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Determination of Preliminary Ecological Reserve Estuaries Chapter 1: General Introduction

1. INTRODUCTION

1.1 Background

The Water Law Principles of 1996 clearly set the direction of the future of water resources
management. The twin threads of sustainability and equity run through the Principles, the National
Water Policy of 1997 and the National Water Act (Act 36 of 1998). The key to balancing sustainability
and equity lies in the provisions for the Reserve, and in our ability to quantify a Reserve, as well as to
manage water uses so as to meet the Reserve.

The move to integrated management of water resources, on an ecosystem basis, requires the
introduction of a new set of tools for resource management, tools that are flexible, protective and can
take account of extreme differences within South Africa, both in socio-economic conditions, and in
natural variability of aquatic ecosystems.

The move to resource management has been a gradual one over the last ten years, driven by need,
as South Africa approached the limits of new development of water resources and was forced to begin
a shift to careful management of existing available resources. To support this change, new tools and
new ways of making decisions have been under development within the Department of Water Affairs
and Forestry (DWAF) and within other agencies responsible for natural resource management.

In response to requirements for environmental impact assessment, and as a result of the
Department’s commitment to follow the Integrated Environmental Management procedure in planning
and implementation of major water resources developments, a considerable amount of effort within
the South African scientific community was focused on finding ways to assess the water requirements
of aquatic ecosystems (Instream Flow Requirements [IFR] and Estuarine Flow Requirements [EFR])

Therefore when the drafting of water legislation began in 1997, a selection of tools was already
available which were in line with the new thinking arising from the Water Law Principles and the
National Water Policy. The tools had not, at that time, been specifically tailored to fit the legislation
(since the legislation itself had yet to be developed in detail), but it was clear that existing scientific
approaches and procedures had the potential to serve as the foundation for a new suite of policy and
regulatory tools for implementation of policy and legislation.

It was recognised that implementation of the new Water Act should be carried out in a “phased and
progressive manner”. The new definition of water use required a much broader approach than in the
past; the provisions for ecosystem protection required new skills and capacity, and the introduction of
catchment management agencies required a new institutional structure.

e Three critical phases that determined and guided the development of policy and regulatory tools
are:

e The period leading up to “day 1" which required that only the most essential procedures be in
place on the day on which the Act comes into effect.

* The transitional phase, a three to five-year period of transition from “day 1", during which special
transitional tools and procedures might be required, in an environment which would allow pilot
testing and refinement of tools and development of the full suite of tools needed to implement the
Act.
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Determination of Preliminary Ecological Reserve Estuaries Chapter 1: General Introduction

Full-scale implementation in selected areas or catchments around the country, a phase covering

the five to ten year time frame after the Act comes into effect.

Until the classification and Reserve determination procedures have been prescribed, all Reserve
determinations (rapid, intermediate or comprehensive) are considered to be preliminary (referred to as
the preliminary determination of Ecological Water Requirements). Phases 1 and 2 of the Resource
Directed Measures (RDM) project (which began in August 1997) have focused almost entirely on the
development of tools for the determination of ecological water requirements at the intermediate and
rapid levels, since this is the most urgent short-term priority.

1.2 Levels of Assessment

Four different levels of assessment of the Ecological Water Requirements have been identified:

Desktop estimate (to obtain a low confidence value for the reserve of a water resource for use in
the Water situation assessment model) (Not applicable to estuaries)

Rapid determination

Intermediate determination

Comprehensive determination.

Criteria for the selection of the appropriate level of RDM determination include (DWAF, 1999):

Degree to which the catchment is already utilised
Sensitivity and importance of a catchment, and
Potential impact of proposed water use.

An indication of the potential applications of the different levels is given below:

LEVEL INTENDED USE

Desktop estimate

only.

Rapid determination

Individual licensing for small impacts in unstredseatchments of low
importance & sensitivity; compulsory licensing “kdatg action” (Barbara)

Intermediate determination Individual licensingrelatively unstressed catchments

Comprehensive
determination

All compulsory licensing. In individual licensingor large impacts in any
catchment. Small or large impacts in very importaabd/or sensitive
catchments.

NOTE:

It is assumed that the preliminary Ecological Wat&equirements determined at the rapid level wi

NOT be used to allocate licenses that will affebetmagnitudes of the 1:5 year floods and above.
principle, floods and sediments are therefore ngesifically addressed as part of a rapid level stu
Caution should therefore be taken in using rapidvie determination for deciding on medium size dg
development in small catchments as this might wefllect the floods reaching the estuary. Similarl
rapid level determinations should not be used fielnsing of discharges to estuaries (e.g. wastewate

It is assumed that the preliminary Ecological Wat&equirements determined at the intermediate le
will NOT be used to allocate licenses that will @ét the magnitudes of the 1:5 year floods and ahoire
principle, floods and sediments are therefore ngesifically addressed as part of an intermediatede
study. Intermediate level determinations may befmiént to use for licensing of discharges to esties

For use in National Water Resources Strategy ad p&mlanning processes

In

m

vel

(e.g. wastewater).
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Determination of Preliminary Ecological Reserve Estuaries Chapter 1: General Introduction

1.3 Generic Procedures

In 1999 the DWAF developed a generic 7-step procedure to determine Resource Directed Measures
for water resources (Figure 1.1). However, these procedures revealed some short comings which
included:

* The steps, provided only in the context of the Ecological Water Requirement determination
process, did not necessarily fit into the overall procedures required for Reserve determination
(from definition to implementation) which included other Resource Directed Measures as well as
Source Directed Measures amongst others.

* The procedure made reference to Management Classes which was incorrect as it should make
reference to the Ecological Categories. The Management Class forms part of the classification
process. This led to some confusion regarding the links between the Reserve, the ecological
component of the Management Class and the classification process itself.

» The procedure has to be contextualised within the broader process that illustrates how it links to
operation and implementation. Without these links, credibility of the recommended processes
comes into question.

» Steps 6b and 7 were problematic as they could not directly follow on from step 6a as indicated by
Figure 1.1. Resource Quality Objectives (RQO) and monitoring are linked to the final determined
Management Class which comprises a separate process.

* The process does not cater for a range of Ecological Water Requirement Scenarios to be
assessed. It also does not include any evaluation of other suggested scenarios which could
achieve the same objectives as a recommended Ecological Water Requirement Scenario while
meeting more of the user’s requirements (e.g. yield and operational scenarios).
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Determination of Preliminary Ecological Reserve Estuaries

Chapter 1: General Introduction

1. Initiate RDM study
- Delineate geographical
boundaries
- Select RDM level &
components
- Establish study team
composition
2a. Determine ecoregional types
2b. Delineate resource units
2c. Selectsites for RDM study
3. Determine resource quality
re ference conditions
4a. Determine present status of 4a. Determine importance of
re source units resource units:
- Ecological status & resource - Ecological importance and
quality sensitivity
- Wateruses - Socialimportance
- Land uses, socio-economic - Economic importance
conditions
5a. Determine desired
5b. rseestorﬂigagﬁir{]:m classes for managem ent classes for
- Ecosystem protection Eels'?]urc;:r?ati]rgés.
- BHN protection ) R Se'r)witivity
- Wateruser’s protection - Achievability

A4

6a. Quantify Reserve for each

Research unit:

- determine water quantity

- determine water quality

- integrate quantity and quality

- integrate rive riwetland/
groundw ater/ estuary
components

v

6b. Set RQO s for each resource

unitusing rules for selected

classes:

- habitat, biota, water uses, land
based activities

2

7. Design appropriate resource
monitoring programme

Figure 1.1: Initial Generic RDM Procedure (DWAF 19

As a result a revised generic procedure were put forward, which showed the process for the
determination of the Ecological Water Requirement in context of the larger process, e.g. showing
possible links to issues such as the stakeholder process, classification, implementation and operation
(Figure 1.2). These possible links must be seen only as suggested ways to integrate the Reserve
determination process. It must be noted that all the steps that formed part of the initial generic
procedures still form part of the revised process.
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Determination of Preliminary Ecological Reserve Estuaries Chapter 1: General Introduction

1. Initiation of RDM study Resource Components
identified

Cost Benefit Analysis

2. Define Resource Units

_ Ecological Reserve Categorisation, e.g.
3. Define Recommended Reference Condition, Present Ecological
Ecological Category Status, Ecological Importance and Sensitivi

Stakeholder Process,
e.g. empowerment and
capacity building

4. Quantify Ecological Water
Requirement Scenarios

Catchment System Integration of output from
Analysis Resource Components

Define Operational Yield and Stakeholder
Scenarios Requirements/Operational Constraints,

5. Ecological Consequences
of Operational Scenarios

o Stakeholder Process - scenario
) implementation and assessment

6. DWAF Management Class
Decision Making Process

Information on economic and social
consequneces, e.g. recreation

Resource Quality Objectives Ecological
7. Reserve Specifications (stakeholder involvement) Specifications

Implementation of methods and
Operating Rules for Reserve

8. Implementation Design ™ Resource Monitoring
o Programme

IMPLEMENT & MONITOR

Figure 1.2: Revised Generic Procedures for the detaation of Resource Directed Measures
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Determination of Preliminary Ecological Reserve Estuaries Chapter 1: General Introduction

1.4 Context within EIA and Water Use Authorisation Process

The Determination of Ecological Water Requirements (and the Reserve), in context of the
Environmental Impact Assessment (EIA) Process (as stipulated in the EIA Regulations under the
Environmental Conservation Act 73 of 1989) and Water Use Authorisation process (as required for
water uses classified under section 21 of the National Water Act 36 of 1998) are schematically
illustrated in Figure 1.3 (DEAT, 1998; RSA DWAF, 2000). Resource Directed Measures, i.e.
Management Class (and associated Ecological Class), as well as the Resource Quality Objectives
(which incorporate Ecological Specifications) of a water resources provides the objectives against
which potential impacts need to be assessed.

NOTE:

The determination of preliminary Ecological Water éguirements DOES NOT provide the Management
Class or Resource Quality Objectives. It only pdms a recommended Ecological Category, the
recommended Ecological Flow Requirement Scenarics aell as Ecological Specifications for th
recommended Ecological Category.

WATER USE AUTHORISATION PROCESS EIA PROCEDURES

Proposal to undertake Activity

[ Application Initiation Study |

|Forma| poissionioffeplicat] Formsl it application to rel ‘authorityl
Resource Directed
Measures should be Plan of study for Scoping
ilabl
| STAGE 1: Legal Validation & Assessment | A se
" .\
| STAGE 2: Pre-assessment f

[ REVIEW (Authority, Specialist, 18APs)|

| STAGE 3: Extent of Investigation |

[ A orati R
1 C of App

Issues and alternatives
| STAGE 4: Detailed Investigation | equire further investig
Plan of study for Environmental Impact Repo
Authority review

|REVIEW (Authority, Specialist, I&APs) |

|STAGE 5: 5 Final Application and Evaluati |

STAGE 6: Decision

[Appeal | [implement |
[ consideration of Application |
| MONITORING for compliance and REVIEW of license Not approved Appeal
< Record of Decision >

Figure 1.3: The Determination of Resource Directddieasures in context of the EIA Process and WatereUs
Authorisation process (under section 21 of the Natal Water Act)
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Determination of Preliminary Ecological Reserve Estuaries Chapter 1: General Introduction

1.5 Overview of Documentation linked to Ecological Water Requirement for
Estuaries

The method development process for estuaries commenced in 1999 and was initially derived from the
methodologies that were previously used in the determination of estuarine freshwater requirement
(EFR) studies (see Appendix A).

Since then a limited number of studies have been conducted on estuaries to determine preliminary
Ecological Water Requirements:

* Rapid level. Mdloti (2002), Mhlanga (2003), Tsitsikamma (2003), Orange (2003), Tongati (2006),
Siyaya (2007), St Lucia (2004), Seekoei (2006), Keurbooms (2008), Goukamma (2008) and
Swartvlei (2008) estuaries

* Intermediate level. Nahoon (2000), Mtata (2000) Breede (2004), Thukela (2004), Tongati (2007),
Mdloti (2007), Sout (2007), Matjies (2007), Great Brak (2008) and Knysna (2008) estuaries

 Comprehensive level. Olifants (2006) and Kromme estuaries (2006)

This Version 2 of the method includes the learning gained from the above studies presented in the
revised generic procedure format as illustrated in Chapter 1. Methods are provided for the
determination of the preliminary Ecological Water Requirements at rapid, intermediate and
comprehensive levels. There is currently no desktop assessment method for estuaries. For rivers, the
DWAF uses a desktop model where medium to high confidence IFR results were used to identify
environmental water requirement trends in different hydrological regions. These results are of low
confidence and, as no EFR results were used to calibrate the model, they are NOT applicable to
estuaries.

This document containing the methods for the determination of the preliminary Ecological Water
Requirements for Estuaries is structured as follows:

Chapter 1: General Introduction (to Determination of Resource Directed Measures)
Chapter 2: Overview on Estuaries
Chapter 3: Methods for Determination of Ecological Water Requirements (including

comprehensive, intermediate and rapid levels)

Appendix A: Previous Estuarine Flow Requirement (EFR) Methodology

Appendix B: Integration with River Methods

Appendix C: Detailed documentation on Estuarine Health Index

Appendix D: Detailed documentation of Estuarine Importance rating

Appendix E: Templates to be completed by Specialists in the determination of the preliminary
Ecological Water Requirement process.
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Determination of Preliminary Ecological Reserve Estuaries Chapter 2: Overview on Estuaries

2. OVERVIEW ON ESTUARIES

2.1  Definition of an Estuary

According to the National Water Act (No. 36 of 1998) an estuary is defined as a partially or fully
enclosed water body-

- thatis open to the sea permanently or periodically, and
- within which the seawater can be diluted, to an extent that is measurable, with freshwater drained
from land.

2.2 Complexity of Estuaries

In estuaries, river inflow patterns show strong correlation with important hydrodynamic and sediment
characteristics, such as state of the mouth, amplitude of tidal variation, water circulation patterns and
sediment deposition/erosion. However, the relationships between these characteristics and river inflow
are generally complicated to interpret, owing to the influence of the sea, i.e. state of the tide and
associated seawater intrusion. The manner in which these characteristics are influenced by river flows
is often not the result of a single flow event, but rather that of characteristic flow patterns occurring
over weeks or months. In estuaries there is also a much larger buffer or delay-effect between river
inflow patterns and their effect on abiotic parameters than in rivers.

Marked differences exist between the chemistry (or water quality) of river water and seawater,
particularly in terms of system variables (e.g. salinity, temperatures, oxygen levels, pH and suspended
solids) and nutrients

(e.g. nitrate, ammonium,

phosphate). As a result, R

river inflow patterns also

have a strong influence M
on water quality WW
characteristics of e
estuaries. The water
quality  characteristics
along the length of the
estuary, at any point in
time, are dependent on
the extent of marine or
freshwater influence at
that point. This, in turn,
is primarily determined
by the quantity of river
water  entering  the An estuary functions as an ‘eco-region’ within tHarger catchment
estuary  during that

period, and also by the state of the tide. Longitudinal salinity distribution profiles are typically used as
primary indicators of water quality.

FRIVER ECO-REGION' = ESTUARY |

The strong longitudinal gradient of abiotic characteristics in estuaries also results in a strong
longitudinal variability in biotic composition and functioning.

The complexities highlighted above shows that estuaries require a much more holistic and process-
orientated approach for determination of the preliminary Ecological Water Requirements.
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Determination of Preliminary Ecological Reserve Estuaries Chapter 2: Overview on Estuaries

It is also important to recognise that each estuary is unique and different from any other estuary. For
example two estuaries could occur adjacent to one another but completely different processes could
be responsible for maintaining an open mouth due to differences in local coastal conditions e.g. rocky
headlands, steep beaches.

2.4 Types of Estuaries

According to Whitfield (1992), there are about 250 estuaries in South Africa which fall within the
definition of an estuary. A classification system has been developed for South African estuaries,
based primarily on broad physical features of estuaries (Whitfield, 1992). The classification system is
primarily based on broad physical features of estuaries. These include:

¢ Temporarily open/closed estuaries: Sand bars often form in the mouths of these estuaries
blocking off connection with the sea. Sand bars form as a result of a combination of low river flow
conditions and longshore sand movement on the adjacent coast. Flooding is frequently the cause
of mouth opening, which also results in large amounts of sediment removal. However, infilling
from marine and fluvial sediment
can be rapid. Hypersaline
conditions  occur in  these
estuaries during times of drought.
Tidal and riverine inputs control
the water temperature in these
systems when the mouth is open,
but is independent of them when
the mouth is closed. Marine,
estuarine and freshwater life
forms are all found in these
systems, depending on the state
of the mouth. About 75 % of
South Africa’s estuaries fall within
this category with examples
including the Great Brak and

Mhlanga estuaries. Great Brak Estuary. a temporality opeclosed estuary

e Estuarine bay: Water area exceeds 1 200 ha. Bays (e.g. Knysna) are permanently linked to the
sea and the salinity within them reflects this. Hypersaline conditions are not common and water
temperatures are strongly influenced by the sea. Marine and estuarine organisms dominate
these systems and extensive wetland/mangrove swamps occur.
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Knysna Estuary, an
estuarine ba

« Permanently open estuaries: Vertical and horizontal salinity gradients are present and are
modified by the river flow, tidal range and mouth condition. Wetlands (salt marshes), as well as
submerged macrophyte beds are common and the fauna is predominantly marine and estuarine.
Hypersaline conditions in the upper reaches can occur during times of severe drought. Water
temperatures in this estuary type are controlled by the sea during normal conditions and by river
input during flood conditions. Examples of permanently open estuaries are the Berg and Olifants
estuaries.

Great Berg River Estuary, ¢
permanently open system
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« River mouths: Riverine influences dominate the physical processes in these estuaries.
Oligohaline conditions are often found. The mouth is generally permanently open but the tidal
prism is small and strong riverine outflow prevents marine intrusion. During strong flood
conditions the outflow of these mouths can influence the sea salinity for many kilometres. Heavy
silt loads are frequent in these estuaries often resulting in shallow mouths (<2m). Water
temperatures are strongly influenced by river inflow although the sea can influence bottom waters.
Examples of river mouths are the Orange and Thukela estuaries.

Thukela Estuary, a system classified as a river rttou

¢ Estuarine lakes: Water area exceeds 1 200 ha. These are usually drowned river valleys filled in
by reworked sediments and separated from the sea by vegetated sand dune systems. The dune
can result in complete separation of the lake from the sea that then results in a loss of estuarine
characteristics and the
system can be referred
to as a coastal lake.
Estuarine lakes can be
either permanently or
temporarily linked to the
sea and salinity within
them is highly variable.
Freshwater input,
evaporation and the
magnitude of the
marine connection are
the main causes of this
large salinity fluctuation.
The tidal prism is small
and marine and river
input have little
influence on water | Kosi Bay, an estuarine lal
temperatures, which are directly related to solar heating and radiation. Estuarine, marine and
freshwater organisms all occur depending on the salinity condition of the system. St Lucia and
Kosi Bay are examples of an estuarine lake.
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The different classes of estuaries and their distribution in the three biogeographical regions
(Figure 2.1) are given in Table 2.1

Richards Bay

WARM TEMPERATE

Figure 2.1: Biogeographical regions along the Sduffrican Coast

TABLE 2. 1: Distribution of estuary types in théatee biogeographical regions of South Africa (Whifd,

1992)
BIOGEOGRAPHICAL REGION
COOL WARM
ESTUARY TYPE TEMPERATE TEMPERATE SUBTROPICAL

Estuarine bay 0 1 3
Permanently open estuary 2 29 16
Estuarine lake 0 4 4
Temporarily open/closed estuary 5 86 94
Modified or canalised estuary 1 2 0
River mouth 2 6 4

Although the above provide a rough classification system for estuaries, there are still large differences
in abiotic and biotic characteristics and processes amongst estuaries within a similar category and/or
biogeographical region, for example in terms of natural mean annual run-off, size of the estuary, wave
action in the mouth, biogeochemical characteristics of the adjacent marine environment and
catchments and biotic composition. It therefore is important to recognise that each estuary is unique

and different from any other estuary.
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2.5 Sensitivity of Estuaries to Reductions and Chan  ges in River Flows

In principle, all estuaries are sensitive to reductions and changes in river inflow. However, there are
certain parameters (primarily physical parameters) that would indicate whether an estuary is
particularly sensitive to modifications in this regard. Based on current understanding of estuaries, the
following are important indicators that could be used towards establishing the extent to which
estuaries would be sensitive to modification in inflows:

* Frequency of mouth closure (mostly applicable to temporarily open/closed systems). The
sensitivity of an estuary mouth to closure can roughly be correlated to the river inflow, particularly
during low flow periods, required to keep the mouth open. For many estuaries, especially the
smaller ones, the most important factor in keeping the mouth open is river flow, and particularly
base flows. In addition to river flow there are also other factors and/or a combination of thereof,
that may contribute to an estuary’s sensitivity to mouth closure such as:

- Size of the estuary. In general, larger estuaries are less sensitive to mouth closure than
smaller estuaries, because of greater tidal flows through the mouth, e.g. Breede and Kromme.
At breaching larger estuaries also tend to scour deeper mouths due to higher outflows, which
generally take longer to close, e.g. Bot and Klein. However, when the mouth of a large
estuary closes, a substantial amount of water is required to first fill up the estuary before
breaching can occur and as a result more river flow is needed to ensure breaching in large
estuaries compared to smaller estuaries. Small estuaries are very sensitive to flow reduction
as this is the main force keeping the mouth open, once flow decrease below a certain volume
the system will close, and remain closed, until such time as flow increase enough to cause a
mouth breaching.

- Availability of sediment. In general, the larger the amount of sediment available in the
adjacent marine environment, the greater the sensitivity to mouth closure, e.g. most estuaries
a long the KwaZulu-Natal coastline. In estuaries were there is not a large amount of sediment
available, for example on a rocky coastline or where longshore transport is further offshore,
e.g. Nahoon, the system would be less sensitive to flow reductions.

- Wave action in the mouth. Wave action is the most important contributing cause of mouth
closure in estuaries. In general, the stronger the wave action in the mouth the greater the
sensitivity to mouth closure. In turn, the following factors may again influence the wave
conditions in the mouth:

Protection of the mouth. This refers to situations where the mouth is protected against wave
action by, for example a headland. As a result such systems are usually less sensitive to
mouth closure. For example, although similar in size and MAR, the Mkazana estuary stays
open at much lower river inflows than the Mngazi as its mouth is protected form direct wave
action.

Beach slope. A steep beach slope normally means that high-energy wave action occurs on
the beach at the mouth, resulting in higher suspended sediment load. This type of beach slope
is characteristic of the KwaZulu-Natal coastline. The beach slope can also vary from winter to
summer due to winter storms. Generally the steeper the slope of a beach, the higher the
suspended sediment load in the mouth area, therefore the greater the sensitivity to mouth
closure. A mild beach slope means that less energetic wave action occurs at the mouth and a
mild beach slope therefore provides a special type of protection against wave action.
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Taking the above into account, the degree of sensitivity of a temporarily open/closed estuaries
mouth to reduction in flow can broadly be categorized as follows:

SENSITIVITY RIVER INFLOWS
High sensitivity to closure < 2 -10%s are likely to result in closure
Medium sensitivity to closure 0.5/1- 2.0 n¥'s are likely to result in closure
Low sensitivity to closure < 0.5%s are likely to result in closure

Although mouth closure is normally only factored in during the analyses of temporarily
open/closed estuaries, it should be noted that even some permanently open estuaries can close
relatively easily if the flows are reduced for example the Keurbooms Estuary near Plettenberg
Bay.

* Volume of mean annual runoff (MAR). As a first estimate, the volume of the natural MAR that
an estuary receives is probably the most important parameter in judging overall sensitivity to
reduced river inflows. It is, however, important to realize that it is not only the amount of river
inflow that is important, but also the variability of flows. In general (although there are many
exceptions), it can be assumed that the larger the natural MAR of an estuary, the less sensitive it
might be to reduced river inflow. Care should be taken in applying this guideline as the local
bathymetry of an estuary can cause exceptions. For example the Keurbooms Estuary has a MAR
of ~177 Mm?/a, but is extremely sensitive to flow reductions due to extensive sediment availability
and large ripple forms in its mouth area.

Sensitivity to reduced river flows versus natural MAR volumes can roughly be categorized as

follows:
SENSITIVITY TO REDUCED
RIVER FLOWS NATURAL MAR
Low sensitivity > 100 Mffa (large estuaries)
Medium sensitivity 50 Mita < MAR > 100 MriYa (medium - small estuaries)
Higher sensitivity < 50 Mfa (smaller estuaries).

. Extent of Saline intrusion (especially relevant to permanently open systems). If an estuary
is permanently open to the sea, the most important effect of reduced seasonal base flows or
extended duration of low flows is an increase in the upstream intrusion of saline water. The
variation in salinity distribution gradients in estuaries and the sensitivity to estuaries in this regard,
is very difficult to quantify. In general if an estuary is permanently open, its sensitivity to reduction
in seasonal base flows during the low flow period is assumed to be very high and, therefore a
reduction in river inflow during the low flow period should not be considered. Permanently open
estuaries are often less sensitive to reductions in higher flows, e.g. >50 — 100m°/s.

NOTE:
It is important to note, that although the above-mi@ned parameters are mainly influenced by
seasonal base flows, floogay an important role in the long-term equilibrim of an estuary. Floods
are therefore needed for the scouring of accumuldtenarine and catchment sediment from the
system, deepening the mouth and the resetting efghlinity regime in estuaries.

Version 2 Pagel4 May 2004



Determination of Preliminary Ecological Reserve Estuaries Chapter 2: Overview on Estuaries

A first estimate for determining the sensitivity of an estuary to reduction in inflow can be determined as
follows:

Volume of natural MAR (Mm?)
>100 50-100 <50
Low Medium High
Sensitivity Sensitivity Sensitivity
v v
PERMANENTLY OPEN TEMPORARILY CLOSED
These estuaries are sensitive to reductions in flow Range of river flow (m?s) that is likely to result in mouth
as a result of upstream intrusion of saline water. closure:
<0.5 0.5-2 2-10
Therefore, permanently open estuaries have a Low Medium High
high sensitivity to reduction in low base flows Sensitivity Sensitivity Sensitivity

NOTE: SENSITIVITY VERSUS IMPORTANCE

Unlike for rivers, where importance and sensitivitfften equates to each other, the reverse oftendsdior
estuaries, in that systems of average to low imande can be extremely sensitive to flow reduction.

The reason for this is that more than 70% of Souftirica’s estuaries close periodically to the seaoM of
these temporarily open/closed estuaries have a ralttMAR of less than 100 Mrifa (e.g. small estuarie
along the Eastern Cape coastuch as the Xora antingazi estuaries), with a large number having an NRA
of even less than 50 Mifa (e.g. small South coast estuaries such as Gi@atst] and Klipdrift estuaries).
As stated before, these medium to small size esggaely on river runoff to keep their mouths opeas tidal

flows in such small systems contribute negligibly total outflow through the mouth, thus they aredtily

sensitive to reduction in runoff.

These smaller temporarily open/closed systems galhesupport less species due to their smaller sirs
also the fact that a number of estuarine associatguecies prefer open mouth conditions. These sera
systems are therefore considered to be of a lowedikersity importance, than their permanently ope
counterparts (Turpie et al. 2002, Lamberth and Tuep2003). However, the importance evaluation syst
does not currently take into account the collectiveegional importance of the large number of smail
systems found along the Kwazulu-Natal, South andskan Cape Coast and still needs to be investigated

Therefore, for estuaries there is no direct relatiship between importance and sensitivity to flondoetion.
In general estuary size is a good indicator of imfance, and this also makes the estuaries more rthio
changes in inflow. However, generalisations cannbe made in this regards without more detail
investigations, as there are many exceptions to tike such as explained earlier with the Keurboon

o5

pd
15

Estuary.
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2.6 Economic Value of Estuaries

Freshwater inflows into estuaries affect their functioning, and thus also the provision of goods and
services that are utilized by society or that could potentially be utilized in future. The definition of the
estuary Reserve will thus have economic consequences. In the final determination of the estuary
management class, these economic consequences, along with ecological and social impacts, will be
weighed up against the benefits that might be obtained by the allocation of freshwater resources to
alternative uses. The methodology for inclusion of these economic consequences is still under
development. Some of the goods and services that are provided by South African estuaries are listed
in Table 2.2 (Costanza et al.,, 1997; Mander et al. 2001; Mander, 2001, Van Niekerk and Taljaard,
2003). The total economic value of estuaries includes these direct and indirect use values as well as
other values such as option and existence value.

TABLE 2.2: Goods and Services provided by Southigsfh estuaries

GOODS AND SERVICES EXAMPLES...
Biological Control Maintaining the balance/divergiof plants/ animals
Fish and crustacean nurseries and roosts for redidé and
migratory bird species
Outputs of sediments which contribute to beachas] ars and
sand banks
Soil retention by estuary vegetation, and by capgisoil in reed
beds and mangroves
Accumulation of sediment and organic material avodplains
and in mangroves, beach replenishment
Nutrient supply, nitrogen fixation and nutrient tgg through
food chains
Genetic Resources Genes for mariculture, ornamemtdlfibre-producing species
Flood control, drought recovery and refuges fromtunal and
human induced catastrophic events (e.g. oil spills)
Line fishing, harvesting of inter-tidal invertebes, beach and
seine netting

Refugia/Migratory Corridors

Sediment supply

Erosion control

Soil formation

Nutrient supply and cycling

Disturbance regulation

Living resources for food (or resale)

Raw material for subsistence use (g

building material) Si’-larvestlng of craftwork and house-building matesial

Providing access to estuaries and associated vigldbr viewing
and walking

Resort, residential houses, housing complexes dfice® with
scenic views, increasing value of properties withviews
Aesthetic, educational, research, spiritual, ingimand scientific

Nature appreciation

Scenic views

Culture

values of estuary ecosystems
Sports fishing Estuary flyfishing, estuary and m&hconventional fishing
Water sports Water sports: swimming, sailing, cangeskiing and kayaking
Waste treatment Breaking down of waste and detogifyollution.

. Fresh water supply to marine environment and water

Water supply and regulation -

mariculture

. ) Production (natural and cultivated) of fish, cruseans and

Mariculture (e.g. oysters, bait, etc.) WOrms
Commercial food production Fishing (not allowedSauth African estuaries)
Raw material for commercial use Diamond and titemimining, sand winning and salt production
Transport services Ports, harbours, marinas anthaétt launching sites
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3. METHODS FOR DETERMINATION OF EcoLoGICAL WATER REQUIREMENTS

3.1 Procedures and Human Resources

The determination of the preliminary Ecological Water Requirements for estuaries forms part of the
generic eight step procedure for the determinations of the Resource Directed Measures as described
in Chapter 1. The determination of the preliminary Ecological Water Requirements can be conducted
on different levels, namely:

e Comprehensive level
* Intermediate level

* Rapid level.

The main difference between an intermediate and comprehensive level determination is the level of
confidence (intermediate = medium; comprehensive = medium/high), which in turn is determined by
the extent of data available or to be acquired. A rapid level determination, on the other hand is usually
of low confidence and typically does not include additional data collection, i.e. it primarily relies on
available data and expert knowledge. Baseline data requirements for each of these are discussed in
Chapter 3.2.

Procedures for the intermediate and comprehensive determination of the preliminary Ecological Water
Requirement for estuaries in the context of the larger process are illustrated in Figure 3.1.

Note that although the initiation of an RDM study (Step 1) is not within the domain of the preliminary
Ecological Water Requirement determination process, it is recommended that qualified estuarine
specialists be consulted at the inception stage of any RDM study to provide a conceptual framework of
the anticipated estuarine biophysical processes and interactions that needs to be considered.

The human resources required to conduct an intermediate or comprehensive level determination of
the preliminary Ecological Water Requirements for estuaries are illustrated in Figure 3.2. An
intermediate level determination can be conducted within 1 to 2 years (need to capture limited data on
seasonal variability), while a comprehensive level determination can take between 2 and 3 years
(need to capture more detailed data sets on seasonal variability).

Procedures for the determination of the preliminary Ecological Water Requirement for estuaries at the
rapid level, in the context of the larger process, are illustrated in Figure 3.3.

NOTE:

Although the rapid method does not require the paggtion of a detailed Resource Monitoring Programm
key baseline data requirements, that would be regqdi to improve the confidence of the prelimina
Ecological Water Requirements, should be providdd. this regard, the recommended data requiremeints|
the methods for the intermediate and comprehensieeel determinations need to be consulted (refer

[¢]

—

Chapter 3.2).

The human resources required to conduct a rapid level determination of the preliminary Ecological
Water Requirements is provided in Figure 3.4. A rapid level study is typically conducted within 2 to 3
months.
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Figure 3.1: Procedures for determination of thegliminary Ecological Water Requirements for estuas at the intermediate and comprehensive leveiscantext

of the broader RDM process (components not addrdsa part of the Ecological process is indicatedrimn-solid line boxes)
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4. Quantify Ecological Water 2. 3 day Specialist Workshop L“;’:"eb’am
Requirement Scenarios K Blird )
s

" Define Operati om, -m Estuarine hydrodynamic specialist
5. Ecological Consequences “.___Scenarios . Estuarine Team Coordinator

of Operational Scenarios

e —— 4 A
Specialist meeting J RDM Project Hydrologist
Estuarine Specialist

Team:

{ 6. DWAF Management Class
Sediment dynamics

Water Quality
Microalgae
—_— Macrophytes
Invertebrates

Specialist Fish
meeting K Birds j

R Quality Obj .
(stakeholder involvement) .~

7. Reserve Specifications

Design Resource Monitoring
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Figure 3.2:  Indication of human resource requireemts for the determination of preliminary Ecologit&Vater Requirements for estuaries at the intermaigi and
comprehensive levels on estuaries
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1. Initiation of RDM study ieg— Project Scope g Resource Components™_ge. . Cost Benefit Analysis g Level of RDM

------------------ i ‘ e identified
2. Define Resource Units Delineate Geographical Boundarieg
Data organisation: Simulated scenarios:
- Collate exisitng data - Reference flows
- ) -
Ecological Categorisation, i.e.: Collect additional data - Present flows

3. Define Recommended - Reference Condition

Ecological Category - Present Ecological Status
& Estuarine Importance

Apply scenario assessment Simulated scenarios:
4. Quantify Ecological Water o | process (using Estuarine - Future flow scenarios

Requirement Scenarios Health Index [EHI])

OUTPUT:

*RECOMMENDED ECOLOGICAL CATEGORY AND ASSOCIATED RECOMMENDED ECOLOGICAL WATER REQUIREMENT SCENARIO
*ECOLOGICAL CATEGORIES ASSOCIATED WITH ADDITIONAL RUNOFF SCENARIOS (WHERE PROVIDED BY DWAF)
*ADDITIONAL BASELINE DATA REQUIREMENTS TO IMPROVE CONFIDENCE OF ECOLOGICAL RESERVE

NOTE:

DEFINITION OF ECOLOGICAL SPECIFICATIONS (i.e. RESOURCE QUALITY OBJECTIVES FOR THE ECOLOGICAL COMPONENT) ARE NOT
PROVIDED AS PART OF A PRELIMINARY DETERMINATION OF THE ECOLOGICAL RESERVE DETERMINATION FOR ESTUARIES AT A RAPID
LEVEL.

Figure 3.3: Procedures for the determination ofgliminary Ecological Water Requirements on estuasi at the rapid level in context of the broader ROWbcess
(components not addressed as part of the EcologRaserve determination process are indicated by-solid line boxes)
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RDM Project Hydrologist
Estuarine Specialist
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3. Define Recommended Hydrodynamcs )
Ecological Caf ry Sediment dynamics
o ] Water Quality
Limited Preparation Microalgae
Macrophytes
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4. Quantify Ecological Water )
Requirement Scenarios Fish

\__Brs J
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Documentation
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Figure 3.4: Indication of human resource requireemts for the determination of the preliminary Ecajacal Water Requirements on estuaries at the rajgdel
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3.2 Baseline Data Requirements

NOTE:

Chapter 3: Ecological Reserve Methods

Determination of the preliminary Ecological WaterdRjuirements at the rapid level is usually based pon

available data. However, simulated runoff scenasioust be provided (see Chapter 3.2.1) even fc
rapid level determination.

Where specialists are not familiar with the caseaidy, it is strongly recommended that a site visé
planned, coinciding with the Specialist workshop.

ra

Before any additional data are acquired on a parlar system it is necessary to undertake a desktop

assessment to determine the availability and suitgb of existing data sets to meet the da
requirements of an Ecological Water Requirement gyu For any particular estuary, the extent an
availability of data and information therefore depds on:

- Data available from previous research projects coted in the estuary
- Short-term data records collected during, for exalapEcological Water Requirement studies f
estuaries (EFR’s) or EIA studies involving the estry.

Due to the complex nature of estuarine processesd d@he limited availability of detailed data an
information, it would be expected that the time réged and the intensity of data collection for th
preliminary determination of Ecological Water Regeiments could be greater for estuaries than it @ fi
rivers.

If additional field data are required (refer to Tdés 3.1 to 3.5) the abiotic and biotic data must
collected during the same field exercise to enatble linkage of the abiotic characteristics with th®otic
responses.

To allow for easier comparison, reference to stasoin the specialist reports need to be standardise
‘Distance from mouth’ rather than each specialissing their own station name or number.

Unlike the case for many of South Africa’s rivershere have been very few long-term monitorir
programmes conducted on a national scale on Soutfridan estuaries. Programmes that do exi
include:

- Gauging stations (measuring river inflow) installedipstream at some estuaries (managed
DWAF)

- Continuous water level recordelnstalled at some estuaries (managed by DWAF)

- Topographic surveys of estuary mouths (since 1988 of upstream cross sections (since 199
conducted every 2-3 years on a selection of Capweeies (earlier project of the CSIR
commissioned by DEAT)

- Fish data (species composition in different estuesibased on number and biomass) was colleg
on numerous South African estuaries (project of tSIR (Durban), commissioned by DEAT).

- Botanical information on approximately 65% of Soutifrican estuaries is available: Wate|
Research Commission Project K5/814

- Coordinated Waterbird Counts (CWAC) programme oétbniversity of Cape Town.
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3.2.1 Simulated runoff scenarios

The method for the determination of the preliminary Ecological Water Requirements for estuaries uses
a ‘top down’ approach, i.e. simulated runoff scenarios are used to derive the Ecological Categories
and Ecological Water Requirement Scenarios.

For determination of the recommended Ecological Category simulated runoff scenarios for the
Present State and the Reference Condition are required. Scenarios are typically simulated over a
50-70 year period and are presented as average monthly flows that represent inflows at the head of

the estuary.

For determination of the Ecological Water Requirement Scenario additional simulated runoff
scenarios are also required, preferably derived as follows:

» Simulated run-off scenarios representative of the Ecological Water Requirements for different
Ecological Categories of the river reach just upstream of the estuary (e.g. Category B, C and D)
(this will facilitate integration between the river and estuarine components)

e Simulated run-off scenarios for proposed future resource developments, provided by the
Directorate: Planning of the DWAF

In the absence of the above, a series of hypothetical, runoff scenarios (e.g. 75%, 50% and 25% of
natural MAR) could be used.

It is important that an attempt be made to select additional or future runoff scenarios that are
representative of as large as possible range of Ecological Categories for the estuary. Preliminary
judgement is therefore required from the hydrodynamic specialist, based on the expected response of
the system to changes in flow. However, this can only be confirmed at the specialist workshop where
the biological responses are properly evaluated.

