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Abstract

The Index of Biotic Integrity (IBI) is a measure of fish assemblage 'health' that has been used to assess
catchment and stream quality throughout North America. It reflects human perturbations on natural
environmental structures and processes. While preserving the ecological foundation of the original North
American metrics, we have modified and adapted the IBI to the mainstem Seine River and its major
tributaries in France. This successful modification of the IBI to a considerably different fish fauna on
a different continent further supports its wider use outside the midwestern United States. Using data
collected in 1967, 1981, and 1988-1989 from a total of 46 sites, we show spatial and temporal variation
in the Seine as indicated by IBI scores. Statistically significant relationships were found between IBI and
catchment area but insignificant relationships existed between IBI and an independent Water Quality
Index (WQI) based on water chemistry. Comparisons between the IBI and the WQI indicate that the
former is a more sensitive and robust measure of water body quality. Our results demonstrate that the
IBI, combined with a statistically designed national monitoring program, would offer a reliable means
of assessing spatial patterns and temporal trends in water body improvement or degradation in France.
The more primitive fish families in the Basin were affected first by perturbations. These families include
all the diadromous species found in the Seine and suggest serious disruption of their life histories.

Introduction nonbiological chemical and physical measures.
Since 1981, a biotic index based on number and

The French Water Quality law of 1964 and its type of benthic macroinvertebrates taxa (Ver-
1971 and 1978 amendments mandate main- neaux & Tuffery, 1967) has been used at a few
tenance of the biological integrity of surface permanent stations, but there has been little eco-
waters in France. Although this objective is logical monitoring of fish assemblages despite a
fundamentally biological, efforts to assess water fish index proposed by Verneaux (1976a, b). A
body integrity were dominated until 1981 by major disadvantage of Verneaux's fish model is
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that it considers only qualitative aspects of fish
assemblages; in addition, it is based essentially on
the distribution and dominance of species or
families and can only indicate when an expected
assemblage is absent. Similarly, Metcalfe (1989)
found Verneaux's macroinvertebrate indices
insensitive to changes in water quality, first,
because organisms were analyzed at the family
and class level, and second, because the indices
were not designed for use in low gradient rivers.

Another tool for assessing stream and river
quality based on fish assemblage attributes is the
Index of Biotic Integrity (IBI), the subject of this
article. The IBI was designed to integrate infor-
mation from individual, population, assemblage,
ichthyogeographic, and ecosystem levels into a
single index of the quality of water bodies (Karr
et al., 1986). Originally proposed by Karr (1981)
and later refined by Fausch et al. (1984) and Karr
et al. (1986), the IBI combines 12 fish assemblage
metrics classified into 3 groups: (1) species rich-
ness and composition, (2)trophic composition,
and (3) fish abundance and health.

Ideally, environmental conditions at the site in
question are compared with the attributes
expected in undisturbed streams or rivers of simi-
lar size and habitat type located in a similar geo-
graphic region. When there are no undisturbed
sites, the least impacted regional sites can be used
as standards (Hughes et al., 1986). A rating of 5,
3, or 1 is then assigned to each metric, according
to whether its value approximates (5), deviates
moderately from (3), or strongly deviates from (1)
the value expected at the reference sites. The IBI
is the sum of the 12 ratings and varies from 12 to
60 in 5 quality classes: excellent (58-60), good
(48-52), fair (40-44), poor (28-34), and very
poor (less than 24). A classification of 'no fishes'
is assigned when repeated sampling finds no fish.

Although developed for streams in the mid-
western USA, the IBI has been tested in several
other regions of North America (Leonard & Orth,
1986; Moyle et al., 1986; Thompson & Fitzhugh,
1986; Fausch & Schrader, 1987; Hughes & Gam-
mon, 1987; Steedman, 1988; Crumby et al.,
1990). These applications have shown that the
IBI concept is useful, but that metrics must be

modified, deleted, or added to reflect regional dif-
ferences in fish distribution and assemblage struc-
ture (Miller et al., 1988).

