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Resource Monitoring Procedures for Estuaries

EXECUTIVE SUMMARY

The CSIR. Environmentek was commissioned by the Water Research Commission to develop Resource Monitoring
procedures for estuanes for application in the Ecological Reserve determination and implementation process.

A large component of the Resource Directed Measures methods for estuanes, in particular those addressing the
Ecological Reserve were developed as part of a Department of Water Affairs and Forestry project in 1999-2000. Due to
budget constraints, key components such as the design of monitonng procedures o determine resource status and to
monitor responses once the Ecological Reserve is implemented, were not finalized. The aim of this project is to define
guidelines and procedures to design resource monitoring programmes for estuanes as part of the Ecological Reserve
Determination process for estuanes, including baselne studies and long-term monitoring programmes.

Key to the successful design of resource monitoring programmes s 10 put forward a conceptual framework of the
anticipated abiotic and biotic (biophysical) processes and interactions that take place in a particular estuary, preferably at
the inception stage of an Ecological Reserve Determination study.

It must be recognized that each estuary 15 somewhat unique in its charactenstics. To accommodate the high variability
in the biophysical functioning of estuaries, the approach in setting procedures for the resource menitoning programmes
(as part of the Ecologcal Reserve determination process) is 1o provide genenc sampling procedures (including
recommended spatial and temporal scales) for each abiotic and biotic component, 10 be applied when a component is
selected for inclusion in either baseline studies or the long-term monitoring programme of a particular estuary.

Abiotic components that need to be addressed in the Ecological Reserve determinations for estuanes are:

Hydrology

Sediment dynamics

Hydrodynamics

Water Quality,

Biotic components that need 1o be addressed are:

Microalgae
Macrophytes
Invertebrates (including zcoplankton, benthic invertebrates and macrocrustaceans)

Fish (chthyofauna)
Birds (avifauna).

For each of the abiotic and bictic components the following is specified in the procedures:
e Sampling procedures
e Recommended spatial scales, i e. selecton of sampling stations
e Recommended temporal scales, 1.e. frequency of sampling.

In most instances the sampling procedures and recommendations on spatial scales remain the same for baseline
studies and long-term monitoring programmes. However, a distinction is made on the recommended temporal scale
between:

o Baseline studies for Ecological Reserve determination (Intermediate level)
e Baseline studies for Ecological Reserve Determination (Comprehensive level)
e Long-term monitoning programmes
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The layout of the manner in which procedures are provided for each component is illustrated below:

ul Description of the sampling (and analytical) procedures that need 10 be followed for a
particular abiotic or biotic component

' Recommendation on the manner in which spatial scales (ie. sampling stations) need
1o be selected for a particular abswiic or biotic component
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A summary of recommendations put forward as part of this project is listed below:

*  Due to fragmentation in the management and control of estuaries, resource monitoring programmes are
often developed independently, arising from different departmental and legislative requirements. Therefore,
to ensure efficient use of resources, both human and financial, and to prevent prevent duplication, it is
recommended that resource monitoring programmes within a particular estuary be coordinated, taking into
account sampling procedures, as well as spatial and temporal scales. This supports the principle of
cooperative governance as required under the National Environmental Management Act and is also
recommended in the proposed National Estuarine Management Protocol (Van Niekerk and Taljeard, in
press).

o  Different departmental responsibilities must also be clearly indicated and aligned with the necessary funds
and human resources. It is, therefore, also recommended that for a particular extuary:

- Specific responsibilities be allocated to specific authorities or institutions within a resource
monitoring programme

- The appointed authority or institution have sufficient resources, both human and financial, to
execute such monitoring or provide a strategy to obtain such resources.
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Guidetines for setting baseline studies and long-term mondonng programmes:

The Department of Water Affairs and Forestry, in collaboration with the Water Research Commission,
should investigate the use of statistical methods to refine the procedures for semting spatial scales and sample
replication in estuarine resource monitoring programmes.

Qualified estuarine specialists showld be consulted at the inception stage of an Ecological Reserve
determination study (Le. prior to putting it out to tender) to prepare a conceptual framework of the anticipated
biophysical processes and interactions for that particular estuary and to assist with the specifications for the
baseline studies, taking into account budgetary constraints, a reality encountered in most Ecological Reserve
studies to date. This will provide a means of evening the playing field by including detailed baseline
requirements as part of the tender document, rather than individual tenders adapting these themselves to
accommodate budgetary constraints, hence making it very difficult for the DWAF to compare ‘apples-with-
apples’ in the selection process.

To eliminate unfairness, the DWAF can, for example, use representatives from the organizations it intends to
invite to tender to assist in the specification of baseline studies as part of a ‘pre-tender scoping workshop'.

Qualified estwarine specialists showld be comsulted at the inceprion stage of am Ecological Reserve
Determination study (Le. prior to putting it out 1o tender) to prepare an inventory of available data and
information on a particular estuary, as well as to evaluate the suitability of such data and information for use
in the Ecological Reserve determination process. This inventory showld be available when preparing
specifications for the baseline studies for a particular system, hence eliminating unnecessary expenditure in
terms of ‘re-acquiring’ dara and information that may already exist.

To eliminate unfairness, the DWAF can, for example, use representatives from the organizations it intends to

invite to tender to assist in preparing such an inventory as input to the ‘pre-tender scoping workshop',

In many instances the specialist team that designs a long-term monitoring programme may not be responsible
Jor implementation. It is therefore recommended that the long-term monitoring programme includes a
detailed map showing the position and coordinates of the selected sampling stations for the selected abiovic
and biotic indicators.

The long-term monitoring programme for an estuary should be subject to regular review, e.g. every 510 10
years, to continuously assess the relevance of selected monitoring components, as well as optimal use of
resources. The review process needs to be conducted by gualified estwarine specialistss. This continuous
refinement of long-term monitoring programmes is in alignment with the concept of Strategic Adaptive
Management.

River inflow (flow gauging), continwous water level recording at the estuary mouth and water quality
monitoring of river inflow at the head of estuaries should be undertaken by the Department of Water Affairs
and Forestry as part of their national monitoring programme. It is also recommended that the Department
initiate long-term monitoring programmes on the sediment dynamics of estuwaries, similar to what was
undertaken previously by the CSIR on behalf of the Department of Environmental Affairs and Tourism (refer
to Appendix A). Even at the Ecological Reserve determination stage (at Intermediate and Comprehensive
level) long-term data records are necessary for the above-mentioned parameters to obtain the required
confidence. Such data therefore need to be collected on a national scale, through a national data collection
programme, to be available when and where an Ecological Reserve determination needs to be conducted.

The Department of Environmental Affairs should re-instate the annual acerial photograph monitoring
programme of the South African coast (including estuaries) that was terminated in 1992, as these provide
valuable information for both abiotic and biotic assessments in baseline and long-term monitoring
programmes.
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Constraints fo implementation of resource monitoning programmes:

Despite any immediate financial constraints, both baseline studies and long-term monitoring programmes for
a particular estuary should be designed in their entirety as part of the Ecological Reserve Determination
process.  This will provide a focused reference framework within whick to launch future data collection or
monitoring initiatives in a particular estuary, as and when resources allow. Resources may also become
available outside the Department of Water Affairs and Forestry, such as from the Department of
Environmental Affairs and Tourism which also has monitoring responsibilities in estuaries.

Ecological Reserve Determinations for estuarine systems of high ecological importance (in a regional,
national or global contexy), that are already affected by developments in their catchment or that are targeted
Jor future development, are carried out at a Comprehensive level as far as possible and that baseline surveys,
and subsegquent long-term monitoring programmes, be implemented fully. It is also recommended that these
systems be identified collaboratively berween the Department of Water Affairs and Forestry and the
Department of Environmental Affairs and Tourism.

Data capture and storage:

The Department of Water Affairs and Forestry (e.g. through the Directorate: Resource Directed Measures)

should establish a dedicated darabase for the storage of biophysical data collected during the Ecological
Reserve Determination process and record the implementation of the RDM process in estuaries. It is also

recommended that existing data storage facilities for exstuarine data (e.g. that of the CSIR) be expanded rather
than re-developing such facilities from scratch.

In the interim, it is recommended that the Department of Water Affairs and Forestry require that raw data,
collected by consultants during Ecological Reserve Determination studies or during the implementation of
long-term monitoring programmes, be submitted to the Department as appendices to the Ecological Reserve
Reports. These reports should be stored in a well-organized manner for easy access in future.

The Department of Water Affairs and Forestry, as part of the Ecological Reserve Determination process
require that voucher specimens of biota collected in a particular system be lodged at a recognised narural
history museum.

It is also recommended that the Department approach either the East London Museum or the Natal Museum
to set up such a facility for estuarine invertebrates, and the South African Institute for Aquatic Biodiversity to
deal with estuarine fishes.

The Department of Water Affairs and Forestry (Directorate: Resource Directed Measures) should create a
website, e.g. ‘Ecological Reserve Determinations and Implementation in Estuaries® where Ecological Reserve
reports and other related information can be accessed easily. The existence of such a site should be advertise,
e.g. on the Department’s homepage, the CERM website, at symposia and related publications, e.g. Water SA.

The Department of Water Affairs and Forestry, in collaboration with the Water Research Commission,
should also investigate the possibility of extending the River Health Programme to include estuaries in its
reporting framework in an appropriate manner. lf the monitoring component of the Health Programme
could be extended to include estuaries, such an Estuarine Health Programme could even provide some of the
data requirements of the Ecological Reserve determination process.
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Key consideration for way forward:

The format in which the procedures for (revised) baseline studies and long-term monitoring programmes is
presented in this report is specifically selected to facilitate easy incorporation into the existing Ecological
Reserve determination methods for estuaries, as published by the Department of Water Affairs and Forestry.

As part of the curremt project, these procedures were only peer reviewed by a limited number of estuarine
specialists, due to budgetary constraints. It is therefore recommended that prior to the procedures being
incorporated into the official Ecological Reserve determination methods for estuaries, it be sent out for wider
comment, e.g. through the Consortium for Estuarine Research and Management (CERM) website.

Itis dwhpmnnlulm request for comments clearly explains the context in which these procedures need
to be evaluated, iLe. these procedures provide a list of generic (or minimum) baseline survey and monitoring
requirements that will provide acceptable levels of confidence to the Ecological Reserve determination and
implementation process. Therefore, these generic baseline and monitoring requirements do not replace the
need for detailed research studies to gather a higher level of scientific insight. The lanter is of utmost
importance to improving knowledge on estuarine systems and should be undertaken, for example, as separate
Water Research Commission (as is currently being done through the Consortium of Estuarine Research and

Management) or higher degree projects.
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SCOPE OF WORK

The CSIR, Environmentek was commissioned by the Water Research Commission to develop Resource Monitoring
procedures for estuanes for application in the Ecological Reserve determination and implemnentation process.

A large component of the Resource Directed Measures methods for estuaries, in particular those addressing the
Ecological Reserve had been developed as part of a Department of Water Affairs and Forestry project during 1989-2000
Due to budget constraints, key components such as the design of monitoring procedures to determine resource status
and to monitor responses once the Ecological Reserve is implemented were not finalized, hence this project.

The CSIR initially prepared draft monitoring procedures which were then further refined at a workshop attended by a
selection of estuarine specialists that have been involved in Ecological Reserve studies on estuaries over the past three
years.

The CSIR also used this project as a capadity building opportunity for an intemn, Warren Joubert, who has since been
appointed as a full staff member at the CSIR. Warren assisted in the review of monitoring programmes on estuanes and
was involved in team discussions towards the development of the draft procedures. He also attended the above-
mentioned specialist workshop that was held in the Natal Midlands in January 2003. To provide Warmen with further
exposure 1o the Ecological Reserve Determination process, this project also provided the opportunity 1o involve him in a
specialist workshop on the Thukela Estuary Intermediate Ecological Reserve Determination currently in progress.

Susan Taljaard and Lara van Niekerk compiled this report with contributions from Piet Huizinga and Warren Joubert

~.

MARTEN GRUNDLINGH May 2003
BUSINESS AREA MANAGER: COASTAL PROCESSES Stellenbosch, South Africa
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LIST OF ACRONYMS
GEC Groot Brak Environmental Committee
CNC Western Cape Nature Conservation Board
CRUZ Coastal Research Unit of Zululand, University of Zululand
DEAT Department of Environment Affairs and Tourism
DWAF Department of Water Affairs and Forestry
ElA Environmental Impact Assessment
KZN Kwazulu-Natal
MCM Chief Directorate: Marine and Coastal Management of the DEAT
SANP South African National Parks
UPE University of Port Elizabeth

ucT University of Cape Town
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1. INTRODUCTION

1.1 Aim of Project

Approximately 255 functional estuanies, ranging from small temporarily open/closed systems 10 large permanently open
tidal estuanes, are situated along South Afnca’s 3 000 km coastiine. Estuanes form the interface between land and sea
and are sensitive to changes in the upstream catchment as well as changes at sea.

Sustainable management of estuaries can only be achieved through a sound understanding of their biophysical process
based on appropnate and reliable quantitative data. However, the collection, processing and interpretation of such data
are often time consuming and costly, and often require considerable scientific expertise. Presently there is no generally
accepted protocol 1o guide South African authorites in the design and implementation of estuary mondoring
programmes. Consequently, monitoring is project specfic and discontinuous, plays little part in guiding management
decisions and is retarded by a lack of integration between responsible authorities and programmes. This absence in
alignment between management requirements and existing monitoning programmes and activities in South African
estuanes was highlighted at the recent National Estuaries Workshop held in Port Elizabeth during May 2000 (Boyd ef al.,
2000).

A large component of the Resource Directed Measures methods for estuaries, in particular those addressing the
Ecological Reserve, were developed as part of a Department of Water Affairs and Forestry project in 1999-2000. Due %
budget constraints, key components such as the design of monitoring procedures to determine resource status and to
monitor respenses once the Ecological Reserve is implemented, were not finalized. The aim of this project is to define
guidelines and procedures 10 design resource monitoring programmes for estuaries as part of the Ecological Reserve
Determination process for estuaries.

Resource monitoring programmes, in the context of the Ecological Reserve Determination process, can be sub-divided
‘m.

o Baseline surveys (or studies), the purpose of which is %o collect data and information 1o characterize and
understand the ecosystem functioning of a specific system so as 1o be able to determine Resource Directed
Measures such as the Reference Condition, Present Ecological State, Ecological Importance, Ecologcal
Reserve Category and Ecological Specifications (i.e. Resource Quality Objectives for the Biophysical
Environment). Baseline data are collected as part of the Ecological Reserve determination process and also
provides a benchmark for future monitoring.

o Long-term (or compliance) monitoring programmes, the purpose of which is to assess (or audit) whether
the Ecological Specifications (defined as part of the Ecological Reserve determination process) are being
compled with after implementation. In addiion, these programmes are aiso used to improve and refine the
Ecological Reserve (and associated Ecological Specifications), in the longer-term through an iterative process.

NOTE:
It is important 1o note the difference between survey and monitoring:

o Surveys normally refers to short-term or once-off, intensive investigations on a wide range of parameters to
obtain a better understanding of estuarine processes

Monitoring refers to ongoing data collection of a selection of indicator parameters in order to determine long-
term change and trends. Long-term monitoring can be done for several reasons, one of which is for
i i
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12  Existing Resource Monitoring Programmes undertaken in South African Estuaries

A number of resource monitoring programmes are being undertaken in South African estuaries over recent years, as
summarized in Table 1 (refer to Appendix A or further details), of which some have been terminated over the past 2-3
years (see Table 1). However, the number of long-term monitoring programmes, that are still being implemented and
that have been running for longer than 5 years, is limed to only a few of South Africa’s 255 functional estuaries, as
illustrated in Figure 1.

TABLE 1. List of existing monitoring initiatives in South African estuaries
LONG-TERM MONITORING (> 5 years)
Witer leveln | Flow “Waw |
Sec ment
Estuary Orpancanen | Ooesrvaticns | Pl | eves | Fid | Bess
Kien x | x
[ , x | | |
Heunngres AF MM x ‘ | x
| Graat Bran OWAFCSR | x x x x x x
Swartde and Nidemess WRICNCSANS x x x x x x x
Keremonde SALE x x
Meomaz Unsversity of Naral x x 2 | x x x x
ET0 CRUZ x x x x x
Wrathae “CALS x x x x x x x
Nhatane CRUZ x x 3 I = x x x
St Luca KIN Wiskte x x| | = x x x
Ko VN Wice 8 x| x x
NATIONAL MONITORING OR SURVEY PROGRAMMES
Programeme Orpancamon a':" Fom T et RS -q
Contnuous waler evel reconing DWAF - | |
L[gmnmnaum) | 1
| Anal photographs — erminatec
| (Inchued 8 eshuanes akng SA coast) DRATCSR . 5 !
oW 2auging statons caphuang otal mnc® of DWAF - 1
calchment 10 estuanes
Mouth ctservation coR = i
L€ mplemented n 10 eshuanes)
OPOIIONCA! Surveys - Brmnated
‘ 47 eshanes along SA coast) DEATCSR *
EE’EE;M-W
‘ %mmmgmL SRATICaR =1 i *
Coums - CWAC uer , -
(Cumendy mplemented n 24 esa.ares)
Natoral Marme and Estuaene Lrefsr |
Survey (To ndude sena mondonng of ol MCM x
estanes cround monoring of S0 estuanes) !
Botancal Imporance aing _Pe 1 | z |
(irciuded ~T0% of estusnes along SA coast) | 1
Natonal SACMent mordonNg DIDgram \ \ |
[ermwrated £ 180 mONRDANG N wers) — . J |
Contruad on next page

Page 2




Resource Mondoring Procedures for Estuanies

Continued ..
SHORT TERM DATA COLLECTION PROGRAMMES OR SURVEYS (< 5 years)
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Figure 1. Distribution of existing long-term ecological monitoring programmes implemented in South African
estuaries in the Cool Temperate, Warm Temperate and Sub-Tropical biogeographical regions
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Currently, there are also a number of other research studies that deal with the development of monitoring initiatives for
estuanes, albeit in a different context such as the Eastem Cape Estuaries Management Mondoring Project
commissioned by the Water Research Commission, South Afncan Infegrated Spatial Information System (SA-ISIS) and
the National Core Set of Environmental Indicators Project (refer to Appendix A for further details on these projects). The
leaming and experience gained through the above-mentoned initiatives will be taken into account in the development of
monitoning procedures as outlined by this project.

13 Legislation Pertaining to Resource Monitoring in Estuaries
The Constitution of South Africa (Act 108 of 1996), in particular the Environmental Right (section 24), states that:

“Everyone has the nght
a  foan environment that is not harmful fo their heatth or wel-being: and
b. bhavobconwormmtocfod for the benefit of present and future generations through reasonable

mwdogn&yswmmmmﬁodnmdmmmmm
economic and social development’.

This section of the Bill of Rights guarantees the people of South Africa the night to an environment not detrimental 10
human health or well-being, and specifically imposes a duty on the State to promulgate legisiation and take other steps
fo ensure that the nght is upheld and that, among other things, pollution and ecological degradation is prevented.

This section provides a brief overview of the key legislation, whereby authorities are responsible or have the legal
mandate to ensure that rescurce monitoring programmes are implemented, including those on estuaries.

1.3.1  National Water Act 36 of 1998

According to the National Water Act (section 137) the Minister of the Department of Water Affairs and Forestry is
responsible for estabiishing a national monitoring system on water resources (which includes estuaries). Such systems
must provide for the collection of data and information o assess:

Quantity of water in the various water resource

Quality of the water resources

Use of water rescurces (.. activites)

Rehabilitabon of water resources

Health of aquatic ecosystem

Atmosphenc conditions that may influence water resource (e g. climate change).

Section 138 of the Act states that the Minister must establish mechanisms and procedures to co-ordinate monitoring
afer consultation with other organs of state, water management institutions and existing or potential users of water.

Although the National Water Act also does not explicitly require water users 1o conduct mondoring, there are. however,
examples where developers or industry is required to undertake compkance monitoring as pant of ther license
agreement. eg Amabella Country Estate at Bot River Estuary It has been recommended that this become a
compulsory requirement in license agreements penaining to listed water uses under the National Water Act.

132 National Environmental Management Act 107 of 1989

Although the National Environmental Management Act does not address monitoring of resources explicitly, it provides for
co-operative enwronmental govemance, in general, through the establishment of national environmental management
principles, and procedures for their incorporation into decisions affecting the environment. It emphasizes co-operative
govemnance and assistance in ensuring that the environmental right and related rights in the Constitution are protected

Page 4
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NEMA requires the Department of Environmental Affairs and Tourism to be the lead agent in ensuring the effective
custodianship of the environment (Smith and Cullinan, 2000).

1.3.3  Environmental Conservation Act 73 of 1989

Although many of the provisions of the Environmental Conservation Act have been repealed by the National
Environmental Management Act, the Environmental Impact Assessment (EIA) requiations (implementing sections 21, 22
and 26 of the Act), as well as the regulation on Sensitive Coastal Areas remain in force until they are replaced with new
regulations under the National Environmental Management Act. Under the EIA regulations, certain activibes require an
impact assessment prior to approval. Although the Regulations do not explicitly require environmental management
plans (that typically includes long-term monitonng programmes) to form part of such assessments, there are, however,
examples where the submission of a management plan (including a long-term mondoring programme) has become an
additional condition for approval. e g. the Thesen Island development on the Knysna Estuary.

1.3.4  Living Marine Resources Act 18 of 1998

The Living Marine Resources Act primarily deals with the protection and allocation of marine living resources and is
administered by the Department of Environmental Affairs and Tounsm, Chief Directorate: Marne and Coastal
Management.

Chapter 3 on fishenes planning states that the Minister of environmental Affairs and Tounsm is responsible for setting
the catch and effort levels for living marine resources. This imphes that regular mondoring will have to be done to
establish the size of the resource 10 bases these on. In estuaries living resources, for example, includes fishes and
invertebrates. Towards meeting this requirement, the Department of Environmental Affairs and Tounsm initiated the
National Estuanne Linefish Surveys (refer 1o Appendix A).

The Act does not require any form of monitoring from permit holders in terms of commercial, subsistence or recreational
fishing in estuaries. However, the Minister of the Department of Environmental Affairs and Tourism may appoint any
persons of an organ of state to become a fishery control officer or a person, not necessanly from an organ of state, to
become a honorary marine conservation officer. Currently the department uses such persons to monitor compliance
with permit conditions. Where an incidence of non-compliance is documented by these officers, such information can
prove 1o be a valuable indicator for compliance both in terms of permits and overall strategies and objectives for
resource management.

1.35  National Environmental Legislation: Coastal Zone Bill

Although still in a draft form, the National Environmental Legisiation: Coastal Zone Bill will primarily address the legal
mandate of the Department of Environmental Affairs and Tourism in the design and implementation of resource
monitoning programmes.

In earlier drafts (Draft 2) of the Bill, the establishment of a national coastal monitonng system was explicitly stated as pant
of the Department's legal mandate, but this was removed in the later versions. The Bill, however, does require that
performance indicators be identified to measure progress in terms of the objectives of coastal management programmes
on national (section 66), provincial (section 70) and municipal (section 73) levels.

1.3.6  National Environmental Legislation: Biodiversity Bill

Although still in draft form, this Bil's focus is 1o protect biodiversity and will also be administered by the Department of
Environmental Affairs and Tourism. Specific actions pertaining 1o monitoring include:

e Section 41 proposes that the national biodiversity framework must set performance indicators against which
progress with the achievement of strategic objectives could be measured as well as to set up mechanisms to
monitor and measure such progress.
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e Section 44 proposes that a boregional conservation plan must determine performance indicators 10 measure
progress with the achievement of those cbjectives and to provide for monitoring the implementation of the plan.

e Section 52 proposes that other conservation plans (established under section 50) must determine performance
indicators against which achievement of the objective is to be measured and also that persons, organisations
and organs of state must be identified that will be involved in monitoring of the plan.

e Section 53 proposes that the Minister of the Department of Environmental Affairs and Tourism identify the
components of biodiversity that are important for biodiversity conservation and the sustanable use of biological
resources or which are inadequately conserved or understood. Monitoring mechanisms need 10 be established
for such components. Indicators also need 10 be set 1o determine the conservation status of the components
and any negative and positive trends affecting the conservation status of the components.

e Section 63(2) proposes that the Minister of the Department of Environmental Aftairs and Tourism may require

any person, organisation or organ of state involved in managing or monitoringbiodiversity to repert regularly to
the Minister on the results of such managing or menitoring measured against the predetermined indicators.

The Bill also proposes that, in order to promote biodiversity conservation, the Minister of the Department of
Environmental Affairs and Tourism must make such information publicly available by electronic or other means (section
83).

