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Introduction

The South African Department of Water Affairs and Forestry
(DWAF), as custodians of the water resources of the country,
initiated the development of a National Aquatic Ecosystem
Biomonitoring Programme during 1995 (Roux, 1997). The pur-
pose of  this programme is the determination of the integrity or
health of aquatic systems using biota. However, it must be pointed
out that a distinction can be made between biotic integrity which
represents  comparison with near-natural conditions, and health
which represents conditions desired by humans but not necessarily
natural (Karr, 1996). The emphasis of this paper is on biotic
integrity which has been defined as “the ability to support and
maintain a balanced, integrated, adaptive community of organisms
having a full range of elements (genes, species and assemblages)
and processes (mutation, demography, biotic interactions, nutrient
and energy dynamics, and metapopulation processes) expected in
the natural habitat of the region” (Karr, 1996).

Macro-invertebrates have for some time been used as indica-
tors of the biological integrity of flowing waters in South Africa.
The most recent in this respect is the SASS community index
(South African Scoring System; Chutter, 1998). Fish received
general attention with reference to the intolerance of certain species
to particular environmental conditions in South Africa (i.e.
Kleynhans et al., 1992) but attributes of fish communities were

never integrated into an index context.
In the Okavango River of the neigbouring Namibia, attempts

were initiated (Hocutt et al., 1993) to select metrics for the devel-
opment of an index that approximates the North American Index of
Biotic Integrity. Hay et al. (1996) carried this attempt further but
included water quality characteristics in their index. This deviates
from the typical approach, which only considers biological compo-
nents in terms of their reaction towards perturbations but does not
take into account the perturbations themselves.

The purpose of the South African initiative is to develop an
index that can use readily available and measurable fish assem-
blage attributes that are responsive to human-induced environmen-
tal changes. The first effort in the development of a fish integrity
index will concentrate on rivers. Following this, natural lakes,
wetlands, estuaries and impoundments will receive attention. In
this context the following objectives of the envisaged fish index
were specified:

• The index must, in conjunction with other indices of biotic
integrity, provide information to inform the South African
public of the state of the nation’s rivers on a regular basis.

• It must be usable within the limits of the available information,
labour, expertise and financial resources.

• It must be structured in a fashion that allows easy adaptation
(i.e. recalculation of historic index values) when information
on fish assemblages improves.

• It should provide information and answers within the context
and framework of the recent (1998) legislation on South
African water resources. This legislation makes provision for
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Abstract

A biological integrity index that uses attributes of fish assemblages was developed and applied to a part of the Crocodile River
(Incomati System, Mpumalanga Province). Fundamentally, the fish assemblage integrity index (FAII) is based on the fish species
expected to be present in biological (fish habitat) segments which are sections of river with relatively homogeneous fish habitat.
Within this framework fish are categorised according to an intolerance index which takes into account trophic preferences and
specialisation, habitat preferences and specialisation, requirement for flowing water during different life-stages and association
with habitats with unmodified water quality. This intolerance index, the expected frequency of occurrence and expected health of
fish species in a particular fish habitat segment was used to formulate an index for the situation expected under minimally impaired
conditions which was used as the comparative basis for the observed (sampled) situation. The observed situation was expressed as
a fraction of the expected situation to arrive at a relative FAII index value which was grouped into one of six descriptive fish
assemblage integrity index classes. It was found that the index reflected several aspects of the modifications that have occurred in
the Crocodile River, i.e. water quality modifications, flow modifications and introduction of alien fish. However, flow releases from
Kwena Dam hampered fish sampling while the floods that occurred in the summer prior to the survey, extensively modified physical
habitat conditions that existed for some years. It was concluded that the index provides a broad, synoptic estimation of the biological
integrity of the river. It is highly likely that the index in its current form provides an underestimation of the biological integrity due
to the species expected to be present, being based on all species listed for a segment, and not on the fish species expected to be present
in the habitats actually sampled. It is suggested that refinement of the index should include development of  improved methodology
to determine not only the fish species expected per segment, but also species expected per habitat type. In its current form, the index
has the potential to provide qualitative, descriptive criteria for the desired ecological condition or integrity of rivers for management
purposes in terms of the new South African Water Law. The development of numerical criteria will, however, require development
in terms of the statistical properties (i.e. statistical power) of the index.
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the specification of the ecological requirements of the aquatic
resource, the so-called ecological reserve. Monitoring of fish
assemblages and interpretation of information by an index is
regarded as one of the means by which the appropriateness of
specified ecological requirements can be assessed.

• The index should be flexible enough to be useful in all the
ecoregions of South Africa, i.e. the fundamental structure of
the index should be generic and allow for the modification and
adaptation of the index to make provision for specific environ-
mental conditions.

• The index should be developed within a hierarchical frame-
work. Different levels of monitoring intensity should be made
provision for. At the early stage of the index development, the
emphasis will be on an index that provides a synoptic assess-
ment of the biotic integrity of rivers.

This paper reports on the development of a fish assemblage index
using fish sampling information from a section of the Crocodile
River, Mpumalanga Province, South Africa.

General description of study area

The Crocodile River rises at 2 150 m a.m.s.l. on the Steenkampsberg
mountains in the Mpumalanga Province of South Africa. The river
flows east through the Eastern Escarpment and mountainous pla-
teau area before it enters the Lowveld close to the town of Nelspruit
(600 m a.m.s.l.). After traversing the Lowveld it flows through the
Lebombo mountains before entering Mocambique near Komatipoort
(600 m a.m.s.l) (Fig. 1). The river has an approximate length of 320
km and drains a catchment area of 10 440 km2.

The following broad topographic zones can be distinguished in
the Crocodile River catchment:

• The Eastern Highveld Plateau with its eastern outliers. This
zone ranges from 1 400 to >2 000 m a.m.s.l.

• The Middleveld ranging from 800 to 1 400 m a.m.s.l.

• The Escarpment generally situated along the Eastern Highveld
and Middleveld.

• The Lowveld situated at an altitude <800 m a.m.s.l.

The rainfall pattern in the Crocodile River basin is related to the
topography and varies from 1 200 mm in the mountainous areas to
600 mm per year in the eastern Lowveld. The mean annual
precipitation is 880 mm, with 83% occurring from November to
April.

The following main forms of land use occur in the catchment
(DWAF, 1995):

• Forestry - the western half of the catchment, with annual
rainfall >800 mm, has the largest number of exotic plantations.
Some 1 722 km2, or 16.5 % of the catchment is covered by
exotic plantations.

• Dryland agriculture - these activities are located primarily in
the central parts of the catchment and take the form of maize,
subtropical fruits, nuts, citrus, coffee and vegetable cultivation.

• Irrigated agriculture - the primary crops grown include
maize, citrus, tobacco, sugar- cane and subtropical fruits.
About 91 000 ha of crops are irrigated with sugar-cane (21 000
ha) and citrus (20 000 ha) being the most important. The largest
areas of irrigation are located in the central and eastern regions
of the catchment.

• Nature conservation - the major area of nature conservation
activity in the catchment occurs within the southern portion of
the Kruger National Park.

