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Dynamics of the Offshore Fish Assemblage in a Southwestern Reservoir
(Lake Texoma, Oklahoma–Texas)

KEITH B. GIDO AND WILLIAM J. MATTHEWS

Reservoirs are relatively new ecosystems with fish assemblages that include both
native and introduced species. Spatial and temporal variability in such fish assem-
blages is difficult to predict from ecological theory. We characterized the dynamics
of an offshore fish assemblage of Lake Texoma by sampling multiple fixed sites
fortnightly with gill nets from 1981 to 1984 (402 net-nights). Univariate and multi-
variate analyses were used to quantify (1) variation of the fish assemblage in space
and time, (2) spatial and temporal independence of samples, (3) persistence of
species associations, and (4) correlations between the dynamics of the fish assem-
blage and environmental conditions. Overall, depth and season accounted for the
greatest amount of variation in the fish assemblage in our study area. Much of this
variation was the result of spatial and temporal fluctuation in the abundance of
various age classes of Dorosoma cepedianum (Gizzard Shad), Morone saxatilis (Striped
Bass), and Aplodinotus grunniens (Freshwater Drum). With the exception of a winter
kill of the nonnative Dorosoma petenense (Threadfin Shad), the reservoir fish assem-
blage differed little among years. Species associations were constant across years
during the warm season but not in cold seasons. Overall, the fish assemblage in our
study area remained relatively consistent, in spite of considerable variability in res-
ervoir volume, turbidity, and temperature.

RESERVOIR ecosystems are unique in that
both native and introduced species are as-

sembled in an environment that was engineered
and is partially regulated by humans. Character-
izing the spatial and temporal patterns of these
assemblages helps determine factors (human
and nonhuman) that regulate community struc-
ture. However, because of the artificial nature
of reservoirs, conflicting predictions can be
made about how local fish assemblages or entire
faunas in reservoirs might vary across space and
time.

At one extreme, fish assemblages could be
quite variable because of frequent or extreme
environmental fluctuations. For example, in-
creases in turbidity reduce the efficiency of vi-
sual predators, potentially altering abundances
of both predator and prey species (Kashuba and
Matthews, 1984; Matthews, 1984; O’Brien,
1990). Increases in turbidity also limit primary
productivity (Holz et al., 1997) and abundance
of zooplankton (Dirnberger and Threlkeld,
1986), which could have strong effects in res-
ervoir food webs. Fluctuations in water level can
influence reproductive success of fishes by rap-

idly altering water depth at spawning sites or
depositing sediment on eggs or larvae in nests
(Miranda et al., 1984; Ploskey, 1986; Guy and
Willis, 1995). In addition, biotic interactions in
reservoirs are likely to be unpredictable because
the community includes both native and intro-
duced species lacking an evolutionary history of
coexistence (Li and Moyle, 1981; Moyle, 1986;
Noble, 1986). Thus, asymmetrical competition
among species could lead to extirpation or sto-
chastic fluctuations in species abundances (Wy-
doski and Bennett, 1981; McComas and Dren-
ner, 1982).

Alternatively, reservoir fish assemblages could
show little temporal variation if they consist of
species tolerant of reservoir conditions or if bi-
otic interactions are weakly linked because
predator and prey species have broad resource
requirements. For example, Stein et al. (1995)
attribute the success of Dorosoma cepedianum
(Gizzard Shad) in reservoirs to its ability to
switch from a zooplankton to a detritus diet. Ad-
ditionally, this species can grow sufficiently large
to escape predation. Such uncoupling in food
webs contrasts with the more tightly linked sit-
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uation in many oligotrophic lakes in which
changes in one trophic level may affect adjacent
or more distant trophic levels (e.g., via cascad-
ing effects; Carpenter et al., 1985; McQueen et
al., 1986).

A combination of the above responses is also
possible. Composition of the fish fauna at the
whole-reservoir scale may remain relatively un-
changed across time, but local fish assemblages
may differ markedly in response to variable en-
vironmental conditions within the reservoir,
such as longitudinal chemical gradients (Mat-
thews et al., 1989; Thornton et al., 1990). If this
is true, we might predict that fish assemblages
at fixed sites would change markedly over time
but that the overall assemblage in the reservoir
would remain relatively unchanged.

Numerous studies document nonrandom dis-
tribution of fishes within reservoirs (e.g., Dendy,
1946; Lambou, 1962; Nadirov and Malinin,
1997). Fish biomass is typically higher in river-
ine and inshore areas than in open-water sec-
tions of reservoirs (Vanderpuye, 1982; Nadirov
and Malinin, 1997). Fernando and Holcik
(1991) suggest higher fish abundances in these
areas is because most reservoir fishes are native
to the preimpounded river system and are bet-
ter suited for more riverine conditions. Among
environmental factors, temperature and dis-
solved oxygen are most often linked to distri-
bution of reservoir fish species (Dendy, 1946;
Coutant, 1985; Craig and Babaluk, 1993).

We characterized the dynamics of the off-
shore assemblage of relatively large-bodied fish
species in the Red River Arm of Lake Texoma
on the basis of gill net sampling at multiple
fixed sites across 3.5 yr. Our primary goal was
to describe variation in the fish assemblage in
our study area across a fine temporal scale (ev-
ery two weeks). However, because of marked
differences in habitat use by individual species
(Dowell, 1956; this study), we consider spatial
and temporal variation simultaneously. There-
fore, we assessed variation in species abundance
and composition of the assemblage at three
temporal (annual, seasonal, and fortnightly)
and two spatial (individual sites or all sites
pooled) scales. Specifically, we describe abun-
dance patterns for all common species and also
ask (1) How did samples vary across space and
time? (2) Were samples spatially or temporally
independent across sites and dates (i.e., spatially
or temporally autocorrelated)? (3) Did species
associations persist across time? and (4) How
was the fish assemblage influenced by abiotic
factors (e.g., changes in turbidity or reservoir
volume? To address these four objectives, mul-
tivariate techniques were used to summarize

variation in the fish assemblage. These tech-
niques simplify the analyses of assemblage data,
given the many potentially complex relation-
ships that can occur with biotic and abiotic fac-
tors (Gauch, 1982).

MATERIALS AND METHODS

Study area.—Lake Texoma is a 36,000-ha im-
poundment of the Washita and Red Rivers on
the Oklahoma–Texas border (Matthews, 1984).
Reservoir releases and resulting fluctuations in
water level are primarily for hydropower and
flood control. Secchi depth transparency typi-
cally ranged from 100–125 cm during our study
(Matthews, 1984) but was as little as 15 cm dur-
ing turbid inflows. Conductivity ranged from
750–1200 micromhos/cm (WJM, unpubl. data),
and reservoir elevation ranged from 611.7–
632.1 m above sea level (U.S. Army Corps of
Engineers, unpubl. data).

