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STRUCTURE OF THE MANUAL

The manual consists of the following modules:

o Module A: Ecoclassification and Ecostatus Models

o Module B: Geomorphological Driver Assessment Index (GAI)

o Module C: Physico-Chemical Driver Assessment Index (PAI)

o Module D: Fish Response Assessment Index (Frai) Volume 1 & 2

o Module E: Macro-Invertebrate Response Assessment Index (MIRAI)
(Volume 1)

o Module F: Riparian Vegetation Response Assessment Index (VEGRAI)

o Module G: Index of Habitat Integrity

This report is Module D - Volume 2, which explains the background and the process
to formulate a Fish Reference Frequency of Occurrence (FROC) database. This
database is included on the CD as an Excel spreadsheet.

Modules B, C, E (Volume 2) and G will be published towards the end of 2008.

The Fish Reference Frequency of Occurrence (FROC) database provides support for
the FRAI model discussed in Module D - Volume 1.

PURPOSE OF THE REFERENCE FROC

To provide consistent Fish Reference Frequency of Occurrence (FROC) for more
than 700 fish sites in South Africa.

HOW SHOULD THE DATABASE BE USED?

To support and apply

* the FISH RESPONSE ASSESSMENT INDEX (FRAI)
(Module D — Volume 1)

= procedures that requires a reference fish assemblage
(e.g. extrapolation from known sites to unknown sites)

NOTE: Itis strongly recommended that the users participate in training courses
and/or contact the authors of this document when using the database.
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The CD issued with this report “Reference Frequency Of Occurrence Of Fish Species
In South Africa (FROC)”, Module D - Volume 2, (WRC Report TT331/08), contains an
electronic copy of the report as well as its supporting models. The other modules in
the series are also provided. An inventory is given on the CD.

RIVER ECOCLASSIFICATION MANUAL FOR ECOSTATUS DETERMINATION
(VERSION 2)

Module D: Volume 2: Reference Frequency of Occurrence of Fish Species in
South Africa (FROC) (WRC Report TT331/08)

The FROC report, FROC.doc, is supported by a database and maps:

(i) The database provides the Fish Frequency of Occurrence for each of
the 19 Water Management Areas (WMAs): WMA*.x|s

(i) FROC Maps for each WMA which shows the locality of all the sites for
which the FROC has been undertaken: WMA*.jpg files

Also refer to
Module D - Volume 1: Fish Response Assessment Index (FRAI)
(WRC Report TT 330/08)
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EXECUTIVE SUMMARY

BACKGROUND OF ECOCLASSIFICATION

Ecological Classification refers to the determination and categorisation of the Present
Ecological State (PES; health or integrity) of various biophysical attributes of rivers
relative the natural or close to the natural reference condition. The purpose of the
EcoClassification process is to gain insights and understanding into the causes and
sources of the deviation of the PES of biophysical attributes from the reference
condition. This provides the information needed to derive desirable and attainable
future ecological objectives for the river.

The steps followed in the EcoClassification process are described in Module A of the
Manual for Ecostatus Determination. The EcoClassification process is an integral
part of the Ecological Reserve determination method and of any Environmental Flow
Requirement method. Flows and water quality conditions cannot be recommended
without information on the predicted resulting state, the Ecological Category.

The EcoStatus is defined as

"The totality of the features and characteristics of the river and its riparian areas that
bear upon its ability to support an appropriate natural flora and fauna and its capacity
to provide a variety of goods and services'.

In essence the EcoStatus represents an ecologically integrated state representing
the drivers (hydrology, geomorphology, physico-chemical) and responses (fish,
aquatic invertebrates and riparian vegetation).

BACKGROUND TO THIS MODULE ON THE REFERENCE FREQUENCY OF
OCCURRENCE OF FISH SPECIES (FROC)

Fish are considered to be one of the important indicators of river health and their
responses to modified environmental conditions are measured in terms of the Fish
Response Assessment Index (FRAI) (Kleynhans, 1999; Kleynhans et al., 2005). This
index is based on a combination of fish species habitat preferences as well as
intolerance to habitat changes, and the present frequency of occurrence of species
compared to the reference frequency of occurrence.