The runoff scenarios need to be provided in the following format (runoff given in m*/s):

Year Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep
1927 1.97 7.90 2.79 1.09 0.49 13.20 3.46 0.00 49,570.97 21.10 27.42
192¢ 8.8 | 48.6( | 17.2i 2.47 0.9/ 5.1Z 6.94 8.24 15.41 76.9¢ 71.2¢ 21.82
192¢ 9.3¢ | 3.9¢ 7.6€ 4.4€ 31.1% 18.5% 4.14 2.67 2.0¢ 6.4€ 35.9¢ 56.8(
193C 23.71| 7.37 3.82 3.4: 153 5.2¢ 69.7i 40.0¢ 9.5C 59.8¢ | 103.97 | 44.6(

1931 65.64 | 17.5¢ 34.4¢ 11.6¢ 32.6¢ 4.2¢ 0.87 11.7¢ 21.4¢ 32.9¢ 21.8¢ | 141.3:
1932 50.5¢ | 7.7C 4.31 1.81 1.0¢ 1.11 0.64 2.47 55.8¢ | 100.9¢ | 68.1¢ 26.1¢€
193¢ 11.3C| 9.6¢ 4.27 4.97 3.6¢ 3.9¢ 1.1z 1.2¢8 8.81 20.1¢ 41.5¢ 42.2(

The confidence in the accuracy of these simulations must be provided since they form the basis for
the quantification of the preliminary Ecological Water Requirements. Simulations should be carried out
as a collaborative effort amongst the DWAF planning directorate, a hydrologist (with experience in
generation of such scenarios) and an estuarine hydrodynamic specialist (to stipulate specific output
requirements). In this regard WR90 or data are often unable to simulate (low) base flows at the level
of accuracy that is required to make sensible predictions for estuaries, even on a rapid level.
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3.2.2 Abiotic and biotic data

In terms of other abiotic and biotic data, a rapid level determination generally relies on available
information. It is therefore important that a desktop assessment of available information on the
different abiotic and biotic components is conducted prior to the workshop. In particular, available
information on rare and endangered species, species with limited populations and habitat diversity is
required.

In estuaries, the data requirements for abiotic (or driving) components, i.e. hydrology, hydrodynamics,
sediment dynamics and water quality, are strongly interlinked. Generic data requirements for an
intermediate, as well as a comprehensive level determination of the preliminary Ecological Water
Requirements for estuaries are provided in Tables 3.1a-d, respectively.

Data requirements on estuarine microalgae and macrophytes for an intermediate, as well as a
comprehensive level determination of the Ecological Water Requirements are listed in Table 3.1e and
Table 3.1f, respectively.

Data requirements on invertebrates, fish and birds for an intermediate, as well as a comprehensive
level determination of the preliminary Ecological Water Requirements are listed in Table 3.1g, 3.1h
and 3.1i, respectively. From a temporal point of view it must be noted that faunal components should
ideally be sampled over at least a one-year period, preferably on a quarterly basis for meaningful
results to be obtained. However, if only two seasons (e.g. low and high flow season) can be sampled
some first order estimates would have to be obtained. If only one season is sampled, then it should be
the season of greatest diversity and abundance.

Data on water quality and hydrodynamics along the length of the estuary are measured as part of the
abiotic data acquisition programme (Table 3.1a). Therefore, to ensure that data collection is as cost
effective as possible, floral and fauna surveys should preferably be conducted simultaneously with
relevant abiotic data collection exercises.

Resource Monitoring Procedures, for application in the ecological water requirements of estuaries are
discussed in greater detail in Taljaard et al. (2003).

Version 2 Page24 May 2004



Determination of Preliminary Ecological Water Rearitents for Estuaries Chapter 3: Ecological Reserve Methods

TABLE 3.1a: Data requirements on_hydrolodgr the preliminary determination of the preliming Ecological Water Requirements for estuaries

DATA Simulated runoff data To estimate seasonal variability in river flow paths (the accuracy and confidence

Flood hydrographs limits of the simulations must be indicated).
Simulated runoff data: Data to be simulated for Refee Condition, Present State and a range of &utun-off scenarios covering a range of flow reéhres from

SAMPLING present to worst case.

PROCEDURE . . .
Flood hydrographs: To be simulated for the 1:11t800 year floods for Reference Condition, Presgtaite and a range of future run-off scenarios (Uguanly
required on comprehensive level).

SPATIAL Simulated river runoff: Representative of inflovhatd of estuary
Flood hydrographs: Representative of flow at hebdstuary
INTERMEDIATE LEVEL COMPREHENSIVE LEVEL

Simulated river runoff: Simulated over a 50-80 ypariod, provided ag

TEMPORAL average monthly flows (daily flows may at times lpired) Simulated river runoff: Similar to intermediate leve
Flood hydrographs: Usually not required for intermai level, but . . .
reduction in floods should be estimated based oneréxppinion Flood hydrographs: Provided as hourly flows ovee flood period
(hydrologist)

TABLE 3.1b: Data requirements on sediment dynashior the preliminary determination of the prelimirmg Ecological Water Requirements for estuaries

Sediment grabs It may not be possible to acquire these data setthe short term, but long term monitoring
- programmes to collect such data must be considefetie dynamic sediment processes in
Sediment cores estuaries are to be better understood.
Bathymetric/topographical surveys These measurements are required to establish a lesedata set of the topography,
DATA particularly if numerical hydrodynamic modelling igo be used in estimating Reference

Condition and the implication of future scenariogypically data older than 3 years should

Sediment load at head of estuary not be used, as well as data collected prior to@an flood).

The data can also be used to calculate the volurh¢he estuary and give an indication of
flushing times.
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Sediment grabs: Grab samples should be collected) wsiMan Veen or a Zabalocki-type Eckman grab (@ratterize recent sediment movement) for particte si
analyses.
SAMPLING Sediment cores: Core samples should be collecied ascorer (for historical sediment characterizat)
S Bathymetric/topographical surveys: Surveys showdcbnducted using Differential Global Positionings®yn (D-GPS) and echo-sounding to monitor berm height

mouth sediment dynamics and cross section profilasagws of the mouth.

Sediment load at head of estuary (including detiimsiponent — particulate carbon/loss on ignition)

Sediment grab samples: Along entire estuary att6d0000 m intervals

Sediment cores: Intervals similar to cross-secpiorfiles (see below) where considered approprigtsddiment specialist

SPATIAL . . . . . . L

Bathymetric/topographical surveys: Mouth regioimtensive (10 to 50 m interval depending on the sizthe estuary and variability in bathymetry); tipam cross-

section profiles along entire estuary at 500 m tod intervals.

Sediment load at head of estuary

INTERMEDIATE LEVEL COMPREHENSVE LEVEL

Sediment grabs: Seasonal sampling (spring, summanmreuand winter) for one year.

Sediment grabs, Sediment cores, Bathymetric/topogralpsurveys| Sediment cores: Once-off

and Sediment load at head of estuary: Available d¢asually these . . ) . . .

TEMPORAL | 1 asurements are not required as part of intermeditvel| Bathymetric/topographical surveys: — Will depend dhe time scale of dominant
- sedimentation/erosion processes in an estuary rgripetween 1 and 5 year intervals, with a

determination). - . . '
minimum record of about 15 years. Alternatively, nicaé models can be used to simulate
longer-term processes.
Sediment load at head of estuary: Daily for a mimmiuyears

IMPORTANT NOTES: SEDIMENT DYNAMICS

* Itis assumed that the DWAF will not use the intefiate level determination to allocate water to ustnat will affect the larger floods, i.e. 1:5 yeaaad bigger. For this reason the
data requirements specified for the intermediatell®@ NOT include data to estimate sediment scour/enoéichich usually needs to be collected over sewgeals). This will
however, need to be specified for the comprehedsiteemination

«  Suitable sediment data records cannot be acquingtie short term. Therefore, if sediment processestuaries are to be better understood and quedtifong-term programmes will
have to be implemented. In this regard it is recondad that the DWAF implement such monitoring actvitimeously in South African estuaries, particylatiose earmarked for
substantial water abstraction in future.

« The disturbance of the sediment erosion/deposéuuilibrium in an estuary can lead either to sitet, resulting in the estuary becoming shallowerjta@an lead to the erosion of
important sediment habitats. Under natural condiianany estuaries were probably in a state of l@mgrtequilibrium of sedimentation and erosion. Howgtrés equilibrium can be
disturbed because of changes in run-off, espedfathe occurrences and magnitudes of major floodsciranged.

* Floods and, in some cases, high seasonal flowsrdarence the sediment erosion/deposition equiliiriloods can alter important features within atuasy, such as the bathymetry
(e.g. channel depth or the size of intertidal ajessd sediment composition (e.g. sand or mud).
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TABLE 3.1c: Data requirements on hydrodynamifsr the preliminary determination of the preliming Ecological Water Requirements for estuaries

Continuous flow recording of river inflow

These data are crucial for correlating river flowotthe state of the mouth (as reflected by waterelerecordings),
particularly in temporarily open/closed estuariesThe dataset duration required will depend on, fekample, the
frequency of mouth closure in the particular estuar

Continuous water level recordings

To obtain long-term records of variations in tidé&vels and mouth conditions

Daily mouth observations

To obtain long-term records of variations in mouttonditions

Water levels along estuary

These should preferably occur during an above awggaspring and neap tide. These are critical requirents for
permanently open estuaries were numerical modelleng use to predict change in the salinity profile.

DATA

Wave conditions This '|nformat|on is used to correlate mouth closumgith possible storms at sea (as reflected by tireation and
amplitude of the waves).
Aerial photography surveys specifications are: hauld be done annually, at a scale 1:5 000 or 1:0@0, preferably
in a digital format. The photographs should full éour and vertical (not oblique because that disterbbservations).
The photographs should be up to the head of theiashe systems.

Aerial photographs
Aerial photographs can provide a first estimate ierms of the dynamic of an estuary mouth, for exaepto derive
the effect of wave action on the mouth dynamics,particular, the extent to which the mouth is expasto direct
wave action, and to determine the width of the bkenzone (indicative of the beach slope).

Continuous flow recording of river inflow: A flogauging station should be installed to measurernngow.

Continuous water level recordings: A continuouseréevel recorder should be installed at the mouitthe estuary.

Daily mouth observations: Where possible, daily maliservations should be logged in temporarily dmdwsed estuaries and particularly in systems vl semi-

SAMPLING closed mouth phase. The time at which the observai@snmade and the state of the tide must alsodwded, ideally at low tide.

PROCEDURES | Water levels along estuary: Where an Ecologicatei&equirement study requires numerical modellimgter levels recordings must also be collected altirey
length of the estuary, either using continuous wigteel recorders or water level gauging poles amanual observations.

Wave conditions: Available data should be accedsetho measurements are specified as part of dibasmonitoring.

Aerial photographs: Full colour geo-referenced tiied aerial photographs 1: 5 000 scale coverihg entire estuary based on the geographical boundatow tide
in summer i.e. similar to those for macrophyte survéyast include the breaker zone near the mouth.
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Continuous flow gauging: Head of estuary
Continuous water level recording: Mouth area
SPATIAL Daily Mouth observations: Mouth

Water levels along estuary: 2-6 stations alongiast

Aerial photographs: Entire estuary, particularlyet mouth area.
INTERMEDIATE LEVEL COMPREHENSI VE LEVEL

Continuous flow gauging: Minimum of 5 years depegdn mouth
closure Continuous flow gauging: 5-15 years depending ontmolosure

Water level recordings and mouth observations: ium of 5 years | Water level recordings at mouth and mouth obsermati®-15 years depending on mouth

TEMPORAL depending on rate of mouth closure closure

Water levels along estuary: Manually/digital reded over one spring Water levels along estuary: Similar to intermediateel
tidal cycle and one neap tidal cycle or continucesordings over two

weeks. Wave conditions: Similar to intermediate level

Aerial photographs: Available data, but needs tdude one recent photograph representative

Wave conditions: Available data -
of present condition.)

Aerial photographs: Available data

IMPORTANT NOTES. HYDRODYNAMICS

«  Continuous water level recordings are currently awailable for most estuaries. As a result suchrinftion will have to be based on limited visual olaépns of tidal variation (i.e.
over at least 2 tidal cycles), but with much lowenfidence. It is therefore strongly recommended weder level recorders be installed, even forititermediate phase, and especially
since 5-15 years of data are required for the caghpnsive determination of the Ecologitater Requirementt requesting continuous flow, the request isfobgauging weirs to
be constructed at the top of each estuary as dudtrather that flows be monitored in appropriatays that will not disturb migration of aquatic biota

«  Continuous flow recordings (gauging station) oferiinflow at the head of estuaries and continuoatewlevel recording at estuary mouths (and mouikeovations) require longer-
term data sets and it is therefore necessary td starh baseline monitoring programmes well in advaatdeast 5 years) of a Ecological Water Requirentstermination study. In
this regard it is recommended that the DWAF implersach monitoring activities timeously in South Afniestuaries, particularly those earmarked for sahsil water abstraction in

future.
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TABLE 3.1d: Data requirements on water (and sedint) qualityfor the preliminary determination of the preliming Ecological Water Requirements for estuaries
Water quality of river inflow To prevent duplicate sampling, these data must beamed from the water resource unit just upstreash
the estuary.
At present these parameters are not measured omw@ine basis along the SA coast, as is the case for
some rivers. Because the seawater quality may sktrang seasonal variability, particularly along ¢h
SA West coast, a short term monitoring programmeg(e6 week period) may not necessarily be
Water quality of the near-shore marine waters representative. In the short term, data on nearesé seawater quality therefore need to be deriveshf
available data sources, including the South AfricAlater Quality Guidelines for Coastal Marine Waters
Volume 1: Natural Environment (DWAF, 1995), until sth time as routine water quality monitoring
programmes are implemented along the SA coast.
These measurements, together with the river infldata (must be collected simultaneously) are used to
DATA Water quality in estuary estimate the correlation between salinity/tempenr&tdistribution patterns along the length of thetesary
(salinity and temperature) and river flow. Where only a limited amount of fabwork is possible, this could best be achieved by
measuring the two ‘extremes’ i.e. end of low floeeson and the peak of high flow season.
The water quality field exercise must coincide withe salinity/temperature profiling. In this way a
Water quality in estuary limited water quality data set (which is usually ryeexpensive to acquire) can be used to derive wate
(other system variables and nutrients) quality characteristics under different tidal contions, using salinity data, expert opinion or appoate
assessment tools, e.g. numerical models
. Where effluent discharges occur into the estuarye.ibelow the head of the estuary, these have to be
Effluent discharges
sampled as well.
Toxic substances To establish the spatial distribution and extent tiic pollutant distribution in the estuary.
Water quality of river inflow: System variablesH(pDO, turbidity, suspended solids, TDS and tempergturetrients (inorganic nitrogen [nitrite, nitratand
ammonia], reactive phosphate and silicate) and taxibstances (where relevant) should be measureticBlate organic matter, although not measured argular
basis by DWAF should be provided if available.
Water quality of the near-shore marine waters: Obgdiform available literature.
Water quality in estuary: The following sampleswdd be collected:
¢ Salinity and temperature profiles (also required fiydrodynamics)
e System variables (pH, DO, turbidity, suspended solids)
SAO'V(l:PLl NG «  Inorganic nutrients (nitrate/nitrite, ammonia, reae phosphate, total phosphorus and reactive giica
PROCEDURE . . . . . . . . .
¢ Particulate and dissolved organic nutrients (toibeluded if considered important for a particularssem).
Salinity and temperature data must be collected.atn® depth intervals, while other water quality paeters are collected in surface and bottom watésstations
deeper than 10 m, a sample at an intermediate depgraitea be required (site specific decision).
Effluent discharges: In addition to flow rate, ettparameters to be monitored will depend on the caitipa of the effluent.
Toxic substances: Where relevant (e.g. in estteegiving runoff from urban and industrial areasdacontaminated agricultural runoff), sediment sama@hould be
collected and analyzed for toxic substances (iaeet metals, petroleum hydrocarbons, herbicides aesligides). To assist with the interpretation e$ults, samples
should also be analysed for sediment grain sizeildigion and organic content.
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A sampling station is defined as a location at acsfic ‘distance from the mouth’ that can be sampédlifferent depth intervals and which is defingd ®PS

positioning data.

Water quality of river inflow: Head of estuary

Water quality in estuary: Small estuaries (< 5 lang) - Stations distributed geographically along #mtire estuary with a minimum of 5 sites. Make shat all the

salinity regimes are covered.

Larger estuaries (> 5 km long) - Stations distribditgeographically along the entire estuary at fixiettrvals. A rough estimate for setting the dis& between

SPATIAL stations is to divide the length of the estuarylBy(i.e. if an estuary is 30 km long, the distabetween stations should be about 3 km). Typicallgpaesentative
number of stations for longer estuaries are betwHeand 15. Make sure that all the salinity regiraes covered.
In systems with large cross sectional areas, sammtations should also be selected along crossosect During each sampling survey, water qualitynples must
also be taken in the river and in the near-shoreinewaters (i.e. the water sources).
Effluent discharges: At end of pipe just beforeeng the estuary.
Toxic substances: A grid of sediment samplingatatio be selected across estuary, specificallgetimg depositional areas (characterized by finediment grain
sizes and/or higher organic content).
INTERMEDIATE LEVEL COMPREHENSIVE LEVEL
Water quality of river inflow: At least monthly, nmmum of 5-year datg , - -
record. Water quality of river inflow: At least monthly,mmum of 5-15 year data record.
Water quality in estuaries: Once during a low fland a high flow| Water quality in estuary: Similar to intermediateséé except that sampling should be
season. For temporarily open/closed systems, a stiéed phase mug conducted seasonally, (i.e. during spring, summeaturan and winter) with river inflow
VAL be sampled as well as a stable open phase. Sargfiogid coincidel P€iNg representative of a particular season covgtime different abiotic states. In systems

with microalgae surveys and the invertebrate suriey®ar 1.

Effluent discharges: Should be licensed under th&oNal Water Act]
where operators are required to monitoring effluentlume and
composition. Spatial scale, e.g. daily or weekijyl depend on the
variability in effluent composition overtime.

Toxic substances: Once, preferably during the low eason.

where the semi-closed phase or overwash is impprthese states need to be sampled.
These phases are dynamic and require 3 sub-surveys.

Sampling should coincide with the microalgae sunaginvertebrate surveys in year 1.
Effluent discharges: Similar to intermediate level.

Toxic substances: Similar to intermediate level.

IMPORTANT NOTES: WATER QUALITY

«  The analytical techniques used in the processingarine and estuarine water quality samples vanatlyeform those used in the analysis of fresh wsgenples. It is therefore crucial
that the analyses of water quality samples be cotediby an accredited marine analytical laboratory.

e It is strongly recommended that both the low flow &igh flow seasons be sampled to obtain the twopeimds’. This, in turn, will improve confidence deriving intermediate
conditions (i.e. the in between months), usingefample numerical models. If, however, it is onlgsfgle to do one survey, this should be done attitkof the low flow season,
particularly for permanently open estuaries.

¢ Estuaries receive water from two sources, i.e. therrand sea, each with distinctively different eraguality characteristics, particularly in termg$ system variables and nutrients. In
turn, the water quality characteristics along tlemgdth of an estuary depends on the extent of theentes of each of these sources (governed bydydamic processes), as well as
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IMPORTANT NOTES: WATER QUALITY
biochemical processes (e.g. organic degradatiomophication) taking place at that point within testuary. The influence of biochemical processesiiscularly evident in parts of
an estuary where residence time of water becomegefomften observed along the middle reaches ofstmaey during the low flow season. It is therefateo crucial that water
samples in the two sources, i.e. river and sea.

* River water quality requires longer-term data setslat is therefore necessary to start such basefm@itoring programmes well in advance (at leastearg). For example,
monitoring points at the head of estuaries couldnckided in the water quality monitoring programmetaef DWAF.

« At present water quality of near-shore waters i$ measured on a routine basis along the SA coasis ¢he case for some rivers. Because the seagasdity may show strong
seasonal variability, particularly along the SA Wesast, a short term monitoring survey may not nean@g be representative. In the short term, datenear-shore seawater quality
therefore needs to be derived from available dataees, including the South African Water Qualityidalines for Coastal Marine Waters. Volume 1: NatiEnvironment (DWAF,
1995), until such time as routine water quality mmiing programmes are implemented along the SA coast

*  For toxic substances (e.g. trace metals and hydiomas) it is considered more appropriate to sampldrenmental components which tend_to integrate orauglate change over
time, such as sediments. These surveys need, howevée done in ALL estuaries, only in systems wiieee water quality or human activities along thertis of the estuary suggest
possible contamination (e.g. industrial effluentstarm water run-off from large urban developments).

*  For long-term monitoring programmes, water and sedingesatity data are particularly important for interpt@ion of specific biological responses and, therefmust be collected by
the relevant biotic components as indicated dutivegr sampling surveys.

*  Malfunctioning septic tanks, situated in close pnuky to the banks of estuaries, may have an inflaesn water quality in the estuary. However, unpként source discharges, e.g.
effluents from wastewater treatment works, it ierofdifficult to quantify the inputs from such ds#fusources. Even so, where septic tanks are kimWwe a problem or potential
problem in a particular estuary, inputs need to &lkeeh into account in the water quality assessments.
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TABLE 3.1le: Data requirements on microalgder the preliminary determination of the preliming Ecological Water Requirements for estuaries

Phytoplankton biomass is an index of eutrophicatiavhile changes in the dominant phytoplankton
groups indicate changes in response to water qyalitnd quantity. A study of this nature is
Phytoplankton particularly important in large permanently open tgries where phytoplankton are important
DATA primary producers. Measurements for different floasonditions are required to establish natural
variability.
Benthic microalgae are important primary producers shallow estuaries or those with large
Benthic microalgae intertidal areas. Epipelic diatom composition candicate changes in water quality. Measurements
for different flow and mouth conditions are requitkto establish natural variability.
Phytoplankton: To estimate phytoplankton biomasheat duplicate samples for chlorophyll a at theface and 0.5 m depth intervals. Use a spectrapheter for
sample analysis before and after acidification. Bl counts (at 400 x magnification) on dominant/tpplankton species to establish species dist@ouind
composition, i.e. green algae, flagellates, dingdéiates, diatoms and blue-green algae. .
Benthic microalgae: Collect intertidal and subtida@nthic samples for chlorophyll a (biomass) anialy€ollect 5 samples at each station. Analysepes using a
recognised technique, e.g. HPLC.
SAMPLING

PROCEDURE Record the relative abundance of dominant algal gsyue. green algae, dinoflagellates, diatoms blug-green algae and identify the dominant species.

At each station also measure:

¢ Water salinity and inorganic nutrients

¢ Sediment particle size distribution and organic eont

« Light penetration PAR or Secchi depth.

A sampling station is defined as a location at ecfffie'distance from the mouth’ that can be sammedifferent depth intervals (e.g. in the caseloftpplankton).

As a guideline, the number of stations in a smstillary (< 5 km long) should not be less than ribisted along the entire length of the estuaryweming the different
salinity zones.

For larger estuaries (> 5 km long), 10 to 15 staoselected geographically along the entire lergftthe estuary, covering the different salinity eoncan be used as
the guideline. Stations should preferably be $dixad intervals. A rough estimate for setting thetance between stations is to divide the len§the estuary by 10

SPATIAL (i.e. if an estuary is 30 km long, the distance ketwstations should be about 3 km).

Salinity zones in estuaries typically include:

e Fresh (representative of river)

e« 0-10ppt
e 10— 20 ppt
e 20— 35ppt

Version 2 May 2004

Page32



Determination of Preliminary Ecological Water Rearitents for Estuaries Chapter 3: Ecological Reserve Methods

INTERMEDIATE LEVEL COMPREHENSIVE LEVEL

Similar to intermediate level except that samplingwth be conducted (i.e. during spring,
Once during a low flow and a high flow season. Femporarily | summer, autumn and winter) with river inflow beingpresentative of a particular season
open/closed systems, a stable closed phase mustripdeslaas well| covering the different abiotic states.

TEMPORAL as a stable open phase.
In systems where the semi-closed phase or overvgasimportant, these states need to be
Sampling should also coincide with the water quaityvey and the sampled. These phases are dynamic and would adedsampled on 3 occasions.

invertebrate surveys in year 1.
Sampling should coincide with the water quality syrand the invertebrate surveys in year 1.

IMPORTANT NOTES: MICROALGAE

«  Water (salinity, temperature, other physico-chemigadperties and inorganic nutrients) measuremen&sdn® be collected during the microalgae surveysomkining water and
sediment quality surveys on a particular estuarghulie microalgae survey does this most cost-efdygtiv

* The temporal scale of the microalgae sampling nesdsaitch that of the invertebrates (zooplankton)rtk the response patterns of these biotic compasresbest as possible.
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TABLE 3.1f: Data requirements on_macrophytésr the preliminary determination of the preliming Ecological Water Requirements for estuaries

To map the distribution of the different plant comumity types and to calculate the area covered bffedént plant

Aerial photographs community types (habitat types — see notes beldverial photographs can be used to monitor habitahange from

reference to present day, e.g. reed encroachment.

This information is required to determine the regial and national botanical importance of an estugrand to set the
ecological category.

These measurements are used to relate changeserfldra to changes in salinity, water level, floo@j and sedimentation.
Permanent transects From these data the sensitivity of the flora to efges in freshwater input can be determined and Refeee Condition can
be estimated. These transects are only necesseegtuaries with salt marsh areas greater than 2 ha

DATA Number of plant community types

The following information needs to be captured fr@oent and any available historical aerial photoghs and ortho-photographs covering the entire eyt
defined by the geographical boundaries:

«  Number of different habitats (plant community types)

e Area covered by each plant habitat

e Historical change in area covered by plant habitat

«  Extent of anthropogenic impacts (agriculture, flqudin development)

Field data need to be collected for ground truthafgerial photographs:
*  Number of different plant habitats (plant commutypes)
«  Area covered by each plant habitat
e Species list for each plant habitat
SAMPLING . . . . . . o
PROCEDURE | ° Extent of anthropogenic impacts such as grazingnpiang, alien vegetation, boating, bait digging

Permanent transects (sampling stations) need to thgpsfr long term monitoring of changes in plant iats:
¢ Transects set up along an elevation gradient
«  Record percentage cover of each plant speciespticdte quadrats (1 A along transects

Along each transect (minimum of 4) the following daad to be collected:
e Elevation profile and water level

e Water column salinity and turbidity

e Sediment salinity, moisture content and sediment ositign

In large supratidal salt marsh areas, boreholes srgquired to measure depth to water table and gdowater salinity.

A sampling station is defined as a transect acrbesestuary (at a specific 'distance from the mouthijh a number of quadrats arranged along the temis

SPATIAL Aerial photos: The entire estuary needs to be maljeas defined by the geographical boundaries.

Transects and quadrats: As a guide the largeraste plant habitats in a system (e.g. salt marsipyesentative of the lower (2 transects) and midal&#nsects)
reaches should be covere@ther plant habitats, particularly those sensitteechanges in freshwater inflow, could also be nwei.
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INTERMEDIATE LEVEL

COMPREHENSIVE LEVEL

Once-off survey during summer. For tempora
open/closed systems preferably during the o
phase.

TEMPORAL

ily

open phase.

For permanently open systems, once during high flesvance during low flow

P& temporarily open/closed estuaries one surveyls¢e be conducted in a stable closed phase andhomstable

IMPORTANT NOTES. MACROPHYTES

¢ There are nine different habitat types recognisedeftuaries*, i.e.:

HABITAT TYPE INDICATOR SPECIES

Open surface water area Indicates available halfitaphytoplankton

Intertidal sand and mudflats Indicates availabébhat for intertidal benthic microalgae
Submerged macrophyte beds Zostera capensis (eglgRagopia cirrhosa, Potamogeton pectinatus
Macroalgae Ulva spp., Enteromorpha spp., Caulerffmfimis

Intertidal salt marsh Spartina maritima, Sarcocoriperennis, Triglochin spp,

Supratidal salt marsh Sarcocornia pillansii, Spbotus virginicus

Reeds and sedges Phragmites australis, Schoenaplétdralis

Mangroves Avicennia marina, Rhizophora mucronBtaguiera gymnorrhiza
Swamp forest Barringtonia racemosa, Hibiscus téias

« These include the microalgal habitats as the areseped by each habitat is used to calculate theall/botanical importance of an estuary.

¢ Available information on the flora of South Africastuaries includes Begg's (1984) early survey$vimZulu-Natal and the CSIR’s surveys of Cape egsarWard and Steinke (1982)
documented the distribution of mangroves. Colkttyal. (2001) have compiled a database on all labé botanical information on South African estesri Colloty et al. (2001)
completed a survey of Transkei and Ciskei estuamesbaseline information is now available for apgnoately 65 % of South African estuaries.
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TABLE 3.1g: Data requirements on invertebratés the preliminary determination of the preliming Ecological Water Requirements for estuaries

Zooplankton To estimate biomass distribution and key speciethefzooplankton.

To estimate biomass distribution and key speciesha benthic invertebrates. The richness of berghdetermines the
importance of the area for each species.

Macrocrustaceans To estimate biomass distribution and species of tigcrocrustaceans.

DATA Benthic invertebrates

Zooplankton: Collect quantitative samples usinglavfmeter_after darkpreferably during neap tides (mid to high tidedchuse currents are less strong and
zooplankton will be more active in water columnm$hing to be done at mid- water level, i.e. noface. Alternatively, use a benthic D-net to doamsect across the
estuary at different station. Daytime midwater andrabenthic samples at three stations using a W®02nm mesh) and a hyperbenthic D-Net sledge (200 ezh)m
respectively.

Two net trawls (WP 2 — 200 micron mesh), giving tepéis (i.e. two samples) at each station. Theshetld be pulled for 3 minutes per station (10-£frwater) at
0.15 knots diagonally across the estuary.

Record species and abundance (density per volunegch trawl and average results for station.

At each station phytoplankton samples (i.e. watkrmao sample) and benthic microalgae samples need ¢tollexted for chlorophyll a analyses.

Benthic invertebrates: Collect (subtidal) samplstng a Van Veen or Zabalocki-type Eckman grab $ammth 59 randomly placed grabs (replicates) at each stati
Collect intertidal samples at spring low tide usimgore sampler of minimum 150 mm diameter and 250 mpth,degith 5 replicates at each site along the tests Put
one grab/core sample in a bucket and fill with iitm svater. Add a drop of formalin and stir vigosiy. Pour off supernatant through a 500 micron sieRepeat this
process 5 times (minimum). Pour remainder from biutbkeugh a 1 mm sieve. Check form invertebratesi@re. Repeat with four other grab and core samples.

SAMPLING For intertidal benthic invertebrates which are neg¢ll quantified by core sampling (e.g. mud prawmsdsprawns, some crabs), use a combination of psamppling
PROCEDURE and counting hole densities of each species( imlgia of minimum area 0.2%nwith 5 replicates at each station).
The following need to be recorded at each site:
¢ ldentify fauna to lowest taxon
«  Record animal density and species abundance (anipealsf).
¢ Record the presence of Zostera
At each station, sediment samples need to be cadldot particle size distribution (250 ml) and orgaoontent (250 ml). Analyze using standard teahesg
Macrocrustaceans: Quantitative sampling for macrotaasans should be conducted during neap tides {onfdgh tide), at the same stations used for zodgitan
Use a benthic sled (80 cm x 80 cm, 500 micron mesh)fleiv meter to collect sample and tow for abolitn3eters diagonally across the estuary. Take 2 kEsgi
each station. Set 2 prawn/crab traps per stativernight (more applicable to sub-tropical areas).
Use_appropriatggear to sample shoreline (e.g. marginal vegetatfonsize class distribution of dominant organism¢hose areas.
Identify fauna to lowest taxon. Record numbeipetses and determine densities.
Version 2 May 2004
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SPATIAL

A sampling station is defined as a specific locatiothe estuary (at a specific 'distance from the thjdrom where a number of replicates are collected.

Sampling stations must be representative of thaigaliones characteristic of a particular estuamhich typically include (these zone should be iatdid on a map):
e Fresh (representative of river)

e« 0-10ppt
e 10— 20 ppt
e 20-35ppt

Within each salinity zone representative habitascto be sampled such as:
e Submerged macrophytes (e.g. Zostera beds)
e Soft sediments (sand/muddy sand/fine mud), hardyraeas) and organic rich areas.

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

Where benthic invertebrates are included in longntenonitoring programmes, stations need to incorporeas within the estuary where the habitat types a
vulnerable to changes in river inflow.

As a guideline, the number of stations in a smallay (< 5 km long) should not be less than 5, distted along the entire length of the estuary, cogethe salinity
zones and habitat types as described above. Syw#ms with high habitat diversity may require msiedions (in estuaries where the salinity regimeniform, the
selection of stations should focus on differentitadlypes).

For larger estuaries (> 5 km long), 10 to 15 stasoselected geographically along the entire lengdtlthe estuary, covering the salinity zones and taaltypes as
described above, can be used as the guidelineo(adth this may vary depending on habitat diversitg system). Stations should preferably be séxed intervals or
positions. A rough estimate for setting the distalpe®veen stations is to divide the length of theagg by 10 (i.e. if an estuary is 30 km long, tletachce between
stations should be about 3 km).

In systems with large cross sectional areas (estyiagine bays), sampling stations should also lecsed along cross sections.

TEMPORAL

INTERMEDIATE LEVEL | COMPREHENSIVE LEVEL

Zooplankton, benthic invertebrates and macrocrusaéas: One survey i
summer/spring and 1 survey in winter. It is importémat, at the time o
sampling, the state of the estuary, as represebyethe extent of salin
intrusion and the state of the mouth, must be reprdive of thal
particular season.

Zooplankton, benthic invertebrates and macrocrustase To be conducted in four seasons
(i.e. in spring, summer, autumn and winter). Attthee of sampling, the state of the estuary,
as represented by the extent of saline intrusiod #me state of the mouth must be
representative of that particular season.

For temporarily open/closed estuaries at least onevey must be conducted in a stable

For temporarily open/closed estuaries one surveylsi¢e be conducte closed phase and at least two surveys in the s phase.

in a stable closed phase and one in a stable opese
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IMPORTANT NOTES: INVERTEBRATES

«  Because of the high variability in invertebratesr@sponse to flow it is important to sample over figars to obtain the required confidence level (mmadfor intermediate level and
high for comprehensive level).

¢ Total lack of information on invertebrates in mosSouth Africa’s estuarine systems is the reasomfithe greater intensity (temporal scale) of sangpfor this component to get the
required confidence. There is also a rapid chaimgeommunity composition and abundance over timekKsvaemonths). Sampling is even more intensive fuplankton because of

their rapid response over time.
« As far as possible, the invertebrate and macropbgtepling stations should be matched to be ablmkohiabitats with invertebrate characteristics.

«  Water (salinity, temperature, pH, dissolved oxygenuébidity) and sediment quality (sediment graimesand organic content) measurements need to alsmllected during the
invertebrate surveys. Combining water and sedirgeatity surveys on a particular estuary with theertebrate surveys does this most cost-effectively.

« For invertebrate surveys, 7 sediment grain sizegmies should be used, ranging from mud to very s®aand. Each category relates to a particulae simameter in the following
manner:
>2 mm: > very coarse sand; 2 - 1 mm: very coarsadsd - 0.5 mm: coarse sand; 0.5 — 0.25 mm: medamd;s0.25 — 0.125 mm: fine sand; 0.125 — 0.0625 maery fine sad;
<0.0625 mm: mud (silt and clay)

« The percentage organic content of sediments caghigbe classified as:

<0.5%: Very low; 0.5 —2%: Low; 1 —2%: Modeest low; 2 —4%: Medium; > 4%: High
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TABLE 3.1h: Data requirements on fisfor the preliminary determination of the preliming Ecological Water Requirements for estuaries

DATA Seine and gill net sampling | To estimate biomass distribution and species offis.
Conduct fish surveys using gear appropriate tohthbitat of a particular estuary, but with seinesand gill nets as primary gear.
Seine nets: 30 m x 2 m x 15 mm multifilament bar methie iwings and a 5 mm bar mesh in the purse.
Seine nets should be 30 m long by 2 m depth. Therab(bag, purse) and the wings 5 m either sidestfould be 5 mm bar whereas the remaining 15 m df @ang
can be 15 mm bar mesh. This is required to adequatetyple estuarine and ‘faster moving’ marine specié® net should be weighted such that it sinkevbéhe
surface when set in water deeper than 2 m (i.edisimnce between the lead and cork lines). A light makes it more difficult to obtain a represeintasample from
weed and sandy areas, e.g. flatfish species tebdrtow in the sand and escape under a light seine.
Gill nets: Monofilament gill nets should compriseledst 3 different mesh sizes within the range 401180 stretch mesh. Monofilament gill nets should c@Eamt
least 4 nets (or panels) of which one net compiges48, 51 and 54 mm mesh, plus 3 more nets in tHbF3nm stretched mesh range (e.g. 75, 100 and 145 mm
SAELINE stretched mesh). To prevent high sampling impeats should be deployed less than one hour duniaglay unless otherwise motivated.
PROCEDURE | other sampling methods that may be used where prigeays are not appropriate, include:
e Scoop nets (e.g. in extensive submerged macrophbgi)
e Otter trawls (e.g. in deep channel area)
e Castnets (e.g. in inaccessible areas).
N.B. Where historic fish data for a particular esty have been collected, using mesh sizes that diéfim the above, it is recommended that previotisliineensions be
used.
At each sampling station the following data neelde@ecorded:
e Species lists
«  Number of each species
*  Size frequency distributions in total length
A sampling station is defined as a specific logatio the estuary (at a specific 'distance from theutht) from where fish samples are collected usingrapriate
sampling gear (see above).
Sampling stations must be representative of thaigaliones characteristic of a particular estuaspically (these zone should be indicated on a map)
e Fresh (representative of river)
e 0-10ppt
e 10— 20 ppt
SPATIAL . 2030 ppt
e 30 -35 ppt (at least one station should be in targe). It has been found that this salinity rarsggports a substantially different species compsthan that
found, for example in the range 20-30 ppt (S Lanibé&iCM and P Cowley, SAIAB, pers. comm.)

Within each salinity zone, representative habitegsd to be sampled such as:
e Submerged macrophytes (e.g. Zostera beds)
*  Sandy/muddy/rocky areas (representing differend fmurces)
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As a guideline, the number of seine net statiorsssmall estuary (< 5 km long) should not be lesa thadistributed along the entire length of theuasy, covering the
salinity zones and habitat types as described ab&reall systems with high habitat diversity may iegeore stations. Gill net samples do not need tmtihe same
quantity as seine samples. In small estuaries thetecould be used in the mouth, middle and uppehesa

For larger estuaries (> 5 km long), 10 to 15 seire stations selected geographically along the erléngth of the estuary, covering the salinity soeed habitat types
as described above, can be used as the guidelit®@gh this may vary depending on habitat diversftp system). Stations should preferably be stted intervals.
A rough estimate for setting the distance betwéstioss is to divide the length of the estuary By(ile. if an estuary is 30 km long, the distandsveen stations should
be about 3 km). For larger estuaries gill nets canused at every 2-3 seine net sites. For exartieBreede River Estuary was sampled at the maudhtzereafter
every 5 km upstream, approximately 9 gill net siesr 40 km.

INTERMEDIATE LEVEL COMPREHENS|IVE LEVEL
One survey in summer/spring and 1 survey in wintaufantto sample the Seasonally over 1 year, i.e. in spring, summer, raatand winter. The temporal scale
spectrum of species in the system. It is importhat, at the time of needs to address recruitment patterns as well asiepalistribution within habitats in
sampling, the state of the estuary, as represebjethe extent of saling different seasons. Also, at the time of sampling,state of the estuary, as represented by
TEMPORAL intrusion and the state of the mouth must be remtesige of that| the extent of saline intrusion and the state of mieuth must be representative of that
particular season. particular season.

For temporarily open/closed estuaries one surveadeeo be conducted inFor temporarily open/closed estuaries at least esnevey must be conducted in a stable
a stable closed phase and one in a stable operephas closed phase.