1.3.7  National Environmental Management: Protected Areas Bill

Although aiso still in draft form, this Bill deals with the establishment, management and control of protected areas with
the Department of Envwonmental Affairs and Tourism as the responsible authonty. Spectfic actions pertaining to
monitoring include:

o Section 93 proposes that the contents of a management plan for a protected area must reflect noms and
standards that must be met (management objectives) and also include indicators relating 1o monitoring
compliance with those norms and standards.

e Section 95 proposes that the Minister of the Department of Environmental Affairs and Tourism may establish
indicators for monitoring performance with regard to the management of national protected areas and of the
conservation of biodiversity in those areas, or that a Member of the Executive Council may establish indicators for
monitoring performance with regard to the management of provincial and local protected areas and of the
conservation of biodiversity in those areas. If the Minister or a Member of the Executive Councll so requests, the
management authority of a protected area must monitor the area against the selected indicators.

RECOMMENDATIONS:

“Due to fragmentation in the management and control of estuaries, resource monitoring programmes are often
developed independenty, arising from different departmental and legislative requirements. Therefore, to ensure
efficient use of resources, both human and financial, and o prevent duplication, it is recommended that resource
monitoring programmes within a particular estuary be coordinated, taking into account sampling procedures, as
well as spatial and temporal scales. This supports the principle of cooperative governance as required under the
National Environmental Management Act and is also recommended in the proposed National Estuarine
Management Protocol (Van Niekerk and Taljaard, in press).

Different departmental responsibilities must also be clearly indicated and aligned with the necessary funds and
human resources. It is, therefore, also recommended that for a particular estuary:

e Specific responsibilities be allocated to specific authorities or institutions within @ resource monitoring

programme
o The appuinted authority or institution have sufficient resources, both human and financial, to execute such
monitoring or provide a strategy to obtain such resources.
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2. APPROACH AND KEY CONSIDERATIONS

21  Approach

Key to the successful design of resource monitoring programmes is 10 put forward a conceptual framework of the
anticipated abiotic and biotic (biophysical) processes and interactions that take place in a particular estuary, preferably at
the inception stage of an Ecological Reserve Determination study. This is referred to as an ecosystem's approach,
rather than addressing different biophysical components on an individual basis (‘'single discipline’ approach). An
ecosystem’s approach is essential 1o provide rescurce managers with ‘cause and effect chain’ type of information
required for effective management of estuanes

It must be recognized that each estuary is somewhat unique in its characteristics. Depending on the complexity of a
particular system. the biophysical components that need 1o be sampled (including the spatial scale and temporal scale at
which data need to be acquired) may differ. A conceptual framework of the biophysical processes and interactions
relevant to estuanes is llustrated in Figure 2.
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Figure 2. Conceptual framework of the anticipated abiotic and biotic processes and interactions relevant to
estuaries

NOTE:
Once a conceprual framework has been drawn up for a particular estuary, it can be used to highlight key abiotic
and biotic processes and interactions within that system. This, in turn, provides a visual means of illustrating the
complexities in estuarine functioning and to motivate to resource managers the rationale for selecting the abiotic
and biotic components to be included in site-specific baseline surveys or long-term monitoring programmes.
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To accommodate the high variability in the biophysical functioning of estuaries, the approach in setting procedures for
the resource monitoring programmes (as part of the Ecological Reserve determination process) is to provide generic
sampling procedures (including recommended spatial and temporal scales) for each abiotic and biotic component, to be
apphed when a component is selected for inclusion in either baseline studies or the long-term monitoning programme of
a particular estuary.

Therefore, although the estuarine specialist team appointed on a particular Ecological Reserve determination study will
have some flexibility in customizing the resources monitoring programme, to meet site-specific requirements, this
approach will ensure uniformity in the manner in which field data are collected in estuaries as part of the Ecological

RECOMMENDATION:
*  The format in which the procedures for (revised) baseline studies and long-term monitoring programmes is
presented in this report is specifically selected to facilitate easy incorporation into the existing Ecological
Reserve determination methods for estuaries, as published by the Department of Water Affairs and Forestry.

Due to budgetary constraints, these procedures were only peer reviewed by a limited number of estuarine
specialists. It is therefore recommended that prier te the procedures being incorporated into the official
Ecological Reserve determination methods for estuaries, it be semt out for wider comment, e.g. through the
Consortium for Estuarine Research and Management (CERM) website,

It is also important that the request for comments clearly explains the context in which these procedures need
to be evaluated, Le. these procedures provide a list of generic (or minimum) baseline survey and monitoring
requirements that will provide acceprable levels of confidence to the Ecological Reserve determination and
implementation process. Therefore, these generic baseline and monitoring requirements do not replace the
need for detailed research studies to gather a higher level of scientfic insight  The latter is of utmost
importance to improving knowledge on extuarine systems.

22  Guidelines for Setting Baseline Studies

The methods for the determination of the Ecological Reserve for estuaries, ie. Resource Directed Measwes for
Protection of Water Resources, Volume 5° Estuanne Component - Version 1.0 (DWAF, 1999) and subsequent revisions
of the methods of which the documentation in curently in preparation (B Weston, DWAF, pers. comm.), already list the
requirements for baseline studies for both the Intermediate and Comprehensive level reserve determinations (refer to the
sections on Data Organisation). However, these need to be re-assessed to:

e Incorporate the leaming gained through Ecological Reserve Determination studies conducted over the past 2-3
years

e Ensure alignment with the procedures for the design of long-term monitoring programmes, to be developed as
part of this project

e Allow for integration with other legisiative requirements, e.g. resource monitonng under the Living Marnine
Resources Act 18 of 1988

The purpose of camying out baseline studies is to describe the biophysical charactenstics of an estuary, and 0
understand the abiotic and biotic processes and interactions that take place. This understanding should be sufficient 10
be able 1o estimate the quantity and quality of river inflow that would be required to maintain a selected ecological
category, as described in terms of the ecologcal specffications.  The confidence with which these estimates can be
made s strongly correlated with the level of baseline data acquired.

The genenc procedures for baseline studies prowded for each abiotic and biotic component, and distinguish between
Ecological Reserve determinations done on the Comprehensive and Intermediate levels (Chapter 3). In most instances
the sampling procedures and spatial scales reman the same for the Intermediate and Comprehensive levels, but for the
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Intermediate level temporal scales are ofien reduced. The logic behind this is that the largest cost incurred s in the
mobilisation for field surveys, but once in the field, data should be collected optmally.

Even though the genenc procedures recommend spatial scales for different abiotic and biotic components, the estuarine
specialist team appointed on a particular Ecological Reserve study needs 10 ensure that the spatial scales recommended
will reflect the anticipated vanability within the system. For example, 10 stations on a 70 km long estuary such as the
Berg River Estuary may not be sufficient 1o deliver the required spatial resolution o capture longitudinal vanability with
reasonable confidence. Statistical methods have been applied elsewhere 1o determine the level of spatial coverage that
would be required to obtain acceptable results (€.9. in the National Marine and Estuarine Linefish Survey of the MCM).
Although development of such statistics was not within the scope of this study, it should be considered for future
developments.

RECOMMENDATION:

It is recommended that the Department of Water Affairs and Forestry, in collaboration with the Water Research
Commission, investigate the use of statistical methods to refine the procedures for setting spatial scales and
sample replication in estuarine resource monitoring programmes.

It is envisaged that, in most instances, the entire suite of abiotic and biotic components listed for baseline studies
(Chapter 3) will need to be included. taking into account the purpose of the baseline survey, ie to describe the
biophysical charactenstics of an estuary, and 10 understand the abiotic and biotic processes and interactions. However,
it is recognised that, due to the high vanability in complexity and functioning of South Africa’s estuanies, there will be
syswnsmmbaselhesmdias(Mmmmuemﬁdem)ﬁlmmmsmdhu

genenc procedures, eher requiring less or more detailed procedures. Therefore, where the estuaning specialist team
Wmamsmm%mmnymmmemmm such deviations must be
supported by sound scientific motivations based con their understanding of the complexity of the system and interaction
between different abiotic and biotic components,

RECOMMENDATION:

It is reccommended that gualified estuarine specialists be consulted at the inception stage of an Ecological Reserve
determination study (Le. prior to putting it out to tender) to prepare a conceptual framework of the anticipated
biophysical processes and interactions for that particular estuary and to assist with the specifications for the
baseline studies, taking into account budgetary constraints, a reality encountered in most Ecological Reserve
studies to date. This will provide a means of leveling the playing field by including detailed baseline requirements
as part of the tender document, rather than individual tenders adapting these themselves to accommodate
budgetary constraints, hence making it very difficult for the DWAF to compare ‘apples-with-apples’ in the
selection process.

To eliminate unfairness, the DWAF can, for example, use representatives from the organizations it intends to
invite to tender to assist in the specification of baseline studies as part of a ‘pre-tender scoping workshop'.

Prior to conducting baseline studies, it is important to identify data and information that are already available in the
published Rerature or that have been collected as part of existing monitoring programmes, €.9. those isted in Table 1. 1t
should, however, be noted that the Ecological Reserve determination process requires that data be collected in a
manner that provides understanding of linkages between related abiotic and biotic components which is often a short-
coming of historical data collection techniques. Therefore, in many instances historical data provide a good description
of particular components, but imited understanding on the interaction of these components with related abiotic and bictic
components.
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It is also important o estabiish whether histoncal data are still representative of the present state, particularly in estuanes
that have been subsected to anthropogenic influences since the data were collected,

RECOMMENDATION:

It is recommended that qualified estuarine specialists be consulted at the inception stage of an Ecological Reserve
Determination study (iLe. prior to putting it out to tender) to prepare an inventory of available data and
information on a particular estuary, as weil as to evaluate the suitability of such data and information for use in
the Ecological Reserve determination process. This inventory should be available when preparing specifications
Jor the baseline studies for a particular system, hence eliminating wunnecessary expenditure in terms of ‘re-
acquiring " data and information that may already exist.

To eliminate unfairness, the DWAF can, for example, use representatives from the organizations it intends to
invite to tender to assist in preparing such an inventory as input to the ‘pre-tender scoping workshop®, mentioned
earlier.

23  Guidelines for Setting Long-term Monitoring Programmes

The purpose of long-term menitoring programmes, in this nstance. is 10 assess (or audit) whether the Ecclegical
Specifications (defined as part of the Ecological Reserve determination process) are being complied with after
implementation of the Reserve. In addition, these programmes can also be used to improve and refine the Ecological
Reserve measures (including the Ecological Specifications), in the longer-term through an iterative process.

Although baseline studies and long-term monitoring programmes have different purposes, it is extremely important that
leng-term monitoring programmes follow on from simdarly structured baseline studies. In essence, the monitoring
activities selected for the long-term monitonng programme should be derived from the menitoring actvities conducted as
part of the baseline studies, but implemented on less intensive spatial and/or temporal scales.

The baseline studies that are camied out for an Ecological Reserve determination study at Comprehensive level may be
considered as the baseline data against which the long-term monitorng is camed out.  Therefore, if less than the
recommended baseline studies for a comprehensive assessment is camed out, due o budgetary constraints or due 10
the Ecological Reserve study being cammied out at a rapid or intermediate level, then additional ‘baseline’ work may need
to be camed cut to produce sufficient baseline data against which future long-term mondoring can take place. In such
cases, the additional baseline data may have 1o be collected over an extended period, even after inital implementation
of the Ecological Reserve.

Other critena that should be considered in the selection and prionitisation of monitoring components or indicators in long-
term monitoring programmes, in the context of the Ecological Reserve determination process, are provided below.

A st of abiotic indictors that should always be included in long-term monitorng programmes fo allow for proper
identification of ‘cause and effect’ links, in particular links to niver inflow and water quality are:

e River inflow (i.e. flow gauging)

o Continuous water level recording at the estuary mouth (recording the state of the mouth, a key dnver for most
biotic companents)

e Water quality of river inflow

o Water quality and flow rate of effluent discharges nto the estuary

e Saiinity distnbution pattemns under different river flow ranges.

Aerial photographs, collected on an annual basis, are also considered as key components in the long-term monitoning of
estuanes, as these provide useful information on both abiotic and biobic components.
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RECOMMENDATION:

It is recommended that river inflow (flow gauging), continuous water level recording at the extuary mouth and
water guality monitoring of river inflow at the head of estuaries be undertaken by the Department of Water
Affairs and Forestry as part of their national monitoring programme. Also, it is recommended that the
undertaken previously by the CSIR on behalf of the Department of Environmental Affuirs and Tourism (refer to
Appendix A). Even at the Ecological Reserve determination stage (Intermediate and Comprehensive level), long-
term data records are necessary for the above-mentioned parameters (in ovder to obtain the required confidence).
Such data therefore needs to be collected on a navional scale, through a national data collection programme, to be
available when and where an Ecological Reserve determination needs to be conducted.

It is further recommended that the Department of Environmental Affairs re-institute the annwal aerial
photograph monitoring programme of the South African coast (including estuaries) that was terminated in1992,
as these provide valuable information for both abiotic and biotic assessments,

The inclusion of other abictic indicators such as sediment characterisation, bathymetnc and topographical surveys, water
quality (other than salinity) in the estuary and accumulation of toxic substances in sediments will depend on the
sensativity of a particular system to changes in such indicators as well as the level of interaction of such indicators with
the selected biotic indicators. Another consideration for inclusion would be any particular abiotic indicator that is on a
‘trajectory of change'.

mmmmmMnummmotbmmmmmm

pammﬂares:uaryaspmofﬂchobocd moemnnmnptocoss(seenoebem) '

NOTE:

Ecological Specifications are clear and measurable specifications of ecological attributes (in the case of
estuaries - hydrodynamics, sediment dynamics, water quality and different biotic components) that define a
specific ecological reserve category. Although procedures for setting Ecological Specifications for
estuaries have not been formulated, it is envisaged that the concept of *Thresholds of Potential Concern’
will be used. Thresholds of potential concern are defined as measurable end points related to specific
abiotic or biotic indicators that if reached (or when modelling predicts that such points will be reached)
prompts management action. In essence, thresholds of potential concern endpoints should be defined such
that they provide early warning signals of potential non-compliance to Ecological Specifications (Le. not
the point of ‘no return’). In essence, this concept implies that the indicators (or monitoring activities)
selected as part of long-term monitoring programme need to include biotic and abiotic components that are
particularly sensitive to ecological changes associated with changes in river inflow.

o The biotic indicators should be particularly sensitive to potential impa in fver |
and water quality, such as state of the mouth, 8dal vanation. sodmmamamson sahlydnsmmnpm
and detenoration in water quality. For example, in the Great Brak Estuary, benthic invertebrates and salt marsh
vegetation were found to be sensitive to inundation of mtertidal areas and closure of the mouth (both
parameters that are strongly influenced by changes in river inflow).

e Biotic components considered to be on a ‘trajectory of change' or that are particulardly sensitive fo abiotic
compenents that are on a ‘trajectory of change', should also be considered for inclusion as indicators in long-
term mondoring programmes.

e Biotic components that are of regional or national biodiversity imporance are also suitable indicators.
particularly when aiso sensitive 1o changes in river inflow and water quality. For example, the bird population of
the Berg River Estuary, being a Ramsar site, is of high biodiversity importance and should therefore be included
in the long-term monitoring programme of that estuary. The biodiversity importance of most South African
estuanes has been rated in a document prepared by Turpie ef &l (2002) and can be used in this regard.
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e Biotic indicators should also be representative of the important food chains present in a particular system. This
will ensure that mondoring programmes provide resource managers with appropniate data to establish ‘cause
and effect’ links, a key requirement for effective management of estuanies. For example in the Breede River
Estuary, fishes were identified as being of high importance. therefore the main food source of the most
important fish species, namely the macro-crustaceans (swimming prawn) should also be included, as should
the macrophytes (Phragmies), besng an important habitat for the swimming prawns

. mmamm&mmmmammmwm

: act longer-1 { : acts. For example, fish are often considered to

bousoﬁal eaﬁywamg ndwots while wwmmmmmmmcamof
cumulative, longer-term changes in estuanes.

RECOMMENDATION:

In many instances the specialist team that designs a long-term monitoring programme may not be responsible for
implementation. It is therefore recommended that the long-term monitoring programmes include a detailed map
showing the position and coordinates of the selected sampling stations for the selected abiotic and biotic
indicators.

The generic procedures for long-term monitoring programmes, provide guidelines for each abictic and biotic component
in terms of sampling procedures, spatial scales and temporal scales (Chapter 3), should these be selected as indicators
for long-term monitoring. In most instances the sampling procedures and spatial scales remain the same as for the
baseline studies, but the temporal scales are usually less intense, i.e. long-term mondoring programmes are essentially
a 'scaled down' version of the baseline studies.

Initially, long-térm monitoring programmes may have 1o include an extended list of abiotic and biotic indicators, but as
the understanding of system response improves, the list of indicators, as well and spatial and temporal scales could be
reduced. The scaling down of long-term monitoring programmes should be conducted by qualified estuarine specialists
and needs 0 be accompanied by sound scientific motivation. It is important that long-term monitoring programmes are
not scaled down prematurely as it can impact on eflective management of estuanes, for example:

e Premature elimination of indicators or reduction of spatial and temporal scales could result in the lack of crucial
information required to back-track changes 1o the actual cause, i.e. understanding of important ‘cause and
effect ' chains, particularly those linked to changes in river inflow and water quality.

e Long-term monioring programmes also need %o capture vanability caused by long-term dry/wet cycles before
scaling down, as the response of the system under these long-term climatic cycles can be vastly different, that
if not well understood and documented can lead to incomrect management decisions.

RECOMMENDATION:

It is recommended, that the long-term monitoring programme for an estuary be subject to regular review, e.2.
every 5 to 10 years, to continuously assess the relevance of selected monitoring components, as well as optimal use
of resources. The review process needs to be conducted by qualified estuarine specialists. This continuous
nﬁne-eu“ of long-term monitoring programmes is in alignment with the concept of Strategic Adaptive
Management.

24  Constraints on Implementation of Resource Monitoring Programmes

In the event where the recommended baseline studies for a particular Ecological Reserve determination cannot be
implemented fully due to, for example budgetary constraints, it must be recognised that the reduced baseline programme
will result in poorer understanding of the functioning of the systems in question. This implies that the confidence of the
Ecological Reserve determination will be lower (@ g. medium confidence for Intermediate level determination and
medium-high confidence for a Comprehensive level determination). This practice holds serious nsks if, for example
applied in stressed systems where water allocations are already close o0 the Ecological Reserve.
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RECOMMENDATION:

It is recommended thar Ecological Reserve Determinations for estuarine systems of high ecological importance
(in a regional, national or global context), that are already affected by developments in their catchment or that are
targeted for future development, are carried out at a Comprehensive level as far as possible and that baseline
surveys, and subsequent long-term monitoring programmes, be implemented fully. It is also recommended that
these systems be identified collaboranively between the Department of Water Affairs and Forestry and the
Department of Environmental Affairs and Tourism.

Financial constraints can also result in long-term monitoring programmes not being implemented according to the
onginal design. Again this is a risk 10 estuarine resources, particularly those that are already stressed or where slight
changes in river inflow can have marked ecological consequences. One way of accommodating this constraint s 0
pricritise the selected monioring components or indicators within 2 long-term menitonng programme o facilitate
incremental implementation as and when resources become available, using the guidelines provided in an earfier
section

RECOMMENDATION:

It is strongly recommended that despite any immediate financial constraints, both bascline studies and long-term
monitoring programmes for a particular estuary, be designed as part of the Ecological Reserve Determination
process. This will provide a focused reference framework within which to launch future data collection or
monitoring initianives in a particular estuary, as and when resources allow. Resources can, for example, be
accessed outside the Department of Water Affairs and Forestry, e.g. from the Department of Environmental
Affairs and Tourism which also has monitoring responsibilities in estuaries.

25  Capture and Storage of Resource Monitoring Data

Sections 139 and 140 of the National Water Act state that the Minister of Water Affairs and Forestry must establish a
national information system regarding water resources. Although the Department of Water Affairs and Forestry has
nvested in such systems (for example for river and groundwater) these systems do not allow for the type and manner in
which biophysical data are collected in estuanes. The CSIR has developed an estuanne database for the capture and
storage of abiotic data sets, i.e. sediment, hydrodynamic and waler quality data. However, this database currently does
not cater for biological data sets, i.e. microalgae, macrophytes, invertebrates, fish and birds

RECOMMENDATIONS:
It &s recommended that the Department of Water Affairs and Forestry (e.g. through the Directorate: Resource
Directed Measures) establish a dedicated database for the storage of biophysical data collected during Ecological
Reserve Determination processes and their implementation in estuaries. It is also recommended that existing data
storage facilities for estuarine data (e.g. that of the CSIR) be expanded rather than re-developing such facilities
JSrom scratch.

In the interim, it is recommended that the Department of Water Affairs and Forestry reguire that raw data,
collected by consultants during Ecological Reserve Determination studies or during the implementation of long-
term monitoring programmes, be submitted to the Department as appendices to the Ecological Reserve Reports.
These reports should be stored in a well-organized manner for easy access in future.

For checking on identification and for future venfication of quenes regarding the classification of biotic specimens it is
also important that voucher specimens collected in a particular system be lodged at a recognised facility, for example:

Macrophytes | Voucher specimens 1o be lodged at a recognized herbanum

Voucher specimens fo be lodged af a recognised repository. Presently such a faciity s not
Invertebrates | avadable afthough the East London Museum. Natal Museum and Cape Town Museum house
aquatic nvertebrates.

Fish Voucher specimens o be lodged at the South African Instifute for Aquatic Biodwersity
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RECOMMENDATIONS:

TiwhmofnmdfdnnZFm.amddeim

Determination process require that voucher specimens of biota collected in a particular system be lodged at
. ' .I »

It is also recommended that the Department approach either the East London Museum or the Natal Museum to

set up such a facility for invertebrates.

26  Communicating Information collected during Resource Monitoring Programmes

Sections 139 and 140 of the National Water Act (stating that the Minister of the Department of Water Affairs and Forestry
must establish a national information system regarding water resources) are aiso interpreted to include avenues for
communicating such information 1o the wider community. In providing such avenues, the wider community gains access
to knowledge and information that will allow them to participate sensibly in estuarine resource management, hence
expanding the Strategic Adaptive Management loop.

The Intemet is a communication system that is widely applied for such purposes throughout the world. However, the
success of using this system depends on a number of factors, such as

o User-fnendliness of the manner in which the information is presented in a website
e Extent to which the community is aware of such a website existing
e Continuous updating of information contained in such a website.

Ancther avenue that can be used for communicating the resource status of estuanes that is being successfully
implemented for rivers is the State-of-River Programme. As part of this programme, reports are prepared on the health
of specific rivers, transiated into a format easily understood by the wider community. It is envisaged that such a
programme can also be successfully launched for estuaries, even as an extension 1o the River Health Programme.

RECOMMENDATIONS:

"It is recommended that the Department of Water Afjairs and Forestry (Directorate: Resource Directed
Measures) create a website, e.g. ‘Ecological Reserve Determinations and Implementation in Estuaries® where
Ecological Reserve reports and other related information can be accessed easily. The existence of such a site
should be advertised, e.g. on the Department’s homepage, the CERM website, at symposia and in related
publications, ¢.g. Water SA.

It is also recommended that the Department of Water Affairs and Forestry, in collaboration with the Water
Research Commission, investigate the possibility of extending the River Health Programme to include estuaries in
its reporting framework in an appropriate manner. lf the monitoring component of the Health Programme could
be extended to include estuaries, such an Estwarine Health Programme could provide some of the data
requirements of the Ecological Reserve determination process.
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3.  GENERIC RESOURCE MONITORING PROCEDURES FOR ESTUARIES

This Chapter provides generic procedures for baseline studies and long-term monitoring programmes in estuaries for
application in the Ecological Reserve determination and implementation process.

Abiotic components that need 10 be addressed in the Ecological Reserve determinations for estuaries are:
e Hydrology

Sediment dynamics

Hydrodynamics

Water Quality.

Biotic components that needs to be addressed are:

Mcroalgae

Macrophytes

Invertebrates (including zocplankion. benthic nvertebrates and macrocrustaceans)
Fish (ichthyofaua)

Birds (avifauna).

For each of the abiotic and biotic components the following is specified in the procedures:
o Sampling procedures
e Recommended spatal scales, |.e. selection of sampling stations
e Recommended temporal scales. i.e. frequency of sampling.

