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Abstract. —The index of biotic integrity (IBI) has become a widely used tool for assessing the
condition of stream fish communities and the overall biological status of streams. Because the
location of a stream in a drainage network can influence the species richness of fish communities
and because species richness is an important component of the IBI, we examined the influence of
stream spatial location on the IB1. We found that IBI scores for headwater streams in three Illinois
drainage basins were significantly lower than those calculated for tributary streams of similar size
connecting directly to larger streams. This difference in 1Bl was related to the increased species
richness and to a greater number of sucker and darter species in tributaries that drain into larger,
main-channel streams. Because of the influence of tributary location on the IBI, expected values
for headwater tributary streams should be developed independently from those developed for
main-channel tributary streams. Failure 1o do so can result in a substantial underestimation of the
IBI of headwater tributary streams or an overestimation of main-channel tributaries.

The index of biotic integrity (IBI: Karr 1981)
has been used widely for assessing environmental
degradation of lotic ecosystems (Ohio Environ-
mental Protection Agency 1988; Hite and Ber-
trand 1989; Fausch et al. 1990; Lyons, in press).
The IBI is a composite index, comprising metrics
(generally 12) that reflect structural and functional
characteristics of fish communities (Karr et al.
1986). These metrics include trophic structure
(proportions of omnivores, insectivorous cypri-
nids, and piscivores), species richness and abun-
dances, taxonomic richness (numbers of darter,
sunfish, sucker, and intolerant species, and some-
times the proportion of green sunfish), and disease
frequency. Each metric is scored asa 1,a 3, or a
5 depending upon whether it deviates strongly,
deviates moderately, or approximates the antici-
pated condition for a quality stream of a similar
size (generally assessed by stream order) in a given
region. Because of the IBI's reported sensitivity to
broad ecological conditions (Angermeier and Karr
1986; Karr et al. 1986; Fausch et al. 1990), its

widespread application, and its proposed use as
an index to set regulatory standards for stream
quality (Fausch et al. 1990), it is important to
consider factors that can influence the IBI and its
expectations independently of environmental deg-
radation.

The location of a stream in a drainage network
can significantly affect the number of fish species
in the community. Osborne and Wiley (1992) re-
ported significantly fewer species of fish in low-
order, tributary streams in the headwaters of a
drainage network than in similar-size streams that
drained into higher-order, main-channel streams
in the lower half of the drainage networks. Such
tributaries of main-channel streams have been re-
ferred to as adventitious streams (Gorman 1986).
Observed differences in species richness appeared
to be related to proximity to refugia associated
with higher-order streams and differential rates of
colonization following disturbances (Osborne and
Wiley 1992). Because species richness is an im-
portant metric in the IBI and is related to other
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FiGure 1.—Locations of headwater tributary (circles), main-channel tributary (triangles), and main-channel
(squares) sampling stations in the LaMoine, Mackinaw, and Vermilion river basins in Illinois.

metrics, it is reasonable to assume that the loca-
tion of a stream within a drainage network may
also influence IBI scores within a region. Such a
relationship would require that different expected
values, or standards, be adopted for low-order
streams that have different positions in the drain-
age network.

The purposes of this study were to determine if
headwater tributary streams had significantly low-
er IBI scores than low-order, main-channel trib-
utary streams in three midwestern drainage net-
works and to identify some of the components of
the IBI that are influenced by the location of
streams within a drainage network.

Methods

Fish were collected from 20 stations in the Ver-
milion River basin (drainage area, 2,312 km2) in
east-central Illinois, 13 stations in the Mackinaw
River basin (3,011 km?) in central Illinois, and 13
stations in the LaMoine River basin (3,521 km?)

in west-central Illinois (Figure 1). Sampling sta-
tions were selected to represent a range of stream
sizes, spatial locations within a drainage network,
and environmental conditions. Row-crop agricul-
ture (corn and soybeans) is the dominant activity
in each basin and generally accounts for more than
90% of the land use (e.g., Osborne and Wiley 1988).
Additional details on basin characteristics were
reported by Day et al. (1990, 1992), Wiley et al.
(1990), and Osborne and Wiley (1992).