IMPORTANT NOTES: FISH

¢ Gill nets are extremely valuable in determining teasonal changes in the along-stream distributiothefadults of large fish species. For examplejas found that a 44, 48, 51 and
54 mm mesh sizes were needed to obtain a represengatinple of the different mullet species in thehseegtern Cape. The 44 mm mesh catch tends to be dechinaliza dumerilii,
the 48 mm by L. richardsonii and the 51 and 54 byrituspidens, Myxus capensis and Mugil cephalhstg: Monofilament nylon nets should be used, raew nylon nets, as the
latter have a completely different capture efficign

« Non-destructive sampling should be practiced whmmssible. The survival rate of larger fish is muckager if they are removed from a gill net by cuttthg mesh (easily repaired
afterwards) whereas most seined fish can be measur@deleased alive. If there are abundant fisla isample, 100 individuals of a species should besored, the rest counted and

released. However, it must be accepted that someegtecially clupeids, die very easily.
¢ The primary goal of fish sampling is to obtain pe@nd size composition of the fish present irsyistem.
« Gill nets are necessary to sample those fast swimsgagies and larger individuals that are not captlim the seine nets.
*  Monofilament gill nets of various mesh sizes canekample be purchased from Laaiplek Handelshuis/AEmINET (Pty) Ltd.

* Water quality measurement (salinity, temperature atieér physico-chemical properties) need to be ctdle during the fish surveys. Combining water dyaurveys on a particular
estuary with the fish surveys does this most céettefely.

* Fish are more responsive to flow changes, tharfample estuarine invertebrates or vegetation, ngaltiese good indicator species.

* In temporarily open/closed estuaries not all préested sites may be assessable with the same geagdhe various sampling trips. This would espégibE the case for sites selected
on habitat variability, e.g. protective backwateeas. This is an acceptable practice, as long asegentative sites are monitored in the same salingyme to allow for extrapolation.
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IMPORTANT NOTES: FISH

« The advantages of using fish as indicators inciiaitfield and Elliot, 2002):
- Fish are present in all aquatic systems
- Life-history and environmental response informai®available for most species
- Relatively easy to identify and samples can beqz®ed in the field, with the fishes being returteetthe water (non-destructive sampling)
- Communities usually include a range of speciesréyatesent a variety of trophic levels
- Fish are relatively long-lived and therefore prowid integrative record of environmental stress
- Fish contain many life forms and functional guilaslare likely to cover a number of components of aqesosystems affected by change
- Both sedentary and mobile and thus will reflectla®d stressors as well as provide a broader assest of effects
- Acute toxicity and stress effects can be evaluatéiue laboratory
- High public awareness value, i.e. general publi@atelmore to information on fish than on invertebsate plants;
- Societal costs of environmental degradation (eogt-benefit analyses) are more readily determineeiims of the economic, aesthetic and conservatibres attached to fishes.

« Difficulties associated with using fish as indicatdnclude (Whitfield and Elliot 2002) include:
- Selective nature of sampling gear for certain hatsiand sizes and species of fishes
- Mobility of fishes on seasonal time scales can eashmpling bias
- Fishes may be relatively tolerant to substancesmbtally harmful to other life forms
- Can swim away from a disturbances, thus avoidinglioed exposure to pollutants or adverse environalesanditions
- Estuarine environments that have been physicaléred by humans may still contain diverse fish absages.

TABLE 3.1i:

Data requirements on birdfor the preliminary determination of the preliming Ecological Water Requirements for estuaries

DATA

Bird counts | To estimate biomass distribution and species of birels.

SAMPLING
PROCEDURE

Undertake full bird counts of all water-associatertb, recording the following information:

First, divide the estuary into counting sectionstha basis of habitat type (e.g. sandy intertigayyddy intertidal, mangroves, Zostera beds, salt hjaand
record on a map.

For each counting section and for all estuary, pdev

- Species list

- Number of birds of each species (at low tide)

- State of the habitat at the time of observationpfooto of site)

- Levels of human disturbance at time of counting

Identify key areas for feeding, roosting and bragdin the estuary and adjacent floodplain

Identify and count high tide aggregations of fegdn roosting birds as far as possible

Identify breeding areas and count breeding aggregatas far as possible.

Analyse field data in conjunction with existing nbdata (e.g. CWAC data) where available.
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The area covered must include the entire estuadyitarfloodplain, incorporating all habitats useg ater-associated birds for feeding, breedingavsting.
The upper boundary of the study area is the santlesa$or the overall study, i.e. the upper geogiaphboundary of the estuary.

SPATIAL The seaward boundary, which is regularly crosseddsbird species such as cormorants, gulls and tésnmmost difficult to define. As a guidelinestiould include
the full tidal delta area and sand bars up to tlaelbline of breakers outside the estuary mouth.

The sensible lateral extension would be differentefaich estuary, and may include rocky bars, ethusTit is important to furnish a map of the areanted. Any
major bird roost in close proximity to the estuargsld be counted and mapped.

INTERMEDIATE LEVEL COMPREHENSIVE LEVEL
One summer month count when the tide in the estuatiis lowest.
TEMPORAL In the case of temporarily open/closed estuariésniust be conductedBirds to be counted every month for one year. Adtévely, conduct five surveys. In the case

when the mouth is open. However, in estuaries wittigh seasonal of temporarily open/closed estuaries, at least onant must be done when the mouth is
variability in avifauna, five counts over one yaany be required tq open (preferably in summer).
obtain a medium confidence.

IMPORTANT NOTES: BIRDS

«  Where bird sampling is done according to sectidms,section or station number need to be labellediatance from mouth’.

¢ Ideally, the summer count should be in a consistemth, with the same month being used for the mamgtgrogramme. Thus, unless there is a problem withuth closure, the
summer count should always be in February or Maectd never after the end of March. Numbers of hindsn estuary change markedly throughout the yeih summer numbers
often continuing to increase from spring right ugtilthe end of March, after which there is a dramalrop in early April following the departure ajrig-distance Palearctic migrants.
Counting birds earlier than February would not orggtentially lead to an underestimate of maximum biudhbers, but would be compromised in quality by ges of summer
holiday-makers. Human disturbance on estuaries @svkto have a significant impact on numbers of bawisnted on estuaries.

¢ Bird numbers fluctuate cyclically, in fact often lwi 3-year periodicity. If you count every 2 yegos will completely lose this pattern, which wilbke interpretation of trends very
difficult indeed. Therefore, in the long-term monitg programme birds should be sampled every year

* To investigate major food sources of key piscivarougrtebrate and macrophyte feeders stomach contenbe used, but this requires specialised equipieued expertise. Besides,
estuarine birds are highly adaptive feeders, anscdbing the diet at one point in time (from a limitgeainple) may drive one to a rather simplistic an@eeous conclusion about the
impacts of changes in the food base. Any trairedhwlogist would be able to use available undansting on bird diets and behavioural ecology, cedplith an understanding of
their food base, to predict what will happen, withless certainty than if you went out and stomaeimped a limited sample of birds.

¢ The Coordinated Waterbird Counts (CWAC) monitorstisédrica's waterbird populations and the condisoof the wetlands which are important for waterbir@his is being done by
means of a programme of regular mid-summer and micewegnsuses at a large number of South Africanawddl and estuaries, at regular six-monthly interv&l8VAC currently
monitors over 350 wetlands around the country.s important top check the availability of CWAC dataa specific estuary. Where available, CWAC data lee acquired at a cost
(allow for this in the budget) (http://web.uct.a@depts/stats/adu/p_cwac.hHtm

¢ Itis recommended that the Directorate: Resource Dé@deasures provide CWAC with a list of prioristuaries, and in this way those estuaries coulddresidered for inclusion in
their monitoring network.
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3.3 Delineation of Resource Units (Step 2)

Recognizing that each estuary is unique and different from any other estuary, it is considered
appropriate to delineate each estuary as a separate resource unit within the larger catchment,
characterised by site dependent abiotic and biotic characteristics. For estuaries, the geographical
boundaries are typically defined as follows:

« Downstream boundary: The estuary mouth (However, there are systems where the ‘estuary’
often expands to the near-shore marine environment and where this boundary definition may need
to be reconsidered in future).

¢« Upstream boundary: The extent of tidal influence, i.e. the point up to where tidal variation in
water levels can still be detected or the extent of saline intrusion or the extent of back-flooding

during the closed mouth state which ever is furthest upstream.

e Lateral boundaries: The 5 m above Mean Seal Level (MSL) contour along each bank.

Example: Geographical boundaries of the Nahoon Haty indicated on an
ortho-photo, showing the mouth (downstream boundatye Abbotsford
Causeway (upstream boundary and the +5 m MSL comtolateral
boundaries)
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3.4 Determination of Recommended Ecological Categor vy (Step 3)

NOTES:
e The project coordinator should produce a basic deégtion of the estuary and circulate it to all tean
members to prevent repetition. In particular, thieeds to include the geographical boundaries oé t
estuary and information on anthropogenic (human)terference.

=5 2

e All analyses, assumptions and interpretations oftalaand results must be fully documented in the
individual specialist reports.

¢ Templates need to be provided by the estuarine dimator to the specialists (Appendix E). These
templates provide a means of distilling key issudesn the more detailed individual specialist repsrt
for inclusion in the main Estuarine Ecological WateRequirement Report. These need to be completed
prior to the specialist workshop and attached as Appeadito the individual specialist reports.

e Specialist reports need to be staggered to enshiat ALL relevant information on other components

available to the specialists when writing their iivitlual reports The sequence should be as follows:

- Physical dynamics and water quality

- Microalgae

- Macrophytes

- Invertebrates

- Fish

- Birds.
Should time constraints prevent this, it is crucidiat at least the specialist reports on physicghdmics
and water quality (i.e. the driving components) lmmpleted prior to the biotic (i.e. responsg)
components.

n

e Criteria for confidence limits attached to statemtsrin RDM reporting are as follows:

LIMIT DEGREE OF CONFIDENCE
Low If no data were available for the estuary or similastuaries (i.e. < 40%)

Medium | If limited data were available for the estuary otteer similar estuaries (i.e. 40% — 80%)
High If sufficient data were available for the estuary€. > 80%)

3.4.1 Description of Present State

The Present State of an estuary (defined within the specified geographical boundaries) is a
guantitative description of the present abiotic and biotic characteristics and functioning of the system.

The description of the Present State, together with the Reference Condition, forms the basis for the
preliminary Determination of the Ecological Water Requirement study, for it is here where specialist
scientists describe and document their understanding of the characteristics and functioning of an
estuary (backed by appropriate field measurements and scientific expertise).

For estuaries, Present State needs to be described in terms of the following components, also
documenting the level of confidence:

Abiotic (or driving components):

» Physical dynamics (measured in terms of seasonal river inflow patterns, floods, mouth dynamics,
water level variations, water movement patterns, changes in cross section profiles and particle
size distribution)
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¢ Water quality (measured in terms of system variables, nutrients and toxic substances)
(microbiological contaminants - linked to human health - are excluded as it does not pertain to the
ecological component).

Biotic (response) components:

¢ Estuarine flora (microalgae and macrophytes)
¢ Estuarine fauna (invertebrates, fish and birds)

The accuracy with which the ecological status of any estuary can be described will largely depend on,
the extent and detail of available data (i.e. existing data and information), additional data that could be
collected within time/budget constraints and the complexity of processes in a particular estuary. The
description of the Present State, in terms of the different abiotic and biotic components, can therefore
vary from a detailed quantitative characterisation based on measured data, to a narrative statement
based on expert opinion. For this reason, confidence in the assessment must be documented.

Results on abiotic components must be presented in a format that would be useful and appropriate for
estuarine biologists to derive biological responses. The format in which information on the Present
State of abiotic components needs to be presented is provided on the following pages.

A diagram indicating the key ecosystem links within the estuary under investigation can be very useful.
An example is provided below. For each of the biotic components, the important links need to be
highlighted. These links, both habitat and food links, can then be ranked in order of importance to the
particular biotic component.

Habitat )
w—— Food {Birds :
i | Invertehrate feeders H Herhivores H Piscivores | M evassassarsarnsrassnsnnsnnsannasnasnnnsnnannanses »
i |
I'Fish
E Detritivores | | Hehivores ‘ | Zoohenthos || Planktivores | | Piscivores o
|
| Estuarine Detritus Pool |
ilmrerl.ehral.es E
E ‘ Zooplankton | | Benthic invertehrates | Macrocrustaceans _E
Macrophytes | I E
| Macroalgae || Submerged Macrophytes || Saltmarsh H Reeds & sedges | ............................ I‘E
Microalgae -
r | Phytop | ‘ Benthic Microalgae “‘
24 & [
1 | | L
Ahiotic drivers | | | | :
Toxdcs || Inorganic nutrients || Pore vrater|nutrients | | Oxygen H Salinity || Temperature || Turbidity/Light | | pH | H
I H
I 1 1
Mouth Current Muel d i Intertidal Water
State Speed | Stratificati H Retenti ‘ distributi surface area surface area depth
arine River FGT__-;_‘ --------- _;
[ Sediment || mnwa | : :
| Detritus ‘ ‘ Floods || Seasonal flows ‘ i i

\ 1 K,
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ABIOTIC COMPONENT

a. Describe seasonal variability in river inflow under the Present State , i.e. the average
monthly simulated runoff data (in m*/s) for the Present State.

b. Describe the flood regime (to be included in comprehensive level determinations)

C. Describe anthropogenic influences, other than modification o f river inflow , that are
presently affecting abiotic characteristics in the estuary and how, using the following checklist
as guidance:

Artificial breaching
Mouth stabilization
‘qc: Bank stabilization & destabilization
IS Bridge(s)
5‘ Weirs
® | causeway
S Marina development
':&U Dredging
Pt Mining (e_.g. sand Wlnn_lng) _ _
4 Poor agricultural practices (e.g. causing siltatjon
‘g Exceedance of carrying capacity resulting fromtbug bathers etc.
S Low-lying developments
Lack of maintenance of infrastructure (e.g. roadd aridges)
Migration barrier in river
Other ...
é\ Waste water treatment works
‘g Municipal waste (including sewage disposal)
a Industrial effluent (including cooling water) disaiges
= Litter
S Mariculture waste products
2 Pollution related to shipping activities in harbaur
Tg Septic and conservancy tank seepage
(o4 Agricultural and pastoral run-off containing feiiters, pesticides and herbicides
3 The inflow of contaminated storm-water or groundswat
g Lack of maintenance of infrastructure (e.g. SeW&Qgeks)
Other water quality activity

d. Describe the present sediment processes (to be included in comprehensive leve
determinations)

e. Determine typical states (referred to as abiotic st  ates) that occur in an estuary under
different flow ranges.  Because river inflow into an estuary, generally shows strong correlation
with certain abiotic parameters, such as state of the mouth and longitudinal salinity distribution
patterns, it is usually possible, for a particular estuary, to link or correlate river inflow ranges to
typical ‘abiotic states’. Based on the above assumption, typical ‘abiotic states’ therefore need
to be determined for a particular estuary linking it to typical river inflow patterns, e.g.:

State 1: Strongly freshwater dominated (flows above 20 m*/s)*

State 2: Freshwater dominated, but saline intrusion in lower reaches (between 10-20 m%/s)*

State 3: Marine and freshwater influence on the estuary is balanced (between 3-10 m%/s)*

State 4: Strongly marine dominated (below 0.5 — 3.0 m*/s)*

State 5: Closed (below 0.5 m%/s)*

* These states and flow rates are for illustratigurposes. Different states and associated flonesat
will be required for different estuaries
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f. Describe each abiotic state in terms of the following abiotic characteristics and processes:
e Typical flow patterns
«  State of the mouth
¢ Flood plain inundation patterns
* Amplitude of tidal variation (indicative of exposure of intertidal areas during low tide)
* Retention times of water masses
e Total volume and/or estimated volume of different salinity ranges
» Estimated (maximum) tidal velocities along the estuary
e Salinity distributions in the estuary
e System variables (Temperature, pH, suspended solids, turbidity and dissolved oxygen)
* Nutrients(including the concentrations in the sea* and river** during such periods)

* Toxic substances

(*) Obtained from South African Water Quality @elines for Coastal Marine Waters. Volume 1: Natura
Environment (DWAF, 1995) or available data sets
(**) Obtain these from Present State specifiadriger section’ just upstream of estuary

g. Estimate the occurrence and duration of differenta  biotic states during the Present State
using the median monthly flows and 10%ile flows, simulated for the 50-70 year period, to
predict the situation for normal and drought periods, respectively. These results can be
represented as follows:

« Use colour coding to indicate the average distribution of abiotic states over the simulated

period:

Year Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep
1927 1.97 7.90 279 1.09 049 [ 1320 | 346 0.00 [ 4957 [ 1097 | 2110 [ 27.42
1928 8.83 | 4860 | 17.27 | 247 0.94 5.13 6.94 824 | 1541 | 7696 | 7126 | 21.82
1929 9.39 3.98 7.66 446 | 3113 | 1852 | 4.14 267 2.05 646 | 3594 | 56.80
1930 23.77 | 7.37 3.82 3.43 1.53 529 | 69.77 | 4006 | 950 | 59.89 | 103.97 | 44.60
1931 65.64 | 1758 | 3448 | 1163 | 3269 | 4.28 087 | 1175 | 2145 | 3298 | 21.88 | 141.31
1932 5058 | 7.70 4.31 1.81 1.08 1.11 0.64 247 | 5589 | 10096 | 68.18 | 26.16
1933 1130 | 9.68 4.27 4.97 3.68 3.96 112 1.25 881 | 2018 | 4155 | 4220
1934 9047 | 4079 | 677 2.41 1.98 1.27 7.04 | 2549 | 2506 | 3963 | 39.90 | 28.24
1935 1137 | 1153 | 483 2.52 0.99 0.48 0.16 3.20 375 | 2031 | 4244 | 4264
1936 1759 | 10095 | 4186 | 5.98 1.61 9.92 4.87 722 | 5607 | 9413 | 3009 | 19.24
1937 8.82 7.07 9.24 6.54 0.96 673 | 1423 | 2825 | 1324 | 2083 | 20.00 | 31.62
....... 1095 | 371 4.31 2.83 1.70 0.79 0.96 945 | 5867 | 227.94 | 6351 | 96.18

[ state1: | <05 [ state2: [0.5-3.0 [ State3: [3.0-10.0] State4: [ 10.0- [ State 5: [ >20.0 ||
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* For systems with strong seasonal variability in flows results can, for example, be
presented as follow:

120
Median flows
100

[~ State4—| State3  State2 State 1 State 2. State 3
occasionally
also State 5

=3
=3

Flows (m%/s)
8

20
0 : : . 1

120

10%ile flows

100 -
-~ State4 State 3 State 2 <-— State3 —
80 frequently also State 5

60

Flows (m¥s)

40

20 /\

Jan Feb Mar Apr May Jun  Jul Aug  Sep Oct Nov  Dec

« For estuaries where variations within months are stronger than seasonal variation results
can, for example, be represented as follows:

100

Typcial flow periods
™ — (based on median flows)

otic states"

M - - Droughts
(based on 10%ile flows)

Probability of occurrence (in %) of different ‘abi

Jan Feb Mar Oct Nov Dec
O Abiotic State 1 CJAbiotic State 2 BRbiotic State 3
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BIOTIC COMPONENTS

a. For each of the biological component, describe anthropogenic influences, other than
modification of river inflow , that are presently directly affecting biotic characteristics in the
estuary and how, using the following checklist as guidance:

Recreational fishing

Commercial/Subsistence fishing (e.g. gillnet fishery)
Traditional fish traps

Illegal fishing (Poaching)

Bait collection

Aquarium fish collecting

Inappropriate levels of recreational activitiesdefishing competitions)
Mariculture

Harvesting of mangroves and reeds / sedges
Grazing and trampling of saltmashes

Translocated or alien fauna and flora

Other .....

Living Resources

b. Describe the Present State of biotic components, i.e.:
. Microalgae

. Macrophytes

. Invertebrates
. Fish
. Birds

For each of the above, a concise assessment of the following needs to be provided:

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

e Biomass distribution and productivity

e« Seasonal and inter-annual variability (assessment on changes in seasonal variability,
without the necessary data are difficult to determine, particularly for fish and birds).

« Assessment of any important (regional) relationship with other nearby estuarine and marine
systems.

C. Provide a general overview on the effect of abiotic characteristics and processes, a s well
as other biotic components on estuarine biota for each of the biotic components (i.e.
identifying key links and also indicate critical periods of the year):

Mouth condition (provide temporal implications whegplicable)
Exposure of intertidal areas during low tide

Subtidal, intertidal and supratidal habitat (amexda 2008)
Sediment characteristics (including sedimentation)

Retention times of water masses

Flow velocities (e.qg. tidal velocities or river lioiv velocities)
Total volume and/or estimated volume of differenhgglranges
Salinities

Other water quality variables (see above)

Other biotic components
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3.4.2 Determination of Reference Condition

For the purposes of the preliminary determination of the Ecological Water Requirements, the
Reference Condition of an estuary refers to the ecological status that it would have had:

* when receiving 100% of the natural MAR

* before any human development in the catchment or within the estuary

» before any mouth manipulation practices (e.qg. artificial breaching)

Typically, the Reference Condition in an estuary refers to its ecological status 50 to 100 years ago.
The Reference Condition needs to be described in terms of the different abiotic and biotic

components, documenting the level of confidence.

ABIOTIC COMPONENTS

Results related to abiotic components must be presented in a format that is useful and appropriate for
estuarine biologists to derive expected biological responses. The format in which information on the
Reference Condition of abiotic components should be presented is provided below.

a. Describe seasonal variability in river inflow under the Reference Condition , i.e. the
monthly-simulated runoff data (in m3/s) for the Reference Condition.

b. Describe the flood regime under the Reference Condition (to be included in comprehensive
level determinations)

C. Describe changes in sediment processes under Reference Condition compared with Present
State (to be included in comprehensive level determinations)

d. Assess the change in occurrence and variability of abiotic states under the Reference
Condition , using the median monthly flows and 10%ile flows, simulated for the 50-70 year
period, to assess the situation for normal and drought periods, respectively. The format will be
similar to that used for the assessment of occurrence and variability of states under the Present
State (refer to Chapter 3.4.1).

BIOTIC COMPONENTS

Predict the change in biotic characteristics from the Reference Condition to the Present State, as
well as the causes of these changes (where anthropogenic influences were responsible these should
be flagged):

. Microalgae
. Macrophytes

. Invertebrates

. Fish
. Birds.
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Changes should be addressed in terms of:

* Changes in species diversity, richness, rarity and community composition (e.g. provide details on
endemic and Red Data species)

* Changes in biomass distribution and productivity

* Changes in seasonal and inter-annual variability (where data are available).

3.4.3 Determination of Present Ecological Status

Present Ecological Status (PES) is a measure of the health of a resource, based on a comparison
between the Reference Condition (Chapter 3.4.2) and the Present State (Chapter 3.4.1). An Estuarine
Health Index (EHI) is used to determine the PES for estuaries. The development and application of
the EHI is described in detail in Appendix C. The structure of the index, its scoring methods and
criteria weightings were refined during two workshop sessions. A summary of structure and criteria
weightings of the EHI is provided below. Motivation for the scores allocated in the EHI should include
the following:

» Brief description of the change(s) and the cause of such change(s)
* Level of confidence.

MEASUREMENT OF ABIOTIC COMPONENTS IN ESTUARINE HEAL TH INDEX

For each variable, it will be necessary to estimate the degree to which the Present State resembles
the Reference Condition. To account for cyclical variability, it is important that, in general, the mean
conditions during pristine conditions are compared with the mean conditions at present. The %
deviation from pristine state will be estimated for each component variable, which will be taken to be
the inverse of % similarity. This means that % deviation cannot exceed 100%, and that it thus is
necessary to be able to describe a zero resemblance in each case, in order to scale the observed
change. Each score will be calculated to reflect % similarity to the pristine state. The following
explanations are illustrated using a hypothetical example with calculated scores.

Hydrology

This score would be calculated on the basis of changes in inflow patterns , estimated on the basis of
two parameters, as in Table 3.2a. Of major interest is the change in medium to high flows, and the
concomitant change in months of low flow. Depending on how it is calculated, estimating the %
change in conditions would achieve different results depending on whether it was calculated as %
increase in low flow months or decrease in high flow months. In order to obviate this problem, a table
of scores is given in Table 3.2b, which will give the same results whether the change in low flow or
non-low flow months is considered. This table assumes a linear relationship, in that a change of one
month from say one month to two months has the same significance as a change of one month from
11 to 12 months, and that this is the same in either direction. Future tests of this method should
explore the possibility of non-linear and asymmetrical functions. In the absence of detailed information
on flow patterns, or in permanently open estuaries, the % MAR can be used as a substitute for the
change in low flow period. The median (50%ile) low flow months or the total % occurrence of low flow
months for the full simulation period may be used to give an indication of the change in the low flow
period.
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The second parameter is % similarity in the frequency of floods, and this is given a slightly lower
weighting in the index than the first. However, since this method is really only suitable for larger
catchments or where a detailed analysis of hydrology has been done, an alternative method is
provided for estuaries where this is not the case. The alternative is a measure of change in magnitude
of major floods that are capable of ‘resetting’ an estuary. Because the magnitude of significant floods
differs between estuaries, it is up to the specialist to decide which floods are to be considered in each

individual study.

TABLE 3.2a: Calculation of the hydrological healtecore

VARIABLE
% similarity in period of low flows
e.g. 2 months low flow to 4 months low flow (reantes®ff Table 3.2b)
a. | ORPresent MAR as a % of MAR in the reference state 83 60
Guideline: we recommend the second measure for pernfargren estuaries or fof
estuaries where information on flow levels is lingti
% similarity in frequency of major floods (floogsl:20 year for a particular system) (
% of reference flood events still occurring in ReBsState).
e.g. 4eventsto3events= 3/4 X 100=
Note: This method is more suitable for larger cateimts or where a detailed analysis

hydrology has been done.
b. | OR % similarity in the magnitude of major floods (ef20, 1:50 and 1:100) in 75 40
comparison with the Reference Condition
Guideline: Because the link between flood magnitadé sediment dynamics is npt
easily quantified, follow a precautionary approably using the reciprocal of the ¢
reduction (or increase for certain urban catchmgmisthe major flood the most affectegd
by developments in the cathment.

Hydrology health score = weighed mean of a and b 80

SCORE | WEIGHT

TABLE 3.2b: Score chart for part (a) of the hydmgical health score in terms of change in low flgeeriod

PRESENT REFERENCE CONDITION (months of low flow)

STATE 0 1 2 3 4 5 6 7 8 9 10 11 12
0 100 92 83 75 67 58 50 42 33 25 17 3] g
1 92 100 92 83 75 67 58 50 42 33 25 iy 8
2 83 92 100 92 83 75 67 58 50 42 33 25 17
3 75 83 92 | 100 92 83 75 67 58 50 42 3 25
4 67 75 83 92 | 100 92 83 75 67 58 50 47 33
5 58 67 75 83 92 | 100 92 83 75 67 58 50 42
6 50 58 67 75 83 92| 100 92 83 75 67 58 50
7 42 50 58 67 75 83 92| 100 92 83 75 67 58
8 33 42 50 58 67 75 83 92| 100 92 83 75 67
9 25 33 42 50 58 67 75 83 92| 100 92 83 75
10 17 25 33 42 50 58 67 75 83 92 100 92 83
11 8 17 25 33 42 50 58 67 75 83 92 100 | 92
12 0 8 17 25 33 42 50 58 67 75 83 92100

(Formula: 100-[%occurrence under Reference Conditi® occurrence under Present State])

Hydrodynamics and mouth condition

This is a simple score (Table 3.3a), which is likely to be a fairly rough assessment accurate to within
20%. In order to score the health implication of a change in duration of mouth closure, CERM's
scoring system has been adapted to a scale of 0 - 100 (Table 3.3b). The median flows (50%ile)
should be used to indicate change in the mouth condition. The index uses the percentage change in
the time an estuary is open during a year. The duration and seasonality of open mouth conditions
under the Reference Condition determine the ‘reference’ biotic assemblage. The scoring system
focuses on duration. Therefore, if seasonal changes in mouth conditions also occur, it might require a
more severe score than indicated by the guidelines. For estuaries, which do not close annually, scores
need to be calculated based on the changes in percentage years the estuary use to close under
May 2004
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Reference Condition versus percentage years the estuary is closing under the Present State or
Scenario under evaluation.

TABLE 3.3a: Calculation of the mouth condition sce

VARIABLE SCORE
Change in mean duration of closure, e.g. over thrukition period (See Table 3.3b for scoring guide) 0 8
Mouth condition score 80

Anthropogenic influence (amended 2008):

Percentage of overall change in mouth conditionasea by anthropogenimodifications (e.g. artificial 10
breaching) (e.g. 50.% of the 20% change is caltisyeghthropogenic activities, other than flow)

Adjusted mouth condition score (attributed only fiow) 90

TABLE 3.3b: Scoring guideline for change in moutlondition. If the estuary is artificially breached
particularly during inappropriate times, then thecere can be adjusted as appropriate

% OPEN IN % OPEN IN PRESENT STATE
REFERENCE - : - - -
CONDITION 100% 75% 50% 25% 0%

100% 100 33 12 6 0
75% 82 100 48 12 0
50% 70 82 100 39 0
25% 40 50 70 100 0
0% 0 12 33 60 100

Water quality

This is assessed in terms of the degree of change in five variables (Table 3.4). The first variable,
salinity distribution, is treated separately from the others. The remaining variables are grouped to form
a measure of general water quality. Each of the general variables may lead to an overall change in
health, and the index does not average these variables so as not to dampen the effect of any one
impact on the score, but the highest impact score is used. Scoring guidelines are provided for each
variable. Scores for general water quality variables will be assigned by a water quality specialist on
the basis of a combined understanding of concentrations in inflowing river and seawater and
hydrodynamics within the estuary.

TABLE 3.4: Calculation of the water quality healtecore

VARIABLE | SCORE | WEIGHT

1 Salinity

% change in axial salinity gradient and verticalisdty stratification

Scoring guideline: Unmodified = 100; largely natural80; moderately modifieg 60 40

= 60; largely modified = 40; seriously modified = 26pmpletely modified = 0.
2 General water guality

Nitrate and phosphate concentrations in the estuary
a Scoring guideline: Unmodified = 100; reduced = scageestimated % of origina| 80

level; slightly increased = 75; moderately incredse50; eutrophic = 0.
Suspended solids in the estuary

b Scoring guideline: Unmodified = 100; slightly incesd = 75; moderately 40
increased = 50; heavy load = 25; excessive siltato0.
Dissolved oxygen (mg/l) concentrations in the estuary
c Scoring guideline: Unmodified = 100; largely natural80; moderately modifieg 80
= 60; largely modified = 40; seriously modified = 26pmpletely modified = 0.
Level of toxins in the estuary

d Scoring guideline: Unmodified = 100; largely natural80; moderately modifieg 80
= 60; largely modified = 40; seriously toxic = 20pmpletely toxic = 0.
General water guality = Min (a to d) 40 60
Water quality health score = Weighted mean 48
Version 2 May 2004

Page53



Determination of Preliminary Ecological Reserve Estuaries Chapter 3: Ecological Reserve Methods

| VARIABLE | SCORE | WEIGHT
Anthropogenic influence (amended 2008):
Percentage of overall change salinity cause@bthropogenicactivity as opposec
to modifications to water flow into estuary (e.g.%®f the 40% change (1) is 20
caused by anthropogenic activities, other than flow
Percentage of overall change in nitrate and phosplaused bynthropogenic
modifications (e.g. wastewater discharges) rathantimodifications to water floy
into estuary (e.g. 50% of the 20% change in (2agassed by anthropogenic 10
activities, other than flow)
Percentage of overall change in suspended solidssedh by anthropogenic
modifications (e.g. wastewater discharges) rathantmodifications to water floy 30
into estuary (e.g. 50% of the 60% change in (2brassed by anthropogenic
activities, other than flow)
Percentage of overall change in dissolved oxygensed byanthropogenic
modifications (e.g. wastewater discharges) rathantimodifications to water floy 10
into estuary (e.g. 50% of the 20% change in (2ckassed by anthropogenic
activities, other than flow)
Percentage of overall change in toxic substancessed by anthropogenic
modifications (e.g. wastewater discharges) rathentmodifications to water flow 10
into estuary (e.g. 50% of the 20% change in (2drassed by anthropogenic
activities, other than flow)
1 Salinity score excluding anthropogenic effects 80 40
2 General water guality
a Nitrate and phosphate score excluding anthropamgeffiects 90
b Suspended solids score excluding anthropogefactef 70
c Dissolved oxygen score excluding anthropogenscsff 90
d Toxic substances score excluding anthropogefectsf 90
Adjusted general water quality = Min (a to d) 70 60
Adjusted water quality health score (attributed grtb flow) 74

Physical habitat alteration

Two main components make up the physical habitat health score: area and sediment composition of
intertidal habitat and submerged areas (i.e. based on subtidal habitat, channel morphology, and
taking degree of sedimentation, and obstruction or constriction into account).

Changes in both of these habitat elements may have been due to changes in water flow into the
estuary or anthropogenic activities within the estuary, or both. Thus the team is required to estimate
the degree to which each of the two component scores is influenced by water flow changes vs within-
estuary anthropogenic changes (Table 3.5). The unadjusted score is used in the health index, and
the adjusted score serves to give a fuller explanation of the health status.

TABLE 3.5: Calculation of the physical habitat heidd score

VARIABLE SCORE | WEIGHT
1 Resemblance of intertidal sedimstruicture and distribution to Reference Condition
la | % similarity in intertidal area exposed 80 50
1b | % similarity in sand fraction relative to totarsd and mud 60 50
Mean 70 50

Resemblance of submergédbitat to Reference Condition: depth, bed orroie
2 morphology

Scoring guideline: No alteration = 0%, Total altéi@n = 100%.

Overall physical habitat health = Weighted mean 80
Anthropogenic influence:

Percentage of overall change in intertidal habitatused byanthropogenicactivity as
opposed to modifications to water flow into estu@yg. 20% of the 30% change (1)|is 20
caused by anthropogenic activities, other than flow

Percentage of overall change which in submergeditabloaused byanthropogenic
modifications (e.g.bridges, weirs, bulkheads, tiragnwalls, jetties, marinas) rather than
modifications to water flow into estuary (e.g. 100¥%the 10% change in (2) is caused 100
by anthropogenic activities, other than flow)
1 Health of intertidal habitaexcluding anthropogenic effect (e.g. 20% of 30%nge + 76 50
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VARIABLE SCORE | WEIGHT
70% similarity)
Health of_subtidal habitaexcluding anthropogenic effect (e.g. 100% of 10%ange +
2 N 100 50
90% similarity)
Adjusted physical habitat health score (attributedly to flow) 88

MEASUREMENT OF BIOTIC COMPONENTS IN ESTUARINE HEALT H INDEX

A change in health may be reflected in a change in community composition, species diversity and
biomass. With increased system perturbation, community composition may change in favour of more
opportunistic species, while the numbers and biomass of more specialised species tend to decrease,
or one might see a significant change in the trophic composition of a community. Thus a simple
measure of species richness or abundance (biomass, area) is not a reliable indicator of health. The
index has to be able to reflect changes as positive or negative, accordingly. Given that in most cases,
the Reference Condition is estimated on the basis of modelled outputs and assumed relationships, the
parameters within this index can only be estimated with a fairly rough degree of accuracy. It would
thus be inappropriate to propose a highly quantitative index such as Shannon diversity to indicate
change in biotic communities. It is proposed that three main factors are taken into account: species
richness, abundance and community composition (Table 3.6a). In order to keep the score as simple
as possible, the three attributes are considered separately, and the minimum score is taken as the
indicator of health.

Change in species richness should only be measured as the loss of species that were part of the
original community, and should not take new species (not thought to have occurred under Reference
Condition) into account. The scoring system recommended for species richness has a concave
relationship with percentage of average species richness remaining in the system. This reflects the
fact that a few valuable, specialist species may be lost with initial perturbation of the system, and it is
harder to restore health in terms of number of species when starting from a higher than a lower health
level.

Abundance may decrease or increase with a decrease in estuarine health, and this is expressed as a
% similarity rather than % change. Thus, while a decrease in abundance to 60% of original scores 60,
and increase to 130% of original would score 70 (100 — 30% change).

Change in community composition is assessed as % resemblance to original composition. The
simplest way of estimating this score is to consider the relative abundance of different trophic groups
in the community. With better predictive ability, one can extend this to consider shifts in the relative
abundance of individual species.

Note that there is no score dealing with overall change in community composition or trophic
dominance across all the groups, as this would double-count the change in abundance scores given
for the individual groups.

This index should be calculated for microalgae, macrophytes, invertebrates, fish and birds. Again, the
points for comparison are the estimated mean conditions during the reference and present conditions,
for variables that undergo cyclical or dynamic changes. The invertebrate health index would include
the water column fauna (zooplankton) as well as benthic and hyperbenthic invertebrates (those living
in or on the bottom, and those living close to the sediment, respectively). Although these components
are not considered separately, the invertebrate specialist would have to consider both and integrate
their health scores into an overall score on the basis of the relative importance of each group.
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TABLE 3.6a: Calculation of the biotic health scor®r each biotic group

VARIABLE MEASUREMENT
Average species richness as a % of average speciesess during the
Reference Condition (only consider original species
Scoring guideline: 100% = 100, 90% = 80; 80% = 6B)% = 50, 60% = 90
35; 50% = 25; 40% = 17; 30% = 10; 20% =5; 10% =0
(Formula: y = 0.009 %+0.038x -0.433)

Estimated % of total numbers or biemasaining of the original species 70
Estimated % resemblance to original composition.
Scoring guideline: No change = 100%; Original comiitytotally displaced
by opportunistic spp = 0%
Microalgae / Macrophyte / Invertebrate / Fish / Bircommunity health score = minimum score of a,|b
and c

SCORE

a. Species richness

b. Abundance

¢. Community composition 40

40

Again, the health of the biotic components may be due partly to modifications in river inflow, and partly
to human disturbance (anthropogenic activities) within the estuary. The team is thus required to
describe the extent to which the changes scored above are due to human activities within the estuary
such as trampling, pollution and overexploitation (Table 3.6b). This produces an adjusted score which
is only for descriptive purposes and is not used in the overall index.

TABLE 3.6b: Estimating the extent to which biotleealth scores are affected by anthropogenic distambe
within the estuary, i.e. other than modificationa river inflows
HEALTH DEGREE TO WHICH CHANGE ADJUSTED HEALTH SCORE
COMPONENT SCORE CAUSED BY HUMAN ACTIVITY IN (HEALTH IN ABSENCE OF
(e.g) ESTUARY (%) HUMAN DISTURBANCE)
Microalgae 70 10 = 70+((100-70)*0.10) = 73
Macrophytes 70 40 etc
Invertebrates 80 50
Fish 60 70
Birds 70 50

CONSTRUCTION OF ESTUARINE HEALTH INDEX

Construction of an index should be relatively simple. It is recommended that for each abiotic or biotic
variable, the conditions be described, as quantitatively as possible that would be regarded as
indicative of 0 to 100% of the pristine state. These can then be used as standard guidelines in what is
otherwise a dangerously subjective assessment. Without strict guidelines, a method such as this
would lead to a huge range of possible assessments by different practitioners, and could not be
regarded as robust or legally defensible. Each variable, thus defined as % of pristine state, is
weighted, and then aggregated, using the overriding rule. The final score should reflect the state as a
% of pristine. This percentage can then be assigned to a management class.

