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ABSTRACT

The zooplankton community of Lake O' the Pines, a warmwater
monomictic reservoir located in northeastern Texas, was sampled once a
month at each of ﬁve sampling stations from February 1986 through
January 1987,

Lake O' the Pines had an annual numerical density of 96.10
organisms per liter, which is high when compared to other East Texas
reservoirs. The total zooplankton population consisted of 49.43% rotifers,
20.28% copepods, 5.59% cladocera and 24.70% other organisms.
Dominant members of the net zooplankton community included the
rotifers Keratella cochlearis and Polyarthra, and copepod nauplii. Other
prominent species were the copepods Diaptomus siciloides and
Microcyclops varicans, and the cladocerans Bosmina longirostris and
Ceriodaphnia quadrangula. From examination of the data by station, two
unusual trends in the zooplankton communities were noted: both the
rotifer and the total zooplankton populations decrease severely toward the
upper third of the reservoir. Heavy metal and other contamination
deposited in the sediments from local steel mill operations are suspected

of contributing to these trends.
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INTRODUCTION

Zooplankton may be defined as those weakly swimming or floating
heterotrophic organisms in an aquatic environment (Hutchinson, 1967).
Net plankton are considered to be that portion of the plankton community
which can be retained by a No. 20 bolting net which has 76 micron
openings (Greenburg, et al., 1985). Although some limnetic species of net

zooplankton are predaceous, the majority are detritivorous or herbivorous,

and feed on particulate organic matter and phytoplankton in the water
column. Since the zooplankton are in turn fed upon by other invertebrate
and vertebrate heterotrophs, they are considered to be an essential link in
the aquatic community.

Literature concerning the water quality and trophic state of Lake O'

the Pines is limited to the few sporadic water quality, sediment, and fish

surveys sponsored by the Texas Water Commission (Petrick, 1975; Weber,
1988), the Environmental Protection Agency (National Eutrophication
Survey, 1977; Stemberger, 1979), and Texas Parks and Wildlife (Toole,
1983). Little private research has been previously conducted. Witt (1988)
established a sampling station near the dam in the deep water area of
Lake O' the Pines and one below the Lone Star Reservoir dam on Big
Cypress Creek for comparison in his water analysis of heavy metals in

Lone Star Reservoir.




Lake O’ the Pines was chosen as a research site to expand the

current knowledge of its aquatic ecosystem. This thesis represents the
first comprehensive study of the zooplankton community of the reservoir.

The intent of this project was to gather and document data on the

zooplankton community of Lake O' the Pines Reservoir. Several objectives
were incorporated as follows:

1. a description of the zooplankton community structure;

2. an interpretation of the relationship between the zooplankton
community structure and the trophic status of the reservoir;

3. a comparison of the zooplankton communities of each station,
from the shallow region of the headwaters to the deep water area
near the dam; and

4. a comparison of the zooplankton community of this reservoir

with those of other East Texas reservoirs previously studied.
Area Description

Lake O' the Pines is a warmwater monomictic reservoir located in
the Cypress Creek River Basin, nine miles west of Jefferson, Texas.
Approximately 90 percent of the reservoir lies in Marion County, with the
remaining portion in Morris and Upshur counties. It was constructed by
the U.S. Army Corps of Engineers in 1956. Although the primary
function of the reservoir is flood control, it also provides municipal water
for local cities, as well as multiple recreation uses for the public. The top
conservation pool is 3,800 acre-feet (4,687,680 m3) at 201 feet (61.3 meters)

above mean sea level with 1,060 surface acres (429 hectares). The



shoreline in the upper and middle portions of the reservoir is shallow and
sandy, with inundated brush and timber in the open water areas. Aquatic
vascular vegetation (Hydrilla, for example) is generally abundant in the
late summer throughout the uppermost shallow region and in littoral
areas. The lower reservoir has steep sloping banks of sandy loam and
clays, with scattered deposits of iron ore in the form of gravel and rock
outcroppings. Inflow to Lake O' the Pines is derived primarily from Big
Cypress Creek, with substantial inflow from Alley Creek, Boggy Creek
and Johnson Creek. The major industry in the area is a large steel mill
which discharges into Lone Star Reservoir (formerly Ellison Creek
Reservoir). Survey data from a National Eutrophication Survey (1977)
conducted by the EPA indicated Lake O' the Pines Reservoir to be
eutrophic, ranking 22nd in overall trophic quality out of the 39 Texas
reservoirs which were sampled.

Five sampling sites (Figure 1) were established along the length of
the reservoir as follows:

Station 1 was located approximately 600 meters north of the dam,
centrally positioned in the deep limnetic region.

Station 2 was located in the area where Johnson Creek empties into
the reservoir, about 2000 meters downstream from the Hwy 729 bridge
which crosses Johnson Creek.

Station 3 was in the vicinity of the junction with Alley Creek,
approximately 1000 meters downstream from the Hwy 729 bridge which

crosses Alley Creek.



Station 4 was approximately 1000 meters southeast of the Oak

Valley Recreation Area boat launch.

Station 5 was located approximately 2000 meters from the Lone Star
Boat Launch, in the vicinity of the Daingerfield Pump Station.
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LITERATURE REVIEW

Several zooplankton studies have been conducted in the East Texas
region. Cheatum, et al., (1942) surveyed the zooplankton community of
Ellis Lake. Marsh (1973) studied rotifer-algae relationships of Massey
Lake. Allard (1974) investigated the zooplankton community of Sam
Rayburn Reservoir. Dominant organisms included Keratella,
Brachionus, copepod nauplii and Ceratium hirundinella with no
significant cladocera numbers. Rogers (1976) investigated some effects of
thermal effluent on the zooplankton community in Striker Creek
Reservoir. Lee (1977) studied the zooplankton community in a temporary
pond. The zooplankton community of hypereutrophic Livingston
Reservoir was composed of 64% rotifers, according to Swéaringen (1978).
The dominant organisms included Brachionus, Kera_tella, Polyarthra,
Synchaeta, Trichocerca, Bosmina longirostris and nauplii. Kines (1980)
study of Lake Nacogdoches revealed Conochiloides, Trichocerca, Bosmina
longirostris and nauplii as the dominant organisms. Asplanchna,
Brachionus, Keratella, Platyias, Bosmina longirostris, Chydorus
sphaericus, Diaptomus and nauplii were the dominant zooplankters
found in Caddo Lake by Venneman (1984). Cichra, et al., (1985)
investigated Lake Conroe which had as dominants Asplanchna,
Conochilus, Polyarthra, Synchaeta, Bosmina longirostris, Ceriodaphnia
and nauplii. Campbell, et al., (1985) also conducted a study on Lake

Conroe to investigate zooplankton communities associated with the mats




of aquatic vasculars. Lake Houston was eutrophic and had as dominants
Brachionus, Hexarthra, Polyarthra, Pompholyx, Bosmina longirostris,
Ceriodaphnia, Chydorus sphaericus, Diaptomus and nauplii (Lacy, 1987).
The zooplankton community of Lone Star Reservoir was analyzed by
Ready (1988).

