in some systems and decrease in others following floods, heavy floods scoured the Mbashe resulting in dramatic decreases in numbers and diversity for up to 4 years later. Drought conditions could lead to sediment build up and increases in salinity.

Confidence:  80%

	Assessment of the relationship to other nearby estuarine and marine systems:

Mtata Estuary is one of 18 permanently open systems in Transkei, the catch composition and species diversity are similar to some estuaries in Transkei while the CPUE is lower than many eastern Cape and Transkei estuaries.

Confidence: 80%

	Local/regional/national importance of the estuary in terms of the biotic component.:

It is ranked 22 nd nationally and 19th in the subtropical biogeographical region in terms of the fish importance rating (FIR,  Maree et al 2000).

Confidence: 80%


Important abiotic and biotic components that may influence fish are:

	State of the mouth:

It is unlikely that the mouth will close (Knight & Plumstead 1998, Whitfield 1995) although Harrison et al (1999) rate this as a river dominated system and that extremely low flow conditions may cause it to close. If this does occur it would have a dramatic effect on the ichthyofauna with a decrease in diversity.

Confidence: 80%

	Flood plain inundation:

In the event of mouth closure and increase in water level within the estuary the available habitats & food resources will increase.

Confidence:  60%

	Exposure of intertidal areas during low tide:

No adverse effect on the fish population.

Confidence: 80%

	Salinity distributions in the estuary (including the size of the REI):

Data from Plumstead et al (1989) indicate that there is a longitudinal and vertical salinity gradient in the estuary at present. Under marine conditions the species diversity would increase and the biomass of individual species would decrease. Predominantly freshwater conditions would lead to a decrease in species diversity.

Confidence: 60%

	Other water quality (system variables, nutrients and toxic substances) constituents:

Elevated levels of  suspended solids would impact negatively on the fish community and an increase in E. coli levels could make the fish unsuitable for human consumption

Confidence: 40% 

	Other  biotic components:

A reduction in food species will have a negative effect on the fish community e.g. middle reaches too soft for burrowing prawns therefore P. commersonnii not common in this reach.
Confidence:40%


Human interferences having a direct influence on fish are: 

	Structures:

The causeway above the estuary will have little effect on fish migrations while the 3 dams in the vicinity of Umtata will prevent eel migrations Continuous release of freshwater results in lower winter salinities in the upper reaches and higher winter turbidities.

Confidence: 80%

	Human exploitation (consumptive or non-consumptive):

Non-consumptive use is limited to weekends and holidays. Recreational fishing is likely to increase with the development of the Wildcoast under the SDI., and with increasing populations of local people in the area subsistence fishing and bait collecting will also increase. Large kob entering the estuary are targeted by locals who are being exposed to new efficient methods to catch them.

Confidence: 80% 

	Flood plain and catchment development:

There are no floodplain developments around the estuary and the only developments in the catchment are the dams at Umtata, Umtata itself and subsistence farming along the river and in its catchment.  This development has led to an increase in total suspended sediments that would have a negative effect on fish.

Confidence: 60%


Step 3b:  Assessment of Reference Condition

Abiotic Components
a.
River inflow characteristics 

At the Workshop it was agreed that, as is normally the case, the flow regime under natural conditions would be used as the Reference Condition for the Mtata Estuary.

Floods:

Refer to the assessment under the Present State (Step 3a).

Monthly flow distributions:


Two major differences between reference and present state condition (Figure 1):

a. Under the Reference (Natural) condition high runoff occurred during the summer months and low runoff during the winter months. This is completely reversed under the Present condition with high runoff during winter and low runoff during summer.

b. The occurrence of low flows, below 2 m3 s-1, has almost completely disappeared under the Present Scenario and are greatly reduced compared to the Reference (Natural) condition.

  Table 5.  Simulated mean monthly run-off data (in m3 s-1) for the Reference State.

a.  River inflow characteristics under the Reference Condition

	Floods:

A reduction on average of 22% in the magnitudes of the 10 highest monthly flows is observed between the Reference condition and the Present state. This indicates that major floods are at present affected by the presence of the dam.

Confidence: 60%

	Monthly flow distributions:

Two major differences between reference and present state condition:

Under the Reference (Natural) condition, high runoff occurred during the summer months and low runoff during the winter months. This is completely reversed under the Present condition with high runoff during winter and low runoff during summer.  The occurrence of low flows, below 2 m3s-1, have almost disappeared completely under the Present condition . This is a considerable change compared to the Reference (Natural) condition.