The overall degree of health of the abiotic aspects of the estuary may be considered a measure of

Habitat Health or Integrity, while the remaining variables make up the Biological Health Index. The
two sub-components are calculated and combined as follows (Table 3.7).
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TABLE 3.7: Calculation of the Estuarine Health Sce

VARIABLE SCORE WEIGHT

Abiotic (habitat) variables

Hydrology 41 25

Hydrodynamics and mouth condition 80 25

Water quality 59 25

Physical habitat 80 25
1. Habitat health score= weighted mean 65 50
Biotic variables

Microalgae (minimum score of phytoplankton or bemthicroalgae) 60 20

Macrophytes 60 20

Invertebrates  (minimum  score of Zooplankton, Benthimvertebrates, 70 20

Macrocrustaceans)

Fish 60 20

Birds 90 20
2. Biological health score= weighted mean 70 50
ESTUARINE HEALTH SCORE= weighted mean of 1 and 2 67.5

ASSIGNMENT OF PRESENT ECOLOGICAL STATUS

The Estuarine Health Score represents the degree to which an estuary resembles its pristine
ecological state. An estuary is assigned to a Present Ecological Status, which indicates six broad

categories of estuarine health, as follows (Table 3.8).
estuary scoring 67 points would be classified as ‘C’.

Thus in the example calculated above, an

TABLE 3.8: Recommended guidelines for the class#fiion of the Present Ecological Status (PES) of an
estuary based on an integrity score which indicategesent State as a percentage of pristine

state
ESTUARINE HEALTH INDEX (EHI) PRESENT ECOLOGICAL
SCORE STATUS DESCRIPTION
100 - 91 A Unmodified, natural
76 — 90 B Largely natural with few modifications
61-75 C Moderately modified
41 - 60 D Largely modified
21-40 E Highly degraded
0-20 F Extremely degraded

Note that the conditions on the left start off as broader ranges in the lower classes, becoming narrower
as an estuary approaches a pristine state. Where appropriate a border line Present Ecological Status
can be defined, e.g. A/B when a score is within 3 points of the boundary score (88 - 93).
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NOTE:

Where a number of ecological flow scenarios havengar impacts on the health of the estuary there as
number of non-flow related impacts that could inffunce the final selection of the Recommended Ecatagi
Flow Scenario. Other consideration in selection ofie Recommended Ecological Flow Requireme
Scenario include, for example:

« Instream dam developments are migratory barriersestuarine associated fish and invertebrates, wh
for greater natural variability in river flow, bothin baseflows and floods.

e Greater utilisation of the freshwater water resows often equates to more development adjacent ¢o
estuary. In small estuaries the related increasefishing effort, boating activities, human disturlvece
and nutrient loading from stormwater, may greatlynpact on the health of the system and a mc
conservative flow scenario be selected as the Rewenuded Ecological Flow Scenario to limit thes
synergistic impacts.

« From an estuarine perspectivelams sighted high in the catchment have less pfimpact than dams

some protection of the estuary

3.4.4 Trajectories of changes

It is important to note that the Present State simulated runoff scenario is usually based on recent
modifications of river flow (e.qg. irrigation abstractions or dam developments). Therefore, although the
Present State scenario is simulated over a 50-70 year period, the actual period in which that flow
regime existed in reality may be much shorter. As a result, the Present State measured in other
components, particularly the biotic components, may not represent the full response to a flow regime
as simulated for the Present State, i.e. it may still be on a trajectory of change. It is therefore
important that information on the modifications to river flow that were taken into account for the
hydrological modelling of the Present State scenario also be documented, as well as the extent to
which such modifications have already been implemented in the catchment. This will provide
estuarine specialists with some means of establishing trajectories of change, taking into account the
anticipated response times of their individual components.

3.4.5 Determination of Estuarine Importance

NOTE:

off-channel developments do not pose the same riskaddition, off-channel developments also allow

just above the estuary as this allows for some a&hly in flow compared to a highly regulated system.
Note, from a river perspective this might not beetloptimum development scenario, but will allow for

ile

h

—

e

The importance scores for the variables Size, Ramff Estuary Type with regard to Geographic Positjo
Habitat Diversity and Biodiversity Importance (séelow) has been derived for ALL South African esties
as part of a project entitled: Classification andripritisation of South African estuaries on the bas of
health and conservation status for determination tbfe estuarine water requirements (Turpie et alQQ2).
Scores are reported in Turpie et al. (2002) and apet in 2004 (Turpie 2004) and 2007 (Turpie and a
2007). Details on the scoring system of these afbles are therefore not discussed in detail in tisisction,
but details can be obtained from Turpie and Cla2007). The scores are given in Appendix 4.

The only importance score that needs to be deril®dthe estuarine ecological team (at the specia

ist

workshop) is that for the link with freshwater angharine environment (i.e. functionality score)
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Estuarine Importance is an expression of the importance of an estuary to the maintenance of
biological and ecological diversity and functioning on local and wider scales. Variables were
discussed in a workshop setting, regarding their suitability for inclusion in an Estuarine Importance
Index. The rationale for selecting these variables, as well as the estuarine importance index scoring
system is discussed in detail in Appendix D. The variables selected were as follows:

» Size. Estuary size is defined as the total area (ha) within the geographical boundaries described
in the RDM methodology.

» Rarity of Estuary Type with regard to Geographic Position. South African estuaries have been
classified into five types (refer to Appendix D). There are only 3 estuarine bays and 4 estuarine
lakes in the country therefore these estuaries would have a high importance. Geographic position
is also important. The classification of an estuary in conjunction with the biogeographical zone
determines how ‘rare’ or ‘unique’ the estuary is for the zone under consideration. For example
there are only two permanently open estuaries (Olifants and Berg) in the cool temperate zone and
therefore these systems are of national importance. The Palmiet Estuary in the south-western
Cape is the only system along that stretch of coastline that remains open for any length of time,
and is thus very important in this region for fish and invertebrate recruitment.

» Habitat Diversity. An estuary can be considered more important if it has a high diversity of habitat
types, or on the basis of representativeness, in terms of the size and rarity of those habitat types
that it contains. Estuarine habitats include physical (unvegetated) habitats such as channel area,
sandflats, mudflats, and rock, and plant communities, such as salt marsh, mangroves, submerged
macrophytes, reeds and sedges. The definition could be extended to include surrounding habitats
such as floodplains and dunes.

» Biodiversity Importance. Biodiversity importance is determined on the basis of the importance of
an estuary for each of the four biotic groups, which in turn is be based on a set of criteria
appropriate to each group. The scoring for each group ideally contains the following elements:

- Species Richness
- Species Rarity or Endemism (weighted species richness)

- Abundance (numbers, area or biomass).

» Link with Freshwater and Marine Environment (Functional Importance). Estuaries provide several
ecological services to their surrounding environments. These have been identified in Table 3.9.

TABLE 3.9: Calculation of the functional importane score (on the regional scale)

GUIDELINES FOR
CRITERIA FOR CONSIDERATION IMPORTANCE SCORE
A Conduit for detritus, nutrients and sediments gateel in the catchmertb the sea | 0 none
b. Export of detritus and nutrients to the cohgtane generated withiestuary 20 little
c. Nursery function for fish and crustaceans (meuand riverine) 40 some
d. Movement corridor for river invertebrates anshfbreeding in marine environment60 important
(e.g. river crabVaruna litterata) 80 very important
e. Roosting area for marine or coastal birds 100 extremely important
Overall functional importance score Max (a to e)
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CONSTRUCTION OF ESTUARY IMPORTANCE INDEX

Again, construction of this index must be simple. All scores are presented on a scale of 0 (totally
unimportant) to 100 (critically important). Thus overall Estuary Importance can be calculated as
follows (Table 3.10a). As for all preceding indices, weightings were assigned on the basis of input
from two specialist workshops.

TABLE 3.10a: Construction of the estuary importandedex

CRITERION SCORE (e.g.)| WEIGHT
Size 50 15
Zonal Type Rarity 50 10
Habitat Diversity 70 25
Biodiversity Importance 88 25
Functional Importance 60 25
ESTUARY IMPORTANCE SCORE = Weighted Mean 70

Depending on the score, the importance of the estuary is described as in Table 3.10b below.

TABLE 3.10b: Interpretation of the estuary impont@e scores

IMPORTANCE SCORE DESCRIPTION
Protected Status Protected
80 — 100 Highly important
60 — 80 Important
0-60 Of average importance

3.4.6 Guidelines for assigning the Recommended Ecol  ogical Category

The Ecological Category is allocated on the basis of the importance score, using the PES (i.e. present
ecological status), as a starting point. Relationship between the PES and Ecological Category are
outlined in Table 3.11a. Note that the same percentage-classes are used as for the PES (Table C.8).
It is assumed undesirable to manage an estuary in less than 40% of its original condition. Thus a
Category D is the minimum desired future state for any estuary.

TABLE 3.11a: Relationship between PES and Ecolagi€ategory

PRESENT CORRESPONDING
cenre | ECOLOGICAL DESCRIPTION B e | MANAGEMENT CLASS
STATUS (PES) (in terms of new categories
91 - 100 A Unmodified, natural A Natural (Class |)
Largely natural with few
76 — 90 B modifications B Good (Class Il)
61 - 75 C Moderately modified C .
41 — 60 D Largely modified D Fair (Class IIl)
21 -40 E Highly degraded E Poor
0-20 F Extremely degraded F

An estuary cannot be managed for a ‘poor’ Management Class. Therefore systems that are in an
Ecological Category ‘E’ or ‘F’ needs to be managed towards achieving at least an Ecological Category
‘D’, equivalent to an Management Class ‘Fair’. Where appropriate a border line Ecological Category
can be defined, e.g. A/B when a score is within 3 points of the boundary score (88 - 93).
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PES sets the minimum Ecological Category. The degree to which Ecological Category needs to be
elevated higher than PES depends on level of importance and level of protection or desired
protection of a particular estuary (Table 3.11b). Estuaries that currently have protection status and the
current list of desired protected areas are given in Appendix D.

TABLE 3.11b: Guidelines for assigning the recommestiEcological Category

CURRENT/DESIRED PROTECTION STATUS | RECOVMENDED POLICY BASIS
AND ESTUARY IMPORTANCE CATEGORY

Protected area Protected and desired protected areas

Desired Protected Area (refer to Turpie et al., 200R A or BAS* should be restored to and maintained|in

and Turpie and Clark, 2007) the best possible state of health

Highly important PES + 1, min B Highly important estuaries should be |n
an A or B class

Important PES + 1, min C Important estuaries should be in an A B
or C class

Of low to average importance PES, min D The remaining estuaries can be allowed
to remain in a D class.

* BAS = Best Attainable State

At the workshop specialists need to comment on the achievability of the allocated Ecological Category
(based on the above guidelines). In doing so, the team need to consider aspects such as:

* Reversibility of changes associated with existing modifications to river inflow
» Reversibility of changes as a result of anthropogenic activities other than modifications of river
inflows.

In some estuaries, changes have occurred that may be irreversible. If there is no practical way of
restoring the original ecological characteristics of a particular water resource, then there may be
justification for setting a Best Attainable State (BAS).

In essence, the procedures followed in the allocation of recommended Ecological Category for
estuaries can be summarised as follows:

f
How much has the estuary changed
from REFERENCE CONDITION
(PES - category Ato F)

Is it still changing? If so, take
TRAJECTORY OF CHANGE
into account

Secccsscencas

Reason for modification from
REFERENCE CONDITION
( EHI motivation) |

Eow Enportantiisitbelestvany Eow much of the change are

in a national context? Consider reversibility of due to modifications to river
changes, both as a result of inflows?
modification in inflow and
other anthropogenic
activities

- °J

Assign Recommended Ecological Category
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3.5 Quantification of Ecological Water Requirement Scenario (Step 4)

To set Ecological Water Requirement Scenarios for different Ecological Categories, future run-off
scenarios (refer to Chapter 3.4.2), together with an understanding of the Present State, are used to
estimate the occurrence and duration of typical abiotic states within an estuary for each of these runoff
scenarios. Changes in abiotic characteristics are then assessed in terms of the biological implications
(using the EHI). Results from these evaluations are then used to select ‘recommended ecological flow
scenario’, defined as the run-off scenario, or a slight modification thereof, that represents the highest
reduction in river inflow that will still protect the aquatic ecosystem of the estuary and keep it in the
recommended Ecological Category. The following process is followed:

a. Describe seasonal variability in river inflow for e ach of the runoff scenarios provided |, i.e.
the monthly-simulated runoff data (in m®s) for each of the scenarios, using colour coding to
indicate the distribution of different abiotic states.

b. Describe flood regime for each of the different flow scenarios

c. Describe changes in sediment processes under future scenario compared with Reference
Condition

d. Predict the change in occurrence and variability of abiotic states for ea ch of the runoff
scenarios, using the median monthly flows and 10%ile flows, simulated for the 50-70 year
period, to predict the situation for normal and drought periods, respectively. The format will be
similar to that used for the assessment of occurrence and variability of states under the Present
State (refer to Chapter 3.4.3)

e. Expected additional modification in water quality characteristics within an abiotic state, as a
result of changes in river inflow patterns need to be assessed for each of the scenarios.

NOTE:

Although each abiotic state is characterised by teém water quality conditions, modification of riwe
inflow (as predicted by simulated runoff scenariospn result in additional modification to watef
quality within an abiotic state. Concentration-fle response curves can be used to establish such
relationships and, ultimately, to predict modifidahs in water quality associated with specific ruffig
scenarios. Where such relationships have been il as part of the river Ecological Water
Requirement determination study, in particular theection just upstream of the estuary, these should
be supplied to the estuarine team.

Version 2 May 2004
Page62



Determination of Preliminary Ecological Reserve Estuaries Chapter 3: Ecological Reserve Methods

f. Predict the response in biotic characteristics  for each of the runoff scenarios, based on the
predicted changes in Abiotic components (as provided above):
MICROALGAE
Confidence:
MACROPHYTES
Confidence:
INVERTEBRATES (including Zooplankton, Benthic inveebrates and Macro crustaceans)
Confidence:
FISH
Confidence:
BIRDS
Confidence:
Changes should be addressed in terms of:
» Changes in species diversity, richness, rarity and community composition (e.g. provide details
on endemic and Red Data species)
» Changes in biomass distribution and productivity
» Changes in seasonal and inter-annual variability (where data are available).

g. Use the Estuarine health index to determine the Ecological Category for each scenario
(refer to Chapter 3.4.3), using the predicted changes in abiotic and biotic components as
described in (c) to (d) above. Motivation for the scores allocated in the EHI should include the
following:

»  Brief description of change(s) and cause of such change(s)

* Level of confidence.

h.  Summarise the EHI results in a table as follows:

0,
VARIABLE % SIMILARITY. TO REFERENCE CONDITION :
Present Scenario 1 Scenario 2 Scenario n
Abiotic (habitat) variables
Hydrology
Hydrodynamics and mouth condition
Water quality
Physical habitat
Human disturbance
Habitat health score
Biotic variables
Microalgae
Macrophytes
Invertebrates
Fish
Birds
Biological health score
ESTUARINE HEALTH SCORE
Corresponding Ecological Category
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Select the ‘recommended Ecological Flow Requirement’ scenario , defined as the flow scenario (or
a slight modification thereof) that represents the highest change in river inflow that will still maintain
the estuary in the recommended Ecological Category. Where an estuary is on a trajectory of change
this approach may not be appropriate. In such instances the different flow scenarios and
anthropogenic impacts must be evaluated within the context of achieving the recommended Ecological
Category in the long-term. Where the biotic health score is less than 50% and much lower than the
habitat health score, the latter also applies.

The specialists at the workshop need to conduct this evaluation. The recommended Ecological Flow
Requirement Scenario must be provided as a summary of the flow distribution (mean monthly flows in
m?®/s) derived from the monthly-simulated data generated for this scenario:

MONTH FLOW (in ni/s) (i.e. flows should equal/exceed given % in athjo

10% 20% 30% 40% 50% 60% 70% 80% 90% 99%
Jan | ...
Feb | ...
Mar | ...
Apr | ...
May | ...
Jun
Jul
Aug
Sept
Oct
Nov
Dec

A confidence limit must be allocated to the recommended ecological category for water
guantity, which is primarily determined by the confidence of the abiotic assessments, in particular
the relationship between river inflow and Abiotic States.

3.6 Ecological Consequences of Operational Scenario s (Step 5)

For estuaries, it is advised that the future run-off scenarios used in the Quantification of Ecological
Water Requirement Scenario (Chapter 3.5) include realistic operational scenarios in which case
ecological consequences of operational scenarios (Step 5) can be addressed as part of Step 4.
However, after requirements of other stakeholders have been taken into account and the results from
different water resource components have been evaluated, a set of additional operational scenarios
are produced, also simulated over a 50 — 70 year period, these can be assessed in a similar manner
as described for Step 4, following steps (a) to (h).
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3.7 Ecological Specifications (Input to Step 7)

During the Classification process the Ecological Class for the estuary will be decided taking
ecological, social and economic criteria into account through stakeholder consultation (which may or
may not be the recommended Ecological Category).

The estuarine specialist team is required to define Ecological Specifications for the estuary based on
the Ecological Class. The Ecological Specifications are the Resource Quality Objectives for the
estuarine ecosystem. (The estuarine specialist team can also set Ecological Specifications for the
recommended Ecological Category if the Classification process has not been done, as has been the
case in most of the Ecological Water Requirement studies completed to date).

Ecological Specifications are clear and measurable specifications of attributes that define a specific
Category. Targets for Ecological Specifications for estuaries are set as ‘Thresholds of Potential
Concern’ (TPCs). TPCs 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, TPCs concern endpoints should be defined such that they provide
early warning signals of potential non-compliance to Ecological Specifications (i.e. not the point of ‘no
return’). In essence, this concept implies that the indicators (or monitoring activities) selected as part
of long-term monitoring programmes need to include biotic and abiotic components that are
particularly sensitive to ecological changes associated with changes in river inflow.

Ecological Specifications, including TPCs need to be determined for:

*  Water Quantity (entering the estuary)
*  Water Quality (entering the estuary)
» Habitat (including water quality within the estuary) and Biota.

ECOLOGICAL SPECIFICATIONS FOR WATER QUANTITY

The Ecological Specifications for Water Quantity is the EWR flow scenario. If the recommended
Ecological Category is rejected (Step 4), then the flow scenario corresponding to the chosen
Ecological Class is used.

The Ecological Specification is provided as a summary of the flow distribution (mean monthly flows in
m3/s) derived from the monthly-simulated data generated for that scenario:

FLOW (in ni/s) (i.e. flows should equal/exceed given % imatim)

10% 20% 30% 40% 50% 60% 70% 80% 90% 99%
NE I
Feb | ...
Mar | ...
Apr | ...
May | ...
Jun

Jul

Aug
Sept
Oct

Nov
Dec

MONTH
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ECOLOGICAL SPECIFICATIONS FOR WATER QUALITY

In addition to the quality of river inflow, water quality in estuaries is also affected by other external
sources, namely:

e Seawater quality entering the estuary
»  Wastewater inputs directly into the estuary.

Ecological Specifications for Water Quality sets concentration limits for water quality constituents in
river inflow so as to ensure that the estuary is protected. In addition, concentration limits should also
be set for waste discharges directly into the estuary and seawater quality. The Department of Water
Affairs and Forestry has sole administrative control over water quality matters in rivers and land-
derived wastewater discharges. For discharges into the sea and estuaries, several other statutes may
also apply, including those administered by Department of Environment Affairs and Tourism and
Provincial authorities (Table 3.12).

Table 3.12:  Important statutes relevant to managent and protection of water quality, particularigt sea
and in estuaries (CSIR, 1991)

STATUTES ADMINISTRATIVE AUTHORITY
Marine Living Resources Act (Act 18 of 1998)
Dumping at sea control Act (No. 73 of 1980) Department of Environment Affairs &
Environmental Conservation Act (No. 73 of 1989) Tourism

National Environmental Management Act (No. 107 &8)9

National Environmental Management: Coastal Zone Bill

Prevention and combating of pollution of the seaibyct (No. 6 of 1981)
International convention for prevention of pollutirom Ships Act (No. 2 of Department of Transport
1986)
International convention relating to intervention the high seas in cases of
oil pollution Act (No. 64 of 1987)
Cape and Kwazulu Natal Conservation Ordinances Pl Nature Conservation agencies
Harbour Regulations National Ports Authority

To facilitate integration between the river's and estuarine components the following approach should
be followed in setting Ecological Specifications for Water Quality, specifically the quality of river inflow
entering at the head of the estuary:

» Obtain the Ecological Specifications for Water Quality from the river resource unit just upstream of
the estuary (this would specify the water quality at the end of that resource unit, and would
therefore be representative of the river water entering the estuary)

» Assess the implications of these water quality parameters on the different biotic components by
applying the EHI

» If the estuary remains in the recommended Ecological Category (or selected Ecological Class, if
this had been determined) the Water Quality Ecological Specifications (and TPCs) for the
river is accepted for the estuary . If not, these need to be adjusted so as to meet requirements.
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ECOLOGICAL SPECIFICATIONS FOR HABITAT AND BIOTA WIT HIN ESTUARY

Ecological Specifications and associated TPCs for habitat and biota include the following components
within the estuary:

» Abiotic components within the estuary (hydrodynamics, sediment dynamics and water quality)

» Biotic components (microalgae, macrophytes, invertebrates, fish and birds).

It is important to note that there are also other statues that can set objectives for estuaries. Examples are listed in Table 3.13

Table 3.13: Important statutes relevant to managent and protection of habitat and biota

STATUTES ADMINISTRATIVE AUTHORITY
Marine Living Resources Act (Act 18 of 1998)
National Environmental Management Act (No. 107 &8)9
National Environmental Management: Coastal Zone Bill Department of Environment Affairs &
Integrated Environmental Management : Protected Argat (No. 57 of 2007) | Tourism
Integrated Environmental Management : Biodiversity (No. 10 of 2004)

Department of Provincial & Local

Local Government : Municipal Systems Act (No. 3208f0) Government

The Ecological Specifications (and TPCs) for abiotic components cannot be set independently of the
biota, as the Ecological Specifications for the abiotic components is largely a reflection of the ‘habitat
requirements’ necessary to maintain the different Biotic Components as per the recommended
Ecological Category (or selected Ecological Class if this had been determined).  To illustrate this,
some examples are listed below:

ABIOTIC
COMPONENT ECOLOGICAL SPECIFICATION THRESHOLD OF POTENTIAL CONCERN
Salinity greater than 20 ppt for longer than 3

months at 7 km upstream from the mouth (this
1C\gould have an impact on the brackish saltmarsh,

e geeds and sedges & invertebrates)

Salinity intrusion should not cause exceede
Water quality of TPCs for fish, invertebrates, macrophy

and microalgae (see above) Salinity greater than 10 ppt occurs above 16 km

upstream of the mouth (this would have an impact
on fish)

Maintain a flow regime to create the required
Hydrodynamics | habitat for birds, fish, macrophytes
microalgae and water quality

River inflow below 2 fifs persist for longer than 4
" months

Flood regime to maintain the sedimentR'Ver infow distribution patterns  (flood

. o i
Sediment distribution patterns and aquatic habita components) differ by more than 10% (in terms of

dynamics (instream physical habitat) so as not to excee agnitude, timing and variability) from that of the
. resent State
TPCs for biota

=3
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The Ecological Specifications (and TPCs) for biotic components, should describe the health status of
the Biotic Component as per the recommended Ecological Category (or selected Ecological Class if
this had been determined). To illustrate this, some examples are listed below:

COMPONENT

ECOLOGICAL SPECIFICATION

THRESHOLD OF POTENTIAL CONCERN

Microalgae

Maintain high subtidal benthic microalgd
biomass during the closed mouth phase
low intertidal benthic microalgal biomag
during the open phase.

IDeviation in benthic microalgal biomass by 20 %
X r%)mpared with Present State concentrations.

®No brackish epipelic diatoms are found during the
closed phase

Macrophytes

Maintain the distribution of plant communi
types i.e. Submerged macrophyt@uppia
cirrhosa beds during closed mouth bracki
conditions (~29 ha), salt marsi$arcocornia
perennis marsh during open mouth conditio
(~1.2 ha),Phragmites australis stands in the
middle / upper reaches (~0.18 ha) and {
marsh grasses (~1.6 ha).

Yy

srbreater than 20 % change in the area covered by
different plant community types for baseline open

]Sand closed mouth conditions.

t

al

Fish

Retain the following fish assemblages in
estuary (based on abundance): estuar
species (40-60%), estuarine associated mal
species (30-50%) and indigenous freshwa
species (1-5%). All numerically dominal
species are represented by 0+ juveniles.

Level of estuary associated marine species drops
below 30% of total abundance.

h . I
E(;evel of estuarine species increases above 60% of
%%tal abundance.

rtj_revels ofMozambique tilapia increases above 5%
of total abundance.

Absence of 0+ juveniles of any of the dominant fish
species.

3.8  Resource Monitoring Programme (input to Step 8)

A report detailing resource monitoring procedures for application in the Reserve process in estuaries
has been completed as part of a Water Research Commission project (Taljaard et al., 2003) and forms
the basis for the following methods.

A resource monitoring programmes can be sub-divided:

Baseline surveys (or studies), the purpose of which is to collect data and information to
characterize and understand the ecosystem functioning of a specific system. The baseline studies
that are carried out for determination of the Ecological Water Requirements at the comprehensive
level may be considered as the baseline data against which the long-term monitoring is carried out
on estuaries. If less than the recommended baseline studies for a comprehensive assessment is
available, e.g. where a study was carried out at a rapid or intermediate level, additional ‘baseline’
data will be required to produce sufficient baseline data against which future long-term monitoring
can be assessed.

Long-term (or compliance) monitoring programmes, the purpose of which, in this context, is to
assess (or audit) whether the Ecological Specifications are being complied with after
implementation of the Reserve. In addition, these programmes can also be used to improve and
refine Ecological Specification and TPCs through an iterative process.

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

A list of abiotic indictors that should always be included in long-term monitoring programmes to allow
for proper identification of ‘cause and effect’ links, in particular links to river inflow and water quality
are (Taljaard et al. 2003):

* Riverinflow (i.e. flow gauging);

» Continuous water level recording at the estuary mouth (recording the state of the mouth, a key
driver for most biotic components);

*  Water quality of river inflow;

*  Water quality and flow rate of effluent discharges into the estuary; and

»  Salinity distribution patterns under different river flow ranges.

Aerial photographs, collected on a regular basis, are also considered as key components in the long-
term monitoring of estuaries, as these provide useful information on both abiotic and biotic

components (Taljaard et al. 2003).

The resource monitoring programme, as part of the determination of the preliminary Ecological Water
Requirement studies should, therefore, include:

» Additional ‘baseline’ requirements, using the recommended baseline data requirements listed in
Tables 3.1a to 3.1i as guidance.

e Long-term monitoring programme.

In both instances, the components listed should be prioritised, using for example colour coding, as
indicated below:

High priority, considered as a minimum requiremefar a suitable baseline data set or as|a
minimum list of indicators to sufficiently monitothe effectiveness of the Reserve
Medium priority will improve the confidence of thassessment or auditing process and
should be added to the process if funding is avhl&a
Low priority, will add to the overall confidence ¢dhe assessment or auditing process, but not
considered to be a critical indicator.

Criteria that could be considered in the prioritisation for long-term monitoring programmes include:

* The biotic indicators should be particularly sensitive to potential impacts associated with changes
in river inflow and water quality, such as state of the mouth, tidal variation, sedimentation/erosion,
salinity distribution patterns and deterioration in water quality.

» Biotic components considered to be on a ‘trajectory of change’ or that are particularly sensitive to
abiotic components that are on a ‘trajectory of change’ (e.g. long term sedimentation), should also
be considered for inclusion as indicators in long-term monitoring programmes.

» Biotic components that are of regional or national biodiversity importance are also suitable
indicators, particularly when also sensitive to changes in river inflow and water quality.

» Biotic indicators should also be representative of the important food chains present in a particular
system.
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* The selection of biotic indicators should also present a balance between indicators that provides
‘early warning’ signals and those that reflect longer-term, more cumulative effects. For example,
fish are often considered to be useful ‘early warning’ indicators, while macrophyte distribution
patterns are often better indicators of cumulative, longer-term changes in estuaries.

» Biotic indicators should include economic important indicators where relevant.

The following details need to be provided as part of the long-term monitoring programme:

» Selection of indicators, motivated in terms of the relevant Ecological Specifications and TPCs

* Monitoring actions and temporal and spatial scales at which monitoring actions need to be
executed

» Estimated human resource requirements to execute the resource monitoring actions.

The following can be used as guidelines in the design of long-term resource monitoring programmes
for different abiotic and biotic components, should these be selected as indicators (Taljaard et al.,
2003):

HYDRODYNAMICS

Flow recording of river inflow

Water level recordings at mouth

Aerial photos

SAMPLING PROCEDURE

As for Baseline (see Table 3.1c)

SPATIAL As for Baseline data (see Table 3.1c)
Flow recording of river inflow: Continuous
TEMPORAL Water level recordings at mouth: Continuous

Aerial photos: Annually

SEDIMENT DYNAMICS

Bathymetric/topographical surveys and grab samples

Sediment loads

SAMPLING PROCEDURE

As for Baseline (see Table 3.1b)

SPATIAL As for Baseline data (see Table 3.1b)
Bathymetric/topographical surveys and grab samplEsery 3-6 years, depending on
TEMPORAL the time scale of dominant sedimentation/erosion ggses in an estuary, as well as

after flood events.

Sediment loads: Daily records

WATER QUALITY

River inflow

Effluent discharges

Water quality in estuary

Sediment surveys of toxic substances

SAMPLING PROCEDURE

As for Baseline (see Table 3.1d)

SPATIAL As for Baseline data (see Table 3.1d)
River inflow: At least monthly
Effluent discharges: Should be licensed under taoNal Water Act where operators
are required to monitor effluent volume and compositi Spatial scale, e.g. daily or
TEMPORAL weekly will depend on the variability in efflueongposition overtime.

Water quality in estuary: Samples to be collectdenvrelated biological sampling
surveys (requiring water quality data for interpagbn) are conducted.

Sediment surveys of toxic substances: Once evenears
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Chapter 3: Ecological Reserve Methods

MICROALGAE

Phytoplankton (water column)

Benthic microalgae

SAMPLING PROCEDURE

As for Baseline (see Table 3.1¢e)

SPATIAL As for Baseline data (see Table 3.1e)
Two years after implementation conduct a summer antemwsurvey followed by a
TEMPORAL :
summer and winter survey every 3 years thereafter.
MACROPHYTES Aerial photos, transects and quadrats

SAMPLING PROCEDURE

As for Baseline (see Table 3.1f)

SPATIAL

As for Baseline data (see Table 3.1f)

TEMPORAL

Two years after implementation conduct a summer surfedipwed by a summer
survey every 3 years thereafter (where aerial ph@phs are available for
intermediate years these should also be analyzd@&mporarily open/closed system
preferably sampled in stable open phase.

INVERTEBRATES

Zooplankton

Benthic invertebrates

Macrocrustaceans

SAMPLING PROCEDURE

As for Baseline (see Table 3.1g)

SPATIAL As for Baseline data (see Table 3.19)
TEMPORAL Two years after implementation conduct a summerainter survey followed by a
summer and winter survey every 3 years thereafter.
FISH Seine and Gill net sampling
SAMPLING PROCEDURE As for Baseline (see Table 3.1h)
SPATIAL As for Baseline data (see Table 3.1h)
Permanently open estuaries: Two years after impléatien conduct as a summer
and winter survey, followed by a summer and wintevesy every 3 years thereafter.
For temporarily open/ closed estuaries, summer aiew surveys to be conducted
TEMPORAL within a 3-year period to ensure that conditionpnesentative of stable open and
closed phases are captured.
Sampling should be done immediately after any fidh feilowed by another 1-2
months after the event. This should be budgeteid fcontingency fund.
BIRDS Full bird counts
SAMPLING PROCEDURE As for Baseline (see Table 3.1i)
SPATIAL As for Baseline data (see Table 3.1i)
TEMPORAL Conduct a summer and a winter survey every year.
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A.1 Introduction

The National Water Act (Act 36, 1998) that was implemented in 1999, makes provision for a Reserve
to be determined prior to authorisation of water use. The Reserve is the quantity and quality of water
required to satisfy basic human needs, considering both present and future needs and to protect
aquatic ecosystems in order to secure ecological sustainable development and use of the resource.
Protocols related to the determination of the Reserve are being developed at three levels, namely

Desktop Estimates: A desktop study to feed information into the national water balance model, which
is part of a separate project, being undertaken by the DWAF. Planning estimates are intended to give
an initial indication of the water availability in the country and could ‘flag’ sensitive and over-utilised
catchment areas, or areas where demand will exceed or already exceeds available water supply.
Desktop estimates may not be used to issue water- use authorisations.

Rapid determination: A desktop study (supplemented with limited field work), the goal of which is to
provide a Rapid Reserve determination. Because of the limited information, this determination often
has a low level of confidence. However, the determination must be scientifically based and legally
defensible.

Intermediate determination: Limited specialist field studies involved which has to been interpreted by
experienced specialists. The confidence level of the estimation is medium and the process could take
in the order of two months to complete.

Comprehensive Reserve: This often involves intensive fieldwork and data collection, and
interpretation by experienced specialists in the necessary fields. This determination aims at attaining a
reasonably high-confidence determination of the water quantity and quality required for the Reserve.

The purpose of this document is to describe the methodology currently used by members of the
Consortium for Estuarine Research and Management in estimating the Estuarine Flow Requirements
(EFR) for the Department of Water Affairs & Forestry.

At the outset it is important to realize that estuaries do not only have one water source (i.e. the river),
they also receives water from the sea. This complex hydrodynamic interaction between the river and
sea has major implications for the state of an estuary mouth and hence the organisms that live in or
around that particular estuary. Consequently, changes associated with a reduction in river inflow to an
estuary cannot be simplified to a linear process. To a certain extent a linear approach prevailed in the
early attempts by the Commission of Enquiry into Water Matters (Department of Water Affairs 1986)
and others (e.g. Jezewski & Roberts 1986) to estimate the freshwater requirements of South African
estuaries. Subsequent experience has shown that the values recommended by these studies are
grossly inadequate to meet the physical, biological and ecological needs of our estuaries.

The main purpose for estimating EFRs is to provide decision-makers with a means of quantifying the
water quantity (and quality) requirements of the biophysical environment of an estuary. It is important
to understand at the outset that any reduction in river inflow to an estuary will result in change, albeit
very small. However, the underlying goal of any EFR is to prevent measurable adverse effects on the
ecosystem and, where a system is already in a degraded state, to recommend measures to improve
the future management condition of that estuary.

A major threat of reduced river inflow is the risk of reducing natural variability in driving components
(i.e. hydrodynamics, sediment dynamics and biogeochemistry) which, ultimately, play an important
role in determining the biodiversity and processes operating in an estuary. However, the crucial
decision that needs to be made in terms of EFRs is to predict at what river flows, or ranges of river
inflows, these changes start to have significant effects on the biophysical environment of the estuary.
By simulating the physical behaviour of a system under different river flow scenarios and assessing
the probable responses of the various biotic components to these conditions, it becomes possible to
identify when the estuary is likely to show rapid deterioration in it's ecological processes. These
scenarios can then be used to estimate the amount of base flow, freshettes and flooding the system
requires to remain in a particular management class (or be elevated to a higher management class).
This is the underlying logic which underpins the current EFR methodology
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A great advantage of the scenario-based approach is that where future developments scenarios are
available these can be tested in terms of predicted impacts on the estuarine environment.
Unfortunately, most assessments are done in the absence of future development scenarios, with the
result that opportunities to assess the impact of future water resource development projects is lost.

A.2 Pre-feasibility Phase Process

EFR Project Co-ordinators, together with other estuarine scientists in South Africa, have been refining
the protocol used for estimating EFRs over the past few years. Each study invariably throws up new
challenges which have to met by adapting the methodology in one or more ways. The description of
the EFR process given here is therefore a ‘state of the art’ assessment and will be subject to change
and upgrading as new issues and problems arise.

A.2.1 Planning meeting

Once the contract to undertake an EFR has been awarded and signed by the Project Leader/Co-
ordinator, a planning meeting is held between the Project Leader (key members of the EFR team may
also be included in this meeting), Contractor and DWAF. At this meeting the EFR program and time
schedule is dealt with and any specific issues or potential problems relating to the study are
discussed.

A.2.2 Available Information

A preliminary list of information on a particular estuary can be obtained from WRC Report No.
577/1/95 (Available Scientific Information on Individual South African Estuarine Systems). An updated
version of this report is available in electronic format from Dr A.K. Whitfield at the JLB Smith Institute
of Ichthyology and will soon be placed on the Consortium for Estuarine Research and Management
web page (www.ru.ac.za/cerm/index.html). However, the above database does not cover inaccessible
‘grey’ literature which certain individuals and organizations may possess.

A.2.3 Run-off Scenarios

In order to estimate the EFR of an estuary it is crucial to understand what the key indicators and
processes in the physical, chemical and ecological functioning of the system are, as well as the
influence of these on one another. Since river flow is a key parameter in the setting of the Reserve
and governing the behavior of an estuary, this component is examined at the outset.

From an EFR perspective river inflow into an estuary can broadly be divided into:

» seasonal base flows, referring to the river inflow that mainly influences mouth conditions, as well
as natural variability in physical dynamics and water quality.

» floods and freshets, referring to river inflow (usually flood peaks) required to maintain the sediment
erosion/deposition equilibrium in the estuary, generally on a longer time scale.

To estimate changes in an estuary as a result of reduced river inflow, simulated run-off scenarios are
required. Changes in hydrodynamics (water movement patterns), sediment dynamics and water
quality (biogeochemical and microbiological parameters) are often important driving forces in, for
example the changes observed in ecological components and other designated uses. As a result
processes or activities can typically be divided into:

*  Physico-chemical (driving) components
» Biological (ecological response) components
»  Other components (e.g. recreation, mariculture)

Ideally, DWAF needs to provide realistic water abstraction scenarios, obtained from projections of
future water needs. Presently, this information is supplied in the form of monthly simulated run-off
data, although it is envisaged that eventually daily run-off simulation will be required as our
understanding of the systems and assessment and prediction techniques become more sophisticated.
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In the absence of realistic future run-off scenarios, hypothetical scenarios can be generated and the
behavior of the estuary to each of these is then assessed.

To be able to assess the extent to which proposed development scenarios may alter the functioning of
an estuary from the present state, it is also necessary that simulated run-off be supplied for present
day conditions (or current status). Any change or impact which may have occurred in the system
owing to present development, will obviously provide valuable ‘calibration information’ in predicting
future change. For this reason, it is also important that simulated run-off data be supplied for the
natural conditions (or reference conditions), i.e. before any development in the catchment.

It should be noted that for all scenarios used, flows are presented in m°/s and not million cubic meters
per month as is the norm, since ecologists need to be able to related their findings to the former units.

A.2.4 Specialist studies

In order to assess the biophysical functioning of an estuary, and the predicted impacts of proposed
developments or hypothetical reductions in river flow on each component, a number of relevant
specialist studies are commissioned. These studies usually include field work but may be restricted to
a desktop report, dependent upon the availability of already published data (see section E1.2.2).
Ideally, the specialist studies on the ‘driving components’ (hydrodynamics, sediment dynamics, water
quality) should be conducted first, followed by specialist studies on the ecological components. In
reality, time frames often necessitate simultaneous studies on both the biotic and abiotic components.

To guide specialists, a framework is provided highlighting important components that should be
addressed:

» Define key indicators and processes within each component
» Define interactive processes amongst components

» Describe natural condition and present conditions

» Predict changes as a result of altered flow scenarios

» Evaluate the implications of possible future changes
 Recommended studies to address ‘information gaps’

Using the above, anticipated responses of the ecological components under different scenarios are
then described. Numerous tools are used to assess these responses, including field measurements,
expert knowledge, importance rating indexes, systems models, ecological response models, etc.