• Mining and quarrying - the majority of mining activity has
occurred along the Kaap River and to some degree in the lower
Crocodile River.

• Domestic and industrial land use - the towns of Nelspruit and
White River are the focus of domestic and industrial land use
in the catchment, with smaller centres at strategic points across
the catchment. A large paper mill is situated at Ngodwana next
to the Elands River.

Figure 1
The Crocodile and Elands Rivers indicating sampling sites (•), segment numbers (S) and segment breaks (//)
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The Crocodile River and its tributaries have a marked seasonal and
year-to-year variation in flow. Highest flows occur during the wet
summer months and the lowest towards the end of the dry winter
months. Year-to-year variations may display a 3- to 5-fold differ-
ence. The natural mean annual runoff (MAR) of the Elands River
is 251 x 106 m3, and that of the total Crocodile River 1 446 x 106 m3

(DWAF, 1995).
The current land-use practices are estimated to have reduced

the natural MAR by at least 20 %. Afforestation played a major role
in this decrease. The hydrological characteristics of the river have
been changed considerably by the construction and commissioning
of the Kwena Dam (capacity = 167 x 106 m3 ). Generally, water is
released from the dam during the dry winter months to ensure that
a minimum flow of 7 m3/s reaches irrigation farmers along the
Crocodile River in the Lowveld. During the drought in 1993, no
water could be released for irrigation for several months. Apart
from the Kwena Dam, another seven major dams occur in the
catchment, while more than 200 small farm dams are also present
(1981 estimates). Increased afforestation and abstraction for agri-
cultural use have resulted in a marked decrease in winter flows from
many tributaries, with low flows having been almost eliminated
during winter months (DWAF, 1995).

The upper Crocodile River (i.e. upstream from the Crocodile-
Elands confluence) and the Elands River have generally good
quality water all year round. However, in the upper Crocodile and
Elands Rivers, trout farming has been identified as a source of
eutrophication while in the upper Elands, eutrophication due to
sewage treatment plants also occur. Downstream in the Elands
River, high electrical conductivity and chlorine concentrations
occur due to the presence of a paper mill at the confluence with the
Ngodwana River (Heath and Claassen, 1999).

In the middle sections of the Crocodile River water quality
deterioration occurs during the winter months. In the section from
Montrose to Nelspruit, exotic afforestation in the catchment of the
Nels River causes an increase in manganese background values, an
increase in sediment loads and a decrease in pH values during
logging operations.  Agricultural runoff here is related to increases
in electrical conductivity, trace elements and nutrients. A large
quarry at the confluence with the Gladdespruit is used as a dumping
site and is a source of increased manganese concentrations in the
Crocodile River. The section from Nelspruit to the confluence with
the Kaap River is associated with domestic runoff, littering and an
increase in nutrients. Industrial effluents from Nelspruit cause an
increase in manganese and boron concentrations, while major
sewage treatment works at the towns of Nelspruit, Matsulu and
Nkayamazane are sources of high nutrient loads in the river. Exotic
macrophyte (hyacinth, Eichhornia crassipes) infestation is com-
mon in parts of this section (Heath and Claassen, 1999).

The lower Crocodile River (downstream from the Kaap River
confluence) has poor water quality due to agricultural runoff,
which is associated with pesticides, increased trace elements,
nutrients and electrical conductivity. Hyacinth infestation is very
common in parts of this section and has been associated with
sporadic fish mortalities (probably due to low dissolved oxygen
concentrations). The Kaap River has a potential impact on the
lower Crocodile River due to agricultural runoff (increases in
pesticides, trace elements and nutrients). Mining activities in the
Kaap have a high impact on water quality in this river during low
flows (increases in sulphate, electrical conductivity, iron, zinc,
arsenic and cyanide, and a decrease in pH) (Heath and Claassen,
1999).

In general, a progressive decrease in water quality occurs in the
river with increasing distance downstream. Water quality require-

ments for the conservation of aquatic ecosystems are easily satis-
fied in the upper sections of most rivers in the catchment. The
middle sections of the Crocodile River are subjected to discharges
of treated industrial and domestic effluent, which have been
associated with stress on the aquatic ecosystems. In the lower
sections, increased sediment loads as well as elevated dissolved salt
concentrations have also been associated with stressed aquatic
ecosystems (DWAF, 1995).

The capacity of the Crocodile River in terms of its ability to
cope with anthropogenic disturbances without suffering adverse
effects is inversely related to the existing water quality and directly
related to the volume of water available. Where very little water is
available during the dry winter months, there is a corresponding
decrease in capacity of the river (DWAF, 1995).

This paper concentrates on the Crocodile River from its source
near Dullstroom, downstream to the town of Nkayamazane. The
Elands River from its source to its confluence with the Crocodile
River at Montrose is included.

Methods

Index of biotic integrity

During the last 10 to 15 years, the Index of Biotic Integrity (IBI)
gained considerable popularity as a method for the assessment of
the integrity of fish communities in the US (Karr and Dudley, 1981;
Karr  et al., 1986; Plafkin et al., 1989; Fausch et al., 1990) as well
outside the US (Hughes and Oberdorff, 1999) in countries such as
Canada (Steedman, 1988), Mexico (Lyons et al., 1995), France
(Oberdorff and Hughes, 1992) and Namibia (Hay et al., 1996).  A
typical version of the IBI would include a total of 12 community
attributes (metrics) that are compared to values expected for a
relatively unperturbed stream of the same size in the same ecologi-
cal region (Plafkin et al., 1989). Metrics are scored according to the
uneven integers 5, 3, and 1 respectively, representing conditions
that deviates slightly, moderately or strongly from situations at
reference sites (Fausch et al., 1990). The total score of metrics is
categorised according to professional judgement and a description
provided of the compositional attributes of the fish community in
each class. Usually total scores are presented directly, or may be
expressed as a percentage of the maximum (Lyons et al., 1995).
Simon and Lyons (1995) point out that the IBI is not a community
analysis but rather an analysis of several hierarchical levels of
biology that uses a sample of the assemblage.

The IBI has been criticised by Suter (1993) but with strong
counter arguments for the use of the index being presented by
Simon and Lyons (1995), Karr and Chu (1997) and Hughes et al.
(1998).

Although the ecological principles on which the IBI is based
are sound, its application in its original form as well as adapted
versions for use in different regions in the Northern Hemisphere,
present a number of problems when considered for use in South
African situations at this stage:

• Several of the metrics of the IBI require detailed historical and
ecological information that is often not available. Metrics
requiring proportionality are a particular problem as little pre-
impact information on this is usually available. Similarly,
Lyons et al. (1995) developed a preliminary IBI for streams in
west central Mexico but expressed concerns on the scarcity of
fish community data.

• The IBI as applied by certain environmental management
organisations in the US obviously represents a very large
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investment in equipment (special equipment being designed
for unique situations), financial resources and in a sufficiently
large and trained workforce (Ohio EPA, 1987).