Confidence:  80%


b.Changes in sedimentation / erosion characteristics under the Reference Condition compared to the Present State:

	The reduction in the occurrence and magnitude of major floods could have resulted in a reduction of sediments being flushed from the estuary during fllods.  This could indirectly have increased sedimentation.  The river and estuary are characterized by a high silt load because of catchment erosion.  These sediments remain in suspension in the Mtata dam in similar fashion to the Sandile dam in the Keiskamma River.

Confidence: 40%


c.  Changes in occurrence and variability of Abiotic states under the Reference Condition compared with the Present State:
	Prior to the construction of the Mtata Dam, high runoff occurred during the summer months with lower runoff during winter.  Marine influences would therefore have extended further upstream than is presently the case in winter and this would have resulted in a strong salinity gradient as well as reduced turbidity.  Summer conditions would probably be characterised by turbid river waters and a reduced salinity gradient, particularly after heavy rains or floods.  Temperature, pH, dissolved oxygen, turbidity and nutrient concentrations would have been strongly seasonal, influenced by riverine conditions in summer and marine conditions in winter.  Stratification would probably have been present throughout the year resulting in differing water quality in surface and bottom waters.  

Today, summer flow is reduced while winter flows have increased due to unseasonable release of water from the dam.  These changes in flow have probably resulted in reduced seasonal variations. Longitudinal salinity gradients and the associated REI zone are reduced and turbidities are relatively high throughout the year.  Dissolved oxygen concentrations are generally above 5 mgl-1 and therefore do not appear to pose any threat to aquatic life.  Riverine nutrient input is probably more constant under present conditions. Limited nutrient data indicate moderately high levels, particularly after heavy rains.

Confidence:  40% (based on one sampling trip)


d.
In the absence of changes brought about by anthropogenic influences (identified under the Present State [Step 3a]), natural abiotic characteristics (the Reference Condition of the estuary) would have differed from its Present State as follows:
	Structures:

The hydroelectric scheme consisting of the Mtata dam, 2 balancing dams and turbines have had an effect on the estuary as discussed in the previous section (i.e. see simulated run-off data & abiotic states).  

Confidence:  80% 

	Human exploitation (consumptive or non-consumptive):

For the reference state there would have been no removal of mangroves as a result of harvesting or utilisation of other resources such as bait species (e.g. mudprawn Upogebia africana), penaeid prawns and fishing (recreational +  subsistence + commercial).  The floodplain would have been intact as no over-utilisation in the form of grazing and crop production would have taken place.
Confidence:   80%

	Point/diffuse source discharges affecting WQ:

For the reference state diffuse inputs from the catchment and input from the sewerage works would have been absent.

Currently other inputs include the hotel dump site near the bridge, above the ebb & flow of the estuary and stormwater from Mtata town.

Confidence:  80%


 Biotic Components

The following assessments are based on the predicted abiotic characteristics of the Mtata Estuary for the Reference 

condition and exclude direct human impacts on biotic components identified under the Present State (Step 3a).
a.     Microalgae 


For microalgae the Reference Condition would have differed from the Present State as follows:

	Species diversity, richness and rarity:

Species richness would remain the same but the dominant species would differ. The species diversity of the estuary would have been influenced by the fluctuating marine/freshwater state of the estuary.
Motivation:. There are no data to indicate that the diversity (species richness) at a moment in time would have been different. The dominant species would have likely been different under natural conditions with unknown consequences.
Confidence: 60%

	Biomass distribution: 

Likely that both phytomicrobenthos and phytoplankton biomass (on an annual basis) would have been higher under natural conditions.
Motivation: Phytomicrobenthos biomass would have been higher because the intertidal would have been better developed under less constant high flow conditions.  Suspended sediment concentrations would have been lower and the unstable silty bottom would have been absent. Phytoplankton would have been higher because the REI would have been better developed during winter.

Confidence: 60%

	Seasonal variability and Community composition: 

Unlikely that seasonal effects would be significant.

Motivation: There are no data to demonstrate that either summer or winter productivity is highest. Only the change in water clarity might affect the benthic microalgae but to an unknown extent.
Confidence: 40%


b.
Macrophytes


For macrophytes the Reference Condition would have differed from the Present State as follows:

	Species diversity, richness and rarity: 

Both species diversity and habitat diversity have been reduced as one of the plant community types (submerged macrophytes) included in the botanical importance rating systems is no longer present.
Motivation: The seagrass Zostera capensis no longer occurs in the estuary.  It covered approximately 0.15 ha in 1961 and has probably died back as a result of the increased sediment load, light reduction and unstable bottom substrate.
Confidence:  60%

	Biomass distribution: 

Little change in biomass distribution as a result of changes in abiotic factors. 