Zooplankton populations of other Texas reservoirs have been
researched, the earliest of which includes an investigation of plankton
dilution in the source streams of Lake Dallas (Evans, 1936), a comparison
of three Dallas area lakes (Harris and Silvey, 1940), and a study of White
Rock Lake (Patterson, 1942). Gunn (1953) sampled the zooplankton
community of the newly-impounded Lake Renshaw in Wise County,
Texas, and found rotifers to be the most abundant group. Sublette (1955)
studied the physico-chemical and biological components of Lake Texoma,
a reservoir on the Texas-Oklahoma border. Research on the zooplankton
community of a new Wise County impoundment (Murphy, 1962) revealed
that rotifers were the most abundant group and that the dominant species
exhibited dicyclic patterns. Becker (1969) examined the systematics and
seasonal distribution of Cladocera in several ponds, sloughs, creeks and
rivers in Hays County, Texas. Cappel (1970) compared the spatial and
temporal aspects of zooplankton populations in Benbrook Lake, Tarrant
County. She found that rotifers and copepods were more numerous in the
tributaries while cladocerans were more numerous toward the dam.
Possum Kingdom Lake and-Eagle Mountain Lake were studied by Petit
(1973).




A variety of zooplankton studies have been done in the southwest
United States. Applegate and Mullan (1967) compared the zooplankton
communities of Beaver Reservoir (which was not fully impounded at the
time) and Bull Shoals Reservoir (an older reservoir) in Arkansas. Florida
reservoirs are similar to Texas reservoirs with regard to their subtropical
climate and high nutrient loading. The zooplankton communities of
some Florida reservoirs have been studied by Nordlie (1976), Shireman
and Martin (1978), Smith, et al (1979), and Blancher (1984). Brooks and
Dodson (1965) researched r_elationsh:ips between predation and body sizes
of zooplankton.

Allan (1976) produced an article on the life history patterns in
zooplankton, in which he asserted that highly unpredictable or seasonal
environments favor opportunistic groups. Three groups of zooplankton
were of particular interest: the cladocera, the copepods, and the rotifers.
Copepods have long life cycles with fewer generations, and show a large
degree of specialization. Rotifers and cladocera have shorter life cycles,
are unspecialized and develop large transitory populations. Rotifers,
however, are smaller in size and have higher rates of reproduction at all
temperatures than cladocera and copepods. They are also subject to
invertebrate rather than vertebrate predators. Hence, the most
opportunistic group is the rotifers, followed in order by cladocera and
copepods.

Much research has been done on factors which may affect
zooplankton populations and their distribution. Hardy (1935) investigated
algal defenses against grazing zooplankters. He concluded that




phytoplankton exude a repellent that excludes grazers from regions of
high phytoplankton productivity. Hasler and Jones (1949) found that
zooplankters seem to avoid highly vegetative areas and that some die
when confined to such areas. Porter (1977) suggested that zooplankton
ma); avoid areas of dense higher aquatic plants due to interference with
normal swimming, resulting in greater energy expenditure by avoidance
movements. However, some studies do not appear to support animal
exclusion by aquatic vegetation. Shireman and Martin (1978) described
Lake Wales, Florida, as containing a profuse growth of Hydrilla which
covered approximately 80 percent of the lake surface during the summer.
They found the zooplankton population to be abundant, dominated by
cladocera. This was attributed to the large amount of vegetation found
there. Campbell, et al., (1985) found that the mean densities of
zooplankton living in and near dense mats of Hydrilla in Lake Conroe,

Texas, were high, exceeding 290 individuals per liter. The community

was dominated by cladocera, mostly in the family Chydoridae.
Ceriodaphnia inhabited mainly the open spaces between and adjacent to !
submerged plants. It was suggested that food supplies for littoral

microcrustacea may be virtually unlimited in lakes having aquatic

plants, which provide a source of organic detritus and surfaces for '
attachment of small eponic algae.

Eutrophication is a factor which profoundly affects the zooplankton
community structure. Brooks (1969) described the changes in zooplankton

community composition with increasing eutrophy. According to Pace



(1986), zooplankton community structure shifts toward an increased
relative biomass of microzooplankton with increased lake trophy.

The effect of flow rates on fresh-water zooplankton communities is
discussed by Hynes (1972). Studies by Duncan (1984) and Soto, et al., (1984)
on tropical reservoirs demonstrate how impoundment water dynamics
and the relative locations within the lake (the distance from the dam or
from rivers) can affect the composition of zooplankton communities. Both
studies noted that high flushing rates may impose serious daily losses on
populations of planktonic crustaceans.

The effect of temperature on zooplankton is of great importance.
The physiological effect of temperature on rotifers was discussed at length

by Edmondson (1946, 1965). King (1972) suggested that rotifers adapt to

seasonal changes in the environment (e.g. temperature) through both
physiological and genetic mechanisms. The effect of texhperature on
planktonic crustacea has been investigated by several researchers,
including Burns and Rigler (1967), Heinle (1969), Kibby (1971), Patalas
(1972), and Herzig (1983). Development time and reproductive rates are
temperature dependent for all groups, especially for the highly sensitive
rotifers (Allan, 1976). Reat (1983) studied the effect of temperature and
body length on the filtering rates of two species of chydorid cladocera. She

found that the filtering rates decrease with increasing temperature.

Seasonal changes have a profound effect on the composition and
structure of zooplankton communities. Pennak (1969), in his
investigation of three Colorado mountain lakes, suggested that there are

no typical lakes with regard to zooplankton composition. Smith, et al.,
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(1979) studied planktonic crustacea with regard to season, and found that
cladocera dominate in the fall and winter, while copepods dominate in the
spring. Seasonal cycles in zooplankton have also been noted by Ellsworth
(1983). Kratz, et al., (1987) studied long term zooplankton data from lakes
and made inferences from spatial and temporal variability in aquatic
ecosystems.

Some research has been done concerning metal toxicity and some
zooplankton species. Pennak (1946) stated that "trace"” elements such as
manganese, copper and zinc are toxic to some plankters. The adverse.
effects of various metals and their lethal concentrations on Daphnia
magna were reported by Biensinger and Christensen (1972). The acute
toxicity of various heavy metals to three representative species of
freshwater zooplankton was investigated by Baudouin and Scoppa (1974).
Studies on the effect of acute and chronic toxicity of copper on selected
species of Daphnia were made by Winner and Farrel (1976). They found
that chronic effects may be detectable more quickly with smaller species of
Daphnia, which have shorter life spans. Winner (1981) compared body
length, brood size and longevity in Daphnia magna as indices of chronic
copper and zinc stresses. Kollquist and Meadows (1978) examined the
toxic effect of copper on algae and rotifers from a soda lake (Lake Nakuru,
East Africa). Zarini, et al., (1983) and Minzoni (1984) studied the effects of
aluminum toxicity on zooplankton. Arts and Sprules (1987) did a-
compérison between the energy reserves of three zooplankton species
from Blue Chalk Lake and Round Lake, two Canadian Ia}kes with varying

metal concentrations.
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METHODS AND MATERIALS

The zooplankton community of Lake O' the Pines was sampled
once a month at each of the five sampling stations from February 1986
through January 1987. This was accomplished by using a Teel
submersible pump, Model H-Ip809, powered with a McCulloch portable
generator, Model H-1500. The pump was calibrated to deliver 33 liters of
water per minute. At each station, water was pumped for one minute at
every meter of depth from surface to bottom. The water was directed
through a No. 20 plankton net which filtered out the net zooplankton.
This resulted in a single sample from each station per month. The
samples were placed on ice before transporting them to the laboratory.

