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ABSTRACT

A comparison was made of the species diversity (d) of the banthic maaainvertebrate
communities during an annual cycle at § stations located in, above, and below Canyon
Reservoir, u deep storage reservoir on the Guadalupe River in central Texas. New equa-
tions were derived for maximum diversity (dmax) and minimurm divessity (dmin) which
were utilized in calculating a new redundancy value (f) which can be used for small sam-
ple sizes.

Pronounced differences were found in thc structure of the faunal communities at the
§ stations as indicated by values of d and 7. The river above the reservoir fiad a communi-
ty in which structural changes throughout the year resulted from the appearance and
disappearance of taxa while there was no marked domimance of any one taxon. Such a
condition normally exists in unpolluted shallow streams. The river immediataly below
the reservoir had 2 community with fow taxa esch represented by numerous individuals,
a condition characteristic of communities undergoing environmental stress. Apparently
this stress was created by low water temperatures and the presence of hydrogen sulfide.
TFurther downstream the community had wide zeasonal fluctuations in diversity due

primarily to changes in the dominance of certain taxa. The deep reservoir station had 2 -

community influenced mostly by low temperatures, low oxygen, and high hydrogen sul
fide which resulted {rom thermal stratification. During stratification d reached s theo-
retical minimum and T its theoretical maximum, indicating scvere environmental stress,
The station located in a shallow cove had a community structure indicating mild environ-
mental stress. Detrimental effects of impoundment appcax limited to the reservoir and
the region immediately below the dam.

INTRODUCTION

The effects of artificial impoundments upon streams below the impound-
ments are being increasingly investigated as more interest is generated in
man's influence upon water quality. Since it has been recommended that wa-
ter quality be defined using biological rather than physicochemical standards
(Butcher, 1955; Wilhm and Dorris, 1968), the study of the effect of im-
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pouridment upon community structure is a reasonable approach. One of the
simplest and most promising methods of determining environmental in{luence
on community structure has been through the development of species or
community diversity indices (Fisher, er af.,, 1943, Williams, 1944, 1953, Pres-
ton, 1948; Simpson, 1949; Margalef, 1951, 1956; Patten, 1962 Menhinick,
1964; Pileou, 1966; Wilhm and Dorris, 1966, 1968; Wilhm, 1967, 19684,
1968b). Benthic macroinveriebrates make ideal subjects for such studics due
to their habitat preference and low motility (Wilhm and Dorris. 1966).
Though Spence and Ilynes (1971a, 1971b) have utilized the community
structure approach (o investigate the effect of an artificial impoundment
upon the benthic macroinvertebrates and certain fishes in a Canadian stream,
community diversity indiccs have not been employed to determine how im-
poundment of water influences benthic populations.

The purpose of this study was to determine the effect of Canyon Reser-
voir, a deep storage impoundment formed by damming the Guadalupe River
in the Edwards Plateau region of central Texas, upon the benthic macroinver:
tebrate communities of the Guadalupe River by measuring changes in species
diversity in communities above, below, and within the reservoir through an
annual cycle,

METHQDS AND MATERIALS

Study Area

Canyon Reservoir which covers 3,335 ha was formed in 1964 by a dam 35
km upstream from New Braunfels, and is the only major impoundment on
the Guudalupe river in the Edwards Plateau region of central Texas. This re-
gion was classified as the Balconian Province hy Blair (1950) and is character-
{zed by limestone hills covered with a scrubby growth of Quercus virginiana,
Q. texana, and Juniperus mexicana. Average rainfall in this area is 86 cm re-
¢eived mostly in-late spring and early fall.

- Five stations were sampled, 3 in the river and 2 in the reservair, Station 1
was located immediately downstream from the highway FM 311 bridge and
15 km above the upper end of Canyon Reservoir. Station 4 was located im-
mediately below Canyon Dam and Station 5 was established 24 km further
downstrcam at the Hueco Springs bridge. These stations in the river were cho-
sen for their physical similarities; all were located in riffle areas, on gravel sub-
strate, as devoid ol vegetation as possible. '

Stations 2 und 3 were estahlished within the reservoir. Station 2 was lo-

. cated in u shallow cove, 4 km above the dam where depth varied from 3-5 m

due to changes in the Jevel of the reservoir. The substratc of detritus sup-
ported a dense growth of Najas guadalupensis during the spring and summer,
Station 3 was located neur the dam over the inundated river bed in the deep-
est purt of the reservoir, Boltom topography was precipitous and sampling
depths ranged from 36-61 m whilc the substrate consisted of sand and clay
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mixed with detritus. No rooted macrophytes were collected at this station.