With the above guidelines acting as a framework, each specialist assesses which questions can be
answered directly from the available literature or data, and which questions require further
investigation by means of an on-site visit to the estuary. If a site visit is required then the data
collected is processed and included in a specialist report for electronic distribution to all members of
the EFR team at least two weeks prior to the specialist workshop.

Hydrodynamics
i. Identification of key parameters and processes

Average seasonal flows (including base flows) play an important role in establishing the hydrodynamic
characteristics of an estuary. Although factors such as wave conditions and tidal state are also
important, river inflow is considered to be the dominant influencing parameter.

In order to quantify key processes for the interpretation of simulated run-off scenarios and for the
calibration of prediction tools, e.g. numerical models (Mike Il and Delft 3D), available data sets are
analysed. These may include:

» river inflow patterns

+ water level variations

* mouth observations (using water level data, aerial photographs, etc)
e estuary bathymetry (cross-sectional data)
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Because river inflow is identified as a primary factor in this type of study, data analysis focuses at
establishing links between river inflows and hydrodynamic characteristics in the estuary.

ii. Interpretation of simulated run-off data

Results from the above are then used to interpret the simulated run-off scenarios. Within the EFR
process, simulated run-off scenarios are interpreted for:

* natural conditions, i.e. before any water were taken from the catchment.
» present conditions, i.e. current dam development, abstraction for irrigation, etc.
» future conditions, i.e. based on realistic or hypothetical future water resource use scenarios.

Interpretations are mainly focused at highlighting:

» changes in low base flows (often critical in keeping the mouth open).

» changes in typical seasonal flows (reflecting variability in hydrodynamic and water quality
characteristics).

» changes in seasonal high flows and floods.

The above changes are assessed both in terms of magnitude and frequency.
iii. Prediction of changes in hydrodynamics

The available data set and information on the estuary is also used to calibrate predictions on future
changes in hydrodynamic characteristics of the system. A variety of tools can be used to predict
change, including:

e expert opinion, based on expert knowledge of hydrodynamic processes
* Mike Il, a 1D numerical model, typically applied to well-mixed estuaries.

It is very important to note that the accuracy of any prediction is largely dependent on the quality of the
input data, e.g. the accuracy of the simulated run-off scenarios. Because hydrodynamic processes are
driving components in estuaries, and because results from these studies need to be extrapolated into
anticipated changes in water chemistry, ecological responses and implications on other users of
estuarine water, it is crucial that the information be presented in formats that are relevant to those
specialists.

Typical information that the ecologists need, in terms of hydrodynamics, include:

» changes in river inflow patterns (e.g. colour-coded simulation tables)

» when and if mouth conditions (i.e. whether it is open or closed) change.

» changes in inundation/water level variations (both in terms of magnitude and frequency).
» changes in water circulation patterns and marine intrusion limits.

Predicted changes for future scenarios are presented relative to natural and present day conditions, to
provide specialists with a perspective on change which has already occurred versus expected change.

iv. Future studies

As part of the EFR process, future data needs should also be identified. Monitoring programs are
required to validate and refine the interpretations and predictions so as to ensure that management
plans are continuously geared towards optimal utilisation of water from the resource.

Depending on the extent of available data, monitoring programs relevant to hydrodynamic processes
may include:

» continuous water level recordings (i.e. installation of water level recorders)
» continuous monitoring of river inflow rates (i.e. installation of gauge stations)
* mouth observations (using techniques such as aerial photographs, visual observations, etc)
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e cross-sectional surveys (so as to establish changes in sedimentation and to provide input to
numerical models).

Sediment dynamics

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

One of the most limiting factors in accurately estimating EFRs is our inability to quantify the role of
floods and seasonal high flows (magnitude and frequency) in maintaining this equilibrium. The need
for further investigations on this topic has been identified at EFR Workshops and the CSIR is currently
addressing this issue.

Water quality

i. Identification of key parameters and processes

In order to predict changes in water quality it is necessary to characterize important water quality
processes in an estuary, using system variables such as:

* Temperature

o Salinity
» Dissolved oxygen
* PH

* Suspended solids

e Nutrients

* Toxic substances

» Microbiological indicators

In this characterization it is important to highlight natural variability which may, for example, be as a
result of strong seasonal differences. Because river inflow is identified as a primary factor in EFR
type studies, it is important to somehow link typical water quality ‘states’ or ‘conditions’ to river inflow
patterns.

ii. Prediction of changes in water quality

A number of techniques/methodologies can be used to quantify predicted changes in water quality as
a result of reduced river inflows (as described in terms of the simulated run-off scenarios). These
include:

* expert opinion, based on available data and predicted hydrodynamics changes.
* numerical models (being investigated by the CSIR).

Because water quality is also treated as a driving component in EFR studies, results from the water
guality assessment still need to be extrapolated into anticipated ecological responses and implications
on other users of estuarine water. It is therefore crucial that the information be presented in formats
that are relevant to those specialists.

iii. Future studies

As stated earlier, future studies should also be identified as part of the EFR. As with hydrodynamics,
monitoring programs are generally required to validate and refine our interpretations and predictions
so as to ensure that management plans are continuously geared towards optimal and sustainable
utilisation of the water resource.

Depending on the extent of available data, monitoring programs relevant to water quality may include:
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* monitoring variability in WQ at the estuary ‘boundaries * (i.e. river and sea)
e surveys to establish links between WQ and physical/ecological processes.

Biological components

In most EFR studies, the main biological/ecological components which are addressed include:

 Plants

* Invertebrates
* Fish

» Birds

In many cases these disciplines are subdivided further, e.g. plants (macrophytes, macroalgae,
phytoplankton), invertebrates (zoobenthos, macrocrustacea, zooplankton), fish (marine, estuarine,
freshwater) and birds (palaearctic migrants, residents).

For each of the above, the following is usually given:

» key indicator species and processes characteristic of each ecological component in the estuary

» background information on the distribution, abundance and importance of the biotic component
within the ecosystem.

« influence (quantify as far as possible) of different driving components on the relevant biological
constituent

« importance of the estuary to that biotic component in a regional and national context.

In addition, the presence of ‘red data’ and/or endemic species in the estuary is also given. Where
known, the likely response of these species to altered river flow regimes and water quality is also
documented.

Socio-economic components

Specialist studies on socio-economic issues have tended to be neglected, primarily through a focus on
the Ecological Reserve within the EFR process, a lack of human capacity in this field within the
Consortium for Estuarine Research and Management (CERM), and the limited funding levels available
for most EFRs.

In South Africa, the recognized uses of estuarine waters (outside of ecology) include:

e recreation/tourism, e.g. swimming, boating and bird watching
* subsistence use, e.g. fish, invertebrates and reeds

e mariculture operations, e.g. prawn and oyster production

* industrial use, e.g. cooling water and salt production.

For each of the above it is necessary to define hydrodynamic and water quality (in terms of chemical
and microbiological parameters) requirements so as to ensure that the water remains fit for use. This
type of information is from water quality guideline documents. Compliance to user requirements are
then tested by comparing constituent related criteria with the predicted changes in hydrodynamics and
water quality.

A.2.5 Specialist workshop

To integrate the above information and estimate the freshwater requirements of an estuary, a
workshop forum approach is used. At the workshop each specialist provides feed back on their
particular component and, during this process, links between different components are highlighted and
refined.

An important step undertaken at the workshop is to place the estuary in a present and future
management class. Tables (see Addendum 1) are provided to each of the specialists and they assess
in which category (A, B, C etc.) their component currently resides. The exercise is then repeated to
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determine a realistic future management class (FMC) around which the freshwater requirements of the
estuary will be structured.

Depending on the availability of realistic future development scenarios, the workshop procedure
follows one of two routes:

(A) Future development scenarios available

If future water resource development scenarios are available, considerable effort is expended in
assessing the likely consequences of these developments on the estuarine ecosystem. During the
feedback and refinement session, the implication of the different development scenarios on the
ecological functioning of the estuary is determined and listed, including a rating (a judgement on the
severity of the impact) as well as the confidence limit linked to each of the statements.

The success of this integration process is largely dependent on:

e communication and interaction between disciplines.
» strong feed-back loops based on the needs of the ecologists from the driving components, e.g.
hydrodynamics.

Following this evaluation, recommendations for inclusion in the management plan is drafted. These
would typically include:

* an estimate of the EFR, i.e. the amount and distribution of fresh water to an estuary that would be
required to maintain natural physio- chemical and ecological functioning without any marked
changes or effects.

» recommendations for the inclusion of water releases from the dam(s).

» future research and monitoring needs.

(B) No future development scenarios available

In the absence of future water resource development scenarios, a series of hypothetical run-off
scenarios (e.g. 75%, 50% and 25% of MAR) are simulated and the likely consequences of such river
flows on the physical behaviour of the estuary are examined and then discussed in terms of ecological
consequences.

Using figures and predicted consequences from the discussions outlined above, each discipline then
estimates the monthly base flows (m3/s) that the estuary would require to maintain healthy functioning
for that particular component. The exercise is repeated for both ‘maintenance’ and ‘drought’ years.
The recommended base flows are then estimated from two composite tables (one ‘maintenance’ and
one ‘drought’) in which all the individual disciplines and their monthly flow requirements are listed.
Confidence limits (low = <40%, medium = 40-60%, high = >60%) are given for each month. In recent
EFRs annual and seasonal estimates of river flood and freshette requirements have also been
documented.

A.2.6 Pre-feasibility phase EFR report

For both types of EFR workshops (i.e. A or B) the preliminary findings from the integration process are
presented to the client in the form of a summary report, together with the individual specialist studies
which are incorporated as appendices. Each specialist report contains an executive summary, which
is used in the EFR summary report.

A.2.7 Monitoring and follow-up studies
Monitoring is defined here as long-term investigations/recording of information (e.g. water level

records) that will used by a specialist to inform the EFR process, whereas follow-up studies are
conducted over a relatively short time frame and are then written up in the form of a definitive report.
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A requirement before the commissioning of a dam or any other development affecting river flows, is
the immediate implementation of high priority studies and monitoring programs that have been
identified by the EFR team to be critical to improving the confidence associated with the EFR estimate.

A.3 Feasibility Phase Process

A.3.1 EFR Refinement Meeting

Once the initial follow-up studies have been completed a refinement meeting is held in which the EFR
estimates from the pre-feasibility phase are reviewed in the light of new physical, chemical and
biological data sets arising from the follow-up studies and monitoring program (see section A.2.7).

At this meeting new information on the behaviour of the estuary to changing river flows are discussed,
and revised ‘maintenance’ and ‘drought’ base flow tables are created. These flows would then be
integrated over time using the natural flow duration curve entering the estuary to identify the frequency
of drought years. Once this exercise has been completed the final EFR can then be calculated.

A.3.2 EFR Refinement Meeting

EFR (estuary) and IFR (river) investigations are usually conducted simultaneously but independently
of one another. If the EFR study is part of a larger catchment investigation of a proposed
development, then a matching exercise to ascertain to what extent the river IFR caters for the EFR, is
undertaken. If the IFR does not cater for the EFR then the latter takes precedence in terms of river
flow requirements by the system.

A.3.3 Yield Analysis

This analysis, which calculates the amount of water that can be removed for human use, is conducted
by the consulting engineer and takes into account both the IFR and EFR water requirements. A
meeting between key role players in the EFR team and the consulting engineer is undertaken to
ensure that the EFR is fully catered for in the yield analysis.

A.3.4 Feasibility Phase EFR Report

This Feasibility Phase EFR Report provides an update on the pre-feasibility phase report. Results from
the EFR refinement meeting are presented and copies of all post-pre- feasibility studies are included
in the document. Further follow-up studies and monitoring requirements not identified during the pre-
feasibility phase are highlighted in this report.

Results from previous EFR studies conducted in recent years are summarized in Addendum 2.
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ADDENDUM 1: TO APPENDIX A

PRESENT STATE CATEGORIES BASED ON CURRENT ECOLOGICA L INTEGRITY STATUS

CATEGORY DESCRIPTION

Unmodified, natural;

A The resource base has not been decreased,;

The resource capability has not been exploited.

Largely natural with few modification;

The resource base has been decreased to a small extent;

A small change in natural habitats and biota may have taken place but the
ecosystem functions are essentially unchanged.

Moderately modified;

The resource base has been decreased to a moderate extent;

A change of natural habitat and biota have occurred, but the basic ecosystem
functions are still predominantly unchanged.

Largely modified;

The resource base has been decreased to a large extent;

Large changes in natural habitat, biota and basic ecosystem functions have
occurred.

Seriously modified,;

E The resource base has been significantly decreased;

The loss of natural habitat, biota and basic ecosystem functions is extensive.
Critically modified;

The resource base has been critically decreased;

Modifications have reached a critical level and the resource has been modified
completely with an almost total loss of natural habitat and biota.

DESCRIPTION OF ECOLOGICAL MANAGEMENT CLASSES

CLASS DESCRIPTION

Unmodified, natural - the natural abiotic template should not be modified;

The characteristics of the resource should be completely determined by unmodified
A natural disturbance regimes;

There should be no human induced risks to the abiotic and biotic maintenance of the
resource.

Largely natural with few modification — only a small risk of modifying the natural
abiotic template and exceeding the resource base should be allowed.

The risk to the well-being and survival of intolerant biota (depending on the nature of
the disturbance) may be slightly higher than expected under natural conditions.
Moderately modified - a moderate risk of modifying the abiotic template may be
allowed. Risks to the well-being and survival of intolerant biota (depending on the
nature of the disturbance) may generally be increased with some reduction of
resilience and adaptability at a small number of localities.

Largely modified - a large risk of modifying the abiotic template and exceeding the
resource base may be allowed. Risks to the well-being and survival of intolerant biota
(depending on the nature of the disturbance) may be allowed to generally increase
substantially with resulting low abundances and frequency of occurrence.
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ADDENDUM 2: TO APPENDIX A
RELEVANT DATA FROM ESTUARINE FRESHWATER REQUIREMENT STUDIES

Viability in both seasonal and long-term flow is of the utmost importance for the maintenance of an
estuary ecosystem. Methods have therefore been developed and applied whereby assessments
were undertaken of realistic runoff scenarios in terms of long-term (50 - 70 years) data sets. These
data sets were based on realistic development scenarios for the catchment and were compiled by
qualified hydrologists, taking for example feasible dam construction options into account.

The effects of these scenarios (impacts) on an estuary in the long term were then assessed. Based
on this, the acceptability of these development scenarios could be investigated, taking wider aspects
into account such as the needs to address demands for water for economical and social reasons.

The major benefit of this approach is that the scenarios investigated are realistic. Another advantage
is that the setting of EFR as a mere percentage of the mean annual runoff (MAR) is avoided. Cases
do unfortunately exist, where decisions were made on approvals for water abstraction based only on
MAR percentages. This is usually not adequate to protect estuarine functions and processes.

In the EFR methodology a cautionary approach was therefore applied for very good reasons. The
EFR’s undertaken until now normally result in relatively conservative estimates in terms of the mean
annual runoff (MAR) as can be seen in Table A.1. The principles of this EFR methodology are used in
the Reserve determination for estuaries.

At a workshop held in February 1999 it was decided that data gathered during EFR studies should be
investigated towards establishing relationships between a desired level of protection and the water
qguantity component of the Reserve. The following information was extracted from previous studies
(Table A.1):

. Volume of natural MAR

. Permanently open mouth or Temporarily open/closed mouth

. River inflow (range) at which mouth closure is likely to occur (for the temporary open/closed
systems)

. Estimated EFR (as % of natural MAR)

. Degree of confidence of the above information.

Although EMC's were not allocated to estuaries during EFR studies, a provisional classes, based on
individual expert opinion, were allocated for the purposes of this investigation so as to be able to
determine correlation’s between EFR’s and EMC's (Table A.1).

Important aspect to take into account . Allocation of a present status category lower than A to an
estuary is not necessarily as a result of reduced river inflow or reduced river water quality. For
example, one of the Pondoland estuaries was given a PES category B not because reduced river
infow had any impact, but because mangroves were exploited. The Swartkops estuary is also an
example, where PES category D is not so much a result of reduced river inflow, but rather as a result
of floodplain developments and waste discharges. It is therefore important to understand why an
estuary fits into a specific PES category whether as a result of reduced river inflow and quality or as a
result of other changes such as floodplain developments.
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TABLE A.l: Relevant Data on Estuaries obtained froEFR studies
EST. RIVER FLOW AT
3 WHICH MOUTH IS PROVISIONAL PES CATEGORY o
ESTUARY NATURAL MAR (Mm ~) LIKELY TO CLOSE (base on expert opinion) EFR (as % of Nat. MAR) CONFIDENCE
(m%/s)
Orange 11 000 <5(?) D No real EFR done (~50) -
Olifants 1042 Permanent open B (changes '%32:12')' and medium 55 < 40%
No proper EFR was done by )
Berg 903 Permanent open c estuarine specialists
Palmiet 255 0.3-0.7 B 63 40 - 80%
Great Brak 255 - 310 <0.5 C No proper EFR done only a EIA )
with a given allocation
Very sensitive to mouth - _ano
Keurbooms 207 closure owing to the A/B 90 40-80%
shallow lower reaches
- D (mainly as a result of urban
) 0.2 - 0.5 (not sensitive : 5 eno
Swartkops 75 - 84 because its protected) development"l]\:cl(())vTv)reduced river 100 40 - 80%
Sundays 269 Permanent open C ?
Great Fish ~ 480 <1.0(?) C ?
Mvoti 420 0.2-0.5 B (heritage site for avifauna) 52 40 - 80 %
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B.1 Ecological Reserve Category Process

Both rivers and estuaries have detailed documented processes to determine the PES, the ecological
importance and to derive the EC. The basic principles are similar and the two processes are
illustrated in Figure B.1.

The dotted line around the second estuary block represents the issue regarding the Trajectory of
Change. The estuary method does not at this stage directly address trajectory of change but will
investigate the necessity of how this can be incorporated into the process.

B.2 Matching of River and Estuary Results

A suggested approach (that will be tested during the Thukela Reserve study in 2002/2003) is the
following:

* Compare the flow requirement allocated to a specific state (EC) of the river with the related
estuary EC.

» Establish whether these can be matched or whether minor changes are required that do not
impact on the relevant EC for either the river or estuary.

* Make the changes and supply the Reserve scenario for a specific EC (for the river and estuary) in
the required format to the yield modeller.

Where the water quantity reserves allocated to different EC do not match for the river and estuary
then:

» Compare the flow requirements allocated to different river EC’s with those allocated to different
estuarine EC’s.

» Establish whether any of these can be matched or whether minor changes are required that do not
impact on the relevant EC for either the river or estuary.

» Make the changes and supply the results in the correct format to the yield modeller. This matched
Reserve scenario will result in an EC for the river and a different EC for the estuary.

Or, if the results are significantly different then:

» The obvious solution, in this instance, will be to accept the highest flow requirement of either the
river or the estuary as the reserve, assuming that the required flow are not higher than would have
been the case under the Reference Condition. Averaging of flow requirements to set a reserve are
not considered to be an appropriate solution, or

» Accept the estuary scenario for a specific EC and extrapolate the resulting river inflow required for
this. Determine the consequences and resulting EC for the river and;

» Accept the river scenario for a specific EC and determine the consequences and resulting EC for
the estuary.

*  Supply both (or more) of these scenarios to the yield modeller as Reserve Scenarios.

» These do not represent matched scenarios. They do however represent a scenario which will
supply a Reserve scenario to the river or estuary with an associated description of the
consequences on either.
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B.3 Comparison of Estuary and River Results

B.3.1 Past comparison of % of Mean Annual Runoff (M AR)

Previously the results as a % of MAR for the downstream river IFR site (i.e. closest to the estuary)
were compared to the EFR results. The comparison usually indicated a marked difference in
requirements, mostly a much larger requirement for the estuary. The estuary and river results were
provided as different outputs and were therefore not comparable as a % of the MAR.

IFR methods such as the BBM follow a 'bottom-up' approach where, in terms of the ecological
requirements, monthly base flow rates are provided for both maintenance and drought flows. These
flows are motivated for. Added to these requirements, certain flood events are identified as necessary
and motivated for. The monthly flow volumes and flood volumes are added and the % of the MAR
calculated. This does NOT reflect a realistic flow scenario, which includes wetter and drier periods as
well as all the additional flows that will pass the IFR site over and above those flows specified. These
are therefore not modelled / realistic flow regimes which include all the incidental flows over and above
requested and motivated for. It also does not include floods larger than, for example the 1:3 year
event. These large events are important for the functioning of the ecosystem, but as it is assumed
that these cannot be controlled, limited emphasis is made on motivating for these flows. This
assumption, however, needs to be verified as major dam developments may strongly reduce the
occurrence and magnitude of very large floods in which case the requirements for such large floods
should be assessed.

Due to the complex dynamics of estuaries, methods for assessing flow requirements follow a scenario
based approach (top-down approach) rather than the bottom-up approach. The EFR group is
provided with various scenarios (including natural and present day), which are assessed, and the
ecological consequences supplied to each scenario. These scenarios represent the output of a yield
model such as the Water Resources Yield Model (WRYM) model that provides monthly volumes
modelled over a time period, typically 50 to 70 years. The % of MAR is calculated based on these
realistic flow scenarios which include all flows that will reach the estuary and does not include only
specific identified flow blocks such as in the rivers approach. Inherently, if these % of the MARs are
compared, the results of the estuary would appear higher. This however does not mean that the
estuaries per se require more water. Additionally, the estuarine methodology recognises the
requirement for large floods.

B.3.2 Rationale for Differences in Flow Requirement s for Rivers and Estuaries

Estuaries are driven by both catchment-derived runoff and seawater intrusion, unlike river that are only
influenced by catchment-derived runoff. The responses to stressors such as decreased freshwater
flows are therefore vastly different between estuaries and rivers.

In estuaries, river inflow patterns (i.e. water quantity) do show strong correlation with important
hydrodynamic and sediment characteristics, such as state of the mouth, amplitude of tidal variation,
water circulation patterns and sediment deposition/erosion. However, the relationships between these
characteristics and river inflow are generally not linear, but often rather complicated to interpret, owing
to the influence of the sea. The manner in which these characteristics are influenced by river flows is
often also not the result of a single flow event, but rather that of characteristic flow patterns occurring
over weeks or months.

In addition, marked differences exist between the chemistry (or water quality) of river water and
seawater, particularly in terms of system variables (e.g. salinity, temperatures, oxygen levels, pH and
suspended solids) and nutrients (e.g. nitrate, ammonium, phosphate). As a result, river inflow (i.e.
water quantity) also have a strong influence on water quality characteristics of estuaries (in addition to
the water quality of river inflow). The water quality characteristics along the length of the estuary,
therefore are often driven by the quantity of river water entering the estuary during that period.

It can therefore be argued that estuaries, having two counter-acting water sources, in general are
‘more sensitive' and less robust than rivers to changes in river inflow and to accommodate this, often
require a higher % of the natural flow regimes.
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In estuaries there is a much larger buffer or delay-effect between river inflow patterns and their effect
on abiotic parameters than in rivers. This, in addition to the complex relationship between river inflow
patterns and processes in estuaries, requires a much more holistic and processed-orientated
approach for setting the reserve for estuaries.

B.3.3 Scales of data collection

Both rivers and estuaries have different data requirements for the three levels of Reserve
determination methods. These are however not necessarily comparable in effort and cost due to
various complexities; some of which are mentioned below:

e Calibrating the relationship between river inflow and saline penetration in estuaries requires
measurements under different flow conditions even at the intermediate level.

» The river study area usually includes an extensive study area (main river and tributaries), which
includes various IFR sites, each of which requires site-specific data collection. This limits the
amount of data that can cost-effectively be collected. (e.g. the Thukela Comprehensive Reserve
study addresses 16 IFR sites). Therefore, even at the comprehensive level, budgetary limitations
limits the amount of data that can be collected by river specialists at a specific IFR site. On the
other hand, estuaries are complicated systems with the added consideration of the seawater
infow and associated hydrodynamics and water quality, which requires intensive surveys to
provide results at an adequate confidence level.

 The Rapid ecological reserve determination should usually be applied when the proposed
development will mainly impact on low flows, not flooding, e.g. single point abstraction. Based on
this assumption, and acknowledging the risk involved, the river methods use only the key in
stream specialists, focussing on low flow impacts. The estuarine components however all play a
role under all flow conditions and the estuarine Rapid ecological reserve determination therefore
requires the full (apart from sediment dynamics which is usually only considered during the
Comprehensive ecological reserve determination) suite of disciplines.

B.3.4. Desktop Model: Potential for Similar Estuari  ne Developments

The Desktop model is used for planning purposes to accommodate the myriad of rivers for which no
IFR or Reserve results are available. Previous medium to high confidence IFR results were used to
identify environmental water requirement trends in different hydrological regions. These results are of
low confidence and, as no EFR results were used to calibrate the model, NOT applicable for estuaries.
The potential for using existing EFR results to develop a similar model has been questioned. Taking
into account that there are only about 260 estuaries of which a large number of different types of
estuaries will have to be assessed to allow for such a model, it is doubtful whether such an exercise
will be cost-effective. A proposed alternative would be to undertake a desktop planning estimate for
estuaries and to define EFR estimates for each estuary, rather than extrapolating from the limited
existing results. Such an approach is currently being explored.
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C.1 Introduction

Each estuary will be classified in terms of its present condition and the desired future condition. These
conditions are termed Present Ecological Status (PES) and Ecological Category (EC), respectively. It
is proposed that the PES is defined on the basis of 'Integrity’ or 'Health' (i.e. present condition) and
that EC of estuaries should be defined on the basis of PES and 'Importance’. The latter process
should also take into account modifying determinants, such as protected area status, and restorability.

Health is used to describe an estuary's condition. That is, we wish to know to what extent an
estuarine state differs from its pristine condition (= “reference condition”). Thus a measure or index of
estuarine health should reflect the degree to which the present condition of an estuary deviates from
its reference condition. The term 'integrity' is used in the classification of rivers. Integrity implies an
unimpaired condition or the quality or state of being complete or undivided (Karr 1992). However,
among the estuarine research community, it is generally agreed that the word integrity encompasses
more than just health (= condition), and health is a more appropriate term to describe what it is we are
measuring (see also Costanza et al. 1992). The term health is thus used throughout this document for
clarity, although it is acknowledged that the term may revert to ‘integrity’ in order to be consistent with
other areas of RDM.

Probably the most challenging aspect that we face with regard to developing a health index, is not only
determining the appropriate criteria, their calculation and weightings, but the issue of working with
limited data from dynamic estuarine ecosystems . The assessment of ecological integrity and
importance is riddled with the dogma of stable systems and climax communities (e.g. Ulanowicz
1992). Many of us are working with data sets which represent one-off measurements of abiotic or
biotic aspects of estuaries, while knowing that for many of these aspects the variability and medium to
long term dynamics are very poorly understood. In assessing ecosystem health in particular, we need
to recognise the difference between dynamic and unidirectional change. Shifts in dynamic state are
far more difficult to detect.

The fact that estuarine systems undergo significantly greater dynamic changes than river systems
means that they are likely to be more resilient to disturbance than rivers. This would suggest that
rivers have a fairly good potential for restoration. Severe degradation of an estuary may involve a shift
from dynamic change to dominantly unidirectional change. The loss of dynamic function per se may
thus constitute an important measure of degradation in estuarine health.

The Present Ecological Status of an estuary is a measure of its present condition or 'ecological status',
and should thus be defined on the basis of Estuarine Health. Six classes can be broadly described
as follows (Table C.1).

Table C.1: Ecological Management Categories
PES Category Description

A Unmodified, natural

B Largely natural with few modifications
C Moderately modified

D Largely modified

E Highly degraded

F Extremely degraded

In developing an index, an important challenge lies in finding measures to signify these different states
which are sufficiently robust that different practitioners will come to the same categorisation. The
index will measure the degree to which present conditions resemble pristine conditions. The
reference and present conditions will be determined for:

1. Hydrology

-monthly average base flow, timing and frequency of freshets and floods,
2. Hydrodynamics and mouth condition

- including timing, frequency and duration of closure,
3. Water chemistry

- salinity in relation to freshwater inflows,

- axial salinity gradient and vertical salinity stratification,
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- temperature, dissolved oxygen, pH, turbidity,
- nitrate and phosphate concentrations
4. Biological attributes
- microalgae
- macrophytes
- zooplankton
- macroinvertebrates
- fish
- birds

The reference state is predicted by a multidisciplinary group of estuarine scientists based on the
present status of the estuary and knowledge of the impacts that affect the system. Expert knowledge,
local knowledge, historical data and analysis of measured historical trends are all used to build up a
“picture” of the probable reference conditions. The above parameters thus form the potential basis
from which we can create an index of estuarine heath

C.2 Existing indices: summary, critique and applica bility to RDM

C.2.1 "Community Degradation Index"

The first index of estuarine health was developed by Ramm (1988, 1990). This Community
Degradation Index (CDI) compares the observed fish community (species richness) with that which
would have occurred prior to degradation.

C.2.2 The original "Estuarine Health Index"

After the development of the CDI, it was acknowledged that other factors should also be taken into
account in measuring ecosystem health (Cooper et al. 1994). The rationale was that whereas the fish
community is likely to reflect estuarine health to a certain extent, there are also water quality and
aesthetic aspects whose degradation may not be reflected in that community. The estuarine health
index was thus devised, which is the sum of three separate indices:

» Biological Health Index,
*  Water Quality Index, and
» Aesthetic Quality Index.

The index sparked a series of sampling around the country, and has now been applied to a large
number of estuaries, and the results are summarised in numerous reports (e.g. Cooper et al. 1994,
Harrison et al. 1994).

The Biological Health Index developed by Cooper et al. (1994) is based on the Community
Degradation Index. Whereas the latter measured the degree of dissimilarity (or degradation), the
Biological Health Index adapted the CDI to reflect the degree of similarity to pristine conditions (or
health).

Calculation of the Biological Health Index required the development of a reference list of fish related to
each group of estuaries, and this was done by consulting available records and pooling the species
list for estuaries of the same physical character (Cooper et. al 1994). The Biological Health Index was
then calculated using the following formula:

BHI = 10(J)[Ln(P)/Ln(Pmax)]

where J is the number of species in the system divided by the number of species in the reference
community, P is the potential species richness (number of species) of each reference community and
Pmax is the maximum potential species richness from all reference conditions. The index gives
values ranging from 0 (=poor) to 10 (=good).

The main criticism of this index is that it mixes up two concepts: biodiversity importance and estuarine
health, and in so doing, also complicates what is actually a very simple measure. The measure of
interest here is the proportion of the original species richness remaining in the estuary, which could be
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expressed as a simple percentage. The complicating factor is the fact that it brings in a measure of
how the estuary rates with respect to the total diversity of the region. Thus for example, if 30 out of 50
species remain in an estuary, and a total of 75 species occur in the region, then

BHI = 10(30/50)[Ln(50)/LNn(75)]
=10 x 0.60 X (3.91/4.32)
=10 x 0.60 x 0.90

Thus the figure of main interest is that 60% of species richness remains. This figure is downweighted
by the fact that this estuary only contains 66% of the total diversity in the region, although the
downweighting effect is dampened by the log function. Nevertheless the latter expression reflects a
biodiversity importance assessment and actually does not reflect the health of the estuary. The effect
of the biodiversity importance component of the index is that an estuary's degradation is magnified if it
is also one which contains relatively few species in its pristine state (e.g. a small system).

A second potential concern is that the assessment of health via species richness does not account for
the replacement of specialist species by other generalist species as ecosystems degrade. Thus the
index should at least endeavour to estimate the % change in species composition, not just in species
richness.

The Water Quality Index was based on House's (1989) recommended method, which was in turn
based on thorough review of water quality indices: this is a simple weighted arithmetic mean, as
follows:

2
n
Water quality index = 1/100 (z o W‘J

i=1
where ¢, is the rating (score out of 100) for the ith water quality variable; w; is the weighting for the

ith water quality variable, and n is the number of water quality variables. The “1/100” simply has a
scaling effect, while the square serves to exaggerate the results: these terms can thus be ignored.

Following the method of House (1989), the water quality rating value for each variable is determined
from a rating curve, which relates the observed concentration to a corresponding water quality rating
between 0 and 100 (Fig 1, Cooper et al. 1994). Each of the conversion graphs is determined by
experts with experience in water quality issues. Figure C.1 illustrates a linear relationship, but the
relationship could take any shape.

100

80
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o

Water quality rating
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20

[Water quality variable] ————

Figure C.1: Transformation of measured water quilivariables into a water quality index range
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Six water quality variables are used and weighted as follows (Table C.2, Cooper et al. 1994). The
weights were provisionally assigned by the authors on the basis of estimated relative importance.

Table C.2: Variables and weightings used in theat&dt Quality Index

Category Variable Basis for inclusion Weight
Suitability for Dissolved Oxygen Essential to aquatic fauna 0.20
aquatic Ii>f/e Oxygen absorbed Measure of organic loading 0.05

Ammonia nitrogen Toxicity to aquatic fauna 0.10 | 0.35
Suitability for  human . .
contact E. coli Evidence for human pathoge 1% 30 0.30
Nitrate nitrogen Aquatic plant growth 0.10
. Ortho-phosphate stimulants 0.15
Trophic status Chlorophyll-a Indicator of algal growth 0.10 0.35

The Aesthetic Quality Index was calculated using the following weighted parameters (Table C.3), in
which each was scored from 0 (poor) to 10 (pristine).

Table C.3: Parameters and weights used in the Aetit Quality Index

Parameter Approximate Weight

Floodplain landuse 25
Naturalness of channel margins 25
Appearance of floodplain surrounds 10
Presence of bridges 10
Smell 5
Water turbidity or oil sheen 5
Exotic vegetation 4
Solid waste 5
Presence of algal blooms or invasive plants

The index is applied subjectively on the basis of observation, and bearing the above parameters and
weightings in mind. Some concern has been expressed that the index should consider how built up
the estuary surrounds are, and how altered the catchment area is. Some of the parameters are rather
transient, e.g. smell, and may not be a sufficiently robust measure of health. Some parameters seem
to double-count certain measures used in the Water Quality Index. In general, it is felt that this index
is rather unfocussed.

Each of the three indices is reduced to a value out of 3.3, and the composite Estuarine Health Index is
the sum of these values, giving a score out of 10. In other words, the three indices are weighted
equally.

The three components do not include major influences such as hydrological, sediment or botanical
changes. The water quality variables do not include all of those considered to be important by the
Consortium for Estuarine Research and Management in their proposal for a water quality index, such
as suspended solids, and toxins (CERM 1996; see below). Nevertheless, the project has yielded
some valuable data and approaches which will be useful in assigning PES to estuaries.

C.2.3 CERM's "physical health index"

CERM's (1996) conservation importance index (see section 4) included an index of physical health of
an estuary, which was the most rigorously tested component of the index. This index contained a
measure of degree of siltation, tidal exchange (=mouth condition), water quality and hydrodynamics (=
salinity). The way in which the index and each of its components was scored, was determined using
multicriteria decision analysis techniques such as conjoint scoring. Thus scores were assigned as
follows:

(2) Siltation (0 - 26)
Little or no erosion in catchment: 26, some erosion: 20, serious erosion so that the estuary may be
reduced in size within 50 years: 7; and extremely high erosion: 0.
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(2) Mouth condition. (0 - 33)
A matrix of scores was devised to guide the scoring of a change in percentage time the mouth is open
in the pristine state to present state, as follows (Table C.4).

Table C.4: Scores used in the CERM Index to indiedhe health of estuarine mouth condition relative the
natural state

Natural state Current state
100 75 50 25 0
100% 33 11 4 > 5
75 27 33 16 2 0
50 23 27 33 13 0
25 0 23 27 33 0
0 0 0 23 27 33

(3) Water quality (0 - 19)

This was based on how many out of five indicators were in a healthy state: suspended solids, organic
toxins, dissolved oxygen, nutrients (eutrophication), and faecal coliforms. Scores were then assigned
as 0, 3, 8, 12, 15, or 19, for zero to all five items in a satisfactory condition, respectively.

(4) Hydrodynamics / Salinity (0 - 22)

This score was devised from two components (out of 15 and 7 respectively). The estuary was first
scored as to how many of 3 criteria were in a satisfactory state: the volume of the freshwater
component, the frequency/duration of hypersaline events, and changed vertical salinity gradient. The
second component was whether the dominance of freshwater flushing has been partially or fully
replaced by seawater flushing (yes = 7, no = 0).

C.2.4 *“Estuarine Integrity Index”

An integrity index has been developed for river systems, which takes into account two aspects of
ecological integrity, namely habitat integrity and biological integrity (Kleynhans 1995). Biological
integrity is the ability of the system “to support and maintain a balanced, integrated, adaptive
community of organisms having a species composition, diversity and functional organisation
comparable to that of the natural habitat of the region” (Karr & Dudley 1981). Habitat integrity is
essentially a broad assessment of the condition of the physical and chemical template to which biota
react and adapt, and can be considered as a precursor or indicator of biological integrity (Kleynhans
1995). Thus in the intermediate RDM procedure for rivers, only habitat integrity is assessed in order to
provide a rapid approximation of estuarine health (integrity).

Van Driel (1998) has recently proposed a method of assessing estuarine habitat integrity and
biological integrity, based on a procedure described for rivers (Kleynhans 1995). The method includes
a site visit as well as an assessment of past literature, aerial photographs and maps. Current status is
assessed according to deviation from a reference state. The method is summarised below, and its
application to the Swartkops estuary is available (van Driel et. al. in prep.).

Habitat integrity

This indicates the extent to which an estuary has been degraded by human impacts from its reference
condition. Human impacts include:
» physical habitat destruction,

* water quality impacts,
» modification of the flow regime and
» over-exploitation of the natural biota.

In order to improve the accuracy and confidence levels of estuary habitat assessments, assessment
criteria have been selected and weightings have been given to each of the criteria (Table C.5). The
relevance of each of the impact criteria selected is expanded on at a later stage. The weight reflects
the relative effect of the criterion on the whole estuary. Each of the criteria is then given a score,
which is combined into a single representative score for the whole estuary (Table C.6). The scoring
should be done by a team conversant with the estuary to be assessed, rather than by a single
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individual. Following extensive discussion of each of the impacts, members of the team should arrive
at a common score.

Table C.5: Selection of impacts as criteria of het integrity for estuaries, and their relative ights

Impact Weight
Low flow reduction 12
High flow reduction 20
Tidal flow modification 12
Estuary bed modification 8

River mouth stabilisation

Water quality modification

Translocated (=invasive) vegetation

Infilling

Disturbance of biota, e.g. trampling, over-fishing
Migration barriers (obstructions, e.g. weirs)

00| 00| 00| 00| 00|00

Table C.6: Rating and scoring of impacts accorditmgthe estimated severity of such impacts on esesr

Impact rating Description of impact Score
None No discernible impact 0
Small Affects < 10% of estuary’s length, and impaamall 1-20
Moderate Affects 10-50% of estuary’s length, anpaiat is clearly discernible 21-40
Large Affects > 50 % of estuary’s length and imgaderious 41 - 60
Serious Affects > 50 % of estuary’s length and ot serious 61 - 80
Critical Affects entire estuary and the impact é&vdstating 81-100

This scoring system gives high values to large impacts. The weighted scores and are summed and
subtracted from 100 so that a high score signifies a more pristine estuary, as follows:

Estuary habitat integrity = |[(25w/100)-100] ,

where s = score; and w = weight. It is then proposed that the Habitat Integrity score be transformed
into a class (PES) as follows (Table C.7).

