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Abstract

The Biotic Index (Bl), a numerical index that combines the pollution tolerance of benthic
insects with estimates of community structure, effectively discriminated among differences in
the macroinvertebrate assemblages of eight Missouri Ozark streams of differing water quality.
The BI at a given site is affected by spatial and temporal differences in the benthic community
but not by species that occur in only small numbers. Six kick-net samples provided sufficient
data for estimating an average BI value, and for detecting statistically significant differences in
the values between two sites. Differences in the BI among sampling sites were supported by
differences in the taxonomic composition of the benthic communities and were statistically re-
lated to stream water chemistry. The BI was more sensitive and less variable than diversity
indices for discriminating differences in stream water quality.

Inventories of stream water quality usually
include quantitative estimates of the benthic
macroinvertebrates because their special char-
acteristics make them valuable environmental
indicators (Hynes 1970). They are especially
useful under conditions of intermittent or mild
organic enrichment when altered water quality
is not readily detectable by conventional chem-
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ical surveys (Chutter 1972). Although there is
general agreement that organic enrichment
tends to restrict the number of species and si-
multaneously increase the density of tolerant
species (Keup et al. 1967; Gaufin 1973), there
Is no single accepted method of data analysis or
a gencrally agreed upon standard criterion by
which this community can be used to interpret
water quality (Bartsch and Ingram 1966; How-
miller and Scott 1977).

Two common approaches toward assessing
stream environmental quality by means of ben-
thic macroinvertebrates are the use of the ani-
mals as indicator organisms and the evaluation
of community diversity. Assessments of the ef-
fects of pollution sometimes are based on the
presence or absence of an indicator species hav-
ing a known tolerance to organic enrichment
(Sladecek 19738); however, such assessments
frequently are considered insufficient because
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the information provided by an analysis of the
community is considered necessary (Richard-
son 1929; Gaufin and Tarzwell 1952). Al-
though community diversity, based on the
structure and composition of taxa in the ben-
thic community, frequently is used and lends
itself to mathematical analyses (Wilhm and
Dorris 1968; Pielou 1975; Kaesler et al. 1978),
it disregards the ecological sensitivities of the
organisms composing the community. Another
disadvantage of this approach is that not all
communities, even though undisturbed by hu-
man activities, have an inherently high diver-
sity. Consequently, it is not always possible to
equate specific ranges in diversity values with
environmental conditions or degree of damage
o the ecosystem (Wilhm 1970; Howmiller and
Scott 1977; Kaesler 1978).

Several authors have attempted to combine
the indicator-organism and community-diver-
sity approaches to provide a method of data
analysis and valid criteria for interpreting ben-
thic communities as indicators of water quality
(Beck 1955; Brinkhurst et al. 1968; Howmiller
and Scott 1977). One means of analyzing the
environmental quality of streams based on ben-
thic macroinvertebrates is the Biotic Index (BI)
as proposed by Chutier (1972) and modified by
Hilsenhoff (1977). This index is a measure of
the pollution of lotic environments by readily
oxidizable allochthonous organic matter and its
breakdown products. It summarizes the devia-
tion of the observed comunity of animals
from the community that would be expected if
the water were unenriched (Chutter 1972).
This summary is made by integrating the biol-
ogy, natural history, and tolerance to organic
pollution of the individual species collected.
The BI combines the ecological affinity of the
species with estimates of community structure
to provide a numerical index.

To calculate the BI, one must assign to each
species a pollution-tolerance value related to its
occurrence in streams of known water quality
{Chutter 1972; Hilsenhoff 1977). Assigned val-
ues, designated g;, are whole numbers ranging
from 0 for species characteristically found in
clean streams to 5 for species inhabiting ex-
tremely polluted waters; values from 1 to 4 are
assigned to species associated with intermediate
degrees of pollution tolerance (Hilsenhoff
1977). The index is calculated by multiplying
the number of individuals of each taxon by its
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pollution tolerance value. The sum of the prod-
ucts is divided by the total number of individ-
uals collected in the sample.

Because the BI has had only limited appli-
cation (Chutter 1972; Hilsenhoff 1977; Coetzer
1978), its potential for evaluating stream water
quality requires further examination. We
sought to determine if, by using the BI as de-
scribed by Hilsenhoff (1977), we could discrim-
inate effectively among differences in water
quality in selected Missouri Ozark streams
whose environmental condition had been esti-
mated, a priori, from previously collected data.
We established three objectives: (1) to deter-
mine the ability of the BI to discriminate among
differences in water quality in selected Missouri
streams, and to relate the BI to those ditfer-
ences; (2) to analyze the variation of the BI
within and among sampling sites; and (3) to
propose criteria by which water quality in Mis-
sourt Ozark streams can be evaluated, and to
compare these with an index commonly used
to evaluate benthic macroinvertebrate com-
munities.