Motivation: Besides the increase in suspended sediment and loss of Zostera, changes in the abiotic factors have probably had little influence on the other macrophyte community types.  Impacts have mainly been as a result of direct human influences. The area covered by mangroves has been reduced as a result of harvesting.  The area covered by salt marsh and reeds and sedges has been reduced as a result of floodplain cultivation and grazing.
Confidence: 80%

	Seasonal variability and Community composition: 

Community richness has been reduced as the submerged macrophyte, Zostera capensis no longer occurs in the estuary.  Change in seasonal variability would have little effect on the other macrophytes.

Motivation:  The increase in flow in winter and continual high baseflow into the Mtata estuary has reduced seasonal variability of the estuary, however this has probably not affected the macrophytes.

Confidence:  80%


c.
Invertebrates 


For invertebrates the Reference Condition would have differed from the Present State as follows:

	Species diversity, richness and rarity:

Benthic invertebrates would have been present and more diverse.  There would have been a peak in zooplankton production in summer. 
Motivation: The present high turbidity is responsible for the absence of benthic invertebrates in the subtidal of the main channel.  The low flow in summer and high flow in winter, reverse of normal seasonal flows, has had an impact on zooplankton production.

Copepod production was probably linked to freshwater input in summer and would have been low in winter.

Confidence:  40% (one field survey)

	Biomass distribution:  

In summer zooplankton biomass was probably highest.  Subtidal benthic invertebrates would have been present.

Motivation:  Copepods respond to pulses and not seasonal temperatures, continuous flow has removed the pulses.
Confidence: 60% 

	Seasonal variability and Community composition:  

Seasonal variability would have been higher than present and successional patterns of copepod production (summer, winter) would have been present.  A benthic community would have been present in winter.  Temporal variation in successional patterns between warm temperate and subtropical faunas would have occurred.
Motivation: Successional responses are driven by changes in salinity, the present high flow and low salinity in winter has removed high salinity events to which the copepods would have responded.

Higher salinity, temperature and lower turbidities would have resulted in a benthic community.  The substrate would have also been more compact in winter promoting benthic colonisation. 

Confidence: 60% (plankton, based on comparative studies), 40% (macrobenthos, one survey)


d.
Fish 


For fish the Reference Condition would have differed from the Present State as follows:

	Species diversity, richness and rarity: 

Little or no change. 
Motivation:. Species diversity is very similar to other turbid eastern Cape systems taking into account the biogeographical region. Mean annual runoff has not changed significantly. 

Confidence:  80%

	Biomass distribution:  

Some change.  
Motivation:  Overall fish biomass in the Mtata Estuary is low when compared to other similar types of estuaries.  However there is no evidence to suggest that there has been a change in biomass from the reference to present condition. 
Confidence:  40%

	Seasonal variability and Community composition:   

Little change.  
Motivation:   Some change may have occurred as a result of the higher winter flows and lower summer flows. 
Confidence:  40 %


	Step 4

Determination of Present Status Category and Estuarine Importance




Step 4a:  Determination of Present Status Category

For the determination of RDM, the Present Status Category is determined using the Estuarine Health Index described in detail in Appendix E3 of the Resource Directed Measures for Protection of Water Resources:  Estuarine Ecosystem Component (www-dwaf.pwv.gov.za/idwaf/Documents).  Details regarding the individual scoring systems is included in this report.

The EHI is sub-divided into:

The Habitat Health score determined by Abiotic variables (hydrology, hydrodynamics and mouth condition, water quality, physical habitat alteration and human disturbance of habitat and biota)

The Biological Health score determined by Biotic variables (microalgae, macrophytes, invertebrates, fish and birds)

Hydrology
	Variable
	score
	MOTIVATION
	CONFIDENCE

	a. Change in flow rates (%) 
	25
	Seasonality reversed.

Low base flows no longer occur, increased by a factor of 4 in winter.  Summer flow decreased by a factor of 3.

Same volume entering the estuary.
	40 %

	b. Decrease in mean annual frequency (%) of floods 
	78
	Predicted reduction in floods from the Reference Condition to Present State (as indicated by the reduction in the 10 highest cumulative monthly volumes) is 22 %.
	40 %

	Hydrology score 
	46.2
	
	


Hydrodynamics and mouth condition
	Variable
	score
	MOTIVATION
	CONFIDENCE

	Change in mean duration of mouth closure, e.g. over a 5 or 10 year period 
	100
	No changes have been known to occur.
	80 %

	Hydrodynamic score
	100
	
	


 Water quality

	Variable
	score
	MOTIVATION
	CONFIDENCE

	1. Change in the longitudinal salinity gradient (%) and vertical salinity stratification 
	40
	Seasonality in flow and the related salinity gradients have been significantly modified.