Our study area was approximately 35 km up-
stream from the dam, within the Red River Arm
of Lake Texoma near the University of
Oklahoma Biological Station. Three locations
were chosen to represent major limnetic habitat
types available to fish in this area of the reser-
voir: a shallow cove, a bay formed by a large
tributary creek, and the main channel of the
reservoir. Matthews et al. (1988) provide a de-
tailed description and map of these locations.
Within each location, we sampled surface and
bottom waters. The cove had a maximum depth
of about 6 m and was sheltered from prevailing
south winds. The tributary creek formed a bay
6.4 km long, north of the main channel and
partially open to prevailing winds, with an av-
erage depth of 11 m. The main channel site was
in the middle of the Red River Arm of the res-
ervoir directly south of the University of
Oklahoma Biological Station and had an aver-
age depth of 18 m. Each major habitat was at
least 1.1 km from the others. To be explicit
about our spatial scale of investigation, we refer
to the cove, tributary arm, and main channel
locations as ‘‘habitats’’ and places where indi-
vidual nets were set as ‘‘sites’’ (i.e., surface and
bottom nets at each habitat are separate sites).

The fish assemblage in Lake Texoma has
been described previously (Riggs and Bonn,
1959; Echelle et al., 1971; Matthews et al., 1985).
Three of the dominant species in the assem-
blage are the result of introductions. Inland Sil-
verside, Menidia beryllina, was first recorded in
1953 (Riggs and Bonn 1959); Threadfin Shad,
Dorosoma petenense, appeared in 1957 (Riggs and
Moore 1958); and Striped Bass, Morone saxatilis,
were stocked from 1965 to 1974 (Harper and
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TABLE 1. SIZE CLASSES AND SPECIES CODES FOR TAXA

USED IN ANALYSIS OF THE FISH ASSEMBLAGE IN THE RED

RIVER ARM OF LAKE TEXOMA. Small age classes (s) are
assumed to represent age-1 individuals, medium age
classes (m) age-2 or younger individuals, and large

age classes (1) mature adults . age-2.

Species Code Length (mm)

Morone saxatilis MORSAX-s
MORSAX-m
MORSAX-l

, 200
200 to 300
. 300

Dorosoma cepedianum DORCEP-s
DORCEP-m
DORCEP-l

, 150
150 to 250
. 250

Ictiobus bubalus ICTBUB-m
ICTBUB-l

, 400
$ 400

Ictalurus furcatus ICTFUR-m
ICTFUR-l

, 300
$ 300

Morone chrysops MORCHR-s
MORCHR-l

, 225
$ 225

Namminga 1986). Although threadfin shad can
maintain their populations with natural repro-
duction, they were restocked in 1982 after a vir-
tually complete winter kill. We included this spe-
cies in our analysis although variation in its
abundance obviously was partially regulated by
stocking.

Field sampling.—We used experimental gill nets
with multiple mesh sizes to estimate relative
abundance of fishes at the six sample sites (Mat-
thews et al., 1988). Each net was 61 m long and
1.83 m deep, with successive 7.6-m panels grad-
ing in mesh size from 19–102 mm bar measure.
Although gill nets selectively catch certain spe-
cies ( Jensen, 1986; Weaver et al., 1993) or size
classes (McCombie and Fry, 1960), they provide
useful estimates of change in relative abun-
dance (Hubert, 1983). Our gill netting did not
sample small-bodied fishes such as minnows,
young Dorosoma spp., or M. beryllina that were
probably abundant in some areas. Thus all anal-
yses are restricted to larger species and size clas-
ses.

Nets were set approximately every two weeks
(fortnightly) from April 1981 to July 1984. Two
nets (one surface and one bottom) were set at
each habitat in the afternoon and retrieved the
following day, beginning at approximately 0900
h and ending by early afternoon. There was a
total of 67 sample dates and 402 net-nights. Bot-
tom nets were set with the lead line directly on
the substrate, and surface nets were set with the
top line approximately 0.5 m below the surface.
All fishes were identified to species, weighed,
and measured.

As a general index of temporal changes in
environmental conditions in our study area, wa-
ter temperature and Secchi depth were record-
ed at the main channel site on each sampling
date. Reservoir volume was taken from the U.S.
Army Corps of Engineers at Denison Dam. In-
flow from the Red River was estimated from the
U.S. Geological Survey gauging station approx-
imately 30 km upstream from the reservoir at
Gainesville, Texas.

Data analysis.—To account for ontogenetic dif-
ferences in abundance patterns of the most
abundant large-bodied taxa (e.g., Polis, 1984;
Matthews, 1998), we separated M. saxatilis
(striped bass), D. cepedianum, Ictalurus furcatus
(Blue Catfish), Ictiobus bubalus (Smallmouth
Buffalo), and Morone chrysops (White Bass) into
size classes (Table 1) based on length-frequency
histograms. Small and medium size classes were
assumed, on the basis of many dissections across
seasons, to represent immature individuals (age-

1 or age-2), whereas the large size classes rep-
resented mature adults (over age-2). Hence-
forth, we use the term ‘‘species’’ to represent
both individual size classes (where separated)
and species not separable by size classes.

Fish assemblage variation across space and time.—
Correspondence analysis (CA) was used to sum-
marize variation in the fish assemblage. CA is a
multivariate ordination technique useful in an-
alyzing a species 3 sample data matrix (Gauch,
1982). Axis gradient lengths provide a measure
of faunal turnover: sample scores four standard
deviations apart should have few species in com-
mon (i.e., a complete turnover in species com-
position; Gauch, 1982; ter Braak, 1995). Eigen-
values and sample scores for the CA were cal-
culated using PC-ORD (vers. 2.0, B. McCune
and M. J. Mefford, Glenden, OR, 1995, un-
publ.). Although CA has been criticized for cre-
ating a spurious ‘‘arch’’ on the second and sub-
sequent axes (Hill and Gauch, 1980), a similar
analysis that corrects this arch (detrended cor-
respondence analysis) yielded patterns almost
identical to those from the CA. Because rare
species can have a strong effect on these anal-
yses (ter Braak, 1995), we only included those
species that accounted for more than 1% of the
total catch in our analyses. Rare species are
more likely to occur randomly in samples and
not represent true differences in assemblage
structure across space or time. Because species
abundances rarely exceeded 100 individuals per
sample, no transformations were applied
(Gauch, 1982).

To examine interannual variation in CA
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scores, we defined a sample year as 1 April
through 31 March of the next year. Because the
fish assemblage showed marked seasonal varia-
tion (see below) each year was further divided
into warm (April–Oct.) and cold (Nov.–March)
seasons. Seasons were chosen to approximate
changes in water temperature (warm . 15 C
and cold # 15 C) that coincided with changes
in local abundance of some common fish spe-
cies (WJM, pers. obs.). Thus, comparisons
among years were made separately within warm
and cold seasons.

Analysis of variance was used to partition var-
iation in axes scores among the main effects of
year (1981, 1982, 1983), season (warm, cold),
habitat (main channel, tributary arm, cove),
depth (surface, bottom), and their interactions.
Warm season collections from 1984 were ex-
cluded from this analysis because sampling was
incomplete for that season.

