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CONCLUSIONS

The following conclusions have been drawn from these
preliminary experimental studies. The amount .of chro-
mium adsorbed increased from lower pH to near 5.6 and

TABLE 2. Liters of water treated 1o under 0.05 ppm
chromium based on flow rate, pH and weight of adsorbent.

Witco 950 GAC 30 Duolite Es-392
Variation Liquor Liquor Liquor
F(ml.min.) pH M(gm) Treated (1) Treated (1) Treated (1)

8.180 7.0 6 0 0 0.9816
4.076 7.0 6 0.1223 0.1223 1.4674
1.754 7.0 6 0.6341 0.8419 1.4750
4.076 4.0 6 0.4891 0.9783 2.0054
4.076 5.0 6 0.9782 1.5896 2.4456
4.076 5.6 6 1.2230 1.7608 2.7390
4.076 7.0 8 0.4891 1.5896 2.8858
4.076 7.0 10 1.1250 2.6902 4.3282

then decreased rapidly with increasing pH values in the
groundwater. The effects of flow rate demonstrate that
velocity is a significant factor in treating to under 0.05
mg/1 chromium. Comparison of three different adsorbents
shows that Duolite ES-392 is the most effective adsorbent.
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ABSTRACT

Changes in the structure of a benthic macroinvertebrate
community (induced by seasonal variations in reservoir
stage) were studied from February - November 1981. Clus-
ter analysis was used to study changes in benthic commun-
ity structure in relation to changes in river channel mor-
phology. Association matrices and dendrograms were con-
struted using the Pinkham and Pearson coefficient of
association. Distinctly different benthic communties were
identified through cluster anlaysis and appeared to result
from the alteration of micro-and macrohabitats as fluctua-
tions in river-reservoir stage occured. In addition, cluster
analysis employing the Pinkham and Pearson coefficient
proved to be an effective means of providing information
on the relative enviromental tolerances of the 94 taxa of
benthic invertebrates identified during this study.

INTRODUCTION

Within natural lotic environments, benthic macroinver-
tebrate community structure varies widely. Spatial and
temporal differences among communities result from natu-
ral variations in channel morphology, riparian vegetation,
the type and amount of organic input to the stream, aqua-
tic vegetation, and the natural history of benthic popula-
tions in general (Cummins et al., 1964; Cummins 1974,
1975, 1979; Hynes 1970a, 1970b). In regulated streams,
however, differences in benthic community structure are
usually attributed to large and frequent modifications in
the morphology of the river system caused by the opera-
tion of an artificial impoundment or reservoir (Ward and

S;il;rrently at the University of Maine, Dept. of Entomology, Orono, ME

Stanford 1979). In Tennessee, modifications such as these
commonly result from the controlled retention and dis-
charge from multipurpose hydroelectric impoundments.
Seasonally the operation of these impoundments affects
the parent river systems by altering flow rate, water level,
substrate composition, water temperature, and water qual-
ity. The effects of reservoirs on stream channel morphol-
ogy have been summarized by Simons (1979).

In most cases, the increased stress imparted to these sys-
tems by fluctuating environmental conditions severely de-
presses benthic community diversity, radically alters spe-
cies abundances, and greatly changes species distribution.
The purpose of this investigation was to study the effects
of controlled retention on the structure of the benthic
macroinvertebrate community of the Falling Water River
within the headwaters zone of influence of Center Hill
Reservoir in Middle Tennessee.

M ATERIALS AND METHODS

The study area comprised a section of the Falling Water
River, from the base of Burgess Falls to Center Hill Reser-
voir in White and Putnam Counties, Tennessee (Fig. 1).
This section of river is approximately 1.8 kilometers in
length and has been seasonally inundated each year by
Center Hill Reservoir since the 1950’. Six sampling sta-
tions were established in the study area, so that all stream
habitats were represented in collections.

