Resource Directed Measures for Protection of Water Resources: Estuarine Ecosystems


WATER RESOURCE PROTECTION AND ASSESSMENT POLICY IMPLEMENTATION PROCESS

RESOURCE DIRECTED MEASURES FOR PROTECTION OF WATER RESOURCES:  ESTUARINE COMPONENT

SECTION F: PROCEDURES FOR THE COMPREHENSIVE DETERMINATION OF RDM FOR ESTUARINE ECOSYSTEMS

Senior Authors:
Ms Susan Taljaard, Environmentek, CSIR

Dr Jane Turpie, Fitzpatrick Institute, UCT

Editors:

Dr H MacKay Department of Water Affairs and Forestry; 19 September 1999

Ms Barbara Weston, Department of Water Affairs and Forestry; 21 September 1999

Version 1.0:


Date:

24 September 1999

M:\f_rdm_october\estuaries\version 1.0\est_sectionf_version1.0.doc
Comprehensive Determination of RDM for Estuaries

F.1 General Requirements for Comprehensive Determination of RDM

In essence, the comprehensive determination of RDM is a refinement of the intermediate determination of RDM (Section E).  The basic methodologies stipulated for the Intermediate determination should therefore also hold for the comprehensive determination.  Where the following general requirements apply for comprehensive determination:

· more extensive data sets will be required on the different abiotic and biotic components, to provide better confidence in the description of the present status, reference conditions, the significance of future scenarios; and the determination of the Reserve; 

· the collection of abiotic and biotic data must coincide to enable the linkage of the abiotic characteristics with the biotic responses;

· procedures to describe the present status and reference conditions of floods (i.e. 1:5 year and above and greater), as well as their influence on both abiotic and biotic components, will need to be added for the Comprehensive Determination of RDM;

· procedures for the allocation of the FMC may need to be modified to include economic, social and cultural aspects in more detail; 

· in addition to procedures for setting water quantity and quality components of the Reserve (Section E,), procedures for setting RQO for the biota and habitat (i.e. a description of the habitat and biota as it should be under the allocated EMC) will need to be added.

It is anticipated that the flow chart of events for the Comprehensive Determination of RDM will largely be similar to that described for the Intermediate Determination, except for the time scale of events.  

F.2 Data requirements for comprehensive determination of RDM

F.2.1 Abiotic Components

In estuaries, the data requirements for abiotic (or driving) components, i.e. hydrodynamics, sediment dynamics and water quality, are strongly inter-linked and are therefore addressed simultaneously in Table F.1

TABLE F.1:
List of data required on abiotic components for the Comprehensive Determination of RDM in estuaries

DATA REQUIRED
PURPOSE

Simulated monthly runoff data (at the head of the estuary) for present and reference conditions over a 50 to 70 year period 
To estimate seasonal variability in river flow patterns (the accuracy and confidence limits of the simulations must be indicated).  

Simulated flood hydrographs for present and reference conditions for:

1:1, 1:2, 1:5 floods (influencing aspects such as flood

plain inundation)

1:20, 1:50, 1:100, 1:200 year floods (influencing sediment     dynamics)


Series of sediment grab samples for the analysis of particle size distribution (PSD) and origin (i.e. using microscopic observations) taken every 3 years along the length of an estuary (200 m to 2 km intervals) 1.
These data sets may not be acquired in the short term, but long term monitoring programmes to collect such data must be considered if the dynamic sediment processes in estuaries are to be better understood.

Series of cross section profiles (collected at about 500 to 1000 m intervals) taken every 3 years to quantify the sediment deposition rate in an estuary 1.


Set of cross section profiles and a set of sediment grab samples for analysis of particle size distribution (PSD) and origin (i.e. using microscopic observations), need to be taken immediately after a major flood 1. 
To assist in quantifying sediment  erosion processes

Near-shore wave data records (only if available)  


This information is used to correlate mouth closure with possible storms at sea (as reflected by the direction and amplitude of the waves).

Measured river inflow data (gauging stations) at the head of the estuary over a 5-15 year period
This data is crucial to be able to correlate river flow to the state of the mouth (as reflected by water level recordings), particularly in temporarily open/closed estuaries.  The duration required will depend on, for example the frequency of mouth closure in the particular estuary

Continuous water level recordings near mouth of the estuary
To obtain long-term records of variations in tidal levels and periods of mouth closure

Water level recordings at about 5 locations along the length

of the over a spring and a neap tidal cycle (i.e. at least a 14

day period).  
This should preferably occur during an above average spring tide referring to mean high water spring tide (MHWS).