Various guidelines can be provided to enable assessors to derive the expected
reference list of species and their reference frequency of occurrence at a monitoring
site. However, variation in the interpretation of different assessors may potentially
cause different reference conditions being set for a particular site or section of river.

PURPOSE OF THE STUDY

e Stipulate fish reference frequency of occurrence attributes for each of the 638
national River Health Programme (RHP) sites as was specified for each of the 19
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Water Management Areas in South Africa. Stipulate fish reference of occurrence
attributes for additional fish sampling sites.

THE FROC IN THE FRAI

The list of species is based on species that are known to be present or to have been
present under close to reference habitat conditions. Species that are derived to have
been present under relatively recent reference habitat conditions are also identified.
The resulting species reference list is a combination of both of the above
approaches. The rating of the FROC refers to the reference fish frequency of
occurrence (FROC) in a particular ecologically defined reach of a river. Ratings are
scored from 1 to 5. For example, if a species under natural reference conditions
occurs at 3 out of 5 sites, its frequency of occurrence would be 60%, this would relate
to a frequency of occurrence rating of 4 (present at most sites; >50-75% of sites).

PROCESS TO DETERMINE THE FROC

The process is summarised as follows:

e Coordinators were identified to collate information in different parts of the country.

e This information was used to initiate the compiling of the database.

e The reference species list were compiled for each site and biophysical
information for sites identified.

e Maps were produced illustrating the localities of the sites.

e Workshops were held where the reference species list was refined and the FROC
ratings supplied.

e The database was verified and the results documented in this report.

THE RESULTS
The reference lists of fish species and the maps showing the sites are provided in

this document. The FROC is provided in the Excel database on the CD which is
attached to the report.
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1 INTRODUCTION

1.1 BACKGROUND

The River Health Programme (RHP) forms part of the National Aquatic Ecosystem
Health Monitoring Programme (NAEHMP). The RHP aims to assess the health of
rivers based on the response of biota (instream and riparian) to anthropogenic
changes of physical drivers (i.e. hydrology, geomorphology, and physico-chemical
variables) which relates to changes in habitat integrity (Kleynhans et al., 2005)

The response of biota to altered environmental conditions can only be assessed in
comparison to the reference condition. Reference conditions can be derived based
on, modelling, expert knowledge and historical data. This includes distribution data
as well as information on the habitat conditions under reference conditions. The
deviation of the condition of the biota from the reference condition, functions as an
indication of the health of a river (Kleynhans et al., 2005).

Fish is considered to be one of the important indicators of river health and their
responses to modified environmental conditions are measured in terms of the Fish
Response Assessment Index (FRAI) (Kleynhans, 1999; Kleynhans et al., 2005). This
index is based on a combination of fish species habitat preferences as well as
intolerance to habitat changes, and the present frequency of occurrence of species
compared to the reference frequency of occurrence.

Various guidelines can be provided to enable assessors to derive the expected
reference list of species and their reference frequency of occurrence at a monitoring
site. However, variation in the interpretation of different assessors may potentially
cause different reference conditions being set for a particular site or section of river.
Consequently it was decided to:

e Stipulate fish reference frequency of occurrence attributes for each of the 638
national RHP sites as was specified for each of the 19 Water Management Areas
in South Africa (Dallas, 2005). This information will eventually be used to
“customize” the FRAI models for each WMA.

e Stipulate fish reference of occurrence attributes for additional fish sampling sites.
These sites are considered to be important for assisting in setting reference
conditions for sites that can be used for Provincial Monitoring purposes, ad hoc
assessments, as well as for reserve determination and monitoring purposes. This
information will eventually be incorporated in FRAI model versions for each WMA.