Table C.7: Transformation of Habitat Integrity scerinto Present Ecological Status

Class Description Score

A Unmodified, pristine 100

B Largely natural with a small number of localisetbacts 81-99

C Limited stretches of estuarine habitat are Idstt the ecosystem is largely still 61-80
functional

D No more than half of the estuary is impacted #mel loss of ecosystem function|is 41-60
evident

E More than half of the estuary has been impactetlexosystem loss is serious 21-40

F Impacts effect the entire estuary with an alntmshplete loss of ecosystem function 0-20

How does this index work? The scoring system combines a measure of extent and intensity of each
impact. It can be tested using a scenario of a totally polluted inflow - pure oil, but no other impacts.
This give a water quality impact of 100, weighted to 8, while all other impacts are assigned a zero
impact score. Thus the index determines that such an estuary scores 92 points, which, according to
the above, signifies a largely natural estuary. Simple mathematical games will show that the more
criteria that are included in the index, the smaller the potential impact that any one can have on the
score.

What is the solution? This type of multicriteria index possibly needs a different method of scoring and
aggregation, or a different method of interpreting the results in terms of health status. If it can be said
that health is erodable by one or a number of variables, then, large impacts should be able to override
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or dominate the whole score. That is, a full scale impact of any sort should be able to erode
significantly into the score. The analogy would be that someone could be rendered equally weak by
sustaining a number of small injuries or one very large one.

One way to achieve this result is to simply take the minimum or maximum score, as applicable.
Alternatively, this extreme score can be averaged with the overall weighted mean to achieve a less
radical effect.

Table C.8: Different approaches to the problemfofding the overall impact of a large number of inagts.
In this example, one impact is much greater tharetbther two.

Impact Score
(extent x intensity of impact)
Impact 1 100
Impact 2 30
Impact 3 50
WEIGHTED MEAN (analagous to above method 60
MAXIMUM 100
AVERAGE (MAXIMUM, WEIGHTED MEAN) 80

Biological Integrity

Van Driel (1998) has also proposed a system for transforming biotic indices into estuarine integrity
classes. This works in the same way as Cooper et al.'s (1994) treatment of water quality variables.
Measured values are transformed graphically by the relevant experts to a health score out of 100.
These values would then be translated into integrity classes A to F.

C.2.5 “Botanical Importance Rating” index

The Botanical Importance Rating index (Coetzee et al. 1996) was not designed as a health index, but
it has been applied in this manner. The index, based on summed areas of different habitat types,
each weighted by their functional importance, is described in more detail in the following section. The
only possible problem with this is that cases of excessive dominance by reeds or eelgrass may yield a
higher, rather than a lower score. The implications of the index under different circumstances need to
be tested to ensure that it does reflect health.

The index has been used to illustrate the degradation of the Swartkops estuary over time (Colloty et
al. 1998). For the period prior to 1939, when human impacts were not apparent, an index value was
calculated of 397 027, compared to a present score of only 179 936. The present status thus
represents 45% of the pristine score, which, assuming a linear relationship between the score and %
deviation from pristine, suggests that the estuary has deviated from its pristine botanical state by 55%.
It is acknowledged that this relationship may not be linear, however, and that an appropriate
transformation equation should be found.

C.3 Recommended approach to assessing estuarine hea  Ith

The above indices have some problems, but have paved the way towards the formulation of a robust
health index required for the RDM process for estuaries. The approach will need to use some or all of
the parameters that will be used to determine reference and present conditions. In essence this index
simply needs to reflect the overall change in condition relative to pristine condition, which can be
assessed separately for each of these different parameters. The main challenge in developing the
index is to determine which variables should be included, how they would be used to indicate health
(e.g. via transformation of measurements to health scores), and how they should be grouped and
weighted.

C.3.1 Identification of criteria or variables for i nclusion
Based on the above-mentioned indices and with the aid of two workshop sessions with a range of

estuarine experts, a number of potential variables for inclusion in a health index were identified,
together with a reason for how they would indicate and vary with a change in ecosystem health.
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These variables could be grouped as Habitat variables (which include some elements of vegetation)
and Biotic (or Biodiversity) variables, but it is better to view them simultaneously in respect of
determining the final set.

Table C.9: Possible variables for inclusion in @stuarine health index, and those selected) for inclusion
in the index. Reasons for exclusion of variableseaxplained below.

Abiotic and Biotic Variables

Hydrology:
1. Changes in seasonal river inflow patterns | v"| 3. Low flow reduction
2. % of natural MAR currently abstracted v"| 4. High flow reduction

Hydrodynamics and mouth condition:
5. Timing, frequency and duration of closure | v*| 7. River mouth stabilisation

6. Tidal flow modification 8. Water levels

Water chemistry/quality:

9. Salinity

10. Axial and vertical salinity gradients v"| 14. Dissolved oxygen v
11. Nitrate and phosphate concentrations v'| 15. pH

12. Suspended solids v'| 16. Temperature

13. Organic and inorganic toxins v’| 17. Faecal coliforms

Physical habitat alteration:

18. Change in sediment structure a)nd o ] ) )
distribution v"| 21.  Migration barriers, bridges, weirs, v

19. Estuary bed and channel modification bulkheads, training walls, jetties, marinas

20. Infilling 22. Human disturbance of habitatsdaniota
Changes in biotic habitats and communities:

23. Plants — area or biomass of differgnt | 25. Fish — community composition, diversityV
communities, community composition, diversity | biomass
24. Invertebrates — community compositipn, | 26. Birds - community composition, diversityV
diversity, biomass biomass

27. Change in ecosystem complexity

Alteration of estuary margins and floodplain and tehment area
28. Amount of floodplain vegetation remaining Bégree of human habitation and use

29. Degree of industrial development within | 31. Alteration in catchment area. e.g. plantation
floodplain forestry

Many of the variables in Table C.9 are likely to be correlated with one another. Inclusion of correlated
variables leads to unnecessary complexity . When different variables are closely correlated, then a
decision as which variables to use will depend on where our ultimate interests lie (e.g. concentrate on
biotic variables if biological health is the main issue), or which is the more reliable , stable or easily
measured parameter. With this in mind, the above variables were discussed in a workshop setting,
in order to select those to be used in the health index. The reasons for possible inclusion of each, and
for accepting or rejecting the variable are discussed below, and for selected variables, their
guantification for use in the index is discussed below.

Hydrology:

Variables 1 and 2 are considered to be the main drivers of estuary systems. Variable 2 (% MAR) is
considered as an alternative measure to Variable 1, but should only be used in rapid RDM processes
in the absence of understanding of Variable 1. Variable 3 (low flow reduction) is important in that it
causes changes the salinity regime and a reduction in open mouth conditions, and variable 4 (high
flow reduction) has an important impact in that it impairs scouring, resulting in accumulation of marine
and fluvial sediments. However, both 3 and 4 are correlated with variables 1 and 2 and the effects are
also reflected in other variables, and they are thus excluded.
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Hydrodynamics and mouth condition:

Timing, frequency and duration of closure (variable 5) is important in that it strongly affects abiotic
habitats and biological communities found in estuaries. It is fairly difficult to get data, and it is
correlated with 1 and 2. Nevertheless it is considered important to include this variable. However, it is
agreed that timing is correlated with duration, and thus a measure of overall change in duration would
suffice.

Both tidal flow modification (var 6) and water level (var 8) can have serious impacts on habitats and
biota, affecting the degree of exposure of intertidal areas and vegetated habitats. However, these
variables are correlated with 1 and 2 to a large extent, and are captured in variables of abiotic and
biotic habitat changes. Therefore they do not need to be included in the index.

Many South African river mouths migrate along a sandy shore, thereby maintaining a larger estuarine
surface area. However, river mouth stabilisation (variable 7) was considered difficult to measure and
not sufficiently important to include.

Water chemistry/quality:

Axial salinity gradient and vertical salinity stratification (var 10) was considered to be a very important
system driver, and is included instead of var 9 (salinity), as it gives a more detailed picture of change.
Salinity patterns are influenced by hydrological and mouth conditions, and thus could be said to be
accounted for in the above variables. However, an important aspect is that the above conditions will
variously affect salinity patterns, depending on the type of estuary (see Whitfield's classification in
section 4). Thus the inclusion of a separate salinity variable obviates the necessity of devising
different scoring systems in the above variables for different estuary types.

Nitrate and phosphate concentrations (var 11) is included as it positively affects primary productivity in
the estuary, and although it is related to variable 2, it is also affected by other inputs.

Suspended solids (var 12) reflect disturbance (erosion) in the catchment area, and change habitat
conditions for biota e.g. through increased turbidity. This is considered an important health indicator.

Organic and inorganic toxins (var 13) negatively affect biota. Contamination can be expensive to
measure, and toxin levels can be event-related, and thus variable on a short time scale. However,
based on existing measures of toxins in inflowing water, coupled with an understanding of estuarine
hydrodynamics, it would be possible and desirable to derive estimates of health in this regard.

Dissolved oxygen (var 14), pH (var 15) and temperature (var 16) affect conditions for primary
production, and may be affected by conditions in the catchment, e.g. pine plantations, or dams and
water transfer schemes. Variables 15 and 16 were excluded on the basis that they are not sufficiently
important in determining estuarine health.

Faecal coliform concentrations (var 17) give an indication of suitability for human contact. It was not
considered to have a major impact on biota, and thus is not considered important in assessing estuary
health.

Physical habitat alteration:

Change in sediment structure and distribution (var 18), such as the mud-sand ratios and bank height,
e.g. due to changes in hydrology, have important impacts on biota, and excessive siltation may
decrease the ability of floods to scour out estuaries. This variable is probably one of the more difficult
to estimate, also being a fairly dynamic aspect of an estuary, but nevertheless is considered
important.. In addition, man made changes to the estuary bed and channels (var 19) may also affect
estuary habitats.

Infilling (var 20), or reclamation of parts of the area leads to loss of habitat. This is essentially a
change in estuary size, which should be reflected in an overall habitat variable (see below).
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Obstructions in estuarine migratory routes from the mouth to the head, may prevent some estuarine
organisms from completing their life cycles. Other structures impede flow and may also create new
habitats for certain organisms. Thus the impact of migration barriers, bridges, weirs, bulkheads,
training walls, jetties, marinas (var 21) is considered important to include.

Human disturbance of habitats and biota (var 22), may have major impacts and thus should be
included, despite the fact that it may be difficult to quantify these effects. Motor vehicles, pedestrians
and farm animals often degrade salt marsh vegetation, reeds and sedges. People and boats trample
mudflats. Some estuaries are subject to persistent over-fishing of bait species. lllegal bait-digging, in
particular, causes significant damage to mudflat habitats. Because of its somewhat different nature, it
is recommended that this variable be kept in a separate category.

Changes in biotic habitats and communities:

Biotic variables are response variables, in that they respond to changes in all the abiotic variables (=
driver variables) listed in Table C.9. Thus the inclusion of both abiotic and biotic variables in an index
could be deemed unnecessary. However, because the relationships between the abiotic and biotic
variables are not well understood, and because the biotic response to certain abiotic variables can be
slow, it was considered important to include measures of both abiotic and biotic changes in the index.
It was generally agreed at the workshop that all of the biotic variables 23 to 26 should be included.

Ecosystem complexity (var 27) is also considered as an important measure of ecosystem integrity. A
system which has a complex food web is likely to be more resilient than one with a simple trophic
chain. A change in ecosystem complexity would be fairly complex to measure, however, as important
changes in the relative sizes of energy flows would not be detectable without extensive study of the
system. Thus it will have to be assumed that the degree of change in the different biotic communities
adequately reflects the changes to the overall system integrity.

Alteration of estuary margins, floodplain and catchment area:

Because the effects of floodplain and catchment developments are captured in several other abiotic
and biotic variables, and because these variables are not of primary interest in the context of this
work, it is generally agreed that variables 28 to 31 should be excluded. The state of the floodplain
vegetation, within the study area will be captured in var 24, and any effects of catchment, industrial
and housing development will be reflected in water quality and habitat measures, and in the human
disturbance variable.

The scoring system devised on the basis of these criteria (see following sections) was successfully
tested on a case study on the Nahoon Estuary, resulting in a few minor revisions which have been
incorporated in this document.

C.3.2 The measurement of abiotic variables for incl  usion in the estuarine health index

For each variable, it will be necessary to estimate the degree to which the present state resembles the
reference condition. To account for cyclical variability, it is important that, in general, the mean
conditions during pristine conditions are compared with the mean conditions at present. The %
deviation from pristine state will be estimated for each component variable, which will be taken to be
the inverse of % similarity. This means that % deviation cannot exceed 100%, and that it thus is
necessary to be able to describe a zero resemblance in each case, in order to scale the observed
change. Each score will be calculated to reflect % similarity to the pristine state. The following
explanations are illustrated using a hypothetical example (all figures down the right hand margin).
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Hydrology:

This score would be calculated on the basis of changes in seasonal inflow patterns , estimated on
the basis of two parameters, as in Table C.10. Of major interest is the change in medium to high
flows, and the concomitant change in months of low flow. Depending on how it is calculated,
estimating the % change in conditions would achieve different results depending on whether it was
calculated as % increase in low flow months or decrease in high flow months. In order to obviate this
problem, a table of scores is given in Table C.11, which will give the same results whether the change
in low flow or non-low flow months is considered. This table assumes a linear relationship, in that a
change of one month from say one month to two months has the same significance as a change of
one month from 11 to 12 months, and that this is the same in either direction. Future tests of this
method should explore the possibility of non-linear and asymmetrical functions. In the absence of
detailed information on flow patterns, or in permanently open estuaries, the % MAR can be used as a
substitute for the change in low flow period. The median (50%ile) low flow months or the total %
occurrence of low flow months for the full simulation period may be used to give an indication of the
change in the low flow period.

The second parameter is % similarity in the frequency of floods, and this is given a slightly lower
weighting in the index than the first. However, since this method is really only suitable for larger
catchments or where a detailed analysis of hydrology has been done, an alternative method is
provided for estuaries where this is not the case. The alternative is a measure of change in magnitude
of major floods that are capable of ‘resetting’ an estuary. Because the magnitude of significant floods
differs between estuaries, it is up to the specialist to decide which floods are to be considered in each
individual study.

Table C.10 Calculation of the hydrological healdtore

Variable e.g. Weight
a. % similarity in period of low flows
e.g. 2 months low flows to 4 months low flows (reaate off Table C.11) 83 60

OR Present MAR as a % of MAR in the reference state

Guideline: we recommend the second measure for gremily open
estuaries or for estuaries where information omflevels is limiting

b. % similarity in frequency of major floods (floogsl:20 year for a particulal
system) (= % of reference flood events still ocitigrin present state). 75 40
e.g. 4eventsto 3events= 3/4 X 100=

Note: This method is more suitable for larger cateimts or where a detailed
analysis of hydrology has been done.

OR % similarity in the magnitude of major floods (elg20, 1:50 and 1:100
in comparison with the reference condition

Guideline: Because the link between flood mageitaidd sediment dynamic¢s
is not easily quantified, follow a precautionary prpach by using the
reciprocal of the % reduction (or increase for @t urban catchments) aof
the major flood the most affected by developmentse catchment.

Hydrology health score = weighed mean of a and b 80
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Table C.11. Score chart for part (a) of the hydgital health score in terms of change in low flasviod.

Current Reference state (months of low flow)

state 0 1 2 3 4 5 6 7 8 9 10 11 12
0 100 | 92 83 75 67 58 50 42 33 29 1y g (
1 92 | 100 | 92 83 75 67 58 50 42 33 2" 1y g
2 83 92 | 100 | 92 83 75 67 58 50 42 33 25 1y
3 75 83 92 | 100 | 92 83 75 67 58 50 42 33 2"
4 67 75 83 92| 100 | 92 83 75 67 58 50 42 33
5 58 67 75 83 92| 100 | 92 83 75 67 58 50 42
6 50 58 67 75 83 92| 100 | 92 83 75 67 58 50
7 42 50 58 67 75 83 92| 100 | 92 83 75 67 58
8 33 42 50 58 67 75 83 92 100 | 92 83 75 67
9 25 33 42 50 58 67 75 83 92 100 | 92 83 75
10 17 25 33 42 50 58 67 75 83 92 100 | 92 83
11 8 17 25 33 42 50 58 67 75 83 92 100 | 92
12 0 8 17 25 33 42 50 58 67 75 83 9p 100

Hydrodynamics and mouth condition

(Formula: 100-[%occurrence under Reference Conditi® occurrence under Present State])

This is a simple score (Table C.12), which is likely to be a fairly rough assessment accurate to within

20%.

scoring system has been adapted to a scale of O - 100 (Table C.13).
In order to assess change in timing, the index uses the % change in the amount of time an

used as appropriate.
estuary is open during spring (Aug to Oct).

Table C.12 Calculation of the mouth condition score

In order to score the health implication of a change in duration of mouth closure, CERM's
Intermediate scores may be

VARIABLE e.g.
Change in mean duration of closure e.g. over theikition period (See Table 3.3b for scoring guide) 08
Mouth condition score 80
Anthropogenic influence (amended 2008):
Percentage of overall change in mouth conditionasea by anthropogenimodifications (e.g. artificial 10
breaching 50.% of the 20% change is caused by aptigenic activities, other than flow)
Adjusted mouth condition score (attributed only fiow) 90

Table C.13. Scoring guideline for change in mowhdition. If the estuary is artificially breachegiarticularly
during inappropriate times, then the score can bisted as appropriate.

% open in % open in Current state
Natural state 100% 75% 50% 25% 0%
100% 100 33 12 6 0
75% 82 100 48 12 0
50% 70 82 100 39 0
25% 40 50 70 100 0
0% 0 12 33 60 100

Water quality:

This is assessed in terms of the degree of change in five variables (Table C.14). The first variable,
salinity distribution, is treated separately from the others. The remaining variables are grouped to form
a measure of general water quality. Each of the general variables may lead to an overall change in
health, and the index does not average these variables so as not to dampen the effect of any one
impact on the score, but the highest impact score is used. Scoring guidelines are provided for each
variable. Scores for general water quality variables will be assigned by a water quality specialist on

May 2004
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the basis of a combined understanding of concentrations in inflowing river and seawater and
hydrodynamics within the estuary.

Table C.14: Calculation of the water quality heal8tore

SCORE
VARIABLE (€.9) WEIGHT

1 Salinity

% change in axial salinity gradient and verticaliady stratification

Scoring guideline: Unmodified = 100; largely natural80; moderately modifieg 60 40

= 60; largely modified = 40; seriously modified = 26pmpletely modified = 0.
2 General water guality

Nitrate and phosphate concentrations in the estuary
a Scoring guideline: Unmodified = 100; reduced = scigeestimated % of origina| 80

level; slightly increased = 75; moderately incredse50; eutrophic = 0.
Suspended solids in the estuary

b Scoring guideline: Unmodified = 100; slightly incesd = 75; moderately 40
increased = 50; heavy load = 25; excessive silt@ato0.
Dissolved oxygen (mg/l) concentrations in the estuary
[ Scoring guideline: Unmodified = 100; largely natural80; moderately modifieg 80
= 60; largely modified = 40; seriously modified = 26pmpletely modified = 0.
Level of toxins in the estuary

d Scoring guideline: Unmodified = 100; largely natural80; moderately modifieg 80
= 60; largely modified = 40; seriously toxic = 20pmpletely toxic = 0.
General water quality = Min (a to d) 40 60
Water quality health score = Weighted mean 48
Anthropogenic influence (amended 2008):

Percentage of overall change in salinity caused aoyhropogenic activity as
opposed to modifications to water flow into estu@yg. 50% of the 40% change 20
(1) is caused by anthropogenic activities, othment flow)

Percentage of overall change in nitrate and phosplaused bynthropogenic
modifications (e.g. wastewater discharges) rathantmodifications to water floy

into estuary (e.g. 50% of the 20% change in (2agassed by anthropogenic 10
activities, other than flow)
Percentage of overall change in Suspended solidssezh by anthropogenic
modifications (e.g. wastewater discharges) rathantmodifications to water floy 30
into estuary (e.g. 50% of the 60% change in (2bgassed by anthropogenic
activities, other than flow)
Percentage of overall change in dissolved oxygensed byanthropogenic
modifications (e.g. wastewater discharges) rathantmodifications to water floy 10
into estuary (e.g. 50% of the 20% change in (2ctdassed by anthropogenic
activities, other than flow)
Percentage of overall change in toxic substancessed by anthropogenic
modifications (e.g. wastewater discharges) rathantimodifications to water floy 10
into estuary (e.g. 50% of the 20% change in (2dgassed by anthropogenic
activities, other than flow)
1 Salinity score excluding anthropogenic effects 80 40
2 General water quality
a Nitrate and phosphate score excluding anthropa@mgefiects 90
b Suspended solids score excluding anthropogefactsf 70
c Dissolved oxygen score excluding anthropogenscsff 90
d Toxic substances score excluding anthropogefectsf 90
Adjusted general water quality = Min (a to d) 70 60
Adjusted water quality health score (attributed grtb flow) 74

Physical habitat alteration:

Two main components make up the physical habitat health score: area and sediment composition of
intertidal habitat and depth and volume of subtidal areas (ie based on channel morphology, and
taking degree of sedimentation, and obstruction or constriction into account).

Changes in both of these habitat elements may have been due to changes in water flow into the
estuary or anthropogenic activities within the estuary, or both. Thus the team is required to estimate
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the degree to which each of the two component scores is influenced by water flow changes vs within-
estuary anthropogenic changes. The unadjusted score is used in the health index, and the adjusted
score serves to give a fuller explanation of the health status.

Table C.15: Calculation of the physical habitat higa score

VARIABLE SCORE | WEIGHT
1 Resemblance of intertidal sedimsetrticture and distribution to Reference Condition
la | % similarity in intertidal area exposed 80 50
1b | % similarity in sand fraction relative to totarsd and mud 60 50
Mean 70 50
Resemblance of submergédbitat to Reference Condition: depth, bed orroied
2 morphology 90 50
Scoring guideline: No alteration = 0%, Total altéi@n = 100%.
Overall physical habitat health = Weighted mean 80

Anthropogenic influence:

Percentage of overall change in intertidal habitatused byanthropogenicactivity as
opposed to modifications to water flow into estu@yy. 20% of the 30% change (1)|is 20
caused by anthropogenic activities, other than flow

Percentage of overall change which in submergeditabloaused byanthropogenic
modifications (e.g.bridges, weirs, bulkheads, tiragnwalls, jetties, marinas) rather tha|
modifications to water flow into estuary (e.g. 100¥%the 10% change in (2) is caused 100
by anthropogenic activities, other than flow)

=]

Health of_intertidal habitaexcluding anthropogenic effect (e.g. 20% of 30%nge +

1 At 76 50
70% similarity)
Health of_subtidal habitaéxcluding anthropogenic effect (e.g. 100% of 10fange +

2 == 100 50
90% similarity)
Adjusted physical habitat health score (attributedly to flow) 88

C.3.3 The measurement of biotic variables in the es  tuarine health index

A change in health may be reflected in change in community composition , species diversity and
biomass . With increased system perturbation, community composition may change in favour of more
opportunistic species, while the numbers and biomass of more specialised species tend to decrease,
or one might see a significant change in the trophic composition of a community. Thus a simple
measure of species richness or abundance (biomass, area) is not a reliable indicator of health. The
index has to be able to reflect changes as positive or negative, accordingly. Given that in most cases,
the reference condition is estimated on the basis of modelled outputs and assumed relationships, the
parameters within this index can only be estimated with a fairly rough degree of accuracy. It would
thus be inappropriate to propose a highly quantitative index such as Shannon diversity to indicate
change in biotic communities. It is proposed that three main factors are taken into account: species
richness, abundance and community composition (Table C.16). In order to keep the score as simple
as possible, the three attributes are considered separately, and the minimum score is taken as the
indicator of health.

Change in species richness should only be measured as the loss of species that were part of the
original community, and should not take new introductions into account. The scoring system
recommended for species richness has a concave relationship with percentage of species remaining
in the system. This reflects the fact that a few valuable, specialist species may be lost with initial
perturbation of the system, and it is harder to increase health in terms of number of species when
starting from a higher than a lower health level.

Abundance may decrease or increase with a decrease in estuarine health, and this thus is expressed
as a % similarity rather than % change. Thus, while a decrease in abundance to 60% of original
scores 60, and increase to 130% of original would score 70 (100 — 30% change).

Change in community composition is assessed as % resemblance to original composition. The
simplest way of estimating this score is to consider the relative abundance of different trophic groups
in the community. With better predictive ability, one can extend this to consider shifts in the relative
abundance of individual species.
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Note that there is no score dealing with overall change in community composition or trophic
dominance across all the groups, as this would double-count the change in abundance scores given
for the individual groups.

This index should be calculated for macrophytes, microalgae, invertebrates, fish and birds. Again, the
points for comparison are the estimated mean conditions during the reference and present conditions,
for variables that undergo cyclical or dynamic changes. The invertebrate health index would include
the water column fauna (zooplankton) as well as benthic and hyperbenthic invertebrates (those living
in or on the bottom, and those living close to the sediment, respectively). Although these components
are not considered separately, the invertebrate specialist would have to consider both and integrate
their health scores into an overall score on the basis of the relative importance of each group.

Table C.16: Calculation of the biotic health scofer each biotic group

Variable Measurement e.g.

Average species richness as a % of average spewbsess during the

Reference Condition (only consider original species

Scoring guideline: 100% = 100, 90% = 80; 80% = 68)% = 50, 60%

= 35; 50% = 25; 40% = 17; 30% = 10; 20% = 5; 10% & 90
Estimated % of total number or biomeassining 70

Estimated % resemblance to original composition.

Scoring guideline: No change = 100%

Original community totally displaced by opportuidstpp = 0%

Macroalgaee / Microphyte / Invertebrate / Fish fdcommunity health score = minimum score|of

a,bandc

a. Species richness

b. Abundance

c. Community

composition 40

40

Again, the health of the biotic components may be due partly to changes in river inflow , and partly to
human disturbance within the estuary. The team is thus required to describe the extent to which the
changes scored above are due to human activities within the estuary such as trampling, pollution and
overexploitation. This produces an adjusted score which is only for descriptive purposes and is not
used in the overall index.

Table 3.17: Estimating the extent to which bioticélth scores are affected by anthropogenic disturba
within the estuary.

. Adjusted health score
Component Health score| Degree to Wh.IC.h qhange caused health in absence of human
P (e.g) by human activity in estuary (%) ( .
disturbance)

Microalgae 70 10 = 70+((100-70)*0.10) = 73
Macrophytes 70 40 etc
Invertebrates 80 50
Fish 60 70
Birds 70 50

C.3.4 Construction of the Estuarine Health Index

Construction of an index should be relatively simple. As used in some of the indices described above,
| recommend that for each abiotic or biotic variable, we describe the conditions, as quantitatively as
possible, that would be regarded as indicative of 0 to 100% of the pristine state. These can then be
used as standard guidelines in what is otherwise a dangerously subjective assessment. Without strict
guidelines, a method such as this would lead to a huge range of possible assessments by different
practitioners, and could not be regarded as robust or legally defensible. Each variable, thus defined
as % of pristine state, will be weighted, and then aggregated, possibly using the overriding rule
recommended above. The final score, should reflect the state as a % of pristine.
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The overall degree of health of the abiotic aspects of the estuary may be considered a measure of

Habitat Health or Integrity, while the remaining variables make up the Biological Health Index. The
two sub-components are calculated and combined as follows (Table C.18).
Table C.18: Calculation of the Estuarine Health 8e
| Variable e.g. Weight
Abiotic (habitat) variables
1 Hydrology 41 25
2 Hydrodynamics and mouth condition 80 25
3 Water quality 59 25
4 Physical habitat 80 25
1. Habitat health score= weighted mean 65 50
Biotic variables
1 Macrophytes 60 20
2 Microalgae 60 20
3 Invertebrates 70 20
4 Fish 60 20
5 Birds 90 20
2. Biological health score= weighted mean 70 50
ESTUARINE HEALTH SCORE= weighted mean of 1 and 2 67.5
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D.1 Introduction

The Ecological Reserve Category (ERC) (formerly referred to as the Ecological Management Class)
will be defined as the desired quality (= health) of the system and will be used in determining the
ecological reserve. The ERC cannot be permitted to be in a class lower than D and should the
present status be either an E or F, recommendations must be made as to how the status can be lifted
at least to a D class (Table D.1).

Table D.1. Proposed relationships between EcolopiBeserve Category based on an present ecological
status, for a comprehensive reserve determination

Present health status: Desired future health status:

Present Ecological Status Ecological Reserve Category
A
BorA

C or higher
C/D or higher

D or higher

D or higher

mm{oO|@| >

The level to which Ecological Reserve Category is elevated relative to current status will be motivated
on the basis of its present health status (PES) and the importance of the system. Thus:

Health + Importance = Future health
(PES) (ERC)

Importance of an estuary can be considered in a number of ways. This can include biodiversity
importance in terms of containing populations of species which are rare or endangered etc, high
species diversity, important habitats, unique physical attributes, etc. The notion of importance is
usually based on two main concepts:

e rarity : this pertains to rare physical types, rare habitats or rare species, where rarity implies
scarcity, and means limited abundance or geographical range; and

e quantity (=abundance): estuaries are seen as important when they are large, support large areas
of habitats, large numbers of species, large populations and are productive.

A third component which should be considered is:
» ecosystem function (e.g. nursery areas for marine fish)

Thus an estuary may be considered important when it contains rare elements of biodiversity, large
quantities of flora or fauna, or when it provides an important ecosystem service.

In using importance status for determining the EC, it may be argued that the importance of an estuary
is influenced by its health status. Thus the question arises as to whether, if these indices are to be
combined, we should use the reference condition to determine biophysical importance. Use of the
present biophysical importance status, which is determined to some degree by biophysical health,
would amount to double counting in a decision process. This is illustrated by using a simple example
in Table D.2, where the decision is determined by a combined index.
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Table D.2: Example of considering pristine or pras importance status in allocating EC

Biophysical health Biophysical Importance Integrated score
(% of pristine) (BH x BI)
Pristine state Present state Based on Based on
Pristine state Present state
60% 100 points 72 points 60 43

A point that has been raised is the possibility of an altered state being more important than the pristine
state. An example of this might be the Mhlatuze system, where a change in hydrology has allowed
colonisation of large areas by mangroves, with the result that this estuary now contains a major
proportion of the country’s mangroves. However, a more holistic look at the estuary would establish
that the hydrological changes have also led to an equally or more important loss in ecosystem
function, in that important outputs to the marine environment have been lost.

Of further interest in this regard, and with assigning an EC, is whether the notion of pristine state is
appropriate. For example, in the above example, assigning importance on the basis of a pristine
condition makes an implicit assumption that this condition is attainable.

It is probably more useful to consider the best attainable state . For example, if estuarine health has
been impaired by the construction of a marina, this damage may be largely irreversible apart from
some degree of possible alteration. Thus an estimate of the biophysical importance in terms of its
best attainable state would probably be more appropriate than in its pristine state. See the first
example in Table D.3: the best attainable state provides the realistic upper limit for an EC, but is still
higher than the ERC that would be allocated on the basis of its present, somewhat degraded importance status.

Table D.3: Possible different outcomes of allogadi an EC on the basis of importance of the referenc
condition (RC) or best attainable state (BAS)

1) &) 3 4
PES Present EC Potential EC Potential EC
based on Importance | based on | Importance based | Importance based
present health Status land 2 | Status based| on1l Status based| on1l
status on RC and 3 on BAS and 4
eg. 1l C 65 C 100 A 75 B
e.g.2 A 5 C 5 C 5 C

A description of the best attainable state would require some idea of reversibility of damage. This
presents a potential problem in that the degree of reversibility carries a cost function, and ecologists
would have to second-guess the planners in terms of what restoration procedures would be feasible.
Thus an alternative approach could be to provide an indication of how the health status might change
for every major restoration step, or what steps are required to move to each higher EC. The easiest
way to resolve this problem is to take BAS as the best state that could be achieved without removing
major structures (e.g. buildings, large dams), but which could be achieved through flow alteration, or
the adjustment or removal of minor structures (e.g. small dams, weirs). Then the steps required to
reach different possible EC would be detailed, and one of these states selected on the state of BAS
importance status, but not based on cost : stakeholders are left to weigh up costs and benefits at a
later stage in the process.

The second example in Table D.3 serves to illustrate the case of an unimportant estuary. Current
protocol will not allow the allocations shown in this example, but EC will remain at A in all cases. Thus
a totally unimportant estuary, if in a pristine condition, cannot be altered to a significantly less pristine
state. Thus from an ecological point of view, the policy is to prevent any further degradation.
Ultimately, however, the FMC may be lower than EC or PES, as it will be set on the basis of
stakeholder wants, as well as ecosystem needs. In other workds, the EC recommended by ecologists
can be reduced by stakeholders, should economic development be considered more valuable than
well-functioning estuarine ecosystems. The Ecological Reserve , set to maintain EC, is not
sacrosanct , and will only serve to inform the stakeholder decision process. The EC set by this
methodology is a the ecologists’ recommendation, and stakeholders will then determine the final EC.
Thus ecologists have no need to make allowances for society in their allocation of EC.
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Several protocols have been suggested for assigning a management class and can be applied to
estuaries. Which protocol is used may depend on which reserve method (rapid, intermediate or
comprehensive) is being used. This study aims to define a methodology which will determine the PES
and EC in a comprehensive determination. It has been suggested that the PES or Present Status be
used as a temporary estimate of EC in the case of intermediate assessments. However, this goes
against the precautionary principle. It is thus recommended that where certainty levels are reduced in
Intermediate and Rapid Determinations the EC should be provisionally set at one and two levels
higher than PES, respectively, until a comprehensive assessment can be carried out.

D.2 Review of indices of estuarine importance

D.2.1 The CERM Index

A Consortium for Estuarine Research and Management project was initiated in 1995 to establish a
decision support system to produce rankings of the most important estuaries according to specified
attributes. The system developed incorporated a rarity, biological and physical value score. The
system was not implementable due to a lack of data for estuaries particularly those in the former
Transkei and Ciskei (CERM 1996). Since then both fish and botanical surveys have taken place in
these areas and the opportunity now arises to develop further an overall importance rating system for
South African estuaries. CERM's (1996) importance rating index was constructed as follows (Table
D.4).

Table D.4: Criteria and score construction of CER#proposed importance rating system

Rarity Biological Physical
Criterion Score Criterion Score Criterion Score
Whitfield classification| 0 - 25 Habitat 0-20 &tion 0-26
Geomorphology type 0-25 Plants 0-20 Tidal ergea 0-33
Size 0-25 Inverts 0-20 Water quality 0-19
Condition 0-25 Fish 0-20 Hydrodynamics 0-22

Birds 0-20

TOTAL 0-100 TOTAL 0- 100 TOTAL 0- 100

This index picked up many of the critical elements, but its main drawback for application in this context
is that it combines measures of health and importance. The rarity criteria include three measures of
importance and one of health. Most of the biological criteria are measures of importance, except the
fish index, which includes a health score (difference from the reference community). All of the
physical criteria are measures of health which assess the difference between present and reference
state.

This CERM project led to the rating of South African estuaries in terms of their avifauna (Turpie 1995)
and vegetation (Coetzee et al. 1996, 1997 and Colloty et al. 1998), and a project is currently underway
to rate estuaries in terms of fish. These efforts are described below. No prioritisation exercise has
been undertaken with respect to estuarine invertebrates, although, this group has the potential to
contribute significantly to an importance rating system for South African estuaries. This is probably
due to the extreme paucity of quantitative data on invertebrates.

D.2.2 Prioritisation of estuaries for waterbird con servation

Commissioned by the CERM team, Turpie (1995) used existing count data to explore methods and
criteria for determining the importance of estuaries for birds. Detailed summer counts of non-
passerine waterbirds (species wholly or partially dependent on aquatic habitats) exist for most of
South Africa's estuaries, with the exception of the Transkei region. Much of this data comes from a
published series of single summer counts of coastal wetlands that was carried out systematically
around the coast during the two summer periods between 1979 and 1981 (Ryan & Cooper 1985, Ryan
et al. 1988, Underhill & Cooper 1984, Ryan et al. 1986). On the basis of these counts, there are
estimates of the total coastal population for each species.
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Estuaries were ranked according to Species Richness, Species Diversity (Shannon Index), Rarity and
Conservation Status. The latter two indices weighted each species according to their rarity along the
SA coast, and according to conservation status (endangered, endemic etc), respectively. These
indices tested the effect of using limited (presence-absence) as well as abundance data. With the
exception of the diversity index, which was shown not to be a useful tool for evaluating conservation
importance, the resulting rankings were significantly correlated. A key point made in the study was
that the final evaluation of sites should ideally involve a subjective assessment of the results of single-
criterion rankings, rather than using a multicriteria index.

The data upon which the study was based are now 20 years old, and the counting effort has
unfortunately never been repeated to date. Since then counts have been undertaken in a number of
sites at various times, and regular counts now take place of the more important areas under the
University of Cape Town's CWAC (Co-ordinated Waterbird Counts) programme. A synopsis of these
counts to date has recently been released, but does not contain full details of counts.

D.2.3 The Botanical Importance Rating (BIR) Index

This index, developed by Coetzee et al. (1997), assigned values on the basis of percentage area
cover, condition (degree of impact), functional importance and plant community richness.

The index is constructed as follows:
BIR = 1(Asupra X MF) + 1.75 (Ainter X MF) + 2 (Agyom X MF) + 1.5 (Areeq X MF)

where Agypra, Ainers Asuom and Areq are the area cover of supratidal saltmarsh (e.g. Sarcocornia
pillansii), intertidal saltmarsh (e.g. Triglochin spp), submerged macrophytes (e.g. Zostera, Ruppia) and
reed and sedge communities, MF is a multiplication factor representing community condition, and the
weightings are community importance values based on association, or functional importance, within
the estuary: i.e. water dependence, primary productivity and the richness of the community they
support.

The area cover was originally a score based on percentage cover of the estuary: % cover of <5, 5-25,
25-50, 50-75, >75 were scored 20, 40, 60, 80 and 100, respectively. Thus a 5 ha estuary and a 500
ha estuary, each having the same % cover distribution of macrophytes will receive the same score.
This meant that the index measured health, in as much as high scores represented a healthy and
diverse plant community, irrespective of size. The index was first applied to 33 estuaries in the Cape,
and the results were found to accord with the perceived botanical condition of those estuaries. The
score has now been changed to use actual area, and no longer includes a measure of condition.
Thus its emphasis is now more as a measure of importance. A large proportion of SA estuaries have
now been surveyed for plants, and a database exists which includes the components and scores of
the index, in addition to species lists.

Although it now contains a measure of abundance, the BIR does not, however, include some other
aspects usually associated with importance, such as species richness, habitat or species rarity,
endemism etc. In some respects these aspects may be less important for estuarine plants, which are
mostly widespread and common. However, the index will not reflect the greater importance of an
estuary by virtue of containing a rare mangrove species, except inasmuch as mangroves is an
additional habitat component in the system. These components need to be tested separately, and if
there is a high degree of correlation with the existing index, then it would make sense to retain this as
a relatively easy measure of botanical importance.

D.2.5 The Fish Importance Rating Index

Maree, Whitfield & Quinn have compiled a presence-absence database of estuarine fish species for
251 estuaries, based on their distributions around the South African coast. These presence absence
data will eventually be refined to lists of species which have been recorded in these estuaries, and
which are sufficiently abundant to make up more than 1% of samples, and are thus assumed to be
present in reasonable (conservable) abundance. The data upon which this study is based is,
however, difficult to work with due to differences in sampling effort and techniques, making
comparison difficult.. Different sampling methods tend to be biased towards different groups or life-
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history stages. Harrison has carried out limited, but uniform, sampling in most estuaries. However, a
good knowledge of estuarine ichthyofauna only exists for a relatively small number of estuaries.

Maree, Whitfield & Quinn are currently devising a Fish Importance Rating for South African estuaries.
This index is provisionally constructed from seven weighted measures of species and estuarine
importance, as follows (Table D.5).