Table F.1 continue…

Table F.1 continue…

DATA REQUIRED
PURPOSE

Longitudinal salinity and temperature profiles (in situ) collected over a spring and neap tide during high and low tide at 2:

end of low flow season (i.e. period of maximum                   seawater intrusion)


peak of high flow season (i.e. period of maximum 

flushing by river water)
These measurements, together with the river inflow data are used to estimate the correlation between salinity/temperature distribution patterns along the length of the estuary and river flow. 

 If numerical modelling tools are used in a study, the above data sets should be sufficient for calibration/verification of model simulations.  However, if not, it may be necessary to extend the measurement programme to include other critical periods identified, for example in biotic components for a specific estuary. 

Water quality measurements (i.e. system variables, and nutrients) taken along the length of the estuary (surface and bottom samples) on a spring and neap high tide at 2,3: 

end of low flow  season

peak of high flow season 
The water quality field exercise must coincide with the salinity/temperature profiling for data collection to be as cost effective as possible.  In this way a limited water quality data set (which is usually very expensive to acquire) can be used to derive water quality characteristics under different tidal conditions, using salinity data, expert opinion or appropriate assessment tools, e.g. numerical models

Measurements on organic content and toxic substances (e.g. trace metals and hydrocarbons) in sediments along length of the estuary 4. 
To establish the spatial distribution and extent of toxic pollutant distribution in the estuary.

Water quality (e.g. system variables, nutrients and toxic substances)measurements on river water entering at the head of the estuary 5
To prevent duplicate sampling, this data must be obtained from the of the river management unit just upstream of the estuary.

Water quality (e.g. system variables, nutrients and toxic substances)measurements on near-shore seawater5
At present these parameters are not measured on a routine basis along the SA coast, as is the case for some rivers.  Because the seawater quality may show strong seasonal variability, particularly along the SA West coast, a short term monitoring programme (e.g. 6 week period) may not necessarily be representative.  In the short terms, data on near-shore seawater quality therefore need to be derived from available data sources, including the South African Water Quality Guidelines for Coastal Marine Waters.  Volume 1: Natural Environment (DWAF, 1995), until such time as routine water quality monitoring programmes are implemented along the SA coast.

NOTES on TABLE F.1:

NO.
DESCRIPTION

1
These data sets may not easily be acquired in the short term.  However, if sediment processes in estuaries are to be better understood and quantified, such long-term programmes will have to be considered.

In estuaries, we can distinguish between the normal slow rates of sedimentation under low river flow and tidal conditions and the often considerable scouring and deposition taking place during major floods.  Many estuaries were, under natural conditions, probably in a state of long-term equilibrium of sedimentation and erosion.  However, this equilibrium can be disturbed because of changes in run-off, especially if the occurrences and magnitude of major floods are changed.

If sediment erosion/deposition equilibrium in an estuary is disturbed it can either lead to siltation, resulting in the estuary becoming shallower, or it can result in the erosion of important sediment habitats.  In estuaries, floods and, in some cases, high seasonal flows primarily influence the sediment erosion/deposition equilibrium. Floods can alter important features within an estuary, such as the bathymetry (e.g. channel depth or the size of intertidal areas) and sediment composition (e.g. sand or mud).

One of the most limiting factors in accurately estimating the ecological reserve is our inability to quantify the role of floods (magnitude and frequency) in maintaining this equilibrium. The need for further investigations on this topic has been identified and is currently being addressed.

2
The specified data sets should be sufficient for calibration/verification of hydrodynamic models or other assessment tools which will be used for data interpretation.  However, in some of the larger, more complex systems, it may be necessary to extend this measurement programme to include other critical periods of the year which, for example are critical in terms of the biological functioning of the estuary.

3


The analytical techniques used in the processing of marine and estuarine water quality samples, may vary greatly form those used in the analysis of fresh water samples. It is therefore crucial that the analyses of water quality samples be conducted by a recognised marine analytical laboratory.

4
For once off sampling of toxic substances (e.g. trace metals and hydrocarbons) in highly dynamic systems such as estuaries, it is considered more appropriate, to sample environmental components which tend to integrate or accumulate change over time, such as sediments.  These surveys need, however, not be done in ALL estuaries, only in systems where river water quality or human activities along the banks of the estuary suggest possible contamination (e.g. industrial effluents or storm water run-off from large urban developments).

5
Estuaries receive water from two sources, i.e. the river and sea, each with distinctively different water quality characteristics, particularly in terms of system variables and nutrients. In turn, the water quality characteristics along the length of an estuary depend on the extent of each these sources’ influence (governed by hydrodynamic process), as well as biochemical processes (e.g. organic degradation, eutrophication) taking place at that point within the estuary.  The influence of biochemical processes is particularly evident in parts of an estuary where residence time of water becomes longer, often observed along the middle reaches of an estuary during the low flow season.