• The north-eastern parts of the country represent environmental
conditions which often make it dangerous (i.e. the presence of
crocodiles, hippos, etc.) to do intensive sampling such as used
in many regions of the US.

• In the US, it was found that in prairie streams, the IBI did not
indicate a degradation of biotic integrity following the inten-
sive testing of armoured vehicles. Fishes in that study were
hardy and naturally adapted to droughts and flash floods. Their
presence and the structure of the community depend on their
rate of colonisation rather than habitat changes (Bramblett and
Fausch, 1991). A similar situation can be expected in many
South African rivers due to their high variability with regard to
environmental conditions associated with the variability and
unpredictability of rainfall and runoff within seasons and
between years. Many South African rivers can be expected to
have a naturally high disturbance regime to which the biota are
adapted. Several anthropogenic changes may actually mimic
these natural disturbance regimes.

Following their work on the Kavango River, Namibia, Hocutt et al.
(1993) came to similar conclusions and remarked that in the case
of “information poor” situations such as are often found in Africa,
it may be useful to have another look at more traditional approaches
of assessing biological communities. One of the approaches men-
tioned was the Jaccard similarity coefficient. This index involves
the observed number of species and the number expected (i.e.,
either based on historical information, between sites in the same
region or in comparison with a reference site). In this regard, Ramm
(1988) did develop his community degradation index (CDI) based
on the principles of the Jaccard similarity index. However,  he did
not include ecological aspects (i.e. trophic specialisation, habitat
specialisation and intolerance) in the CDI and considered abun-
dance information unsuitable. The CDI is also formulated based on
information theory.

The conclusion of Steedman (1988) that an approach based on
species lists from which species richness and local indicator
species can be obtained, can probably provide most key informa-
tion for IBI analysis, was important in the decision to develop an
alternative fish integrity index for South Africa.

The current approach

Fish habitat segments
Based on the above-mentioned considerations and the required
synoptic nature of the index envisaged for South Africa, it was
decided to develop the index based on the concept of the so-called
biological segment which has been described as “… a portion of a
stream in which the fish community remains generally homogene-
ous due to the relative uniform nature of the physical habitat”
(Ramm, 1988). Biological segments are comparable to geomorphic
segments which are defined as a portion of a stream flowing
through a single bedrock type and bounded by tributary junctions
or major waterfalls (Frissel et al., 1986). However, ecological
aspects such as water temperature, water quality and available
habitats also play an important role in determining the distribution
and abundance of a fish species in a segment. The boundaries of a
biological segment can be expected to vary according to the
temporal and spatial variability (natural and human-induced) of
environmental conditions in a segment. In the situation dealt with
in this investigation, it was decided to refer specifically to fish

habitat segments.
The purpose of defining fish habitat segments are to provide a

basis that can be used to specify reference biological conditions in
such segments with regard to the indigenous fish species that can
be expected to occur, their frequency of occurrence and general
health and well-being. In addition, it is potentially possible to
define reference habitat conditions that can be expected to occur at
a broad level.

For the current study, the following approach was followed in
the identification and delineation of fish habitat segments:

• Maps (1:250 000 and 1:50 000) and personal knowledge of the
river were utilised to divide the river into segments with
relatively homogeneous physical habitats. Breaks between
segments were often evident in the form of waterfalls, gorges,
dominant substrate types and dominance of features such as
pools, bedrock rapids and riffle areas. The approximate altitude
of such breaks was also recorded.

• Available distribution records for fish species were collated
according to sampling localities and took into account a provin-
cial fish database (1950s to 1990s), as well as Gaigher (1969),
Kleynhans (1984) and Kleynhans et al. (1992). This informa-
tion was grouped according to the identified river sections and
provided an estimation of fish habitat segments. Some fish
species have obvious gaps in their distribution range over the
length of the river and a certain degree of  “patching” was
applied in order to arrive at a realistic view of their “natural”
distribution pattern.  Eels (Anguilla spp.), for instance, migrate
upstream in rivers from the sea when young and gaps in their
distribution between the farthest upstream and downstream
points where recorded, were accepted as reflecting insufficient
sampling.

Although it cannot be claimed with total certainty that the final fish
habitat segments represent the natural situation (i.e. before any
development and disturbances occurred), it is surmised that this
portrays at least a reasonable reconstruction of natural fish distri-
bution patterns on a segment basis.

The fish assemblage integrity index (FAII)

The FAII aims to measure the biological integrity of a river as based
on the attributes of the fish assemblages native to the river. Alien
species (introduced indigenous and exotic species) are not included
as metrics in the FAII. Their presence and distribution are noted but
interpreted as possible causes for a decline in the FAII score.

The fish assemblage integrity index takes into account three
aspects of a fish assemblage:

• The relative intolerance of the indigenous fish species expected
to occur in every segment was estimated. Intolerance in this
context refers to the degree to which a species is able to
withstand changes in the environmental conditions under which
it occurs. This includes modification of physical habitat char-
acteristics (flow velocity, marginal vegetation, depth, bottom
substrate, etc.), as well as chemical characteristics of the water
habitat. Habitat and food preferences provide a large amount of
information, which is useful in determining the degree to which
a species can be regarded as tolerant, moderately intolerant and
intolerant. Experimental information on the intolerance of
various South African fish species is, however, largely lacking
and the assessment of the degree to which species are tolerant
or intolerant usually has to be based on field observations.
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Four components were taken into account in estimating the
intolerance of fish species, viz. habitat preferences and spe-
cialisation, food preferences and specialisation,  requirement
for flowing water during different life stages and association
with habitats with unmodified water quality. Each of these
aspects were scored for a species according to low requirement/
specialisation (rating = 1), moderate requirement/specialisa-
tion (rating = 3) and high requirement/ specialisation (rating =
5). The mean of these ratings for a species was calculated to
obtain an intolerance score that can lie between 1 (tolerant) and
5 (intolerant). A mean value of about 3 would indicate moder-
ate intolerance. Apart from personal experience,  the work of
Crass (1964), Gaigher (1969), Pienaar (1978), Kleynhans
(1984), Bell-Cross and Minshull (1988), Skelton (1993), Russell
and Rogers (1998) and Weeks et al. (1996) was utilised in
intolerance estimations.

Only the mean intolerance ratings for species are provided
in this paper.

• Abundance was not included as a metric in the index due to the
difficulty in obtaining quantitative information on this. How-
ever, Johnson (1967) found that fish species that are the most
frequently present in a certain habitat type, also tend to be the
most common in habitats where they are found. Therefore, the
frequency of occurrence of a species (i.e. the number of
sampling sites in a segment or habitats at a site it occurs at as
a ratio of respectively the total number of sites sampled in a fish
habitat segment or specific habitats sampled at a site) were
considered to be a useful metric on its own as well as a surrogate
for abundance. For each species expected to be present in a fish
habitat segment, the expected frequency of occurrence was
estimated and the observed frequency of occurrence calcu-
lated:

occurrence at <34% of sites in a segment, score = 1
(infrequent occurrence),
occurrence at 34 to 67% of sites in a segment, score = 3
(frequent occurrence)
occurrence at >67% of sites in a segment, score = 5
(widespread occurrence).

