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Abstract—Data on the distribution of the biota of streams may be unnecessarily expensive and time-con-
suming to collect because of redundancy of information provided by various groups of organisms. Using
correlation coefficients computed between corresponding elements of @-mode similarity matrices, it was
found that in the upper Potomac River aquatic insects gave the best agreement with the total biota of any
subset tested (r=0.603). In the Clinch River, similarities among stations based on occurrences of
Ephemeroptera and Coleoptera agreed most closely with similarities based on the total insect fauna, but
the two orders were not closely similar to each other. This result suggests that study of both groups may
reveal most of the information provided by the total insect fauna. Associations among stations based on
occurrences of Gastropoda were closely similar to those based on the total noninsect macroinvertebrate

fauna.

INTRODUCTION

Use of the biota to assess the health of aquatic environ-
ments of streams and the extent of their recovery from
pollutional stress is a time-honored practice. Its success
follows from the fact that the organisms inhabiting a
stream form an intracting community with multiple
cause-and-effect pathways. The biota provides informa-
tion about the state of the environment that cannot be
obtained from study of physical and chemical para-
meters alone, making the two types of information
complementary rather than mutually exclusive. Most
importantly, the biota responds through time to the
collective impact of the various environmental para-
meters and thus acts as an information integrator.
However, the significance of lists of formal taxonomic
names is often difficult for non-biologists to appreciate
and in large doses is undigestible even for professignal
biologists. '

Several means of summarizinh data have been pro-
posed so that statéments about the health of the aquatic
environment need not be based on interpretation of
faunal lists alone. Among these are (1) the target species
approach (Mount, 1969; see also Cairns, et al., 1972);
(2) the saprobian system (Kolkwitz and Marsson, 1908;
Gaufin and Tarzwell, 1952 and 1956; Beck, 1954 and
1955; Hynes, 1962; and Fjerdingstad, 1965); (3) species
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diversity (Margalef, 1958; Wilhm and Dorris, 1968;
Buzas, 1972); (4) Patrick’s method (Patrick, 1949); (5)
the sequential comparison index (Cairns, et al., 1968
and 1970; Cairns and Dickson, 1971: see also Simmons
1972); and (6) cluster analysis (Kaesler, 1966; Brown,
1969; Williams, 1971; Kaesler and Cairns, 1972; Wiebe,
1972; Crossman, Cairns, and Kaesler, in press; Kaesler,
Crossman, et al., in press).

The suggestion has been made elsewhere that many
of the data collected during surveys of streams are
redundant, so that nearly as much information could
be obtained by studying fewer groups of organisms than
are now studied (Kaesler and Cairns, 1972; Crossman,
et al., in press). If so, the cost of such surveys could be
greatly reduced, and the rate of return of information
could be increased. Moreover, if only a small subset of
the aquatic biota or of the benthic macroinvertebrate
community were to be chosen for study during such
surveys, the degree” of accuracy of identification and
discrimination of organisms would probably increase
because the ecologis;s,’_ making the identifications could
become more familiar with the taxonomy of the group
of osganisms selected for study.

The purpose of this research is to examine the amount
of redundancy that resides in data from several surveys
of streams and to suggest means of eliminating the
redundancy.

METHODS

The methods of cluster analysis we have used previ-
ously (Kaesler and Carins, 1972 and other papers cited
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therein; Crossman, et al, in press;) provide, as a by-
product, a convenient and relatively simple means of
identifying redundant elements of the biota. At some
stage in their computation, most agglomerative cluster-
ing methods involve the computation of a matrix of
similarity or distance coefficients. This matrix shows
pairwise similarities between all items to be clustered,
in this case samples. Several such matrices may be
computed, for example, one for each major group of
organisms found in the study area. When two matrices
contain the same number of elements, they may be
compaired by computinga product-moment correlation
coefficient between their corresponding elements (Sokal
and Rohlf, 1962; Kaesler, 1970). This method, adapted
from numerical taxonomy where the coefficient is called
the cophenetic correlation coefficient, was applied to
matrices of Jaccard’s coefficients (Jaccard, 1908) and is
the basis of our method of estimating redundancy.