In most instances the sampling procedures and recommendations on spatial scales remain the same for baseline
studies and long-term monitoring programmes.  However, there is a distinction is the recommended temporal scale
between:

o Baseline studies for Ecological Reserve determination (Intermediate level)

o Baseline studies for Ecological Reserve Determination (Comprehensive level)

e Long-term monitoring programmes

The layout of the manner in which procedures are provided for each component in this chapter is illustrated below:

m? Recommendanion on the manner in which spatial scales (i.e. sampling stations) need
o uknhﬂpramkvhrabmmarﬂomm
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wdcmﬂhmmwtﬂ;nbwucmm
d Simalated river runoff: Representative of inflow at head of estuary

T MW mo]ﬂonauofm

1 ' Flood hydrographs: Usually mot reguired for | flood period
“ Imdﬂknlmn

| Buthymerrictopographical surveys: Surveys should be conducted using D-GPS and echo-sounding 1w
1 monitor berm height, mouth sediment dynamics and cross section profiles upstream of the mourh,

| Sediment toad at head of estuary (including detritus compomen: - particulate carbon/Toss on ignition)
o Seds grab samples: Along entire estuary at 500 to 1 000 m intervals

i Sediment cores: Intervals similar to cross-section profiles (see below) where considered appropriate by
sediment specialist

{ Barhymerrichopographical surveys: Mouthk region = Intensive (10 to 50 m interval depending on the size
| of the estuary and variability in bathymetry); Upstream cross-section profiles ulomg entive estuary af
500 m to 1000 m intervals.

Sediment load at head
grabs: Seasona pling | Summer,
autumn and winter) for one year,
Sediment cores: Once-off

w urveys and  Bathymetrictopographical surveys: Will depend on
3 . Sediment load ar head of estuury: Available  the time scale of dominant sedimentation/erosion
| data, wwally these measurements are not | processes in am estuary varying between | and 5 year

| required as part of intermediate level reserve. imtervals, with a minimum record of abowt 15 years.

‘ Alternatively, numerical models can be wed to
simulate longer<term processes.

Sediment load at head of estuary: Daily for a
mimimum 5 years
Sesfomens v marmacy cramtanund ove ol page
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WMMMWR'WUMM“ Thercfore, if sediment processes in estwaries are o
be better understood and quantified, long-term programmes will have 1o be implemented. In this regard it is
recommended that the DWAF implement such monitoring activities timeously in South African estuaries, particularly
those carmarked for subssantial water abstraction in furure.

The disturbance of the sediment evosion/deposition equilibrism in an estuary can lead cither 1o siltation, reswlting in the
estuary becoming shallower, or it can lead o the eroxion of important sediment habitats. Under natural conditions many
estuaries were 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 magnitudes of major floods are changed

Floods and, in some cases, high seasonal flows can influence the sediment erosion/deposition equilibrium. Floods can
alter important features within an estuwary, such as the bathymetry (e.g. channel depth or the size of intertidal areas) and
sediment composition (e.g. sand or mud).

Continuous flow recording of river inflow: 4 flow gauging stanion should be installed 10 measure river
inflow.

5| Continuous water level recordings: A continuous water level recorder showld be installed ar the mouth of
- | the extuary.

Daily observations: Where possible, daily mouth observations should be logged in temporanily open/
| closed estwaries and parvicularly in systems with the semi-closed mouth phase. The time ar whick the
| observation was made and the ssase of the tide must also be recorded, ideally at low tide.

Water levels along estuary: Where a Reserve determination study requires numerical modelling, water
levels recordings must alse be collected along the length of the estuary, cither using continwous water
| level recorders or water level gauging poles and manual observations.

Fu Wave condiions: Available dara should be accessed, bur mo measurements are specified as part of a
| baveline monitoring.

Aerial photographs: Full colour geo-referenced rectified aerial photographs 1: 5 000 scale covering the
entire estwary based on the geographical boundary at low tide in summer Le. similar 1o those for
surveys. Must include the breaker zone near the mouth.

‘ macrophyte
Continuous flow gauging: Head of estuary
Continuous water level recording: Mouth area

Mouth observations: Mouth
Water levels along estuary: 2-6 stations along estuary
Aerial photographs: Entire estuary, particularly the mouth area.

Hidrody mamics Comtiaued on acT! pagy
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mouth closure
znilw.;;"u’“-‘ml Water level recordings at mowuth and mouth
.I pyeers depending on observations: 5-15 years depending on mouth closure

W, :
| Water tevels along cxmmarye Marmallylilightl JMMM Similar to intermediate

Wave conditions: Similar to intermediate level reserve

IaMﬂmbmkMﬂ:.kW.*”dwm-M
but rather that flows be monitored in appropriate ways that will not dissurd migration of aguatic bova.

Continuous flow recordings (gauging station) of river inflow at the head of estuwaries and continwous water level
recording at estuary mouths (and mouth observarions) require longer-term data sers and it is thevefore necessary to stary
such baseline monitoring programmes well in advance (at least $ years) of @ Ecological Reserve determination study. In
this regard it is recommended that the DWAF implement such monitoring activites timeously in South African estuaries,
particularly those earmarked for substantial water abstraction in future.

34

Water (and Sediment) Quality

TN Water quality of river inflow: System variables (pH, DO, turbidity, suspended solids, TDS and
temperature), nuftrients (imorganic mitrogen [nitrite, mitrate and ammoniaj, reactive phosphate and
| silicare) and toxic substances (where relevant) should be measured,

Water quality of the near-shore marine waters: Obtained form available licerature.
[ Water quallty Tn estwary: The following samples should be collected:

| o Salinity and temperature profiles (also required for hydrodynamics)
| o System variables (pH, DO, turbidity, suspended solids)
o Inmorganic mutrients (nitrate/nitrite, ammonia, reactive phosphate and reactive silicate)

Salinity and temperature data must be collected ar 0.5 m depth intervals, while other water guality
parameters are collected in surface and bortom waters. At stations decper than 10 m, a sample ar an
| imtermediate depth may also be required (site specific decision).
wm Where effluent discharges occur into the estwary, Le. beyond the head of the
| estwary, these have to be sampled as well. In addition to flow rate, other parameters 1o be monitored will
depend on the composition of the effluent.
| Taxic substances: Where relevant (e.g. in esruary receiving runoff from urban and indusirial areas and

| contaminated agriculiural runoff), sediment samples showld be collected end analyzed for toxic
| substances (Le. trace metals, petroleum kydrocarbons, herbicides and pesticides). Te assist with the
inserpreration of reswits, samples showld also be analysed for sediment grain size distribution and organic
confent.

Water quality comtimied o aet puge ..




Resource Monitoning Procedures for Estuaries

S 1 sampling stanion & defined a5 & locarion af @

Water quality of river inflow: Head of estuary

salinity regimes are covered.

| marine waters (Le. the water sources).

by M Water quality of river inflow: At least monthly,
-l‘nl--o[!-,—rddlm

3 ~-’_,‘ and the invertebrate surveys in year .

s | Effluent discharges: Should be licensed under the
| Narional Water Act where operators are required to
\“ '!p". monitoring  effluent velume and composition.
'rm Spatial scale, e.g. daily or weekly will depend on the
maw«wm

:; Toxic substances: Once, preferably during the low

| different depth intervals and which is defined by GPS positioning data.

Water quality in estwary: Small estwaries (< 5 km long) - Stations distributed geographically along the
| entire estwary with a minimum of 3 sites. Make sure that all the salinity regimes are covered,

| Larger estuaries (> 5§ km long) - Stations distributed geographically along the entire estuary af fived
| imtervals. A rough estimate for setting the distance between stations is to divide the lengrh of the estuary
| by 10 (ie If an estuary is 30 km long, the distance berween stations should be about 3 km). Typically a
| representative mamber of stations for longer estuaries are between 10 and 15. Make sure that all the

In systems with large cross sectional areas, sampling stations should also be selected along cross sections.
| During each sampling survey, water quality samples must also be taken in the river and in the near-shore

B Bl thiiangen i and offpiee.Just Deifleos anieriag dhe avinary

.. Toxic substances: Aﬂdﬂuﬂnﬁu*bkuﬁcﬂwmm
: areas characterized by finer sediment grain sizes and'or

T INTERMEDIATE LEVEL RESERVE 5WW

MJHS”M

Warter quality in estwary: Similar to intermediare
level reserve except thar sampling should be
conducted seasonally, (Le. during spring, summer,
autwmn and winter) with river inflow being

representative of a pardicular season.

In systems where the semi-closed phase or
overwash is important, these states need to be
sampled These phases are dynamic and require 3
sub-surveye

Sampling should coincide with the microalgae
surveys and inversebrate surveys in year |,

Effluent discharges: Similar to Intermediate level
reserve.

r@mmblmw
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wnder the National Water Act
where operators are reguired to monitor effluent
volume and composition. Spunial scale, ¢.g. daily
or weekly will depend on the variability in effluent
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wsed in the analysis of fresh water samples. It is therefore crucial thar the analyses of water guality samples be conducted
by an accredited marine analyvical laboratory.

Estuaries receive water from wo sources, Le. the river and sea, ecach with distinctively different water guality
characteristics, particularly in terms of system variables and nutrients. In turn, the water quality characteristics along the
length of an extuary depends on the extent of the influences of each of these sources (governed by hydrodimamic
processes), as well as biochemical processes (e.g. organic degradation, eutrophication) taking place at that point within
the estwary. The influence of bochemical processes Is parricularly 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. It Is therefore
alse crucial that water samples in the two sources, Le. river and sea.

River water guality requires longer-term data sets and it is therefore necessary to start such baseline monitoring
programmes well in advance (at least § years). For example, monitoring points ar the head of estuaries could be included

in the water guality monitoring programme of the DWAF.

At present water guality of near-shore waters is mot measured on @ routine basis along the S4 coast, @y ix the case for
some rivers. Because the seawater guality may show strong seasomal variability, particularly along the SA West coast, a
short term monitoring survey may net necessarily be representative.  In the short term, data on near-shore seawater
quality therefore needs to be derived from available data sources, including the South African Water Quality Guidelines
Jor Coastal Marine Waters. Volume 1: Natwral Environment (DWAF, 1995), until such time as routine water guality
monitoring programmes are implemented along the S 4 coast.

For texic substances (e.g. trace metals and hydrocarbons) 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 guality or human activities along the banks of the estuary
sugzest possible contamination (e.g. industrial effluents or storm water run-of) from large urban developments).

For long-term monitoring programmes, water and sediment guality data are particularly important for interpretation of
specific biological responses and, therefore must be collected by the relevant biotic components as indicated during their

sampling surveys,

Malfunctioning septic tanks, siruated in close proximiry to the banks of estuaries, may have an influence on water guality
in the estuary. However, unlike point source discharges, e.g. effluents from wastewater treatment works, it is often
difficult to quantify the inputs from such diffuse sources. Even so, where septic tanks are known to be a problem or
potential problem in a particular estuary, inpurs need to be taken imto account in the water guality assessments,
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Resource Montoring Procedures for Estuaries

ton: To estimate phytoplankion blomass, collect duplicate samples for chlorophyll @ of the
m-&u-mm Use a spectrophotometer for sample analysis before and after
acidification. Do cell counts (ar 400 x magnification) on dominant phytoplankton species o establish
mm-ﬂmummmmmum
.xm.:.. Collect intertidal and subtidal benthic samples for chlorophyll @ (biomass) analysis

| Coltect 5 sumples ot cach station.  Analyse samples using a recognised sechnique, ¢.g. HPLC.
Record the relative abundance of dominant algal groups, Le. green algae, dinoflugeilates, diatoms and

S L

g
g e o
-

v
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Mue-green algae and identify the dominant species.

Ar each stavion also measure:

o Water salinity and inorganic nutrients

o Sediment particle size distribution and organic content

DR «  Light penctrasion PAR or Secchi disk).
b | A sampling station is defined as & location ar a specific “disnance from the mouth ' that can be sampled at
o | different depeh intervals (e.3. in the case of phytoplankion).

‘J As @ guideline, the number of stutions in a small estwary (< 5§ km long) should not be less than S,

2
" -~ .
4 »
4 i
4 L

L‘.. o o | distributed along the entire length of the extuary, covering the different salinity zones.
g - I3
Zq g~ .| For larger extuaries (> 5 km long), 10 to 15 stations selected geographically along the entire length of the
o 1 estwary, covering the different salinity zomes, can be used as the guideline. Stations should preferably be
e 1 set at fixed intervals. A rough estimate for setting the distance berween stations is to divide the length of
e v | the estuary by 10 (Le. if an extwary is 30 km long, the distance between stations should be abowr 3 Am).
g?c Salinity zones in estuaries typically include:
o o Fresh (representative of river)
13 e O-l0ppm
& e 10-20pp

. ”-.”

T ViNTERREDIATE LEVER ERvE ] N e EMENSIVE LEVEL RESERVE

Mmilar 10 intermediate level reserve except

mmumm.m
spring, summer, autumn and winter) for 2 years with
river inflow being representutive of a particular

' o-am-bwﬁ-w-hhﬁbﬂwm
| For temporarily open/closed systems, a stable
1 closed phase must be sampled as well as @ stable

open phase.

| Sumpling should alse coincide with the water

| quality survey and the invertebrate surveys in
| year 1.

In systems where the semi-<closed phase or overwash
s important, these states need 10 be sampled.  These
phases are dynamic and wowld need to be sampled on
F occasions,

smmmmmmm

Phytoplankion (water column) Mdmrwwbawwm
survey every 3 years thercafter.
Tww years after implementation conduct a summer
Benthic microalgae and winter survey followed by a summer and winter

survey every 3 years thereafier,

UL L e T

o Water (salinity, mn.*WMWu‘Wanw.«d»k
collected during the microalgae surveys. Combining water and sediment guality surveys on a parricular estwary with the
microalgae survey does this most cost-ffectively.

®  The temporal scale of the microalgae sampling needs to match that of the invertebrates (zooplankion) to link the response
patterns of these biotic components as best as possible.
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36  Macrophytes

Number of different habitats (plant community types)

Area covered by each plant habitat

Historical change in area covered by plant habitat

Extent of anthropogenic impacts (agriculture, flood plain development)

| Field data need to be collected for ground truthing of aerial photographs:

Number of different plant habitats (plant community types)

Area covered by each plant habirar

Species list for cack plant habira

Extent of anthropogenic impacts such as grazing, rampling, alien vegetation, boating, balr digging

| Permanent transects (sampling stagions) need to be set up for long term monitoring of changes in plant
habirars:

| o Transects set up along an elevation gradient
| e Record percentage cover of each plant species in duplicate guadrars (1 m°) alony transects

Along each transect (minimum of 4) the following data need 1o be collected:
o Elevation profile and wuter level

o Water column salinity and rurbidity

| & Sediment salinity, moisture content and sediment composition

A, In large supratidal salt marsh areas, boreholes are required to measure depth to water table and ground
water saliniry.

" | A sampling station is defined as @ fransect across the estwary (af @ specific distance jrom the mouth ),
| with @ number of quadraty arranged along the fransect.

Aerial photas: The entire estuary needs to be covered. as defined by the geographical boundaries.

| Trensects and quadrats; As @ guide the larger estwarine plant habitars in a system (e.g. selt marsh)

mqumamﬂwammm»m Ovker plant
cula “mdtnnd-:au er inflow, could aiso be monitored

- wmm 'mmm
o o during " For -lm‘min;b-ﬁow

b openiciosed systems  proferably For temporarily open'closed estuaries one survey

QR e R .. needs 1o be conducted in & stoble closed phase and

z wMOyamwenryJﬁ;:
thereafter (where aerial photographs are available

> | Aerial oo iramsecrs and quadrars intermediate years these should also be amalyzed).
) Temporarily apen/closed system preferably sampled in
stabie open phase.

Macropayics continued oa BeXT Pagy .
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Resource Monitoring Procedures for Estuanes

Macrupiyies conrnued
T L RORTANTY ROTES
o There are nine different habitat types recogrised for extwaries*, i.e.
HABITAT TYPE INDICATOR SPECIES

Open surface water area Indicates avatiable habirar for phytoplankton

Intervidal sand and mudflats Indicates available habitat for intertidul benthic microalgee
Submerged macraphyte beds Zostera capensis (eelgrass), Ruppia cirrhosa, Potamogeton pectinarus
Macroalgae Cladophora spp., Enteromorpha spp., Caulerpa flliformis

Intervidal salt marsh Spartina maritima, Sarcocornia perennis, Iriglochin spp,

Swprutidal salt marsh Sarcocornia pillansii, Sporobolus virginicus

Reeds and sedges Phragmites australis, Schoenoplectus linoralis

Mungroves Avicennia marina, Rhizophora mucronara, Bruguiera gymnorrhiza
Swump forest Barringtonia racemosa, Hibiscus tiliaceus

*  These include the microalgal habitars as the area covered by each habitat is used to calcwiate the overall botanical
importance of an estuary.

37 Invertebrates

[ Zooplunkton: Collect guantitative samples using @ flow meter after dark, preferably during meap tides
| (mid 10 high tide) because currenss are less strong and zooplankton will be more active in water column.
| Sampling to be done at mid- water level, i.e. not surfuce.

Two et trawls (WP 2 = 200 micron mesh), giving replicates (Le. two samples) ar each station. The net
Mkmﬁr.‘m’nm(I&Ilu‘o[m-wmwymm:mm

| Record species and abundance (density per volume) in each trawd and average results for station.

At each station phytoplankion sampies (ie. water column sample) and benthic microalgee samples need
| 1o be collected for a analyses.

vy ic invertebrates: Ce (subltidal) sumples using a Zabalocki-type Eckman grab sampler with $-9
randomly pluced grabs (replicates) at each station.  Collect intertidal samples at spring low tide using a
core sampler of minimum 150 mm diameter and 250 mm depeh, with 5 replicates ar cach site along the
transect. Put one grabcore sample in a bucker and fill with in situ water. Add a drop of formalin and
stir vigorously. Powr off supernatant through a 500 micron sieve. Repeat this process § times
(minimum). Pour remainder from bucket through a | mm sieve. Check form invertebrates on sieve.
Repeat with four other grab and core samples.

| For intertidal benthic invertebrates which are not well guantified by core sampling (e.3. mud prawns,
sand prawns, some crabs), count hole densities of cack species in guadrars of minimum arca 0.25w°, with
5 replicares at cach stavion.

The following need 1o be recorded ar each site:

| ®  Identify fauna to lowest tixon

| o Record animal density and species abundance (animals per m’).
o Record the presence of Zostera

At each station, sediment samples need o be collecred for particle size distribution (250 mi) and organic
content (250 mi). Analyze using standard techniyues.
| Mucrocrustaceans: Quantitative sampling for macrocrustaceans showld be conducted during meap tides
| (mid two high tide), at the same stations used for ooplankton. Use a benthic sled (80 cm x 80 cm, 500
| micron mesh) with flow meter to collect sample and tow for about 30 meters diagonally across the estuary.
Take 2 samples at each station. Set 2 prawn/crab traps per station overnight (more applicable to sub-
tropical areas).

Use appropriate gear to sample shoreline (e.g. marginal vegerarion) for size class distribution of dominant
organisms in these areas.

Identify fauna to lowess taxon. Record number of species and determine densities.

leveriehranes conitmwed on nei pege
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Resource Monitoring Procedures for Estuaries

s defined as a specific location in the estuary (at a specific ‘distance from the mouth )
MM.MJ"M“M

Sampling stations must be representative of the salinity zones characteristic of a particular estuary,
wihick typically include (these zone should be indicated on a map):

Fresh (representative of river)

0~ 10 ppt

10= 20 ppe

20~ 35 ppe

| Within each salinity zone representative habitars need 1o be sampled such as:
o Submerged macrophytes (e.g. Zostera beds)
o Soft sediments (sand'muddy sand/fine mud), hard (rocky areas) and organic rick areas.

Benthic invertebrate stations need to include in addition to the above inter-tidal bird feeding areas.

| Where benthic invertebrates are included in long term monitoring programmes, stations need fo
. incorporate areas within the estwary where the habitat types are vulnerable to changes in river inflow.

| As @ guideline, the number of stavions in a small estuary (< 5 km long) should not be less than 5,

| the salinity regime is uniform, the selection of siations should focus on different habitat types).

| For larger estwaries (> 5 km long), 10 to |5 stations selected geographically along the entire length of the
| esmary, covering the salinity zones and habitar types as described above, can be used as the guideline
| (although this may vary depending on habitar diversity of @ system). Stations showld preferably be set at
Sixed intervals or positions. A rough estimate for setting the distance between stations is to divide the

. m.’&mqbynﬁ&iumb”hmhmmmwk“

| In systems with large crosy sectional areas (e.g. estuarine bays), sampling stations should alse be selected
| aloag cross sections.

'wm COMPRENERSIVE LEVEL RESERVE, .

MACrOCTUSIACeans! One swrvey in
| summer/spring and | survey in winter cach year
| for 2 year<. It is important that, af the time of
| sampling, the state of the estuary, as represented
| by the extent of saline intrusion and the state of
the mouth, must be representative of that
particular season.

| For temporarily estuaries  one
.- w“nkmﬁadhaﬂkdnd
&) and one in a stable

Zooplankton, benthic invertebrates and
macrocrustaceans: To be conducted in four seasons
over 2 years (ie. in spring, summer, autumn and
winter in each year), At the time of sampling, the
state of the estwary, as represented by the extent of
saline imtrusion and the state of the mouth must be
representative of that particular season.

For temporarily extuaries at least one
survey must be conducted in a stable closed phase and
af least two surveys in the stable open phase.

seiected a3 Indicator)
v mplemeniali o @ swmmer
u‘ﬁwrwﬂowllycmadm

every § years thereafter.

years after implementation conduct @ summer
and winter survey followed by a summer and winier

survey every 3 years thereafier.

Two years after implementarion conduct @ summer
and winter survey followed by a summer and winter

survey every 3 years thereafier.

Irveriehvases connmmed on acnl page
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reguired confidence level (medium for Intermediate level and high for Comprehensive level).

o Total lack of information on invertebrates in most of South Africa’s estuarine systems is the reason from the greater
imtensity (temporal scale) of sampling for this component to get the required confidence. There is also a rapid change in
community compaosition and abundance over time (weeks to months). Sempling is even more intensive for zooplankton
because of their rapid response over time.

e s far as possible, the invertebrate and macrophyte sampling stations should be matched to be able to link habitats with
invertebrate characteristics.

o Water (salinity, temperature, pH, dissolved axygen & murbidity) and sediment guality (sediment grain size and organic
content) measurements need 10 also be collected during the invertebrate surveys, Combining water and sediment quality
surveys on a particular estuary with the invertebrate surveys does this most cost-¢ffectively.

o For invertebrate surveys, ™ sediment 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 mmn: > wery coarse sand; 2 < | mm: very coarse sand; | « 0.5 mm: coarse sand; 0.5 - 0.25 mm: medivem sand; 0.25 -
0.125 mm: fine sand: 0.125 ~ 0.0625 mm: very fine sand; <0.0625 mm: mud (silt and clay)

o The percentage organic content of sediments can roughly be classified as:
<B.3%: Very low; 0.5 = 2%: Low; | - 2%: Moderately low; 2 =4%: Medium; > 3%: High

38  Fish (ichthyofauna)

7] Conduct fish surveys using gear appropriate to the habitat of a particular estuary, but with seine nets and
| gl mets as primary gear.

| Seine mets: 30 m x 2 m x 15 mm multifilament bar mesh in the wings and a 5 mm bar mesh in the purse.

Seine nets should be 30 m long by 2 m deprth. The cod end (bag, purse) and the wings $ m cither side of &
should be 5 mm bar whereas the remaining 15 m of each wing can be 15 mm bar mesh. This is required
| w adequately sample estuarine and faster moving " marine species. The net should be weighted such thar

o it sinks below the surface when set in water deeper than 2 m (Le, the distance between the lead and cork
0 lines). A light net makes it more difficalr to obtain a representative sample from weed and sandy areas,
| e.g flatfish species tend to burrow in the sand and escape under a light seine.

| Gill ners: Monofilament gill nets showld comprise at least 3 different mesh sizes within the range 40-150
mm stretch mesh. Monofilament gill nets shouwld comprise at least 4 nets (or panels) of which one net
s | comprises 44, 48, 51 and 54 mm mesh, plus 3 more nets in the 75150 mm stretched mesh range (e.g. 75,
| 100 and 145 mm stretched mesh).

Ovher sampling methods that may be wsed where primary gears are not appropriate, include:
o Scoop nets (e.g in extensive submerged macrophyte beds)

o Ovter trawls (e.g. in decp chunnel area)

o Cast ners (e.g in inaccessible areas).

N8 IMMM&/U.MMWMI‘MW“dJMMa

At each sampling station the following data need 10 be recorded:
o Species lises

o Number of each species

. Smemhndkg

Fish contimued on aext pagy
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Flvk conriened..,

T | U sampling station is defined as a specific locanon in the estuary (at @ specific distance from the mouth’)
| from where fish samples are collected using appropriate sampling gear (see above).