Procedures for staining, narcotizing and preserving the samples
were developed by Venneman (1984). Each sample was warmed to room
temperature, then concentrated to a volume of 25 mL. The live
zooplankton were first stained with two 0.3 mL increments of a solution
of 95% ETOH with a tincture of Rose Bengal at 15 minute intervals. The
zooplankton were then narcotized with progressively larger amounts of
95% ETOH in the following increments: 0.3 mL, 0.5 mL, 0.8 mL, 1.5 mL
and 5.0 mL. An interval of 15 minutes was allowed between the addition
of each increment. Two hours later, 6.3 mL of ETOH was added.
Preservation was completed with a 10.0 mL increment of formalin after

48 hours, bringing the total volume to 50 mL.




Organisms were counted and identified by placing a one milliliter
aliquot of a sample via a Hensen-Stemple pipétte into a Sedgewick-Rafter
counting chamber. The counts made on the sample were converted to
organisms per liter using the following equation:

N =a(b)c
where:
N = the number of organisms per liter of lake water;
a = the average number of individuals per milliliter of the sample;
b = the total number of milliliters of the preserved sample; and
¢ = the total number of liters of lake water filtered through the plankton
net.

The zooplankton were identified to the lowest taxonomic category
possible with the aid of Ward and Whipple (1959), Ruttner-Kolisko (1974)
Pennak (1978) and Stemberger (1979).

?

Readings for depth, Secchi disc transparency, temperature,
oxygen and conductivity were taken, and field tests for carbon dioxide
and alkalinity were performed using methods prescribed by Greenburg,
et al., (1985).

Statistical Methods

The methods for determining species diversity, evenness, and
richness have been described by Shannon and Weaver (1949), Pielou
(1966), and Margalef (1957), respectively.

13
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1. Species diversity describes the average degree of uncertainty of
predicting the taxonomic group of a given individual picked at random
from a community (Wilhm and Dorris, 1968).

The equation for calculating the Shannon-Weaver Index (Odum,
1984) is:

H=-2 (ny/n) logs (ny/n)
j=1

where:
n; = the number of individuals of the ith species;
n = the number of individuals of all species; and
H = the diversity index.
2. Species evenness concerns the evenness with which the number
of organisms present is distributed among the various taxa in a

population. The equation for calculating Pielou's Evenness Index

(Odum, 1984) is:

e= H/log,S

where:
e = evenness index;
H = Shannon's Index; and
S = the number of species in the sample.
3. Species richness determines how species "rich" a population is

considering the number of individual organisms present.
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The equation for Margalef 's Richness Index (Odum, 1984) is:
d=S-1/log N

where:

d = richness index;

S = the number of species in the sample; and

N = the number of individuals in a sample.

The species diversity, evenness and richness values were
computed on a CP-6 mainframe computer using the program
'‘SPCNDX1-RUN."' which was written at Stephen F. Austin State
University.

Community ordination was the procedure used to classify or group
zooplankton communities according to their similarities or
dissimilarities in species composition and numbers of species. The
formula used by Cox (1967) is as follows:

C = 2W/(a+b)
where:
C = the community, and
W = the sum of the lower of the two quantitative values for species shared
by communities a and b.

The similarity values of C range from 0 (for communities having
no species in common) to 1 (for communities identical both in species
composition and numbers). These similarity values are subtra;:ted from
0.85 to obtain dissimilarity values, which may then be used to compute X

and Y coordinates for each community.
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The formula for X is: f

X = (L2 +D,2- Dy2)/2L
where:

L = dissimilarity value between communities a and b;
D, = dissimilarity value between stand a and the stand in question; and

Dy, = dissimilarity value between stand b and the stand in question.

The formula for Y is:
Y = [(L')2 + (D)2 - (Dy)?] /2L
where:

L' = dissimilarity value between stands a' and b’;

D,' = dissimilarity value between stand a' and the stand in question; and
Dy, = dissimilarity value between stand b' and the stand in question.

When the resulting coordinates are plotted on a two dimensional
graph, the distance between any given set of points is proportional to
their dissimilarity. The annual ordination and seasonal ordinations for
the station communities were computed on the CP-6 mainframe using
the programs 'ORDINATION' and 'L:ORD', also written at Stephen F.
Austin State University.

A oneway analysis of variance (ANOVA) was used to test for
zooplankton community differences between stations, months and
seasons. The statistical model (Ott, 1984) is:

Yij=m+Ti+Eij
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where:

Y;; = the observed value;

m = the overall mean for the population;

T; = an effect due to population i; and
Ej; = the random error associated with the jth observation from
population i.

A Duncan's Multiple Range Test was run on the oneway analysis
of variance to determine if any significant differences existed among the
groups. The mathematical model for this (Ott, 1984) is:

W'p = q,v)l8y2/n]-12
where:
sw2 = the mean square within the sample, and

Q(r,v) = the critical value of the Studentized range required when the
means being compared are r steps apart with v degrees of freedom.
A completely randomized two factor ANOVA was used to test for
interactions among stations and seasons. The statistical model (Ott, 1984)
is:
Yijk = m + a; + B; + (aB);; + Eg
where:

Y;;x = the kth observation of the i*h group and the jth group of the observed

parameter;
m = the overall mean for the population;
a; = the effect of the ith group (station);
B, = the effect of the jth group (season);

¢
b
%
[

o=



(aB);; = the interaction effects of ith group on factor a with jth group on
factor B; and
E;jx = the random deviation of Y.

A multiple linear regression was used to determine which
parameters, if any, would be useful in predicting numbers of each of the
major zooplankton groups. The regression model (Ott, 1984) is:

Y =B, + B;X; + BoXy + ..+ B Xy + E
where:

Y = the dependent variable;

B, = a constant;
B1,Bs,...,By = coefficients for the kth parameter;
X1,Xs,....Xy = independent variables; and
E = error.

Most of the procedures for executing the statistical analyses were
taken from Nie (1983), with the exception of the species diversity index and
community ordination programs. All analyses were performed on a

Honeywell CP-6 mainframe computer.




RESULTS AND DISCUSSION

Species Composition

A cumulative list of zooplankton taxa found at the five stations is
given in Table 1. The dominant members of the net zooplankton
community of Lake O' the Pines Reservoir included the rotifers Keratella
cochlearis and Polyarthra, and copepod nauplii. Of the adult copepods,
Diaptomus siciloides was the most numerous calanoid and Microcyclops
varicans was the most numerous cyclopoid copepod. Of the cladocera,
Bosmina longirostris had the largest numbers, followed by Ceriodaphnia
quadrangula. The species composition is comparable to those of other
East Texas reservoirs (Allard, 1974; Rogers, 1976; Swearingen, 1978;
Kines, 1980; Venneman, 1984; Lacy, 1987; Ready, 1988).

Numerical Density and Relative Abundance

The annual mean standing crop of net zooplankton for Lake O' the
Pines was found to be 96.10 organisms per liter. This annual mean was
greater than most of the previously listed East Texas reservoirs (Table 2),
excluding Lone Star Reservoir which had an annual mean of 140.60
organisms per liter. Lake O' the Pines' annual mean is similar to that of
Keystone Reservoir, Oklahoma (Kochsiek, et al., 1971), but is considerably
less than the 710 organisms per liter of Craighead Lake, Arkans—as
(Nelson and Harp, 1972), and the average 1,152 organisms per liter found
in some Colorado lakes (Pennak, 1949).
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Table 1. Net zooplankton collected at the five sampling stations during
the year from February 1986 through January 1987 at Lake O' the Pines,

Texas.

TAXA

2

STATION

3

4

Phylum Rotatoria

Ascomorpha ovalis

" Asplanchna sp.
Brachionus angularis
Brachionus havanaensis
Brachionus quadridentatus
Collotheca mutabilis
Colurella sp.
Conochiloides sp.
Conochilus sp.
Euclanis sp.