Methods

Fifteen samples of the aquatic insect com-
munity were collected between 1 June and 19
December 1978 at each of 11 study sites in eight
streams in the White and Gasconade river ba-
sins in southwest and south-central Missouri
(Table 1). These streams were selected, on the
basis of available data on water chemistry and
benthic macroinvertebrates, to represent the
range of conditions found in Missouri Ozark
streams (Dieffenbach and Ryck 1976; Duchrow
1976; Ryck 1976). Urban, pasture, and forest
land made up 94 to 100% of the area of each
watershed. On the basis of available data, we
believed that these streams covered a wide
range from nearly pristine, with no apparent
human perturbations (Spring Creek, Bryant
Creek, and North Fork of the White River), to
slightly enriched (sites 1, 2, and 3 in Finley
Creek, Potters Creek, and sites 1 and 2 in James
River), to grossly enriched (Wilson Creek and
Big Piney River—both of which receive treated
municipal sewage). During this study, Smart
(1980) concurrently collected water quality data
at the same sites (Table 1).

We collected aquatic insects from the stones-
in-current biotope (Chutter 1972) in an aquatic
kick net having a D-frame (46 X 20 cm) and a
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TaBLE 1.—Location and geometric means of water chemistry variables from sites on Missouri Ozark streams between June

and December 1978,
Chlorophyll a Total Total
Preliminary assessment plankton NH;-N NO,-N NO;-N P particulate P
of condition and site? (mg/m®) (mg/m®) (mg/m®) (mg/m?) (mg/m?) (mg/m?®)
Nearly pristine
Spring Creek 2.1 1.9 1.7 118 14.1 3.1
Bryant Creek 35 2.9 2.9 143 28.1 14.2
North Fork, White River 2.5 1.9 2.4 100 18.8 9.1
Slightly enriched
Finley Creek, site 1 2.8 3.6 4.3 331 38.0 18.3
Finley Creek, site 2 5.2 2.8 5.1 448 87.8 18.4
Potters Creek 2.1 2.4 2.3 185 15.5 5.8
James River, site 1 4.9 5.1 5.2 149 47.8 22.3
James River, site 2 10.2 3.2 6.6 405 81.7 42.4
Grossly enriched
Wilson Creek 2.6 26.7 32.9 2,406 5,531 1,029
Big Piney River 84.1 1,228 44.8 44 1,584 506
Alkalinity Cl- K* Na* SO~
Preliminary assessment (mequivalents/ (equivalents/  (equivalents/ (cquivalents/  (equivalents/
of condition and site? liter) liter) liter) liter) liter) JjTur
Nearly pristine
Spring Creek 3.50 23 56 44 17 1.6
Bryant Creek 4.05 38 67 63 23 4.0
North Fork, White River 3.66 37 60 60 85 1.9
Slightly enriched
Finley Creek, site | 3.22 138 84 163 77 3.9
Finley Creek, site 2 3.03 138 99 191 65 4.0
Potters Creek 2.11 73 63 92 73 1.6
James River, site 1 2.85 151 120 175 130 5.4
James River, site 2 3.05 176 106 233 213 11.9
Grossly enriched
Wilson Creek 2.90 2,140 680 1,768 903 4.2
Big Piney River 5.11 482 226 1,020 230 14.2

* No water chemistry data for Finley Creek, site 3.
® Jackson Turbidity Units.

net (46 X 20 x 25.4 ¢m) with 8 meshes/cm and
l-mm openings. At each site two sets of three
kick samples were collected—one near shore,
one near the middle of the stream, and one
between the two. To collect each kick sample,
we disturbed an area of about 0.40 m? to a
depth of 10 cm.

From 50 to 75 organisms were sorted and
picked in the field from each set of samples,
yielding 100-150 specimens per site. Hilsen-
hoff (1977) reported that about 100 organisms
constituted an adequate sample for estimating
the BI at a site, and that the most abundant
taxon(s) should not exceed 25 in the sample.
About 30 minutes were spent collecting at each
site. It was not always possible to collect 100
organisms from a site: treated sewage effluent

severely reduced populations in Wilson Creek,
and scouring occasionally decreased popula-
tions at several other sites. At the Big Piney
River site, sewage effluent caused the benthic
community to be heavily dominated by two
taxa; consequently we usually collected only
about 50 organisms there.

To determine the amount of variation in the
aquatic insect community within a site on a giv-
en stream, we sampled four riffles and one
chute within a 450-m reach of Spring Creek on
30 September 1978. Twenty samples (each the
composite of three kick samples) were collected
from five transects. The samples were returned
to the laboratory for sorting and enumeration.
Data collected by this procedure were com-
pared with field-sorted samples to determine if
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about 100 organisms would indeed adequately
estimate the BI.

We identified organisms to species when pos-
sible, using the most appropriate keys available,
and had the identifications verified by special-
ists (Tracy 1979).