20~ 30 ppe
30 =35 ppt (ar least one station should be in this range). It has been found that this salinity range

supperts a substantially different species composition than that found, for example in the range 20-
30 ppe (S Lamberth, MCM and P Cowley, SAIAB, pers. comm.)

Within cach salinity zone, representative habitats need to be sampled such as:
o Submerged macrophytes le.g. Zostera bedy)
| o Sandy/'muddy'rocky areas (representing different food sources)

| As @ guideline, the number of seine net stations in @ small estuary (< 5 km long) should not be less than

| in the system. It is important that, at the time of

| sampling, the state of the estuary, as represented | distribution within habitats in different
| by the extent of saline intrusion and the state of | Also, at the time of sampling, the

| the mouwth must be  representavive of that | estwary, as by the extemt

| particular season. intrusion and the state of the mouth must be

." For temporarily open'closed estuaries one survey
MnthaﬂdndMu‘ Fuwmmiadlnnm
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' gs For tempararily open/ closed estuaries, summer and winter surveys to be conducted within a 3-year period
_»’\ to ensure that conditions representative of stuble open and closed phases are captured.

“‘Z © | Sampling should be done immediately after any fish kill, followed by another -2 months after the event.
L‘luunal L This should be budgeted for in @ contingency fund.

Fish contimmad on mex page ..
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Fish comtinued..
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large fish species. For example, it was found that a 44, 48, 51 and 54 mm mesh sizes were needed 10 obtain a
representative sample of the different muller species in the southwestern Cape. The 43 mm mesh catch tends to be
dominated by Liza dumerilii, the 48 mm by L. richardsonii and the 51 and 54 by L. tricuspidens, Myxus capensis and
Mugil cephalus. (Nove: Monofilament nylon nets showld be used, mot woven nylon nets, as the larer have a complerely
different capture efficiency).

Non-destructive sampling should be practiced where possible. The survival rate of larger fish is mach greater if they are
removed from a gill net by cutting the mesh (easily repaired afterwards) whereas most seined fish can be measured and
released alive. If there are abundant fish in a sample, 100 individuals of a specles should be measured, the rest counted
and released. However, it must be accepted that some fish, especially clupeids, die very easily.

The primary goal of fish sampling is to obtain species and size composition of the fish present in the system.

Gill mers are necessary to sample those fast swimming species and larger individuals that are not caprured in the seine
ners,

Monofilament gill nets of various mesh sizes can, for example be purchased from Laaipleh Handelshuis and ALNET
(Pry) Led

Warer quality measurement (salinity, temperature and other physico-chemical properties) need 1o be collected during the
JSish surveys. Combining water guality surveys on a particular esruary with the fisk surveys does this most cost-effectively.

Fisk are more responsive to flow changes, than for exampie estuarine invertebrates or vegetation, making these good
indicator species.

In temporarily open/closed extuaries not all pre-selected sites may be assessable with the same gear during the varions
sampling mips. This would especially be the case for sites selected on habitat variability, e.z. protective backwater areas.
This is an acceprable pracrice, as long as representavive sites are monitored in the same salinity regime to allow for
extrapolation.

The adwantages of using fish as indicators include (Whitfield and Eiliot, 2002):

= Fish are present in all aguatic systems

- Life-history and environmental response information is available for most species
Relavively easy to identify and samples can be processed in the fleld, with the fiskes being returned 1o the water (non-
destructive sampling)
Communities uswally include 4 range of species that represent a variety of trophic levels

< Fish are relatively long-lived and therefore provide a integrative record of environmental stress

- Fish contain many life forms and functional guilds and are likely to cover @ number of components of aguaric
ecosystems affected by change
Both sedentary and mobile and thus will reflect localized stressors as well as provide a broader assessment of effects
Acute toxicity and stress effects cun be eveluated in the laboratory
High public awareness value, ie. general public relate more to information on fish than on invertebrates or plants;
Socieral costs of environmental degradation (e.g. cost-benefit analyses) are more readily determined in terms of the
economic, aestheric and conservanion values amached to fishes

Difficulties associated with using fish as indicators include (W hitfield and Ellior 2002) include:

Selective narure of sampling gear for cerrain habitars and sizes and species of fishes

Maobility of fishes on seasonal time scales can lead to sampling bias

Fishes may be relutively tolerant to substances chemically harmful 1o other life forms

Can swim away from a disturbances, thus avoiding localized exposwre to pollutants or adverse environmental
conditions

- Estuarine environments that have been physically altered by humans may still contain diverse fish assemblages.

Page 27




Resource Monitoring Procedures for Estuanes

bird counts of all water-associated birds, recording the following information:

First, divide the estuary into counting sections on the basis of habirar type (e.g. sandy imsernidal,
muddy imtertidal, mangroves, Zostera beds, salt marsh) and record on @ map.

For each counting section and for all estuary, provide:

= Species list

< Number of birds of eack species (ar low ride)

= State of the habitat at the time of ebservation (or photo of sire)

< Levels of human disturbance af time of counting

Identify key areas for feeding, roosting and breeding on the extuary and adjacent floodplain
Identify and count high tide aggregations of feeding or roosting birds as far as possibie
Identify breeding areas and count breeding agzrezations as far as possible.

‘ area covered must include the entire extuary and its floodplain, incorporaring all habitars wsed by
water-associated birds for feeding, breeding or roosting.

1 The upper boundary of the study area is the same as thar for the overall study, ie. the upper
m&dm.[&vm

| The scaward boundary, which is reguiarly crossed by seabird species such as cormorants, gulls and
terns, is most difficwlt to define. As a guideline, it should include the full tidal deita area and sand bars
up to the back line of breakers outside the estuary mouth

| The sensible lateral extension would be different for cach estuary, and may include rocky bars, etc.
P MﬁbWMfumﬂl"of&mmAnywurlmmdnrMblk

One summer month count when the tide in the lmwlymmwmum-uhm-a
| estwary b5 at its lowest.  In the case of | (September, December and March) and two winter
| temporarily open/closed estuaries this must be | month count (Jun and July) each year over o
* | conducted when the mouth is open. However, in | years. In the case of temporarily open/closed
| estwaries with a high variability in avifauna, | estuaries, @t least ome count must be done in
| three summer and two winter counts over one | summer when the mouth is open, in addition te
| year may be reguired to obtain @ medium | fulfilling the above reguirements.

1S daaiat § T e ™ g vERS" N AT
varl £3 s se - rrveeav. g e A

. mmmkumnwmam-wmuua ‘distance from
mouth'.

®  [deally, the summer count showld be in a consistent month, with the same month being used for the monitoring
programme. Thus, unless there is a problem with mouth closure, the summer count should always be in February or
March, and never after the end of March., Numbers of birds in an estwary change markedly throughout the year, with
summer numbers often continuing to increase from spring right wp until the end of March, after which there is a
dramaric drop in early April following the departure of long-distance Palearctic migrants. Counting birds earlier than
February would not only potentially lead to an underestimase of maximum bird numbers, but would be compromised in
guality by presence of summer holiday-makers. Human disturbance on estuaries is Anown to have a significant impact on
numbers of birds counted on estuaries.

®  Bird numbers fluctuate cyclically, in fact often with a 3-year periodicity. If you count every 2 years you will completely
lose this pattern, which will make interpretation of trends very difficult indeed. Therefore, in the long-term monitoring
programme birds should be sampled every year.

Binds contimwed un AT N .
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MMWWW!MW Besides, estuarine birds are kighly adaptive feeders, and describing
the diet at one point in time (from a limited sample) may drive one to a rather simplistic and erroncous conclusion about
the impacts of changes in the food base. Any trained ornithologist would be able to use available understanding on Nrd
diers and behavioural ecology, coupled with an understanding of their food base, w predict what will happen, with neo less
certaingy than if you went out and stomach-pumped a limited sample of birds,

The Coordinated Waterbird Counts (CWAC) monitors South Africa’s waterbird populations and the conditions of the
wetlands which are important for waterbirds. This is being done by means of a programme of regular mid-summer and
mid-winter censuses ar a large number of South African wetlands and estuaries, at regular six-monthly intervals. CWAC
currently monitors over 350 wetlunds around the country. For a reserve determination it is important top check the
availability of CWAC data on a specific estuary. Where available, CWAC data can be acquired at a cost of between R10
000-15 000 per system (allow for this in the budget) (hup:/web.uct.ac.;a/depevssarv/adup _cwac,him)

It is recommended that the Directorate: Resource Directed Measures provide CWAC with a list of prierity estuaries, and in
rthis way these estuaries cowld be considered for inclusion in their monitoring network.

Although the selection of components in long-term monitoring programmes will be selected on a site specific level, birds
are likely to be important indicators in the following instances:

Large permanenily open estuaries
Estuarine lakes

Estuarine bays
If there are a number of rare and'or endangered species (diversity and'or density)
Estuaries known to be wtilized during migration
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1.

INTRODUCTION

The great value of estuanes is reflected in the vast amount of goods and services that these sensitive ecosystems
provide. Some of the goods and services provided by estuanes relate to their role in sustaining the functioning of the
larger ecosystems (Costanza et ai., 1997, Mander ef al. 2001; Mander, 2001), such as:

CATEGORY “GOODS AND SERVICES | EXAMPLES OF OPPORTUNITIES & ACTIVITIES
Biological Control Maintaining the halance diversity of plants. animals
h?fﬁagl'a Migratory Fish and crustacean nurseries and roost for migratory
Corridors birds
. Creation and maintenance of beaches. sand bars and
Sediment supply ? i
: revention of soil lass by extuary vegetation, and by
Eresion comerol capturing soil in reed beds and mangroves,
Ecological : ) Accumulation of sediment and organic material on
Soil o Sfloodplatns and in mangroves.
— } o Nutrient supply. nitrogen fixation and nutrient cveling
Nutrient supply and cycling throwgh food chains.
Genetic Resources - Genes for mariculture, ornamental species and fibre,
Flood control_drought recovers and refuges from
Dusturbance regulation natural and kuman induced catastrophic events te.g. oil
spills).
Coilection of living Line fisning. imter-tidal w”«-ung. beach and setne
resources for food netiing
Subsistence ‘material for Harvesting of craftwork and house-building materials.
subsistence use (e g.
building material)
" ! Providing access to estuaries and assoctated wildlife for
Netwre eppreciation viewing and walking.
Revort, residential houses. housing complexes and
Scenic views offices with scenic views, increasing turnover of
properties with seaview
Recreational & Tourism Aexsthetic, educational, research, spiritual, intrinsic and
Culture — '
scientific values of estuary ecosystems.
§ fishing E«::; tivtishing, estuary and inshore conventional
“Water sports swimming, sailing, canoeing, skiing and
ater sports Epalies
Waste treatment vaking down of waste and detoxifyving pollution.
. ) Water supply to marine environment and water for
Water supply and regulation markuinre
C — .'l;ulum-uhun’ Te.g ovsters, Production inatural and cultivated) of fish, crustaceans
=Em— i, et ) and worms
ommercial food production | Fishing
Raw material for Dramond and titanium mining
commercial use
[ Transport services Ports. harbours. marinas and skiboat launching sites

Notwithstanding, all of the above, estuanes are also expected 10 sustain their scenic beauty 10 support services such as

The major threats to the sustainability of the goods and services provided by estuanes (some of which are affected by
other ‘goods and services' themselves) can be subdivided into the followng categories:

o Land-usefinfrastructure development which lead to medification and destruction of habitat
o Unsustainable use of living resources

Page A-1
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o  Water quantity
o Water quality
o Climate and cther environmental changes

Specific activities relevant 1o each of the above are listed below:

T MAJOR THREATS SPECIFIC ACTIVITIES
Low Iving developments

Mariculture alien imtroduction

Inappropriate mouth breaching practices

Channel modification

Land-use: Infrastructure Slnu'nfn's. e.g. marinas, bridges. jetties

ng
Mining (sand. diamond. heavy minerals)
Exceedance of carrving capacity i.1.0. boating, bathers etc
Uncontrolled inappropriate  developments  along  extuaries,  including
housing, paths. roads (formal and informal)
Commercial:
- Net fishing (e.g. gull nets. beack seine nets and fvke nets)
- Linefish
= Collection of shell fish. red bait and other invertebrate species (e.g. bait)
- Mariculture tincluding the use of genetically modified organisms)
= Fishing harbours
| = Commercial fishing activities (e.g. landing, transportation, delivery and
' processing, aquarium trade, curio trade. traditional medicinal. medical
research)
| Subsistence:
| = Net fishing (e.g. beach scine nets, gill nets, set nets, drifi nets and stake
Exploitation of living resources | mets)
|» Traditional fish traps
= Lincfish
= Collection of shell fish, red bait and other invertebrate species (e.g. bait)
= Aquatic plants fe.g. mangroves for building material)
“Recreation.
= Cast net fishing
- Linefish
= Collection of shell fish, red bait and other invertebrate species (¢ g, bait)
« Hobby aguarium collection (e.g. exploitation of seahorses and pipefish)
" Biclogical pest control
ust water
ater abstraction
Water demand of alien vegetation
Water demand of forextry
Modification of flows
Industrial efftuents. including cooling water discharges
Sewage efffuents
Storm water runoff
Bad catchment practices, ¢ g. erosion, fertilizers, pesticides. ete.
Water gualiry Solid waste dumps near estuaries, e.g. littering and seepuge
Sepric and conservancy tank seepage
Lintering
Mariculture waste products
Pollution related 1o shipping activities in harbours

Sea level rise

Water quantity

Climate and other environmenial
changey
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Therefore, in the estuarine environment a variety of activities occur, some of which demand a 'good quality’ estuary,
while others have a tendency to ‘detencrate quality. To manage this confiict situation, knowledge of the following
aspects, amongst others, is required:

o character and functioning of the natural systems
o links between threats and their impact on the character and functioning of estuaries

o decision-making process invcived in the selection of appropnate management actions o mitigate.

Underpinning the successful management of the above is data and information, which, in many instances can only be
obtained through the design and implementation of monitonng programmes.

Monitoring programmes for activities or developments are often developed independently from different departmental
and legislatve requirements. despite potential overiap in their focus area.  Furthermore, these can also overfap with
baseine monitoring programmes undertaken, for example in the State of the Environment reporting. Therefore, to
ensure efficent use of resources, both human and financial, and prevent duplication, monitoring initiatives within a
particular estuary should be coordinated, taking into account aspects such as monitoring sites, monitoring frequency and
mondtoring parameters. It, therefore, is recommended that for a particular estuary:

e Monidoring initiatives be coordinated and that specific responsibities be allocated to specfic authorities or

o The appointed authonty or institution have sufficient resources, both human and financial, 10 execute such
mondoring or provide a strategy to obtain such resources.

o That scientifically defensible data and information on the functioning of estuarine ecosystems be collected so that
the links between mayor threats and associated impacts can be established,
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2. LocAL MONITORING PROJECTS IN SOUTH AFRICA
21 Klein River Estuary (MCM, CSIR and Western Cape Nature Conservation)

211 Water levels, berm height and rainfall

The Westem Cape Nature Conservation Board is the responsible authonity for the Klein Estuary, near Hermanus. In the
case of the Klein they have to practise artificial breaching due 1o approved low-lying developments on the flood plain.
The system needs to be artificially breached at the lowest point on the mouth sandbar when the water reaches a level of
about 26 m MSL.

Monitoring technique. With the assistance of Mr E Lucas, an Honorary Nature Conservation Officer, the water levels of
the Klein River estuary are monitored regulardy. These visual observations of the water levels are then used in
conjunction with data collected by means of a continuous water level recorder (Department of Water Affars and
Forestry) to assist in the estuary mouth management. Mr Lucas also assists in monitoning the sand berm’s hesght at the
mouth and identifying the lowest area on the berm appropriate for breaching.

Mr Lucas has established an informal rainfall montoring network, by which rainfall figures in the upper catchment are

used as an early waming signal for expected increases in runoff to the estuary. This information s then used to assist in
mouth management e g. whether the estuary needs 10 be breached or not.

Spatial scale: Waler levels are visually observed and continuously recorded in the middle regions of the estuary. Berm
heights are recorded in the mouth area. Rainfall data is gathered from outlying farms in the area.

Temporal scale: Water levels are continuously recorded throughout the year, with daily visual cbservations contnbuting
insights during critical penods of high water levels. Berm heights are only recorded during critical penods when the risk
of flooding becomes significant.

212  Salinity

The CSIR, in conjunction with Western Cape Nature Conservation Board, have been regularly monitoring the changes in
salinity in the estuary 10 establish general trends and gain an understanding of the hydrodynamics of the system.

Monitoring technique: Salinities are measured in situ (Valeport salinity - conductivity - temperature - depth meter) at 0.5
m intervals.

Spatial scale: Salinity measurements are taken longitudinally from the mouth of the estuary to the Stanford Bridge, at 1.0
to 2.0 km intervals.

Temporal scale: Salinity measurements are taken at monthly intervals, in order to establish long-term trends.
213 Fish

Since 2001, MCM have been monitoring the fish in the Klein Estuary on a monthly basis to establish trends, venfy its
status as an important nursery area and to gather information on the heaith of the system,

Monitoring technique: The fish are sampled using a 30 m x 2.0 m x 15 mm bar mesh seine and gill nets. Each gill net
has a range of mesh sizes comprising 44 mm, 48 mm, 51 mm, 54 mm, 64 mm, 100 mm and 145 mm stretched mesh
monofilament panels. 30 m in length and 2m deep. Netting is camed out during dayight hours. Seine netting is limited to
shallow (<1.5 m deep), unobstructed areas with gently sioping banks whereas gil netting is used o sample the deeper
(>1 m) open and mid-channel waters. The gll nets were set for a minimum of one hour at each sampling site and
checked regularly 10 prevent undue fish mortalities.
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All fish in each haul are identified and counted. A sub-sample of a maximum of 100 of each species are measured 10 the
nearest mm fotal length (TL) and retuned aiive to the system. A sub-sample of 30 mullet is retained for biological
analyses.

Spatial scale. A number of sites in various habitats (e.g. sandy bottom, submerge macrophytes) are monitored in both
the estuary and river to establish preferences in term of habitat or salinties ranges.

Temporal scale: Fish surveys are taken at monthly intervals, in order to establish long-term trends. After the initial three-
year intense data collection penod, the mondoring frequency will be scaled down to quarterly

Discussion
The monitoring projects that the Westem Cape Nature Conservation Board have in estuanes work eflectively. for they

are not time consuming and the individuals involved are enthusiastic. The community involvement has been long-term
and to a large extent self motivated.

22  BotRiver Estuary (MCM, CSIR and Western Cape Nature Conservation)
221 Water levels

A continuous water level recorder (maintaned by the DWAF) has been monitoring the water level of the estuary since
1979. This is one of the longest continucus records of its kind available in the country.

222  Salinity

Westemn Cape Nature Conservaton Board has been monitoning the salinties of the Bot Estuary on a monthly basis for a
number of years since the 1980s. When salinities in the estuary fall below 10 ppt the monitoring frequency escalates 1o
every two weeks, with weekly measurements taken when it nears the critical limit of 6 ppt. Research in the past has
indicated that at salinity values below 6 ppt fish kills tend 1o occur in the system

223 Birds
Mondoring technque: Coordinated Waterberd Counts (CWAC) are regularly done on the system.

Spatial scale. The counts are conducted over the entire system, from the mouth 1o the bridge crossing the estuary about
6.0 km upstream.

Temporal scale: The bird counts are conducted twice a year on the entire system.
224 Fish

Since 2001 the Chief directorate: Marine and Coastal Management (MCM) of the Department of Environmental Affairs
and Tourism (DEAT) has been monitoring the fish in the Bot Estuary on @ monthly basis to establish trends, verify its
status as an important nursery area and to gather information on the health of the system

Monitoring fechnigue: The fish are sampled using @ 30 m x 2.0 m x 15 mm bar mesh seine and gill nets. Each gill net
has a range of mesh sizes comprising 44 mm, 48 mm, 51 mm, 54 mm, 64 mm, 100 mm and 145 mm stretched mesh
moncfilament panels. 30 m in length and 2m deep. Netting is camed out during daylight hours. Seine netting is imited o
shallow (<1.5 m deep), uncbstructed areas with gently sioping banks whereas gill netting is used to sample the deeper
(>1 m) cpen and mid-channel waters. The gill nets were set for a minimum of one hour at each sampling site and
checked regularty to prevent undue fish mortalities.

Al fish in each haul are identified and counted. A sub-sample of @ maximum of 100 of each species are measured 10 the

nearest mm total length (TL) and retumed alive to the system. A sub-sample of 30 mullet is retained for biclogical
analyses.
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Spatial scale: A number of sdes in various habitats (e.g. sandy bottom, submerge macrophytes) are monitored in both
the estuary and river to establish preferences in term of habitat or salinities ranges.

Temporal scale: Fish surveys are taken at monthly intervals, in order to establish long-term frends. After the initial three-
year intense data collection period, the monitoring frequency will be scaled down to quarterly.

23  Heuningnes Estuary (MCM and Western Cape Nature Conservation)

231  Water levels

A continuous water level recorder (maintained by the DWAF) monitors the water level in the estuary.
232 Fish

Monitoning technique: At the Heuningnes Estuary, the Westem Cape Nature Conservation Board has been assisting
MCM since 1995 in the distribution and collection of catch cards to determine the fish catch and effort in the system.
Data such as fish species targeted, catch sizes, bait used, whether the fish was released or not, are regularly collected
and assists greatly in determining the fishing pressures on the system. The data can also be used to deduce the
presence or absence of certan key species and give an indication of size class distributions. Absolute numbers of
fishers are known as all entering the estuary are recorded at the gate of the De Mond Reserve. There are also data
available from a two-year (1997-1999) bimonthly sampling programme conducted on the estuary.

Spatial scale: The data are collected on a varable spatial scale because it depends on the position of the angler
catching the fish. Therefore fishing areas with easy access have higher catch rates than sections that are more difficult
fo reach.

Temporal scale: The data are collected on a variable temporal scale depending on the fishing intensity (e g. more
anglers over holicays and less during winter) and the diligence of the personnel manning the gate of the reserve.

Discussi

For a catch card monioring System to work as effectively as it does at the Heuningnes Estuary you need to have imited
access and good control, or the data becomes very unreliable. For some solated systems like the Tyolomna Estuary this
might work very well but not for an estuary with multiple access points (Mr S. Lamberth, MCM, pers. comm ).

Good indicators of fishing effort in estuaries include the following information:
e  Number of people fishing
o Number of people collecting bait
e Number of boats on system
e  Number of pecple in boats

At some stage. a traned person (preferably a scientist or technician) should then randomly venfy what pecple are
catching and what size the fish are.

2.4 Groot Brak Monitoring Programme (PetroSA, formerly Mossgas)
241 Background

A unique management and moniloring programme has been undertaken at the Great Brak Estuary near George. A
major dam, the Wolwedans Dam was constructed between 1988 and 1990 and sencus concems existed on the effect of
the dam, and especially the reduction in freshwater flow, on the estuary.

Comprehensive initial investigabons were undertaken during the construction of the dam to develcp a detaded
understanding of the biophysical processes in the estuary and to predict the possible effects of the ¢am. investigations
were also undertaken on the sociclogical perceptions and concems of the effects of the dam on the estuary. The first
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version of a management plan was developed for the estuary and it was recognised that an ongoing programme was
required %o monitor the effects of the dam and also the effectveness of the management plan.

Valuable expenence was cbtained from the monitcring programme and the understanding of the dynamics of the estuary
was considerably improved. Based on this, major modifications were made to the management plan.

With the construction of the Wolwedans Dam, a steenng committee, the Great Brak River Environmental Committee
(GEC) was established by the then Department of Water Affairs with the specific am cf investigating the effect of the
dam on the Great Brak Estuary. The GEC also had o establish an effective estuarine management plan for the optimal
use of the water allocated 1o the estuary 10 maintain the cument environmental status.

Under the guidance of the GEC an interdisciplinary study was completed, pricr to the commissioning of the dam in1990,
in which the effect of the Wolwedans dam on estuanine dynamics, water quality, estuarine ecology and the socio-
economic aspects was investigated, The study concluded that the reduction of nver flow to the estuary, because of the
Wolwedans Dam, might have difierent effects on the estuary. For example, it could cause the mouth o close more
frequently i no effective management plan was implemented. The potential effects of such conditicns on the physical
dynamics, water quality and ecology of the estuary were also highlighted.

To minimze negative impacts on the estuary and to monitor progress, a management plan, including a monitoning
programme was implemented. This mondoring programme was initiated in 1980 and the results were used o review
and improve the management plan.