The expected frequency of a species may differ from segment
to segment and site to site within a segment  due to differences
in habitat availability and suitability. Where only one site was
sampled in a segment, frequency of occurrence was not consid-
ered in the calculation of the index. Only intolerance ratings
and health of species present were considered in such situa-
tions.

The historic fish database for the river and professional
judgment was used to estimate the expected frequency of
occurrence of species per fish habitat segments.

• The rating of general health and well-being presented problems
in the sense that few data exist that can be used to determine
expected or reference conditions. Consequently, guidelines
used in the application of the IBI in North America were
followed (Fausch et al., 1990). The percentage of fish with
externally evident disease or other anomalies was used in the
scoring of this metric. Parasite infestation was noted but not
used in this assessment due to the lack of correlation between
parasite burden and environmental quality (Simon and Lyons,
1995). The following procedure was followed to score the
health of individual species at a site:

frequency of affected fish >5%, score = 1,
frequency of affected fish 2 - 5%, score = 3,
frequency of affected fish <2%, score = 5

This approach is based on the principle that even under unim-
paired conditions, a small percentage of individuals can be
expected to exhibit some anomalies.

Fish habitats and fish sampling

Habitats were categorised according to flow-depth classes adapted
from Oswood and Barber (1982):

• Slow (<0.3 m/s), shallow (<0.5 m): This includes shallow
pools and backwaters. A small seine net (5 m long, 1.5 m deep,
mesh size = 1 mm) was used to sample fish. In some instances,
an electrical shocking apparatus (AC) was used. Capture
results were recorded as number of fish caught during each
effort with a net, or the number of fish caught per time unit
(minutes) with an electroshocker.

• Slow (<0.3 m/s), deep (>0.5 m): This includes deep pools and
backwaters. A large seine net (70 m long, 1.5 m deep, mesh size
2.5 cm) was used. A cast net (diameter = 1.85 m, mesh size =
2.5 cm) was used in pools not suitable for beach seining.
Capture results were recorded as number of fish caught during
each effort.

• Fast (>0.3 m/s), shallow (<0.3 m): Shallow runs, rapids and
riffles fall in this category. An electrical shocking apparatus
was used in these habitat types. Capture results were recorded
as number of fish caught per time unit (minutes).

• Fast (>0.3 m/s), deep (>0.3 m): Deep runs, rapids and riffles
fall under this category. An electrical shocking apparatus was
used in these habitat types. Capture results were recorded as
number of fish caught per time unit (minutes).

For each flow-depth class, the presence of features that provide
cover for fish (i.e. refuge from high flow velocity, predators, high
temperatures, etc.) was taken into consideration. Information on
the general habitat and cover preferences of fish species was
obtained from the available literature (Crass, 1964; Gaigher, 1969;
Pienaar, 1978; Kleynhans, 1984; Bell-Cross and Minshull, 1988;
Skelton, 1993; Russell and Rogers, 1998; Weeks et al., 1996) and
personal experience.  The following features were taken into
consideration:

• Overhanging vegetation - thick vegetation overhanging water
by approximately 0.3 m and not more than 0.1 m above the
water surface (Wang et al., 1996). Marginal vegetation is
included here.

• Undercut banks and root wads - banks overhanging water by
approximately 0.3 m and not more than 0.1 m above the water
surface (Wang et al., 1996).

• Stream substrate - various substrate components (rocks, boul-
ders, cobbles, gravel, sand, fine sediment and woody debris
“snags”) that provide cover for fish.

• Aquatic macrophytes - submerged and emergent water plants
were included.

Calculation of the FAII score

Fundamentally, the FAII consists of the calculation of an expected
value, which serves as the baseline or reference, the calculation of
an observed value and the comparison of the expected and observed
scores which provides a relative FAII score.

The expected FAII rating for  a fish habitat segment is calcu-
lated as follows:
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FAII value (exp) =  ∑ IT x ((F + H)/2)

where:
Exp = Expected for a fish habitat segment
IT = Intolerance  rating for individual

species expected to be present in a
fish habitat segment and in habitats
that were sampled

F = Expected frequency of occurrence
rating for individual species
expected to be present in a fish
habitat segment and at sites that were
sampled

H = Expected health rating for species
expected to be present.

The observed situation is represented by:

FAII value (obs) =  ∑ IT x ((F  + H)/2)

where:
Obs  = Observed for a fish habitat segment

The relative FAII score is calculated by:

Relative FAII score = FAII value (obs)/
FAII value (exp) x 100

Representativeness of the FAII score

The representativeness of the FAII is depend-
ent on the sampling efficiency,  the sampling
of  habitats in proportion to their presence at a
site, and the degree to which the selected
sampling sites are representative of a fish
habitat segment.

Regarding sampling efficiency, the prob-
lems of attaining quantitative fish samples in
rivers were pointed out by Hendricks et al. (1980). Within the
context of the requirement for a rapid biotic integrity assessment
procedure, the overall aim was to obtain a representative qualitative
sample of the species present at a site  (Hocutt, 1981). However, in
several instances it was only possible to sample certain of the
habitat types present at a site. It is unlikely, therefore, that all
species potentially present at a site were actually caught.

Interpretation framework of the FAII score

Interpretation of IBI scores often follow a descriptive procedure in
which the IBI score is classified into a particular class, labelled
from excellent to very poor (i.e. Karr et al., 1986). A comparable
approach was followed with the interpretation of relative FAII
scores by basing this on the habitat integrity classes of Kleynhans
(1996) (Table 1). The description of classes is of a more generic
nature than that of Karr et al. (1986). A more detailed descriptive
assessment of FAII classes will depend on the fish community
characteristics of specific fish habitat segments.

Results and discussion

Fish habitat segments

From its source to the town of Nkayamazane, a total of seven fish
habitat segments were distinguished in the Crocodile River. Three

segments were discernible in the Elands River (Fig. 1 and Table 2).
Under minimally impaired conditions, a total of 26 native fish
species is expected to occur in these segments.  A gradual increase
in species richness is evident with a decrease in altitude (Table 3).
The natural characteristics of fish habitat segments have been
variously modified by agricultural, silvicultural, industrial, recrea-
tional and urban development (Table 4).

Fish sampling results

During the survey in September and October 1996, flows down-
stream from the Kwena Dam in the Crocodile River  were higher
than expected due to releases for irrigation. In addition, the Croco-
dile River had a high baseflow due to higher than normal rainfall
that occurred during 1995/6. This resulted in several sites not being
suitable for sampling. Sampling sites (Table 5) were mainly
selected based on accessibility and availability of historical fish
sampling information. At the majority of sites sampled, electro-
shocking in fast-flowing water was found to be the most suitable
sampling technique.

The number of indigenous species expected in fish habitat
segments of the Crocodile River varied from 1 to 20, while the
number actually caught ranged from 1 to 13. In the Elands River the
3 to 8 species expected in the 3 segments were respectively  caught
(Table 3).