All stations were sampled monthly (from February -
November 1981) according to a stratified random sampling
design. Strata were determined by flow regimes and sub-
strate types in the low water condition. Within each stra-
tum three random samples were collected. Sampling
method varied depending upon stream depth and stratum
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type. During periods of low water, kick sampling was used
(Frost et al., 1971). Other samples were obtained through
the use of a standard Ekman dredge or skindiving whe-
never necessary. Benthic samples collected were processed
in the field with a number 30 U.S. standard sieve and pre-
served in ten percent formalin for laboratory analysis. In
addition, morphometric measurements of the stream (flow,
temperature, average depth, substrate composition, dis-
solved oxygen, pH, and specific conductance) were taken
wherever benthic samples were collected. Stream flow was
calculated from direct measurements of current velocity
and measurements of channel cross section. Substrate
composition was obtained by graded sieve analysis. Spe-
cific conductance, pH and dissolved oxygen were deter-
mined with a DR-EL2 Hach Kit. Temperature was read
directly from a maximum-minimum thermometer.

Benthic community structure was analyzed by use of
cluster analysis (Boesch 1977; Sneath and Sokal 1973),
which employed the Pinkham and Pearson coefficient of
association (B) (Pinkham et al., 1975; Pinkham and Pear-
son 1976). This association coefficient compares species
compositions (abundances and occurences) simultaneously
and produces a more reliable analysis of ecological data
than many of the more commonly used diversity indices or
associaiton coefficients (e.g. Gleason’s Index (Gleason,
1922), Shannon’s Diversity Index (Shannon, 1948), Simp-
son’s Index of Dominance (Simpson, 1949), Brillouin’s
Index (Margalef, 1956), Chutter’s Biotic Index (Chutter,
1972), Jaccard’s Coefficient of Community (Jaccard, 1902)
and Sokal and Michner’s Coefficient (Bonham-Carter,
1967) which have been summarized by Pinkham and Pear-
son (1976) and Brock (1977). Association Coefficients were
computed by use of the following formula (Pinkham and
Pearson 1976).

K Min (X, X,)
B=! 5

i=l

Max (X, X,)

where: Xia and Xip are the number of individuals in the ith taxon for sta-
tions a and b, with the small number being divided by the larger for
each species.

k. is the total number of comparisons of different taxa in the two
stations.

All calculations and final dendrograms were completed
with the use of a CDC Cyber 170/730 Computer and pro-
gram furnished by the South Florida Water Management
District.

Species data generated from all sampling methods were
organized into a two dimensional matrix (sampling sta-
tions or periods were on the vertical axis and speices along
the horizontal) where for the purposes of this analysis, the
sampling data for all stations were pooled for each sam-
pling period. Dendrograms were calculated for the data in
two configurations achieved by transposing the original
matrix about its vertical axis.

RESULTS

Variations in reservoir stage produced by winter draw-
down, spring retention and summer discharge created dis-
tinct changes in the morphology of the study area. Mor-
phometric measurements of the stream showed these
changes in channel structure to be arranged successionally
into a series of phases. Each phase was characterized by
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FIG. 1. Map of the Falling Water River and study area
below Burgess Falls, including headwater zone of Center
Hill Lake, White & Putman Counties, Tennessee.

alterations in critical macrohabitat parameters (e.g., sub-
strate composition, flow, depth, and temperature), which
have been identified as important regulators of benthic
community structure (Hynes 1970a, 1970b; Cummins et
al., 1964; Cummins 1974, 1975). Structurally different
phases were defined as Initial Lotic (IL), Transition-to-
Lentic (TLN), Transition-to-Lotic (TLO) and Recovery
Lotic (RL). Characteristic physical conditions of each phase
are summarized in Table 1.

Ninety-four taxa of benthic macroinvertebrates were col-
lected and identified. The ten sampling periods were com-
pared with the ninety-four taxa, allowing each sampling
period to be compared with all the others based on species
composition, which illustrates patterns of speices composi-
tion over time (Fig. 2). Four types of communities corres-
ponding to the four structurally different phases were
shown to be distinctly different, i.e., above an association
coefficient of 0.5. These communities were classified ac-
cording to the physical condition of the river system; there-
fore, communities were identified as Initial Lotic (IL),
Transition-to-Lentic (TLN), Transition-to-Lotic (TLO) and
Recovery Lotic (RL).