This project forms part of the National Inception Phase of the River Health
Programme

Module D: FROC April 2008 Page 1-1



1.2 PURPOSE OF THIS REPORT

The purpose of the report is to document the process followed to establish the
reference frequency of occurrence (FROC) for specified sites for use in the FRAI and
to provide a database of results in a spreadsheet format and on maps.
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2 FREQUENCY OF OCCURRENCE

2.1 REFERENCE CONDITIONS

Reference conditions broadly refer to “expectations on the state of aquatic biological
communities in the absence of human disturbance and pollution” (www.epa.gov). In
the context of this report, it refers specifically to the fish species present in a
particular river reach and their frequency of occurrence under reference habitat
conditions.

Although the national RHP sites refer to specific sites, the purpose of these sites is to
be representative of a particular reach or section of river.

2.2 FRAI AND THE FROC

The information required for the operation of the FRAI (Kleynhans et al., 2005) is
provided in the sections below.

2.2.1 Reference list of fish species

The list of species is based on species that are known to be present or to have been
present under close to reference habitat conditions. This would include information
from historical sites within a particular river reach

Species that are derived to have been present under relatively recent reference
habitat conditions are also identified. This is based on the presence of species in
neighbouring catchments (including upstream and downstream reaches) with more
comprehensive fish distribution data. However, expert knowledge and judgment are
required to ensure that it is ecologically reasonable to make conclusions on the
presence or absence of a species. This includes consideration of the diversity of
habitats available under reference conditions as well as consideration of the degree
to which habitat have been changed from the reference situation.

Usually the resulting species reference list is a combination of both of the above
approaches

2.2.2 Rating of the reference fish FROC

This refers to the reference fish frequency of occurrence (FROC) in a particular
ecologically defined reach of a river. This means that FROC ratings are derived
based on conditions at the particular site as well as the available habitat in the reach
for species expected under reference conditions.
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Basic habitat conditions that were considered in terms of the FROC of species are
based on intolerance and preference rating as contained in the FRAI (Kleynhans et
al., 2005). The presence and abundance of habitat features such as velocity-depth
classes, cover types (including substrate) and the characteristics of the natural flow
regime (especially the degree of perenniality) in a river reach under reference
conditions formed the basis for the expert judgment of the FROC.

For example, if a species under natural reference conditions occurs at 3 out of 5
sites, its frequency of occurrence would be 60%, this would relate to a frequency of
occurrence rating of 4 (present at most sites; >50-75% of sites) (Table 3.2).

FROC as used for this assessment does not refer to the frequency of occurrence of
species at a site at different sampling points at a site. As indicated above, the FROC
refers to the number of sites (under reference conditions) where a species would be
expected to occur given the available habitat for the species and its habitat
preferences and intolerances. This is illustrated in Figure 2.1.

The FROC also does not refer to the abundance of a species as such (although the
abundance generally has a direct relationship with the frequency of occurrence).

REACH

4 times at each of 4 sites = FROC of 5

This means, that at each site, you could
find a specific fish species at one of the
survey points within a site (but it would be
present at each site).

Figure 2.1 Illustration of the FROC interpretation in ariver reach
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3 PROCESS

The following process was applied:

Five coordinators (fish specialists) were identified that were tasked with
consulting with key fish specialists in different regions of the country to obtain and
collate data in a prescribed format. The data sources available to these
specialists included personal observations, expert knowledge, and regional (e.g.
Provincial) databases. The fish distribution database of the Albany Museum and
the South African Institute of Aquatic Biodiversity (SAIAB) were also kindly made
available and were provided to the coordinators.

A spreadsheet was devised to capture data. This spreadsheet consists of two
sheets:

—Sheet 1 (WMA**): Information on the biophysical information at the site were
captured here and were provided to the coordinators (Table 3.1). The information
received from the coordinators were collated and used to compile maps of each
WMA (or subWMASs) which indicated EcoRegions, Quaternary Catchments and
geomorphic zones, RHP sites as well as all other fish sampling sites.

Table 3.1 Sheet 1 (WMA**) of the .xIs spreadsheet used to collate data.

FIELD NAME (ROW TITLE IN
SPREADSHEET)

DESCRIPTION

FROC Site Code

The RHP site code as used in Dallas (2005), or a code that indicates the
WMA number followed by the first letter of the WMA name, F (for fish)
and a unique site number.