This study was designed to analyze existing
ichthyology books and data based on fish dis-
tributions, ecological tolerances, and trophic
guilds in order to (1) develop an Index of Biotic
Integrity for fish assemblages of the Seine Basin,
(2) examine the spatial and temporal variation of
this IBI in the basin, and (3) assess the response
of the IBI to varying levels of physical and chemi-
cal degradation. We first adapted the IBI metrics
for use in France and then developed scoring
criteria from those proposed by Karr et al. (1986)
and from criteria we developed for the Seine
Basin. We calculated IBI scores from available
historical data and evaluated spatial and temporal
patterns. The IBI scores were also compared with
independent rankings of water degradation.

Methods

Study area

The Seine Basin is underlain by sedimentary
deposits, in particular by permeable chalk, lime-
stone, sandstone, sand, and gravel. Drained by
five major river systems (Seine, Marne, Oise,
Yonne, and Aisne), it slopes from the southeast to
the northwest, where it joins the English Channel
(Fig. 1). High-quality water has become a rare
and fragile resource for the Seine Basin. Demo-
graphic and economic growth, intensive agri-
cultural and industrial production, and increasing
urbanization (particularly near Paris) accentuate
the problem of inadequate water resources in this
particular region.

Sampling procedure

We used data from 1967, 1981, and 1988-1989
for the analyses of the IBI (Table 1). In 1967, data
were collected by seining, electrofishing, and a
variety of other techniques at 17 sites in 11 rivers
of the Seine Basin. These data resulted from an
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Fig. 1. The Seine Basin and its location in France.

intensive inventory of fish assemblages performed
by the Museum National d'Histoire Naturelle and
the Associations de Pche et Pisciculture du
Bassin de la Seine. In 1981, fish were collected by
electrofishing at 18 sites in 9 rivers of the Seine
Basin. These data were collected by the Conseil
Superieur de la PNche to evaluate the fish assem-
blages. The data for 1988-1989 were collected by
electrofishing from 11 sites of the river Oise in the
Seine Basin, also by the Conseil Sup6rieur de la
Peche. Only nearshore areas were sampled for all
46 sites. Although this approach may not have
yielded a complete inventory of all species, it did
result in sample sizes large enough to permit com-

parisons among sites (an average of 140 fishes per
site).

Calculation of catchment area and statistical analy-
ses

The catchment area (Table 1) for each site was
measured with a digital planimeter on a
1: 1,000,000-scale map of the Seine Basin pro-
vided by the Agence Financiere de Bassin Seine-
Normandie (the local water authority responsible
for the Seine Basin). Statistical analyses (simple
linear regressions, multiple regressions, and main

8-89

[ 1967
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Table 1. Catchment area and number of stations sampled
during 1967, 1981, and 1988-1989, and considered in this
study.a

Catchment Total area (km2) Number of sample stations

1967 1981 1988-1989

Major systems

Seine 73,800 3 6 0
Oise 17,000 0 4 11
Marne 13,000 3 1 0
Yonne 11,000 2 0 0
Aisne 8,000 2 2 0

Minor systems

Eure 6,000 0 1 0
Loing 4,200 1 1 0
Risle 2,000 0 1 0
Vesle 1,600 1 1 0
Epte 1,480 0 1 0
Grand Morin 1,200 1 0 0
Yerres 1,000 1 0 0
Rognon 711 1 0 0
Br&che 650 1 0 0
Vaux 114 1 0 0

a Stations differed each year; in 1988-1989, sampling focused on the
River Oise only.

effects analyses of variance models) were per-
formed on a microcomputer with JMP SAS sta-
tistical software (SAS Institute Inc., 1989).

Modifying the IBI for the Seine Basin

Some of the metrics originally used for the IBI
(Karr et al., 1986) required modification for appli-
cation in the Seine Basin.

Species composition. Two of the original six
metrics of Karr were retained: 'total number of
species' and 'number of intolerant species'. Total
number of species is a measure of the species
richness component of diversity and it decreases
with increased degradation. The number of
species intolerant of various chemical and physi-
cal habitat perturbations distinguishes high and
moderate quality sites. Intolerant species are usu-
ally the first species to disappear after a dis-
turbance. Species were selected by examining
ichthyological books and data bases for species

that were once widely distributed but are now
restricted to the highest quality water bodies.
Three metrics specific to North America ('number
of darter species', 'number of sunfish species', and
'number of sucker species') were replaced with
'number of water column species' and 'number of
benthic species', because these two metrics are
strongly responsive to changes in water quality
and habitat structure. Water column species are
active swimmers that typically feed on drifting
and surface invertebrates or other fishes. Benthic
species, for the most part, are sensitive to siltation
and benthic oxygen depletion because they feed
and reproduce in benthic habitats.