	60%

(little field data)

	2a. Nitrate and phosphate concentration in the estuary
	60
	Nutrient data were available for March 1998.  From DWAF (1996) nitrate nitrogen values were categorised as ‘mesotrophic’, however, ortho-phosphate values were classified as ‘eutrophic’.  A score of 60 (moderately increased) was therefore given.
	40%

(one survey)

	2b. Suspended solids present in inflowing fresh water
	25
	Due to catchment erosion there has been an increase in suspended solids over the last 30 years. The Mtata is a very turbid estuary particularly in the upper reaches. A score of 25 (heavy load) was allocated to this category.  There has probably been an increase in suspended solid concentrations in winter.
	60%

	2c. Dissolved oxygen in inflowing freshwater
	80
	Although low dissolved oxygen values have been recorded in the system, values were generally above 7.0 mgl-1.  A score of 80 (largely natural) was allocated to this category.
	60%

(more than 1 survey)



	2d. Levels of toxins
	80
	The only toxic water quality constituent measured was ammonia.  Based on information in DWAF (1995; 1996), a water quality score of 80 (largely natural) was given to this category.
	40%

	Water quality score
	31
	
	


Physical habitat alteration

	Variable
	score
	MOTIVATION
	CONFIDENCE

	1a. Change in the intertidal exposed area (%)
	90
	The sand and mudbanks have not changed significantly. 
	60%

	1b.  Change in the sand fraction relative to total sand and mud (%)
	90
	Low sand fraction in estuary that has not changed significantly.  


	60 %

	2. Change in subtidal area of the estuary:  e.g. bed or channel modification, canalisation
	80
	Sediment compaction may have occurred in winter under natural conditions.  Increased erosion in the catchment may have resulted in increased sedimentation in the estuary, flocculation due to saline water.  Channel may have become shallower.  To increase the confidence of this assessment cross sections are required in the estuary and an assessment of the river for the presence of flocs.
	40 %



	3. Migration barriers, bridges, weirs, bulkheads, training walls, jetties, marinas
	95
	There is a training wall near the mouth and a bridge upstream of the estuary.The Mtata Dam and balancing dams has affected migratory routes of eels and other organisms, including invertebrates (e.g. Macrobrachium).  The dams have no fish ladders.
	80%

	Physical Habitat score
	88
	
	


Human disturbance of habitats and biota

	Variable
	score
	MOTIVATION
	CONFIDENCE

	a. Degree of human non-consumptive activity on the estuary, e.g. walking, water-skiing, and associated damage to habitats (e.g. trampling, grazing, boating activity).
	60
	Some boating activity, some trampling associated with bait digging.  Cattle trampling to waters edge.
	60%

	b.
Degree of human consumptive activity (fishing and bait collecting, plants) on the estuary, and associated levels of exploitation and damage to habitats (e.g. digging by bait collectors).
	40
	Some bait collecting (sand & mudprawn), fishing particularly cob, penaeid prawns. 

Mangrove harvesting


	40%

	Human Disturbance score
	48
	
	


Microalgae

	Variable
	score
	MOTIVATION
	CONFIDENCE

	1.   Species richness (Deviation from 100)
	80
	Periodicity of low flows reduced
	60%

	2a. Abundance
	80
	Loss of REI in winter and intertidal banks
	60%

	2b. Community composition
	60
	Community composition would change as a result of seasonal flow changes
	40%

	Microalgae score
	60
	
	


Macrophytes

	Variable
	score
	MOTIVATION
	CONFIDENCE

	1.   Species richness
	70
	Zostera capensis no longer occurs in the estuary
	60 %

	2a. Abundance
	80
	There has been a 14 % reduction in the area covered by estuarine plants (70.46 ha in 1961, 60.76 ha in 1998).
	80 %

	2b. Community composition
	60
	Submerged macrophytes no longer occur in the estuary. A plant community type has been lost.
	60 %

	Macrophyte score
	60
	
	


Invertebrates 
	Variable
	score
	MOTIVATION
	CONFIDENCE

	1.   Species richness
	60
	Benthic community has been lost, particularly in winter as a result of high silt load and smothering.  Low confidence because unsure of natural condition.  Zooplankton community has remained unchanged.
	40 % (benthos)