Table D.5: Criteria being used to evaluate impantze of estuaries for fish

Measures of species importance Measures of estuarine importance
Number of Number of Number of Type Size Condition | Isolation
economically estuarine- endemic
important dependent species Est. Bay > large > | Excellent >| Isolated >
species species Perm Open > > Good > >
Est Lake > small Fair > >
Temp Open > Poor Grouped
River Mouth

The rationale for including the estuarine measures within the fish importance rating is that these
variables are assumed to affect abundance, and can be used as a surrogate for the lack of
guantitative data. Thus the measures of estuarine condition are scored on four or five categories of
decreasing value (see table) according to how they might positively or negatively affect the importance
of the fish community.

D.3 Recommended approach for determining estuarine importance

D.3.1 Identification of criteria for inclusion in t he index

Ecological importance is an expression of the importance of an estuary to the maintenance of
ecological diversity and functioning on local and wider scales. Some of the variables that can be
considered as the basis for the estimation of ecological importance of estuaries are listed in Table D.6.

These variables can each be categorised as measures of rarity, abundance or ecological function.

Table D.6: Possible variables for inclusion in ansBiarine Importance Index. Variable categories ararity
(R), abundance (A) and ecological function (F)

Variable Type Include?
. Estuary size A
. Rarity of the estuarine type and physical feasyin relation to geographic areg R
. Habitat diversity A

. Biodiversity importance in terms of plants, iigbrates, fish and birds.
. Proximity of other estuaries

. Ecological services to neighbouring environments F
. The sensitivity and resilience of the systeentoronmental change. -
. Naturalness -
. Conservation status e.g. protected area, Ramsaatural heritage site. -

X
>
LRI R ANEIANANANAN

OO |NOU|AIWIN|F-

These variables were discussed in a workshop setting, regarding their suitability for inclusion in an
Estuarine Importance Index. Size was initially rejected because it is a driving variable for diversity and
abundance of biota, and is thus likely to be highly correlated with these. However, it is included
because of the general paucity of information on the abundance of certain biota. It was agreed that
sensitivity of an estuary does not confer importance, although it does become an important issue in
the setting of the Reserve. Similarly, naturalness was not considered as an appropriate indicator of
importance, and has more of a health connotation. Proximity of other estuaries  will be covered by
the second variable. Conservation status does not confer importance per se. However, it is an
important consideration in determining the Ecological Reserve Category of estuaries. This will thus be
taken into account as a modifying determinant in EC allocation.
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The measurement of the remaining variables is discussed below. In each case the score will be
converted to a measure out of 100. All variables will be measured based on an estimate of the best
attainable state (BAS).

D.3.2 Size

Estuary size is defined as the total area (ha) within the geographical boundaries described in the RDM methodology.
Estuary size is then converted to a measure of importance using the following scoring guideline (Table D.7), which is based

on 10% rank percentiles of estuaries of known size.

Table D.7: Importance scores assigned to estuarg €lasses

Estuary size (ha) Size Importance Score Estuary size Size Importance Score
0-1.5 10 17.6 - 30 60
16-4 20 30.1 - 50 70
4.1-85 30 50.1 - 100 80
8.6 -12.5 40 100 .1- 200 90
12.6 - 17.5 50 > 200 100

D.3.3 Rarity of estuary type wrt to geographic posi  tion

South African estuaries have been classified into five types (Box 3.1, Whitfield 1992). There are only 3
estuarine bays and 4 estuarine lakes in the country, therefore these estuaries would have a high
importance. Geographic position is also important. The classification of an estuary in conjunction with
the biogeographical zone determines how “rare” or “unique” the estuary is for the zone under
consideration. For example there are only two permanently open estuaries (Olifants and Berg) in the
cool temperate zone and therefore these systems are of national importance. The Palmiet estuary in
the south-western Cape is the only system along that stretch of coastline that remains open for any
length of time, and is thus very important in this region for fish and invertebrate recruitment.

It is proposed that estuary type and geographical position are taken into account in a Zonal Type
Rarity Score , as follows:
ZTR =100 X 1/Ng,
where Ny, is the number of estuaries of type t within the same biogeographical zone z.

This index yields scores in the range from 1 to 100, (Table D.8). In order to dampen the 100-fold

difference in the highest and lowest scores, these are converted to importance scores ranging from 10
to 100 (Table D.9).

Table D.8: Number of estuaries of each physicgbéyin each biogeographical zone, and their ZTR sor

Cool Temperate Warm Temperate Subtropical
NUMBER SCORE NUMBER SCORE NUMBER SCORE

Estuarine Bay 0 - 1 100 3 33
Permanently open 2 50 29 3 16 6

River mouth 2 50 6 17 4 25
Estuarine lake 0 - 4 25 4 25
Temporarily 5 20 85 1 94 1
closed

Table D.9: Importance scores assigned to Zonal &yparity scores

ZTR ZT Importance Score ZTR ZT Importance Score
1 10 20 60
3 20 25 70
6 30 33 80
17 50 50 90
100 100
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This index can potentially be extended to include the existence of unique physical features which
would add to the reason for desiring a high management class. For example, these could be canyons
e.g. Msikaba, ravines or gorges, physical features such as the hole in the wall, small estuaries that
remain permanently open e.g. Lupatana. Then the estuary’'s ZTR might change from 1/16
permanently open subtropical to 1/1 permanently open subtropical with feature X.

Box 3.1: Whitfield's (1992) Physical Classification of Estuaries

Type Tidal prism Mixing process Average salinity *
Estuarine Bay Large (>10x10°m®) Tidal 20-35
Permanently Moderate (1-10 x 10° m’) Tidal/riverine 10 - >35
Open

River Mouth Small (<1 x 10" m°) Riverine <10
Estuarine Lake Negligible (<0.1x 10°m") Wind 1->35
Temporarily Open Absent Wind 1->35

* Total amount of dissolved solids in water in parts per thousand by weight (seawater = ~35)

(a) Estuarine bay: Water area exceeds 1 200 ha. Natural bays (Knysna) and artificially formed bays (Durban
Bay) are permanently linked to the sea and the salinity within them reflects this. Hypersaline conditions are
not common and water temperatures are strongly influenced by the sea. Marine and estuarine organisms
dominate these systems and extensive wetland/mangrove swamps occur (Whitfield, 1992).

(b) Permanently open estuaries: Vertical and horizontal salinity gradients are present and are modified by
the river flow, tidal range and mouth condition. Wetlands (salt marshes), as well as submerged macrophyte
beds are common and the fauna is predominantly marine and estuarine. Hypersaline conditions in the upper
reaches can occur during times of severe drought. Water temperatures in this estuary type are controlled by
the sea during normal conditions and by river input during flood conditions.

(c) River mouths: Riverine influences dominate the physical processes in these estuaries. Oligohaline
conditions are often found. The mouth is generally permanently open but the tidal prism is small and strong
riverine outflow prevents marine intrusion. During strong flood conditions the outflow of these mouths can
influence the sea salinity for many kilometres. Heavy silt loads are frequent in these estuaries often resulting
in shallow mouths (<2m). Water temperatures are strongly influenced by river inflow although the sea can
influence bottom waters.

(d) Estuarine lakes: Water area exceeds 1 200 ha. These are usually drowned river valleys filled in by
reworked sediments and separated from the sea by vegetated sand dune systems. The dune can result in
complete separation of the lake from the sea that then results in a loss of estuarine characteristics and the
system can be referred to as a coastal lake. Estuarine lakes can be either permanently or temporarily linked
to the sea and salinity within them is highly variable. Freshwater input, evaporation and the magnitude of the
marine connection are the main causes of this large salinity fluctuation. The tidal prism is small, and marine
and river input have little influence on water temperatures, which are directly related to solar heating and
radiation. Estuarine, marine and freshwater organisms all occur depending on the salinity condition of the
system.

(e) Temporarily open estuaries: Sand bars often form in the mouths of these estuaries blocking off
connection with the sea. Sand bars form as a result of a combination of low river flow conditions and
longshore sand movement on the adjacent coast. Flooding is frequently the cause of mouth opening, which
also results in large amounts of sediment removal. However, infilling from marine and fluvial sediment can be
rapid. Hypersaline conditions occur in these estuaries during times of drought. Tidal and riverine inputs
control the water temperature in these systems when the mouth is open, but is independent of them when the
mouth is closed. Marine, estuarine and freshwater life forms are all found in these systems, depending on the
state of the mouth.
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D.3.4 Habitat diversity

An estuary can be considered more important if it has a high diversity of habitat types, or on the basis
of representativeness , in terms of the size and rarity of those habitat types that it contains.
Estuarine habitats include physical (unvegetated) habitats such as channel area, sand flats,
mudflats, and rock, and plant communities , such as salt marsh, mangroves, submerged
macrophytes, reeds and sedges. The definition could be extended to include surrounding habitats
such as floodplains and dunes. These can be incorporated into an index as follows (refer to Table
D.10 as an example data set):

Habitat rarity score:

This score will be influenced by the number of habitats in an estuary, and by the extent to which rare
habitats occur within the estuary (Table D.10). With area data for all (or most) estuaries, this can be
calculated as

HR = 1000 x /~ aj/A,

where @, is area of the ith habitat in the estuary and A, is the total area of that habitat in the country.
The multiplication factor is necessary because without it the score yields very small values, such that
the sum of all scores for all estuaries is equal to the number of habitats considered.

Table D.10. Estuarine habitats and total areas fiacorporation in the habitat rarity score. Totareas are
based on Brian Colloty's CD database, July 2000yexng 92% of the country’s estuaries.

. Area (ha) National area
Category Habitat (€.9.) (ha)*
Physical Channel area (MSL) (= phytoplankton hab)ita 30 47 539
Intertidal Sandflats and mudflats (benthic miciges) 15 4234
Intertidal Rock (macroalgae) 0 227
Plant Supratidal saltmarsh 20 5093
Intertidal saltmarsh 30 2720
Mangroves 0 1575
Submerged macrophytes 35 1141
Swamp Forest 273
Reeds and sedges 10 7 187
TOTAL ESTUARY AREA 140 ha 69 805

Data requirements are fairly simple. The plant community areas have been measured for a large
proportion of South African estuaries. Detailed maps from which physical data can be extracted are
available for a number of estuaries, and detailed physical data are currently being compiled for all KZN
estuaries (Ricky Taylor, pers comm). However, there is probably not a lot of data at a sufficiently
detailed level to divide intertidal flats into sand and mudflats.

It should be borne in mind that several of these habitat categories may undergo dynamic changes in
area over the medium to long term (e.g. Cooper 1991, Swartkops, pers obs, Adams in prep). Dynamic
changes in habitat areas are a major consideration in the assessment of estuarine importance with
respect to habitats. Any snapshot measurement only records habitats at one particular part of an
estuary's cycle. Thus snapshot measures of potentially highly unstable elements, such as Zostera
cover, do not reflect the range or average level of availability of that habitat. Again, this should be
dealt with by using the estimated mean level of abundance over the full range of existing conditions.

The habitat rarity index needs to be translated into an importance score for use in the index. Because
the distribution of scores is heavily skewed towards the smallest scores, simply normalising the scores
on a scale of 0 — 100 has the danger of relegating low scores to estuaries that are relatively high in
their ranking. Using a known range of scores for approximately half of the country’s estuaries, the
following scoring guidelines can be used (Table D.11). Thus, roughly ten percent of estuaries are
categorised in each percentile.
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Table D.11: Importance scores assigned to habitatity scores

Habitat rarity score Corresponding Habitat rarity score Corresponding
Habitat importance scorg Habitat importance scorg
0.0-0.3 10 5.1-10 60
0.31-0.9 20 10.1-15 70
0.91-1.5 30 15.1-25 80
151-25 40 25.1-50 90
251-5.0 50 > 50 100

D.3.5 Biodiversity importance

Biodiversity importance will be determined on the basis of the importance of an estuary for each of the
four biotic groups, which in turn will be based on a set of criteria appropriate to each group. Thus
biodiversity importance is a two step process in which individual specialists will need to play a major
role in the first step. The scoring for each group should ideally contain the following elements.

* Species Richness
* Species Rarity or Endemism (weighted species richness)
* Abundance (numbers, area or biomass)

It has been established that these measures are fairly well correlated. Here it is argued that a
species rarity score would suffice as a measure of biodiversity importance for each group, as it
incorporates all of these aspects. Where possible this index should use abundance data, but it is
recognised that in some cases (e.g. invertebrates, to some extent, fish), estimates of overall species
richness, abundance, or presence-absence data will have to suffice.

Species rarity: is usually described in terms of endangered species (i.e. red data classified), rarity in
terms of occurrence at all sites, or endemism (important by virtue of the fact that they have restricted
ranges and occur mainly or entirely in SA). The rarity index below will tend to give weight to the
species that fall in any of these categories.

The rarity score is a simple addition of a score for each species present in viable quantity in the
system:
R =100 x &,

where r; is the rarity score of the ith species. The multiplier is smaller than for the habitat index
because the larger number of species makes the index values larger. The way in which the rarity
score for each species can be calculated differs depending on the level of data available, as follows:

With abundance data:

i = ailQ,
where g; = number or area in estuary and Q; = total number or area in whole country (not in biog zone
— this will confer undue importance to spp which only just occur in that zone)

With species presence-absence data only:

r; = 1/N;.
where N; = the number of estuaries in which the species occurs in SA. If possible presence absence
data should be refined to only count species as present where they known or thought to be in viable
population numbers. It is up to the specialist to decide this.

Thus each species gets a score as a fraction of 1. For example, if the only population of a species is
on that estuary, it scores 1. If the population is 100 out of 100000 of the national population, it gets a
score of 0.001. Alternatively, if the population is one out of 35 estuarine populations it gets 1/35.
Scores calculated using abundance are far more sensitive than scores done on presence/absence,
and will tend to produce lower species weights. An estuary will score more highly if there are more
species, and more highly if there are many rare species.

The biotic rarity scores have been calculated for plants (based on presence-absence data),
invertebrates (based on modelled presence-absence data - Turpie et al. 2004), fish (based on
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abundance data (Turpie & Clark 2007) and birds (based on abundance data, Turpie et al. 2004, Turpie
& Clark 2007). The rarity scores have been translated into importance scores for use in the index.
The importance scores are based on tenth percentiles. For example, an estuary whose plant rarity
score falls within the top 10% of all estuary scores is given the top plant importance score of 100
points.  As databases improve with further sampling of estuary, the spread of rarity scores will
change, and the rarity scores corresponding to the importance scores will change, thus these scores
will have to be updated from time to time using the evolving central database with each reserve
determination, and scores applied as appropriate. In any event, a central database will need to be
maintained which is kept up to date on a yearly basis. It is suggested that a copy of the database
compiled in this study is housed at the Department of Water Affairs and Forestry, accessible to RDM
practitioners on the internet, and that it is maintained by scientist(s) based at DWAF and/or other
institutions, under the co-ordination of the original compiler (Dr Jane Turpie, Anchor Environmental
Consultants).

The results of the four biotic indices can either be weighted and summed in a combined index or
subjectively assessed to create an overall ranking. The main purpose of subjective ranking, is that if
one aspect comes out important, it may be dampened by low corresponding values, and the
dampened effect in the final index will not alert the expert to the reason for a site's importance. In the
case of this study, there is a high number of estuaries to deal with. One could create a composite
index and then forget those with very low scores and then subjectively re-rank the higher-ranking
sites. Or one could create a ranking system which is explicitly based on an if-then structure or a set
of overriding rules which pick up flagged values, to eliminate the dangers of a composite index.

It is proposed that biodiversity importance score is calculated using a maximum function , or weighted
maximum, rather than a just weighted mean, so that it scores highly in terms of biodiversity if it is
important for any group (Table D.12). Thus, in order to weight the maximum importance rating for any
single group, the estuary's biodiversity score is calculated using both the maximum score and the
mean score of the four groups, as follows:

Biodiversity Importance Score = (Mean score + Max score ) / 2
where Mean score is a weighted mean of the four groups. It is proposed that the score for each group
carries an equal weighting. This means that the weight of an individual species is inversely related to
the number of species in the same taxonomic group.

Table D.12: Calculation of the biodiversity impomae score

Parameter e.g. Weight

Plant importance score 20 25
Invertebrate importance score 60 25
Fish importance score 100 25
Bird importance score 80 25
Mean score 65 50
Max score 100 50
Biodiversity Importance Score 82.5

Biogeographic considerations and protected area status:

South African estuaries are grouped into three broad geographical regions: cool temperate, warm
temperate and subtropical. Cool temperate systems extend from north of Walvis Bay in Namibia to
Cape Point; warm temperate from Cape Point to about Mbashe and subtropical estuaries north of
Mbashe (Whitfield 1998). Faunal composition therefore changes around the coast, with the highest
number of species associated with warm temperate and subtropical systems, and highest productivity
associated with the west coast. A species richness dominated index would thus result in a general
increase in importance from west to east. Taking abundance into account will temper this trend to
some extent. Nevertheless, biogeographic zonation is an important aspect to take into account when
prioritising sites for conservation in order to maximise representativeness, and hence should also play
arole in determining the estuarine reserve.
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The most efficient way to ensure that a representative system of estuaries is assigned to a high
Ecological Reserve Category, is to use complementarity analysis . This determines the core set of
estuaries required for a conservation network to adequately represent estuarine biodiversity in South
Africa (Turpie 1995, Turpie et al. 2000). Such a core system could be seen as the highest priority,
despite the fact that certain sites would have lower importance scores than estuaries in the top ten or
twenty. The core estuaries would then be categorised as having ‘required protected area status’
and should be included alongside current protected area status as a modifying determinant.

D.3.6 Link with freshwater and marine environment

Estuaries provide several ecological services to their surrounding environments, particularly the marine environment. These
have been identified as follows:

Table D.13: Calculation of the functional importanscore

. . ) Guidelines For
Criteria For Consideration Importance Score
a Conduit for detritus, nutrients and sediments gateel in the catchmero the sea 0 none
b. Export of detritus and nutrients to the cohgtae generated withiestuary 20 little
c. Nursery function for fish and crustaceans (mamd riverine) 40 some
d. Movement corridor for river invertebrates anghfbreeding in marine environment (e|g60 important
river crab Varuna litterata) 80 very important
e. Roosting area for marine or coastal birds 100 extremely important
Overall functional importance score Max (a to e)

D.4 Construction of the Estuary Importance Index

Again, construction of this index must be simple. All scores are presented on a scale of 0 (totally
unimportant) to 100 (critically important). Thus overall Estuary Importance can be calculated as
follows (Table D.14). As for all preceding indices, weightings are assigned on the basis of two
specialist workshops.

Table D.14: Construction of the estuary importangelex

Criterion Score (e.g.) Weight
Size 50 15
Zonal Type Rarity 50 10
Habitat Diversity 70 25
Biodiversity Importance 88 25
Functional Importance 60 25
ESTUARY IMPORTANCE SCORE = Weighted Mean 70

Depending on the score, the importance of the estuary is described as in Table D.15 below.

Table D.15: Interpretation of the estuary importaa scores

Importance score Description
80 — 100 Highly important
60 — 80 Important
0-60 Of low to average importance

Results of a prioritisation exercise on 250 of South Africa’s estuaries, using the above Importance
index, are shown in Tables D.16 (in order of importance). Table D.16 was extracted from Turpie et al.
(2002).
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Table D.16. Updated estuary importance scores fbrSouth African estuaries (Turpie and Clark 2007T.he overall
importance score (Imp) is calculated from the siere (S), habitat importance score (H), zonal typeity
score (Z) and the updated biodiversity importance® (B). Estuaries are listed from west to east.

ESTUARY S H Z B Imp ESTUARY S H Z B Imp
Orange (Gariep) 100 100 90 98.0 985 Klipdrif 10 10 10 505 20.1
Olifants 100 100 90 96.5 98.1 Slang 10 0 10 11.5 7.9
Verlorenvlei 70 70 60 815 71.9 Kromme 100 90 20 955 88.4
Berg (Groot) 100 100 90 975 984 Seekoei 90 80 10 825 776
Rietvlei/Diep 100 10 60 96.0 725 Kabeljous 90 80 10 845 781
Houtbaai 10 50 90 42.5 36.1 Gamtoos 100 100 20 98.5 916
Wildevoélvlei 80 20 60 86.0 82.0 Van Stadens 60 30 10 58.0 47,0
Bokramspruit 10 10 60 295 199 Maitland 10 70 10 58.0 370
Schuster 10 10 60 10.0 15.0 Swartkops 100 100 20 100.0 92/0
Krom 10 10 60 685 294 Coega (Ngcura) 40 40 10 76,5 @ 46]1
Silvermine 30 50 10 635 414 Sundays 90 70 20 89.0 778
Sand 90 70 10 91.5 77.4 Boknes 60 50 10 72.0 55.b
Eerste 40 40 10 64.5 43.1 Bushmans 100 60 20 84.5 78|1
Lourens 30 30 10 515 334 Kariega 90 80 20 97.0 823
Sir Lowry's Pass 20 20 10 63.5 29/9 Kasuka 70 70 10 58.0 61.0
Steenbras 20 10 20 175 169 Kowie 90 80 20 885 80.1
Rooiels 40 40 10 65.0 43.3 Rufane 10 10 10 575 21.9
Buffels (Oos) 50 30 10 735 469 Riet 80 80 10 745 714
Palmiet 70 60 20 71.0 62.4 Kleinemond Wes 80 90 10 710 733
Bot/Kleinmond 100 100 70 985 966 Kleinemond Oos 70 90 10 84.0 725
Onrus 70 60 10 59.5 58.9 Klein Palmiet 10 0 10 12.0 8.0
Klein 100 100 70 100.0 97.C Great Fish 100 100 20 98.0 91.b
Uilskraals 80 90 10 82.0 76.Q Old woman's 60 50 10 76.0 565b
Ratel 40 10 10 52.0 32.5 Mpekweni 90 100 10 92.0 85.0
Heuningnes 90 90 20 905 831 Mtati 90 100 10 83.0 82.8
Klipdrifsfontein 10 10 10 43.5 18.4 Mgwalana 90 100 10 79.0 81.8
Breé 100 90 20 89.0 86.8 Bira 80 70 10 84.0 71.5
Duiwenhoks 100 90 20 76.5 83,6 Gqutywa 70 70 10 62.0 62.0
Goukou Blue Krans 20 30 10 61.0 31.8
(Kaffirkuils) % %0 20 790 803 Mtana 50 70 10 625 54.1
Gourits 90 60 20 830 75( Keiskamma 100 100 20 97.0 913
Blinde 10 10 10 775 2649 Ngginisa 50 60 10 56.0 50.
Hartenbos 70 60 10 86.5 65.6 Kiwane 60 70 10 53.0 55.4
Klein Brak 80 10 10 69.0 52.4 Tyolomnga 80 60 10 810 688
Groot Brak 90 80 10 795 769 Shelbertsstroom 10 0 10 250 113
Maalgate 50 10 10 57.5 37.9 Lilyvale 20 10 10 19.0 16.3
Gwaing 10 10 10 115 104 Ross' Creek 10 0 10 250 113
Kaaimans 30 10 20 45.5 27.9 Ncera 60 50 10 50.0 50.(
Wilderness 90 70 70 88.0 826 Mlele 20 10 10 19.0 16.3
Swartvlei 100 100 70 99.5 96.9 Mcantsi 40 20 10 32.0 30.¢
Goukamma 100 40 10 83.0 71)8 Gxulu 70 50 10 715 59.4
Knysna 100 100 100 100.0 100.0 Goda 50 30 10 56.0 42 .8
Noetsie 30 10 10 51.0 28.8 Hlozi 10 10 10 395 17.4
Piesang 80 80 10 725 711 Hickman's 30 10 10 335 239
Keurbooms 100 90 20 95.0 88,3 Buffalo 80 40 20 64.0 60.0
Matjies/Bitou 10 10 10 70.0 25. Blind 10 10 10 75.0 26.3
Sout (Oos) 70 50 20 675 594 Hlaze 10 10 10 315 15.4
Groot (Wes) 70 50 10 83.5 62.4 Nahoon 80 60 20 875 70.9
Bloukrans 70 10 50 63.5 514 Qinira 80 70 10 67.5 67.4
Lottering 50 10 50 255 3349 Gqunube 70 50 20 770 618
Elandsbos 30 10 50 18.5 2411 Kwelera 70 60 20 78.0 64.8
Storms 60 10 50 115 34.4 Bulura 70 50 10 57.5 55.9
Elands 10 10 50 115 14.4 Cunge 10 10 10 185 121
Groot (Oos) 10 10 50 11.5 14.4 Cintsa 70 50 10 64.5 57.6
Tsitsikamma 10 20 10 455 214
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ESTUARY S H VA B Imp ESTUARY S H A B Imp
Cefane 80 80 10 60.0 68.0 Mzintlava 60 50 30 50.5 52.1
Kwenxura 70 50 10 725 59.6 Mzimpunzi 30 20 10 51.0 308
Nyara 50 40 10 48.0 43. Mbotyi 70 70 10 80.0 66.5
Haga-haga 20 20 10 25.5 20.4 Mkozi 30 30 10 73.0 38.8
Mtendwe 40 40 10 19.0 318 Myekane 20 10 10 265 184
Quko 70 40 10 66.5 55.6 Lupatana 20 40 10 54.0 325
Morgan 60 30 10 58.0 47. Mkweni 30 60 10 595 429
Cwili 10 10 10 25.0 13.8 Msikaba 50 50 30 76.5 54.6
Great Kei 100 70 20 83.0 80.8 Mgwegwe 40 80 10 73.0 558
Gxara 60 40 10 495 47 .4 Mgwetyana 20 10 10 64.5 27.p
Ngogwane 40 30 10 540 380 Mtentu 70 80 30 89.0 733
Qolora 60 90 10 64.0 63.5 Sikombe 40 50 10 46.5 41.1
Ncizele 30 10 10 605 306 Kwanyana 30 10 10 575 299
Kobongaba 60 50 20 575 52P Mnyameni 60 40 30 575 514
Nxaxo/Ngqusi 90 80 10 87.5 78.9 Mpahlanyana 20 10 10 54.0 250
Cebe 50 40 10 57.0 453 Mpahlane 30 10 10 555 294
Gqunge 60 40 10 53.0 48.8 Mzamba 80 80 30 90.0 77.5
Zalu 40 20 10 43.0 32.8 Mtentwana 40 20 10 655 38.4
Nggwara 60 40 10 46.5 46.6 Mtamvuna 80 50 10 83.0 66.38
Sihlontlweni/Gcini 40 20 10 52.5 35.1 Zolwane 10 20 10 24.5 16.1
Qora 80 70 20 825 72.1 Sandlundlu 30 40 10 555 36.p
Jujura 30 10 10 555 294 Ku-boboyi 10 20 10 375 194
Ngadla 50 30 10 43.0 39.3 Tongazi 10 70 10 63.0 38.8
Shixini 60 40 20 64.0 52. Kandandhlovu 20 20 10 345 2286
Ngabara 90 70 20 40.0 65.5 Mpenjati 40 50 10 73.5 479
Ngoma/Kobule 40 40 10 19.0 318 Umhlangankulu 40 80 10 49.5 494
Mendu 60 40 10 39.0 44.8 Kaba 20 40 10 25.0 25.3
Mbashe 90 90 30 86.0 83.0 Mbizana 40 70 10 80.0 54.%
Ku-Mpenzu 50 60 10 435 46.p Mvutshini 10 20 10 100 124
Ku- Bilanhlolo 20 60 10 76.5 43.1
Bhula/Mbhanyana 0 70 10 495 429 Uvuzana 10 20 10 230 158
Ntlonyane 70 50 10 56.0 555 Kongweni 10 40 10 485 271
Nkanya 50 50 10 500 46.0 vungu 10 30 10 390 223
Xora 9 80 30 825 794 Mhlangeni 20 40 10 590 33.8
Bulungula 60 40 10 555 489 Zotsha 30 80 10 555 46.9
Ku-amanzimuzama 20 20 10 240 20.0 Boboyi 10 40 10 455 264
Mncwasa 60 20 10 665 46.6 Mbango 10 60 10 310 278
Mpako 50 30 10 245 346 Mzimkulu 80 100 30 760 79.0
Nenga 40 30 10 560 38% Mtentweni 30 80 10 305 40.6
Mapuzi 50 30 10 485 404 Mhlangamkulu 30 10 10 17.0 198
Mtata 90 90 30 73.0 79.8 Damba 20 90 10 25.0 37.8
Mdumbi 80 60 30 725 681 Koshwana 10 80 10 245 31l
Lwandilana 40 20 10 30.5 29.6 Intshambili 20 80 10 26.0 35.4
Lwandile 60 40 10 71.5 52.9 Mzumbe 50 50 10 535 46.0
Mtakatye 9 70 30 560 705 Mhlabatshane 20 90 10 265 381
Hluleka/Majusini 50 30 10 245 346 Mhlungwa 20 60 10 475 359
Mnenu 80 60 10 440 59 Mfazazana 20 80 10 575 43p
Mtonga 70 50 10 525  54.6 Kwa-Makosi 20 90 10 395 414
Mpande 50 30 10 49.5 40.9 Mnamfu 10 30 10 10.0 27.%
Sinangwana 50 30 10 42.0 39,0 Mtwalume 60 50 10 64.0 535
Mngazana 100 100 30 92.5 911 Mvuzi 10 50 10 295 24.4
Mngazi 50 20 10 76.0 45.( Eafa 70 80 10 63.0 64.4
Bululo 50 30 10 600 435 Mdesingane 10 30 10 295 199
Mtambane 40 20 10 41.5 32.4 Sezela 40 50 10 76.5 486
Mzimvubu 90 90 30 730 79.8 Mkumbane 10 40 10 505 276
Ntlupeni 30 10 10 54.0 29.( Mzinto 30 80 10 640 494
Nkodusweni 70 40 10 495 514 Mzimayi 10 40 10 245 211
Mntafufu 60 70 30 77.0 63.8 Mpambanyoni 20 50 10 490 338
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ESTUARY S H z B Imp ESTUARY S H z B Imp
Mahlongwa 30 40 10 440 34.0 Mhlali 60 90 10 80.0 675
Mahlongwana 30 80 10 48.0 45D Seteni 10 80 10 375 344
Mkomazi 80 60 30 915 729 Mvoti 60 30 70 805 586
Ngane 10 40 10 67.0 31.8 Mdlotane 60 90 10 65.0 638
Umgababa 50 60 10 63.0 518 Nonoti 60 60 10 745 58.4
Msimbazi 50 50 10 845 546 Zinkwasi 80 90 10 80.0 75%
Lovu 40 80 10 78.0 56.5 Tugela/Thukela 80 50 70 71.0 693
Little Manzimtoti 10 80 10 375 344 Matigulu/Nyoni 90 70 30 89.0 788
Manzimtoti 30 70 10 84.0 515% Siyaya 30 60 10 47.0 398
Mbokodweni 30 40 10 720 41 Mlalazi 90 90 30 955 854
Sipingo 30 100 10 635 539 Mhlathuze 100 100 80 535 864
Durban Bay 90 100 80 925 92.4 Richard's Bay 100 O 80 85.0 693
Mgeni 70 90 10 86,5 73.1
Mhlanga 80 70 10 79.0 704
Mdloti 80 90 10 69.0 728
Tongati 70 80 10 545 62.4
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Estuaries that currently have protection status and the current list of required protected areas to
sustain biodiversity are given in Tables D.17 and D.18, respectively.

Table D.17: Estuaries with protected area statistuaries marked with a # are only partially prated

Bloukrans Kabeljous Mhlanga Sand#

Diep # Keurbooms # Mhlatuze Siyaya
Elands Knysna # Mlalazi Sout (east)
Elandsbos Krom Mpenijati Storms
Gamtoos # Kosi Msikaba St Lucia
Goukamma # Lottering Mtentu Swartvlei #
Goukodi Mbashe Nahoon # Tsitsikamma#
Gqutywa Mbizana # Ngoma Van Stadens
Groot (east) Mendu Nyoni Wilderness #
Groot (west) Mfolozi Orange #

Heuningnes Mgeni # Quko

Hluleka Mgobozeleni Seekoei #

Table D.18: Required protected areas: Minimum s#testuaries required in a protected area netwdck
represent 100% of species in the analysis, base¢amplementarity analysis. Estuaries which
are already protected are marked with an asterisk.

Additional Cumulative Additional Cumulative
Estuary spp spp % Estuary spp spp %

conserved conserved conserved conserved
1 StLucia* 246 246 44.9 17 Bot 2 518 94.6
2 Berg 95 341 62.2 18 Bushmans 1 519 94.7
3 Kosi* 17 358 65.3] 19 Nhlabane 1 520 94.9
4 Swartkops 74 432 78.8 20 Rietvlei* 2 522 953
5 Nyoni* 16 448 81.8 21 Mtamvuna 3 525 95.8
6 Wildevoelvlei 11 459 83.8 22 Palmiet 4 529 96|5
7 Wilderness* 10 469 85.6 23 Mvoti 2 531 96.9
8 Manzimtoti 4 473 86.3 24 Great Kei 2 533 97.3
9 Gouritz 4 477 87.0 25 Mgeni* 2 535 97.4
10 Swartvlei 8 485 88.5 26 Mpenjati* 2 537 98.
11 Heuningnes* 5 490 89.4 27 Mntafufu 2 539 98/4
12 Olifants 6 496 90.51 28 Mhlali 2 541 98.7
13 Knysna* 5 501 91.4 29 Mlalazi* 2 543 99.1
14 Keiskamma 5 506 92.83 30 Kromme 2 545 99.5
15 Kariega 6 512 93.4f 31 Goda 2 547 99.8
16 Lovu 4 516 94.2f 32 Mbashe 1 548 1000

The recommended extent of protection required and priority for rehabilitation for temperate estuaries
(Orange to M are also provided in Table D.19 (Turpie and Clark, 2007).
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Table D.19:

Summary of the recommended extent obtpction required and priority for rehabilitation

for each of the estuaries in the CFR area, givindhether the estuary is part of the core set requir@dmeet
biodiversity targets, the extent of protection repd (in terms of proportion of targeted habitatsnd
populations requiring full protection in a sanctua), the recommended proportion of terrestrial mangi
area to be included as a no-development area, ahd tater requirement, designated in terms of the
recommended management class. Note that the recermdad extent of protection and water requirements

should be seen as ideal goals. Source: Turpie &I®I2007.

Estuary Core Recommended Recommended Recommended Priority for
(West to East) biodiversity set extent of extent of minimum rehabilitation
sanctuary undeveloped Ecological (blank = not
protection margin Management required)
Clasd
Orange Core Half 50% BFC High
Olifants Core Half 50% A/B High
Verlorenvlei Half 50% B/C High
Berg Core Half 50% A/B High
Rietvlei/ Diep Core Half 50% A/B High
Hout Bay None - D Low
Wildevoélvlei None - D Low
Bokramspruit None - D Low
Schuster None - D
Krom Core All 100% A/IB
Silvermine All 25% B/C Low
Sand Core Half 25% A/B High
Eerste Core All 75% A/B High
Lourens Core All 75% A/IB Med
Sir Lowry's Pass None - D Low
Steenbras All 50% B/C
Rooiels All 50% B/C
Buffels (Oos) All 50% B/C
Palmiet Core All 50% A/B
Bot / Kleinmond Core Half 50% A/B High
Onrus None - D Med
Klein Core Half 50% A/B High
Uilkraals All 75% B/C High
Ratel All 75% B/C
Heuningnes Core All 75% A/B
Klipdrifsfontein Core All 75% A/B
Breedé Part 25% B/C High
Duiwenhoks None - D High
Goukou Core Half 50% A/B High
Gourits Core Half 50% A/B High
Blinde None - D
Hartenbos None - D Med
Klein Brak None - D High
Groot Brak None - D High
Maalgate None - D
Gwaing None - D Med
Kaaimans None - D
Wilderness Core Half 50% A/B High
Swartvlei Core Half 50% A/B High

! Management class denotes the future state of health of the estuary, from A (near natural) to D (functional), and with A-class

systems having greater water requirements than D-class systems.

% Cannot allow for special water requirement due to cost
% Included post-hoc due to stakeholder concern for its biodiversity importance, but cannot allow for special water requirement

due to cost
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Estuary Core Recommended Recommended Recommended Priority for
(West to East) biodiversity set extent of extent of minimum rehabilitation
sanctuary undeveloped Ecological (blank = not
protection margin Management required)
Clasd
Goukamma Core All 75% A/B High
Knysna Core Half 50% A/B High
Noetsie Core Half 50% A/B
Piesang None - D Med
Keurboom$ Core Half 50% A/B High
Matjies None - D
Sout (Oos) Core All 100% A/B
Groot (Wes) Core Half 75% A/B High
Bloukrans Core All 100% A/IB
Lottering Core All 100% A/B Low
Elandsbos Core All 100% A/IB Low
Storms Core All 100% A/B
Elands Core All 100% A/B Low
Groot (Oo0s) Core All 100% A/B Low
Tsitsikamma None - D Low
Klipdrif None - D Med
Slang None - D Low
Kromme Core Half 50% A/B High
Seekoei Core Half 50% A/B High
Kabeljous Half 50% B/C High
Gamtoos Core Half 50% A/B High
Van Stadens Core Half 50% A/B
Maitland Core All 75% A/B Low
Swartkops Core Half 50% A/B High
Coega (Ngcura) None - D
Sundays Core Half 50% A/B High
Boknes None - D
Bushman'’s Core Half 50% A/B High
Kariega Core Half 50% A/B High
Kasuka Half 50% B/C
Kowie Half 50% B/C High
Rufane None - D
Riet All 75% B/C
West Kleinemonde Half 50% B/C
East Kleinemonde Half 50% B/C
Klein Palmiet None - D
Great Fish Core Half 50% A/B High
Old woman's All 75% B/C Low
Mpekweni Half 50% B/C Med
Mtati Core Half 50% A/B
Mgwalana Half 50% B/C
Bira Half 50% B/C
Gqutywa Core All 75% A/B
Blue Krans None - D
Mtana All 75% B/C
Keiskamma Core Half 50% A/B High
Ngginisa All 75% B/C
Kiwane All 75% B/C

* Included Keurbooms instead of Piesang due to biodiv ersity importance, but it may not be possible to
make special provision for water due to cost.
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Estuary Core Recommended Recommended Recommended Priority for
(West to East) biodiversity set extent of extent of minimum rehabilitation
sanctuary undeveloped Ecological (blank = not
protection margin Management required)
Clasd
Tyolomnga Half 50% B/C Low
Shelbertsstroom None - D High
Lilyvale All 50% B/C
Ross' Creek None - D
Ncera All 75% B/C
Mlele All 75% B/C
Mcantsi All 75% B/C Med
Gxulu Half 50% B/C High
Goda Core All 75% A/B
Hlozi None - D
Hickman's All 75% B/C Low
Buffalo None - D High
Blind None - D Low
Hlaze None - D High
Nahoon None - D High
Qinira Half 50% B/C
Gqunube Half 50% B/C Med
Kwelera Half 50% B/C Med
Bulura Half 50% B/C Med
Cunge None - D
Cintsa Half 50% B/C Med
Cefane Half 50% B/C
Kwenxura Core All 75% A/B
Nyara All 75% B/C
Haga-haga All 75% B/C
Mtendwe All 75% B/C
Quko Core Half 50% A/B
Morgan None - D Med
Cwili None - D Low
Great Kei Core Half 50% A/IB Low
Gxara All 75% B/C Low
Ngogwane All 75% B/C Low
Qolora All 75% B/C
Ncizele All 75% B/C
Kobongaba All 75% B/C Low
Nxaxo/Ngqusi Core All 75% A/B
Cebe All 75% B/C
Gqunge All 75% B/C
Zalu All 75% B/C
Ngqwara All 75% B/C
Sihlontlweni/Gcini All 75% B/C
Qora Core Half 75% A/B
Jujura None - D Low
Ngadla All 75% B/C Low
Shixini Core All 75% A/B Low
Ngabara Half 75% B/C
Ngoma/Kobule All 75% B/C
Mendu All 75% B/C
Mbashe Core All 75% A/B Low
Ku-Mpenzu Core All 75% A/B
Ku-Bhula/Mbhanyana Core All 75% A/B
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Estuary Core Recommended Recommended Recommended Priority for
(West to East) biodiversity set extent of extent of minimum rehabilitation
sanctuary undeveloped Ecological (blank = not
protection margin Management required)
Clasd
Ntlonyane Core All 75% A/B
Nkanya Core All 75% A/B
Xora Half 75% B/C
Bulungula All 75% B/C
Ku-amanzimuzama None - D
Mncwasa All 75% B/C
Mpako All 75% B/C
Nenga All 75% B/C
Mapuzi All 75% B/C Med
Mtata None - D High
Mdumbi Core Half 75% A/IB
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APPENDIX E:
TEMPLATES TO BE COMPLETED BY SPECIALISTS AS
PART OF PRELIMINARY DETERMINATION OF THE
ECOLOGICAL WATER REQUIREMENTS FOR ESTUARIES
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IMPORTANT NOTES

e The purpose of these templates is to provide a means of distilling key issues from the more
detailed individual specialist reports for inclusion in the main Estuarine Ecological Reserve
Report. Individual specialists can best extract key issues on their specific components,
therefore they are asked to complete these.

e ltis very important that specialists familiarise themselves with the method for determination of
the Estuarine Ecological Water Requirements to be able to put these templates in context and
participate efficiently in this process. In particular, it is important that specialists consult the
RDM Methodology to determine the scoring rules for the Estuarine Health Index.