Each sampling station was assigned to one of
three station categories that reflected stream size
and general spatial location (Osborne and Wiley
1992): headwater tributary (HT), main-channel
tributary (MT), and main-channel (MC) streams
(Table 1). Main-channel stations were on order-5
(sensu Strahler 1957) or higher streams with
drainage areas greater than 259 km2, Tributaries
with drainage areas less than 259 km?2 were divid-
ed into MT and HT streams. Headwater tributary
streams were low-order (1-4) streams in the head-



INFLUENCE OF STREAM LOCATION ON THE BIOTIC INDEX

water portion (upper half) of a drainage network;
they flowed into other HT streams or joined with
other HT streams to form main channels (Figure
1). To determine upper and lower halves of a ba-
sin, a line perpendicular to the general direction
of water flow in each basin was adjusted until an
obvious main channel was detectable in the lower
portion of the basin but not in the upper portion.
Main-channel tributary streams were similar in
size to HT streams but were in the lower portion
of a drainage network and flowed directly into MC
streams or into other MT streams that flowed into
MC streams (Osborne and Wiley 1992). No sig-
nificant differences were found in the size (stream
order or drainage area) of HT and MT streams
pooled across basins. The distance between MT
stations and the nearest downstream MC stream
ranged from 0.2 to 20 km.

Fish collections from the Mackinaw River and
the LaMoine River basins were made by the Il-
linois Department of Conservation during the
summers of 1987 and 1988, respectively. Fish col-
lections in the Vermilion River basin were made
by the Illinois Natural History Survey in October
1984 and 1985. Tributary sampling stations were
generally 100 m long and MC stations ranged from
100 to 300 m. Because the streams had various
widths and depths, fish were collected with one of
two sampling techniques. All HT and MT stream
reaches and MC reaches with depths less than 1
m were sampled with a 9.1-m electric seine (Bay-
ley et al. 1989) powered by a portable AC gener-
ator (1,500 W, 120 V). The gear was fished up-
stream through the reach, and at least three
individuals (including the two seine operators)
collected stunned fish with 6.35-mm-mesh dip
nets. In MC reaches with mean depths greater than
1 m, fish were collected with a two-person, three-
phase, triple-boom, boat-mounted electrofisher
powered by an AC generator (3,000 W, 230 V).
Small fish were preserved in 7% formalin and re-
turned to the laboratory for identification and
enumeration. Larger fish were identified, mea-
sured, and released.

On the basis of an earlier gear efficiency study
(Bayley and Dowling 1990), we assume that fish
communities at MC stations sampled with either
electric seine or boat-mounted gear were less ef-
ficiently sampled than were HT and MT stations
that were sampled with the electric seine. Esti-
mates of fish species richness at MC stations should
therefore be viewed as more conservative than
estimates from tributary stations. For this reason
we have chosen to minimize comparisons of MC
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TasLE 1.—Calculated indexes of biotic integrity (IBI),
stream order, and number of fish species (N) collected
at each sampling station, categorized according to drain-
age network location and river basin.

Headwater Main-channel
tributaries tributaries Main channels

IBI Order (N) IBI Order (N) IBI Order (N)

LaMoine River basin
27 4 9 45 3 23 44 5 20
38 3 1 43 3 17 52 5 20
38 2 13 34 3 12 45 5 12
37 4 12 k] 3 13 47 5 21
38 2 17

Mackinaw River basin
58 3 22 47 4 24 47 6 32
34 4 10 45 4 26 47 6 28
34 4 16 53 4 36 56 6 31
49 4 22 49 2 24 50 6 28
49 3 21

Vermilion River basin
30 4 12 50 4 28 50 5 33
40 4 19 46 4 16 44 5 23
36 3 15 54 2 17 438 5 23
52 3 22 56 2 21 50 5 26
41 1 14 52 2 23 52 5 18
40 2 9 52 3 23 54 6 31
36 4 15 42 2 17

data with HT and MT data, and to concentrate
on comparisons of HT with MT data. Despite the
use of the same gear at HT and MT stations, sam-
pling efficiency undoubtedly varied among sta-
tions. However, because (1) there were no signif-
icant differences in the sizes of HT and MT
streams, (2) a similar sampling effort was made at
each HT and MT station, and (3) similar envi-
ronmental and land use conditions existed across
the range in size of tributary stations sampled, we
assume that sampling did not vary systematically
between HT and MT stations.