80 % (zooplankton)

	2a. Abundance
	40
	Benthic community in the middle and upper reaches has been lost.  Zooplankton biomass has increased in winter due to higher flows and decreased in summer due to lower flows.  Mangrove intertidal invertebrates have probably remained unchanged.
	40 %

(one survey)

	2b. Community composition
	40
	Benthic community has been lost in the middle and upper reaches.  Unseasonal flow regime may have resulted in a loss of subtropical fauna that would have occurred naturally.
	40 %

(one survey)

	Invertebrate score
	40
	
	


Fish

	Variable
	score
	MOTIVATION
	CONFIDENCE

	1.   Species richness
	100
	No change, similar to estuaries of other types.  Although some of the food source may have been lost (i.e. invertebrates) the fish remain and the estuary has a high species richness of 34.
	80%



	2a. Abundance
	60
	Fish abundance score of 53 (Harrison 2000), moderate score based on comparison of reference condition for that type of estuary in that type of region.
	60 %

	2b. Community composition
	70
	Fish score of 66 (Harrison 2000), moderate score based on presence / absence data and comparison of reference condition for that type of estuary in that type of region.  Lower confidence as not sampled in winter when it may have changed because of increase in flow.
	60 %

	Fish score
	60
	
	


The individual scores for each of the above components are incorporated into a Habitat health score and Biological health score.  This allows for the determination of the Estuarine Health Score:

	VARIABLE
	SCORE
	WEIGHT

	Hydrology
	46.2
	25

	Hydrodynamics and mouth condition
	100
	20

	Water quality
	31
	20

	Physical habitat
	88
	20

	Human disturbance
	48
	15

	HABITAT HEALTH SCORE
	62.55
	50

	Microalgae
	60
	20

	Macrophytes
	60
	20

	Invertebrates
	40
	20

	Fish 
	60
	20

	BIOLOGICAL HEALTH SCORE
	 55
	50

	ESTUARINE HEALTH INDEX (EHI) SCORE
	58.8
	


The EHI score determined for the Mtata Estuary, based on its Present State, of 58.8 therefore translates into a Present Status Category = D (see below)

	EHI Score
	PRESENT STATUS CATEGORY
	GENERAL DESCRIPTION 

	91 – 100
	A
	Unmodified, natural

	76 – 90
	B
	Largely natural with few modifications

	61 – 75
	C
	Moderately modified

	41 – 60
	D
	Largely modified

	21 – 40
	E
	Highly degraded

	0 – 20
	F
	Extremely degraded


Step 4b:  Determination of the Ecological Importance of the Mtata Estuary

Ecological importance is an expression of the value of a specific estuary to maintaining ecological diversity and functioning of estuarine systems on local and wider scales.  The variables selected for the estuarine importance rating index were:

Estuary size

Zonal type rarity

Habitat diversity

Biodiversity importance

Functional importance

Each of the above can be categorised as measures of rarity, abundance or ecological function.  The rationale for selecting these variables, as well as further details on the estuarine importance index are discussed in detail in Appendix E4 of the Resource Directed Measures for Protection of Water Resources: Estuarine Ecosystem Component (www-dwaf.pwv.gov.za/idwaf/Documents).

For this study, the Ecological importance determination of the Mtata Estuary was obtained from the Estuarine Prioritisation for RDM project.  The Ecological importance was determined by using the Estuarine Importance index (Dr Jane Turpie, pers. comm.).

The Estuarine importance Index scores allocated to the Mtata Estuary, based on its Present State, are as follows: 

Estuary Size

	SCORE
	MOTIVATION

	90
	The estuary falls within the second top 10% percentile in terms of size for all South African estuaries.  Top percentile scores 100, second top scores 90, and so on.


Zonal type Rarity

	SCORE
	MOTIVATION

	30
	The estuary is one of 16 permanently open estuaries within the subtropical biogeographical zone.  The Zonal Type Rarity index is thus 1/x = Y, which falls into the lowest  30% percentile in terms of all estuarine ZTR scores.  The score assigned is thus 20.


Habitat Diversity

	SCORE
	MOTIVATION

	90
	This score is calculated on the basis of the amount of each habitat type present in the estuary in relation to the total area of this habitat in South African estuaries.  The score (x ha/x ha) for each habitat is summed to obtain the rarity value. The value obtained falls within the second top 10% percentile for the scores generated 


Biodiversity Importance

	SUB-COMPONENTS
	SCORE
	MOTIVATION

	Plants
	70
	This score is calculated by adding rarity scores for each species present in the estuary, where rarity scores for each species are calculated as 1/number of estuaries in which the species occurs in South Africa (based on actual records of presence).  The summed value obtained falls within the fourth highest 10% percentile for the scores generated from all South African estuaries, and is thus assigned a score of 70.