We replaced '% of individuals as green sunfish'
with '% of individuals as roach'. Roach (Rutilus
rutilus L.) was selected to replace green sunfish as
a tolerant species in this region because it is com-
mon in medium to high gradient rivers and
appears tolerant of many pollutants. This metric
is the complement to 'number of intolerant
species' and distinguishes low and moderate
quality waters. The percentage of roach increases
with degradation and the species becomes domi-
nant in highly disturbed sites.

Another metric was added, based on local indi-
cator species: 'presence or absence of juvenile or
adult trout or pike'. Because the study area had
both medium gradient/warm water and high
gradient/cool water, pike and trout, respectively,
were used as indicators of high quality water.
These species include large, long-lived individuals
and also offer a substitute for Karr's 'number of
sucker species' metric. Steedman (1988), Hughes
& Gammon (1987), and Moyle et al. (1986) suc-
cessfully used a similar metric. Both trout (Salmo
trutta L.) and pike (Esox lucius L.) are sensitive to
physical and chemical habitat degradation and
they are important species to fishermen.

Trophic composition. All three original metrics
were retained, '% of individuals as omnivores',
'% of individuals as insectivores (invertivores)',
and '% of individuals as top carnivores'. The
omnivore metric is designed to measure increas-
ing levels of environmental degradation due to a
disruption of the food base. Omnivores are
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defined as species that consistently feed on sub-
stantial proportions of plant and animal material,
but do not include filter feeding species such as
lamprey ammocoetes. Because invertivores are
the dominant trophic guild in most streams and
rivers, this metric is designed to be sensitive over
the middle range of biotic integrity. We prefer the
more general term, 'invertivore', because these
fishes typically eat crustaceans, oligochaetes, and
mollusks, as well as insects. A low abundance of
invertivores typically reflects a degradation of the
invertebrate food base of a stream (Karr et al.,
1986). Top carnivores are species that feed, as
adults, primarily on fish, other vertebrates, or
large invertebrates such as crayfish. Many of
these species are popular sport fish and the metric
discriminates between high and moderate quality
systems.

Fish health and abundance. Two of the original
three metrics were unchanged: 'Catch per unit of
effort' (CPUE) and '% of individuals with dis-
ease'. As noticed by Steedman (1988) working in
the Toronto, Ontario, metropolitan area, very
high CPUE was often associated with warm,
enriched rivers and low CPUE more often with
strongly degraded systems. Unusually low CPUE
often indicates toxicity, making this metric most
sensitive at the low end of the biological integrity
scale. Although no disease data were available for
this study, we retained the metric for future inves-
tigations because it is easy to apply in the field and
seems to reflect highly degraded areas. We deleted
'% of individuals as hybrids' because this metric
is difficult to apply in most regions, it is incon-
sistently related to habitat degradation (Pflieger,
1975; Ohio EPA, 1988), and available data on

Table 2. Guilds for common freshwater cyclostomes and fishes of the Seine Basin.a

Family Trophic Species Non-native Extirpated Water column Gravel
species guild tolerance species species or benthic species spawner

Petromyzontidae

Petromyzon marines L.
Lampetrafluviatilis L.
Lampetra planeri Bloch

Acipenseridae

Acipenser sturio L.

Anguillidae

Anguilla anguilla L.

Clupeidae

Alosa alosa L.
Alosa fallax Lacepede

Salmonidae

Salmo salar L.
Salmo truttafario L.
Salmo trutta L.
Oncorhynchus kisutch

Walbaum
Oncorhynchus mykiss

Walbaum

Esocidae

PA IS
PA IS
FF IS

ISI

I/P

IS
IS

E
E

E

E

I
I

I/P IS
I/P IS
I/P IS

I/P

I/P

E
E

E

B
B
B

B

GS
GS
GS

GS

B

WC
WC

WC
WC
WC

GS
GS
GS

GS

GS

WCNN

NN WC

P IS WCEsox lucius L.
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Table 2. (Continued).