TABLE 1
FAII ASSESSMENT CLASSES

Class Description of generally expected conditions for Relative FAII
rating integrity classes score (% of

expected)

A Unmodified, or approximate natural conditions closely. 90 to 100

B Largely natural with few modifications. A change in 80 to 89
community characteristics may have taken place but
species richness and presence of intolerant species
indicate little modification.

C Moderately modified. A lower than expected species 60 to 79
richness and presence of most intolerant species. Some
impairment of health may be evident at the lower limit
of this class.

D Largely modified. A clearly lower than expected species 40 to 59
richness and absence or much lowered presence of
intolerant and moderately intolerant species. Impairment
of health may become more evident at the lower limit of
this class.

E Seriously modified. A strikingly lower than expected 20 to 39
species richness and general absence of intolerant and
moderately intolerant species. Impairment of health may
become very evident.

F Critically modified.  An extremely lowered species 0 to 19
richness and an absence of intolerant and moderately
intolerant species. Only tolerant species may be present
with a complete loss of species at the lower limit of
the class. Impairment of health generally very evident.
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Fish health ratings

Less than 2% of  the fish caught had any indication of anomalies.
Consequently, all fish were considered to be in good health.
Anomalies that were observed were parasitic infections such as
black spot and white spot.

Relative FAII score per segment

In the Crocodile River a general decrease in the relative FAII score
per fish habitat segment  was observed in a downstream direction,
while the relative FAII per segment remained consistently high in
the Elands River (Table 3).

Crocodile River: Segment 1
The one site sampled in the Crocodile River on the Verloren Vallei

Nature Reserve, contained only  Barbus
anoplus and the relative FAII score
was rated as Class A (unmodified, or
approximates natural conditions
closely). Other streams in this area are
known to contain only exotic rainbow
trout Oncorhynchus mykiss which may
have exterminated B. anoplus. Never-
theless, rainbow trout, although a pre-
daceous exotic, is considered an intol-
erant species due to its water quality
requirements and preference for cool,
clear water (Plafkin et al. 1989). Its
presence is, therefore, generally in-
dicative of good water quality and suit-
able cover in fast-flowing water.

Crocodile River: Segment 2
The one site sampled here contained
B. anoplus. This site is within a popular
trout angling area and although the
relative FAII score was rated as Class
A, only low numbers of B. anoplus
were caught. This may be the result of
predation by rainbow trout.

Crocodile River: Segment 3
Four of the six species expected were
caught and the segment was rated as
Class C (moderately modified) but very
close to a Class B (79.6%). However, it
must be emphasised that although
Anguilla mossambica and Amphilius
uranoscopus have not been recorded in
this segment, their presence cannot be
ruled out completely. The extent to
which the distribution of these species
has been influenced by the Kwena Dam
is uncertain, but they do occur down-
stream from the dam.
     Rainbow trout do occur in the up-
per part of this segment, but based on
the presence and abundance of indig-
enous species, evidently do not have a
major detrimental effect. The absence
of Barbus argenteus in the catch may,
however, be related to the presence of

rainbow trout. The two species have very similar habitat prefer-
ences and B. argenteus is known to be “troublesome” in trout
streams as it readily takes artificial flies (Le Roux and Steyn, 1968).
The presence of rainbow trout is considered to be indicative of good
water quality and cool, clear water with suitable cover, while both
Amphilius natalensis and C. pretoriae are species dependent on
flowing-water habitats and have a preference for substrate cover.
They are also associated with good water quality.

Chiloglanis  bifurcus was sampled in this segment during 1978
(Kleynhans, 1984) but not in 1996. However, a single specimen
was again caught in 1998 (Roux, 1998). If C. bifurcus is not
considered the integrity increase to Class B (largely natural). Only
two sites were sampled in this segment.

Exotic largemouth bass, Micropterus salmoides, exotic carp,
Cyprinus carpio and sharptooth catfish, Clarias gariepinus, (indig-
enous but introduced to this part of the system) have been released

TABLE 2
GENERAL CHARACTERISTIC OF FISH HABITAT SEGMENTS IN THE CROCODILE

AND ELANDS RIVERS

Fish Altitude General characteristics
habitat (m a.m.s.l.)
segments

Crocodile River

1 >2 000 1-2 m wide. Small rocky pools with riffles; steep slope.

2 2 000-1 400 5-10 m wide.  Rocky pools and runs with occasional
riffles and rapids and some small waterfalls; steep slope;
downstream boundary formed by a high (>50 m) waterfall.

3 1 400-1 200 10-15 m wide. Rocky pools, runs and small pools with
occasional riffles; steep slope.

4 1 200-800 15-20 m wide. Large rocky pools interspersed abundantly
with riffles and rapids; steep slope; large sections flow
through a relatively narrow valley. Downstream boundary
formed by a waterfall (Montrose).

5 800-650 20-30 m wide. Large rocky  pools and runs with occasional
rapids; riffles rare; moderate slope.

6 650-600 20-30 m wide. Large rocky pools and runs with occasional
rapids; riffles rare; moderate slope. Downstream boundary
formed by a waterfall.

7 600-500 30-40 m wide. Large rocky pools and runs with occasional
rapids; riffles very rare; moderate slope.

Elands River

1 >1 500 1-2 m wide. Small pools with occasional riffles. Moderate slope

2 1 500-1 200 15-20 m wide (mainstream). Large rocky pools with riffles
and rapids. Downstream boundary formed by high waterfall.
Steep slope.

3 1 200-800 15-20 m wide. Large rocky pools with abundant riffles
and rapids. Downstream boundary formed by small waterfalls.
Slope mostly steep.
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TABLE 3
FISH SPECIES EXPECTED TO BE PRESENT IN FISH HABITAT SEGMENTS 1 TO 7 OF THE CROCODILE RIVER, 1 TO 3 OF
THE ELANDS RIVER UNDER MINIMALLY IMPAIRED CONDITIONS, AND AS WAS OBSERVED DURING THE 1996 SURVEY.

PRESENCE INDICATED AS FREQUENCY OF OCCURRENCE RATINGS*

Species Intolerance          Crocodile River fish habitat segments Elands River fish
rating habitat segments

Frequency of occurrence ratings

1 2 3 4 5 6 7 1 2 3

Anguillidae

Anguilla bengalensis 3 1 (0)

 A. mossambica 3 5 (5) 3 (0) +(0) 3 (1) 5 (3)

Amphiliidae

Amphilius uranoscopus 5 5 (5) 3 (3) 1 (0) +(+) 5 (5)

A. natalensis 5 5 (5)

Cyprinidae

Barbus anoplus 2.5 +(+) +(+) 1 (1) 1 (0) +(+) +(+) 1 (1)

B. argenteus 4.5 3 (0) 1 (1) 1 (0) +(+) 1 (0) 5 (5)

B. eutaenia 4.5 3 (3)

B. marequensis 1.5 5 (5) +(+) 5 (5)

B. neefi 2.5 5 (5)

B. pallidus 2.5 3 (3)

B. polylepis 2.5 1 (0) +(0) 1 (1)

B. trimaculatus 2 +(+) 5 (1)

B. unitaeniatus 2 5 (0)

B. viviparus 3 1 (0)

Labeo cylindricus 3.5 +(0) 5 (1)