Data on fish composition and abundance were
used to calculate an IBI for each station according
to procedures described by Hite and Bertrand
(1989). Metric scores were corrected for stream
size and IBI region (Karr et al. 1986) with infor-
mation developed specifically for Illinois (Hite and
Bertrand 1989). Because of incomplete informa-
tion on disease, the average of the other 11 metrics
was substituted for the disease metric score (Hite
and Bertrand 1989).

All statistical analyses were performed with
SYSTAT (Wilkinson 1988) with a significance level
of P = 0.05. Dependent variables were appropri-
ately transformed to meet the statistical assump-
tions of the parametric tests. The effects of drain-
age basin (Mackinaw, Vermilion, and LaMoine)
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TaBLE 2.—Results of two-way analysis of variance of the index of biotic integrity (IB}), of transformed (log.{p])
proportions of omnivores, piscivores, and insectivorous cyprinids, of transformed (log.{7 + 1]) numbers of sunfish,
sucker, and darter species, of species richness, and of total numbers of individuals at stations in the LaMoine (Lam),
Mackinaw (Mac), and Vermilion (Ver) river basins with respect to station location (headwater tributary, HT; main-
channel tributary, MT) and drainage basin. Numbers are the F-values for each source of variation; values in
parentheses are percentages of the explained variance. Asterisks denote significance at P < 0.05%, P < 0.01**, or

P < 0.001%**,
Source of variation
Variable Location Basin Basin x location Posthoc contrasts (P < 0.05)
IBI 7.29%¢ 4.94* 1.24 MT > HT
(50%) (34%) (7%) (Mac = Ver) > Lam
% omnivores 0.20 6.64** 0.75 Ver > Lam > Mac
(2%) (77%) (9%)
% insectivorous 0.03 4.53* 9.95 Mac > (Verm = Lam)
cyprinids (1%) {70%) (15%)
% piscivores 0.02 0.52 0.15
(1%) (31%) (9%)
Number of 10.16** 5.04* 13.13%** Ver: MT > HT
darters (35%) (17%) (45%) Mac: MT = HT
Lam: MT > HT
Number of 1.67 2.51 2.20
sunfishes (23%) (34%) (30%)
Number of 18,139+ 1.61 0.39 MT > HT
suckers (86%) (8%) (2%)
Species 18.11%%* 6.55** 0.53 MT > HT
richness (70%) (25%) (2%) Mac > Ver > Lam
Number of 0.0t 223 1.15
individuals (< 1%) (17%) {9%)

and network location (HT and MT) on the IBI,
on the transformed (log.[p]) proportion of om-
nivores, insectivorous cyprinids, and piscivores,
and on the transformed (log,[n + 1]) number of
sucker, darter, and sunfish species at each station
were examined by two-way analysis of variance.
The Bonferroni procedure was applied to un-
planned posthoc multiple comparisons to main-
tain the overall experiment-wide error rate at P =
0.05. We tested the hypothesis that there was no
difference in the frequency of occurrence of the
maximum IBI values among HT and MT stations
(pooled for the three basins) with a binomial test
(Siegel 1956).

A Jaccard community similarity coefficient
(Digby and Kempton 1987) was calculated with
species presence—absence data for each MT station
and its closest downstream MC station to deter-
mine if the similarity in community structure de-
creased with increasing distance of the MT sta-
tions from the main channel. Similarity
coefficients, which can range from 0.0 (no species
in common) to 1.0 (all species shared), were re-
lated to the distance of the MT station to the main
channel by simple linear regression.