Family Trophic Species Non-native Extirpated Water column Gravel
species guild tolerance species species or benthic species spawner

Cyprinidae

Phoxinus phoxinus L.
Gobio gobio L.
Leuciscus leuciscus L.
Leuciscus cephalus L.
Chondrostoma nasus L.
Barbus barbus L.
Cyprinus carpio L.
Tinca tinca L.
Abramis brama L.
Blicca bjoerkna L.
Rutilus rutilus L.
Scardinius erythrophthalmus L.
Rhodeus sericeus Bloch
Alburnoides bipunctatus Bloch
Alburnus alburnus L.

Cobitidae

Cobitis taenia L.
Noemacheilus barbatulus L.

Ictaluridae

Ictalurus melas Rafinesque

Gadidae

Lota Iota L.

Gasterosteidae

Gasterosteus aculeatus L.
Pungitus pungitius L.

Centrarchidae

Lepomis gibbosus L.
Micropterus salmoides Lacepede

Percidae

Perca fluviatilis L.
Stizostedion lucioperca L.
Gymnocephalus cernua L.

Cottidae

Cottus gobio L.

I
I
I
I/P
0
I
0
I
I
I
0
0
H
I
I

NN

NN

WC
B
WC
WC
WC
B
B
B
B
WC
WC
WC
WC
WC
WC

IS

GS

GS

GS
GS

GS

B
B

I NN

P IS

B

B

I
I

GS

WC
WC

I
P

NN
NN

I/P
P
I

I

WC
WC

WC
WC
B

B

a I = invertivore; FF = filter feeder;
NN = non-native; E = extirpated; GS
included.

PA = parasite; P = piscivore; O = omnivore; H = herbivore; IS = intolerant species;
= gravel spawner; WC = water column; B = benthic. Fishes of the estuarine zone are not

I
I
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hybrids are lacking for the Seine Basin. One
metric was added, '% of individuals as gravel
spawners', as suggested by Ohio EPA (1988),
because these species use particular habitats for
reproduction and are sensitive to degradation of
these habitats.

Species assignments

Before computing IBI scores, we determined the
niche, habitat, and status of each species
(Table 2). We made species assignments after
consulting regional ichthyological books (Spill-
mann, 1961; Muus & DahlstrOm, 1968; Gregoire,
1983; Philippart & Vranken, 1983) and making
personal observations. A species was regarded as
intolerant of anthropogenic changes if its general
abundance or geographical distribution has been
dramatically reduced in this century and if it is
restricted to high quality sites. Selection of these
species was based on data from a comparison of
fish community collections in two rivers of the
Seine Basin between 1927 and 1967 by the
Federation Dtpartementale des Associations de
PNche et de Pisciculture and from the above
books.

Calculation of IBI metrics

The IBI was calculated for each sample site
according to methods outlined in Karr et al.
(1986). Measures of species composition (total
species, number of water-column species, number
of benthic species, number of intolerant species)
were scored from Maximum Species Richness
Lines (MSRL) (Fausch et al., 1984), which indi-
cate potential species richness for the sample as
a function of catchment area (Fig. 2). Species
richness was plotted against catchment area,
which gives a more reliable measure of water body
size than does stream order (Hughes & Omernik,
1981, 1983). This relationship is assumed to be
log linear because of the great range in catchment
size and the much smaller range in species rich-
ness (Fausch etal., 1984, Mahan, 1984). The

MSRL was fitted by eye to include about 95 % of
the sites and it indicates the number of species
expected in relatively undisturbed sites of various
sizes. Fausch et al. (1984) judged that such a line
was a more meaningful measure of potential
species richness than one provided by linear
regression, especially when data are lacking for
small streams. The area under the MSRL was
trisected to determine the ratings. A station
scored maximum points (5) if species richness
was 0.67 MSRL or higher, 3 points for 0.33 to
0.67 MSRL, and 1 point for less than 0.33
MSRL.