We used ANOVA only to partition variance
among the main effects and their interactions
(i.e., we did not test significance) because we
did not have replicate samples at each station
and therefore could not derive an appropriate
error sum of squares (L. Toothaker, pers. com.).
Rather, we used ANOVA merely to analyze var-
iance components and express the variation of
each effect and their interactions as a percent-
age of the total variation in CA axis scores. Var-
iance components were derived based on ex-
pected mean squares from a Model II (random
effects) ANOVA (Sokal and Rohlf, 1995). In this
analysis, we were able to evaluate whether the
spatial (habitat or depth) or temporal (year or
season) effects on assemblage structure were
important alone or whether they interacted with
other effects.

Independence of sample sites and dates.—We ex-
amined the similarity among sites and sampling
periods to test the spatial and temporal inde-
pendence of samples (i.e., spatial and temporal
autocorrelation). We asked whether the species
composition of a sample was better predicted by
samples more proximal or more distant in space
or time. However, because of the low statistical
power of testing spatial independence across
only six sites (i.e., with Mantel tests), we present
only summary indices for these sites. For each
site, we calculated mean number of species (size
classes combined), total number of individuals,
and mean CA axes scores.

These three indices (species richness, num-
ber of individuals, and CA axis scores) also were
used to examine similarity of sample dates (with
all six sites pooled) at different time intervals
(lag) to examine potential patterns of temporal

autocorrelation. A Mantel test (Mantel, 1967)
first was used to test for a significant association
between a distance matrix of time between sam-
ples (days) and matrices representing the diver-
gences in number of individuals, species rich-
ness and CA scores of our samples (e.g., Legen-
dre and Fortin, 1989). The Mantel tests provide
a correlation coefficient and test of significance
between triangular matrices ( Jackson and Som-
ers, 1989; Legendre and Fortin, 1989). All cal-
culations were made with the PC-Ord software
package and 1000 random matrix simulations
were used to assess significance levels (PC-Ord,
vers. 2.0, B. McCune and M. J. Mefford, Glen-
den, OR, 1995, unpubl.). As an overview of the
temporal autocorrelation, we plotted semivario-
grams (Legendre and Fortin, 1989; Burrough,
1995) to assay the point in time at which sam-
ples become independent (i.e., sill) or if there
were periodic signals representing cyclic chang-
es in the fish assemblage. In this analysis, semi-
variance is plotted on the ordinate and the lag
period on the abscissa. Thus, an increase in se-
mivariance with lag time would suggest samples
close together in time (e.g., adjacent sample
dates) were more similar than those far apart in
time.

Persistence of species associations.—We examined
persistence of species associations to suggest po-
tential biotic interactions (e.g., predator-prey)
or habitat associations. The identification of
species associations also should improve our
ability to predict how changes in the abundance
of one species might affect other species. Prod-
uct-moment correlations (Sokal and Rohlf,
1995) were used to examine correlations in
mean abundance of species across all possible
pairs of the six sample sites. The correlation co-
efficients between species pairs were used to
construct matrices representing association
among the 12 most common species within
each season of each year. The warm season of
1984 was excluded from this analysis because we
did not sample the complete season. All calcu-
lations were made with the PC-Ord software
package, with 1000 random matrix simulations
to assess significance levels (B. McCune and M.
J. Mefford, Glenden, OR, 1995, unpubl.). Sig-
nificant correlation between matrices indicated
similar patterns of species associations in the
years being compared. If there were overall sig-
nificant effects among matrices, posthoc com-
parisons were assessed with Bonferonni correct-
ed alpha levels (Sokal and Rohlf, 1995). Un-
weighted pair-group method using arithmetic
averages (UPGMA) based on Euclidian distanc-
es was used to construct dendrograms from
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Fig. 1. Reservoir volume, Secchi depth, inflow
from the Red River and surface water temperature
from Lake Texoma for each sample date.

each matrix to illustrate the community associ-
ation patterns.

Influence of abiotic factors on the fish assemblage.—
Canonical correspondence analysis (CCA) was
used to detect relationships between environ-
mental parameters (surface temperature, Sec-
chi depth, and reservoir volume) and temporal
variation in the fish assemblage. Because envi-
ronmental variables were measured only at the
main channel site (as an index of environmen-
tal conditions in our study area), the CCA was
performed on species abundances pooled
across sites on each date. CCA is a modification
of CA that selects a linear combination of en-
vironmental variables to maximize the disper-
sion of species scores (ter Braak, 1995). This
analysis produces a diagram that shows, by the
length of vector arrows, the relative importance
of environmental factors in describing variation
in the fish assemblage. Monte Carlo simulations
were used to test whether eigenvalues from the
CCA were significantly greater than those gen-
erated from a randomized matrix. All analyses
were conducted using PC-Ord (vers. 2.0, B.
McCune and M. J. Mefford, Glenden, OR, 1995,
unpubl.).

RESULTS

Field conditions and collections.—There was con-
siderable variation in reservoir volume as a re-
sult of highly variable inflows from tributary riv-
ers, with pronounced peaks in autumn 1981
and spring 1982 (Fig. 1). Reservoir volume fluc-
tuated less, by comparison, in 1983 and 1984.
Secchi depth, measured at the main channel
site ranged from 0.15–1.80 m and was negatively
correlated with discharge from the Red River (r2

5 0.17, df 5 66, P , 0.001) and reservoir vol-
ume (r2 5 0.22, df 5 66, P , 0.001). Surface
water temperature in our study area ranged
from 3–31 C and followed a similar pattern each
year. The minimum temperature, however, was
2 C lower in winter 1981–1982 than in other
years.

A total of 14,439 individuals, representing 25
taxonomic species, was captured. Dorosoma cepe-
dianum was the most abundant species (34.1%
of the total captures), followed by M. saxatilis
(20.9%), D. petenense (9.5%), and Aplodinotus
grunniens (Freshwater Drum, 9.5%). Other pi-
scivorous fish common in our samples included
I. furcatus and M. chrysops. Although the numer-
ical abundance of I. bubalus (2.4%) and Carpi-
odes carpio (River Carpsucker, 1.5%) was lower,
they contributed substantially to the overall bio-
mass.

Variation in the fish assemblage across space and
time.—Of the 18 most common species or size
classes, several showed noteworthy seasonal or
annual variation (Fig. 2). Dorosoma petenense
showed the most obvious differences across
time, occurring in large numbers only in the
warm season of 1981. Conversely, Hiodon aloso-
ides (Goldeye), although highly variable in
abundance, was least abundant during this time.
Small and medium M. saxatilis and small D. ce-
pedianum showed annual trends opposite those
of D. petenense. Small D. cepedianum were present
in high numbers in 1982 when small and me-
dium size classes of M. saxatilis were in low num-
bers or absent. Both large M. saxatilis and A.
grunniens showed marked seasonal abundance
patterns, because the latter peaked in abun-
dance in cold seasons and the former during
warm seasons. Pomoxis annularis (White Crap-
pie) also was notably more abundant in 1983
than in other years.