Results and Discussion

We found significant effects of drainage basin
and station location on IBI scores (Tables 1, 2)
but no significant basin x location interaction.
Half the variation in IBI scores was explained by
station location and 34% by drainage basin (Table
2). Unplanned multiple comparisons further in-
dicated that the average IBI score for tributary
(MT and HT) stations in the LaMoine River basin
(37.6 = 1.6, mean * SE) was significantly lower
(P < 0.05) than the means for tributary stations
in the Mackinaw (46.4 + 2.6) and Vermilion (44.8
+ 2.1) basins (Table 2).

The three basins occur in different IBI regions
and have different expectation criteria (Hite and
Bertrand 1989). They all are dominated by row-
crop agriculture; urban development constitutes
less than 5% by area. The major land use differ-
ence among the basins is that the LaMoine has
more agricultural feedlots (Day et al. 1992). Nu-
trient-rich runoff from feedlots might have con-
tributed to the lower IBI values in the LaMoine
basin. However, the LaMoine River samples were
collected during the 1988 drought, whereas sam-
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ples from the other basins were taken in years of
more normal precipitation, so it is likely that the
lower IBI scores in the LaMoine basin simply re-
flect responses of the fish communities to natural
year-to-year variation in weather conditions. Pre-
vious studies on midwestern warmwater streams
have demonstrated the adverse effect of drought
on fish communities (Larimore 1959; Giller and
Twomey 1989; Bayley and Osborne, unpublished
data), including decreases in fish species richness.
Significantly fewer species of fish were found at
tributary sampling stations in the LaMoine River
basin (15 species) than were collected at tributary
stations in the Vermilion (18 species) and Mack-
inaw (22 species) basins (Table 2). As did Karr et
al. (1987) and Angermeier and Karr (1986), we
found significant correlations (P < 0.01) between
IBI scores and the number of fish species in each
of the three basins (Mackinaw: r = 0.67, N = 13;
Vermilion: r = 0.71, N = 20; LaMoine: r = 0.83,
N = 13). We also found significant interbasin vari-
ability in trophic (proportion of omnivores) and
taxonomic (numbers of darters and suckers) struc-
ture among basins (Table 2). Whatever the cause
for the lower IBI values, the significantly higher
IBI scores at MT stations (47.0 £ 1.6) compared
with HT stations (39.9 + 1.9; Table 2) is evidence
that spatial location of tributary streams in a
drainage network can influence the IBI across a
range of drainage basins, years, and environmen-
tal conditions.

Several factors may have accounted for the sig-
nificantly higher IBI scores at MT stations com-
pared with HT stations. Habitat diversity greatly
influences biotic integrity (Karr et al. 1986; An-
germeier and Schlosser 1987). We attempted to
minimize this effect by selecting tributary stations
as similar to one another as possible. Osborne and
Wiley (1992) were unable to identify differences
in several physical habitat variables (stream size,
discharge variability, habitat diversity, channel
gradient) at the MT and HT sampling stations in
the Vermilion and Mackinaw basins. Nonetheless,
other habitat variables not considered might ac-
count for the observed differences in IBI scores
between HT and MT streams. For this reason we
cannot reject the possibility that differences in the
habitat quality at HT and MT streams may ex-
plain some of the differences observed.

As previously mentioned, species richness is an
important metric in the IBI (Karr et al. 1986). We
found significantly more (P < 0.0001) species of
fish at MT stations (21.9 = 1.5) than at HT sta-
tions (15.2 = 1.1; Table 2). Higher species rich-
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ness in MT than in HT streams may have resulted
from greater immigration and recolonization rates
associated with the closer proximity of MT sta-
tions to main channels (Osborne and Wiley 1992).
It was hypothesized (Horwitz 1978; Grossman et
al. 1982) that larger streams provide species in-
habiting nearby tributary streams with refugia
during periods of disturbance (e.g., droughts) and
thus serve as a subsequent species pool for reco-
lonization.