Two biological indices were calculated for
each sample to evaluate water quality: an ap-
proximation of the Shannon-Weaver index of
species diversity (Wilhm and Dorris 1968) and
the Biotic Index (Chutter 1972; Hilsenhoff
1977). These indices were calculated as follows:

N

Species diversity = 2 nd N)loga(ni/N);

Biotic Index : nl ai/N;

li
I Mm n'

where N is the total number of individuals in
the sample, n; is the number of individuals in
the ith species (taxon), g; is the pollution tol-
erance value for the ith species, and § is the
number of species.

For the BI, pollution tolerance values ()
were adopted from Hilsenhoff (1977) or were
assigned according to the tolerance ranges of
specific taxa for water quality variables (Table
2), including chlorides, nitrogen, phosphorus,
and biochemical oxygen demand (Roback
1974; Harris and Lawrence 1978; Hubbard
and Peters 1978; Surdick and Gaufin 1978).
About 45% of the organisms could not be iden-
tified to species; about half of these were chi-
ronomids. Organisms not identified to species
were assigned a; values corresponding to the
most pollution-tolerant species of that genus
(Hilsenhoff 1977). The a; values are, therefore,
considered to be conservative estimates.

Taxonomic comparisons were made among
collections of benthic invertebrates by the per-
cent-similarity index of Pielou (1975):

s
Percent similarity = 200 min Py, - Pyy;
i=}1

where P;; and Py, are the quantities of species
(taxon) 1 ar stations x and y, as proportions of
the total quantity of all species at the two sta-
tions combined, and § is number of species.

Results and Discussion
Aquatic Insect Communities

We collected 119 taxa of aquatic insects dur-

ing the study; 45 to 66 were collected from the-
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pristine to moderately enriched sites and 22
were collected from each of the grossly en-
riched sites (Table 3). Within any single collec-
tion, the number of taxa varied from 2 to 32,
depending on the site and date of collection.

Of the aquatic insects identified, the values
of a4 were 0 for 18 taxa (clean-water associa-
tion), | for 30 taxa, 2 for 37 taxa, 3 for 22 taxa,
4 for 10 taxa, and 5 for 2 taxa (pollution-tol-
erant organisms). Some 71% of the organisms
collected had g; values of 2 or less, indicative of
overall good water quality in most of these
streams.

Biotic Index

Within a site, the variance in the BI depends
on the spatial distribution of benthic insects and
the effects of temporal fluctuations on the com-
position of the benthic community. The major
source of variance in the BI among sites, how-
ever, s attributed to differences in water qual-
ity; differences in BI among sites should reflect
the degree of nutrient or organic enrichment
of the waters. These sources of variance in the
BI were examined.

Within-Site Variability

The mean BI at a single site on a given sam-
pling date, estimated at five locations in Spring
Creek, ranged from 1.34 to 1.90, and the stan-
dard error of the mean (reflecting within-site
variation) was less than 0.12 at all locations
(Table 4). Mean BI values at four locations did
not differ significantly from one another (range
1.71-1.90) but were significantly greater (P <
0.05) than the mean BI value of 1.34 at location
3. This difference was caused by large numbers
of Helicopsyche borealis and Optioservus sandersoni
(both having g values of 1) relative to the total
number of organisms collected. The propor-
tions of these two species in the total collection
accounted for 64% of the variability in the BI
among locations in Spring Creek (Spearman
rank correlation coefficient 7, = 0.80; P <
0.01).

Substratum differcnces among the locations
probably accounted for the differences in
species distribution (Hynes 1970; Rabeni and
Minshall 1977). The substratum at location 3
was predominantly pebble, whereas those at the
other locations were more varied, composed of
cobble and gravel. Also, location 3 was com-
pletely shaded by a tree canopy, whereas the
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TAaBLE 2.—Pollution tolerance values (a;) of aquatic insects inhabiting Missouri Ozark streams, assigned by B. H. Tracy.
Values of ay range from O (pollution-intolerant) to 5 (very pollution-tolerant).

Taxon & Taxon a Taxon a
Ephemeroptera Plecoptera Diptera, continued

Ephemerellidae Capniidae Thienemanniella spp. 1
Eurylophella aestiva 0 Allocapmia granulata 1 Tribelos spp. 1
Serratella serratoides 1 A. vivipara 2 Empididae

Ephemeridae Leuctridae Hemerodromia spp. 4
Ephemera varia 1 Zealeuctra claasseni 0 Roederiodes spp. 4
Hexagenia linbata 3 Perlidae Simuliidae

Heptageniidae Neoperla spp. 9 Simultum spp. 4
Epeorus Spp- . . 0 Perlinella drymo 0 Tanyderidae
Heptagenia maculipennis 2 P. ephyre 0 .

Stenacron gildersleevi 2 . Protoplasa futchii 1
s Perlodidac L

Stenonema femoratum 3 Haydroperd i 9 Tipulidae

S. integrum 3 yaroperta crosoyt - g
S. lutri-:n 1 Isogenoides varians 1 Erioptera spp. 3
S. pulchellum 2 Pteronarcyidae Trichoptera .