Spatial and temporal variation among sam-
ples was revealed when the 402 individual sam-
ples were analyzed with CA (Fig. 3). The first
axis accounted for 16.2% of the variation in as-
semblage structure and had a gradient length
of 4.6 standard deviations, indicating an almost
complete turnover in species composition be-
tween samples at opposite ends of the ordina-
tion (Gauch, 1982). Low Axis I scores repre-
sented individual samples with high abundance
of small D. cepedianum and all size classes of M.
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Fig. 2. Abundance of 18 common species and age classes caught in gill nets in Lake Texoma across the 67
sample dates. Number of individuals was pooled across sample sites for each given date. Note, scale of the y-
axis varies among species.

saxatilis, M. chrysops, and D. petenense. High Axis
I scores represented samples with high abun-
dance of A. grunniens and I. furcatus. The sec-
ond axis accounted for 14.8% of the variation
in assemblage structure and had a gradient
length of 4.3 standard deviations. The greatest
variation on Axis II was from samples with high
abundance of D. petenense versus those with high
abundance of small D. cepedianum.

Greatest percent of variation in axis I scores,
as revealed by partitioning of variance compo-
nents (Table 2), was accounted for by depth
(25.3%). The interactions of depth 3 location
and season 3 year also accounted for a notable
proportion of the overall variation in axis scores
(10.4% and 12.8%, respectively). Year and sea-
son accounted for the greatest percent of vari-
ation on axis II scores (26.6 and 22.1%, respec-
tively). However, these effects are not indepen-
dent of each other as revealed by the interac-
tion of season 3 year that accounted for 15.9%
of the total variation in axis scores.

Because depth and season accounted for
much of the variation in samples, we plotted
warm and cold seasons separately for each year
and bottom and surface samples separately for
each site (Fig. 4). Overlap in axis scores be-
tween surface and bottom sets was greatest in
the shallow cove and least in the main channel

although, several outliers were apparent.
Whereas there was much overlap in axis scores
at the tributary arm location, there were gen-
erally higher axis scores at the bottom site. Al-
though polygons drawn around points from
warm and cold seasons showed much overlap,
warm season samples clearly had higher axes
scores than cold season samples on axis II dur-
ing 1981. Conversely, cold season scores were
slightly higher than warm season scores in 1983,
suggesting a notable interaction between season
and year on this axis.

Independence of samples among sites and dates.—To-
tal number of individuals captured and species
richness were greater during warm than cold
season samples (Table 3). Overall, there were
more fish in surface nets (mean 5 41.2 individ-
uals) than in bottom nets (mean 5 30.8 individ-
uals). However, this difference was less pro-
nounced between surface and bottom nets in
the shallow cove. CA axis I scores were greatest
for surface samples in the main channel and
tributary arm than other sites during both sea-
sons, indicating greater abundances of A. grun-
niens and I. furcatus at these sites. CA axis II
scores were greater in surface nets than bottom
nets and slightly higher in the warm than in
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Fig. 3. Correspondence Analysis of the gill net
samples from Lake Texoma. Top graph, sample
scores; bottom graph, species scores. Species codes
represent the first three letters from the genus and
specific epithet. Suffixes -s, -m, and -l represent small,
medium, and large size classes, respectively.

Fig. 4. Plots of the first two axes of the correspon-
dence analysis in Figure 3, separated by year and sea-
son (left column; c 5 cold, w 5 warm), and habitat
and depth (right column; b 5 bottom, s 5 surface).

TABLE 2. ANALYSIS OF THE FOUR MAIN EFFECTS AND THEIR INTERACTIONS OBTAINED FROM AN ANALYSIS OF

VARIANCE OF CA AXIS SCORES. Percent variance for treatments and their interactions were derived from ex-
pected mean squares based on a Model II (Random effects) ANOVA following Sokal and Rohlf (1995).

Source df

Axis I

MS % Variance

Axis II

MS % Variance

Axis 1
Depth (D)
Location (L)
Season (S)
Year (Y)
D 3 L

1
2
1
2
2

424,163
83,642

123,270
23,979
84,580

25.3
11.9
11.8
11.6
10.4

53,510
2,588

118,092
98,595
13,371

10.9
3.1

22.1
26.6
5.1

D 3 S
D 3 Y
L 3 S
L 3 Y
S 3 Y

1
2
2
4
2

10,921
7,150

29,428
3,309

89,396

1.6
6.6
3.6

,0.1
12.8

2,430
1,645
7,247
3,375

45,126

1.9
3.2
2.4

,0.1
15.9

D 3 L 3 S
D 3 L 3 Y
D 3 S 3 Y
L 3 S 3 Y
D 3 L 3 S 3 Y

2
4
2
4
4

2,419
2,388

15,005
3,101
3,384

,0.1
,0.1

3.1
,0.1

2.7

8,952
2,591
7,392
1,321
3,727

3.9
,0.1

2.7
,0.1

8.3

cold seasons, indicating greater abundance of
D. petenense at these sites and times.

Mantel tests revealed significant associations
of time between samples (i.e., lag time) and the
different community metrics (number of spe-
cies, number of individuals, and CA axes). How-
ever, lag time was only weakly associated with
species richness and number of individuals (r 5
0.212, P 5 0.041 and r 5 0.254, P 5 0.022, re-



924 COPEIA, 2000, NO. 4

TABLE 3. MEAN NUMBER OF INDIVIDUALS, NUMBER OF SPECIES, AND CORRESPONDENCE AXIS SCORES (STANDARD

DEVIATION) AVERAGED ACROSS WARM AND COLD SEASONS FOR THE SIX GILL NET SITES ON LAKE TEXOMA.

Site Depth
Number of
individuals

Number of
species Axis 1 Axis 2

Warm season
Tributary arm

Main channel

Shallow cove

Surface
Bottom
Surface
Bottom
Surface
Bottom

51.5 (37.1)
47.0 (33.5)
65.4 (41.1)
26.0 (25.5)
62.3 (71.9)
66.4 (52.9)

7.5 (2.7)
7.5 (2.0)
7.8 (2.4)
5.2 (2.0)
8.8 (3.3)

10.1 (3.2)

106.5 (87.7)
45.8 (111.9)

105.7 (83.4)
216.1 (60.2)

10.2 (79.3)
212.3 (60.7)

17.0 (52.1)
29.6 (79.9)
25.7 (49.5)

230.2 (77.9)
28.7 (63.7)

224.7 (63.5)

Cold season
Tributary arm

Main channel

Shallow cove

Surface
Bottom
Surface
Bottom
Surface
Bottom

42.7 (24.4)
30.8 (26.3)
34.6 (17.6)
10.1 (9.9)
53.0 (28.5)
40.4 (26.2)

6.3 (2.2)
6.9 (3.1)
5.7 (2.0)
3.8 (2.0)

10.0 (2.4)
8.3 (3.0)

48.5 (69.4)
238.9 (36.1)
110.3 (87.9)

250.0 (25.5)
210.7 (62.3)
238.0 (30.0)

239.5 (42.4)
270.0 (45.3)
28.9 (61.3)

292.3 (46.5)
253.0 (58.7)
242.4 (75.5)

TABLE 4. MANTEL CORRELATIONS AND P-VALUES FROM

COMPARISONS OF SIMILARITY MATRICES OF SPECIES AS-
SOCIATIONS ACROSS SIX GILL NET SITES IN LAKE TEX-
OMA. Comparisons were made among sample years
for each season separately. P-value , 0.008 was nec-
essary to reject null hypotheses based on Bonferroni

corrected alpha level.