Sampling Techniques

Stations 1, 4 and 5 were sampled with a Surber square foot sampler which
had a net with 12 meshes per cm. Stations 2 and 3 were sampled with an Ek-
man dredge. Samples were taken monthly at each station from October 1969,
through October 1970. Adequate sample sizc was determined during the first
collecting period at each station by combining samples until d approached an
asymptote as descrihed by Pielou (1966) and Wilhm (1968b). At all 5 sta-
tions, d approached an asymptote by the first 2 accumulated samples. The
sample size for the remaining collections in this study were established as
0.9m? at Stations !, 4, and 5 and as 0.2m? at Stations 2 and 3;in both cases
the arcas were in excess of the size necessary for values of d to be asymptotic.
The original plan was to combine the samples from each station seasonally as
was done by Wilhm and Dorris (1966) but it was found that 2 month sets of
data were more in{urmative,

Statistical Methods

Initially the diversity calculations for samples were made using equations
far d, d, dmax, dmin and R (Withm, 1967). After we encountercd difficulty
in applying the 4 latter equations to the data, Dr. Wilhm was consuited. He
advised that these equations are useful only when the total number of indivi-
duals in a sample is fairly large, at least 100. Since many samples consisted of
less than 100 individuals, alterpatives to these equations were sought, Utiliz-
ing some of the properties of d 3 modified equations were derived.

Maximum values of T are observed if all the individuais in a sample are
equally divided among the. taxa present in that sample, and minimum values
of d are observed if cach taxon in the sample contains one individual, except
one which contains all the rest of the individuals in the sample.

In a sample where the maximum value of d (dm:Lx) occurs, each taxon
would have the same number of individuals, or

m=mp=n=, .= niz...=ns=n/5

where s is the number of taxa in the sample, n. is the total number of indivi-
duals in the i"h taxon and n is the total number of individuals in the sample,
Substituting these values into the equation for d we get,

dmax = log,s.

In a sample where the minimum value of d (dmin) occurs, (s - l) taxa in
the sample would havé one individual ¢ach (n; = ng =ny =. —1=1),
while the remaining taxon has the remaining individuals [n, =n — (s -1Nl.
Substitutmg these values for n; into the equation for d,
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dmin=—| s—1 log, 1 |—{n—(s~1) logs n—(s—1) |
n n n n

The value of d rclative to dmax and dmin is a mcasure of the dominance of
one or a few taxa over the remaining taxa in the community being sampled
and can be calculated as the average redutdancy per individual in the com-
munity (t). This equation is,

;o _dmax —d

dmax—dmin

The values of r behave much as do those for R. AsT increases, the average
amount aof information carricd by an individual selected at random from the
sample decreascs, Lthe uncertainty that such an individual belongs o a particu-
lar taxon increascs, and the average diversity per individual (d) decreases. The
great advaniage of T over R is that it can be calculated from any size sample
and with much less effort,

Wilhm and Dorris (1968) proposed cquations for dmax, dmin, and r. These
equations, however, have the same drawbacks as do those for dmax, dmin and
R in that they requirc a fairly large sample size.

RESULTS AND DISCUSSION

Mereorological Conditions

From October 1969, through May 1970, precipitation at Canyon Dam, as
measured by the United States Army Corps of Engineers, was approximately
20% above the average for those months for the previous 7 years. From June
to Qctober 1970, rainfall totaled only about 2/3 of the average amount for
those months.

Air temperatures during the study period followed a normal seasonal pat-
tern with lows of 14° C in November and December and highs of 32° C in
July and August. An exception to th¢ nommal pattern was an unseasonal
warm period in January 1970, when air temperatures of 21° C were recorded.

Physivchemical Conditions

Flow in the Guadalupe River, according to the Guadalupe-Blinco River
Authority, declined during the latter part of the study period with a more
constant day to day flow at Stations 4 and 5 than at Station 1 due to con.
trolled discharge.