Filinia longiseta
Gastropus stylifer
Hexarthra mira
Kellicottia bostoniensis
Keratella cochlearis
Lecane sp.

Monostyla sp.
Mytilina ventralis
Notholca acuminata
Notholca sp.

Platyias patulus
Platyias quadricornis
Polyarthra sp.
Rotaria sp.

Synchaeta sp.
Testudinella sp.
Trichocerca sp.
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Table 1. (Continued)

TAXA

2

STATION

3

4

21

Phylum Arthropoda
Class Crustacea
Subclass Branchiopoda
Order Cladocera

Alona monocantha
Bosmina longirostris
Camptocercus rectirostris
Ceriodaphnia quadrangula
Ceriodaphnia reticulatus
Chydorus sphaericus
Daphnia parvula
Daphnia rosea
Diaphanosoma brachyurum
Eubosmina longispina
Eurycercus lamellatus
Holopedium gibberum
Ilyocryptus spinifer
Kurzia latissima
Leptadora kindtii
Pleuroxus denticulatus
Pleuroxus procurvatus
Sida crystallina
Simocephalus expinosus

Subclass Copepoda
Order Eucopepoda

Nauplii

Copepodids

Diaptomus siciloides
Eurytemora affinis

Cyclops vernalis

Diacyclops bicuspidatus thomasi
Macrocyclops albidis
Mesocyclops edax

Microcyclops varicans
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Table 1. (Continued)

TAXA

STATION
1 2 3 4 5

Order Arachnida
Water mites
Order Diptera

Chaoborus sp.
Chironomids

Order Ostracoda

Ostracods

Phylum Protozoa

Ceratium hirundinella
Difflugia sp.
Unknown peritrich
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The larger annual means for these more northerly lakes may be due to
many circumstances, including differences in rates of predation,
differences in longevity and fecundity of zooplankton species attributed to
temperature, and variation in sampling techniques.

Combining all samples collected during the present study, rotifers
comprised 49.43%, copepods 20.28%, cladocerans 5.59%, and other
organisms 24.70% of the total population (Figure 2). The "Others"

category contains several species which are not normally part of the

Figure 2. Percent annual abundance of all zooplankton groups found at
Lake O' the Pines Reservoir, Texas, from February 1986 to January 1987.

PERCENT ANNUAL ABUNDANCE

ROTATORIA
CLADOCERA
EUCOPEPODA
OTHERS

OEEO

zooplankton community, and these are generally found in small
numbers. The two protozoans, Ceratium hirundinella and Difflugia,
were large enough in size to be retained by the net and were counted. A
ciliated protozoan (Order Peritrichida) appeared suddenly in large
numbers in the April samples, then disappeared by May. Therefore, this




category appears to have a larger influence on the zooplankton
community than it actually does. It accounts for much of the variance in
the samples by month and by season. Most of the attention of this study
will be directed to the three major groups within the zooplankton
community: the Order Cladocera, the Order Eucopepoda and the
Phylum Rotatoria.

The highest annual numerical density occurred at Station 3, and
this declined sharply at station 4 and 5 in the upper third of the reservoir
(Figure 3).

Figure 3. Total zooplankton for each station of Lake O' the Pines
Reservoir, Texas, from February 1986 to January 1987.
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It appears that the zooplankton numerical density is following an
uncommon trend from the headwaters to the dam, as compared to most

other East Texas reservoirs (Table 3).

Table 3. Average numerical densities of zooplankton for the headwater
collection sites and dam collection sites of several East Texas reservoirs.

Reservoir Headwaters  Dam Site
Caddo Lake (Venneman, 1984) *64.24 63.30
Houston (Lacy, 1987) ** 39.04 35.60
Livingston (Swearingen, 1978) 53.11 52.05
Lone Star (Ready, 1988) 126.77 112.72
Murvaul (Rogers, 1976) 31.02 28.08
Nacogdoches (Kines, 1980) 69.5 21.7
Sam Rayburn (Allard, 1974) 47.7 59.2
Striker Creek (Rogers, 1976) 23.04 18.64
Lake O' the Pines (present study) 61.13 90.71

* Stations 1, 2 and 3 in the headwaters averaged; designated collectively
as the "swamp region" by Venneman.

** Uppermost stations (5 and 7) of the two major headwater forks
averaged. :

Kochsiek, Wilhm and Morrison (1971) reported that rotifers were
most frequent in the upper reaches of Keystone Reservoir, Oklahoma,
while cladocerans and copepods were most numerous in the lower

reservoir where turbulence was less. These results agree with research




at the two headwater stations by Hynes (1972). However, this is not the
case for Lake O' the Pines. The numerical density of copepods at the two
headwater stations is similar to that of the rotifers, so that they appear to
codominate (Figure 4). All three major categories of zooplankton decline
at those stations, especially the rotifers (Figure 5). This poses another

uncommon trend for East Texas reservoirs (Table 4).

Figure 4. Annual abundance by station for the major zooplankton groups
found at Lake O' the Pines Reservoir, Texas, from February 1986 to
January 1987.

STATION ROTATORIA CLADOCERA EUCOPEPODA  OTHERS
1 48.07 5.86 16.30 20.48
2 56.25 5.15 15.40 35.52
3 77.85 7.60 18.51 45.07
4 29.29 478 29.16 1.42
5 24.51 3.40 18.89 14.33
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STATION 1

STATION 4

STATION 3

Figure 5. Percent annual abundance by station for the three major
zooplankton groups found at Lake O' the Pines Reservoir, Texas, from
February 1986 to January 1987.
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The maximum monthly average for total zooplankton was in April
at 191.23 organisms per liter, due to the population explosion of the
peritrich. October had the next highest value of 169.59, which did not
change much through January (Table 5). The minimum monthly
average occurred in June at a surprisingly low figure of only 2.68
organisms per liter. Considering the three major groups of zooplankton,
rotifers peaked in October, copepods in March, and cladocerans in

December (Figure 6). All groups were at their lowest in June.

Table 5. Average number of the major zooplankton groups present
during each month in organisms/liter.

MONTH ROTATORIA CLADOCERA EUCOPEPODA OTHERS

L B

January 76.64 9.20 11.40 61.40
February 9.26 1.74 17.94 0.06
March 22.48 3.85 41.74 891
April 25.95 3.83 21.52 139.92
May 2.48 1.43 4.38 1.10
June 1.08 0.27 1.08 0.25
July 31.74 1.88 18.72 3.65
August 12.88 0.69 4.52 1.59
September 103.70 7.60 30.00 1.55
October 127.99 7.40 24.03 10.16
November 79.75 12.57 26.28 34.24
December 81.84 14.70 30.68 29.54
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Figure 6. Monthly abundance for the major groups of zooplankton found
at Lake O' the Pines Reservoir, Texas, from February 1986 to January ok
1987. g
a1k
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Seasonally, the average numerical density for all organisms was
highest in fall at 157 organisms per liter and lowest in summer at only 28
organisms per liter (Figure 7). Of the three major groups, rotifers
dominated the summer, fall and winter, with a peak in the fall (Figure
s é). Copepods peaked and dominated in the spring, and cladocerans
peaked in the winter. |




Figure 7. Seasonal abundance of major zooplankton groups found at
Lake O' the Pines Reservoir, Texas, from February 1986 to January 1987.