Leptophlebiidae Pteronarcys dorsata 1 Brachycentridae )
Choroterpes spp. 9 P. pictetti 1 Brachycentrus lateralis 1
I-Iabrophlel.)iodex spp. 1 Taeniopterygidae Glossosomatidae
Leptophiebia spp. 2 Taeniopteryx burksi/maura 2 Agapetus spp. !

Neoephemeridae T. metequi 1 Hydropsychidae
Neoephemera spp. 1 T mivalis ! Hydropsyche arinale 1

Polymitarcyidae Coleoptera H. f’i’fmi 3
Ephoron album 1 Dryopidae H. orms. 3

. } Helichus lithophilus 3 H. sclarss 3

Siphlonuridae Macronema carolina 1
Sephlonurus marshalli 2 Elmidae Symphitopsyche (bifida

Optioservus sandersoni 1 group) 3
C z alri
)d'onan L Stenelmis beameri 2 S. piatrix 0
(,o;na.grl;md;le 9 g c@vexuh 3 Leptoceridae
rgia apicalis . exigua .

A. plana 3 S. lateralis 9 Setodes spp. 1

A. tibialis 3 S. sexlineata 3 Limnephilidae
Enallagma ciuile ! Limnichidae Pseudostenophylax spp. 2

Gomphidae Lutrochus laticeps i Philopotamidae
Dromogomphus Spp- 3 bi Wormaldia spp. 1
Erpetogomphus designatus 2 ptera i
Gomphus vastus I Athericidae Polycentropidae
Ophiogomphus rupinsulensis 1 Atherix lantha 9 Polycentropus centralis 0
Progomphus obscurus 1 . Rh hilid
Stylogomphus albistylus 1 Ceratopogonidae yacop l_l ae

. Forcipomyia spp. 1 Rhyacophila fenestra 0

Macromiidae o ; R. lobifera 2
Didymops transversa 2 Chironomidae Lepidont
Macromia spp. 2 Ablabesmyia spp. 3 €pt OP era

Procladius spp. 4 Pyralidae
Stenochironomus spp. 1 Petrophila spp. 2

canopy was more open at the other locations.
Our data, however, suggested that the within-
site variability of the BI caused by the spatial
distribution of benthic insects was only a small
source of error in sites with a uniform sub-
strate.

At eight of the sampling sites (Table 3) the
BI showed a significant linear decrease over

time (regression analysis, P < 0.01). The BI's
were highest in June and lowest in December
(see range of values in Table 3). The BI at these
sites decreased an average of 0.5 unit (range
0.3 to 0.9), which accounted for about 50% (r?
range 0.41 to 0.87) of the variation in the BI
within a site during the study.

This decrease in the BI over time seems re-
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TaBLE 3.—Total taxa and Biotic Index (BI) values for Missouri Ozark streams, June-December 1978.

Toral taxa Coefficient

BI of variation

Range per Standard  (SD/mean)-
Site N Number collection Mean Range error 100
Spring Creek 15 58 18-27 1.62 1.21-1.982 0.058 14.20
Bryant Creek 15 57 13-25 2.05 1.72-2.35% 0.049 9.26
North Fork, White River 15 61 11-31 2.10 1.90-2.25 0.026 4.74
Finley Creek, site 1 15 63 19-29 2.22 2.01-2.632 0.051 9.01
Finley Creek, site 2 15 57 20-29 2.03 1.73-2.312 0.048 9.36
Finley Creek, site 3 15 66 18-32 2.19 1.78-2.53%2 0.059 10.50
Potters Creek 15 58 19-24 2.24 1.65-2.692 0.079 13.84
James River, site 1 i5 65 18-32 2.34 2.06-2.512 0.033 5.56
James River, site 2 11 45 18-25 2.28 2.11-2.43 0.035 5.26
Wilson Creek 11 29 6-15 2.98 2.40-3.612 0.106 4.03
Big Piney River 15 22 2-12 4.77 3.99-5.00 0.083 6.71

2 Biotic Index values decreased significantly with time (P < 0.01).

lated to the seasonal dynamics within the ben-
thic community. The level of identification giv-
en to all taxa was consistent throughout the
study and we found no difference in the num-
ber of taxa collected at these sites over time.
However, between June and December the
composition of the benthic fauna, as estimated
by percent similarity comparisons, changed by
40 10 70% depending on the site. Organisms
identifiable only to genus (such as Cheumato-
psyche sp., Baetis sp., Caenis sp., Heptagenia sp.,
and others) made up over 50% of the June col-
lections but only 30% of the December collec-
tions. Inasmuch as organisms identified to ge-
nus were assigned g; values corresponding to
the most pollution-tolerant species of that ge-
nus, the BI probably was overestimated at sites
where a high proportion of the sample was
composed of organisms identifiable only to ge-
nus—as was true in our early collections. When
only the organisms identified to species were

TasLe 4.—Variation in the Biotic Index (BI) at five lo-
cations, Spring Creek, Missourt, 30 September 1978
(based on four samples per location).