« Templates need to be completed prior to the specialist workshop, in the following sequence:

Abiotic components:
- Hydrology
- Hydrodynamics
- Water quality
- Sediment dynamics

Biotic components:

- Microalgae

- Macrophytes
Invertebrates
- Fish
- Birds

e Criteria for confidence limits attached to statements in this study are as follows:

LIMIT DEGREE OF CONFIDENCE
Low If no data were available for the estuary or similar estuaries (i.e. < 40%)
. If limited data were available for the estuary or other similar estuaries (i.e. 40% —
Medium 80%)
High If sufficient data were available for the estuary (i.e. > 80%)

« NOTE: If the hydrology has low confidence, then the overall confidence of a study is low.
Similarly, if the links between flow and abiotic processes (especially mouth status) are poorly
quantified then the overall confidence of a study is low

* The templates provided in this Appendix should be used as a guideline only. These can be
modified if deemed necessary, provided that the required information is still reported on.
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Appendix E

E.1 Templates for Baseline Data Availability

E.1.1 Rapid Level

COMPONENT DESCRIPTION OF AVAILABLE DATA (including DATE) REFERENCE

o

Hydrology 2
K I Fvpvpvws

Hydrodynamics

(Sediment Dynamics)

Water Quality

Microalgae

Macrophytes

Invertebrates

Fish

Birds

E.1.2 Intermediate and Comprehensive Levels

Data availability on hydrology, hydrodynamics and water guality (see Table 3.1a-d in the Main Report for details)

REQUIRED DATA

AVAILABILITY

COMMENT

Simulated runoff data for Reference Condition, Present State
and a range of future run-off scenarios

Flood hydrographs

Sediment grabs, Sediment cores, Bathymetric/topographical
surveys and Sediment load at head of estuary

Continuous flow gauging

Water level recordings and mouth observations

Water levels along estuary

Wave conditions

Aerial photographs

Water quality of river inflow

Water guality in estuaries

Toxic substances

Effluent discharges

Data availability on microalgae (see Table 3.1e in Main Report for details)

DATA

AVAILABILITY

COMMENTS

Phytoplankton

Benthic microalgae

Data availability on macrophytes (see Table 3.1f in the Main Report for details)

REQUIRED DATA

AVAILABILITY

COMMENTS

Aerial photographs

Number of plant community types

Permanent transects

Data availability on invertebrates (see Table 3.1g in the Main Report for details)

REQUIRED DATA

AVAILABILITY

COMMENTS

Zooplankton

Benthic invertebrates

Bacrocrustaceans

Data availability on fish (see Table 3.1h in the Main Report for details)

REQUIRED DATA

AVAILABILITY

COMMENTS

Seine and gill nets open phase.
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Data availability on birds (see Table 3.1i in the Main Report for details)
REQUIRED DATA AVAILABILITY COMMENTS

Full bird count

E.2 Templates for Determination of Recommended Ecol

Levels)

E2.1

Present State

ABIOTIC COMPONENT

1. Described seasonal variability in river inflow
2. Describe present flood regime

3. Describe anthropogenic influences

ogical Category (All

(based on present state simulated runoff scenario)

(to be included in Comprehensive level determinations)

, other than modification of river inflow, that are presently affecting the

abiotic characteristics in the estuary and how, e.g.:

Timing of breaching events;
Artificial breaching Breaching at too low water levels resulting in increased
sedimentation.
Mouth stabilization Modifying tidal flows and mouth status
Bank stabilization & Loss/ degradation of habitat
destabilization
Bridge(s) Structures impedes tidal and/or floods flows
Weirs Loss/ degra.dation of habitat;
Structures impedes tidal and/or floods flows
Causeway Loss/ degra.dation of habitat;
- Structures impedes tidal and/or floods flows
o Structures impedes tidal and/or floods flows; and cause
g_ Marina development modification in habitat
o
% Modifies mouth status or cause destruction/alternation in
g Dredging habitat
c
$ Activity causes destruction/alternation in habitat and water
3 Mining (e.g. sand winning) quality
g . .
— | Poor agrlqulturgl p.ractlces Destruction/alternation in habitat
(e.g. causing siltation)
Carrying capacity exceeded | Number of boats/people/windsurfers;
resulting from boating, Possible secondary effects such as habitat alteration,
bathers etc. increase in resuspended sediment and turbidity
Low-lying developments Area (ha) of habitat lost or degraded
!_ack of maintenance of Alteration in habitat and water quality
infrastructure (e.g. roads
and bridges)
Migration barrier in river Structures impeding migration of biota
Other ...
Waste water treatment Location; load/volume/rate
] works
S Municipal waste (including
: > : Source and load/volume/rate
£ 2| sewage disposal)
8, § Lr;%lfiimal eff'”er?t (including List contaminants (e.g. toxic substances)
lls! g water) discharges
% Litter Source and loads
= Mariculture waste products | Source and loads
Polutionrelated-to-shipping—Listcontaminants{e.g—toxic-substances)
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activities in harbours
Septic and conservancy
tank seepage
Agricultural and pastoral
run-off containing fertilisers, | Source and load, List contaminants (e.g. toxic substances)
pesticides and herbicides
Contaminated storm-water
or groundwater

Lack of maintenance of
infrastructure (e.g. sewage Source and load, List contaminants (e.g. toxic substances)
works)
Other water quality activities | .....

Location; loads

Source and load/volume/rate

4. Describe the present sediment processes  (to be included in comprehensive level determinations)

NOTE: A description of sediment processes needs to include reference to supratidal, intertidal and subtidal
habitat

5. Determine typical states (referred to as abiotic states), e.g.:

STATE FLOW RANGE (m°/s)
State 1: Strongly freshwater dominated >20 m°ls
State 2: Freshwater dominated, but saline intrusion in lower reaches 10-20 m°/s
State 3: Marine and freshwater influence on the estuary is balanced 5-10 m°/s
State 4: Strongly marine dominated <5m’/s

6. Describe each abiotic state in terms of the foll  owing abiotic characteristics and processes:

ABIOTIC STATE:
Typical flow patterns

Confidence:
State of the mouth :

Confidence:
Flood plain inundation patterns

Confidence:
Amplitude of tidal variation (indicative of exposur e of intertidal areas during low tide)

Confidence:
Retention times of water masses:

Confidence:
Total volume and/or estimated volume of different s alinity ranges:

Confidence:
Estimated (maximum) tidal velocities along the estu ary:

Confidence:
Salinity distributions in the estuary

Confidence:

System variables (Temperature, pH, suspended solids turbidity and dissolved oxygen ):
Confidence:

Nutrients (inorganic nutrients and organic nutrients , Where available):

Confidence:

Toxic substances :

Confidence:
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6. Estimate the occurrence and duration of differen

t abiotic states during the Present State:

Use colour coding to indicate the average distribution of abiotic states over the simulated period, e.g.:

Year Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep

1927 1.97 7.90 2.79 1.09 0.49 | 13.20 | 3.46 0.00 | 49.57 | 10.97 | 21.10 | 27.42
1928 8.83 | 48.60 | 17.27 | 2.47 0.94 5.13 6.94 8.24 | 1541 | 76.96 | 71.26 | 21.82
1929 9.39 3.98 7.66 4.46 | 31.13 | 1852 | 4.14 2.67 2.05 6.46 | 35.94 | 56.80
1930 23.77 | 7.37 3.82 3.43 1.53 5.29 | 69.77 | 40.06 | 9.50 | 59.89 | 103.97 | 44.60
1931 65.64 | 17.58 | 34.48 | 11.63 | 32.69 | 4.28 0.87 | 11.75 | 21.45 | 32.98 | 21.88 | 141.31
1932 50.58 | 7.70 4.31 1.81 1.08 1.11 0.64 2.47 | 55.89 |100.96 | 68.18 | 26.16
1933 11.30 | 9.68 4.27 4.97 3.68 3.96 1.12 1.25 8.81 | 20.18 | 41.55 | 42.20
1934 90.47 | 40.79 | 6.77 241 1.98 1.27 7.04 | 25.49 | 25.06 | 39.63 | 39.90 | 28.24
1935 11.37 | 11.53 | 4.83 2.52 0.99 0.48 0.16 3.20 3.75 | 20.31 | 42.44 | 4264
1936 17.59 | 100.95 | 41.86 | 5.98 1.61 9.92 4.87 7.22 | 56.07 | 94.13 | 30.09 | 19.24
1937 8.82 7.07 9.24 6.54 0.96 6.73 | 14.23 | 28.25 | 13.24 | 20.83 | 29.00 | 31.62
....... 10.95 | 3.71 4.31 2.83 1.70 0.79 0.96 9.45 | 58.67 |227.94 | 63.51 | 96.18

[state 1:] <0.5 [state 2:[0.5 - 3.0[State 3:] 3.0- [State 4:[ 10.0- [State 5:[ >20.0 ||

For systems with strong seasonal variability in flows results can, for example, be presented as follow:

120

100

[ State4— | State 3
80 occasionally
also State 5

| State 2 ‘

Median flows

State 1

State2: State 3

State 4
frequently also State 5

60

Flows (m*/s)

40

20

State 2

| State 3|

10%ile flows

‘4* State 3 —

Jan Feb Mar Apr

For estuaries where variations
represented as follows:

May Sep

Oct

Dec

Nov

otic states’

Typcial flow periods
(based on median flows)

Probability of occurrence (in %) of different ‘abi

Feb

Mar

L =M | =M

Droughts
(based on 10%le flows)

Apr May Jun Jul Aug

Sep

‘ O Abiotic State 1 [JAbiotic State 2 Bbiotic State 3

within months are stronger than seasonal variation results can, for example, be
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BIOTIC COMPONENTS

NOTES:

In the Description of the Present State for each thie biotic components, a concise description o€ th
following should be provided:

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

- Biomass distribution and productivity

- Seasonal and inter-annual variability

- Assessment of any important (regional) relationshifith other nearby estuarine and marine systenys.

c

When describing the_effect of abiotic characterii as well as other biotic components on a biati
component,also indicate temporal dependencies, e.g. critiggriods of the year or exposure times,

where relevant.

In the assessment of Reference Condition, changebiotic components should be addressed in terms|of

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

- Biomass distribution and productivity

- Seasonal and inter-annual variability.

The causesof such changes should be provided. Where antlugenic influences, other than those
related to changes in river inflow, are the caugbese should be identified

Present Ecological Status (PES) is a measure of tihealth of a resource, based on a comparispn
between the Reference Conditi@md the_Present State

Motivations provided in the EHI should include a deription of the changeas well as the causef this
change. Motivations for the EHI score, thereforepuld largely be obtained from relevant sections |in
the Assessment of the Reference Conditi@e. ‘cut-and-paste’). Please make sure that thenfidence
limits provided in the assessment correspond with thasevided in the EHI tables.

Anthropogenic influences, other than modificatio n of river inflow, that are presently affecting the
biota in the estuary directly:

Number of anglers;

Number of boats;

Tonnage harvested; and

Species targeted and their status (e.g. collapsed).
Commercial/Subsistence | Number of licensed operators;

Recreational fishing

fishing (e.g. gillnet Tonnage harvested; and

fishery) Species targeted and their status (e.g. collapsed).
Number of traps;

Traditional fish traps Tonnage harvested; and

Species targeted and their status (e.g. collapsed).
Number of operators;

lllegal fishing (Poaching) | Tonnage harvested; and

Species targeted and their status (e.g. collapsed).
Number of harvesters;

Bait collection Biomass harvested;

Species targeted

Biomass harvested;

Species targeted and their status (e.g. collapsed).

Living Resources

Aquarium fish collecting

Inappropriate levels of How many events;

recreational activities Number of participants;

(e.g. fishing Species targeted and their status (e.g. collapsed).
competitions)

Version 2 PageE-7 May 2004



Determination of Preliminary Ecological Water Rearitents for Estuaries Appendix E

Number of licensed operators;
Mariculture Species targeted and their status (e.g. collapsed).
Harvesting of Biomass harvested;
mangroves and reeds / Species targeted
sedges
Grazing and trampling of | Extent of habitat damaged
salt mashes Affected species
Translocated or alien Species;
fauna and flora Numbers or area(ha) inhabited
Other ..... |

2. Describe the Present State of the biotic componen  ts:

MICROALGAE

Confidence:
MACROPHYTES

Confidence:
INVERTEBRATES (including Zooplankton, Benthic inverteb  rates and Macrocrustaceans)

Confidence:
FISH

Confidence:
BIRDS

Confidence:

3. Describe the effect of abiotic characteristics an ~ d processes, as well as other biotic components on
estuarine biota:

Microalgae:
ABIOTIC COMPONENT OR PROCESS BIOLOGICAL RESPONSE

Mouth condition (provide temporal implications
where applicable)

Exposure of intertidal areas during low tide

Subtidal, intertidal and supratidal habitat (amended
in 2008)

Sediment characteristics (including sedimentation)

Retention times of water masses

Flow velocities (e.qg. tidal velocities or river inflow
velocities)

Total volume and/or estimated volume of different
salinity ranges

Salinities

Other water quality variables (see above)

Other biotic components
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Macrophytes:
ABIOTIC COMPONENT OR PROCESS BIOLOGICAL RESPONSE

Mouth condition (provide temporal implications
where applicable)

Exposure of intertidal areas during low tide

Subtidal, intertidal and supratidal habitat (amended
in 2008)

Sediment characteristics (including sedimentation)

Retention times of water masses

Flow velocities (e.qg. tidal velocities or river inflow
velocities)

Total volume and/or estimated volume of different
salinity ranges

Salinities

Other water quality variables (see above)

Other biotic components

Invertebrates:
ABIOTIC COMPONENT OR PROCESS BIOLOGICAL RESPONSE

Mouth condition (provide temporal implications
where applicable)

Exposure of intertidal areas during low tide

Subtidal, intertidal and supratidal habitat (amended
in 2008)

Sediment characteristics (including sedimentation)

Retention times of water masses

Flow velocities (e.g. tidal velocities or river inflow
velocities)

Total volume and/or estimated volume of different
salinity ranges

Salinities

Other water quality variables (see above)

Other biotic components

Fish:

ABIOTIC COMPONENT OR PROCESS BIOLOGICAL RESPONSE
Mouth condition (provide temporal implications
where applicable)

Exposure of intertidal areas during low tide

Subtidal, intertidal and supratidal habitat (amended
in 2008)

Sediment characteristics (including sedimentation)

Retention times of water masses
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ABIOTIC COMPONENT OR PROCESS BIOLOGICAL RESPONSE
Flow velocities (e.qg. tidal velocities or river inflow
velocities)
Total volume and/or estimated volume of different
salinity ranges

Salinities

Other water quality variables (see above)

Other biotic components

Birds:

ABIOTIC COMPONENT OR PROCESS BIOLOGICAL RESPONSE
Mouth condition (provide temporal implications
where applicable)

Exposure of intertidal areas during low tide

Subtidal, intertidal and supratidal habitat (amended
in 2008)

Sediment characteristics (including sedimentation)

Retention times of water masses

Flow velocities (e.qg. tidal velocities or river inflow
velocities)

Total volume and/or estimated volume of different
salinity ranges

Salinities

Other water quality variables (see above)

Other biotic components

E.2.2 Reference Condition

ABIOTIC COMPONENTS

1

2.

Described seasonal variability in river inflow (based on Reference Condition simulated runoff scenario)
Describe flood regime for the reference condition (to be included in comprehensive level determinations)

Describe changes in sediment processes under refe  rence compared with present state  (to be included
in comprehensive level determinations)

Estimate the occurrence and duration of differen  t abiotic states during the Reference Condition:

Use colour coding to indicate the average distribution of abiotic states over the simulated period:

Year Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep

1927 1.97 7.90 2.79 1.09 0.49 | 13.20 | 3.46 0.00 | 49.57 | 10.97 | 21.10 | 27.42
1928 8.83 | 48.60 | 17.27 | 2.47 0.94 5.13 6.94 8.24 | 1541 | 76.96 | 71.26 | 21.82
1929 9.39 3.98 7.66 4.46 | 31.13 | 1852 | 4.14 2.67 2.05 6.46 | 35.94 | 56.80
1930 23.77 | 7.37 3.82 3.43 1.53 5.29 | 69.77 | 40.06 | 9.50 | 59.89 | 103.97 | 44.60
1931 65.64 | 17.58 | 34.48 | 11.63 | 32.69 | 4.28 0.87 | 11.75 | 21.45 | 32.98 | 21.88 | 141.31
1932 50.58 | 7.70 4.31 1.81 1.08 1.11 0.64 2.47 | 55.89 |100.96 | 68.18 | 26.16
1933 11.30 | 9.68 4.27 4.97 3.68 3.96 1.12 1.25 8.81 | 20.18 | 41.55 | 42.20
1934 90.47 | 40.79 | 6.77 241 1.98 1.27 7.04 | 25.49 | 25.06 | 39.63 | 39.90 | 28.24
1935 11.37 | 11.53 | 4.83 2.52 0.99 0.48 0.16 3.20 3.75 | 20.31 | 42.44 | 42.64
1936 17.59 | 100.95 | 41.86 | 5.98 1.61 9.92 4.87 7.22 | 56.07 | 94.13 | 30.09 | 19.24
1937 8.82 7.07 9.24 6.54 0.96 6.73 | 14.23 | 28.25 | 13.24 | 20.83 | 29.00 | 31.62
....... 10.95 | 3.71 4.31 2.83 1.70 0.79 0.96 9.45 | 58.67 |227.94 | 63.51 | 96.18
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[state 1:] <0.5 [state 2:[0.5 - 3.0[State 3:] 3.0- [State 4:] 10.0- [State 5:] >20.0 ||

Provide an overview of the seasonal distribution of states, e.g.:

Median flows Typcial flow periods
(based on median flows)

[+ State4—=!| State3 |State2 ~—— State] ————IState2] State3
80 occasionally | | |
also State 5

ar |
| |
20f | !

10%ile flows

Flows (m?/s)
8

Droughts
(based on 10%ile flows)

State 3,
| |

State2 ———= \~— State 3 —~

State 4
80 frequently also State 5

Probability of occurrence (in %) of different‘abi ot states’

Flows (m/s)
S

0 T N N N iy T ar May Jun Jul Aug Sep
Jan  Feb  Mar Apr  May Jun Jul Aug  Sep Oct Nov Dec O Abiotic State 1 TAbiotic State 2 Bbiotic State 3
BIOTIC COMPONENTS
Predict the change in biotic characteristics from t he Reference Condition to the Present State, as well as

motivate the cause of such changes:

MICROALGAE

Confidence:
MACROPHYTES

Confidence:
INVERTEBRATES (including Zooplankton, Benthic inverteb  rates and Macro crustaceans)

Confidence:
FISH

Confidence:
BIRDS

Confidence:

E.2.3 Present Status Category

ABIOTIC COMPONENT

Hydrology
VARIABLE SCORE MOTIVATION CONFIDENCE
a. % similarity in period of low
flows OR Present MAR as a %
of MAR in the reference
condition
b. % similarity in mean annual
frequency of floods

Hydrodynamics and mouth condition

VARIABLE SCORE MOTIVATION CONFIDENCE

Change in mean duration of

closure, e.g. over a 5 or 10 year
period

Anthropogenic influence (amended 2008):
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Percentage of overall change in
mouth conditions caused by
anthropogenic modifications (e.g.
artificial breaching)

Water quality

VARIABLE

SCORE

MOTIVATION

CONFIDENCE

1. Change in the longitudinal
salinity gradient (%) and
vertical salinity stratification

2a. Nitrate/phosphate
concentration in the estuary

2b. Suspended solids in present
in inflowing freshwater

2c. Dissolved oxygen in the
estuary

2d. Levels of toxins

Anthropogenic influence (amended 2008):

Percentage of overall change
salinity caused by anthropogenic
activity

Percentage of overall change in
nitrate and phosphate caused by
anthropogenic modifications

Percentage of overall change in
suspended solids caused by
anthropogenic modifications

Percentage of overall change in
toxic substances caused by
anthropogenic modifications

Physical habitat alteration

VARIABLE

| SCORE |

MOTIVATION

| CONFIDENCE

1. Resemblance of intertidal sediment structure and distribution to reference condition

la | % similarity in intertidal
area exposed

1b | % similarity in sand fraction
relative to total sand and
mud

2 | Resemblance of subtidal
estuary  to reference
condition:  depth, bed or
channel morphology

Anthropogenic influence:

Percentage  of  overall
change in intertidal habitat
caused by anthropogenic
activity as opposed to
modifications to water flow
into estuary

Percentage  of  overall
change which in subtidal
habitat caused by
anthropogenic
modifications (e.g.bridges,
weirs, bulkheads, training
walls, jetties, marinas)
rather than modifications to
water flow into estuary
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BIOTIC COMPONENT

Microalgae

VARIABLE

| SCORE |

MOTIVATION

| CONFIDENCE

Phytoplankton

1. Species richness

2a. Abundance

2b. Community composition

Benthic microalgae

1. Species richness

2a. Abundance

2b. Community composition

Macrophytes

VARIABLE

SCORE

MOTIVATION

CONFIDENCE

1. Species richness

2a. Abundance

2b. Community composition

Invertebrates

VARIABLE

| SCORE |

MOTIVATION

| CONFIDENCE

Zooplankton

1. Species richness

2a. Abundance

2b. Community composition

Macroinvertebrates

1. Species richness

2a. Abundance

2b. Community composition

Macrocrustacea

1. Species richness

2a. Abundance

2b. Community composition

Fish

VARIABLE

SCORE

MOTIVATION

CONFIDENCE

1. Species richness

2a. Abundance

2b. Community composition

Birds

VARIABLE

SCORE

MOTIVATION

CONFIDENCE

1. Species richness

2a. Abundance

2b. Community composition

Bird score

COMPONENT

DEGREE (%) TO WHICH
CHANGE IS CAUSED BY
NON-FLOW RELATED
ACTIVITIES

MOTIVATION

CONFIDENCE

Microalgae

Macrophytes

Invertebrates

Fish

Birds
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E.3 Quantification of Ecological Flow Requirement S  cenarios

NOTES:
¢ These templates need to be completed for each eftifditional scenarios provided for a specific syud

¢ Changes in biotic components should be predictederms of:

- Changes in species diversity, richness, rarity asainmunity composition (e.g. provide details on
endemic and Red Data species)

- Changes in biomass distribution and productivity

- Changes in seasonal and inter-annual variability.

The specific causes of predicted changes shoulgtmvided.
« Motivations provided in the EHI tables should cospond with the predicted changes discussed for eaich
the scenarios (i.e. one should be able to ‘cut-goakte’ relevant paragraphs). It is also importatitat the

confidence limits correspond.

¢ When allocating a score for the future scenario,should also represent similarity to Reference Cdiah
(it often helps to use the Present State scoretagisg point and work from there).

« For the rapid level determination only abiotic teriges need to be completed pritwr workshop for future
scenarios.
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ABIOTIC COMPONENTS

1. Describe seasonal variability in river inflow for each of the different flow scenarios  (based on simulated future runoff scenario)

Future Scenario 1

Future Scenario 2

Future Scenario 3

Future Scenario 4

Future Scenario n

2. Describe flood regime for each of the differentf  low scenarios (to be included in Comprehensive level determinations)

Future Scenario 1

Future Scenario 2

Future Scenario 3

Future Scenario 4

Future Scenario n

Version 2 May 2004
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3. Describe changes in sediment processes under futu

re scenarios compared with Reference Condition

(to be included in Comprehensive level determinations)

Future Scenario 1

Future Scenario 2

Future Scenario 3

Future Scenario 4

Future Scenario n

4. Estimate the occurrence and duration of differen

t abiotic states during the Reference State for each

Use colour coding to indicate the average distribution of abiotic states over the simulated period), e.g.:

of the Future Scenarios:

Year Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep

1927 1.97 7.90 2.79 1.09 0.49 13.20 3.46 0.00 49.57 | 10.97 | 21.10 | 27.42
1928 8.83 48.60 | 17.27 2.47 0.94 5.13 6.94 8.24 15.41 | 76.96 | 71.26 | 21.82
1929 9.39 3.98 7.66 4.46 | 31.13 | 1852 | 4.14 2.67 2.05 6.46 | 35.94 | 56.80
1930 23.77 7.37 3.82 3.43 1.53 5.29 69.77 | 40.06 9.50 59.89 | 103.97 | 44.60
1931 65.64 | 17.58 | 34.48 | 11.63 | 32.69 4.28 0.87 11.75 | 21.45 | 32.98 | 21.88 | 141.31
1932 50.58 | 7.70 431 1.81 1.08 1.11 0.64 2.47 | 55.89 |100.96 | 68.18 | 26.16
1933 11.30 9.68 4.27 4.97 3.68 3.96 1.12 1.25 8.81 20.18 | 41.55 | 42.20
1934 90.47 | 40.79 | 6.77 241 1.98 1.27 7.04 | 25.49 | 25.06 | 39.63 | 39.90 | 28.24
1935 11.37 | 11.53 4.83 2.52 0.99 0.48 0.16 3.20 3.75 20.31 | 42.44 | 42.64
1936 17.59 | 100.95 | 41.86 | 5.98 1.61 9.92 4.87 7.22 | 56.07 | 94.13 | 30.09 | 19.24
1937 8.82 7.07 9.24 6.54 0.96 6.73 | 14.23 | 28.25 | 13.24 | 20.83 | 29.00 | 31.62
....... 10.95 3.71 4.31 2.83 1.70 0.79 0.96 9.45 58.67 | 227.94 | 63.51 | 96.18

[state 1:] <0.5 |state 2:]0.5 - 3.0] State 3:| 3.0- [State 4:| 10.0- |State 5:] >20.0 ||
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Provide an overview of the seasonal distribution of states, e.g.:

Flows (m?s)
8 &8 8 8

Median flows

[« State4— State3  State2 State 1 State2 State 3
r occasionally
also State 5

I / \
10%ile flows
State 4 State 3 State 2 ~— State3—*
frequently also State 5
- ‘ L \ \ i —
Jan Feb Mar Axr My Jun Ju Aug Sep Oct Nov Dec

100

otic states'
]

Typcial flow periods
(based on median flows)

Probability of occurrence (in %) of different 'abi

Ax May Jun Ju Ag Cat Nov Dec

0O Avictic State 1 [lAbictic State 2~ Mbiotic State 3
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5. EHI Scoring of abiotic components

Hydrology: Describe the changes in the hydrology for the different run-off scenarios

Future Scenario 1

Future Scenario 2

Future Scenario 3

Future Scenario 4

Future Scenario n

7 oo : 5
a. % similarity in pgrlog of I]?W flows OR;.MAR Sl GRS b. % similarity in mean annual frequency of floods o I
Scenario in the reference condition veral
S Summary of change S Summary of change score
L/M/H y 9 L/M/H Y g
Present 5|\§|) 50% or 6 months ?\/(I) 1:20 year flood reduced by 20%
1
2
3
4
n
Version 2 May 2004
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Hydrodynamics and mouth condition: Describe the chang

es in the hydrology for the different run-off scena rios

Future Scenario 1

Future Scenario 2

Future Scenario 3

Future Scenario 4

Future Scenario n

Change in mean duration of closure, e.g. over a 5 or

10 year period

Scenario Score Summary of chan Overall score
L/M/H u yo ge
Present SN? 50% or 6 months
1
2
3
4
n
Version 2 May 2004
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Water quality: Describe the changes in the hydrolog y for the different run-off scenarios

Future Scenario 1

Future Scenario 2

Future Scenario 3

Future Scenario 4

Future Scenario n

L. Chgnges in angltudlnal 2a. Nitrate/ phqsphate 2b. Suspended solids in the 2c. Dissolved oxygen in 2d. Levels of toxins in the
sallr_1|ty gradl_e_nt gnd concentration in the estuary the estuary estuary
Scenario vertical stratification estuary Overall
Score Summary of Score Summary of Score Summary of Score Summary of Szor Summary of score
L/M/H change L/M/H change L/M/H change L/M/H change LM/H change
72 lls_trgtified
Present L { Salinity: 0-20
ppt
1
2
3
4
n
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Physical habitat alteration: Describe the changes in

the hydrology for the different run-off scenarios

Future Scenario 1

Future Scenario 2

Future Scenario 3

Future Scenario 4

Future Scenario n

1. Resemblance of intertidal sediment structure and distribution to reference condition 2. Resemblance of submerged estuary to
reference condition: depth, bed or
T . S . . channel morphology (i.e. based on
0, 0, 0,
cenio | ey e e | g ®'® | subidal naa, chamnl marphology. | Overal
Y p and taking degree of sedimentation, and score
obstruction or constriction into account)
Score Score Score
L/M/H Summary of change L/M/H Summary of change L/M/H Summary of change
Present [ © 25% (~50 Ha) [ © 25% muddy 90 $10% (~20 Ha)
1
2
3
4
n
Version 2 May 2004
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BIOTIC COMPONENTS

Predict the change in biotic characteristics of the future Scenarios compared with the Reference Condition, list the causes of these changes and provide the
confidence (H/M/L) in the predictions. Apply the guidelines for the EHI scoring:

Microalgae: Describe the changes for the differentr  un-off scenarios

Future Scenario 1

Future Scenario 2

Future Scenario 3

Future Scenario 4

Future Scenario n

Phytoplankton:
1. Species richness . .
Scenario (% similarity in brackets) 2a. Abundance 2b.Community composition
Score Score Score
LM/H Summary of change LM/H Summary of change LM/H Summary of change
72 (60) 85 80
Present L M L

1

2

3

4

n

Benthic microalgae:

1. Species richness . -
Scenario (% similarity in brackets) 2a. Abundance 2b.Community composition
Score Score Score
L/M/H Summary of change L/M/H Summary of change L/M/H Summary of change
72 (60) 85 80
Present L M L
1
2
3
4
n
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Scenario Minimum score Species richness

Minimum score Abundance

Minimum score Community composition

Overall
score

Present

S|h|IWIN|EF

Parameters used as a proxy for change:

PARAMETERS,
e.g.

PRESENT

FUTURE
SCENARIO 1

FUTURE
SCENARIO 2

FUTURE
SCENARIO 3

FUTURE
SCENARIO 4

FUTURE
SCENARIO 5

Mouth Closure

1 50%

175%

Floods

Salinity

Nutrients
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Macrophytes: Describe the changes for the different

run-off scenarios

Future Scenario 1

Future Scenario 2

Future Scenario 3

Future Scenario 4

Future Scenario n

1. Species richness . -
Scenario (% similarity in brackets) 2a. Abundance 2b.Community composition Overall
Score Score Score score
L/M/H Summary of change L/M/H Summary of change L/M/H Summary of change
Reeds & Sedges{ 5% (7 Ha)
Present 2 I(_60) i/? Saltmarsh & 5% (7 Ha) 8L0
Mangrovesf 2% (3 Ha)
1
2
3
4
n
Parameters used as a proxy for change:
PARAMETERS, PRESENT FUTURE FUTURE FUTURE FUTURE FUTURE
e.g. SCENARIO 1 SCENARIO 2 SCENARIO 3 SCENARIO 4 SCENARIO 5
Mouth Closure 1 50% 175%
Floods
Salinity
Nutrients
Version 2 May 2004
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Invertebrates: Describe the changes for the different run-off sc ~ enarios
Future Scenario 1
Future Scenario 2
Future Scenario 3
Future Scenario 4
Future Scenario n
Zooplankton:
1. Species richness . .
Scenario (% similarity in brackets) 2a. Abundance 2b.Community composition
Score Score Score
L/M/H Summary of change L/M/H Summary of change L/M/H Summary of change
72 (60) 85 80
Present L M L
1
2
3
4
n
Benthic invertebrates:
72 Species
rlch;les 2a. Abundance 2b.Community composition
SIEEMENE (% similarity in brackets)
Score Score Score
LM/H Summary of change L/M/H Summary of change LM/H Summary of change
72 (60) 85 80
Present L M L
1
2
3
4
n
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Macrocrustaceans:
1. Species richness . .
Scenario (% similarity in brackets) 2a. Abundance 2b.Community composition
SEE Summary of change SEE Summary of change SHf Summary of change
L/M/H L/M/H L/M/H
72 (60) 85 80
Present L M L
1
2
3
4
n
Scenario Minimum score Species richness Minimum score Abundance Minimum score Community composition C:éirrzn
Present
1
2
3
4
n
Parameters used as a proxy for change:
PARAMETERS, PRESENT FUTURE FUTURE FUTURE FUTURE FUTURE
e.g. SCENARIO 1 SCENARIO 2 SCENARIO 3 SCENARIO 4 SCENARIO 5
Mouth Closure 1 50%... 175%...
Floods
Salinity
Nutrients
Version 2 May 2004
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Fish: Describe the changes for the different run-of f scenarios
Future Scenario 1
Future Scenario 2
Future Scenario 3
Future Scenario 4
Future Scenario n
L EJEEES (RN 2a. Abundance 2b.Community composition
S— (% similarity in brackets) : : y comp Overall
SEE Summary of change SEfE Summary of change SEE Summary of change score
L/M/H L/M/H L/M/H
Estuarine residents { 5%
Estuarine dependent ©+ 7%
Present 72 (60) 85 Marine 4 20% 80
L M L
Freshwater ...
Catadromous....
1
2
3
4
n
Parameters used as a proxy for change:
PARAMETERS PRESENT FUTURE FUTURE FUTURE FUTURE FUTURE
e.g. SCENARIO 1 SCENARIO 2 SCENARIO 3 SCENARIO 4 SCENARIO 5
Mouth Closure 1 50% 175%
Floods
Salinity
Nutrients
Etc...
Version 2 May 2004
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Birds: Describe the changes for the different run-of

f scenarios

Future Scenario 1

Future Scenario 2

Future Scenario 3

Future Scenario 4

Future Scenario n

1. Species richness

(% similarity in brackets)

2a. Abundance

2b.Community composition

Overall

Scenario
Score

L/M/H

Summary of change

Score
L/M/H

Summary of change

Score
L/M/H

Summary of change

score

Present 2 I(_60)

85

Herbivores & 2%
Invertebrate feeders ©+ 7%
Piscivores & 20%

80

S|A|WIN|F

Parameters used as a proxy for change:

PARAMETERS,
e.g.

PRESENT

FUTURE
SCENARIO 1

FUTURE
SCENARIO 2

FUTURE
SCENARIO 3

FUTURE
SCENARIO 4

FUTURE
SCENARIO 5

Mouth Closure

Floods

Salinity

Nutrients

Etc...
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E.4 Ecological Specifications

NOTES:

The estuarine specialist team is required to defiBeological Specifications for the estuary based dre
Ecological Class. (The estuarine specialist teamancalso set Ecological Specifications based on
recommended Ecological Category if the ManagemeasS Decision making process is delayed, as hash
the case in most of the studies completed to date).

Ecological Specifications are clear and measuraileecifications of ecological attributes that defimespecific
ecological category. Although procedures for segtiEcological Specifications for estuaries have noten
formulated, it is envisaged that the concept of fBEsholds of Potential Concern’ (TPCs) will be use
Thresholds of potential concern are defined as maable end points related to specific abiotic orobc
indicators that if reached (or when modelling prex$ that such points will be reached) prompts maasagent
action. In essence, thresholds of potential contemndpoints should be defined such that they praviearly
warning signals of potential non-compliance to Eaglical Specifications (i.e. not the point of ‘notian’). In
essence, this concept implies that the indicatoos (nonitoring activities) selected as part of longrm
monitoring programme need to include biotic and akic components that are particularly sensitive

2

to

ecological changes associated with changes in riwglow.

Templates are provided on the following page.
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ABIOTIC COMPONENTS:

COMPONENT ECOLOGICAL SPECIFICATION THRESHOLD OF POTENTIAL CONCERN POTENTIAL CAUSES

Hydrodynamics

Sediment dynamics

Water Quality

BIOTIC COMPONENTS:

COMPONENT ECOLOGICAL SPECIFICATION THRESHOLD OF POTENTIAL CONCERN POTENTIAL CAUSES

Microalgae

Macrophytes

Invertebrate

Fish

Birds

Version 2 May 2004
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E.5 Resource Monitoring Programme

NOTES:
The Resource Monitoring Programme, as part of thetdrmination of the preliminary Ecological Water

Requirement studies should, therefore, includes:

¢ Additional ‘baseline’ requirements, using the recanended baseline data requirements listed in Tables
3.1ato 3.1i as guidance.

¢ Long-term monitoring programme.

In both instances, the components listed should len prioritised, using for examples colour codings
indicated below:

High priority, considered as a minimum requiremefdr a suitable baseline data set or as|a
minimum list of indicators to sufficiently monitothe effectiveness of the Reserve
Medium priority, will improve the confidence of thessessment or auditing process and
should be added to the process if funding is ashle.
Low priority, will add to the overall confidence dhe assessment or auditing process, but not
considered to be a critical indicator.

The following details need to be provided as pdrtte long-term monitoring programmes:

e Selection of indicators, motivated in terms of thedlevant Ecological Specification and TPCs
¢ Monitoring actions and temporal and spatial scalaswhich monitoring action needs to be executed

- Estimated human resource requirements to execute tesource monitoring programme.

Templates are provided on the following page.
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Additional Baseline data requirements:

ABIOTIC
COMPONENT

MONITORING ACTION

TEMPORAL SCALE
(frequency and when)

SPATIAL SCALE
(No. Stations)

Hydrodynamics

Sediment Dynamics

Water Quality

BIOTIC
COMPONENT

MONITORING ACTION

TEMPORAL SCALE
(frequency and when)

SPATIAL SCALE
(No. Stations)

Microalgae

Microalgae

Invertebrates

Fish

Birds
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Long-term monitoring programme:
TEMPORAL SCALE HUMAN RESOURCES (AS DAYS/YEAR)
ABIOTIC COMPONENT MONITORING ACTION RELATED) (FREQUENCY AND S el SAMPLING ANALYSIS REPORTING
TPC (STATIONS) 3 — —
WHEN) Scientist Tech Scientist Tech | Scientist | Tech
Hydrodynamics
Sediment Dynamics
Water Quality
TEMPORAL SCALE HUMAN RESOURCES (AS DAYS/YEAR)
BIOTIC COMPONENT MONITORING ACTION RE#’S(T:ED (FREQUENCY AND Sp(g':‘h gﬁg‘E SAMPLING ANALYSIS REPORTING
WHEN) Scientist Tech Scientist Tech | Scientist | Tech
Microalgae
Macrophytes
Invertebrates
Fish
Birds
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