MATERIAL

We have chosen to study data from surveys of two
streams. From 1956 until 1966, the Limnology De-
partment of the Academy of Natural Sciences of
Philadelphia made a series of twelve surveys of a portion
of the upper Potomac River. The purpose of those
surveys was to assess possible damage to the aquatic
environment caused by the Dickerson Power Plant of
the Potomac Electric Power Company. For this reason,
the surveys were timed to coincide with the initial
construction of the plant and with its enlargement by
construction of additional units. Surveys were made
both in June, when the water level in the river was high,
and in August or September, when the water level was
much lower.

Details of collecting, sampling analysis, and related
information were given by Cairns (1966) and were
summarized by Cairns and Kaesler (1969). The original
surveys were based on the assumption that environ-
mental stress or pollution would cause a reduction in
number of species of aquatic organisms inhabiting the
exposed area. Three stations were established: one up-
stream from the possible source of pollution, one just
below the outfall of the power plant, and one about 10
km downstream where mixing was judged to be gom-
plete. No adverse effects of the thermal loading from the
power plant were detected by either the method of
Patrick (1949) or cluster analysis (Cairns and Kaesler,
1969; Roback, Cairns, and Kaesler, 1969; Cairns, Kaes-
ler, and Patrick, 1970; Kaesler, Cairns, and Bates, 1971;
Cairns and Kaesler, 1971; Kaesler and Cairns, 1972).

The Clinch River in southeastern Virginia has been
the site of two recorded industrial spills (Cairns, et al.,
1971; Cairns, et al., 1972; Crossman, et al., in press).

The first major spill ~ccurred when the dike surround-
ing a fly-ash holding-pond collapsed at Appalachian
Power Company’s power plant at Carbo, Virginia.
Within less than an hour, 4.99 x 105 m® of a slurry of
Ca(OH), with a pH greater than 12 poured into
Dump’s Creek which joins the Clinch River only 0.8
km downstream. This caustic sludge equalled 40%; of the
daily flow of the Clinch River at the time and blocked
the normal flow for several minutes. It also raised the
water level several meters and forced some of the waste
approximately 0.8 km upstream.

For 4.5 days following the spill, the alkaline sludge
traveled downstream at a rate of approximately 1.5 km
h~1, killing essentially all the fish in its path. During
this period, 162,000 sport and rough fish were killed in
39 km of the river in Tennessee before the polluted mass
was diluted, dispersed, and neutralized by natural
physical and chemical processes. The bottom fauna was
also drastically reduced by the alkaline material
(Cairns, et al., 1971; Cairns, et al., 1972; Crossman, et al.,
in press).

RESULTS AND DISCUSSION

Correlation coefficients computed between corre-
sponding elements of matrices of Jaccard’s coefficient
for all surveys of the upper Potomac River are shown
in Table 1. The mean values at the bottom of the table
have been corrected slightly from the values given by
Kaesler and Cairns (1972).

The similarity matrix based on aquatic insects was
found to have the highest average correlation with
other similarity matrices, suggesting that of all the
matrices it best summarized the results. Diatoms also
gave a good representation of the total. Clearly one
would not ordinarily plan to study both diatoms and
other algae because of the high correlation between
them, 0.688. Probably because of their mobility, fish
were the least representative group of organisms studied.
They have the advantage that they are ordinarily easily
identifiable to the species level, whereas the ontogeny
and details of the systematics of many larval aquatic
insects remains to be studied. Based on these results,
other invertebrates are probably the least desirable
group for study because of the low average correlation
coefficient they provide and because their taxonomic
diversity, as a catch-all category, demands greater
taxonomic expertise on the part of the investigators.

If we accept, at least tentatively, the advantages of
working with aquatic insects, it is interesting to investi-
gate the redundancy within data from this subset of the
biota. We shall also compare again the aquatic insects
with the other invertebrates.