242 Monitoring Programme

The purpose of the programme was to monitor the condition of the estuary and the effectiveness of the Management
Plan. The funding available for the monitoring was limited and the programme therefore also needed i be cost effective.

At an early stage it was concluded that the heatth of the estuary was determined by the physical and water quality
conditions and that the biotic responds to these conditions. Changes in the health of the biota can be assessed aganst a
continuous record of the physical and water quality conditions in the estuary.

During the initial investigations it was decided to concentrate on the salt marsh vegetation and the benthic invenebrates
to monitor the ecological health of the estuary. It was decided not to include estuarine fish and birds, because of their
high mobility.

Below is an overview of the work undertaken as part of the menitoring programme for the main components:

Hydro- and sediment dynamics

Ecclegy, including botany and invertebrates
Water qualty

- .

Further details of the monitoring undertaken for each component are listed and brefly described below.
Hydro-and sediment dynamics

The physical conditions are driven by the river flow and by interaction with the sea. Continuous records of these two
aspects are therefore required. Continucus niver flow data is obtained from a flow gauging station beiow the Wolwedans
Dam. Interaction with the sea takes place when the mouth s cpen and normal tidal vanations occur in the estuary. A
crucial record on the interaction with the sea is obtained from a water level recorder installed at the railway bndge in the
estuary. The mouth is cpen when the water level recordings show tidal vanations and it s normally closed when these
vanations are absent. There are exceptions 10 this rule and it is therefore also important that these recordings are
complemented with direct observations of the mouth as well.
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Concems in the short term are related to open and closed mouth conditions, while concems in the long term are related
fo the possibility of ongoing sedimentation in the estuary. At the Great Brak Estuary this was monitored by topographical
surveys of the estuary at regular intervals.

Monifoning technique: Continuous monitoring:

Water level recordings in the estuary at the railway bridge (Department of Water Affairs and Forestry [DWAF))
Recording of river flow into the estuary (DWAF)

Ad hoc monitoring of mouth conditions (CSIR co-operating with local community)

Evaluation of mouth breachings (CSIR).

Topographical surveys and bathymetrical surveys

Moniforing technique: The mouth surveys are done using a ‘wading survey' technique, which is performed by using
standard line surveying techniques. A survey team member transverses the survey lines holding a rod supporting a
surveying prism, stopping at appropriate intervals to allow an instrument operator to read and record the distance and
horizontal and vertical angles. The wading survey is continued seaward info the water untl the rod holder can no longer
stand steady with the survey rod. The land section s done preferably at low tide so that readings extend as far seaward
as possible. The electronic surveying instrument provides distance measurement accuracies of 5 mm. The angle
measurements were done with an electronic single second theodolte,

Surveying of cross sections in estuanes by standard land surveying techniques s time consuming and expensive. For
this reason an altemative method, using a ski boat and echo sounder has been developed, allowing reasonably accurate
survey of the cross sections below the water level to be undertaken within a short time at much reduced costs.

A boat mounted digital eche sounder and a differential gecgraphical position fixing systems (GPS) is used. At the time of
the survey, the water level is also recorded at the mouth so as to correct the data to MSL Although the survey by ski boat
and echo sounder covers cnly the deeper parts of the estuary which are accessible by boat. these are usually the main
areas where changes in sedimentation and erosion takes place.

The vertical accuracy of the depths measured with the echo sounder are within 0.10 m, provided that bottem matenal is
hard enough to provide a proper echo. Vertical inaccuracies are also intrcduced by the reduction of the echo sounder
reading 10 a depth referred 1o MSL. This, in tum, depends on the accuracy of the water level readings taken from the
gauge plate, which is of the order of 0.01 m, as well as the accuracy with which the actual water level at the echo
sounder position can be comrected based on the gauge piate readings. For this reason, accuracies in readings close 10
the location of the gauge plate will be in the order of 0.02 m. while at greater distances the accuracy will be of the order
of 0.1 m, depending on the accuracy with which the phase differences of tidal variation can be determined. These errors
will be minimal at small tidal vanations and for this reason these types of surveys are generally undertaken dunng neap
tides. The total degree of inaccuracy for these surveys is therefore estimated at 0.1 m near the gauge plate and 0.2 m
further away from the gauge plate.

Spatial scale: Topographical surveys of mouth area and bathymetrical surveys of cross-sections, about every 1.0 km
upstream of the estuary to the full extend of tidal variation were regularly conducted by professional surveyors from the
CSIR.

Temporal scale: Topographical surveys of mouth:
December 1988 (baseline survey)
July 1989

June 1990

June 1991

March 1992

September 1992

October 1992

July 1993

July 1993 (after release)

January 1995
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January 1996
December 1956
March 1559
March 2000

Apri 2001 (DWAF)

Bathymetrical surveys of cross-sections upstream in estuary (by professional surveyors of the CSIR)
o December 1988 (baseline survey)
July 1993

Estuarine vegetation

Monitoring fechnigue: For vegetation the mean cover values were determined for each species at the quadrat positions
along two transect lines. Duplicate 1 m? quadrats were assessed for vegetation percentage cover at each position.

Spatial scale: Two transects covering most of the environmental and phytosociclogical vanation within the lower
reaches of the Great Brak Estuary was used 10 assess the state of the communities of salt marsh vegetation.

Temporal scale: The baseline surveys were undertaken in January 1989 and the results from later surveys were
compared with those of the baseline surveys.

Surveys of estuarine vegetation were conducted on: |
e January 1989 (baseiine survey) |
o February 1991
o February 1992
e Apnrl 1999

Estuarine invertebrates

Monitoning technique: Assessments of the status of the three common benthic macrofaunal species in the lower estuary
were carried out by means of burrow counts along transects and in the open water sections of the lower estuary. After
ascertaining that ive animals were present, burrow cpenings were counted in areas of 0,1 m? (from a wire quadrat
thrown randomly ten times at each site). Densities of the sand prawn Callianassa kraussi, the mud prawn Upogebia
africana and marsh crab Sesarma cafenata were thus obtained and the data for recent surveys compared graphically
with previous survey data.

In addition crabs were caught manually at each transect. These were sexed and carapace widths were measured 10
provide some indication of population structure. The method of collecting crabs by hand probably biasses the samples in
favour of crabs greater than about 8 mm carapace width. Smaller specimens, being more cryptic in the salt marsh
vegetation, tend to be missed in favour of the more visual sub-adults and adults

Spatial scale: Two of transects covering most of the environmental and phytosociological vaniation within the lower
reaches of the Great Brak Estuary were used fo assess the state of the benthic macrofauna community.

Temporal scale: The baseline surveys were undertaken in January 1589 and the results from later surveys were
compared with those of the baseline surveys. Additional surveys on the same transects were undertaken by Professor
Wooldridge of the University of Port Elizabeth (UPE) as part of his research programme.

Surveys of inveriebrates (normally by speciaists of the CSIR) as part of the monitoring programme on
January 1989 (baselne survey)

February 1991

February 1982

January 1994

May 1954 (UPE)

August 1964 (UPE)
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May 1995 (UPE)
September 1995 (UPE)
October 1996

October 1997

Apni 1989

Water quality

Monitonng fechnique:  Longitudinal water quality samples were collected. Salinity and temperature profiles were
measured at 0.5 m intervals, while other water quality parameters (pH, dissolved oxygen and inorganic nutnents) were
measure in surface and bottom waters.

Spatial scale: Sampling stations were located along the entire estuary at approxamately 200-500 m intervals.

Temporal scafe: Water Quality Surveys were conducted by specialists of the CSIR on:

November 1988 (baseline survey)
February 1991

January 1992

February 1993

July 1993 (dunng release)
January 1994

February 1998.

Socio-perceptions

Monitonng technigue: In order to capture resident’s and visitor's perception and concems regarding the cumrent and
future state of the Great Brak River Estuary, as well as their perceptions regarding the effectiveness of the Estuary
Management Plan in mtigating the potential negative impacts associated with the construction of the Wolwedans Dam, a
questionnaire-based survey was conducted amongst residents and vistors to Great Brak River. In additicn, @ number of
interviews were conducted with representatives of key stakehoider groups to obtain additional background information.

The questionnaire included a combination of fixed-choice and open-ended questions to determine:

The profile of residents and visitors

The recreational activities associated with the estuary

Preferences for open or closed mouth conditions

Current problems with the state of the estuary

Perceptions of the curment state of the estuary

Concems about the future state of the estuary

The effectiveness of the estuary management plan in mitigating the negative impacts of the Wolwedans dam,
The effectiveness of the DWAF, the Great Brak River Municipality, PetroSA (formerly Mossgas) and the CSIR in
terms of implementing the estuary management plan; and

The effectiveness of these implementing agents in communicating decssions relating to the management of the
dam and the estuary 1o residents and regular holidaymakers.

Questionnaires were distributed in both English and Afrikaans

Spatial scale: The Great Brak River area was broken down into @ number of different target areas. These areas were
selected on the basis that they are all. 1o a greater or lesser extent. impacted on by the condition of the estuary and the
effectiveness of the Estuary Management Plan. Approximate estimates for the number of houses in these areas are

ncluded below:

Great Brak River Town: 250 houses
Greenhaven: 900 houses
The Island: 80 houses

Page A-10




Appendix A - Review of Monitoring programmes in SA Estuanes

Hersham: 180-200 houses
Southem Cross: 200 houses.

In addition, the Pine Creek Caravan Site includes a number of permanent residents who stay in Pletienberg houses and
150 caravans over the Chnstmas and New Year penod.

Temporal scale: Socio-perception Surveys were conducted three times by specialists of the University of Cape Town or
the CSIR on;

e 1989 (initial investigation)

e 1993984

e December 2001.

Efforts were also made to keep the community continuously informed on the results from the monitoning programme and
the public also had the opportunity o comment and 1o convey their concems.

Discussion

Considerable success was achieved with the monitoring programme at the Great Brak Estuary. The results proved to be
useful in monitoring the biophysical condition of the estuary and were frequently used to improve the Management Plan
for the system. The resuits from the socio-perception surveys aiso provided useful information on the perceptions and
concems of the local community on the condition of the estuary.

This was the first time that such a meniforing programme was undertaken in South Africa to monitor the effects of
reduction in freshwater flow on an estuary or river. The experience gained provides useful nformation for this project.

Important conclusions are:

e The monitoring programme was iniially comprehensive with surveys undertaken at relatively short intervals.
The programme was later refined and became more focused with larger time intervals between surveys.

e Most of the monitoring work was undertaken by specialists or professionally qualified people. There was limited
scope for involving non-qualified people in the mondoring process.

e The physical dynamics and walter quality conditions drive the ecological processes in an estuary. Some aspects
such as river flow and tidal conditons need 1o be monitored continuously, while others such as sedimentation
need 1o be mondored at regular intervals.

e Daidy mouth observations at different river flow and tidal conditions are essential for complementing the
information obtained from continuous water level monitoring. Only then can a proper understanding of the
dynamics of an estuary mouth be oblained.

e Gauging of river flow and recording of water level vanations need 10 be undertaken in a professional way by a
competent organzation. The expertise required is available in the Hydrological section of the DWAF. This
department is therefore best suited to continue undertaking this work at Great Brak and 10 extent it to other
estuanes.

e Large differences exist between estuanes on the flow required to maintain open mouth conditions and other
physical processes. It is therefore dangerous to use information cbtained for cne estuary to draw conclusions
on the flow requirements of ancther estuary. Specific monitoring is required for each estuary

e Reasonably good results were obtained for the ecological condition of the Great Brak Estuary by concentrating
on salt marsh vegetation and benthic invertebrales n the estuary. However, the need to include other
components such as fish and birds should be re-assessed.
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e The focusing of the surveys on salt marsh vegetation and benthic invertebrates at two fixed transects was
effective in the measurement of changes between the different surveys. However, less intensive but wider
monitoring over a larger area is also required to obtain information on the condition of the whole estuary.

e Frequent interaction with the local community is essential 1o allow them to comment and 1o obtain information
on their concems. This should be seen as an essential component of any monitoring programme.

e Human perceptions are often the cause of concems ameongst the community. Problems can, however, only be
quantified if reliable monitoning data is collected. Such data can confirm whether a real problem exists or not.

2.5 Swartvlei and Wilderness Estuaries (South African National Parks)

South African National Parks at Rondeviei Research Station have been involved in the monitoring of the Swartviei and
Wildemess estuaries for nearty 10 years (lan Russel, South African National Parks, pers. comm ). The following
components are being monitored on an ongoing bas:s:

e Hydrodynamics: Continuous water level and inflow data (DWAF), limited mouth cbservations

e  Water Quality: Quanerly sampling of salinity. temperature, turbidity, ph, in the past limited oxygen and nutrent
samples were also collected

e Sediment In the past regulars, every 3 - 4 years, transects were measured in the in mouth to estimate
sediment movement, this is currently only done for events, e.g. storms of floods, some limited observations cn
wave highest.

. vmwwwemrmnmm“mmm

riparian vegetation was surveyed as a once-off in 1997 to compare with earfier 1995 work.

e Fish: Once-off comprehensive survey in all the lakes using gill and seine nets. Currently the survey is only
repeated in areas were there is drastic change in for example salinities

e Birds: Twice a year in winter and summer.

2.6 East Keinemonde Fish (South African Institute for Aquatic Biodiversity)

Dr P Cowley intiated a monitoring programme on the East Klememonde Estuary in 1993. The project focus was initially
to gather data for his PhD thesis, but after completion of the thesis fiekd monitoring was continued in a reduced format.
The main aim of the study was to examine the fish species composition and quantify the contnbutions made by the
different taxa 1o the estuary (Cowley and Whitfield, 2001, Cowley & Whitfield 2002).

2.6.2 Mouth observations

Daily mouth observations are made at the East Kleinemonde, calegorizing the state of the estuary mouth as: closed,
overwash (by springtides or storm events) or open. Observations are also made on the extent of the interaction with the
marine environment, e.g. whether only a trickle of water is running out (i.e. semi-closed) or whether the mouth is fully
open. These mouth cbservaticns have lately been expanded to include the West Kienmonde Estuary.

26.3 Temperature and Salinity

Monitoning fechnique: Salinity and temperature data was collected at twice weekly ntervals during the first two years of
the study, after which it was reduced 1o monthly measurements.

Spatial scale: Water temperatures (surface and botiom) were recorded in the middle reaches of the estuary for January
1684 to December 1985 Surface salinties were measured fortnightly (March 1984 1o March 1586) in the middie
reaches, and from July 1954 to March 1596 an additicnal two sites were include from the lower and upper reaches.

Temporal scale: Water temperatures (surface and bottom) were recorded once a week over a perod of two years
(January 1984 to December 1995). Surface salinties were measured fortnightly.
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264 Fish Surveys

Monitonng technique: A vanety of gear types where used, including small and large mesh seine nets and a fleet of gill
nets, Different gear was used 1o target specific groups and/ or size ranges of fishes. The large seine net was laid in a
semi-circle from the bank by motorised boat and then hauled in by three or four people, ensuring that the foot rope (lead
ne) was dragged along the bottom. All fish captured were identified and measured to the nearest standard length (SL)
before being retumed to the water alive. The small mesh seine sampling method was similar, except that due to the
large number of fish captured, fish were preserved in formalin and identified at the laboratory, with the exception of larger
individuals which were measured in the field. Semne netting was conducted duning daylight hours.

Moncfilament gill nets were used to sample larger fish of both marine spawning and freshwater species, as members of
both groups are known 10 actively avoid seine nets. The nets were 10 m in length and 2 m in depth consisting of three
equal length sections of 45 mm, 75 mm, and 100 mm stretch meshes. Generally two nets were used in each reach
(upper, middle and lower). Gll nets were deployed n the evening and lifted the following moming. All fish captured were
identified and measured 1o the nearest mm in standard length. Three seine net samples are conducted in each region,
using two different nets of different mesh sizes (a 5 mm mesh size net of 30 m long and a 15 mm mesh size net of 50 m
long). Fish sampled in the large mesh seine net are identified, measured and released back into the estuary whereas
the fish captured in the small mesh seine net are preserved for later identification and measuning in the laboratery. The
target groups and size classes (mm standard length) of different gear types are listed below:

o STRECH MESH
GEAR TYPE SIZE T TARGET GROUP l TARGET SIZE CLASSES

e 5 o Exuarine spavning spectes and smaller | L SLLLCT
(30m x 2m) marine spawning species .
Large mesh penans = All size classes excluding

| seine 15 mm _ MENEp— "w; u’“ R | very small individuals

| (S0m x 2m) - P | (<4 mmSL)

| Gill ners - Marine spawning species and fresh water | Larger individuals

| (10mx2m) - f::u_l-.l(m mr | - species ' (<lN) mm SL)

Spatial scale: The estuary is subdivided into four basic regions, mouth, lower, middle and upper. The East Kleinemonde
data has shown that the fish fauna of the mouth area has a distinctly different structure from the rest of the estuary and
therefore is seen as separate from the lower reaches. Due to fluctuations in water depth during the study period.
sampling stations were not fixed but were selected according to where nets could be laid. Sampling was conducted n 2
vanety of littoral habitats (i.e. sandy, muddy and vegetated areas).

Temporal scale: Dunng the firsts three years of the programme sampling was done every month, after which it was
reduced to twice a year (summer and winter).

27  Mkomazi Estuary (Marine and Estuarine Research)
2.7.1 Vegetation
Monitoring technique: Phytoplankton is measured in the water column as chiorophyil a using fluorometry

Spatial scale: There are six sites in total along the length of the Mkomazi Estuary, of which just the lower three sites are
sampled for phytoplankton.

Temporal scale: The estuary is sampled annually in August during the low flow period. The sampling might be conducted
earlier if river inflow is low in a specific year.
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2.1.2 Invertebrates

Monitoring technique: Zooplankton night sampling is done using a 500 micron mesh net towed by boat. Hyperbenthos is
sampled using a benthic frame net aiso towed by boat. Zocbenthos is sampled by using a Zabalocki-type Eckman grab,
with 5 replicates per sie.

Spatial scale: The Mkomazi Estuary is monitored 2t six sites along the length of the system

Temporal scale: The estuary is sampled annually in August during the low flow period. The sampling might be conducted
earfier i river inflow is low in a specific year.

2.1.3 Fish

Monitoring technique: The fish of the estuanes were sampled using 2 30 m x 1.7 m x 15 mm bar mesh seine net fitted
with a 5 mm bar mesh purse and, where possible, a fieet of gill nets. Each gill net had a range of mesh sizes and
comprised three 45 mm, 75 mm and 100 mm stretch mesh monofilament panels and was ether 10 m or 20 m in length
and 1.7 m deep.

Spatial scafe: Fish are monitored at 3 - 4 sites in the estuary, depending on the water levels in the system.

Temporal scale: The estuary is sampled annually in August during the low flow period. The sampling might be conducted
earlier if niver inflow is low n a specific year.

2.7.4 Birds
Monitoring technigue: Birds are counted and the maxamum number at any cne time recorded.
Spatiai scale: Birds are recorded over the entire estuary.

Temporal scale: The estuary is sampled annually in August during the low flow period. The sampling might be conducted
earfier if river inflow is low in a specific year.

28  Mhlathuze, Nhiabane and Siyaya Benthic Invertebrates and Fish (CRUZ)

During the past decade the Coastal Research Unit of Zululand (CRUZ) has been sampling the Mhlathuze, Nhiabane,
Siyaya estuanes for benthic invertebrates, macrocrustaceans, fishes, water quality and sediment quality

Monronng fechnique: Five benthic invertebrate samples are collected by means of a grab at each sile and analysed
down 0 the species level where possible, otherwise 10 taxa level, to determine species composition and densities.
Swimming prawns are sampled using baited traps. At the larger Mhlathuze estuary a beam trawl is used.

Fish sampling involves gill nets (50 mm, 75 mm and 100 mm mesh sizes) and the use of large and small purse seine
nets of 1mm mesh. Fish larvae are also being mondored at Siyaya and Nhiabane and a two year study was completed at
Mhiathuze (Pref D Cyrus and Ms F McKay, CRUZ, pers. comm.).

Sediment sampling is conducted using grab and core samples and processed for grain size and organic content.

A comprehensive range of 25 water quality parameters are collected, including salintty, temperature, oxygen. nirate,
nitrate, bactenclogical counts, chiorophyll-a . nutrients, cathodes, antnodes, and toxins.

Spatial scale: The sampling is done at a number of predetermined sites, varying from 13 - 14 in the Mhiathuze, six sites

at Nhiabane and four to five sites at Siyaya estuanes. Sampling is done along the length of the systems and is
representative of the vanous habitat types found in the different estuanes.
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Temporal scale: CRUZ has been sampling the Nhiabane and Siyaya quarterly since 1992. In 1994 the sampling was
scaled up to include the more comprehensive water quality parameters, sediment analysis and hyperbenthos. The
quarterly sampling of the Mhiathuze commenced n 1996.

Discussion

The data collected on Mhiathuze and Nhiabane estuaries have proven 10 be very useful in previous reserve
determinations. For example the benthic invertebrate data was used to evaluate the impact of droughts (mouth closure
duning the 1993-1985 drought) on the benthic communities and 1o establish how resilient the communities are in
recovering from such an event. The benthic invertebrate data collected at the Mhiathuze estuary was also used 1o
establish the impact of dredging activities at Richards Bay Harbour and the impact on the benthic invertebrate
community of the sediment plume entenng the estuary.
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Detalls on CRUZ monitoring programme in Mhlathuze Estuary (Fiona MacKay, CRUZ, pers. comm.)
e Date ) Noofshes  Sessons Years  Method of Collection Method of Analysis Dot Available
Sedmed
1 % Geavel, Vory Coarse Sand. Coarse
“msu.rummrnm
Swmme: Vercal com theough each (0 <10 >4)
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type Echman grab) medun phi vahe, moan phi valbe, mean
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Summern
bonerston at €00C ko 8
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Details on CRUZ monitoring programme in Siyaya Estuary (Flona MacKay, CRUZ, pers. comm.)

Date No of sites Seascns Years Method of Collection Method of Analysis Date Available
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T'“""". e Incieaton s 600:C bor 8
Onganec Condont S Winker 202 See above hows. Pre and  post | % Combusiible organi content
g Spg I v ’ FRR—p——
g WATER
Susmmes A resuls  (ydolad | Deph. Temgarahws (C) Sakety, TDS,
Physico Cherusty 5 A onr | Doy Gusy P | piser oty e | Contuchvty (mS cn), gH, Orypen (% dessoived
Wk Detascrde 3) and myl)
Sping ) ——
Sumwnes CL NO,, NO, M, COB, SO F, TPO, SR.
Waer Cuatty 5 [~y fous200p | irecbus coecing ol crby | HeTATe Water analfical | PO, TSS, T-aik (CCON. Ca. Na. My, K. SO
Spg (el mgT) Cna wga
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Detalls on CRUZ monitoring programme In Nhiabane Estuary (Flona MacKay, CRUZ, pers. comm.)
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29  StLucia Monitoring Programme (KZN Wildlife)

A diversity of data and information are continually being collected by KZN Wikdife at St Lucia. The purpose of the data
collection may be for long-term monitoring, or for specific research projects. Nommally, the results accumulate and are
analysed in detail at the end of a project cycle, but often the managers need more frequent feedback. Therefore, KZN
Wildlife produces a quartery report 1o provide a brief overview of the state of the system and to maintain a record of
what has happened at St Lucia. The focus of the quarterty report is Lake St Lucia and anything in the surrounds that
directly influencas the lake.

291 Rainfall, salinity and water levels

KZN Wildife monitors a number of physical vanables at St Lucia. A record of rainfall in the St Lucia area is kept 1o
establish trends in both the short and long-term, such as the duration of droughts (Figure 1). Continuous water level
recorders monitcr the water levels in the system at vanious statons in the lake (Figure 2). Salinites are aiso frequently
measured throughcut the St Lucia lake system and correlated with rainfall (Figure 3). Regular observations are made on
mouth position and depth of the combined St Lucia and Umfolozi mouths (Figure 4). Miscellaneous observations are
also made on vanables such as bank erosion and sand bar overtopping by waves.
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Figure 1: Rainfall - Charter's Creek
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Figure 2: Lake level at Charter's Creek (Oct 1998 - May 2000)
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Figure 3: Salinity - Charter's Creek (South Lake)
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Figure 4: Mouth Condition (St Lucia & Umfolozi mouths)
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292 Vegetation

The distribution of freshwater vegetation, e g. Potamogeton pectinafus, in the lake is monitored as these plants give a
good indication cf average salinities in the system. Observations are also made cn the health of the mangroves in the
estuary.