L. molybdinus 3.5 +(+) 5 (3)

Mesobola brevianalis 3.5 3 (0)

Opsaridium peringueyi 4.5 3 (3)

Mochokidae

Chiloglanis pretoriae 5 5 (5) 5 (5) 5 (5) +(+) 5 (5) 5 (5)

C. bifurcus 5 1 (0) 5 (5) 5 (5) 5 (1)

Clariidae

Clarias gariepinus 1.5 3 (3) +(+) 5 (3)

Mormyridae

Marcusenius macrolepidotus 2.5 3 (3)

Cichlidae

Oreochromis mossambicus 1 1 (0) +(0) 5 (1)

Pseudocrenilabrus philander 1 5 (5) 3 (3) +(+) 3 (5) +(+)

Tilapia rendalli 1 3 (0)

T. sparrmanii 1 1 (0) 3 (3) +(+) 3 (3) +(+) +(+) 5(5)

Species richness per segment 1 (1) 1 (1) 6(4) 9 (7) 11 (7) 12 (8) 20 (13) 3 (3) 3 (3) 8 (8)

Number of sites sampled 1 1 2 5 2 1 3 1 1 6

Relative FAII score (%) 100 100 79.6 88.0 71.8 66.7 60.8 100 100 91.6

Integrity class  rating A A C B C C C A A A

  Observed  frequency of occurrence indicated in parenthesis.   *: 1 - present at <34% of sites; 3 - present at 34 - 67 % of sites; 5 - present at > 67%
    of sites; + - insufficient information to estimate frequency of occurrence



ISSN 0378-4738 = Water SA Vol. 25 No. 3 July 1999 273Available on website http://www.wrc.org.za

TABLE 4
SUMMARISED DESCRIPTION OF MODIFICATIONS RELATED TO THE DEGRADATION OF FISH HABITAT INTEGRITY IN

FISH HABITAT SEGMENTS OF THE CROCODILE AND ELANDS RIVERS

Fish Altitude Description of modifications
habitat (m a.m.s.l.)

seg-
ments

Crocodile River

1 >2 000 No modifications in Crocodile River (Verloren Vallei Nature Reserve); some inundation (small weirs)
in parts of Lunsklip River.

2 2 000-1 400  Encroachment by exotic riparian vegetation along upper part. Some inundation (weirs) and development
(angling resorts) in upper part (Dullstroom). Runoff reduced by exotic plantations.

3 1 400-1 200 Cultivated lands in sections (water abstraction), grazing (some erosion), and exotic riparian vegetation
common in clumps along banks. Lower section inundated by Kwena Dam.

4 1 200-800  Cultivated lands in sections (water abstraction). Intensive flow regulation by Kwena Dam during drought
years in particular. Exotic riparian vegetation encroachment in areas. Runoff reduced by exotic plantations
in sections.

5 800-650 Cultivated lands common along several sections (water abstraction). Flow regulation by Kwena Dam -
probably somewhat alleviated by Elands River. Exotic riparian vegetation encroachment in areas.
Some inundation by weirs.

6 650-600 Cultivated lands common (water abstraction), as well as fruit processing. Flow regulation by Kwena Dam.
Water hyacinth (Eichhornia crassipes) common during most years.* Exotic riparian vegetation encroach-
ment in some sections.

7 600-500 Cultivated lands common along some sections (water abstraction). Weirs in some parts. Removal of bank
vegetation in sections. Some erosion in sections. Runoff from urban areas and industries (e.g. Nelspruit).
Flow regulation by Kwena Dam - somewhat dampened by Nels River. Water hyacinth common during
most years.

Elands River

1 >1 500 Grazing present in most areas. Exotic riparian vegetation encroachment in several sections. Small weirs
present. Cultivated lands along some sections.

2 1 500-1 200 Grazing in most areas. Some cultivated lands, and some abstraction for urban areas (Machadodorp and
Waterval Boven). Weirs in some sections. Exotic riparian vegetation encroachment along several areas.

3 1 200-800 Exotic riparian vegetation encroachment very common along most sections. Cultivated lands common
along some parts. Water abstraction also from Ngodwana tributary (paper mill). Runoff also reduced by
large exotic plantations.

*: Water hyacinth was not assessed based on its historic degree of infestation.

into the Kwena Dam (Kleynhans, 1988). These species which
generally prefer standing or slow flowing water, were not recorded
during the current survey and do not appear to pose a threat to the
indigenous species of the riverine part of this segment.

Crocodile River:  Segment 4
Seven of the nine species expected to be present were actually
caught at the five sites sampled. Barbus anoplus and Tilapia
sparrmanii were not found during the current survey. Both are
expected to be present in low numbers and to have a low frequency
of occurrence in this segment. Consequently, this segment was still

rated as Class B (largely natural). The presence of intolerant
species (i.e. A. uranoscopus, C. bifurcus and C. pretoriae) lends
credibility to this rating. However, the low numbers or absence of
species preferring slow-flowing habitats (i.e. B. anoplus, Pseudo-
crenilabrus philander and T. sparrmanii) may indicate the impact
of the flow regulatory effect of the Kwena Dam during the survey
when high flows were released prior to the start of the rain season.
Sampling at most sites was hampered due to these high flows.

During droughts and prolonged low-flow periods created by
the regulation of the Kwena Dam, it has been demonstrated that
species not naturally present in this segment of the river (Kneria
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TABLE  5
HABITATS SAMPLED AND COVER TYPES AVAILABLE AT SITES IN THE CROCODILE AND ELANDS RIVERS

Habitats

Slow deep   Slow shallow Fast deep    Fast shallow

OV UB SS AM OV UB SS AM OV UB SS AM OV UB SS AM

Crocodile  River (m a.m.s.l.)

Segment 1 (2 000 - 2 200)
Site 1 + +

Segment 2 (1 400 - 2 000)
Site 1 +

Segment 3 (1 200 - 1 400)
Site 1 + + + + +
Site 2 + +

Segment 4 (800 - 1 200)
Site 1 + + +
Site 2 + + +
Site 3 + + +
Site 4 + + +
Site 5 + + + + + +

Segment 5 (650 - 800)
Site 1 + + + + + + + +
Site 2 + + + + + + +

Segment 6 (600 -650)
Site 1 + + + + + +

Segment 7 (500 - 600)
Site 1 + + + + + + + + + +
Site 2 + + + + + +
Site 3 + + + + + +

Elands River (m a.m.s.l.)

Segment 1 (>1 500)
Site 1 + + + + + +

Segment 2 (1 200 - 1 500)
Site 1 + + + + + + + + +

Segment 3 (800 - 1 200)
Site 1 + + + + + + +
Site 2 + + + + + + + + +
Site 3 + + + + + +
Site 4 + + + + + + + + +
Site 5 + + + + + + + + +
Site 6 + + + + + +

OV: Overhanging vegetation,
UB: Undercut banks and rootwads
SS: Substrate
AM: Aquatic macrophytes
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auriculata and A. natalensis) enter the Crocodile River from small
tributaries, thereby increasing the species richness for a short
distance downstream from the dam wall (Kleynhans, 1988). At this
stage, it is not yet clear to what extent flow regulation will influence
the fish community of this segment in the long term.