Coeffr-
Loca- Mean cient of
tion BI Range Sh SE  variation®
1 1.71 1.52-1.85 0.17 0.08 9.94
2 1.88 1.80-1.97 0.08 0.04 4.26
3 1.34 1.20-1.61 0.19 0.09 14.18
4 1.81 1.58-1.92 0.16 0.08 8.84
5 1.90 1.67-2.19 0.25 0.12 13.16

2 (Standard deviation + mean) X 100.

used to calculate the BI, the BI values were
about 0.4 unit lower, and showed no significant
change over time (regression analysis, P >
0.05).

The BI was stable over time at three sites—
James River site 2, North Fork of the White
River, and Big Piney River-—and none of the
vartance in the index could be related to time.
The coetficient of variation at these sites was
less than 7%.

Among-Site Comparisons

Ditferences in BI's among the 11 sites were
significant (analysis of variance, P < 0.01). In
orthogonal comparisons (@ = 0.05) of mean BI
values made on the basis of prior water chem-
istry and macroinvertebrate data collected from
these streams (Dieffenbach and Ryck 1976;
Duchrow 1976; Ryck 1976), the values for Wil-
son Creek (2.98) and Big Piney River (4.77)
were significantly different (P < 0.05) from
one another and from the other sites. Spring
Creek, representing nearly pristine conditions,
had a mean BI (1.62) significantly lower than
the values at all the other sites. Mean BI's for
the North Fork of the White River (2.11) and
Bryant Creek (2.05) did not differ. Mean BI's
for the Finley Creek sites (site 1, 2.22; site 2,
2.03; site 3, 2.29) did not differ significantly
(P > 0.05), but collectively they were signifi-
cantly lower than mean BI’s for Potters Creek
(2.24) and the two James River sites (site 1,
2.34; site 2, 2.28). There were no statistical dif-
ferences between mean BI's for Potters Creek
and James River sites.
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Water Quality Categories and the Biotic Index

Based on statistical differences among our
sites and the criteria of Chutter (1972) and Hil-
senhoff (1977), we present preliminary criteria
for evaluating water quality in streams of the
Missouri Ozarks on the basis of BI values.
These criteria classify Ozark streams as ranging
from clean, unpolluted waters (BI < 1.75) 1o
polluted waters (BI = 3.25); two intermediate
categories—slightly enriched (1.75 < BI < 2.50)
and enriched (2.50 < BI < 3.25)—represent
conditions of transition between these ex-
tremes. Using these criteria, one can evaluate
the water quality at the sites we studied as fol-
lows:

Clean, unpolluted—Spring Creck;

Shightly enriched—North Fork of the White
River; Bryant, Finley, and Potters creeks:
James River;

Enriched—Wilson Creek;

Polluted—Big Piney River.

The delineations provided by these criteria
seem reasonable, as judged by carlier water
quality data from these streams and the water
chemistry data collected during the study (Ta-
ble 1). Differences in BI’s among streams were
significantly correlated with an increase in the
concentration of certain stream chemicals as-
sociated with nutrient enrichment (Table 5).
The BI’s were highest in Wilson Creek and the
Big Piney River, which are enriched by point-
source additions of municipal sewage, as indi-
cated by the water chemistry dara (Table 1).

"There were no known point-source inputs of

sewage to the other streams; there, water chem-
istry was influenced by land-use practices on the
watersheds. The concentrations of the chemi-
cals correlated with the BI (Table 5) increased
with increases in the proportional areas of ur-
ban and pasture land on a watershed and de-
creased as the area of forest land increased
{Smart 1980). Therefore, human disturbances
on these watersheds influenced the chemical
composition of the stream water, and the BI
values reflected these disturbances.

Differences in Bl values among streams gen-
erally supported our a priori opinions of stream
water quality. Exceptions were the North Fork
of the White River and Bryant Creek, which
were previously considered pristine (like Spring
Creek), but, as judged by water chemistry data
collected during the study and the BI values
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TaBLE 5.—Spearman’s rank correlation coefficients be-
tween. the geometric mean of water quality variables and
the mean Biotic Index (BI) Sfrom sites on Missouri Ozark
streams (N = 10), June-December 1978. Asterisks de-
note * P < 0.05 or ** P < 0.0].

Water quality Correlation
variable with BI
-

Ammonia N 0.84%*
Nitrite N 0.78%*
Total N 0.70%*
Total P 0.64**
Total particulate P 0.77+*
Chloride 0.83%+
Potassium 0.81%*
Sodium 0.76%*
Sulfate 0.91%+*
Turbidity 0.67*

(Table 3), probably represented an intermedi-
ale condition between Spring Creek and en-
riched waters. During the study the concentra-
tions of most water chemistry variables were
generally lower in Spring Creek than at the oth-
er sites (Table 1), and concentrations of Cl, Na,
turbidity, and planktonic chlorophyll @ were
significantly lower in Spring Creek than in the
North Fork of the White River, and Bryant
Creek (analysis of variance, P < 0.01). These
differences probably were related to land-use
practices on the watersheds. Forest land cov-
cred about 86% of the Spring Creck watershed
but only about 60% of the other two watersheds
(Smart 1980).