Season Year r P-value

Warm 1981–1982
1981–1983
1982–1983

0.372
0.577
0.468

0.007
0.001
0.001

Cold 1981–1982
1981–1983
1982–1983

0.066
0.035
0.035

0.223
0.329
0.313

Fig. 5. Semivariograms representing the diver-
gence (semivariance) of the fish assemblage in Lake
Texoma at different sample intervals apart, based on
the three community indices [species richness, num-
ber of individuals, and correspondence analysis (CA)
axis scores].

spectively). There were strong associations be-
tween divergence in CA axis scores and time lag
(r . 0.437, P 5 0.001), and there was a marked
increase in semivariance with lag time. In ad-
dition, the semivariogram for CA axis II (Fig. 5)
showed a cyclic pattern in which distinct peaks
in semivariance occurred at about 10 and 30
sample intervals. This pattern indicated a sea-
sonal trend in the divergence of samples across
time, because those samples that were 10 inter-
vals apart corresponded to a lag of approxi-
mately six months (i.e., samples half a year apart
were most different from each other on aver-
age).

Persistence of species associations.—Mantel tests
showed significant concordance among years in
warm season species associations (Table 4). The
dendrograms showed that two groups were
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closely associated in warm seasons of all years
(Fig. 6). Large and medium D. cepedianum typi-
cally occurred with large M. saxatilis. Carpiodes
carpio, I. bubalus, and I. punctatus also consis-
tently occurred together in warm seasons. Spe-
cies associations in the cold season showed less
consistency across years (Fig. 6), and Mantel
tests showed no significant concordance among
years (Table 4). Although D. cepedianum and M.
saxatilis were often associated during cold sea-
sons, the size classes of those species that were
associated varied across years.

Influence of abiotic factors on the fish assemblage.—
A large proportion of the variation in the fish
assemblage could not be explained by the en-
vironmental variables. Although eigenvalues
from the first two axes of the CCA (Fig. 7) were
significantly different from those from random-
ized matrices (P , 0.001), axis I and II only
explained 13.8% and 6.0% of the variance in
the fish assemblage, respectively (Table 5). The
first axis showed the strongest association be-
tween assemblage composition and environ-
ment factors based on Pearson and Kendall
(rank) correlations of sample scores with envi-
ronmental parameters (Table 5). This axis was
highly correlated with temperature (r 5 0.636)
and likely reflected seasonal changes in the fish
assemblage (Fig. 7). The second axis had a
much weaker species-environment association
but suggested a correlation with reservoir vol-
ume (r 5 0.539). Both large I. furcatus and A.
grunniens increased in relative abundance dur-
ing increased periods of reservoir volume, while
small M. saxatilis declined in abundance in gill
net samples at those times.

DISCUSSION

Variation in the fish assemblage across space and
time.—Fortnightly gill net sampling for 3.5 yr al-
lowed characterization of the spatial and tem-
poral dynamics of fishes in the limnetic waters
of Lake Texoma at the scale of our study sites.
Under this sampling regime, the fish assem-
blage showed the greatest variation across sam-
ple sites (surface vs bottom) and seasons (warm
vs cold). Similarly, species associations during
the warm season were similar among years and
appeared to be a consequence of habitat use.
Thus, at least for the common species, the as-
semblage at our six sites remained relatively
consistent at the time scale of our study (Fig.
8).

The most notable annual variation in our
samples occurred because the fish assemblage
in summer 1981 differed from subsequent

years. This difference was primarily the result of
a winter kill of D. petenense in 1981–1982 and its
extremely low abundance thereafter. Only be-
cause of a restocking effort did this species oc-
cur in our samples in 1983 (Harper and Nam-
minga, 1986). Variability in D. petenense abun-
dance may have had pervasive effects in the res-
ervoir fish assemblage. For example, Matthews
et al. (1988) showed that the cold winter of
1981–1982 coincided with poor condition of
adult M. saxatilis the next summer, likely due to
low abundance of prey. In this study, we also
showed that abundance of small and medium
M. saxatilis was relatively low in 1982 (after the
winter kill) compared to other years, suggesting
low prey abundance also may have limited re-
cruitment of small and medium age classes of
M. saxatilis into the population. In addition,
abundance of small D. cepedianum was highest
during 1982. This may have been the result of
a combination of the absence of a potential
competitor (D. petenense) and reduced abun-
dance of predators (small and medium M. sax-
atilis).

Abundance of individual species showed a
wide range of variation across years and seasons.
Some species varied little over time (e.g., I.
punctatus and Carpiodes carpio), whereas for oth-
er species (e.g., D. cepedianum and M. saxatilis),
adults varied little, but smaller size classes
showed marked interannual variation. Two spe-
cies other than D. petenense that showed relative-
ly high interannual variation were H. alosoides
and P. annularis. Based on our limited environ-
mental data, it was not clear what attributed to
the variable success of either species during our
sampling. However, H. alosoides is known to vary
markedly in abundance across years in reser-
voirs (Shelton, 1968) and river deltas (Donald,
1997).

Although much of the seasonal variation in
the fish assemblage was dependent on year of
sampling, there were general trends in the fish
assemblage that appeared consistent across
years. There was a decrease in abundance of
adult M. saxatilis during summer because of
down-reservoir migrations to cooler, deeper ar-
eas of the reservoir (Matthews et al., 1985; Cou-
tant, 1985; Matthews et al., 1989). In addition,
abundance of juvenile A. grunniens (, 200 mm
SL) increased during summer. Ictiobus bubalus
also showed a more localized seasonal shift in
habitat use from littoral habitats during early
summer to offshore habitats in late summer.
This movement coincides with higher abun-
dance of their preferred prey, copepods, in
these habitats (Gido, in press). Overall, a large
proportion of the local variability in the off-
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Fig. 6. Dendrograms from UPGMA clustering of species associations across the six gill net sites on Lake
Texoma. Each dendrogram represents the associations for a given year and season. Species codes are as in
Figure 3.

shore Lake Texoma fish assemblage likely was
caused by patterns of seasonal migrations and
reproduction, not absolute changes in popula-
tion size at the scale of the whole reservoir.

Much of the variation in the Lake Texoma
fish assemblage across sites was the result of
depth (surface vs bottom; Table 2). In previous
studies of Lake Texoma, most fish were report-
ed to avoid reduced dissolved oxygen in benthic
zones of Lake Texoma (Matthews et al., 1985;
Matthews et al., in press). However, difference
in physical conditions between surface and bot-
tom varied across locations and was less pro-
nounced in the shallow cove (WJM, unpubl.
data). Presumably, the greater similarity in catch
between the surface and bottom nets in the
shallow cove occurred because the depth of the
two nets differed by only a few meters in com-

parison to their vertical dispersion in the two
deeper habitats.