293 Fish

KZN Wildife monitor fish species, using standardised gill nets. The objective is to provide low-level long-term monitoning
of changes in fish species composition (and hence of fish trophic level composition), of relative abundance of varous
speces and the size composition of the species. All live undamaged fish are retumed 1o the water. Fish measurements
recorded are the mean total length (the mean of all the total lengths of the fish from tip of mouth to end tip of caudal fin)
Results include a list of the species caught. and the depth, salinity and water temperature at which they where caught.

Analysis is also made of the boat angling effort in the lake for every quarter and angler-retum cards (four stations) are
collected to establish the most abundant species caught in the system (Figure 5)
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Figure 5: Number of light tackle boat catch return cards submitted between October 1998 and September 2001
294 Birds

Coordinated Waterbird Counts (CWAC) are done at St Lucia on 2 quarterly basis (Figure ). The bird counts are
sometimes influenced by low iake levels which make some parts of the lake inaccessible for boating.
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Figure §: Bird composition between October 1398 and July 2001
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295 Compliance

A compliance record s kept of recorded illegal gill netting, listing the place and weight of fish confiscated by KZN Widide
staff.

The Marine and Coastal Management Subsistence Commitiee has recommended that there should be no small-scale
commercial gill-netting in any Kwazulu-Natal estuary and that the current subsistence gill netting permits will be phased
out over 4 years. Of concem is the growing Hlegal gill netting that has been detected in recent years.

210 Kosi Bay (KZN Wildlife)
210.1 Physio-chemical data

Some physical data are collected at Kosi Bay. There are two permanent continuous water level recorders (currently
operational) being manned and monitored by DWAF. Weather data are collected on a daily basis, e.g. rainfall, wind and
temperature. Salinity data are collected in the main lake on an ad hoc basis, depending on the degree of expected
change, e.g. after a rainfall event.

210.2 Resource utilization

Monitoning technigue. A team of trained local pecple camied out daily monitoring of resource utilisation in the areas north
of Nhlange Lake. The team pnncipally consists of women and two supervisors. They report to @ conservation officer
stationed in the area. In other words, resource users were employed to monitor their off-take themselves.

The monitoring team's duty was to intercept all users and obtan harvesting data from them. The monitor recorded
information from the harvester such as what was done with the resource and details on the material collected. Data
sheets were checked by supervisors and submitted for entry and analysis on computer. Inttially the catch of all fish-traps
was monitored, but later, due 10 financial constraints, only a known proportion was covered and a total catch estimated.
This technique was later used for other resources with a minimum of one year complete monitoring.

Random counts of the number of people collecting resources and their harvest were made as a check on the procedure
and compared with the estimates.

Spatial scale: People access the lake system along a number of paths, running from residential areas to the waterside.
During perniods of intensive monitoring employees were stationed on these paths.

Temporal scale: Mondoring is pnmanly done on sprngtides and dunng that period camed out on a daily basis, ie.
monitored for 50% of the time. This s due o the fact that the programmes focus is mainly on the fish traps, which only
operate during springtides (Dr S. Kyle, pers. comp).

Discussion

By these methods it was possible 10 obtain “best estimates” for the amount of utilization and the economic value of most
of the resources and the number of users. The estimates are not absolutely comect, but provide the best figures
cbtainable within the financial and other constraints (Kyle, 1995).

Currently the resources utilisation monitoring is funded through the Living Marine Resources Fund and therefore only
focuses on:

e Fish (eg. fish-traps, recreational angling, traditonal spearing, subsistence angling, gil nefting and illegal
methods)

e Invertebrates (e.g. small crabs, sand prawns, other invertebrates)

o Sedges and reeds (e.9. Juncus kraussi, Phvagmites spp.)
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Initially the programme was intemally funded by KZN Wildlife, but this has since ceased. No new monitoning data have
been collected since 1956 on the following aspects (Or R. Kyle, KZN Wildife, pers. comm):

Firewood

Traditienal medicines

Wild fruit and wine making

Wild honey

Fish trap and house building material

Grazing of cattle and goats

IBegal hunting

Ecotourism |
Cuhural and Religious activites. |
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3. NATIONAL MONITORING AND SURVEY PROGRAMMES

3.1 Water level recorders (primarily DWAF)

The importance of data collected from water level recorders o improve the understanding of the functioning of specific
estuares has been highlighted on several occasions. Examples are the water level recordings collected in the Great
Brak, Thukela, Wildemess, Berg and Paimiet Estuanne Flow Requirement (EFR) and Reserve studies.

A recorder in an estuary near its mouth can provide the following information:

e An accurate historical record of open and closed mouth conditicns, indicated by the presence or not of tidal
variations on the recordings. If additional river flow data are also available, the river flow required to maintain an
cpen mouth, can be estimated accurately (Figure 7).

e The heights of the water levels at low Sde give an indication of the depths in the mouth and also whether and to
what extent siltation might be occumming.

e The heights of water levels during major floods and the shape of the recorded flood hydrographs give
invaluable information on such flocds, for example for the determinasion of 1:50 year flood levels.

o Water level recordings for specific shorter periods of days and weeks can be very important for the calibration
of a numerical model (e.g. Mike 11) of an estuary. Such models can then be used for further investigations on
salinities and nver ficods.

The monitoring of long term trends are normally more important than the measuring of short term phenomena and the
nsks involved in a shight reduction in the reliability of the recorders is therefore not as important as s the case in the
gauging of river flow, normally undertaken by the D\WAF.
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Figure 7: Continuous water level recording and river inflow data collected by DWAF at the Onrus Estuary

-s
(5]
-
.-
oW

Page A-23



Appendix A - Review of Monitonng programmes in SA Estuaries

Discussion

In summary, a continuous recording of water level variations are probably the single most important parameter that can
be used to monitor and verify the physical conditions of an estuary.

Such water level recordings are essential for prowiding information on the functioning of estuanes. e.g. required for
I jgations by the DWAF to investigate the impacts of future dams and/or 10 estimate the flow requirements of an
estuary.

Having the DWAF install, calibrate and service the water recorders has the advantage of standardising the data and
ensuring that it is of the highest possible accuracy. Furthermore, if the data is then incorporated into the national
database for gauging weirs in South Africa, 1t is accessible to everybody and assured of long-term availabdlity. In the
case of data being stored in databases at a municipality, university or other organisation there s a greater pessibly of
data being lost f the individual in charge of the data set shoukd leave.

Water level recorders currently operational in South Afncan estuanes are:

Orange - Hartenbos
Olifants - Kiein Brak
Wadriftsoutpan - Groot Brak
- Berg - Touws
- Zandviei (Cape Metropolitan Council) - Swartviei
- Lourens - Goukamma (DWAF in progress of installing recorder)
Palmiet - Knysna
Kleinmond - Keurbooms
Bot - Tstskamma
Klein - Swartkops (Municipality’ DWAF 1o install 2 recorders)
- Onrus - Umkomaas
- Heiningnes - Thukela
- Breede - Nhiabane (REM)
- Goukou (previous Kafferkuils) - Stlucia
- Wildemess

Curmrently less than 10% of South Africa’s estuanes, of which the majority are in the Westem Cape, have permanent
water level recorders installed. It is therefore strongly recommended that this practise be expanded to more systems
along the South African coastiine.

3.2 Aerial Photography of South African coastline (CSIR and DEAT)

One of the most valuable tools in estuarine research and management is aenal pholograph analysis. If a photographic
record exsts of an estuary over time, this can be used to establish the following:

Behavior of the estuary mouth under different low conditions

Impact of major floods on the estuary

Sedimentation rates and areas of high sediment deposition

Changes in estuarine vegetation e.g. due 1o human encroachment or invasive aliens in the floodplan

Impact of infrastructure development e.g. jetties, bndges, mouth stabiization

In the past the DEAT and the CSIR had regular aerial surveys done of the South African coastine and estuaries. In the
case of the larger estuaries such as the Berg or Breede, he flight path covered the estuary to the head of tidal variation.
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Listed below is a summary of aerial surveys in South Africa:

DATE “AREA / [ NEGATIVES e |
| 1935-.... Various photos of SA Coastline Trig Survey Trg Survev Black White
| 1981 Estuaries of Cape CSIR Univ of Natal
| February 1987 Olifants o Kei mouth (excluding Cisket) DEAT DEAT Colour
; Orange to Olifants, Olifants to Cape Plont,
| April 1988 False Bay, Arniston Block. Gowrits to Groot | DEAT DEAT Colour
| Brak (Mosselbay)

" February 1989 Kocelbaai to Ariston CSIR CSIR Colour
“February 1990 Waenhuiskrans 1o Amiston CSIR | CSIR Colour
| March 1990 Rrom (o Kabeljows ~ C3IR Colour
[April 1990 Nazal - &773 JAmstrong | Colour
- May [990 | Eoubcr! 1o Kef o CSIR " CSIR | Colour
_ "Orunge 1o False Bav |

Moy 1981 Hermanus, Struishaai, Poiberg, Keurbooms Ik CSIR | Colour
| December~Jamuary | Natal Coast CSIR CSIR Colour
" January 1993 Transkei CSIR CSIR | Colour

March 1993 Melkbos to Swartkops CSIR CSIR | Colour

October 1993 Chamais Bay to Port Nolloth CSIR CSIR Colour

Durban

January 94 Durhj_n Bluff Carporation J fu:srmng Colour
| October 1993 Diep River CSIR CSIR Colour
[ Julv 1996 Outenigua. Dancbaat o Groot (Wes) DEAT CSIR Colour
Discussion

Unfortunately, 1996 was the last year such aenal photography was undertaken and this represents a major gap in our
understanding of the current heaith of many of the estuanes along the South African coast. At the rate that coastal
develcpment is progressing, an up-to-date visual record is crucial for strategic coastal zone planning and estuarine
management.

It is therefore strongly recommended that national aerial photography surveys be instituted again. The required
specifications for such surveys are:

Done annually

Scale 1:5 000

Digital format

Geo-referenced

Colour

Vertical (not cblique because that distorts observations)
Up %o the head of larger estuarine systems

It is further recommended that the digital data be made available to all coastal and estuarine managers and researchers
free of charge, since this primary data is of tremendous value 1o a diversity cf disciplines and authorities.

3.3 Topographical and Bathymetric Monitoring and Survey Programme (CSIR and DEAT)

In order to quantify the problem of sedimentation in estuaries, the DEAT commissioned the CSIR to design and
implement a monitoring programme in 1985 (Van Niekerk et. ai., 2000). Intially 20 estuaries from the Orange River on
the west coast to the Quinera along the east coast were selected, based on certain criteria. In the 1990s, it became
obvious that specific information from each important estuary is required, because sedimentation processes and long-
term equilibrium between sedimentation and erosion are different for each estuary. The number of estuaries included in
the previous programme was therefore gradually increased to 47. Thus, valuable data was collected, which has been
used for example, in assessing the freshwater requirements of estuanies.
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The programme commenced in 1985 and ended in 1999. The main objectives of this monitoring programme are as
follows:

* 10 collect baseline information essential for the understanding of the physical functioning of estuanes
1o provide long-term ongoing information on the physical changes of estuary mouths
¢ 10 monitor medium 10 long-term changes on erosion and sedimentation in estuaries.

* atopographical survey of the meuth area
cross section profiles along the length of estuaries.
e grain size distnbution measurements (usually at the mouth)

The Monitonng programme was implemented in the following estuanes:

. CROSS
ESTUARY MOUTH SURVEYS SECTIONS
Orange 1987, 1988, 1990
Olifants T987, 1988, [989.1991. 1997, 1999 1994, 1997
[ Great Berg 1986, 1956, 19881990, 1990, 1997, 199% 1994 1997
Diep 1986, 1957, [9XX 1990, 199]. 1997, 1999
Polmict ;z«;z 1986, 1957, |
Bot 7997, 1999, [999 I
Klein 1986, 1987, 19531989, 1991, 1992, 1994, 1996, [996. 1997, 1993, |
1998, 1999 |
Ullkrauls 1997 1999 Jvwy ]
Heuningnes 1986, 1988, 1989, 1991, 1992, 1996 1996 |
1996 1vva
Dutwenshoks TUNG, 195N, JUNN. 19N9. 1990, 1902, 1996, 1996 1096, 1996
Goukou
(previously 1986, 1988, 1988, 1989, 1990, 1992, 1993, 1996 1996, 1996
Kafferkuils) |
Gourtz 1986, 1986, 1988, 1988, 1989, 1997, 1992, [993.1996 | 1996 |
Hartenbos T9S4, 1986, T9NG, 19SS, [9NS 1959, 19N) [99], 1992, 1993, 1996 | 1996, 1996
Kicin Brak TUNA, TOSN, TOSK TOXG, T99]. 1993 1003 1996 T T, 1996
| Great Brak JUSS, 1989, 1900, 1991, 1993, 1993, 1993, 1996, [996 T TTouN
| Kewrbooms 1986, 1YS7, 1988, 1989, 1990, 1991, 1992, 1993 1996, 997 199X
Kromme 190, 199, 1982, 1993 1996 1998 /996 |
Scekoel 1956, J9SN. 19SS, 1989 1991, 1992, 19931996, 1996 19361996, 1996 |
Gumtoos 1996 1996 1
" Swartkops 1998 TO9N -
" Sundays 199x TOuN
" Bushmans 1958, 1985 1990, 1992, 1996, 1999 1996
| Kaniega | 19941995, 1999 1999
- Kowie : J998
CWesklcinemonde 1986, J98X. J958_ 1991 1993 1996, 1999 1986, 1996, 1999
T Grear Fish 1994 1998, 1999 1994, 1993, 1999
Avistamma 1996 1996
T olomnga 1998 1998 )
Neera 199X 1998
Qimira T9X6, 198K, 19881990, 1992, 1993 1995, 1999 1996, 1999
Nahoon 1986 TUSK, TURN. T990, 1993, 1995 1996, 1999 1996, 1999
Gqunihe "TOR6. JOSK, 1988, 1990, 199, 1993 1993, 1996, 1999 7996
Awelera | J99X 2R
Bulura 1998 TN
efane 1998 NEUE
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ESTUARY MOUTH SURVEYS SECTIONS

__% 1998

reat Aei 1996 1996

_%i: 1998 1998
i he 199 1998

CUmtata 1996 1996
Mdumbi 1995 1998
Mrgazana 199y 1998
[ Mngazi 7098 7998
Msikaha 1vox 199X
Mrentu 1998 9oy

331 Mouth surveys

Trigonometrical beacons were used as survey control points. The co-ordinates used in the survey were based on the
South African Survey Gnd (Gauss Conform Projecticn) and the heights are reduced 1o Mean Sea Level (MSL) as the
elevation level. The co-ordinates of the survey stations were determined using the Blunt resection method and by
theodolite traversing using a Nikon Total Station D500.

The mouth surveys (Figure 8) were done using a ‘wading survey' technique, which was performed by using standard line
surveying techniques. A survey team member transversed the survey lines holding a rod supporting a surveying pasm,
stopping at appropriate intervals to allow an instrument operator to read and record the distance and honzontal and
vertical angles. The wading survey was continued seaward into the water unti the rod holder could no longer stand
steady with the survey rod. The water? section was done preferably at low tide so that readings extend as far seaward
as possible. The electronic surveying instrument provided distance measurement accuracies of 5 mm. The angle
measurements were done with an electronic single second theodoilte
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Figure B: Mouth Survey of the Berg River Estuary, 11 November 1997
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33.2 Cross sections

Surveying of cross sections in estuanes by standard land surveying techniques is time consuming and expensive. For
this reason an alternative method, using a ski boat and echo sounder was developed, allowing reasonably accurate
survey of the cross sections below the water level to be undertaken within a short time at much reduced costs (Figure 9).

A boat mounted digital eche sounder and a laser rangefinder was used. The rangefinder was used 1o determine the
positions of the soundings (usually recorded as disfance [in mj from left bank) across a section. The position of each
cross section s usually verified using differential position fixing systems (GPS). At the time of the survey, the water level
is also recorded at the mouth to cormrect the data to mean sea level

Although the survey by ski boat and echo sounder covers only the deeper parts of the estuary which are accessible by
boat, these are usually the main areas where changes in sedimentation and erosion takes place.

The vertical accuracy of the depths measured with the echo sounder was within 0.10 m, provided that bottom matenal is
hard enough to provide a proper echo. Vertical inaccuracies were aiso introduced by the reduction of the echo sounder
reading %o a depth referred to MSL. This, in tum, depended on the accuracy of the water level readings taken from the
gauge plate, which is of the order of 0.01 m._as well as the accuracy with which the actual water level at the echo
sounder position can be comected based on the gauge plate readings. For this reason, accuracies in readings close o
the location of the gauge plate will be in the order of 0.02 m, while at greater distances the accuracy will be of the order
of 0.1 m. depending on the accuracy with which the phase differences of tidal variation can be determined. These errors
were minimal at small tidal vanations and for thes reason this type of surveys were generally undertaken duning neap
fides. The total degree of inaccuracy for these surveys was therefore estimated at 0.1 m near the gauge plate and 0.2 m
further away from the gauge plate.

The position of each cross secticn was nomally pre-determined on an ortho-photo map. The cross section was then
surveyed in the field at the approximate location.

Date : 08/18/1998 Location: CH1115
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Figure 9: Cross sections of the Qora Estuary (1998)
3.3.3  Grain size analysis

Sediment samples, for grain size analyses, were usually collected at the estuary mouth during mouth surveys and
analysed using a settiing tube.
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Discussion

The topographical and bathymetry data collected in these surveys have proven o be extremely useful in Estuarine Flow
Requirement and Reserve studies (e.g. Mtata, Mngazi, Breede). Often this would be the only available physical data on
an estuary and its responses 1o larger floods. Numerical modeling would also be impossible without this type of data.

It is recommended that the monitoring programme be re-implemented with the following provisions:

o KwaZulu-Natal estuanes should be added to the programme to ensure a national overview.

e Each estuary should be surveyed once every 3 years. This is the cptimum frequency to ensure sufficient and
meaningful information, while also taking into account financial resources.

e The monitoring programme should be kept flexible in order to undertake extra surveys after major floods have
occurred in some areas. These surveys would then be substituted for some of the other scheduled surveys (for
other estuanes where fioods did not take place).

e The extension of the older topographical surveys from mouth surveys to surveys including upstream cross-sactions
was successful and should be continved. Recent developments, especially based on the higher accuracy of
Diffierential-GPS survey technologies, now make it possible to further improve the accuracy of the survey results
(enabling much better interpretation of differences/changes). Differential-GPS aiso has the additional advantage that
it automatically compensates for depth changes due to tidal vanation and weather conditions.

e Salinity and temperature profiles upstream in estuaries should be measured when possible in conjunction with the
bathymetric surveys. This will provide valuable data that can be used 1o mprove the understanding of the interaction
between river flow, salinity distributions, water quality and ecolcgy of these estuanes.

e The low level monitoring of open or closed mouth conditions of relevant estuanes should be re-implemented.

34 Geomorphology, Fish, Water Quality and Aesthetics of South African Estuaries (CSIR and DEAT)

As part of a national program 10 assess the state of South Africa’s estuanne envircnment, basic surveys were conducted
on these systems during the period 1992 to 1999. These included fish, water quality, and geomorphological and
aesthetic observations. Some 7% of South Africa’s ‘estuaries’ have been surveyed to date. This baseline data was
analysed and synthesised 10 render it understandable to the non-specialist but at a sufficeently high level to inform
potential end users of the state of South Afnca's estuanes.

The objectives of the study were (i) to conduct multidisciplinary basic surveys of South Africa’s estuanes using a
consistent protocol for sampiing and analysis and (ii) to compile these data in such a form that the status of estuanes
could be ascertained at regional and individual levels.

The research was based on seven years of intensive fiekd sampling during which some 250 estuaries were visited
between the Orange (Gariep) and Kosi Bay. At each estuary a sutte of geomorphological, ichthyological, water chemistry
and aesthetic measurements were made in a consistent manner. These data are recorded on a CSIR database. In
addition, prelimnary reports on the status of each individual system were compiled on a regional basis at the conclusion
of each year's fieldwork. These reports (Cooper er @l 1993, Hamson er al., 1994, 1995, 1966, 1987, 1988) each deal
with about S0 estuanes that were sampled each year and contain further information on individual systems as well as a
preliminary index assessment of the status of each system. Asumwynommmmemdm
reports, and attempts 10 take a national perspective on estuanne status and vanabiity, takes account of

constraints and utilises the full dataset avadable in an attempt to address the status of South African estuanes (Hamison
et al, 2000).

341 Geomorphological classification
A conceptual classification of the geomorphic vanability among South Africa’s estuanes has been produced. Several

systems particularty on the west coast were not considered estuanes egher due 1o their small sze, their ephemeral
nature, or because they were essentially isolated. Six basic estuary types were identfied. These were divided into
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open and normally closed sysems. Two types of normally closed estuanes were identified. These were
where the water level was typically perched above sea level and those where the water level was approximately
at sea level In this report, however, the nomally closed estuanes were sub-divided into small, medium, and large
systems based on surface area. Themmallyopensmmsmdmdmwwmwm Two

Based on the fish data and the geomorphologcal classification, the three biogeographic regions that characterise the
coastine were identified and delineated. These were the cock-temperate region from the Ganep (Orange River) Estuary
1o Cape Agulhas, the warm-temperate region from Cape Agulhas to and including the MdumbiEstuary, and the
subtropical region from the Lwandilana Estuary to Kos: Bay

The fish of the estuaries were sampled using @ 30 m x 1.7 m x 15 mm bar mesh seine net fitted with a 5 mm bar mesh
purse and, where possible, a fleet of gill nets. Each gil net had a range of mesh sizes and compnsed three 45 mm, 75
mm and 100 mm stretch mesh monofilament panels and was ether 10 m or 20 m in length and 1.7 m deep. Seine
netting was carmied out during daylight hours and was limited to shallow (<1.5 m deep), unobstructed areas with gently
sloping banks. Gill netting was generally camied out in deep (>1 m) open, mid-channel waters with the nets being
deployed in the evening and lifted the following moming. In most cases only the larger, deeper systems could be
sampled using gill nets. The sampling effort undertaken in each estuary vaned depending on the size of the system, and
usually tock one to three days to complete. Sampling was generally camied out until no new species were collected or
unti all representative habitats within @ach estuary were sampled.

Specimens collected by seine netting were, where possible, identified in the field, measured to the nearest mm standard
length (SL), using a measuring board, and retumed alive to the system. A minimum of 25 specimens of the abundant
species as well as those specimens that could not be identified in the field were placed in labelled plastic bags and
preserved in 10% formalin for transport to the laboratory. Specimens collected in the gill nets were identified, measured
to the nearest mm SL and weighed in the field.

In the laboratory, specimens collected during the surveys were identified by reference to Smith & Heemstra (1991) and
Skelton (1993). A minimum of 25 specimens of the abundant species were measured to the nearest mm SL and
weighed to the nearest 0.01g. The remaining specimens were counted and batch weighed. Voucher specimens were
also sent to the J L.8. Smith Institute of ichthyology (now South Afncan Institute for Aquatic Biodiversity) for verfication

Aspects of the fish community structure of each geomorphic estuary type were investigated and each estuary type
appeared to contain fairly distinctive fish assemblages although some overiap did exist. The fish community structure
(species nchness, composition and relative abundance) of each estuary type within each biogeographic regon was
described and this was used as a reference against which each estuary could be assessed.

In terms of their species richness, composition and relative abundance, two systems (8%) in the cool-temperate region
had low ratings. Ten estuanes (42%) were rated as moderate and the remaining 12 systems (50%) had a good overall
rating. Of a total of 119 estuanes analysed in the warm-temperate region, nine (8%) had a relatively poor overall rating,
35 (29%) were rated moderate and the remaining 75 (83%) had a good overall rating. In the subtropical region, three
estuanes (5%) were rated poor, 23 (36%) had a moderate overall rating and the remaining 37 (59%) had a good rating

343 Water Quality

The results of the water quality surveys were summarised into an estuarine water quality index (WQI) to provide a
‘snapshot’ of the average water quality of South Afrca's estuanes. Six indicators of estuarine water quality were chosen
and these were divided into three categones: suitability for aquatic life (dissolved oxygen. cxygen absorbed, ammonia),
sutability for human contact (faecal colform), and trophic status (nitrate nitrogen, ortho-phosphate). The effect of
including/removing chiorophyll-a in the water quality index was also tested. The results indicated that the exclusion of
chiorophyll had no significant effect on the relative index ranking for the estuaries tested. The sensitivity of the index o
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various aggregation formulas was also tesied. Altemative formulations did not signficantly alter the relative ranking of
the estuanes tested. Using the eWQI values, five water quality classes were identified. Approximately 74% of all the
systems sampled were classified in a “Fair” or better condition. The remaining 26% were classed as “Poor” or “Very
Poor”. Systems on the south and south-east coasts had the best overall water quality with a preponderance of estuaries
classed as ‘Good" or “Very Good". Estuanes on the Transkei and KwaZulu-Natal had a relatively high proportion of
systems in “Poor” condition.