The proposed water quality categories also
are substantiated by differences in the taxo-
nomic composition of the benthic communities.
Using the percent-similarity index to compare
benthic communities among sites, we found
that only 2% of the organisms collected from
Big Piney River (classified as polluted) and 109
of those collected from Wilson Creek (en-
riched) were present at the other sites (Table
6). Of the organisms collected at these sites dunr-
ing the study, 97% in the Big Piney River and
76% in Wilson Creek had pollution tolerance
values (a;) of 3 or more, indicating poor water
quality conditions in these streams. An average
of 39% of the organisms collected in Spring
Creek (classified as clean) were found in the
slightly enriched streams. Within the streams
classified as slightly enriched, 44% of the or-
ganisms were common to all the communities.

Despite the general agreement between the
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TABLE 6.—Mean percent-similarity values for faunal compositions in Missouri Ozark streams.

North
Fork, Finley Creek James River
Spring  Bryant White Potters Wilson
Stream Creek  Creek  River Site 1 Site 2 Site 3 Creek  Site 1 Site 2 Creek
Bryant Creek 53
North Fork, White River 50 61
Finley Creek, site 1 38 47 48
Finley Creck, site 2 25 37 32 46
Finley Creek, site 3 37 47 47 60 60
Potters Creek 43 37 37 46 30 44
James River, site 1 38 41 45 56 44 56 43
James River, site 2 27 30 34 41 35 46 36 51
Wilson Creek 7 6 8 10 16 16 11 14 12
Big Piney River 2 2 2 2 2 3 2 2 1 5

BI and our prior opinion of stream conditions,
the proposed criteria describe a continuum of
water quality that is difficult to subdivide.
There were no clear discontinuities upon which
to base separations in water quality in the
streams because changes did not occur at
sharply defined places. Many intermediate con-
ditions existed within each of the nomenclatur-
al categories tentatively proposed. This inter-
mediacy was indicated by statistically significant
differences among Bl values even within the
proposed categories. Therefore, waters that
have a mean BI within the midrange of the
respective categories can be classified with
greater confidence than waters with BI's near
the extremities of the range.

Sampling Considerations

To estimate a Bl value, we field-sorted about
100 organisms as recommended by Hilsenhoff
(1977), except that during the within-site vari-
ability study at Spring Creek, we collected com-
plete samples. The Spring Creek samples re-
sulted in mean BI values (1.34 to 1.90, Table
4) similar to those for the entire period of study
(1.21 to 1.98, Table 3), even though the num-
ber of specimens in a collection was 2 to 20
times greater. Of the 62 taxa of insects collected
in the larger samples, about 84% were repre-
sented in the field-sorted samples. The taxa not
normally collected were rare forms, not present
at all locations in Spring Creek, and composing
less than 1% of the organisms in the samples.
These data suggest that thorough samples of
faunal composition are not necessary to deter-
mine a BI value for a site because the Bl is not
greatly influenced by species that do not occur

in the community in significant numbers (Hil-
senhoff 1977, Kawasaki and Pollack 1980).
Therefore, for purposes of biological monitor-
lug, estimates of faunal composition taken by
a standardized collection technique should be
adequate for the estimation of the BI of a
stream and for comparison with estimates made
from similar collections.

Detecting statistically significant differences
in the BI values between two sites and estimat-
ing width of the confidence intervals about a BI
value from a given site depend on the number
of samples collected. To determine the number
of samples per site required to detect differ-
ences and estimate confidence intervals, we
used an estimate of within-site variability over
time from a pooled estimate (variance [s*] =
0.05; df = 146).

The criterion used for considering the de-
sired precision at a specific site was that a sarmn-
ple of values for a site (at the 95% confidence
interval) must yield an estimated average BI
value within 0.25 of the actual BI value. The
0.25 value was selected because it is 10% of the
middle BI value of 2.5. For example, when N =
6, df = 5, and ¢ (two-tailed, P = 0.05) = 2.571;
then ((s2/6)2 = 2.571(0.05/6) = 0.235, which is
less than 0.25. Therefore, to be 95% confident
that the estimated mean B is within 0.25 of the
true mean BI, at least six samples are needed
during a study. Because the BI is affected by
seasonal changes in the benthic fauna, the sam-
pling dates should be spaced to account for
variations in the life history and seasonal oc-
currence of the benthic invertebrates within the
geographic region. Also, because the spatial
distribution of benthic organisms can affect the
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FABLE 7.—Shannon-Weaver diversity values from Mis-
sourt Ozark streams, June-December 1978.

Shannon-Weaver

diversity?