Crocodile River: Segment 5
As in Segment 4, sampling in Segment 5 was also hampered by the
release of water from Kwena Dam with only the electro-shocker
and a cast net employed. Sampling was limited to two sites only.
Nevertheless, of the eleven species expected, seven were caught.
Three of these are intolerant species with a preference for fast
flowing water (A. uranoscopus, C. bifurcus and C. pretoriae) and
their presence made a major contribution to this segment being
rated as Class C (moderately modified) despite the absence of four
species in the catch. Based on the flow conditions prevailing during
the survey, this rating should be regarded as a minimum. If for
instance, the tolerant O. mossambicus and moderately tolerant B.
polylepis are not taken into account in the calculation of the index,
the integrity increases to Class B (largely natural).

This segment was subject to a large spill from a paper mill in
the Elands River in 1989 (Kleynhans et al., 1992). The presence of
intolerant species does indicate a considerable degree of recovery
since 1989.

Crocodile River: Segment 6
Although it has a fish community very similar to Segment 5,
species such as Labeo cylindricus, L. molybdinus and B. trimacu-
latus make their appearance in Segment 6. There is some uncer-
tainty regarding the possible historic (pre-development) presence
of C. bifurcus in Segment 6. It is known to be present in the middle
parts of the Gladdespruit tributary (Appleton, 1974; Kleynhans,
1984) which joins the Crocodile River here, but has never been
recorded in the Crocodile itself in this area. A large weir (Mataffin)
situated a small distance downstream from the Crocodile River
confluence with the Gladdespruit, cause inundation here and
together with urban and industrial pollution originating from
Nelspruit, may have led to the disappearance of C. bifurcus.

The Mataffin Weir somewhat moderated the flow releases
from the Kwena Dam during the survey and it was possible to
sample more effectively than in Segment 5. Twelve species were
expected in this Segment, eight of which were captured. Sampling
success in the weir impoundment was poor but downstream the
presence of the intolerant C. pretoriae indicates suitable riffle
habitat and water quality conditions during the survey. It must be
emphasised, however, that the relatively high abundance of
C. pretoriae in this segment is partly due to good cover provided by
a riffle created by cobbles and rubble apparently related to the
construction of the weir. This segment is characterised by bedrock
rapids rather than riffles.

The exotic species that have been recorded in this segment
previously, carp (Cyprinus carpio) and swordtail (Xiphophorus
helleri) (Kleynhans et al., 1992), were not caught during the current
survey. Carp is considered to be tolerant and is known for its
substrate disturbing feeding habits, while the swordtail is also
tolerant and may prey on fish larvae and damage indigenous fish
populations (Skelton, 1993). Carp is notoriously difficult to catch
with most sampling methods, while the absence of swordtail may
be related to low population numbers following the floods during
1996.

Although the relative FAII score for this segment is lower than
for Segment 5, it still falls within the limits of Class C (moderately
modified). As this assessment is based on one site only, this rating
must be considered as preliminary.

Crocodile River: Segment 7
Of the 20 species expected in this segment, 13 were captured. These
included the intolerant Barbus eutaenia, C. pretoriae and
Opsaridium peringueyi. The absence or low abundance of some
tolerant species (e.g. Barbus unitaeniatus, Oreochromis mossam-
bicus and Tilapia rendalli) is most likely related to the strong flows
that occurred and which made the sampling of deep runs in the
mainstream of the river, in particular, very difficult. However, the
relative FAII score still places this segment marginally in Class C
(moderately modified). Under more suitable sampling conditions
a somewhat higher relative score (but still in Class C) would not be
unreasonable to expect.

This segment was also influenced by the paper mill effluent
spill in the Elands River in 1989 (Kleynhans et al., 1992) while
prior to the 1996 floods, the stream substrate just downstream from
Nelspruit was covered by a black manganese containing deposit,
presumably related to the operations of a manganese processing
factory (Thirion, 1996). During the survey, however, the stream
substrate was clean.

Exotic carp and swordtail are known to occur here but were not
caught during the survey.

Elands River: Segment 1
All three species expected in the upper source stream of the Elands
River were caught which resulted in a relative FAII rating of Class
A (unmodified, or approximates natural conditions closely). Juve-
nile rainbow trout present at this site were probably stocked for
angling purposes and at this stage do not appear to exert any
influence on the native fish species.

Elands River: Segment 2
All three species expected for the Elands River were captured,
resulting in a relative FAII rating of Class A. Rainbow trout were
also captured here but evidently do not have a major detrimental
effect on the indigenous species.  This intolerant exotic and the
presence of the flow and high water quality dependent A. urano-
scopus indicate that instream habitats are in a good condition.

Elands River: Segment 3
Six sites were sampled in this segment and all eight species
expected to be present were caught. This contributed largely to the
relative FAII rating of Class A (unmodified, or approximates the
natural condition). Rainbow trout occur in the upper parts of this
segment, while juvenile largemouth bass and sharptooth catfish
(C. gariepinus; indigenous but artificially introduced into the
Elands River) have been recorded in the middle parts in the past
(Kleynhans et al., 1992). Apparently, these introduced species do
not have a large impact on the indigenous species of the segment.
More intensive monitoring is required, however, to assess their
impact properly.

During 1989, a large paper mill effluent spill occurred in this
segment at the confluence of the Elands and Ngodwana Rivers.
This caused massive fish mortalities in this part of the river
(Kleynhans et al., 1992). An attempt was made to assess the degree
of recovery of the river since 1989 by comparing the relative FAII
of the three sites upstream from the paper mill (1 200 - 900 m
a.m.s.l.) with three sites downstream from the mill (900 - 800 m
a.m.s.l.). As high flows due to local rainfall made the pools in the
upper section of this segment difficult to sample, only results from
electroshocker efforts in riffles and rapids were taken into account.
This indicated a relative FAII rating of Class A for both sections of
this segment. The presence and commonness of B. argenteus,
A. uranoscopus, C. bifurcus and C. pretoriae in the 900 - 800 m
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a.m.s.l. section, is a good indication that the water quality and
habitat conditions in fast flowing habitats have improved consid-
erably since 1989.

Conclusions

The integrity of the Crocodile River

The current investigation was complicated by floods and high
flows that occurred in the river during 1996. This evidently reset
habitat conditions in the river to be comparable to near natural
conditions, e.g. excessive accumulation of sediment was washed
away, water hyacinth was dramatically reduced in abundance and
low-flow and flow-regulation associated problems (water quality
and physical habitat) were largely reduced. Although physical fish
habitat conditions were in prime condition, the fish species in the
different segments of the river were, to different degrees,  probably
still adapting to these improved environmental conditions. Thus,
fish communities of the river as observed during this survey, must
be regarded as a complicated result of  pre-flood, flood and post-
flood, high-flow conditions and do not reflect the current habitat
conditions completely. If these improved conditions last long
enough, the fish communities should be able to re-establish them-
selves to be close to natural conditions. However, the main driving
forces that can cause problems still remain and will exert their
impact again when demands put on the river by development
increase and droughts and low flows recur.