We used the same approach to assess fish
abundance (catch per minute of sampling). For
this metric, the Line of Maximum CPUE was
defined as a 'fair' fish community, because we
noticed that high CPUE was associated with rela-
tively degraded sites and increased abundance of
tolerant species like roach. A station scored a
maximum of points (5) if CPUE was 0.33 to 0.67
of that predicted by the Line of Maximum CPUE,
3 points for 0.67 or greater, and 1 point for less
than 0.33; Steedman (1988) used a similar scoring
approach.

For all the other metrics, we used as a standard
the least disturbed regional sites for the years 1967
and 1981 (sites with a high number of species and
high number of intolerant species). As no data
were available for the metric '% of individuals
with disease', a rating of 3 was arbitrarily assigned
to this metric. We also attributed a rating of 3 to
the metric CPUE for the IBI in the year 1967
because these data were missing. Karr etal.
(1986) recommended a score of 5 for metrics with
missing data, but this tends to overestimate
quality and Karr (pers. comm.) now believes that
3 is best for all but hybrid and disease metrics.
Criteria for scoring the IBI are summarized in
Table 3.

Testing contribution of IBI metrics

We used multiple regression of each metric to test
its relative contribution to the IBI. A model
containing total number of species, % of indi-
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Table 3. Criteria for scoring Index of Biotic Integrity metrics adapted for this study.a

Category Metric Scoring criteria

5 3 1

Species richness and 1. Total number of species (% MSRL) >67 33-67 <33
composition 2. Number of water column species (% MSRL) >67 33-67 <33

3. Number of benthic species (% MSRL) >67 33-67 <33
4. Number of intolerant species (% MSRL) >67 33-67 <33
5. % of individuals as roach <30 30-60 > 60
6. Trout or pike year classes 0+->2+ 0 + -2 0

Trophic composition 7. % of individuals as omnivoresb < 1 1-5 > 5
8. % of individuals as invertivores >35 20-35 <20
9. % of individuals as top carnivores >5 1-5 < 1

Fish health and 10. % of individuals as gravel spawners > 10 5-10 <5
abundance 11. % of individuals with anomalies

(disease, tumors, fin damage) - - -

12. Catch per minute of sampling
(% of line of maximum CPUE) 33-67 >67 <33

a A metric scored 1 represents the lowest quality; 3 is intermediate; 5 is highest quality.
b Excludes Rutilus rutilus.

viduals as invertivores, trout or pike year classes, missing data from 1967, nor the % of individuals
and % of individuals as gravel spawners with anomalies, because it lacked data for all three
explained 96% of the IBI variation (Table 4). We years.
did not test the variable CPUE, because it was

Table 4. Results of multiple regression of IBI on 10 of the 12 metrics for all the stations.a

Number of metrics in model

1 2 3 4 5 6 7 8 9 10

TNS TNS TNS TNS TNS TNS TNS TNS TNS TNS
IAI IAI IAI IAI IAI IAI IAI IAI IAI

TOP TOP TOP TOP TOP TOP TOP TOP
IAG IAG IAG IAG IAG IAG IAG

IAC IAC IAC IAC IAC IAC
NIS NIS NIS NIS NIS

IAO IAO IAO IAO
NIR NIR NIR

NWS NWS
NBS

r2 0.75 0.90 0.93 0.96 0.97 0.97 0.98 0.98 0.99 1.00

a n = 46; all analyses used a maximum r2 algorithm; metrics are listed in order of decreasing significance: TNS = total number
of species; IAI = % of individuals as invertivores; TOP = trout or pike year classes; IAG = % of individuals as gravel spawners;
IAC = % of individuals as top carnivores; NIS = number of intolerant species; IAO = % of individuals as omnivores;

NIR = number of individuals as roach; NWS = number of water column species; NBS = number of benthic species.
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Performance of the IBI relative to known perturba-
tions

We compared River Oise (1988-1989) IBI scores
against an independent measure of pollution. We
used Water Quality Index (WQI) scores provided
by the Agence de Bassin Seine-Normandie. This
WQI used 5 qualitative values (excellent, good,
fair, mediocre, bad) to integrate the influence of 12
variables (temperature, dissolved oxygen, pH, %
of oxygen saturation, 5-d biological oxygen
demand, nitrates, phosphates, ammonia, heavy
metals, turbidity, chlorophyll, and fecal coli-
forms).