INCORPORATED SITES

Sites that were combined to contribute to the RHP Site Code information

WMA

Official DWAF number of the WMA assessed

QUAT Quaternary catchment code according to WR90 (Midgley et al., 1994)
LATITUDE Decimal degrees
LONGITUDE Decimal degrees
MAJOR RIVERS Main river
TRIBUTARY If site is situated in a tributary of a larger river.
ECOREGION Level 2 EcoRegion as indicated in Kleynhans et al. ( 2005)
GEOMORPH ZONE Longitudinal geomorphic zone (Rowntree & Wadeson,1999)
ALTITUDE Altitude above mean sea level (m)

List of fish species (native and introduced), four letter code used as

indicated in Kleynhans et al. (2005):

e I=indicates spp. that can be referred to collected specimens,

FISH e 2=indicates spp. that have been sampled and positively

identified at a site,
e 3=indicates spp. that are derived to be present, or that could
have been present under reference conditions

Module D: FROC
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—Sheet 2 (FREQ): The information from sheet: WMA** was converted to the

format indicated in Table

2. This sheet was provided for use by participants

during the workshop to indicate the frequency of occurrence rating for species.

Table 3.2 Collated format
workshops

of sheet: FROC (cf. Table 3.1) for use during

FIELD NAME (COLUMN TITLE
IN SPREADSHEET)

DESCRIPTION

FROC Site Code

Cf. Table 1.

SPP

Cf. Table 1: species indicated as 1 & 2

XSPP

Species indicated as 3 in Table 1, as well as other species
suspected to be present under reference conditions.

FROC

Fish frequency of occurrence rating:
1=Present at very few sites (<10% of sites)
2=Present at few sites (>10-25%)
3=Present at about >25-50 % of sites
4=Present at most sites (>50- 75%)
5=Present at almost all sites (>75%)

CONFIDENCE

The confidence in the frequency of occurrence rating:
1=Low confidence

2=Low to moderate

3=Moderate

4=Moderate to high

5=High

RELATIVE ABUNDANCE

It is assumed that assessment is done during a year when a suitable
base flow is present. Rating:

1=1-5 individuals

2=6-50 individuals

3 >50 individuals

Or

1=Rare

2=Moderate

3=Abundant

Due to the high variability in natural abundance of fish, his rating
was only applied where an assessor had high confidence in the
rating. The rating is not used in the FRAI and is considered as
supplementary information.

COMMENT

Any comment that the assessor felt was relevant and important.

e Workshops: Key fish specialists in the country was invited to three workshops.
The regions were dealt with as follows:
— Cape Town workshop: Eastern Cape and Western Cape, WMA 12, 15, 16, 17,

18 and 10
— Pretoria workshop: Free

State and Northern Cape, WMAs 1, 2, 3,4, 5, 6, 7 and

Module D: FROC
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11.
— Hazyview: Mpumalanga, Limpopo, Northwest, Kwazulu-Natal, WMA 8, 9, 10,
13 and 14.

e At each workshop, key specialists were grouped to address specific WMAs which
they know well. The prepared spreadsheets and maps were provided to the
specialists.

e The specialist checked and verified the reference species and adjusted and
the FROC, confidence and abundance rated where necessary.

e The results of the workshops: The spreadsheets emanating from the
workshops were checked and verified on GIS to ensure that the correct
information was provided for each site. And sites that did not plot correctly
was taken out of the spreadsheet and stored separately. The final (FROC)
sites was printed on the maps provided in this report.

The verified spreadsheets (database) for each WMA are included as an electronic
appendix to this report.
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4 RESULTS

The results are provided as described below:

e The site geo-referencing and physical characteristics information as well as the
fish reference species list are provided in the tables below for each WMA. This
represents the first sheet of the database as illustrated in Table 3.1.

e Maps are provided of each WMA showing the sites used.

e Electronic database: The database is provided in the attached CD.
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