	Invertebrates
	40


	This score is calculated by adding rarity scores for each species present in the estuary, where rarity scores for each species are calculated as 1/number of estuaries in which the species occurs in South Africa (based on interpolated presence records from species distributions).  The summed value obtained falls within the fourth 10% percentile for the scores generated from all South African estuaries, and is thus assigned a score of 40

	Fish
	100
	This score is calculated by adding rarity scores for each species present in the estuary, where rarity scores for each species are calculated as 1/number of estuaries in which the species occurs in South Africa (based on actual records of presence).  The summed value obtained falls within the top 10% percentile for the scores generated from all South African estuaries, and is thus assigned a score of 100

	Bird
	No data


	

	Biodiversity score
	77.5
	


Functional Importance

	SUB-COMPONENTS
	SCORE
	MOTIVATION

	Input of detritus and nutrients to the coastal zone
	60
	High freshwater input of nutrient rich water to the nutrient poor east coast.  Because of the narrow coastal shelf this may only have a local influence.

	Nursery function for marine fish and crustaceans
	80
	Permanently open, large size, estuarine dependent fish species occurred, variety of habitats important for nursery function.

	Movement corridor for river invertebrates that breed in the marine environment
	60
	Macrobrachium (freshwater crab) is present as well as migratory eels. Regionally this function is of moderate importance.

	Functional score 
	80
	


The individual scores obtained above are incorporated into the final Estuarine Importance Score as follows:

	CRITERION
	SCORE
	WEIGHT

	Estuary size
	90
	15

	Zonal Rarity Type
	20
	10

	Habitat diversity
	90
	25

	Biodiversity Importance
	77.5
	25

	Functional Importance
	80
	25

	ESTUARINE IMPORTANCE SCORE
	78.4
	


	The Estuarine Importance Score for the Mtata Estuary, based on its Present State, is 78.4. 


	Step 5

Determination of the 

Ecological Management Class




The Ecological Management Class (EMC) represents the level of protection assigned to the estuary and will be used to determine the ecological Reserve.  The Ecological Management Class is used as a proxy for the overall Management Class (MC) in an Intermediate RDM determination.  In a comprehensive RDM determination, the MC will be set in a consultative process on the basis of EMC and other socio-economic parameters. 

For the Intermediate Determination of the RDM in estuaries the first step is to determine the ‘minimum’ EMC of an estuary, based on its Present Status Category.   The relationship between EHI Score, Present Status Category and EMC is as follows:

	EHI Score
	PRESENT STATUS CATEGORIES 
	ECOLOGICAL

 MANAGEMENT CLASS

	91 – 100
	A
	A

	76 – 90
	B
	B

	61 – 75
	C
	C

	41 – 60
	D
	D

	21 – 40
	E
	D

	0 – 20
	F
	D


NOTE:  An EMC of lower than class D is not a valid management option.  Should the present status category of an estuary be either an E or F, recommendations must be made as to how the status can be elevated to at least  a D class (as indicated above). 

The minimum EMC that could be allocated to an estuary, based on its Present Status Category can, be elevated, depending on:

· The importance of the estuary (determined in Step 4b above)

-
Modifying determinants, i.e. protected area status and desired protected area status.  A status of “area requiring high protection” should be assigned to estuaries that are identified as vital for the full and most efficient representation of estuarine biodiversity.  

The degree to which the minimum EMC (as derived from the Present Status Category) needs to be set at a higher level compared to the Present Status Category, is dependent on the level of importance, level of protection or desired protection and the best attainable state.  The rules for allocation of the EMC are as follows:
	MODIFYING DETERMINANTS AND

ESTUARINE IMPORTANCE SCORE
	ECOLOGICAL MANAGEMENT CLASS

	Protected Area
	BAS (Best Attainable State)

	Area requiring high protection
	BAS

	Estuarine Importance  = 80 – 100
	Present Status Category + 2, minimum Class B, or BAS

	Estuarine  Importance = 60 – 80
	Present Status Category + 1, minimum Class C, or BAS - 1

	Estuarine Importance = 40 – 60
	Present Status Category

	Estuarine Importance = 20 – 40
	Present Status Category

	Estuarine Importance = 0 – 20
	Present Status Category


	The Present Ecological Category for the Mtata Estuary corresponds to an EMC of D.  However, the Estuarine Importance score is 79, therefore according to the rules (see above) the EMC needs to be elevated to at least a Class C (i.e. Present Status Category + 1).  This determination has a low confidence (taking into account the low confidence limits allocated to the individual scores for the EHI).