Jaccard community similarity coefficients for
MT stations and the closest MC station ranged
from 0.14 to 0.58. Despite this broad range we
were unable to detect a significant relationship be-
tween the distance of MT stations from main
channels and the similarity coefficients (F = 1.27,
df = 1, 14; P = 0.28; 2 = 0.09); however, the
slope was negative as expected. A larger range of
distances, or an increased number of samples in
future analyses should clarify this relationship. Our
results do suggest that species richness and IBI
scores at MT stations within 20 km of the main
channel are similar.

The influence of stream location within a drain-
age network on species richness and IBI scores has
important implications for the development of I1BI
“expectation criteria” (Karr et al. 1986). Fausch
et al. (1984) suggested that any application of the
IBI to assess human impacts must control for
stream size and zoogeography. To account for
zoogeographic influences, IBI expectation criteria
are developed regionally. To account for the in-
fluence of stream size on species richness, stream
order or drainage area is plotted against species
richness to generate lines of expected number of
species for streams within a region. Because the
location of stream channels within a drainage net-
work appears to influence IBI scores, resource
managers may underestimate the biotic integrity
of HT streams or overestimate the quality of MT
streams, depending on which data are used to es-
tablish the expectation criteria.

In central Illinois, an IBI of 45 was recom-
mended as the minimum score for a stream rated
as “good” (Karr et al. 1986). Fifteen of our trib-
utary stations had IBI scores of 45 or greater (Fig-
ure 2), of which only four were HT streams (Table
1). The probability of four of 15 stations belonging
to the HT station category was significantly non-
random (P = 0.05) according to a binomial test.
These results suggest that MT stations constituted
a disproportionate number of the stream reaches
categorized as “‘good” within the three basins.
Conversely, of 17 tributary stations with IBI scores



640
6017 - a
- = m .
.E 501 [ ] [a]
g S
[a]
E I B
. &
- ] o
g a
= O &hHT |
om 201 B i-MT
©
S
< 10
-]
]
0 v v v v —
0 1 2 3 4 5

Stream Order

FiGUuRre 2.—~Index of biotic integrity (IBI) scores for
headwater tributary (HT) and main-channel tributary
(MT) stations in the LaMoine, Mackinaw, and Vermil-
ion river basins versus stream order. The horizontal line
marks IBI = 45, the recommended minimum score to
achieve a rating of “good™ in Illinois.

less than 45 (Figure 2), only 4 were MT stations
(Table 1). The probability that four of 17 stations
would be MT stations was also significantly non-
random (P = 0.025), suggesting that HT reaches
constituted a disproportionate number of the ap-
parently poor quality stream reaches.

To illustrate the potential influence of tributary
location on the IBI, we combined the data from
the three Illinois basins and developed expecta-
tion relations for species richness (Figure 3) ac-
cording to the procedures in Karr et al. (1986).
These relationships were used to generate a table
of the minimum number of species required to
achieve an IBI component rating of 5 for each
stream order (Table 3). Based on the “expectation
lines” in Figure 3A, 6 of 17 HT stations (35%)
and 11 of 15 MT stations (73%) would have re-
ceived scores of 5 (Tables 1, 3). If the species-rich
MT stations were excluded from the analysis (Fig-
ure 3C), three additional HT stations (9 of 17, or
53%) would receive a score of 5. Exclusion of HT
stations from the analysis (Figure 3B) would not
change the number of MT stations receiving a score
of 5 in our study, but it could in other studies
because it raises the minimum species richness
required for third- and fourth-order streams to
receive a score of 5 (Table 3). The results from
these three Illinois basins suggest that the present
practice of pooling all streams to derive the stan-
dard (i.e., of not accounting for the location of
tributary streams within a drainage network) can
result in an underestimation of the biotic integrity
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of headwater tributary streams and an overesti-
mation of MT stream integrity.

We also examined the influence of tributary lo-
cation and drainage basin affiliation on other met-
rics of the IBI (Table 2). Although differences in
trophic structure occurred that could be attributed
to drainage basin (Table 2), tributary location in
a drainage network did not significantly influence
the trophic composition of the fish communities
in small streams, as indicated by the proportions
of omnivores, insectivorous cyprinids, and pisci-
vores (Table 2).