Vertical distribution of fishes in lakes and res-
ervoirs has been correlated with gradients of
temperature and oxygen (Brandt et al., 1981;
Rudstam and Magnuson, 1985; Moyle and
Cech, 1999). In the main body of Lake Texoma,
Matthews et al.(1985) showed that most fishes
avoided low oxygen levels in the hypolimnion
in late summer. Additionally, Schael et al.
(1995) reported that depth distribution of D.
petenense was influenced by seasonal differences
in temperature and oxygen concentration. Mea-
surements of these parameters in previous stud-
ies at the surface and bottom in each habitat
demonstrated that this area of the reservoir
stratifies in summer (Matthews et al., in press).
However, because of frequent mixing of the wa-
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Fig. 7. Canonical correspondence analysis used to
describe correlation of environmental factors with the
variation in the fish assemblage of Lake Texoma. Each
point is derived from pooled species abundances across
sites for a given sample date. Top graph, sample and
species scores with season in which samples were tak-
en delineated by open (cold) and closed (warm) cir-
cles. Bottom graph, vector arrows representing the cor-
relation of environmental factors with variation in fish
assemblage. Species codes as in Figure 3.

TABLE 5. EIGENVALUES, VARIANCE EXPLAINED, PEAR-
SON CORRELATIONS AND KENDALL CORRELATIONS FOR

THE CCA ON LAKE TEXOMA GILL NET SAMPLES. Pear-
son and Kendall coefficients represent correlations
between sample scores for an axis derived from the
species data and the sample scores that are linear
combinations of the environmental variables (B.

McCune and M. J. Mefford, 1995, unpubl.).

Axis I Axis II Axis III

Eigenvalue 0.170 0.074 0.010

Variance in species data
% of variance explained

Pearson Correlation
Kendall (rank) Correlation

13.8

0.817
0.639

6.0

0.499
0.327

3.7

0.542
0.362

Fig. 8. General distribution patterns of fishes
across the six gill net sites on the Red River arm of
Lake Texoma for summer and winter months. Letter
font represents the relative abundance of that species
at a site for the given season.

ter column by wind, stratification in the Red
River arm of Lake Texoma is weaker than in the
deeper areas of the reservoir. Thus, benthic
zones in our study area did not remain anoxic
for long periods of time and still provide suit-
able habitat for several species.

Our spatial and temporal scales of sampling
did not allow assessment of sources of variation
that operate at larger scales, such as uplake-
downlake environmental gradients or predator-
prey cycles involving long-lived species. In fact,
the younger size classes of M. saxatilis and D.
cepedianum both showed notable annual varia-

tion. Variation in recruitment of these longer-
lived species could dramatically affect size struc-
ture of the population in subsequent years.
Only long-term monitoring could address this
issue.

Independence of sample sites and dates.—Character-
ization of spatial and temporal independence of
samples is an important first step in determin-
ing how assemblages are structured. In addi-
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tion, the composition of fishes captured at one
period of time from a particular depth and hab-
itat could be used to predict assemblage com-
position, at the same depth and habitat, on a
future date. This information can be helpful in
designing sampling efforts by allowing research-
ers to distribute their sampling effort in a way
to adequately characterize the fish assemblage
and minimize the redundancy of samples. In
Lake Texoma, variation in assemblage structure
was greatest among depths and seasons. Species
composition differed the most between surface
and bottom sites in the deeper habitats (main
channel and tributary arm) and the shallow
cove tended to support the highest numbers of
individuals and species richness. These spatial
differences suggest that sampling of a variety of
habitats and depths is necessary to characterize
the fish assemblage of Lake Texoma. Tempo-
rally, variation in species composition on prox-
imal sample dates was much lower, on average,
than samples more distant in time, as inferred
by semivariograms (Fig. 5). However, the weak
associations of species richness and number of
individuals with lag time suggests changes in the
assemblage over time were primarily due to spe-
cies turnover. Because fortnightly sampling is
somewhat redundant, characterizing the fish as-
semblage could be done over larger temporal
scales that still account for seasonal variation in
the assemblage. Overall, this relatively high de-
gree of spatial and temporal autocorrelation im-
plies the reservoir fish assemblage is localized,
at least within short time periods (i.e., less than
six months) and suggests a highly structured as-
semblage (e.g., see Fig. 6).

Persistence of species associations.—Species associa-
tions were concordant across years in warm sea-
sons but not in cold seasons. The latter agrees
with Gelwick and Matthews (1990), who found
species associations in the littoral zone of Lake
Texoma to be weak. The lack of consistency
among years during the cold season, however,
appeared to be the result of changes in abun-
dance of younger life stages of common species.
When a similar analysis (not shown) was per-
formed with all life stages combined within spe-
cies, there was significant concordance among
all years for both warm and cold seasons [Man-
tel statistic (r) 0.223–0.566, P , 0.035]. Thus, in
spite of changes in environmental conditions
during our study (e.g., water level), species as-
sociations appeared to remain relatively consis-
tent. The open water assemblage might be ex-
pected to show more concordant species asso-
ciations than littoral zones because changes in
reservoir level are less likely to change habitat

characteristics in offshore habitats (e.g., inun-
dated vegetation).

A number of factors can influence the spatial
and temporal distribution of reservoir fishes
(e.g., Dendy, 1946; Vanderpuye, 1982; Fernando
and Holcik, 1991) and, thus, associations of spe-
cies across habitats. Higher productivity in the
shallow cove resulting from greater light pene-
tration to benthic surfaces may have concen-
trated foraging fishes in these habitats. Fernan-
do and Holcik (1991) suggested that pelagic
zones in reservoirs are often underutilized by
fishes unless pelagic species are introduced into
the system. They further suggested introduced
pelagic species should have minimal associa-
tions with native littoral species because of little
spatial overlap. Although this appears to be par-
tially true in Lake Texoma, it is important to
note the close association between the intro-
duced M. saxatilis and the native D. cepedianum
(Fig. 6). Overall, it appears that the distribution
of resources in concert with differential habitat
use by native and introduced species results in
a structured fish assemblage. Field experiments
would be necessary to determine the exact na-
ture of these associations (e.g., biotic vs abiotic).

Influence of abiotic factors on the fish assemblage.—
Seasonal changes in temperature explained the
greatest amount of variation in the fish assem-
blage using CCA (Fig. 7). However, eigenvalues
of the CCA were small, suggesting much of the
variation in the fish assemblage could not be
explained by environmental factors. Because we
only sampled abiotic factors in the main chan-
nel, it is likely that site specific differences in
water chemistry accounted for some of this un-
explained variation. Regardless, it seems clear
that patterns of species distribution or activity
are strongly affected by temperature. For ex-
ample, temperature is known to influence re-
productive success (Irwin and Bettoli, 1995),
survivorship (Harper and Namminga, 1986),
and habitat use (Coutant, 1985, Matthews et al.,
1985, Gido, in press) of reservoir fishes.