Therefore, water quality data from the sources will thus be crucial to predict/estimate seasonal variability in the water quality distribution patterns in estuaries where actual data on such distribution patterns within the estuary are limited.

Biotic components

F.2.1.1 Flora (microalgae and macrophytes)

Data required on estuarine flora for the Comprehensive Determination of RDM are listed in Table F.2.

TABLE F.2 List of data required on flora for the Comprehensive Determination of RDM in estuaries

DATA REQUIRED
PURPOSE

Aerial photographs of  the estuary   (ideally 1:1000 scale) reflecting the present status, as well as the reference condition (if available)

Available orthophoto maps
To map the distribution of the different plant community types and to calculate the area covered by different plant community types (habitat types1).

Aerial photographs can be used to monitor habitat change from reference to present day, e.g. reed encroachment.

Number of plant community types, identification and total number of macrophyte species, number of rare or endangered species or those with limited populations documented during a field visit.
This information is required to determine the regional and national botanical importance of an estuary, and to set the future management class of an estuary.

Permanent transects:

Measurements of percentage plant cover along an elevation gradient

Measurements of salinity, water level, sediment moisture content and turbidity
These measurements are used to relate changes in the flora to changes in salinity, water level, flooding and sedimentation.  From these data the sensitivity of the flora to changes in freshwater input can be determined and reference conditions can be estimated.  In addition the implications of future run-off scenarios can be predicted and used to set the Resource Quality Objectives for water quantity.

Chlorophyll-a measurements taken at 5 stations (at least) at the surface, 0.5 m and 1 m depth intervals thereafter. Cell counts of dominant phytoplankton groups i.e. flagellates, dinoflagellates, diatoms and blue-green algae.

Measurements must be taken coinciding with typically high and low flow conditions.
To determine phytoplankton biomass and dominant phytoplankton types.  Phytoplankton biomass is an index of eutrophication while changes in the dominant phytoplankton groups indicate changes in response to water quality and quantity.

Measurements for different flow conditions are required to establish natural variability.



Intertidal and subtidal benthic chlorophyll-a measurements taken at 5 stations (at least).

Epipelic diatoms need to be collected for identification.

These measurements must to be taken

coinciding with a typical high and low flow condition (in temporarily closed estuaries measurements must include open as well as closed mouth conditions).
To determine benthic microalgal biomass and dominant epipelic diatom species.  Benthic microalgae are important primary producers in shallow estuaries or those with large intertidal areas.  Epipelic diatoms composition can  indicate changes in water quality.

Measurements for different flow and mouth conditions are required to establish natural variability.

Simultaneous measurements of flow, light, salinity, temperature, nutrients and substrate type (for benthic microalgae) need to be taken at the sampling stations during both the phytoplankton and benthic microalgae surveys.


Measurements of different abiotic parameters are required to determine their effect on phytoplankton and benthic microalgae.  In turn, this information is  used to estimate reference conditions and predict the implication of future runoff scenarios.  Change in microalgal biomass and composition indicates changes in  water quality that is strongly related to freshwater input.  These data are used to set the Resource Quality Objectives for both water quality and water quantity

Microalgal field excursion should coincide with the hydrodynamic and water quality field exercise.

NOTES on TABLE F.2:

NO.
DESCRIPTION

Available information on the flora of South African estuaries includes Begg’s (1984) early surveys in KwaZulu-Natal and the CSIR’s surveys of Cape estuaries.  Ward and Steinke (1982) documented the distribution of mangroves.  O’Callaghan (1994) described the salt marsh vegetation of a number of Cape estuaries and more recently Colloty et. al. (1999) have compiled a database on all available botanical information on South African estuaries.  Colloty (1999) completed a survey of Transkei and Ciskei estuaries and baseline information is now available for approximately 80 % of South African estuaries.

1
There are nine different habitat types recognised for estuaries, i.e.:


HABITAT TYPE


INDICATOR SPECIES


Open surface water area
Indicates available habitat for phytoplankton


Exposed intertidal sand and mudflats
Indicates available habitat for intertidal benthic microalgae


Submerged macrophyte beds
Zostera capensis (eelgrass), Ruppia cirrhosa, Potamogeton pectinatus)


Macroalgae
Cladophora spp., Enteromorpha spp., Caulerpa filiformis


Intertidal saltmarsh
Spartina maritima, Sarcocornia perennis, Triglochin spp,


Supratidal saltmarsh
Sarcocornia pillansii, Sporobolus virginicus


Reeds and sedges
Phragmites australis, Schoenoplectus littoralis


Mangroves
Avicennia marina, Rhizophora mucronata, Bruguiera gymnorrhiza


Swamp forest
Barringtonia racemosa, Hibiscus tiliaceus

Fauna (invertebrates, fish and birds) 

Data is required for three of the most dominant groups, i.e. benthos, macrocrustacea and zooplankton.  For the each faunal data collection exercise, a minimum of three days and one night will be required.  This will have to be done by three specialists, i.e. invertebrate, fish and bird specialists, as well as field technicians to assist with sampling activities. Preferably all sampling should be conducted during the same period and as near as possible to a spring tide. Data required on fauna for the Comprehensive Determination of RDM are listed in Table F.3.  