344 Aesthetic observations

Aesthetic cbservations on each estuary were divided into 14 weighted categonies: floodplain land use, shoreline status,
estuary surrounds, bridges, dams and weirs. mouth stabilisation, litter and rubble, human use, algal growth, turbidity,
odour, air poliution, noise, and invasive and exotic vegetaticn. The aesthetic state of each estuary was assessed
accerding to the type and degree of impairment to each category. Overall, 251 systems were assessed and 18 (7%) had
relatively poor aesthetic ratings, 88 (35%) were regarded as moderate while the remaining 145 (58%) were rated
Discussion

The results of this study provide a useful summary of the status of South Africa’s estuanes. However, there exists a need
1o make all of the basic data, as well as vanous forms of summansed data, available to interested parties from scientists
1o managers and even the general public. Furthermore, much of the baseline data collected during these surveys has
not been fully analysed. The assessment of the fish fauna was only based on a few components of the fish community.
Other aspects of community structure such as biomass composition, life-history styles and trophic structure should be
nvestigated. In terms of water quality, a physical water quality impairment category, involving such indicators as
temperature, salinity, pH. and turbedity should be explored. Also, water quality rating curves for different estuary types
should be investigated.

There are also some obvious significant gaps in the database. A number of estuaries, particularly in the Transkei, have
not been sampled and these gaps need to be filed. The geomorphological classification is based only on available data
and addinonal information is required to improve its resclution, for example data on mouth condition and tidal prisms.
The fish community structure is based on a comprehensive sampling programme at each site. It is, however, recognised
that these one-off sampling exercises may yeld anomalous results under certain circumstances (recent floods,
breaches, etc). This is an unavoidable constraint, imposed by sampling many systems in 2 short penod. The walter
quality data were collected at an instant in tme and may therefore not be representative of long-term conditions, or of
episcdic events in estuanes. Again, this is an unavoidable effect of large spatial scale sampling.

Long-term data sets are also required to establish the range of the natural vanation between and within estuaries on a
seasonal basis. This would provide a better understanding of how estuanes of vanous types function, a critical
requirement for effectively managing coastal issues such as arificial breaching, estuarine water reguirements,
eutrophication of estuaries, and biological functioning.

In each instance, the information presented prowides a baseline against which to monitor change and to assess future
trends. In every instance, more detaded information is held by the authors in a raw data form.

There is also a lack of a cohesive plan for temporal monitoring of key systems. Investigations into other estuanne
components (e.g. hydrology, sediment biogeochemistry, vegetation, zooplankion, zoobenthos, birds, habstat
assessment. catchment land-use) should also be undertaken 10 ensure a more complete appraisal of the ecological
integrity of the nation’s estuarnine resource.

3.5 Coordinated Waterbird Counts in South Africa (CWAC) (Avian Demography Unit - UCT)

The Coordinated Waterbird Counts (CWAC) was launched in 1992 The objective of CWAC is to monitor South Africa’s
waterbird populations and the conditions of the wetlands which are important for waterbirds. This is being done by
means of a programme of regular mid-summer and mid-winter censuses at a large number of South African wetlands
and estuanes, at requiar six-monthly intervals. CWAC currently monitors over 350 wetiands around the country.
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This project was intiated by the then Ramsar Working Group of the Department of Environmental Affairs and Tounsm in
part-fulfiment of Scuth Afrca’'s commitment to the Ramsar Convention. CWAC also contributes its data to the African
Waterbird Census, a programme coordinated by Wetlands International and based at the African headquarters of
Wetlands Intemational in Senegal.

In 1998, the TOTAL CWAC Report (Taylor et. al. 1999) was published. It provides a useful summary of all counts made
between the start of the project and 1997

Sites registered with CWAC have their waterbirds censused every six months, in midsummer and midwinter. The
permissible penods are mid-January to mid-February, and July, respectively. Where ideally all counts should be camed
cut on the same day, in practice it is necessary 10 provide a wider time penod to accommodate volunteers and
erganizations. Oniginally summer counts where conducted in January, but the siightly later pencd was instituted to avoid
disruptive summer holidays. Monthly counts are conducted at a few sites 1o get details on seasonality.

Methods of counting are standardize for a particular site in terms of area covered and manner in which counters are
deployed. This is a not possible between sites, for at some sites censuses are done by observers on foot, while others
are done by boat or motorcar. Counters are provided with information sheets, which advise on how to count efficiently
ond avold debl tna and misidenSicat

In the case of sites affected by tidal fluctuations, it is recommended that counts be conssstently conducted at low tide
when the mud banks are exposed and waders are feeding. Observers are also requested o monitor their sites by fixed-
point photography at two-year intervals. This is 10 establish long-term vanability in physical changes at wetlands.

Counts are submitted on a standard form, which also requests details on weather and threats cumently having an impact
on the wetland and birds. This is then directly entered into the computer. Feed back on each seasonal count are
provided by means of a newsletter which is distributed shortly before the next count, together with a computer output of
previous count and a blank form.

Estuaries included in the CWAC counts are:
Orange Estuary Keurbooms Estuary
- Berg Estuary - Seekoei Estuary
Jakkalsvies Estuary - Swartkops Estuary
Veriorenviei Estuary - Great Fish Estuary
- Zandviei Estuary - Mialaz Estuary
- Wildevoelviei Estuary - Umgeni Estuary
Kieinmond Estuary - Umvot Estuary
- Bot Estuary - Thukela Estuary
Heuningness Estuary - Richards Bay
Wildemess Estuary Mfolozi mouth area
Knysna Estuary St Lucia Estuary
Discussion

Comparison of counts from different wetlands gives an indication of seasonal movements and the relative importance of
sites for the conservation of different species.

CWAC counts are being done on about 7% of South Africa’s estuanies and have successfully been used in various
estuarine studies (e.g. Swartkops, Olifants and Bot). The data collected are of high standard as the observers are
dedicated birdwatchers and it would be an impossible task to collect this valuable data with professionals alone (Dr J
Turpie, pers. comm.). It is therefore recommended that where possible the monitonng system be expanded to other
estuaries in the country.
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The folicwing two photographs were taken of the BotKleinmond Estuary using the fixed-point technique and
demonstrate how the condition of the wetland, and habiat change, can help draw conclusions about waterbird
abundance and estuarine conditions in general at a site. Note how full the estuary was in February 2000 compared to
1996 (Figure 10). This practise should be encouraged when monitoring an estuary.

Figure 10: View looking west towards Kleinmond from Sonesta (Source: CWAC volunteer, Mariana Delport)
36  The Botanical Importance Rating (BIR) Index

Management tools such as importance rating systems and state or condition assessments have become necessary 10
summanse and express scentific information. The botanical importance rating system is one such method and was
developed in Water Research Commission projects. The first study (Coetzee ef al. 1996, 1997) rated the botanical
importance of 33 Cape estuanes according to the area covered by the plant community types, their condition, the
number of plant community types and the association between the plants and the estuary. The second study (Colloty ef
al. 2001, Colloty ef al. 2002) developed the botanical importance rating further and applied it the former Cisked and
Transkei regions of the Eastern Cape Province

Botanical surveys were conducted in 92 estuanes found in the former Transkei and Ciskei region (September 1997-July
1998). Data available for each estuary included

e once-off measurements of salinity, temperature, depth, secchi depth, water column chiorophyl-a and nitrate
concentrations.

e number of different plant community types and species composition

e area covered by the different plant community types.

These data area contained and summarized in a database available from the Department of Eotany, University of Port
Elizabeth. These data were then used o determine:

Botanical importance of an estuary that includes species and community nchness, plant community type ranty and
functional importance (i.e. area covered by different plant community types multiphed by an average productivity value
for each plant community type) (Figure 11). The botanical importance scores were calculated for all Ciskei / Transkei
estuanies and for 87 other South Alncan estuanes.

The habiat integnty or health of an estuary can be determined using the functional importance scores. The change in
area covered by the different plant community types is measured from past and present aerial photographs. The
functional importance is then calculated using the earliest and most recent area values and the habitat integnty score is
calculated as the deviation from natural, i e. 100 less the difference in past and present functional importance scores
(Figure 11). Overall habiat integrity scores were calculated for 129 Scuth Afncan estuanes.

Sixty five percent of the estuanes found in South Africa (179 estuaries) had information that could be used to determine

their botanscal importance. The St Lucia, Mngazana, Nxaxo and Mbashe Estuanes were important because they had
high functional importance scores, community nchness and communiy ranty  Sixteen percent of the Transkei estuanes
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and 44% of Ciskei estuanes were included in the 20 estuaries with the highest scores. The combination of the
components in the botanical importance rating allowed the small estuanies with low functional importance scores, but
with rich or rare plant community types to have high importance scores, e.g. the Kabeljous, Seekoei and Uilkraals
Estuanes. These three estuanes contained extensive submerged macrophyte and macroalgal areas. Submerged
macrophytes have a high rarity weighting, as they only occur in 38 South African estuarnes.

The habitat integnity or health of an estuary can be determined using the change in the botanical functional importance
score over time. Habitat integrity was determined for the Swartkops Estuary over a period of 60 years (Colloty ef al.
2000). as well as for 16 Pondoland (northem Transkei) estuanes. Habitat integrity scores were calculated for all South
Afncan estuanes (129) that had available information and compared on a national basis.

Human impacts have reduced the habitat integrity of the Swartkops Estuary by 50%. Industrial and residential
developments including roads and bridges have encroached into areas that were previously salt marsh.  Supratidal salt
marsh was estimated to cover an area of approximately 40 ha before any development occurred. However, only 5 ha
remains (a reduction of 88%). The intertidal salt marsh was reduced in cover from 215 ha to 165 ha (a reduction of
23%). Supratidal salt marsh has been most affected probably because it is only periodically inundated and. with suitable
engineenng, is more prone to development. This is a common scenario in a number of Scuth Afncan estuanes.
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Figure 11:  Flow chart depicting the components of the botanical importance rating and habitat integrity index
(Colioty et al. 2001).
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3.7  National Marine and Estuarine Linefish Survey (MCM)

The first National Linefish Survey evaluating participation in, and management of, the South African line fishery was a
three-year project completed in 1996. It provided nvaluable information on catch, effort and the socio-economics of the
fishers involved. It also highlighted the importance of the line fishery with an estmated value of R 2.2 billon per annum.

A five-day workshop was convened in 2002 at which linefish researchers, managers and fishers throughout SA gave
input into the design the next National Linefish Survey so that survey metheds, questionnaires and data analysis could
be standardized. The workshop recommended that the National Linefish Survey be repeated every 5 years. It was also
decided that the next survey should entail two years of sampling. The survey is due to start in 2003 (Mr S. Lamberth,
MCM, pers. comm.).

At the third Southem African Marine Linefish Symposium held at Amiston, 28 April - 1 May 1999, the lack of estuarine
linefish data was highlighted as a major gap in the knowledge base. The National Linefish Survey will therefore explicitly
include the collection of data on catch, effort, participation and socio-economics of estuanne fisheries. Monthly aerial
surveys, for the two year period, will cover the entre coastiine, including all estuanies, whereas a minimum 50 estuaries
will be surveyed by ground personnel 1o monitor explostation of estuarine and estuarine dependant fish and invertebrate
species. These personnel will also be responsible for interviewing recreational, commercial and subsistence fishers.
The estuanes o be surveyed include the top 50 on the priority kst but the final selection still needs to be decxded on a
regional basis.

38  Sediment Monitoring (DWAF)

Early attempts to quantify the sediment loads of southem African rivers were prompted mainly by the potential threat that
sadiment posed 1o reservoirs. Ad hoc niver sampling was initiated in 1919 and regular sampling programmes (daily
sampling) were initiated at a number of stations during 1928 - 1829. Most of the onginal sampling data collected up o
1970 have unfortunately been lost.

Through the years the emphasis in monitoring of sediment loads has shified from daly stream sampling to regular
resurveying (every 10 years) of existing reservoirs to record sediment accumulation rates (Rooseboom, 1992).

381 Sampling technique (1929 -1971)

The person taking the sample was instructed to daily (at 8h00) take a bottle, submerge it 1 ft (300 mm) below the surface
and allow fill up. After all 14 bottles in the crate were full, the crates were railed to Pretoria for analyses. Following a
penod of rest dunng which the sediment was allowed to settie out, the majonty of the water in the sample was decanted.
The remaining water would then be driven off by heating. Up to 1371 grain size analyses were performed by sieve above
0.03 mm and by means of the hydrometer method for smaller particles

When the settling velocities of particles being transported are small, relative 1o the shear velocities of the stream,
sediment concentrabons tend 10 vary only slightly across the stream. Sediment particles carried by southem Afncan
rivers at the points where stream sampling was taken, tend to be small, with a large proportion < 0.2 mm in diameter.
Because of this, it is possible to convert the recorded bottie concentrations into mean concentrations for the total stream
sections by applying cormrection factors (Rooseboom, 1992).

382 Sampling technique (1971-...)

Although bottie samples are still being taken mainly for water quality monitoring. it has been accepted that suspended
sediment sampling shculd be performed by pumping samples from appropnate sampling points in the stream. A
reasonable database exists of sedment yields for higher sediment yield areas of South Africa. It s therefore unlikely that
extensive long-term stream sampling monitonng will be required in future. It would be of greater value however 0
institute short term measuring programmes in order to determmne the relative yields from different sub-catchments.
Electronc sedimentaton scales and other modem equipment are now avaiable to simplify grain size analyses and
concentration determinations for large numbers of samples. Laboratory processing of samples has therefore become
less cumbersome.
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instruments. This is a very efficient manner to determine average sediment loads and yields (Rooseboom, 1992).

Discussion

It is recommended that the practice of collecting sediment samples in rivers be re-established in rivers upstream from
estuaries in order to quantify the sediment loads reaching these systems. For example, historic data collected in the
Thukela river were invaluable in quantify the sediment to the estuary downstream from the dams. These insights could
not be cdenved from depth scundings and sedimentations rates in the reservoirs.

3.9 Eastern Cape Estuaries Management: Monitoring Project (UPE and CSIR)

The objective of the project is 1o develop, document and test a monitonng protocol appropnate for Eastemn Cape
estuaries within the framework of national and provincial estuary management policies and legisiation. The monitoring
protocol should be designed so that it presents practical methodologies that can be adopted by different levels of local
and provincial govemment as well as semi-govermment and community organisatons (Taljaard and McGwynne, in
press).

The monitoring protocol will use environmental vanables or parameters 10 measure change in physical, chemical,
biological and socio-economic aspects. The selection of these vanables will be guided by an identificaticn of the factors
that pose the greatest threats to the estuarine environment, taking into account the experience and needs of
management and imerested and affected parties.

391  Selection of Preliminary List of Indicators

The predminary list of indicators for inclusion in the menitoring protocol for Eastem Cape estuanies, a workshop was held
in Port Elizabeth on 23 August 2001 which included participants from:

o Scientific community
o Eastem Cape Provincial authorities dealing with the management of estuanes
« Representatives from Eastem Cape local nature conservation groups.

Estuanne managers from the provincial and local authorities were requested to identify ther needs in terms of the control
and management of estuanes.

Some of the key points that were highlighted included:

e Thresholds. In terms of allowable developments and camying capacites (e.g. humans, boats, jetties, living
resources), in many instances these are not available and, due to a lack of scentifically defensible information, are
difficult %o set.

« The lack of resources (human and financial) to implement the monitoring protocols (e.g. DEAT does not have the
capacity 10 undertake such monitoring) was identified as a concem,

o Justice system not working - before monitoring can be instituted proper pelicing needs to be ensured. Without
this one can monitor, but no action can be taken, or where taken will not address the problem.

o Education (at all levels) with regard to estuary function and management is a pnonty.

» Data management: There is need 1o ensure a coordinaled management of data and the dissemination o the
appropriate persons/decision making bodies. Too much data is lying around idle and not being used as a frame on
which to hang decisions reached. or is simply not reaching the appropnate managers (e.g. research information
needs to be shared with managers). Possibly an indicator should be developed to track data management, data
disseminaton and associated action.
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From the above a preliminary generic set of environmental indicators for Eastem Cape estuaries where develop
focussing on the following aspects (Dr L McGwynne, pers. comm.):

Hydrodynamic and sedimentary processes
Water quality

Human population
Control of human activites
Planning and development

Law enforcement
Cooperative govemnance and co-management
Estuary management

Economic contribution of estuarine resources
Basic human needs.

Discussion

The monitoring program is designed for local and provincial government personnel working where possible with special
interest groups or estuary forums. The selection of indicators has been geared towards users with limited expertise,
limited time and limited budgets i.e. it has not been designed for scientists aithough the outcome can contribute o

research projects (Dr L McGwynne, pers. comm.).

The monitoring program value lies in (i) highlighting trends, (ii) documenting the variability inherent in estuarine systems
that is important for the interpretation of trends, (i) generating hypotheses on ecological and other relationships that can
be tested by scientific investigation, (iv) identfying (or red flagging) issues/elements that can limit progress towards
achieving specific objectives and need further investigation and (v) a limited degree of compliance monitoring to
measure adherence %0 specified conditions/targets.

Some of the limitations of the programme are: (i) it is not equipped 10 answer specific questions, e g. the impacts of a
development on water quality or biota (i) the project focuses on community participation in monitonng and therefore
oversimpiifies from a Reserve determination perspective, (iii) managers confronted with the extended list for the first time
often felt overwhelmed with the detaled requirements.

At the Swartkops Estuary, one of the pilot sites the project, t was felt to be more beneficial to first consolidate existing
menioring projects and then broaden the scope 1o include a more extended list. For example, at the Swartkops Estuary
the following parameters are already being monitored:

Partial measurement of river runoff 10 the estuary

Number of bags of litter collected on a monthly basis

Water Quality (E. col¥ counts)

CWAC bird counts twice a year

Some information on number of boats, anglers, bait collectors and permit holders on estuary.

Some information on compliance (e.g. number of fines and amrests in terms of the Manne Living Resources Act
18 of 1998)

3.10 National Core Set of Environmental Indicators (DEAT)

The project output consists of a series of 8 specialist reports produced as part of Phase 3 of the National Environmental
Indicators Programme. This Programme was initiated by the South Afncan national Department of Environmental Affairs
and Tounsm (DEAT) to develop national environmental indicators for State of the Environment (ScE) reporting in South
Afnca.

In the first phase, approximately 330 SoE indicators related 1o the manne and coastal environment were identified from a
rewew of both national and intemational SoE Reports. National reports included the South Afncan Naticnal SoE Report,

Page A-37




Appendix A - Review of Moniforing programmes in SA Estuanes

the Cape Town SoE Report, and the Durban ScE Report. as well as information from the South African Integrated
Spatial Information System (SA-ISIS) Programme. An intemational perspective was gained from SoE Reports from
countres such as Australia, Canada, China, India, Japan, the Mediterranean, New Zealand, Norway, the Unded
Kingdom, the United States, and the Westem Indian Ocean, as well as the Commission for Sustainable Development
(CSD) and the Crganisation for Economic Co-operation and Development (OECD).

In assessing this kst of indicators. they were first grouped into broad calegones based on a common theme. The
indicators within each grouping were then further divided into sub-categories according 10 common indicator measures.
Within each sub-group. issues and pressures relevant to the South Afncan marine and coastal zone were identified and
the appropriate prefminary indicators selected.

The second phase comprised the identification of pronties relating to the coastal and marnine environment as outlined in
Scuth Africa’s environmental legislation and policies. The third phase involved a stakeholder workshop where key
issues relatng 1o the coastal and marine environment were identified and in the final phase core indicators were
xentified for the coastal and marine environment.

The National core indicators selected for the manne, coastal and estuanine environment are listed below (Harrison et. al.
in press):

NUMBER INDICATOR NAME i
MCO] Catches and Maximum Sustainable Yield per fisherv sector ‘
MC02 Distribution and abundance of resource species )
MC03 Caich per unit effort per fishery sector

L MOy Commercial fishing rights ‘Ww:n?.mllﬁ development
MCOS Estuarine Health Index (State of South African Estuaries (DWAF DEAT))
MCO6 ollutant loading entering the seas from land based sources
- MCO7 lue Flag beaches |
MCOx Concentrations of heavy metals in sediments or hiological tissues (e.g. Mussel Warch) |
“MC09 Ol pollution aecidents along the coast 1
MClO Land cover change in the coastal zone |
MCT] Population density change in the coastal zone ,
Discussion

In the final selection of national indicators, some indicators very relevant to estuarine monitoring were discarded due to
data avadabiity and cost of data collection. Examples of these indicators discarded dunng the second and third phase of
the study are:

Number of alien species per taxonomic group

Reduction in freshwater inflows to coastal nvers and estuaries
Coastal mining activities

Ship traffic in coastal waters (proxy for ‘itter from sea’ and ‘oils spills’)
Sea-level nse (result of global warming)

Number of endemic species per taxonomic group
Threatened and extinct species

Frequency of algal blooms and dominant species of algae

Pathogensc contamination of coastal waters

Litter & debris in the coastal zone

Erosion setback ines (e.9. management response to changes in sea level)
Municipal/Provincial waste management expenditure

Extent of conserved areas (e.9. MPA)

Budgetary allocation for education and awareness programmes
Budgetary allocation to environmental research

Multiateral environmental agreements

Budgetary allocation 10 natural resource management

Number of operational environmental monitoning programmes.
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3.11 South African Integrated Spatial Information System (SA-ISIS) Programme

One of the most recent indicator developments in South Africa was undertaken by the South African Integrated Spatial
Information System (SA-ISIS) Programme funded by the Inncvation Fund. SA-ISIS is a multi-partner, integratve
initiative led by three panciple groups, i.e. ARC Institute for Soil, Climate and Water; CSIR and the University of Pretona.

The aim of SA-ISIS is 10 assist govemment in wise decision-making (assumed fo be both management and policy

developmenf) and 0 bring information about our nich natural resource base to society at large. Within SA-ISIS three
intiatves are identified: SA-ISIS Agnculture, SA-ISIS Biodiversity and SA-ISIS Coastal and Manne.

As part of SA-ISIS (Coastal and Marine), State of Environment (SoE) indicators are being developed for the following
components of the coastal zone:

Terrestnal zone (from the spring high water mark to 10 km inland)

Estuaries (no definition provided)

Shoreline (from the spring high water mark to the surf back line)

Inshore zone (from the surf back line to the S50 m depth contour on the continental shelf)

Offshore zone (from the 50 m depth contour to the Exclusive Economic Zone [EEZ] 200 nm [260 km)).

A core team of experts were tasked 10 select a set of SoE indicators for each of the coastal zones identified above.
Existing initiatives on the development and implementation of SoE indicators (both national and intemational) had 1o be
reviewed and this, together with expert knowledge on the Scuth African situation, was used to denve set of indicators, A
selected group of estuanne, manne and coastal scientists peer reviewed the list of indicators for each of the zones in
workshop forums

The indicators are selected to fit the Pressure-State-Response framework. The indicators at this stage are stil at a
preliminary stage of development and are subject 10 further review and modification. Approximately 100 indicators have
been identified for the different coastal zones and these are presented below:

ISSUE PRESSURE INDICATOR

Anthropogenic activilies Record of freskwater inflow

such as water abstraction | Longtrudinal salinity distributton patterns

and inappropriate State of the mouth primartly through visual observarions
Piesicel isimaies agricultural practices in | Sedimentation in the mouth as measured by Berm wall
’ 3 river catchments that alter height or topographical survevy of the mouth arva
the freshwater inflow

Long-term sedimentation processes through cross

th nd sediment
ks g g section profiling ar pre-selected sites along the estuary

inpuls to extuaries

Deterioration in aesthetic Secchi disc depth

Revord of sightings of floating obpects, surtace

Vol contaminants and where possible the source.
Revord of locatton and frequency of occurrence of fich
Eutrophication and amoxic and invertebrate movtalines

Lok " Record of locarion of areas in estuarics with bad smells
conditions as a result of - .