The second axis of the CCA suggests that
changes in reservoir volume and turbidity also
have some effects on the fish assemblage. Ictal-
urus furcatus and A. grunniens increased in rel-
ative abundance in nets during turbid inflow
events, but it is unclear whether this was the
result of (1) increased movement of these spe-
cies or decreased movement of other species
(e.g., Heimstra et al., 1969) or (2) avoidance of
gill nets by these species in less turbid water.
Although turbidity is known to lower the feed-
ing efficiency of visual predators (O’Brien,
1990), effects of relatively short episodes of in-
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creased turbidity on long-term fish assemblage
structure are unclear.

Conclusions.—Multivariate techniques allowed us
to quantify how the fish assemblage of Lake
Texoma varied over a relatively fine-grained
temporal scale. We were able to demonstrate
marked seasonal changes in the fish assemblage
that corresponded to seasonal changes in tem-
perature. However, within seasons, samples were
shown to have a high degree of temporal auto-
correlation. Spatially, the fish assemblages var-
ied primarily by depth, and species associations
were relatively consistent across habitats. Thus,
the fish assemblage at our study sites appeared
to be highly structured and most species showed
little annual variation in relative abundance.
This occurred notwithstanding considerable an-
nual variability in lake volume and turbidity.

ACKNOWLEDGMENTS

We thank D. Edds, T. G. Heger, J. J. Hoover,
B. Keats, M. Lodes, S. Shellhaass, and B. Wagner
for field assistance. E. Marsh-Matthews and K.
Work provided critical reviews on earlier ver-
sions of this manuscript. D. Jackson helped with
interpretation of multivariate analysis. C. Mc-
Callister helped draft figures. Partial funding
for this project was provided by U.S. Fish and
Wildlife Service; Bass Research Foundation,
Starkville, MS; and Wood Foundation, Dallas,
TX.

LITERATURE CITED

BRANDT, S. B., J. J. MAGNUSON, AND L. B. CROWDER.
1981. Thermal habitat partitioning by fishes in
Lake Michigan. Can. J. Fish. Aquat. Sci. 37:203–210.

BURROUGH, P. A. 1995. Spatial aspects of ecological
data, p. 213–251. In: Data analysis in community
and landscape ecology. R. H. G. Jongman, C. J. F.
ter Braak, and O. F. R. Van Tongeren (eds). Cam-
bridge Univ. Press, New York.

CARPENTER, S. R., J. F. KITCHELL, AND J. R. HODGSON.
1985. Cascading trophic interactions and lake pro-
ductivity. BioScience 35:634–638.

COUTANT, C. C. 1985. Striped bass, temperature, and
dissolved oxygen: a speculative hypothesis for en-
vironmental risk. Trans. Am. Fish. Soc. 114:31–61.

CRAIG, J. F., AND J. A. BABALUK. 1993. An analysis of
the distribution of fish species in a large prairie
lake. J. Fish Biol. 43:223–228.

DENDY, J. S. 1946. Further studies of depth distribu-
tion of fish, Norris Reservoir, Tennessee. J. Tenn.
Acad. Sci. 21:94–102.

DIRNBERGER, J. M., AND S. T. THRELKELD. 1986. Ad-
vective effects of a reservoir flood on zooplankton
abundance and dispersion. Freshwater Biol. 16:
387–396.

DONALD, D. B. 1997. Relationship between year-class
strength for goldeyes and selected environmental
variables during the first year of life. Trans. Am.
Fish. Soc. 126:361–368.

DOWELL, V. E. 1956. Activity patterns and distribution
of the fishes in the Buncombe Creek arm of Lake
Texoma. Unpubl. Ph.D. diss., Univ. of Oklahoma,
Norman.

ECHELLE, A. A., W. L. SHELTON, AND C. A. TABER.
1971. Additions to the known fish fauna of the
main body of Lake Texoma. Proc. Okla. Acad. Sci.
51:1–2.

FERNANDO, C. H., AND J. HOLCIK. 1991. Fish in res-
ervoirs. Int. Revue ges. Hydrobiol. 76:149–167.

GAUCH JR., H. G. 1982. Multivariate analysis in com-
munity ecology. Cambridge Univ. Press, Cam-
bridge, NY.

GELWICK, F. P., AND W. J. MATTHEWS. 1990. Temporal
and spatial patterns in littoral-zone fish assemblages
of a reservoir (Lake Texoma, Oklahoma–Texas,
U.S.A.). Environ. Biol. Fish. 27:107–120.

GIDO, K. B. In press. Feeding ecology of three om-
nivorous fishes in Lake Texoma (Oklahoma–Tex-
as). Southwest. Nat.

GUY, C. S., AND D. W. WILLIS. 1995. Population char-
acteristics of black crappies in South Dakota waters:
a case for ecosystem-specific management. N. Am.
J. Fish. Manag. 15:754–765.

HARPER, J. L., AND H. E. NAMMINGA. 1986. Fish pop-
ulation trends in Texoma Reservoir following estab-
lishment of striped bass, p. 156–165. In: Reservoir
fisheries management: strategies for the 80’s. G. E.
Hall and M. J. Van Den Avyle (eds.). American Fish-
eries Society, Bethesda, MD.

HEIMSTRA, N. W., D. K. DAMKOT, AND N. G. BENSON.
1969. Some effects of silt turbidity on behavior of
juvenile largemouth bass and green sunfish. U.S.
Bureau of Sport Fisheries and Wildlife Tech. Pap.
20, Washington, DC.

HILL, M. O., AND H. G. GAUCH. 1980. Detrended cor-
respondence analysis, an improved ordination tech-
nique. Vegetatio 42:47–58.

HOLZ, J. C., K. D. HOAGLAND, R. L. SPAWN, A. POPP,
AND J. L. ANDERSEN. 1997. Phytoplankton com-
munity response to reservoir aging, 1968–92. Hy-
drobiology 346:183–192.

HUBERT, W. A. 1983. Passive capture techniques, p.
95–122. In: Fisheries techniques. L. A. Nielsen and
D. L. Johnson (eds.). American Fisheries Society,
Bethesda, MD.

IRWIN, E. R., AND P. W. BETTOLI. 1995. Introduced
clupeids in a southern reservoir: more evidence for
system-specific reproductive styles. Environ. Biol.
Fish. 42:151–159.

JACKSON, D. A., AND K. M. SOMERS. 1989. Are proba-
bility estimates from the permutation model of
Mantel’s test stable? Can. J. Zool. 67:766–769.

JENSEN, J. W. 1986. Gillnet selectivity and the efficien-
cy of alternative combinations of mesh sizes for
some freshwater fish. J. Fish Biol. 28:637–646.

KASHUBA, S. A., AND W. J. MATTHEWS. 1984. Physical
condition of larval shad during spring-summer in a
southwestern reservoir. Trans. Am. Fish. Soc. 113:
199–204.



930 COPEIA, 2000, NO. 4

LAMBOU, V. W. 1962. Distribution of fishes in Lake
Bistineau, Louisiana. J. Wildl. Manag. 26:193–203.