SEASON ROTATORIA CLADOCERA EUCQPEPODA OTHERS TOTAL
Spring 16.94 3.04 22.55 50.00 oYy
Summer 15.24 0.95 8.11 1.83 28
Fall 103.81 9.19 26.77 1531 157
Winter 54.43 8.50 20.62 28.11 114
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Comparison of Stations

Station 1

Located in the vicinity of the dam, station 1 had an annual

population mean of 90.71 organisms per liter. The monthly population
means ranged from a high of 911.96 organisms per liter in December to a
low of 2.32 organisms per liter in August. Other population peaks were
in October at 211.26 organisms per liter and January at 179.80 organisms
per liter. The largest percentage of Cladocera occurred there.
Station2

This station had the second highest annual population mean at
112.32 organisms per liter. Total population means by month ranged
from a high of 281.24 organisms per liter in October to a low in August of
0.91 organisms per liter. The next highest peak occurred in April at 219
organisms per liter. Means were generally high all through fall and
winter.
Station 3

Of all the stations, station 3 had the highest annual zooplankton
mean at 149.03 organisms per liter. The monthly population means
ranged from a high of 435.10 organisms per liter in April to a low of 1.75
organisms per liter in June. Although the number of peritrich
organisms was highest at this station in April, the larger mean was not
greatly influenced. Other peaks occurred from September through
January, the second highest being in November at 368.81 organisms per

liter. Of the previously mentioned dominant species, five of them were in
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their greatest numbers at this station. They were Bosmina longirostris,
Ceriodaphnia quadrangula, Diaptomus siciloides, Keratella cochlearis
and Polyarthra.

Station4 _

The annual population mean for this station was 64.67 organisms
per liter, the second lowest mean. Monthly population means ranged
from a high of 155.01 organisms per liter in September to a low of 4.00
organisms per liter in June. Another peak occurred in July at 135.21
organisms per liter. Of the dominant organisms, copepod nauplii and
Conochilus were most numerous in that area. Due to the waning rotifer
population, the copepods appeared to codominate with the rotifers. A
oneway analysis of variance showed the cladoceran Camptocercus
rectirostris to be significantly higher at the station 4 (Table 6). The
cladoceran was found only at this station, and it was rare.

Station 5

Station 5 had the lowest annual population mean at 61.13
organisms per liter. The monthly numerical density ranged from a
high of 147.30 organisms per liter in January to a low of 3.65 organisms
per liter in June. Results of a oneway analysis of variance for
individual species indicated several organisms to be significantly
higher at this station (Table 6). They were the cladocerans Eurycercus
lamellatus, Pleuroxus denticulatus, and Simocephalus expinosus; the
copepod Macrocyclops albidis; and the rotifers Lecane, Mon,ostyZa' and

Platyias patulus. These organisms were either peculiar only to
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Table 6. List of zooplankton with P < 0.05 from a oneway analysis of
variance and Duncan's Multiple Range Test by station.

SPECIES PVALUE __ STATION ‘l

Order Cladocera

Camptocercus rectirostris 0059 4

Eurycercus lamellatus 0151 5

Pleuroxus denticulatus 0137 5

Simocephalus expinosus 0311 5
Order Eucopepoda

Macrocyclops albidis 0016 5
Phylum Rotatoria

Lecane 0016 5

Monostyla <.0001 5

Platyias patulus 0411 5

station 5 or were most commonly found there. All were extremely low in
number or rare. The Secchi disc transparency values were significantly
lower and conductivity values significantly higher than those of other
stations (Table 7).

Diversity, Evenness and Richness

Annual values for diversity, evenness and richness appeared to
be high for all stations, particularly station 5 (Figure 9). Monthly values
for species diversity, evenness and richness were lowest in August,
particularly at stations 92 and 5 (Appendix I). Stations 2 and 5 also

produced the least number of zooplankton species in August. Most of

the highest values occurred at station 5 as well, especially during the
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Table 7. Homogeneous subsets of water chemistry parameters with .
P< 0.05 from a oneway analysis of variance and Duncan's Multiple R
Range Test by station. B

:

SECCHI (m) (P=.0001)

STATION 5
0.96

TATION 4 TI TATI
1.70 181 1.82 1.93

CONDUCTIVITY (xmho) (P=.0021)

STATION 1 STATION 2 STATION 3 STATION 4
122.33 124.05 125.20 142.04

STATION 5
176.80
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3.272
3.222
3.164
3.408
4.026

0.643
0.598
0.612
0.645
0.710

ANNUAL DIVERSITY, EVENNESS & RICHNESS

DIVERSITY
B EVENNESS
g1 RICHNESS

Figure 9. Annual species diversity, evenness and richness by station for
Lake O' the Pines Reservoir, Texas, from February 1986 to January 1987.

STATION  NO,SPECIES  DIVERSITY = EVENNESS = RICHNESS

4.707
5.677
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months following the stressful season of summer. On the average,
monthly values remained moderately high throughout the year. The
diversity index remained moderately high at most stations seasonally
(Table 8). The average number of species present was lowest in the
summer. Porter (1977) stated that high diversity in plankton
communities represents an unstable community structure. Periods of
very high diversity reflect times of rapid change in the zooplankton
community during which some species are increasing while others are
decreasing. The diversity index does not reflect actual population size.
The number of organisms per liter may be very low at a given time, while

the diversity index may appear relatively high.
Community Ordination

Community ordination is a procedure whereby the similarity of the
stations are based on the number of species that are common among the
collecting sites and the number of individuals within each species. An
annual community ordination was performed on the cumulative data
from Lake O' the Pines Reservoir, and the resulting graph appearé in
Figure 10. The ordination shows stations 1,2 and 3 to be very similar.
Stations 4 and 5 were widely separated, and the procedure suggests both

sites to be very unique communities.
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Table 8. Diversity, evenness and richness values for each season by L
station for Lake O' the Pines Reservoir, Texas, from February 1986 to S
January 1987. | 9
SPRING i
STATION  AVG. SPECIES  DIVERSITY  EVENNESS  RICHNESS { 4
7 o
1 12 2510 0.733 2.938 A
2 13 2.410 0.683 3.091 i i
3 13 2.216 0.653 2.867 i ¥ rd
4 11 2.539 0.763 2.754 g
5 19 3.283 0.786 4.035 i
SUMMER
TATI AVG. SPECIES ~ DIVERSITY  EVENNESS  RICHNESS
1 9 2.781 0.937 2.929
2 7 2.366 0.930 2.531
3 7 2.480 0.922 2.283
4 10 2.452 0.775 2.410
5 9 2.461 0.855 2.501
i FALL
. STATION AVG. SPECIES DIVERSITY  EVENNESS ICHN
n =
‘ 1 16 2.738 0.701 2.877
- 2 18 2.601 0.632 3.195 o
3 3 2.398 0.575 3.043 5
4 16 3.253 0.738 4.216 0
5 18 2.954 0.720 3.785 i
WINTER -,gg-f
¢!
STATION  AVG.SPECIES ~ DIVERSITY  EVENNESS ICHNE R
1 12 2.493 0.703 2.638 i
2 12 2.457 0.723 2.442 B
3 13 2.506 0.692 - 2.709 L4t
4 12 2.554 0.712 2.913 i
5 21 3.067 0.708 4.166 %




Figure 10. Annual community ordination by station for Lake O the
Pines Reservoir, Texas, from February 1986 to January 1987.