Specific variation among sampling stations for each of
the various phases are presented in Fig. 2a. The degree of
similarity between dendritic pairs are based on species
composition (abundances and occurence). Clusters are
labeled to identify specific phases. Station specific fluctua-
tions in physical-chemical conditions resulted in spatial
and temporal variations in species composition. For ex-
ample the IL and RL phases had the greatest diversity of
habitat. In the RL phase tolerant and intermediate taxa
from previous communities caused the lower pool stations
(i.e. stations 2L and 3L) to be similar to that of stations of
the earlier TLO, TLN communities. For example, station
September 3L is linked to stations July 1U-3U at an asso-
ciation value of approximately 0.90 (Fig. 2a).

Functional similarities and dissimilarities between com-
munities were related to changes in critical macrohabitat
parameters and structure of the previous benthic commun-
ity. Consequently, rapid changes in stream channel mor-
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phology produced proportionate changes in benthic com-
munity structure. Large physical changes in habitat ap-
peared to be buffered at the community level by adaptive
behavioral and morphological mechanisms (Hynes, 1974a
and Merritt and Cummins, 1984) exhibited by some ben-
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FIG. 2. Dendrogram of sampling periods depicting com-
munities, community designation are Recovery Lotic
(RL), Initial Lotic (IL), Transition to Lentic (TLN) and
Transition to Lotic (TLO) for February - November
1981
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FIG. 2a. Dendrogram of sampling stations depicting rela-
tionships based on spatial and numerical occurrences in
the various communities, community designations are
Initial Lotic (IL). Transition to Lentic (TLN), Transition

to Lotic (TLO) and Recovery Lotic (RL) for February -
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thic organisms collected and the persistence of refuges in
the interflow zones and in the wave wash zone. In this
way, community diversity was maintained during gradual
changes in stream channel morphology; however, during
the first transition phase in March (TLN) physical condi-
tions changed so drastically that community composition
(species abundances and occurrences) was greatly reduced
in spite of buffering (i.e. behavioral and morphological)
mechanisms (Fig. 2).

Association coefficients between species based upon their
spatial and temporal occurrences were calculated (Fig. 3).
These relationships, when compared with specific macro-
habitat data for each sampling period, provide a means of
determining environmental tolerances for groups and spe-
cies. Based upon specific comparisons, species were classi-
fied as sensitive, intermediate, and tolerant to the physical
conditions of the various communities (Fig. 3).
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Environmental tolerances to critical macrohabitat pa-
rameters investigated for various groups were further de-
fined by the association of taxa within subclusters under
the previously defined major headings. Environmental lim-
its for subclusters are provided in Table 2.

Sensitive organisms were classified as those which ap-
peared to exist within a relatively narrow range of physical
conditions (i.e. specific substrate types, flow rates and
temperature regimes). Conditions suitable to sensitive taxa
occurred only at the extremes of water level fluctuations.
During these periods, micro-and macrohabitats were max-
imized as a reduction in environmental stress facilitated
community development (i.e. numbers and diversity). Sen-
sitive species of lotic communities appeared to require con-
sistent and moderately high flow rates, coarse erosional
heterogeneous substrates, and lower temperatures (Fig. 3)
Some typical examples of these taxa are Allocapnia sp.,
Brachycercus sp. and Diplectrona sp. Sepsitive species of
lentic communities, on the contrary, appeared to require
negligible flow, fine well-sorted depositional substrates and
higher temperature regimes. Some examples of these taxa
are Tanypus sp., Philospohagos sp., Tanytarsus sp. and
Tribelous sp.

Intermediate species (e.g. Polypedilum sp., Orthocladius
sp., Corydalus sp., Stenonema sp. and Cheumatopsyche
sp.) were classified as those organisms which had a much
wider range of tolerances (as attributed to their occurrence
in a variety of communities). Intermediate species were not
representative of any one set of environmental criteria
(Fig. 3). These organisms varied between phases and
communities, although typically, intermediate species were
those organisms which could survive gross changes in hab-
itat through physiologic and behavioral adaptation. Many
of the organisms included under this classification were
inhabitants of the initial lotic community, occupying niches
in transitional runs between riffles and pools and in pools
themselves.