TABLE F.3 List of data required on fauna for the Comprehensive Determination of RDM in estuaries

DATA REQUIRED
MOTIVATION

Compile a detailed sediment distribution map of the estuary Obtain a detailed determination of the extent and distribution of shallows and tidally exposed substrates. 

During each survey, collect sediment samples for analysis of grain size 1 and organic content 2   at the six benthic sites.
This is required to identify different habitats types, e.g. sand, mud, detritus distribution and interface area.



Seasonal surveys to determine salinity distribution pattern along the length of the estuary, as well as for other system variables (e.g. temperature, pH and dissolved oxygen and turbidity) are required and for different states of the tide 3

Seasonal (i.e. quarterly) physico-chemical data is also required for each of the six benthic sampling sites


Collect a set of six benthic samples each consisting of five grabs.  Collect two each from sand, mud and interface substrates.  If possible, spread sites for each between upper and lower reaches of the estuary.  One mud sample should be in an organically rich area.  Species should be identified to the lowest taxon possible and densities (animal/m2) must also be determined.

At least one years worth of seasonal (i.e.quaterly) data sets is required, preferably collected on spring tides.
To estimate biomass distribution and key species of the benthos.

Collect two sets of beam trawl samples (i.e. mud and sand).  Lay two sets of five, baited prawn/crab traps over night, one each in the upper and lower reaches of the estuary. Species should be identified to the lowest taxon possible and densities (animal/m2) must also be determined. Survey as much shoreline as possible for signs of crabs and prawns and record observations.

At least one years worth of seasonal (i.e.quaterly) data sets is required, preferably collected on spring tides.
To estimate biomass distribution and key species of the macrocrustacea.

Additional trip(s) may be required to gather data on the occurrence/recruitment and emigration of key species such as Varuna litterata, Callianassa and Upogebia which require a connection to the marine environment at specific times of the year.


Collect three samples, at night, one each from the upper, middle and lower reaches of the estuary.

At least one years worth of seasonal (i.e.quaterly) data sets are required, preferably collected on spring tides.
To estimate biomass distribution and key species of the zooplankton.

Collect three sets of small and large seine and gill net samples, one each from the lower, middle and upper reaches of the estuary. Depending on the size and depth of the estuary, it may be necessary to also undertake cast netting, particularly in smaller systems. 

Information on fish gained during the macrocrustaceamn beam trawls should also be used.

At least one years worth of seasonal (i.e.quaterly) data sets are required, preferably collected on spring tides.
To estimate biomass distribution and key species of the fish.

At least two additional intensive field trips, one towards the end of the main recruitment period for marine species, concentrating on juveniles and smaller species, and one during midsummer, concentrating on adults and larger species will be required


Undertake one full count of all water associated birds, covering as much of the estuarine area as possible. All birds should be identified to species level and the total number of each counted.

At least one years worth of monthly data sets are required.  It this is not possible, a minimum of four summer months and one winter month will be required (decisions on the extent of effort required will largely depend on the size of the estuary, extent of shallows present, as well as extent of tidally exposed areas) 
To estimate biomass distribution and key species of the birds.



NOTES TO TABLE F.3

NO.
DESCRIPTION

1
Seven grain size categories should be used, ranging from mud to very coarse sand.  Each category relates to a particular size diameter in the following manner:

   >2 mm:  > very coarse sand

   2 - 1 mm:  very coarse sand

   1 - 0.5 mm:  coarse sand

   0.5 – 0.25 mm:  medium sand

   0.25 – 0.125 mm:  fine sand

   0.125 – 0.0625 mm:  very fine sand

  <0.0625 mm:  mud (silt and clay) 

2
The percentage organic content of sediments may be classified as:

   <0.5%:  Very low

    0.5 – 2%:  Low

    1 – 2%:  Moderately low

    2 –4%:  Medium

    > 4%:  High    

3
Data on salinity and other water quality parameters along the length of the estuary is done as part of the abiotic data acquisition programme (Table F.1).  Therefore, to ensure that data collection is done as cost effectively as possible, benthic surveys should be conducted simultaneously with relevant abiotic data collection exercises.

PAGE  

F/9
Department of Water Affairs and Forestry, South Africa
Version 1.0  24 September 1999