ANNUAL COMMUNITY ORDINATION
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Seasonal community ordinations were also performed (Figure 11,
Figure 12); these confirmed the distinctiveness of the corﬁmunities at
stations 4 and 5. It is interesting to note the similarity of the plotted
positions of the stations between spring and fall communities, and
between summer and winter communities. - Also, the positions for
stations 4 and 5 change from the milder seasons of spring and fall to the
more extreme seasons of summer and winter. Perhaps the zooplankton
communities of these two stations were more susceptible to seasonal
changes due to their shallowness, the chemical properties of the

sediment and water column, and the abundant aquatic vascular plants.
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Figure 11. A comparison of graphs showing community ordination for
Spring 1986 and Fall 1986 at Lake O' the Pines Reservoir, Texas.
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Figure 12. A comparison of graphs showing community ordinations for
Summer 1986 and Winter 1986-1987 at Lake O' the Pines Reservoir,
Texas.
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Analysis of Variance i

The results of a oneway analysis of variance showed significant
differences between stations at the 95% confidence level for a few species
of zooplankton within each major group and for some water chemistry
parameters. These will be explained later in a comparison of the
stations. The analysis of variance showed no significant difference
between the major groups by station; however, an analysis of the major
groups by season produced results (Table 9). The cladoceran numbers
were significantly fewer in summer and spring, and greater in winter
and fall. Copepod numbers decreased significantly in the summer, and
rotifers exhibited a significant population increase in the fall. Total
zooplankton numerical density was significantly lower in the summer.
Analysis of water chemistry parameters by season revealed that summer
and winter caused significant extremes. Oxygen values were lowest
during summer and highest in winter (Table 10). Conversely, carbon
dioxide values were highest in summer and lowest in winter.
Conductivity was also significantly higher in summer and lower in
winter. A two-way analysis of the major zooplankton groups by season

and by station revealed significant differences in rotifer population sizes,

and this was confirmed with a oneway analysis of fall rotifer data by
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station (Table 11). Stations 3 and 5 clearly showed significant extremes

in rotifer numerical densities.
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Table 9. Homogeneous subsets of the three major zooplankton groups
and total zooplankton with P < 0.05 from a oneway analysis of variance

and Duncan's Multiple Range Test by season.

ORDER Cladocera (P=.0069)
SUMMER  SPRING

0.95 3.04
WINTER FALL
8.50 9.19
ORDER Eucopepoda (P=.0088)
SUMMER
8.10
WINTER SPRING FALL
20.62 22.55 26.77 _
PHYLUM Rotatoria (P=<.0001)
Hih
SUMMER SPRING WINTER
15.24 16.97 54.43 .
FALL i
103.81 %
TOTAL ZOOPLANKTON (P=0023) |*
P
26.12
SPRING WINTER FALL
92.54 111.67 155.09 i




Table 10. Homogeneous subsets of water chemistry parameters with
P < 0.05 from a oneway analysis of variance and Duncan's Multiple

Range Test by season.

TEMPERATURE (C) (P=<.0001)

WINTER
4.85
FALL SPRING
12.06 14.03
SUMMER
23.85
OXYGEN (mg/L) (P=<.0001)
SUMMER
5.25
SPRING FALL
8.42 8.64
WINTER
12.19
CARBON DIOXIDE (mg/L) (P=.0002)
WINTER FALL
5.37 9.73
SPRING SUMMER
62.19 110.87
CONDUCTIVITY (mho) (P=<.0001)
97.75
SPRING FALL
138.15 141.19
175.25 -
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Table 11. Homogeneous subsets of total rotifers for Fall by station from a
oneway analysis of variance and Duncan's Multiple Range Test.

PHYLUM Rotatoria (P=0082)
1

28.34 39.50 92.69

e _.
B e

4
39.50 92.69 138.93

e PO

T TATION
138.93 219.59

Eutrophication and Community Structure

The correlation between zooplankton community structure and the
trophic status of a lake can be described as follows: oligotrophic lakes
tend to be dominated by calanoid copepods and eutrophic lakes by smaller
cladocera, cyclopoid copepods, and rotifers (Brooks, 1969; Patalas, 1972;
Porter, 1977; Gannon and Stemberger, 1978; Meyer and Effler, 1980;
Blancher, 1984). Calanoid copepods are the most efficient in filtering
waters with low algal densities, low productivity being a characteristic of

oligotrophic lakes. The smaller zooplankters are better able to escape

predation in highly productive eutrophic waters than their larger H
counterparts and have a higher birth rate (McNaught, 1975). Cyclopoid
copepods are raptorial feeders and are more successful under such
conditions. Lake O' the Pines is doniinated by rotifers and small -

crustaceans, presumeably the result of eutrophication. 'y




The ratio of calanoid copepods to cyclopoid copepods and
cladocerans reflects the trophic status of a lake. Gannon and Stemberger

(1978) developed the following equation for calculating this ratio:

Cyclop%%mdocem
Higher values represent a lesser degree of eutrophy, while lower values
indicate greater eutrophy. Annual ratios by station for Lake O' the Pines
are given in Figure 13. Stations 1 through 4 had fairly low ratios,
ranging from 0.467 to 0.591. The value for station 5, however, was
exceedingly low at 0.025, and therefore may represent a very high degree
of eutrophy.

Indicators of eutrophy for North America have also been identified
by Gannon and Stemberger (1978). Several of these indicator species
occurred in Lake O' the Pines during the study period. They were
Brachionus, Filinia, Keratella, Polyarthra, Trichocerca, Conochiloides,
Bosmina longirostris, Chydorus sphaericus, Ceriodaphnia
quadrangula, and Cyclops vernalis. This supports the contention that
Lake O' the Pines Reservoir is eutrophic. In his comparison of Houston
Reservoir to other East Texas reservoirs, Lacy (1987) found the rotifers
Asplanchna, Brachionus, Conochiloides, Conochilus, Filinia,
Kellicottia, Keratella, Platyias, Pleosoma, Polyarthra, Synchaeta,
Trichocerca; the cladocerans Bosmina longirostris, Daphnia, Sida

crystallina; the cyclopoid copepod Mesocyclops; the calanoid copepod
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Diaptomus; and copepod immatures to be the most common
zooplankters. Lake O' the Pines contained each of these species with the

exception of Pleosoma.

Figure 13. Crustacean ratios by station for Lake O' the Pines Reservoir,
Texas, from February 1986 to January 1987.

STATION RATIO MEAN
1 0.467
2 0.494
3 0.591
4 0.516
5 0.025

CRUSTACEAN RATIOS BY STATION

RATIO 0.3

1 2 3 4 5

STATION




Effects of Predation ‘ 1

Brooks and Dodson (1965) state that a change from a zooplankton {
community dominated by small plankters will occur in response to the ; :
introduction of planktivorous fishes (also Zaret and Kerfoot, 1975; 1 _
Drenner and McComas, 1980). Texas Parks and Wildlife (Toole, 1983) {
reported gizzard shad to be the dominant forage species with threadfin ” P
shad listed among the other important forage species in Lake O' the
Pines. Since these two species are planktivorous, it is possible that a
large population of shad could reduce the numbers of larger
crustaceans. However, this size-dependent form of vertebrate predation
should not have such a large impact on the smallest species of

zooplankton, particularly the rotifers.