Site Mean SE
Spring Creek 2.45 0.03
Bryant Creek 229 0.05
North Fork, White River 2.32 0.07
Finley Creek, site 1 2.49 0.03
Finley Creek, site 2 2.53 0.02
Finley Creek, site 3 2.53 0.04
Potters Creek 2.38 0.02
James River, site 1 2.51 0.04
James River, site 2 2.26 0.03
Wilson Creek 1.69 0.11
Big Piney River 0.91 0.09

* Based on 15 samples from each site except Janes River,
site 2 and Wilson Creek (11 each).

BI within a site, preliminary samples should be
collected to determine the potential for spatial
biases.

The criterion used for comparing the BI be-
tween two sites was that the 5% Least Signifi-
cant Difference (LSD) be less than half the
smallest range of BI values for any category
within the water quality criteria. The smallest
range value was (.75 for the middle two cate-
gories; therefore, the critical LSD value would
be 0.375. When each N is 5, df are 8, and ¢
(P =0.05) is 2.306; ([s*(2/5)} = 2.306[0.05(2/
)} = 0.326; therefore, to detect statistically
significant differences in the BI values between
sites, at least five samples per site should be
collected during the study.

Comparison with Other Indices

By the criterion of Wilhm and Dorris (1968)
for the Shannon-Weaver diversity index—that
unstressed environments have a species diver-
sity greater than 3 and moderately stressed en-
vironments less than 1—all the sites sampled in
the present study (our data providing an esti-
mate of the relative degree of diversity among
streams) would be judged as unstressed envi-
ronments, except sites on Wilson Creek and Big
Piney River, which would be judged as mod-
erately stressed (Table 7). Classification of
stream water quality based on the criteria of
Wilhm and Dorris did not coincide with our a
priori opinions of the environmental condition
of these streams, or with the water chemistry
data collected during the study. The diversity
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index was not correlated with any of the water
chemistry variables in Table 5 but was related
to stream depth (Spearman’s rank correlation
coefficient 7, = 0.92; P < 0.01). The criteria
based on diversity were not sensitive enough to
differentiate between streams with no apparent
or only slight enrichment.

We also found more within-site variation
over time in the Shannon-Weaver diversity in-
dex than in the BI. On the basis of a 95% con-
fidence interval, nine samples would be needed
during a study to yield an estimated average
diversity index value with the same precision as
we obtained from six samples for the BI (for
N =9, df =8, and (= 2.306; ((s¥/Nt =
2.306(0.10/9)t = 0.243). Murphy (1978) also
found greater temporal variability when assess-
ing river water quality in England with indices
based on community diversity than with biotic
indices.

Assessment of the Biotic Index

The BI provides a promising approach for
assessing the degree of organic enrichment in
streams by combining the concepts of species
diversity with the ecological sensitivity of the
benthic insects into a single numerical expres-
sion; it provides reproducible results that lend
themselves to statistical analysis. Use of the BI
enabled us to discriminate among differences
in the water quality of Missouri Ozark streams
selected to represent environmental conditions
ranging from clean to severely polluted. Dif-
ferences in the BI among sampling sites were
supported by differences in the taxonomic
composition of the benthic communities, and
were statistically related to stream water chem-
istry.

Acknowledgments

Thts research was supported by the Missouri
Water Resources Research Center—Depart-
ment of the Interior (project A111 MO), the
Missouri Agricultural Experiment Station
(project 1760), Missouri Cooperative Fishery
Research Unit, and the Division of Biological
Sciences, University of Missouri.

We thank William Hilsenhoff for suggestions
in the development of the project; Donald
Huggins, Harley Brown, Guenter Schuster,
and Andrew Bednarik for verification and
identification of specimens; Kevin Tracy for
technical assistance; and Paul Eschmeyer,



636

Charles Rabeni, Richard Duchrow, Richard
Anderson, James Czarnezki, David Zimmer,
and Ronald Crunkilton for comments on the
manuscript.

References

Bartsch, A. F., ANp W. M. INGrRAM. 1966. Biological
analysis of water pollution in North America. In-
ternationale Vereinigung fir Theoretische und
Angewandte Limnologie Verhandlungen 16:786—
800.

Brck, W. H. 1955. Suggested methods for reporting
biotic data. Sewage and Industrial Wastes
27:1193-1197.

BRrINkKHURST, R. O.; A. L. HAMILTON, anD H. B. Hgg-
RINGTON. 1968. Components of the bottom fau-
na of the St. Lawrence, Great Lakes. Great Lakes
Institute, University of Toronto, Publication 33,
Toronto, Canada.

CruTTER, F. M. 1972. An empirical biotic index of
the quality of water in South African streams and
rivers. Water Research 6:19-3().

CorTzER, A. 1978. The invertebrate fauna and biotic
index value of water quality of the Great Berg
River, Western Cape. Journal of the Limnologi-
cal Society of Southern Africa 4:1-7.

DieFrenBacH, W., aND F. M. Ryck, Jr. 1976. Water
quality survey of the Elk, James and Spring river
basins of Missouri, 1964-1965. Missouri Depart-
ment of Conservation, Aquatic Series 15, Jeffer-
son City, Missouri, USA.