Results and discussion

Analysis of biodiversity
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Fig. 4. IBI as a function of catchment area for the Seine
Basin in 1967 and 1981, and for the River Oise in

1988-1989.

We observed a strong relationship between
extirpated species and their degree of primitive-
ness. Twenty-two percent of the total native
species included in this study were classified as
extirpated. All belonged to the six most primitive
families and represented 70 % of the total number
of native species of these small families (Fig. 3).

Spatial and temporal variation in the IBI

Temporal variation in the IBI during the period
studied is illustrated by Fig. 4. The highest IBI

1(

E
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values occurred during 1967, with an index value
classified as good for all the stations (variation of
the IBI from 55 to 50). In the two other years, IBI
values varied respectively from 50 to 20 (good to
very poor) for 1981 and from 49 to 20 (good to
very poor) for 1988-89. These differences do not
represent temporal degradation, because the data
were not collected from the same sites in the same
manner each year. They are presented here only
as examples of how the IBI can be used to evalu-
ate river quality, given a suitable sampling design.
Linear regressions were used to test the correla-
tion between IBI and catchment area. For all
three years, IBI values decreased significantly in
a downriver direction (r2 = 0.64, P = 0.001 for
1967; r2 = 0.74, P = 0.001 for 1981; r2 = 0.40,
P = 0.03 for 1988-1989). This phenomenon was
more apparent for 1981 and 1988-1989 than for
1967.

The IBIfor the River Oise (1988) relative to known
perturbations

We plotted midpoints of the qualitative scores of
IBI and WQI to assess comparability (Fig. 5).
The IBI classes were always lower than the WQI,
except for one upriver station. One explanation
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Fig. 3. Percent of extirpated species in each fish family by
order of primitiveness.
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Fig. 5. Variation of the IBI and of the WQI for the R
in 1988-1989. Arrows indicate two stations with
corresponding to the confluence of two tributari

River Oise.

for this phenomenon was that the IBI was
for scoring higher upriver than downriv
rejected this hypothesis because results fro
show relatively constant IBI values as a fi
of catchment area (Fig. 4). However, it is 
that sampling was less adequate in the
reaches than in the upper reaches in 19
1988-1989. Another explanation is that
integrates factors such as flow alteratio
physical habitats, unlike the WQI, which
siders only water quality. In upriver
anthropogenic perturbations do not yet
physical habitat and fish assemblages
degree they do downriver. On the other h
downriver sites, increasing degradation
channelization, dams, agricultural lands,
zation, and industrialization tend to strong
the biotic integrity and may explain the
values of the IBI. Using a regression mo
found that IBI was successfully predic
catchment area alone (P= 0.009, r2

n = 11), and by WQI and catchment are,
the following model:

IBI = 3.755 + 0.641 WQI - 1.042 1
(r2 = 0.67, n = 11),

where CA = catchment area with P = 0.0(
WQI = Water Quality Index, with P = 0.

WQI For the same WQI value, variation of the IBI was
- Excellent directly influenced by the catchment area, with

IBI values decreasing as catchment area increas-
- Good ed. Compared with the WQI, which assesses only

conventional water quality variables, the IBI is a
- Fair more robust tool for assessing quality of the entire

water body because of its ability to integrate the
- Mediocre biological, physical, and chemical effects of sur-

face water perturbations.
-Bad We analyzed two stations with very low IBI

(20-24) and fair WQI scores (Fig. 5). The Verse
and the Aisne enter the River Oise at these two
stations. Just before its confluence with the River
Oise, the Verse traverses the city of Noyon and

iver Oise receives effluent from a sewage treatment plant
low IBI

s f the and storm water discharges. At its confluence
with the River Oise, the River Aisne water quality
is considered 'bad' because of low dissolved oxy-

biased gen and high nitrogen and ammonia. Despite a
'er. We flow ratio of 1: 20 and 1: 2, respectively, between
m 1967 Stream Verse/River Oise and River Aisne/River
unction Oise, the biotic integrity of the River Oise seems
)ossible to have been drastically perturbed near these
e lower confluences. The WQI did not detect these per-
'81 and turbations. Ohio EPA (1988) found similar dis-
the IBI crepancies between chemical and biological
)ns and evaluations of water body quality.
ch con- Analysis of the fish assemblage metrics (Fig. 6)