As with the trophic results, no significant influ-
ence of tributary location on the total number of
individuals or the number of sunfish species at
sampling stations was detected (Table 2). How-
ever, significantly more sucker species (P < 0.001)
were found at MT stations than at HT stations,
and tributary location accounted for 86% of the
variation in the number of sucker species caught
(Table 2). The average number of sucker species
was similar at MT stations (4.1) and MC sites
(6.7), but much lower at HT stations (1.5). This
pattern reflects the restriction of these species to
the lower basins, except for short-term reproduc-
tive migrations that are relatively limited in HT
streams. The influence of tributary location on the
number of suckers further illustrates the potential
influence of this landscape attribute on the IBI.

Significant effects of tributary location (P < 0.01)
on the number of darter species at stations was
also found, but only in two of the three basins
(Table 2). The inconsistency in the pattern of dart-
er abundance does not provide adequate evidence
to support or reject the hypothesis of the impor-
tance of spatial location on this IBI metric. Pre-
liminary analyses by Bayley and Dowling (1990)
indicate that the catchability of darters diminishes
when the quality of their habitat improves, so fu-
ture analyses that correct for sampling efficiency
should clarify this relationship.

Our results suggest that at least 3 of the 12 IBI
metrics, species richness and the numbers of dart-
er and sucker species, are influenced by the lo-
cation of a tributary within a drainage network.
Further, these findings indicate that prior to con-
structing species-stream order expectation graphs,
resource managers should first ascertain whether
the location of tributary streams within a drainage
network influences the number of fish species. If
such spatial variation is found, at least two ex-
pectation relationships should be developed. One
should include low-order, headwater tributary
streams and the other should include low-order,
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FiGURE 3.—Species richness expectation graphs for
calculating indexes of biotic integrity (IBI) with data from
(A) all station categories (main-channel tributary, MT;
headwater tributary, HT; and main channel, MC), (B)
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TasLE 3.—Minimum species richness required to fall
within the upper one-third of the expectation criteria
curve, or “good” range, with respect to stream order
when all stations or combinations of main-channel trib-
utary (MT), main-channel (MC), and headwater tribu-
tary (HT) stations are used. These data were interpreted
from graphs in Figure 3.

Station Stream order
categories
included | 2 3 4
All 13 16 18 20
MT and MC 13 16 19 23
HT and MC 8 11 14 17

main-channel tributary streams, as in Figure 3.
Failure to account for locational influences of
streams is likely to result in an erroneous assess-
ment of the biotic integrity of tributary streams
within a region.

In conclusion, we recommend that managers
evaluate species richness and community struc-
ture metrics for influences of tributary location
in a drainage network. If such spatial influences
are detected, they should be incorporated into the
development of regional expectation criteria. The
procedures used in this paper can serve as a guide
for assessing the importance of tributary location
and for modifying IBI expectation criteria. Al-
though our criteria for distinguishing between HT
and MT streams were adequate to discern distinct
patterns in species richness (Osborne and Wiley
1992) and IBI scores across the three basins, they
may need to be modified for use in other basins
or regions. Future research in the area of spatial
statistics, land use ecology, stream network anal-
ysis, and gear efficiency will facilitate the devel-
opment of guidelines to better distinguish between
headwater and main-channel tributary streams and
to assess the geographic extent of this drainage
network pattern. Developers of the IBI recognized
the importance of incorporating professional
judgement into the scoring metrics, thereby allow-
ing for the continued evolution of the index as a
management tool.

—
only MT and MC stations, and (C) only HT and MC
stations. Data are from the LaMoine, Mackinaw, and
Vermilion river basins. The upper line in each graph
represents maximum species richness per stream order,
fit by eye. Trisection of the area below each maximum-
richness line creates regions in which richness would
receive scores of (from top to bottom) 5, 3, and 1 as an
1BI metric.
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