LEGENDRE, P., AND M. J. FORTIN. 1989. Spatial pattern
and ecological analysis. Vegetatio 80:107–138.

LI, H. W., AND P. B. MOYLE. 1981. Ecological analysis
of species introductions into aquatic systems. Trans.
Am. Fish. Soc. 110:772–782.

MANTEL, N. 1967. The detection of disease clustering
and a generalized regression approach. Cancer Res.
27:209–220.

MATTHEWS, W. J. 1984. Influence of turbid inflows on
vertical distribution of larval shad and freshwater
drum. Trans. Am. Fish. Soc. 113:192–198.

. 1998. Patterns in freshwater fish ecology.
Chapman and Hall, New York.

, L. G. HILL, AND S. M. SCHELLHAASS. 1985.
Depth distribution of striped bass and other fish in
Lake Texoma (Oklahoma–Texas) during summer
stratification. Trans. Am. Fish. Soc. 114:84–91.

, , D. R. EDS, J. J. HOOVER, AND T. G.
HEGER. 1988. Trophic ecology of striped bass, Mo-
rone saxatilis, in a freshwater reservoir (Lake Texo-
ma, U.S.A.). J. Fish Biol. 33:273–288.

, , , AND F. P. GELWICK. 1989. In-
fluence of water quality and season on habitat use
by striped bass in a large southwestern reservoir.
Trans. Am. Fish. Soc. 121:54–66.

, K. B. GIDO, AND F. P. GELWICK. In press. Fish
assemblages of reservoirs. Lake Res. Manag.

MCCOMAS, S. R., AND R. W. DRENNER. 1982. Species
replacement in a reservoir fish community: silver-
side feeding mechanics and competition. Can. J.
Fish. Aquat. Sci. 39:815–821.

MCCOMBIE, A. M., AND F. E. J. FRY. 1960. Selectivity
of gill nets for lake whitefish, Coregonus clupeaformis.
Trans. Am. Fish. Soc. 89:176–184.

MCQUEEN, D. J., J. R. POST, AND E. L. MILLS. 1986.
Trophic relationships in freshwater pelagic ecosys-
tems. Can. J. Fish. Aquat. Sci. 43:1571–1581.

MIRANDA, L. E., W. L. SHELTON, AND T. D. BRYCE.
1984. Effects of water level manipulation on abun-
dance, mortality, and growth of young-of-year large-
mouth bass in West Point Reservoir, Alabama-Geor-
gia. N. Am. J. Fish. Manag. 4:314–320.

MOYLE, P. B. 1986. Fish introductions into North
America: patterns and ecological impact, p. 27–43.
In: Ecology of biological invasions of North Amer-
ica and Hawaii. H. A. Mooney and J. A. Drake
(eds.). Springer-Verlag, New York.

, AND J. J. CECH JR. 1999. Fishes: an introduc-
tion to ichthyology. 4th ed. Prentice-Hall, Inc., En-
gelwood Cliffs, NJ.

NADIROV, S. N., AND L. K. MALININ. 1997. Seasonal
dynamics of fish distribution in the piedmont Min-
gechaur Reservoir. J. Ichthyol. 37:288–293.

NOBLE, R. L. 1986. Predator-prey interactions in res-
ervoir communities, p. 137–143. In: Reservoir fish-
eries management: strategies for the 80’s. G. E. Hall
and M. J. Van Den Ayvle (eds.). American Fisheries
Society, Bethesda, MD.

O’BRIEN, W. J. 1990. Perspectives on fish in reservoir
ecosystems, p. 209–226. In: Reservoir limnology:

ecological perspectives. K. W. Thornton, B. L. Kim-
mel, and F. E. Payne (eds.). John Wiley and Sons,
Inc., New York.

PLOSKEY, G. R. 1986. Management of the physical
and chemical environment: effects of water-level
changes on reservoir ecosystems, with implications
for fisheries management, p. 86–97. In: Reservoir
fisheries management: strategies for the 80’s. G. E.
Hall and M. J. Van Den Ayvle (eds.). American Fish-
eries Society, Bethesda, MD.

POLIS, G. A. 1984. Age structure component of niche
width and intraspecific resource partitioning: can
age groups function as ecological species? Am. Nat.
123:541–564.

RIGGS, C. D. AND E. W. BONN. 1959. An annotated
list of the fishes of Lake Texoma, Oklahoma and
Texas. Southwest. Nat. 4:157–168.

, AND G. E. MOORE. 1958. The occurrence of
Signalosa petenense in Lake Texoma. Proc. Okla.
Acad. Sci. 38:64–67.

RUDSTAM, L. G., AND J. J. MAGNUSON. 1985. Predicting
the vertical distribution of fish populations: analysis
of cisco, Coregonus artedii, and yellow perch, Perca
flavenscens. Can. J. Fish. Aquat. Sci. 42:1178–1188.

SCHAEL, D. M., J. A. RICE, AND D. J. DEGAN. 1995.
Spatial and temporal distribution of threadfin shad
in a southeastern reservoir. Trans. Am. Fish. Soc.
124:804–812.

SHELTON, W. L. 1968. Changes in the abundance of
goldeye, Hiodon alosoides (Rafinesque), in Lake Tex-
oma, Oklahoma. Proc. Okla. Acad. Sci. 49:184–187.

SOKAL, R. R., AND F. J. ROHLF. 1995. Biometry. 2d ed.
W. H. Freeman and Co., San Fransisco, CA.

STEIN, R. A., D. R. DEVRIES, AND J. M. DETTMERS. 1995.
Food-web regulation by a planktivore: exploring the
generality of the trophic cascade hypothesis. Can.
J. Fish. Aquat. Sci. 52:2518–2526.

TER BRAAK, C. J. F. 1995. Ordination, p. 91–173. In:
Data analysis in community and landscape ecology.
R. H. G. Jongman, C. J. F. ter Braak, and O. F. R.
Van Tongeren (eds.). Cambridge Univ. Press, New
York.

THORNTON, K. W., B. L. KIMMEL, AND F. E. PAYNE

(EDS.). 1990. Reservoir limnology: ecological per-
spectives. John Wiley and Sons, Inc., New York.

VANDERPUYE, C. J. 1982. Further observation of the
distribution and abundance of fish stocks in Volta
Lake, Ghana. Fish. Res. 1:319–343.

WEAVER, M. J., J. J. MAGNUSON, AND M. K. CLAYTON.
1993. Analysis for differentiating littoral fish assem-
blages with catch data from multiple sampling
gears. Trans. Am. Fish. Soc. 122:1111–1119.

WYDOSKI, R. S., AND D. H. BENNETT. 1981. Forage spe-
cies in lakes and reservoirs of the western United
States. Ibid. 110:764–771.

UNIVERSITY OF OKLAHOMA, DEPARTMENT OF ZO-
OLOGY, AND BIOLOGICAL STATION, NORMAN,
OKLAHOMA 73019. E-mail: (KBG) kgido@ou.
edu. Send reprint requests to KBG. Submit-
ted: 15 March 1999. Accepted: 10 April 2000.
Section editor: W. L. Montgomery.