Tolerant species (e.g. Corbicula sp., Chironomus sp.,
Lumbriculidae, Caenis sp. and Oecetis sp.) were classified
as those organisms which had the widest range of envir-
onmental tolerances. These organisms appeared consist-
ently in each community throughout the study. Fluctua-
tions in channel morphology (i.e. critical macrohabitat
parameters) had minimal effect upon these species and
they appeared to complete their life cycles with little diffi-
culty. Areal changes in subtrate composition appeared to
have the greatest impact on these organisms by limiting
their distribution during any one phase or sampling period.
Typically, these taxa were inhabitats of the original transi-
tional runs and pools present in the Initial Lotic phase.
Adapted to life under transitional and lentic conditions
these taxa were particularly well adapted to survive sea-
sonal water level fluctuations.

DiscussioN

A major problem in analyses of benthic macroinverte-
brate communities of regulated streams is the inability to
distinguish changes in community structure between suc-
cessive sampling stations and periods. In recent investiga-
tions some researchers (Culp 1980; Gore 1977) have used
analytical techniques developed from numerical classifica-
tion methodologies (i.e. cluster analysis, discriminant anal-
ysis, etc.) to help solve this problem. In theory, these
methods can be highly effective; however, in application
many of the association coefficients used to determine

community similarities have descriptive flaws. The failure
to recognize these flaws could produce a misinterpretation
of the data (Pinkham and Pearson 1976). In contrast,
Pinkham and Pearsons’ coefficient appears to account for
most of the problems intrinsic to other similarity coeffi-
cients and diversity indices. However, Pinkham and Pear-
sons’ coefficient is not an analytical panacea; Brock (1977)
has determined that the coefficient is highly sensitive to
rare species but not sensitive enough to variations in dom-
inant forms. In this study, Pinkham and Pearsons’ coeffi-
cient appeared to be highly effective in delimiting changes
in' benthic macroinvertebrate community structure. The
sensitivity of the coefficient to rare species was particularly
advantageous in determining differences in community
composition.

All four communities appeared highly transitory in struc-
ture, moving into and out of stable states in response to
fluctuations in reservoir stage. The ecological complexity
of any one community was a direct function of the amount
of time it existed in a stable configuration. The develop-
ment of new microhabitats and the persistence of old ones
(refuges), together with the effects of colonizing species
from upstream (lotic) and downstream (lentic) popula-
tions, contributed to the development of each community.
Periods of ecological stability, where environmental stress
was reduced, occurred at the extremes of water level fluc-
tuation. No specifically stable periods were observed dur-
ing either transition phase (TLN or TLO). Community
complexity during transitional phases (TLN or TLO) was
directly related to the persistence of species and habitats
from the previously established community and the rate of
change in current micro- and macro- habitats.

Community succession (i.e. cyclic changes between
phases) was strongly influenced by the rate and nature of
changes in the morphology of the river. Variations in flow
as a function of depth controlled the abundance and dis-
tribution of specific substrate types, an important factor in
the regulaton of these benthic community structures.
Changes in substrate composition, variation in flow rate,
and alteration of water temperatures appear to be the
major determinants in regulated stream environments. Al-
though few studies have been conducted on headwater
areas, apparently conditions modifying the habiat are con-
sistent with those described from studies of tailwater com-
munities (Ward and Stanford 1979). With reference to
community disturbance and its subsequent restructuring
within the study area, patterns of species composition
appear to closely follow the ideas of resource maximiza-
tion as described by the river continuum, concept (Van-
note et al. 1980), which hypothesizes change in the func-
tional groups of macrobenthos as resources are more finely
partitioned over a river’s course. Further studies are needed
to find out if, in fact, these regulated headwater zones
show a longitudinal compression in space and time which
is consistent with the river continuum concept.

Analysis of species tolerance to ecological variations in
river channel morphology was only partially successful.
While information on environmental requirements for as-
semblages of organisms was provided, measurements of
microhabitat parameters in the data set were not detailed
enough to provide any species specific information. Never-
theless, specific environmental requirements have only been
compiled on a few orders of stream benthos; therefore, any
information generated in this regard is important.
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