Tables 2-4 give correlation coefficients between
similarity matrices based on the total aquatic insect
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Table 1. Correlation coefficients computed between corresponding elements of similarity
matrices of Jaccard’s coefficients from all surveys of the upper Potomac River; means of
correlation coefficients for each group of organisms. (Modified from Kaesler and Cairns 1972)

Diatoms Other algae Protozoa Aquatic Other Fish
insects  invertebrates
Diatoms —
Other algae 0.688 —
Protozoa 0.495 0.364 —
Aquatic insects 0.603 0.556 0.581 —
Other invertebrates 0.439 0.328 0.293 0.667 —
Fish 0.332 0.459 0.145 0.425 0.386 —
Mean for group 0.511 0.479 0.376 0.566 0.423 0.349

fauna, the major orders of insects, other invertebrates,
and gastropods from the three surveys of the Clinch
River. For all 3 years, whether the stream was virtually
unpolluted as in 1969, polluted by the spill of acid as in
1970, or devastated by flooding asin 1971, the Ephemer-
optera had among the highest correlations with the total
insect fauna, respectively 0.608, 0.566, and 0.785. In the
data from the 1970 survey, Coleoptera had the highest
correlation with the total insect fauna. This probably
resulted from the comparative immunity of the beetles
to the effects of the acid spill and the strong effect of the
spill on the mayflies. During all surveys, however, the
Coleoptera had high correlations. *

Results of cluster analysis (Crossman, et al., in press)
and these high correlations suggest that the information
provided by the Ephemeroptera alone would probably
have sufficed for a study of stream recovery. Neverthe-
less, they did not represent perfectly the total insect
fauna, and some other orders of insects may have
provided useful information. The Coleoptera would be
a good choice to study in addition to the Ephemerop-
tera because they were highly correlated with the distri-
bution of the total insect fauna but were essentially un-
correlated with the Ephemeroptera during 1969 and
1970.

The matrices of Jaccard’s coefficients from the combi-
ned Ephemeroptera and Coleoptera data from each of
the surveys were compared with matrices computed
from the total insect data. The correlation coefficients
were 0.794, 0.817, and 0.860, strongly suggesting that
data from these two orders of insects reveal most of the
information that the total insect fauna carries.

During all surveys, the Gastropoda provided a good
representation of the total other invertebrate fauna. In
terms of new information provided, it is unlikely that
the study of leeches, amphipods, decapods, bivalves,
and others was worth the effort in this study. The corre-
lation between similarity among stations based on
other invertebrates and that among stations based on

aquatic insects was much lower than in the study of the
upper Potomac River. It was not low enough to suggest
a completely new dimension as was the case with the
Coleoptera and Ephemeroptera.

The correlations between the Odonata and all other
groups of organisms were very low and were sometimes
slightly negative, but the correlation between the total
insect fauna and the Odonata was also low so that the
information they provided was of little additional value.
During 1971 so few Odonata were found that it was
impossible to compute a meaningful matrix of Jaccard’s
coefficients. Because of the high position of Odonata in
the food chain, it is possible that information on their
distribution might provide insight into the distribution
of some fish, but this idea remains to be tested.

It appears that study of Ephemeroptera and Cole-
optera would have provided nearly as much informa-
tion about the recovery of the Clinch River as the study
of the total benthic macroinvertebrate fauna. If so, the
scope of the study could have been narrowed from 230
to 63 taxa with consequent savings in costs. Data on
total other invertebrates and gastropods were almost
totally redundant, so that study of 20 taxa of snails
could have replaced the study of 52 taxa from many
phyla. We would emphasize that these reductions in
effort apply primarily to the use of cluster analysis in
assessing stream recovery and not to measures of
diversity. Furthermore, it is not yet clear to what extent
these results can be generalized, and further testing
using data from other environmental settings is
indicated.

It follows from these results that judicious selection
of the group of organisms to be studied can provide the
investigators with different kinds of useful information.
Study of Ephemeroptera and Trichoptera, both known
for their proclivity to stream drift, can tell about the
effect of pollutional stress on organisms that are likely
to make a rapid recovery. Data on the snails can give a
picture of the group that is slowest to recovery. Cole-
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optera were largely unaffected by the spill of acid, and
Odonata are high in the food chain and may yield in-
formation about some fish and other organisms at
similar trophic levels.
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