	Step 6

Quantification of the Reserve and Setting of Resource Quality Objectives




Step 6a:  Determination of the Reserve for Water Quantity

Where the EMC allocated to an estuary is higher than its Present Status Category, it implies that mitigatory measures will have to be implemented to improve its Present State to a level that will meet the EMC. In order to achieve this, it will be necessary to manage or reduce the impacts of existing activities or human interferences on the estuary.  The actions required in order to improve the EMC from a D to a C were identified and a water quantity reserve was set to maintain the estuary in a C class.  These actions in order of priority are listed below.

1. Reduce suspended solid load.  

Motivation : Suspended sediments have had a major impact on the estuary as it has resulted in the loss of the benthic communities.  The submerged macrophyte Zostera capensis no longer occurs in the estuary. Benthic microalgal biomass is low and the benthic invertebrate community is absent.


2. Reduce elevated winter flows.

Motivation: The high winter flows have reduced the size and occurrence of the productive river-estuary interface zone.

The reserve was selected as that which would maintain the estuary in an EMC of C, however this needs to be checked through monitoring as the confidence of this assessment is low.
The Reserve for Water quantity for the Mtata Estuary, i.e. recommended runoff scenario (average monthly flow ranges in m3 s-1) to meet the requirements of a Class C EMC was estimated at:

	
	Oct

 
	 Nov
	Dec
	Jan
	Feb
	Mar
	Apr
	May
	June
	July
	Aug
	Sept

	Monthly flow ranges
	2 - 10
	2 - 10
	2 - 10
	2 – 3*
	2 – 3*
	2 – 3*
	2 – 3*
	0.5 - 4
	0.5 - 4
	0.5 - 4
	0.5 - 4
	0.5 - 4

	
	It is accepted that sometimes the flow ranges will not be met because of natural variability in flows. For example during drought, flows into the estuary may drop to 1-2 m3s-1 
* indicates minimum flows, maximum flows will fluctuate in response to natural cycles.



	Floods: The occurrence and magnitude of floods greater than 1: 5 year floods should not be reduced compared to present day conditions. Floods with the following maximum flows (800 m3s-1 (1in 50) and 174 m3s-1 (1in 2)) are important in maintaining sediment dynamics and open mouth conditions in the estuary.  



Motivations for the stipulated flows

May – September

The shift in seasonality of flow is the main reason why the estuary has an EMC of D.  To manage the estuary as a class C, the seasonality must be to some extent be reversed back to the natural situation.  To achieve this the flow for these winter months must be less than 4 m3 s-1.

Lower flows in winter will improve the water quality of the estuary as the seawater will have a greater influence.  The benthic fauna may re-establish under these conditions as well as the benthic microalgae if the bottom substrata compact.  Reduced winter flow will reduce zooplankton biomass to a more natural level.

October – December

The minimum flows of 2-3 m3s-1 are required to establish a REI zone in the estuary that is characterised by high water column productivity and habitat diversity.

Freshwater pulses of 10 –15 m3s-1 are also necessary.  These pulses would stimulate water column productivity and enhance succession.  There would also serve as cues for larval migration of fish into the estuary that are important at this time of the year.

January - April 

Minimum flows of 2-3 m3s-1 are required to create a REI zone that is characterised by high water column productivity.  These summer months are typically characterised by high flows and therefore it is difficult to set a maximum flow requirement.
Step 6b:  Determination of the Reserve for Water Quality

The procedures to determine the Reserve for Water quality in estuaries is laid out in the Resource Directed Measures for Protection of Water Resources: Estuarine Ecosystem Component (http://www-dwaf.pwv.gov.za/idwaf/Documents) as follows: 


	d.
Use Estuarine health index to assess the implication of the above on the Status category/EMC of the estuary.

e.
If the EHI score indicates that the estuary will remain in the allocated EMC, accept the Reserve for Water Quality of the riverine resource as that for the estuary.



Based on the above procedures, the following information needs to be obtained before the Reserve for water quality for the Mtata Estuary can be determined:

i.
Concentrations of water quality variables (e.g. system variables, nutrients and toxic substances) in river inflow under the Present State and Reference Condition (the RDM methodology for estuaries assumes that this information will be derived as part of the RDM determination on the riverine resource just upstream of the estuary).  No data were available for this study.

ii. Reserve for water quality specified for the riverine resource unit just upstream of the estuary.