) - Dissolved oxyvgen concentrations
nutrient inpul from sewage

“Record of locanon and frequency of occurrence of

Water and sediment quality | and agricultural runotf siicroaigel Somes

| Dissolved nurrient concentrations

| Chemical pollution as a
result of industrial and
wrbun (storm water)
development

Trace metal concentrations in sediments

' Health risk to recreational

rep ey Microbiological ie.g. E. coli) counts

Habirar qualin: Changes in plant Plant habitar area
communities owing to Mucro- and micro algal blooms
anthropogenic influences Nuisance (alten) vascular plunt species
ranges in anemal Invertebrates
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—BSUE T PRESSURE ] INDICATOR ]
communities owing to | Fish |
5 anthropogenic influences | Birds |
Population density and , .
' ( T ) Location and number of peoples and settlements
| , wtilisation in and around | assoctated with estuaries
| estuanes !
| Flood plain development Number and tvpe of flood plain developments
f Catchment development Twpes of land wses in river and stream catchments for
: estuaries and lagoons
| Number and nature of calchment management
| Etcgrates’ Mumnpemant | programmes in coastal river and stream catchments ’
l Number and nature of formally implemented estuarine |
Lack of integrative management programmes '
' management ree of integration between cuthorities with ]
jurisdiction over different parts of an extuan |
Nature and cxient of Marine Protected Areas Semsitive

l

Areas
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4. SHORT TERM DATA COLLECTION PROGRAMMES OR SURVEYS (< - YEARS)
41 Great Berg Estuary (Anchor Associates, Cape Town and DWAF)

In 1983 an EFR done on the Great Berg Estuary concluded that the Skuifraam dam would have a measurable impact on
the estuary and senous concems were expressed in terms of the confidence in prediction due to the complicity of the
estuary. It was therefore recommended that a baseline monitering programme of five years be conducted on the estuary,
before the construction of the Skuifraam Dam. In 2002 DWAF funded a 3-year programme 1o collect data on the Great

Berg Estuary. The following components are currently being moniored in the estuary:

Hydrodynamics (continuous water level and river inflow data)

Sediment Dynamics (once of detailed survey of 40 transects, thereafter 15 transects repeated annually)

Water Quality (seasonal sampling at 25 stations cf salinity, temperature, oxygen)

Vegetation (once-off detaded mapping of riparian vegetation, thereafter annual survey of transects n

transitional zones)

e Invertebrates (first year an winter and summer survey of inter-tidal and sub-tidal invertebrates, thereafter
sampling only dene in summer)

e Fish (first year an winter and summer survey along the length of the system for 40 sites, up to 65 km upstream,
thereafter only a summer survey)

e Birds (CWAC counts for winter and summer every year),

42  Water Quality Monitoring of Cape Town Estuaries (Cape Metropolitan Council)

Monitonng technique: Cape Metropolitan Council monitors the water quality of a number of urban estuaries in the
vicinity of the metropole. The following standard water quality constituents are measured on @ monthly basis: pH,
Conductivity (mSim), Suspended solids (mg/1). Chemical oxygen demand (mg/l), NO=~N (mg/1), NO-N (mg/), Total NH«
N (mg/l), PO«-P (mg), SiO«Si (mgl), Faecal coliforms (counts/100 mi) and Faecal streptococc (counts/100 ml).

The estuaries monitored by the Cape Metropolitan Council are:

DETAIL |
"Sir Lownvs | Listed WO constituents are measured once a month. The monitoring siarted April May 002, i
| Pass River |
| Eerste I Listed WQ constituents are measured once @ week near Macassar outlet. CWAC bird counts mwice a

| vear. Momthly bird counts by represemtarives of CMC (23 months of data availabie). Biological |
| monitoring of invertebrates was done twice at of eight siations, but suspended after nothing was found i
Lourens | Listed WO constituents are measured once a month ar the bradge tor the last 2 vears.
setwater | Listed constituents once a month are measured near Greenwavs. The moniioring started April May
| River | 2002,
| Seckowt [ Listed WQ constituents are measured once a month al_four siations in the viei. Chlorophyvll A is also
‘ measured. If algal counts are verv high, toxicity test are done.
Zandvier | Listed WQ consttuents are measured once a month. Salimities are measured rwice a month.
l | Measurements are done at the surface and bottom waters at 14 stations in the extuary. Chlorophvll A ix
also measured If algal counts are very high, toxicity test are done. CWAC bird counts rwice a vear.
Silvermine | Listed WQ constituents are measured ance a month
| Diep | Listed WQ constituents are measured ai three stations in the estwary (al mouth, near bridge, and one in-
between the mouth and the bridge) once a month.

Discussion

The monitoring data gathered are used to assess the water quality conditions of the estuanes within the metropole’s
boundaries. The data collected are summarized and compared 10 establish trends and the effectiveness of management
strategies. The primary focus of the monitorng programme is on human heaith and therefore results are assessed in that
context.
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The data can also be used in the wider sense, for example, the False Bay Water Quality Review Study which reviewed
the scurces and loads of nutrients, heavy metals and other hazardous substances being discharged to False Bay. The
assessment included inputs from rivers, storm water runoff, treated wastewater, ground water, air pollution as well as
harbour and shipping activities. The study made recommendations on the research needs for False Bay (Taljaard et al.,
2000).

Due to legal requirements and budgetary constraints CMC only monitor the water quality of the estuanes within its
boundaries. There is a need to expand this monitoring programme to include some biological monitonng (e.g. Diep
Estuary), but there are no future plans %0 do so (Or D van Drel, Cape Metropolitan Council, pers. comm.).

4.3 Klein Brak and Groot Brak Estuaries Mud Prawn Monitoring (UPE)

The projects aim was 10 make a direct comparison between the prawn populations of the Klein Brak and Groot Brak
estuaries. The research hypothesis was that the Klein Brak Estuary would have a more stable prawn populabon, as it

was permanently open estuary, than the Groot Brak, which was a temporanly open/Closed estuary.

Monitoring technigue. Two basic techniques were used 1o monitor the prawn populations (Upogebia afncana), namely
borrow counts and prawn pumping. Afler ascertaining that live animals were present, burmow openings were counted in
areas of 0,1 m? (from a wire quadrat thrown randomly). There were about 70 = 100 replicate counts done in the two
study areas. A prawn pump was used randomly over the study areas 1o get size class distnbution

Spatial scale: The study focused on the muddy, lower intertidal reaches of the Klein and Groct Brak estuanes. In the
Klein Brak Estuary it comprised an area of about 200 to 300 m below the N2 bridge while in the Groot Brak the study ste
was about 500-500 m as it included areas around the island.

Temporal scale: The monitoring was conducted from 1993 1o 1996. It was repeated twice a year. once in March (i.e. the
end of the breading season) and again in August (i.e. the start of the breeding season),

Discussion:

The study showed that, as was hypothesised, that while the Klein Brak prawn densities stayed stable, the prawn
densities of the Groot Brak Estuary increased after the dam construction. The monitonng programme also showed that a
grid reference system worked better than a transect system for prawn monitoring, as it allowed for small lccalised
changes in sediment composition 1o be incorporated in the results (Prof T Wooldridge, UPE, pers. comm.).

4.4 Eastern Cape Monitoring of Copepods (UPE)

Recent research in the estuanies of the Eastem Cape (e.g Nahoon, Kromme, Swartkops, Mkazana) indicated promising
results in the use of endemic copepods as indicators of change in freshwater inflow. The procedure focuses on three
encemic, easily identifiable species that can be used to indicate change in an estuary. One of the species is very
sensitive to change in fresh water inflow and would reduce in numbers or disappear dunng high runoff event, while the
other two species would increase during pencd of reduced freshwater inflow. The copepods are also good indicators of
nutrient input, food accessibility and phytoplankton, The combination of the three species therefore gives a holistic
picture with regard to changes in the water column habitat. Counts varying between hundreds to lower thousands
indicate low biomass, where counts of ten thousands 1o a hundred thousand indicate high bomass.

The use of these three indicator species would allow for limited time in the field and laboratory in companison with the

normal intense fieldwork and analysis that is associated with invertrebrate analyses (Prof T Wooldridge, UPE. pers.
comm.).
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45  Eastern Cape Estuaries (South African Institute for Aquatic Biodiversity and UPE)

After a lack in baseline information in smaller estuaries along the Eastem Cape was identified, nine estuanes were
surveyed between the Kiein Plamiet and the Kesskamma. The project was originally intended as a long-term monitoring
project. The estuaries were compared in terms of aquatic vegetation, invertebrates and fish. The ideal plan would be to
repeat the survey for each system every three years.

The fish study compared the species composition, relative abundance, richness and diversity, longitudinal distribution
and length frequency data for the fish communities, whereas the inveriebrate study compared species composition,
relative abundance and distnbution pattems in the different estuanes. Macrophytic plant communities were mapped and
microalgal parameters in each estuary were documented. A study of the physical characteristics in each system was
also camed out (Vorwerk ef al, 2001).

451 Physico-chemical sampling
Monitoring technigue: Temperature, salinity and turbidity were recorded at 1 m intervals in the water column

Spatial scale: Five sites up the length of each estuary were selected, with one site occuming in each of the following
reaches: mouth, lower, middie, upper and head reaches.

Temporal scale: Sampling was conducted duning early momings and mid aftemoons in winter and summer, to obtain
measurements dunng the coclest and warmest penod of the day.

452 Sediment sampling

Monitonng fechnigue: Sediment samples were analysed in terms of organic content and particle size distribution. The
samples were classified as gravel (>2 mm), coarse sand (2-0.5 mm), fine sand (0.5-0.063 mm), silt (<0.063 mm) or a
combination of these categories.

Spatial scale: Five sites up the length of each estuary were sampled, with one site occurring in each of the following
reaches. mouth, lower, middle, upper and head reaches.

Temporal scale: A single summer survey was undertaken.
453 Fish sampling

Monitonng fechnique: A range of gear types where used, including small and large mesh seine nets and a fleet of gil
nets. Different gear was used to target specific groups and/ or sze ranges of fishes. After identification fish were
assigned 1o estuanine association categories according to Whitfield (1968).

The number of large mesh seine hauls vaned in each system, depending on the estuary size and decline n the
collection rate of new species. In all estuanes littoral habitats were sampled. The net was laid in a semi-circle from the
bank by motonsed boat and then hauled in by three or four people. All fish captured were dentfied and measured to the
nearest standard length (SL) before being retumed to the water alive. The small mesh seine sampling method was
similar, except that due 1o the large number of small fish captured, fish were preserved in formalin and identified at the
laboratory.

Monofilament gill nets were used o sample larger fish of both marine spawning and freshwater species, as members of
both groups are known 10 actively avoid seine nets. The nets were 10 m in length and 2 m in depth, consisting of three
equal length sections of 45 mm, 75 mm, and 100 mm stretch meshes. Generally two nets were used in each reach
(upper, middle and lower). No gill nets were set in smaller systems. Gill nets were deployed in the evening and lifted the
following moming. Al fish captured were dentified and measured to the nearest mm in standard length. The target
groups and size classes (mm standard length) of different gear types are listed below (Vorwerk ef al. 2001):
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| GEAR TYPE STRECH MESHSIZE ™~ TARGET GROUP | TARGET SIZE CLASSES |
Q . ‘ All size classes excluding
. Mh, g 10 mm Estuarine spawning species very small individuals
(30m x 2m)
] (<10 mm SL)
1 -y Tordi
Large mesh seine | Marine spawning species All size ‘]m".“ mmng
($0m x 2m) i and fresh water species very small individuals
Rasl , (<40 mm SL)
Gill nets | Marnine spawning species Larger individuals
’ -
(10mx2m T V? S 0N and fresh water species (<10 mm SLi

Spatial scale: Five sites up the length of each estuary were sampled, with one site occuming in each of the following
reaches: mouth, lower, middie, upper and head reaches.

Temporal scale: Fish were sampled bi-annually, during June or July (winter) and January or February (summer), on one
or 2-3 consecutive days, depending on the sze of the estuary.

4.5.4 Invertebrate sampling

Invertebrales (zooplankton and macrocrustacea) were surveyed between 2 and 7 times for the various estuanes
Monitoring fechnique: Using a Van Veen-type grab, with 9 replicates per station.

Spatial scale: Sampling was done along the length of the estuaries, in all the salinity regimes from saline to fresh.
Temporal scale: Summer and winter surveys at each estuary, with some repeat surveys at some.

4.5.5 Vegetation sampling

The vegetation of the various systems was sampled as a once-off survey for the PhD thesis of Dr B Colloty (University of
Port Elizabeth).

46  Natal Estuaries Mouth Monitoring (KZN Wildlife)

KwaZulu-Natal Wildife (KZN Wildife) has institvted a monitoring programme on KwaZulu-Natal estuary mouth
conditions.

Monitoning technique: Visual observations are made by compliance officers dunng their daily duties. While patrolling the
estuanes along the KwaZulu-Natal coastiine they are required to note the mouth status of the estuanes they visit during
the day. The data is then forwarded 10 a central point and collated.

Spatial scale: The observations are made at the mouth of the estuanes.

Temporal scale. The visual observatons are made on 3 weekly basis.

Discussion

The data set is very valuable as for many small Natal estuaries this s the only record of open or closed mouth
conditions. The mouth observations can be used 1o establish broad trends in estuarine responses to ranfall'runoff and
its related impact on the associated biota e.g. migration pattems.

Unfortunately, the data is only collected on a weekly basis and the visual cbservation not restricted 1o a specific tide.
This makes comelating the estuary mouth condition 1o specific river base flows difficult. The net result of a reserve study
based on this information would normally yield a broad flow range to allow for tdal and temporal differences in
observations.
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4.7 Durban Harbour Sand Prawn Monitoring (Marine and Estuarine Research)

In order to establish differences between open and restricted/closed areas in the sand prawn Callianassa krauss/
population of Durban Harbour, Marine and Estuarine Research have been monitoring changes in population dynamics
for the last five years.

Monitonng technique: A prawn pump is used to collect the samples, which were then analysed to establish the impact of
bait collecting on size distributions, community structure and prawn densities. Unfortunately, it was discovered that
duning the night even the closed areas where heavily poached and therefore could not serve as a true reference
condition.

Spatial scale: Monitoring was done in open and restncted/closed areas.

Temporal scale: The monitoring used to be done on a monthly basis for the past five years. Recently the frequency of
monitonng has been scaled down to quarterly.

48 Durban Bay (Marine and Estuarine Research)
48.1 Invertebrates

Monitoning fechnique: Zooplankton night sampling is done using a 500 micron mesh net towed by boat. Hyperbenthos is
sampled using a benthic frame net also towed by boat. Zoobenthos is sampled by using a Zabalocki-type Eckman grab,
with 5 replicates per site.

Spatial scale: The Mikomazi Estuary is monitored at six ses along the length of the system.

Temporal scafe: The estuary is sampled annually in August during the low flow period. The sampling might be conducted
earfier if river inflow is low in a specific year.

482 Fish

Monitoring technique: The fish of the estuaries are sampled using a 30 m x 1.7 m x 15 mm bar mesh sene net fitted with
a 5 mm bar mesh purse and, where possible. a feet of gill nets. Each gl net had a range of mesh sizes and comprised
three 45 mm, 75 mm and 100 mm streich mesh monofiament panels and was either 10 m or 20 min length and 1.7 m

deep.
Spatial scale: Fish are monitored at 3 - 4 sites in the estuary, depending on the water levels in the system.

Temporal scale: The estuary is sampled annually in August during the low flow period. The sampling might be conducted
earlier f river inflow is low in a specific year.
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5. INTERNATIONAL PERSPECTIVE

Global monitonng programs were viewed and there s a wealth of information readily available on the web and published
in jounals. Even though some overseas environmental organizations are at the forefront of research in this area, it is not
necessarnly applicable to the South African situation mainly because of differences in estuary size. Smaller estuares
respond differently fo vanous stresses than larger estuanes so monitoring needs are likely to difier. Some problems
might overlap with the SA situation and therefore we should not totally discard overseas methods and expenience. Also,
funding opportunities are not as readily avalable in South Africa as overseas, so we have to concentrate on the
indicators that are economically viable and that can still be used as representative of a group of indicators.

What follows is a summary of some international monitoring programmes.
5.1  The Chesapeake Bay Monitoring Programme

The Chesapeake Bay Monitoring Programme (www chesapeakebay net) started in 1984 by the Chesapeake Bay
Executive Council and is an EPA /state cooperative effort. The first agreement, creating the Bay Program was signed in
1983. A second was signed in 1887 and amended in 1952, Finally, the Chesapeake 2000 agreement guides the Bay
Program partnership efforts to the year 2010.

The goal of the Chesapeake Bay Monitonng Program is to assist in the development and implementation of
management policies to protect and restore the economic and recreatonal value of Chesapeake Bay. A long term
monitoring program was designed by the Department of Natural Rescurces to provide State managers and policy
makers with accurate, timely and comprehensive information about the Bay's existing condition and how it is responding
to management intiatives

Monitoring was divided into groups, i.e. physical, chemical (including a full suste of nutrients), sediment chemistry and

exchanges, ecosystem processes, assessment of phyto- and zooplanktcn, SAV, benthic inveriebrates, key rate
processes and resident fish communities.

Key problem areas include:

o Characterizing existing conditions
o Processes affectng Bay water quality
e Linkages between water quality and living rescurces

Water, habitat and biological measurements are taken n a coordinated fashion, in most cases at the same times and
places 1o enhance understanding of linkages between mondored parameters. Other considerations in site selection
included habitats such as base spawning areas and availabiity of histoncal data. Bay-wide perspective was appled to
evaluate the effectiveness pollution control measures and to dentify regions in need of action as well as a better
understanding of the fate of pollutant inputs.

Interpreting and presentation of results are done in several ways in the Chesapeake Bay Monitoring Program depending
on specific management guestions. Status or charactensaton was conducted by fixed station observations. Each salinity
zone has a baseline on which to score water quality at each stabon and is then compared to the most cument three-year
record.

Mathematical modelling used to project water quality responses uses monitoring data. A three-dmensional Bay and
Tnbutary Water Quality time-variable mode! is curently under review for predictive purposes.

Considering the size of the Chesapeake Bay estuary (2522.4 mies®), it is not comparable with any estuary in SA.
However, it can be useful to consider some of their approaches when designing a monitoning program.
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A survey was done from 1976 to 1983 directed by EPA and its findings were that:

Bay grasses (submerged aquatic vegetation - SAV) had declined.

Oyster spat set had declined.

Landings of freshwater-spawning fish had decreased.

Leveis of nutrients were increasing in many areas.

The amount of summer Bay water showing low (or no) dissolved oxygen had increased significantly.
High levels of heavy metals and toxic organic compounds had accumulated in Bay water and sediments

52  The Derwent Estuary Programme (DEP)

The Derwent Estuary Programme (www.derwentriver tas gov au) was established in 1999 with the goal of monitoring the
environmental resources of the Derwent Estuary It is a joint State, Local and Commonwealth Govemment project using

a strategic coordinated planning approach across all levels of govemment, industry and community.,
Issues that affect the estuary in particular are.

Heavy metal contamination

Introduced marine pests

Loss of habitat and species

Intermittent faecal contamination of recreational waters
Elevated nutrient concentrations
Environmental fiows and bamers

Foreshore issues.

The first aim was to develop a coordinated environmental management strategy. Effective natural resource management
is an on-going and reliable source of environmental data.

Monitoring activities camed out dunng 2000 inchuded the following

weekly recreational water quality testing during summer months
Quarterly water quality monitoring for a wider range of indicators
annual survey of mercury in flathead and heavy metals in shellfish
baseline survey of estuanne habitat types and distnbution
baseline survey of estuarine sediment quality.

During 2000. a detaded baseline survey of estuarine habitats was conducted by the Tasmamian Aquaculture and
Fisheries Institute at the University of Tasmania. The type and distnbution of sub-tidal habitats between iron Pot and
New Norfolk were identified through a combination of field mapping using echo-sounders, grab sampling and video
assessment, and digitising habetat boundanes from aenal phetographs.

In parafiel with the habitat mapping, a detailed survey of sediment quality (redox, grain size, organic content and heavy
metals) was completed, consisting of 123 short cores from all parts of the estuary. Results indicate that the majority of
Derwent estuary sediments are very fine-grained, organic-rich and contain high levels of heavy metals

Sediment quality, toxicity lesting, biological surveys (e.g. fish, macroinveriebrates and wetlands), nutrient cycling,
biogeochemical processes and modelling are also some of the indicators monitored for estuary risk assessment.
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LESSONS FROM EXISTING RESOURCE MONITORING PROGRAMMES

Al present there are very few long-term monitoring programmes running in South Africa.

A crucal and relatively inexpensive form of monioring is aenal surveys of all South African estuanes. Aenal
photographs have proven themselves to be invaluable in terms of establishing trends in mouth behaviour, scouring
during flood events, sedimentation rates, change in vegetation cover, encroachment by human settiement and
impact of agricultural activities on an estuary. It is therefore strongly recommended that the aerial surveys on a
national scale be resumed and repeated annually.

The longest running form of monitoring, pertaining to estuaries, is the callecting of river runoff data. Unfortunately, in
the case of estuaries, the last part of the river system, runoff data seldom captures the total runoff from the entire
catchment as the main purpose of a gauging wesr is normally to establish viable scurces for future abstraction or
probable dam sites. Runcff gauging weirs also have a negative impact as they stop fish and inveriebrate migration
upstream and should therefore be installed with caution.

In a select few estuanes (e g. Klein and Bot), continuous water level recorders have been installed for nearly 20
years. Unfortunately, less than 10% of South Africa's estuanes have a continuous water level recorder installed. It
cannot be stressed enough that this is the single most important monitonng parameter that can be measured in an
estuary. From this data many other results can be inferred if nothing else is available, e g. migration pattems of bicta
or the heath of salt marshes. It is also relatively inexpensive 10 collect if converted to a digital format, and can be
used as an early waming system where needed.

Mouth cbservation by community members (Groot Brak and Klein estaunes) has proven to be invaluable in
understanding the dynamics of estuarine systems. Unfortunately. where no water leve! data are available to back up
observations, it should preferably be done on a daily basis, 1o be of real assistance in Reserve studies (in order 1o
estabish trends between river inflow and mouth conditions).

In the case of the Groot Brak Monitoring project, estuarine vegetation (salt marshes) and invertebrates (marsh crabs
and prawns) have proven 10 be very good indicators of estuanne health. In the case of the invertebrates 1t is
recommended that the survey technique be expanded from a stationary tfransect system 10 a gnd reference system,
since benthic invertebrates are more mobile than first assumed and this would allow for migration up and down the
estuary (Prof. T. Wooldridge, UPE, pers. comm.).

Fish and birds are good indicators of changes in freshwater inflow, human disturbances and over-explotation and
should be included to assess the overall health of a system. If the temporal and spatially intervals at which fish
monitoning are conducted, are well spaced and the monitoring is coupled 10 water quality measurements (especially
salinity), fish data are representative of estuarine health on a comparative basis, even though the individuals are
highly motile (e.g. Breede Reserve study).

The National Marine and Estuarine Linefish Survey (every 5 years), which will include estuanes, will give a good
indication of explotaticn pressures on estuarine associated fishes and help to establish to what degree the current
health status of the fish in an estuary are not related to water quality and quantity aspects.

Simdarty. CWAC bird counts have proven o be valuable sources of data in estuanne flow requirement studies (e.9.
Swartkops and Bot) and should be encouraged in more estuanne systems.

Before establishing @ monitoring programme in a system, it is worth the effort to venfy with the different local
authonties what is currently being monitored in and around an estuary and try to build on present monitoring
programmes 0 save resources (as was the case for the Swartkops Estuary).

The proposed National Estuanne Management Protocol calis for the coordination of monitonng activities relating to
a specific estuary, both in terms of baseline and compliance monitoring. It also requires the allocation of
responsibiity to different local authorites for monitoring in its Estuanne Management Plan so 10 ensure that
resources (financial and human) be allocated to monitoring.




Other related WRC reports available:

Prioritization of South African Estuaries based on their potential importance
to estuarine-associated fish species

Maree RC « Whitfield AK * Quinn NW

The National Water Act of 1998 ensures that estuaries are regarded as a water resource,
and are therefore subject to legislation regarding water resources. Consequently, the
monitoring of estuarine water quality and quantity is important to maintain a desired level
of structure and function within an aquatic ecosystem. Because biological communities
are regarded as an integral component of the estuarine water resource, the pnoritization
of potential conservation areas are often necessary for the successful determination of
aquatic reserve sites. This exercise, referred to as the ‘Fish Importance Rating’ (FIR), ams
to priontize South African estuaries in terms of their importance to estuarine-associated
fish species. The FIR complements similar procedures undertaken for botanical and waterbird
communities

The FIR is based on a scoring system of seven criteria that are considered to reflect the
mportance of estuaries to estuarine-associated ichthyofauna. Scores are allocated to
criteria, where factors that influence the estuarine fish community positively are allocated
higher scores than those that influence fish communities negatively. Allocated scores
within each criterion are subjected to various weighing factors, after which the products
are added to generate a fish-based estuarine hierarchy

This prioritization exercise presents a ranking of South African estuarine systems based
on their importance to estuarine-associated fish species, and aims to facilitate the
identification of South African estuaries with a high conservation priority, by placing all
South African systems in a regional and national context.
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