The lowest water temperatures weré recorded in January and February
1970, uand the highest water temperatures occurred in July and August 1970,
The overall effect of impoundment was to stabilize and lower the water tem-

- peratures at Stations 3, 4, and 5. Water temperatures 2t Station 2 were gen-
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erally slightly warmer than at Station 1, probably due to more direct insola-
tion at Station 2,

Chemical analyses of water conducted by Young (1971) within the study
area simultaneously with this study showed lower ranges and means in total
alkalinity, specific conductance, and turhidity below the reservoir, Dissolved
oxygen was usually higher at Station 1 than in the reservoir. A thermocline
was observed at Station 3 in May 1970, and dissolved oxygen was depleted in
the hypolimnion so that anoxic conditions prevailed from June 1970 until
the end of the study. However, hypolimnetic watef discharped from Canyon
Reservoir was rapidly reaerated in the tailrace, so that dissolved oxygen at
Statians 4 and 5 was near saturation. The pH at all stations remained near 8.0
except for readings of pH 7.1 while hypolimnion was anoxic at Station 3.
Total dissolved solids were higher at Station ! than at other stations. Hydro-
gen sulfide was noted in the hypolimnion at Station 3 and at Station 4 during
the time the hypolimnion was anoxic, apparently due to the sulfur-reducing
action of bacteria. During the time hydrogen sulfide was observed, dense
growths of the sulfur bacteria Beggiaioa sp. covered the entire substrate at
Station 4, The simultaneous occurrence of high dissolved oxygen concentra.
tions and hydrogen sulfide at Station 4 when the hypolimnion was anoxic re-
sulted from the rapid turnover of water in the tailrace. The large volume of
hydrogen sulfide flowing from the hypalimnion was being oxidized at Station

, 4 but oxidation was not complete by the time the water reached that point,

Community Diversity

The annual variations of d and T at each station show f to vary in roughly
inverse proportion to d (Fig. 1). The values of 7, however, are a reflection of
the dominance of one or a few taxa over the other taxa in a community and
should not be considered equatable with the inverse of d in all cases. Changes
in d can be the resuit of (1) the appearance or disappearance of taxa with no
change in the relative distribution of individuals among these taxa, in which

case I would remain unchanged; or (2) one or more taxa establishing or losing’

dominance within a community without the gain or loss of any taxa, in which
case  would vary in inverse proportion to d. In most natural communitics
changes in d are a resuit of both factors acting more or less independently
which may lead, in some instances, to appatently conflicting results.

An example of the first condition causing changes in d was llustrated by

collections at Statlon 2 (Fig. 1). Values of d varied from-1.78 for the Decem-

ber-January collections to 2.18 for the February-March collections, while ¢
varied from 037 to 0.38 during this same period. The number'of taxa present
in these 2 sets of collections changed from 6 in December-Junuary to 9 in
February-March, with no particular change in the pattern of dominance in the
community {Table 1),
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Tuble 1. Number of individuals per square meter (n), and number of taxa (n) for
cach collecting period at sach of the 5 collecting stations.

Oct.— Dec.— Feb.—  Apr.— June-  Aug.~  Oct,

Nov., Jan. Mas, May July Sept,

Station 1 n 60 45 93 156 197 35) 249
U 8 9 9 21 27 23 18

Station 2 n 1940 750 673 328 329 240 493
" 11 6 9 10 ? 4 8

Station3 n 170 140 367 71 42 17 25
n, 2 3 a3 3 1 1 2

Station4 n 49 45 60 89 13 238 229
n 5 ) 10 10 7 8 3

Station S n 243 233 158 149 149 1 3¢ 213
n; 17 3 18 18 18 17 21

1

The second condition causing changes in d was illustrated by thc October.
November and Decemnber-January collections at Station 1 (Fig. 1). During
this period d changed from 2.25 to 2.79, a change of d of roughly the same
magnitude as in the previous example, while f changed from 0.41 to 022,4
change 64 times as great as in the previous example. In this case the change in
d was caused not so much by a change in the number of taxa in the collec-
tions, which increased from 8 to 9 (Table 1), as by a change in the pattern of
dormninance is clearly shown by the change in r.