Although the river has been developed and has been impacted
by various activities (e.g. water quality, flow regulation, invasion
by water hyacinth), intolerant species were to various degrees still
present in all of the segments. Even some intolerant species not
found in certain segments, have the potential to recover in such
segments by re-colonisation from neighbouring segments. In total
then, refugia are still present and the fish communities have the
potential to recover substantially if favourable conditions occur for
long enough.

The fish assemblage integrity index

Currently the FAII only provides an indication of the overall
biological integrity in segments of a river. This information is
suitable for a synoptic level of assessment. However, the following
realities must be emphasised and represent areas that require
further research:

• The FAII is probably in most cases an under-estimation of the
biological integrity of a segment. This can be ascribed to the
expected list of species being compiled based on historical
presence in all habitat types in a segment. This list represents
the maximum number of species that can be expected. Due to
time, labour and equipment limitations, only some habitats
were sampled during the survey. The results of such sampling
efforts were considered to represent the observed situation.
This is obviously an approximation of the real situation and it
follows that it would be more realistic to base the expected
situation on the species expected in a segment as well as the
habitats that are actually sampled. The requirement for this
approach would be that at least the general habitat preferences
of fish with regard to flow, depth and cover type is known.
Although mostly not based on experimental information, most
references on South African fish do provide a broad indication
on habitat preferences. This information can be supplemented
by mobilising the knowledge and experience of experts on

local fish assemblages in a structured fashion. This will make
improved interpretation of the FAII possible.

• The FAII is based on an assessment of the attributes of native
fish assemblages and is therefore directly related to the meas-
urement of the ecological integrity of a river in the sense that
it uses as a reference the natural or close to natural character-
istics of fish assemblages (Karr, 1996). However, some intro-
duced species (both indigenous and exotic) may be valuable
indicators of either  “good” or “poor” habitat and water quality
conditions where they have already become established. In this
sense intolerant exotic species such as trout may be suitable
indicators of particular physical habitats and water quality
conditions and may indeed in certain situations represent the
condition a stream is desired to be in. In this context it would
be short-sighted not to use the indicator value of introduced
species, and in particular situations the FAII should be adapted
to use attributes of such species as metrics. However, as pointed
out by Karr (1996) this would primarily represent a measure of
the health of a river according to a particular desired state and
not necessarily of the ecological integrity.

• Fish abundance is problematic to interpret due to the dynamic
nature of fish populations and was not incorporated in the FAII.
However, the possibility of using the abundance of certain fish
species as indicative of certain habitat conditions should not be
ignored. In this respect, the Chiloglanis spp. occurring in the
Crocodile River provide a possibility of using catch per unit
effort data in habitats (riffles, runs and rapids) that are generally
easy to sample during low-flow conditions, as indicators of
certain environmental conditions (i.e. flow conditions, general
water quality).

• The FAII is strongly based on the intolerance index for fish
species. The factors used in the compilation of this index are
predominantly based on incidental observations and profes-
sional judgment. A more objective approach to assess intoler-
ance should be investigated. The possibility of increasing the
number of intolerance classes from three to four or more should
be considered as this will enhance the responsiveness of the
intolerance index considerably. In this respect, Whittier and
Hughes (1998) distinguished intolerant, moderately intolerant,
moderately tolerant and tolerant classes.

• The FAII is not considered suitable for the assessment of
streams with a naturally low fish species richness. Conse-
quently, the FAII cannot be considered highly responsive to a
change in biological integrity in the upper segments of the
Crocodile River. As for the IBI (Fausch et al., 1990), a natural
fish species richness of less than five is probably not amenable
to assessment with the FAII. For such situations it is advisable
that an index be developed that uses metrics of population
attributes of species considered to be suitable indicators of
particular environmental stressors. The use of the attributes of
established populations of introduced species can also be
considered as surrogates in such situations.

• Considering biological integrity assessment and the use of fish
assemblages for this purpose, South Africa is currently in a
situation where there will be strong dependence on narrative
biological criteria and it will take some time and research to
develop numerical biological criteria. This is comparable to the
situation in the USA where states were first required to adopt
narrative criteria and after some time numerical criteria. Nu-
merical biological criteria will require research on the statisti-
cal properties of indices (i.e. power analysis) (Fore et al., 1994;
Hughes et al., 1998). The indicator value of various metrics of
different fish species should also be investigated in terms of its
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responsiveness to various degrees of human influence (Karr
and Chu, 1997).

• The possibility of using a combination of fish and instream
macro-invertebrate metrics to assess the biological integrity of
a stream is an aspect that requires further investigation. Ap-
proaches that makes use of a visual presentation (i.e. multivariate
presentations such as star diagrams) to combine various indices
used for biological integrity estimation have been proposed
(USEPA, 1996). However, the use of a rule-based decision
support system based on an array of metrics (fish, invertebrate,
habitat, etc.) and professional judgment represents an alterna-
tive that should receive attention for application in South
Africa.

• It is not possible to develop a fish index that can be applied
directly and without any adaptation or modification to all South
African rivers. Some grouping of rivers based on ecological
similarities which include both physical components and infor-
mation on fish, can allow equivalent fish indices (i.e. FAIIs) to
be developed for similar river sections or in rivers in certain
parts of the country. The development of a suitable river typing
approach, such as the ecoregion approach used in the USA
(Omernik, 1987, Omernik and Bailey, 1997) will enable such
a grouping of rivers. The FAII developed for the Crocodile
River must in this respect be seen as an example of  what should
be considered in the development of a fish index in other rivers
or groups of rivers in South Africa. This is in contrast to the
general situation with the macro-invertebrate index, SASS
(Chutter, 1998), where the modifications required for local
conditions are limited due to the index being based on families.

• The FAII or any other biological integrity assessment index,
must not be regarded as providing a final and unequivocal
answer as to the biological integrity of a river. Rather it must be
seen as part of a system that will lead to more questions being
asked in an attempt to solve a particular problem. If particular
specified Thresholds of Potential Concern (Rogers and Bestbier,
1997) are reached, more intensive sampling and alternative
approaches will probably be required to determine cause-and-
effect relationships that can be used to solve or manage a
particular problem. With reference to fish, this can include
more intensive sampling (including more sites and more effort
per site) and then applying the FAII per site rather than only on
a segment level and relating this information to smaller scales
of the geomorphologic hierarchy (e.g. at the reach level;
Rogers and Bestbier, 1997). In certain instances, the monitor-
ing of population characteristics of indicator species in a
segment may be required to determine certain cause-and-effect
relationships (Munkittrick and Dixon, 1989). In essence, it is
recommended that an increasing amount of resources and
effort is spent and focused depending on the seriousness, nature
and extent of the perceived problem as initially indicated by the
FAII.
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