Ducnrow, R. M. 1976. Water quality of Bryant and
Hunter creeks. Missouri Department of Conser-
vation, Federal Aid in Fish Restoration Project
F-19-R-2, Study W-3, Job 3, Jefferson City, Mis-
souri, USA.

Gaurin, A. R. 1973, Use of aquatic invertebrates in
the assessment of water quality. American Soci-
ety for Testing and Materials Special Technical
Publication 528:96-116.

GaurIN, A. R, anp C. N. TarzwrLL. 1959, Aquatic
invertebrates as indicators of stream pollution.
Public Health Reports 67:57-64.

Harris, T. L., aAnD T. M. LAWRENCE. -1978. Environ-
mental requirements and pollution tolerance of
Trichoptera. United States Environmental Pro-
tection Agency, EPA-600/4-78-063, Cincinnati,
Ohio, USA.

Hivsennorr, W. L. 1977. Use of arthropods to eval-
uate water quality of streams. Wisconsin Depart-
ment of Natural Resources Technical Bulletin

100.
HowmMiLLERr, R. P, anp N. A. Scorr. 1977. An en-

vironmental index based on relative abundance
of oligochaete species. Journal of the Water Pol-
lution Control Federation 49:809-815.

Husrarp, M. D., ANpD W. L. PETERs. 1978. Environ-
mental requirements and pollution tolerance of
Ephemeroptera. United States Environmental
Protection Agency, EPA-600/4-78-061, Cincin-
natt, Ohio, USA.

JONES ET AL.

Hynes, H. B. N. 1970. The ecology of running
waters. University of Toronto Press, Toronto,
Canada.

KAEesLEr, R. L. 1978. Diversity of stream communi-
ties under conditions of pollutional stress. United
States Department of Commerce, National Tech-
nical Information Service, PB-280-500, Spring-
field, Virginia, USA.

KAESLER, R. L., E. E. HERRICKS, AND J- S. Crossman.
1978. Use of indices of diversity and hierarchical
diversity in stream surveys. American Society for
Testing and Materials Special Technical Publi-
cation 652:92-112.

Kawasaky, J., anp A. K. PoLrack. 1980. A study of
the use of arthropod samples for assessing the
water quality in the upper Wisconsin River basin.
Department of Statistics, Statistical Laboratory
Report 80/2, University of Wisconsin, Madison,
Wisconsin, USA.

Keup, L. E., W. M. INGraM, anD K. M. MACKENTHUN,
editors. 1967. Biology of water pollution.
United States Department of the Interior, Fed-
eral Water Pollution Control Agency, Cincinnati,
Ohio, USA.

MurpHy, P. M. 1978. The temporal variability in
biotic indices. Environmental Pollution 17:227-
236.

Prerou, E. C. 1975, Ecological diversity. Wiley-In-
terscience, John Wiley and Sons, New York, New
York, USA.

RaBEeni, C. F.,, aND G. W. MINsHALL. 1977. Factors
affecting microdistribution of stream benthic in-
sects. Otkos 29:33-43,

RicHarDson, R. E. 1929, The bottom fauna of the
Middle Illinois River, 1913-1925, its distribution,
abundance, "valuation and index value in the
study of stream pollution. Illinois Natural His-
tory Survey Bulletin 17:387-475.

Rosack, S. S. 1974. Insects (Arthropoda: Insecta).
Pages 313-376 in C. W. Hart, Jr., and L. H. Ful-
ler, editors. Pollution ecology of freshwater in-
vertebrates. Academic Press, New York, New
York, USA.

Ryck, F. M., Jr. 1976. Water quality of the Big Piney
River. Missouri Department of Conservation,
Federal Aid in Fish Restoration Project F-19-R-2,
Study W-4, Job 1, Jefferson City, Missouri, USA.

SLADECFK, V. 1973. System of water quality from the
biological point of view. Ergebnisse der Limnol-
ogie 7:1-218.

Smart, M. M. 1980. Stream-watershed relationships
in the Missouri Ozark Plateau Province. Doctoral
dissertation. University of Missouri, Columbia,
Missouri, USA.

Surbick, R. F., anp A. R. Gaurin. 1978. Environ-
mental requirements and pollution tolerance of
Plecoptera. United States Environmental Protec-
tion Agency, EPA-600/4-78-062, Cincinnati,
Ohio, USA.

Tracy, B. H. 1979. The use of aquatic insects as
indicators of water quality in select Missouri



TEST OF THE BIOTIC INDEX FOR WATER QUALITY 637

Ozark streams. Master’s thesis. University of Mis-
souri, Columbia, Missouri, USA.

WiLHM, J. L. 1970. Range of diversity index in ben-
thic macroinvertebrate populations. Journal of
the Water Pollution Control Federation 42:221—
224.

WiLnM, J. L., ano T. C. Dorris. 1968. Biological
parameters for water quality criteria. BioScience
18:477-481.