Step 6c:  Determination of the Resource Quality Objectives

RDM Methodologies for the determination of Resource Quality Objectives (RQO) for estuaries have not been developed.

In the broader RDM context, RQO need to be set for:

Habitat.  Although the extent, distribution, type and integrity of habitat is strongly dependent on water quantity and water quality conditions which are set for the Reserve, RQO must also be derived for other factors that may have an influence.  For example, soil erosion in the catchment may affect in-stream habitat of the estuary, while urban development may affect riparian and flood plain habitat.  

Biota.  RQO for biota can include measures of biotic integrity such as the botanical and the fish importance rating indices for estuaries.  For example, RQO can be set in terms of scores for biotic integrity but the achievement of these objectives can only be assured through maintenance of an appropriate abiotic template (i.e. water quantity, water quality and habitat integrity).  

With regard to RQO for the habitat integrity of the Mtata Estuary, participants at the workshop highlighted the following aspects as being important:

a. Reduce erosion in catchment.

b. Increase width of riparian zone, improve floodplain management and limit impacts of cattle grazing.

c. Ensure sustainable utilisation of resources such as mangroves, fish (e.g. dusky kob) and bait species (e.g. sandprawn and mudprawn).

d. Rehabilitation of mangroves.

e. Reintroduce submerged macrophytes (e.g. Zostera capensis).

f. Control  sewerage input and solid waste sites.

g. The mouth of the estuary must remain permanently open so that the health of the intertidal habitats is maintained.

.  

	Step 7

Resource Monitoring Programme



Although this study is referred to as an Intermediate RDM of the Mtata Estuary, critical data were sparse or not available to meet requirements for this Level of RDM determination (refer to Appendix A).  As a result, many of the assessments and determination in this study have low confidence.

To improve the confidence in the determination of the Intermediate RDM of the Mtata Estuary at least the following monitoring programmes will be required:
Abiotic components

1. Detailed hydrological investigation on the occurrence of floods under the Reference Condition, Present State and future scenario (Comprehensive Reserve).

2. To better quantify sediment erosion processes, cross section profiles and sediment analyses need to be collected at different locations along the estuary every 3 years and after floods that exceed the 1:3 year magnitude (Comprehensive).

3. Need to gauge river inflows to the estuary, a crucial data set in the determination of RDM (Comprehensive).  Continuous water level recordings should be collected near the mouth of the estuary.

4. Longitudinal salinity profiles need to be collected under different inflow regimes to better quantify the relationship between river inflows and the size of the REI  (Intermediate, Comprehensive).

5. In conjunction with the above, system variables and nutrients need to be monitored (including that of the sea and river water), to be able to better quantify the water quality characteristics in the estuary under different flow ranges (set reserve for water quality for Intermediate, Comprehensive). 

Biotic Components

1. Aerial photographs need to be acquired on a 5 – 10 year frequency to be able to better quantify the changes over time.  These would include changes in habitat extent in response to grazing, floodplain and mangrove utilisation.

2. Seasonal variability (summer vs. winter) for the presence & abundance of invertebrates in the estuary needs to be assessed (particularly for the mangrove areas).

3. Summer and winter sampling for fish to assess effect of increase in flow in winter on fish biomass, diversity and abundance (Comprehensive)

4. Assessment of the importance of the estuary for birds (Intermediate, Comprehensive).

5. Assessment of the influence of river input on the marine environment.

6. Summer and winter microalgal surveys to establish whether benthic microalgal re-establish under clearer more stable conditions.

7. Assessment of the importance of the estuary as a migratory route e.g. importance of REI to species such as Macrobrachium.

*
NOTE:


The study recommended that a DWAF water quality monitoring site be set-up upstream of the estuary.  The estuary has a low EMC of D because of the unnatural high suspended sediment load.  This must be reduced in order to manage the estuary in a Class C.  A guideline is that the turbidity of inflowing riverwater in winter must be less than 50 NTU or have a secchi disk reading of 0.5 m. 





Implementation of a variety of management actions could reduce the sediment load to the estuary. Erosion in the catchment must be addressed.  The riparian zone must be re-established.  The felling of forestry trees should not take place in summer when there is a greater risk of increased sediment laden run-off.  Ideally bottom sediment laden water should not be released from the dam.  Unfortunately the dam does not have the capacity to release surface water.
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