In the April-May collections at Station 1 4 combination of both conditions
occurred which, using d alone, might have gone undetected (Fig. 1). The
number of taxa collected at this station as compared to the February-March
collection increased from 9 to 21. This should have resulted in a sizeable in-
crease in d. However, the change in d was only slight, from 2.73 to 2.96. Dur-
ing this-same period the number of individuals in a single taxon (Thraulodes
sp-, Ephemeroptera) increased to a value 10 to 20 times greater than the num-
ber of individuals in any other taxon which cancelled any significant increase
in d. The appcarance of this one taxon as dominant in the community shows
clearly as an increase of f from 0.19 to 040 (Fig. 1). .

In short, while g is insensitive to the number of individuals in a sample and
thuz allows one to compare species diversities differing widely in numbers of
individuals, f is equally insensitive to the number of taxa in a sample and
allows one to compare the dominance pattems of communities differing
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widely In numbers of taxa.

Both d and 7 reveal certain characteristics of the 3 stations located in free-
flowing stretches of the river. The values of d and f at Station | indicate a
community in which most structural changes resulted from the appearance or
disappearance of taxa while the relative distribution of individuals among the
taxa remained fairly constant (Fig. 1), Values of 7 remained less than 0.26

during the study, except for the 2 maxima already described, while d re--

mained greater than 2.73, except for the minimum already described, and
zeached a maximum of 4,14 in the early summer (Fig. 1).

At Station 4, d and { remained fairly constant during the first half of the
study period (Fig. 1), When the hypolimnion in Canyon Reservoir became an-
oxic and hydrogen sulfide began (o appear in the hypolimnetic = water
released from the dam, d decreased from a maximum of 2.55 in early surmnmer
to 1.16 in Qctober (Fig. 1). During this time 7 increased from 021 to 0.50 {or
the August-September collections when the chironomid population reached a
high density, and then decreased to 0.30 for the October collection as other
taxa tolerant of the hydrogen sulfide in the water increased in numbers. The
density of organisms at Station 4 was much greater during the last 2 collect-
ing periods than at any other time during this study, even though only 3 taxa
were present in the Qctober collection. This type of community structure,
with a charcteristically low value of d, is typical of communities undergoing
environmental stress. The few taxa tolerant of the altered environment, with
reduced competition, may reach unusually high population densities. The low
value of d, 1.16, for the Qctober 1970 collection at this station was within
the range of values of d observed for streams receiving industrial or domestic
wastes (Withm, 1969, 1970) though there was no evidence of pollution at any
of the 5 stations during this study,

At Station 5, d and 7 fluctuated more than at the other stations (Fig. 1).
At this station, f appeared to behave in inverse proportion to d throughout
most of the study period. This behavior of I was caused by changes In the
dominance pattern in the benthic community. These changes in the domi-
nance pattern were also major factors influencing d at this station. The low
d and the high f observed in December-January collections were the result of
a decrease in the number of taxa in the faunal community to ahout half the
number collected in October-November coupled with a great increase in the
number of individuals of Tricorythodes sp., Ephemeroptera (Fig. 1, Table 1).
For the rest of the study period the numbers of taxa at this station remained
constant (Table 1) and d increased as the number of individuals of Tricory-
thodes sp. decreased. _

Community structure of the lake stations was also revealed by values of
d and i. Station 2 had an annual variation of d with maxima in (he spring and
fall and r followed an inverse pattern (Fig. 1). Thesc variations did not corres-
pond well with maxima at the other stations but did correspond with maxima
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of chlorophyll 4 observed by Young (1971) at this same station and attri-
buted by him to mixing of nutrients into the water caused by the spring and
fall overturns of the reservoir.

At Station 3 the maximum d oceurred in early spring then declined to
0.00 as all organisms other than Branchiura sowerbyi disappearcd from the
anoxie hypolimnion (Fig. 1). During this time, with only one taxon present, f
reached its theoretical maximum of }.00, indicating the complete dominance
of the faunal community by one taxon. The increase of d and the accompa-
nying decrease of £ for the October collection (Fig. 1) was caused by the pre.
sence of a single specimen of Chanborus sp. which was probably not at that
time an active member of the faunal community at Station 3.