Effects of Local Industry

Some of the point sources of pollution in the vicinity of Lake O' the
Pines includes the local steel mill and five municipal and resort sewage
treatment plants, according to the Texas Water Commission (Petrick,
1975). Possible non-point sources include septic tank seepage,
agricultural runoff, forest drainage and runoff from old stripmining

areas. Wastewater discharge from the local steel industry and

municipal wastewater plants into Lake O' the Pines and Big Cypress
Creek has been previously monitored by the Texas Water Commission ?
(Petrick, 1975) and noted by the E.P.A. (National Eutrophication Survey,
1977). The discharge of treated sewage from the industry was reported to
contribute 4,944 lbs/day of BODj into Lone Star Reservoir (formerly




ol

Ellison Creek Reservoir) and 58.3 Ibs/day into the upper end of Lake O'
the Pines. These values exceeded most of the individual municipal
treatment plants. This large influx of organics in the upper reaches of
Lake O' the Pines accounts for the abundant growth of Hydrilla and other
aquatic vasculars during the summer months. It is possible that the
presence of abundant aquatic vascular plants may have some inhibitory
effect on the zooplankton population there, as found by Hardy (1935),
Hasler and Jones (1949), and Porter (1977). However, the opposite could
also be true according to Shireman and Martin (1978) and Campbell, et
al., (1985), who attributed the abundance of Cladocera-dominated
zooplankton to the large amount of aquatic vasculars in their studies.
Unacceptable levels of heavy metals, oil, and grease have been
found in the sediments of Big Cypress Creek and Lake O the Pines.
Bottom sediments are important in that they appear to be a major
contributor of toxic metals to the water column. The Texas Water
Commission has been sampling the sediments along Big Cypress Creek
and Lake O' the Pines since 1973 (Weber, 1988). Witt (1988) also sampled
heavy metals in the water column from Lone Star Reservoir, Big Cypress
Creek and Lake O' the Pines. The T.W.C. sampling sites and those of
Witt (1988) are shown in Figure 14 and Figure 15. The sediment samples
from Big Cypress Creek and Lake O' the Pines revealed concentrations

for cadmium, lead, zine, volatile solids, and oil and grease which were

extremely high (Table 12).
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Figure 15. Enlarged view of Lone Star Lake, Big Cypress Creek, and
Lake O' the Pines Reservoir showing the location of some Texas Water

Commission sampling stations.
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The T.W.C. reported that the metal, oil and grease pollution originated
from the steel mill's waste disposal system. Average concentrations of
various sediment parameters show that oil and grease, cadmium,
chromium, copper, lead and zinc were also elevated in the upper reaches
of Lake O' the Pines. Many of the values exceeded the statewide 90th
percentile for sediment parameters. That is, these values ranged in the
upper 10% of all statewide values, which makes them among the highest
reported by the T.W.C. for the state of Texas.

Witt (1988) established water sampling stations along Lone Star
Reservoir, on Big Cypress Creek below the reservoir's dam, and in the
deep water area of Lake O' the Pines near the dam. Table 13 shows the
annual average for metals in Lone Star Reservoir, Big Cypress Creek,
and Lake O' the Pines. Witt's heavy metal analysis of the waters
revealed that federal standards for chromium, coi:per, lead, manganese
and zinc were exceeded at times, especially in Big Cypress Creek which
feeds Lake O' the Pines. According to Witt, Lone Star Reservoir, Big
Cypress Creek and Lake O’ the Pines are considered to be soft waters.
Low calcium concentrations make these waters more vulnerable to acute
" and chronic metal toxicity since the dilution effect of calcium and
magnesium ions on heavy metals is greatly reduced. The cumulative
effect of some metals (like copper and lead) and the synergetic effect of all
the metals can cause toxic effects at lower concentrations in this

situation.
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Table 13. Annual means for metals (in p#g/mL) in the water column

from Lone Star Reservoir, Big Cypress Creek and Lake O' the Pines
Reservoir (Witt, 1988).

METAL Lone Star Big Cypress  Lake O' the Pines
Aluminum 2.8 2.8 3.2
Calcium 30.1 19.6 9.1
Chromium 39.0 52.0 37.0
Copper 0.01 0.03 0.01
Lead 0.04 0.04 0.03
Magnesium 4.1 3.8 3.5
Manganese 0.79 1.97 2.07
Potassium 6.3 6.0 3.1
Sodium 145 19.7 10.0
Zinc 0.52 0.54 0.49

Zooplankton populations are subject to the adverse effects of metal
contamination. Pennak (1946) stated that "trace" elements such as
manganese, copper and zinc are toxic to some plankters.: Winner and
Farrell (1976) subjected four species of Daphnia to acute and chronic

copper stresses, and found a reduction in survival rate at concentrations

‘of greater than 40 ug/L. A decrease in the instantaneous rate of

population growth (r) was exhibited at higher concentrations. Chronic
effects were more quickly detected in smaller species of Daphnia which
have shorter life spans. Arts and Sprules (1987) analyzed the dry weight
and lipid content of three zooplankton species (Holopedium gibberum,
Epischura lacustris and Diaptomus minutus) in two lakes differing in
copper, nickel and aluminum levels. Zooplankton from the lake with
higher metal concentrations had a lower dry weight and smaller lipid
reserves. Interference in the accumulation of triglycerols was attributed

to heavy metal contamination. This would affect the ability of

ot o

b P

Fr e
A

TS

= G

P LT N

i




bt |

57

zooplankton to endure periods of food shortage, and possibly result in a
detrimental alteration of the paths of energy flow through the trophic
levels. According to Winner (1981), who conducted copper and zinc
bioassays with Daphnia magna, lifetime exposure to elevated
concentrations of these metals causes a significant reduction in.growth
measured as body length. Both body length and longevity were the most
sensitive indices of chronic stress than was reproduction. Biensinger
and Christensen (1972) tested the effects of various metals on Daphnia
magna. The results of three-week chronic exposure tests showed that
zinc was found to cause a 16% reproduction impairment at 70 ug/L and a
50% reproduction impairment at 102 pg/L, with a LCg( of 158 ug/L.
Ready (1988) found that zinc had a negative correlation with total
zooplankton numbers in Lone Star Reservoir, indicating that it may have
a toxic effect on the zooplankton community. It is possible that zinc and
the combined synergistic effect of the other metals was the major cause of
the reduced numerical density of zooplankton at stations 4 and 5 in this
study. It could be the reason for the extreme reduction of zooplankton
numbers in the summer (especially during the month of June). During
this time, oxygen is depleted while carbon dioxide increases toward the
bottom due to bacterial respiration. The formation of carbonic acid from
carbon dioxide causes acidification of the water column, and the
resulting lowered pH increases the release of metals from the sediments.
Significant seasonal differences for temperature, oxygen, carbon dioxide
and conductivity have been noted in this study. Summer values reflect

extremes in these parameters which may contribute to the acidification
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Figure 16. Total zooplankton versus carbon dioxide using annual values
by station from Lake O' the Pines Reservoir, Texas, from February 1986 to
January 1987.
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Figure 17. Total zooplankton versus conductivity using annual values by
station from Lake O' the Pines Reservoir, Texas, from February 1986 to
January 1987.
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process and the subsequent release of metals from the sediments into the
water column. The inverse relationships between total zooplankton and
J two of the most significant water chemistry parameters were especially

evident for stations 4 and 5 (Figure 16, Figure 17).

Summary

1. The dominant species of rotifers, copepods and cladocera in Lake O'
the Pines indicate a eutrophic environment.

2. The annual mean standing crop of net zooplankton was 96.10
organisms per liter, which was actually higher than that of most
other East Texas reservoirs.

3. Rotifers constituted 49.43% of the total population; copepods,
cladocera and other organisms comprised 20.28%, 5.59% and 24.70%
of the remaining population, respectively.

i 4. The highest annual numerical density by station was at station 3 at
149.03 organisms per liter, which dropped sharply to 61.13 organisms
per liter at station 5 in the headwaters.