sites, for the two stations indicates how IBI metrics
modify
to the

land, at
i from
urbani-
ply alter
e lower
del, we
:ted by
= 0.54,
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respond to water body condition. The values for
species composition and richness and fish
abundance metrics are consistent with river
degradation. Values of the trophic composition
metrics failed to support the predicted decreasing
trend with increasing pollution. This inconsistent
response probably results from the small number
of fish captured (10 and 20) at the two sites. Ohio
EPA (1988) found a similar pattern in sites seri-
ously impacted by toxic chemicals and scored
proportional metrics as 1 when CPUE reached
specific cutoff points.

Conclusions

There are at least four reasons for increased
biological monitoring and assessment in the Seine
Basin.
1. Diadromous fish species have been rapidly

extirpated in recent years, presumably because
of overfishing and dams.

2. Declining IBI scores with increasing catch-
ment size, especially in later years, suggest
continued deterioration of the rivers despite
efforts to control point sources of pollution.

3. Comparisons between the IBI and a chemi-
cally based water quality index reveal that the
former offers more protective assessments of
water body quality.

4. A biological evaluation such as the IBI pro-
vides a means to quantify ecological changes
that result from the combination of chemical,
physical, and biological stressors.

The fact that IBI concepts based on community
or assemblage ecology can be applied to the differ-
ing fish faunas of two different continents (23 out
of 40 species differ) offers support for its wider
use.

It is interesting to note that the extirpated
species are those that normally are characterized
by extinction resistant traits (broad geographic
distribution, high dispersal potential). Why then
might they have been eliminated from the Seine
basin? The six primitive families, as determined
by cladistic analysis by Lauder & Liem (1983),

contain all the anadromous and catadromous
species found in the Seine Basin, that is, all
migrate between fresh and salt water. Some of
these migrations attract commercial fishermen.
More importantly for diadromous species, dams
hinder their migrations and prevent them from
reproducing and feeding in preferred environ-
ments. Finally, most of these species require clean
substrata for spawning and clear water for
feeding. The relationship between primitiveness
and extirpation is by no means a general rule.
Although Lelek (1989) demonstrated declines in
all species in the same primitive families for the
Rhine River, he also found that some species in
more advanced families had disappeared. In
North America, Williams etal. (1989) did not
demonstrate greater tendency for extirpation
among primitive families.

Data used during our study covered only seven
decades but showed that six species and two
families of fishes have been eliminated from the
Seine basin. Similar declines in the fish fauna for
the Rhine (Lelek, 1989), for other large rivers
(Dodge, 1989), and for Iran (Coad, 1980) and
North America (Williams et al., 1989) have been
reported. These large-scale biodiversity declines
lead to depletion of genetic variability (for the
entire fish assemblage), then to a decline in the
assemblage's ability to adjust to short- and long-
term stressors, and finally to species extinction.

The results of this study and that of Hughes &
Gammon (1987) and Ohio EPA (1988) indicate
that the IBI can be a useful and sensitive measure
for monitoring biotic integrity in large rivers. Such
an index, when combined with a statistically
defensible monitoring design, could provide a use-
ful means of assessing and reporting on status and
spatial and temporal trends in European rivers.
With such an approach, the biological quality of
entire rivers or all the rivers of a nation or con-
tinent could be evaluated and communicated to
the public and to decision makers.

Efforts to protect and restore water resources
need to combine chemical and physical criteria
with indices and biological criteria that measure
the health or integrity of biological communities
(fish, invertebrates, algae). Continued biological
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monitoring and biological criteria provide a direct
and effective way to determine if actions taken
result in improvements in the water resource sys-
tem (Hughes et al., 1990; Karr & Dudley, 1981;
Karr, 1987; Karr, 1990). Although this first use of
the IBI in Europe was successful, we encourage
other ichthyologists and ecologists to test the con-
cept further, particularly in large rivers and near-
coastal marine waters. These ecosystems, though
highly impacted, are capable of considerable
recovery, and current chemical monitoring alone
is inadequate for assessing the quality of the
resource.
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