Mean values of d and 7 also reveal community structure characteristics of
the different stations, The lowest mean value of d, 0.80, was observed at Sta-
tion 3 (Fig. 2). This low d was the result of severc environmental stress ex-
perienced by the faunal ¢omnmunity at Station 3 during the warmest months
while the hypolimnion was both anoxic and suffused with hydrogen sulfide.
The mean values for d of 3.12 at Station | and 2,73 at Station 5 (Fig. 2) on
the other hand, were similar ta values for d reported from clean, nonpolluted
streams in other parts of the country (Wilhm, 1969). The mean value of 2.01
far 4 at Station 4 indicated the benthic community at this station was expe-
riencing some environmental stress, though not so severe as that experienced
at Station 3. This stress on the community at Station 4 resulted from the pre-
sence of hydrogen sulfide in the water and possibly from the lower water
temperature during the summer which is a critical time in the reproductive
cycle of many aquatic invertebrates, The mean value of 2,03 for d at Station
2, apparently indicates environmental stress, though values of d from similar
impoundments were unavailable for comparison,. -

The lowest mean value of 7, 0.27, occurred at Station | where the smallest
range of } was alsa observed (Fig, 2). This was duc to the stability of the ben-
thic macroinvertebrate community at this station. The highest mean value of
0.59 for r was observed at Station 3 due to the instability of this community.
There were no significant differences among the mean values for ¢ at Stations
2,4 and 5 (Fig. 2).

A comparison of the free-flowing river stations, Stations 1, 4 and S, show
each to he distinctly diffcrent. Station 1 and Station § werc similar in the
mean value of d at both stations (Fig. 2), but dissimilar in the variations of d
(Fig. 1), the more constant number of taxa present at Station § (Table 1) and
mean values and runges of values of F (Fig. 2). Station 1 was an established cli-
max community of benthj¢c macroinvertebrates adapted to conditions of high
summer temperatures and great variations of flow. The occasional scouring of
this station by [reshests did not significantly affect the community structure
because this community had becomec adapted to such occurrences through
the elimination ol any organisms which could not burrow into the substratc
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Figure 2. Means and ranges of d and 1 at each of § collecting stations. Horizontal line
represents the mean and vertical bar répresents the observed range.

for protection or be carried along with the drift to other suitable habitats,
Particularly affected by these freshets were the gastropods which were absent
from this community. Values of f were lower at Station | than at Station 5
which may have resulted from more efficient utilization of niches which lim-
ited populations of individual taxa through more rigorous competitions.
Station 5 represented an environment not more Lhan 5 years old with a
comrespondingly young community of benthic macruinvertebrates. The origi-
nal macroinvertebrate community in this stretch of the Guadalupe River was
probably very similar to the community found at Station 1. With the filling
of Canyon Reservoir, however, the flow was stabilized, almost completely
eliminating scouring of the stream bed. The mean water temperature at Sta-
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tion 5 was also lower (mean 17.9° C) and more stable (range 11.5 — 26.0° C)
than at Station ] (mean 20.2° C, range 8.0 — 29.5° C) and the greatest reduc-
tion in temperaturs occurred during the warmer months which is a critical
time in the reproductive cycle of many aquatic invertebrates. The high values
of d indicate successful rcorganization of the benthic macroinvertebrate com-
munity 1o fill the new set of niches made available by changes in the environ-
ment, but the high values of { and the wide ranges of values of d and f (Fig.
2) possibly indicate a community still involved in secondary succession.

The benthic macroinvertebrate community at Station 4 was influenced by
the hydrogen sulfide and low {¢mperatures in the hypolimnetic water released
from Canyon Reservoir during the warm months more than the community
at Station $. As a result of the environmental stress created by thesc factors,
Station 4 was distinctly different from either Station | or 5. Spence and
Hynes (1971a) reported that similar environmental stress caused a decline in
the number of taxa of benthic macroinvertcbraies below a bottom draining
reservoir in Canada.

Thus, the construction and subsequent {illing of Canyon Reservoir an the
Guadalupe River has resulted in appreciable changes in the benthic macroin-
vertebrate communities in the reservoir and in the Guadalupe River below the
reservoir, However, ¢vidence that the quality of water released {rom the reser.
voir has been only temporarily lowered is shown by the high specics diversity
at Station 5. Although thc community at that station is dissimilar to that at
Station 1 due to altered environmental conditions, the high species diversity
indicates the stream has largely recovered from adverse environmental effects
resulting. from impoundment. Detrimental effects of impoundment appear

limited to the impoundment itself and the river stretch immediately below
the dam,
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