5. Rotifers dominated the first three stations, but suffered a decline in
numerical density and dominance at stations 4 and 5.

6. The maximum monthly average for total zooplankton occurred in
April at 191.23 organisms per liter and the minimum monthly
average was in June at only 2.68 organisms per liter, an extremely
low figure for a reservoir which supports one of the highest annual

zooplankton densities in East Texas.




(5

10.

11,

Seasonally, the average numerical density for total zooplankton was
highest in fall at 157 organisms per liter; and lowest in summer at 28
organisms per liter.

The annual community ordination revealed a wide separation, with
regard to similarity in community structure, of stations 4 and 5 from
the other stations and from each other.

The monthly diversity indices were moderate at most stations, though
some monthly values for stations 4 and 5 were very high.

Annually, station 5 had the highest diversity index with the next
highest values at station 4.

Considering the results of sediment analyses conducted by the Texas
Water Commission, the decline in the numerical density of rotifers
and total zooplankton in the headwaters could be attributed to heavy

metal toxicity.
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CONCLUSION

Lake O' the Pines Reservoir compares favorably to other East
Texas reservoirs in both species composition and annual numerical
density. However, the distribution of zooplankton from the headwaters to
the dam did not follow the expected trend. There was an unusual decline
in both rotifer and total zooplankton populations in the highly productive
headwaters. One possible explanation is that large amounts of aquatic
vascular plants have contributed to exclusion of zooplankton in that area.
Some studies, however, have not supported this phenomenon. Another
explanation is heavy predation by other invertebrates and fishes, but this
should not have such a large impact on the highly prolific (and much
smaller) rotifers. Finally, it has been revealed that heavy metals have
accumulated in the sediments of the upper reaches of the reservoir, and
that they are being leached into the water column. The toxic effect of
these metals is the most probable answer to the unusual trend in the

distribution of zooplankton in Lake O' the Pines Reservoir.
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APPENDIX 1. Zooplankton density values (in or

g/L)) from February 1986

70

to January 1987 for Lake O' the Pines Reservoir, Texas.
February, 1986
STATION

TAXA 1 2 3 4 5
Phylumm-ﬂuopoda

Class Crustacea

Subclass Branchiopoda

Order Cladocera
Alona monocantha 0.00 0.00 0.00 0.00 0.00
Bosmina longirostris 0.00 0.00 0.00 0.98 0.95
Camptocercus rectirostris 0.00 0.00 0.00 0.33 0.00
Ceriodaphnia quadrangula 0.15 0.73 0.29 0.00 0.00
Ceriodaphnia reticulatus 0.00 0.00 0.00 0.00 0.00
Chydorus sphaericus 0.00 0.00 0.00 0.00 0.47
Daphnia parvula 0.00 0.00 0.00 0.00 0.00
Daphnia rosea 0.00 0.00 0.00 0.00 0.00
Diaphanosoma brachyurum 0.00 0.00 0.29 0.00 0.00
Eubosmina longispina 0.29 0.00 0.58 0.33 0.95
Eurycercus lamellatus 0.00 0.00 0.00 0.00 0.00
Holopedium gibberum 0.00 0.00 0.00 0.00 0.00
Ilyocryptus spinifer 0.00 0.00 0.00 0.00 0.00
Kurzia latissima 0.00 0.00 0.00 0.00 0.00
Leptadora kindtii 0.00 0.00 0.00 0.00 0.00
Pleuroxus denticulatus 0.00 0.00 0.00 0.00 1.90
Pleuroxus procurvatus 0.00 0.00 0.00 0.00 0.00
Sida crystallina 0.00 0.00 0.00 0.00 0.00
Simocephalus expinosus 0.00 0.00 0.00 0.00 0.47
Subclass

Order Eucopepoda
Nauplii 9.31 12.00 19.49 7.49 5.70
Copepodids 2.18 3.09 1.75 1.95 0.47

Suborder Calanoida _
Diaptomus siciloides 175 6.73 5.63 3.91 0.00
Eurytemora affinis 0.00 0.00 1.16 0.00 0.00

ida

Cyclops vernalis 0.00 0.00 0.00 0.00 0.00
Diacyclops bicuspidatus thomasi 1.45 1.82 1.16 1.30 0.47
Macrocyclops albidis 0.00 0.00 0.00 0.33 0.00
Mesocyclops edax 0.00 0.36 0.29 0.00 0.00
Microcyclops varicans 0.00 0.00 0.00 0.00 0.00
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February, 1986
STATION

TAXA 1 2 3 4 5

Order Arachnida
Water mites 0.00 0.00 0.00 0.00 0.00

Order Diptera
Chaoborus 0.00 0.00 0.00 0.00 0.00
Chironomids 0.00 0.00 0.00 0.00 0.00

Order Ostracoda
Ostracods 0.00 0.00 0.00 0.00 0.00
Phylum Protozoa
Ceratium hirundinella 0.00 0.00 0.29 0.00 0.00
Difflugia 0.00 0.00 0.00 0.00 0.00
Unknown peritrich 0.00 0.00 0.00 0.00 0.00
Phylum Rotatoria
Ascomorpha ovalis 0.00 0.00 0.00 0.00 0.00
Asplanchna 0.00 0.00 0.00 0.00 0.00
Brachionus angularis 0.00 0.00 0.00 2.28 2231
Brachionus havanaensis 0.00 0.00 0.00 0.00 0.00
Brachionus quadridentatus 0.00 0.00 0.00 0.00 0.00
Collotheca mutabilis 0.00 0.00 0.00 0.00 0.00
Collurella 0.00 0.00 0.00 0.00 0.00
Conochiloides 0.00 0.00 0.00 0.00 0.00
Conochilus 0.00 0.00 0.00 0.00 0.00
Euclanis 0.00 0.00 0.00 0.00 0.00
Filinia longiseta 0.00 0.00 0.00 0.00 0.00
Gastropus 0.00 0.00 0.00 0.00 0.00
Hexarthra mira 0.00 0.00 0.00 0.00 0.00
Kellicottia bostoniensis 0.00 0.00 0.00 0.00 0.47
Keratella cochlearis 0.29 0.00 175 0.98 0.95
Lecane 0.00 0.00 0.00 0.00 0.00
Monostyla 0.00 0.00 0.00 0.00 0.00
Mytilina ventralis 0.00 0.00 0.00 0.00 0.00
Notholca acuminata 0.29 0.00 0.00 0.98 0.95
Notholca 0.00 0.00 0.00 0.00 0.00
Platyias patulus 0.00 0.00 0.00 0.00 0.00
Platyias quadricornis 0.00 0.00 0.00 0.00 0.00
Polyarthra 247 327 7.56 0.65 0.95
Rotatoria 0.00 0.00 0.00 0.00 0.00
Synchaeta 0.15 0.00 0.00 0.00 0.00
Testudinella 0.00 0.00 0.00 0.00 0.00
Trichocerca 0.00 0.00 0.00 0.00 0.
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March, 1986
STATION

TAXA 1 2 3 4 5
Phylum Arthropoda
Class Crustacea

Subclass Branciopoda

Order Cladocera
Alona monocantha 0.00 0.00 0.00 0.00 0.00
Bosmina longirostris 0.00 0.00 0.32 0.00 445
Camptocercus rectirostris 0.00 0.00 0.00 0.00 0.00
Ceriodaphnia quadrangula 0.00 0.18 0.00 0.00 0.64
Ceriodaphnia reticulatus 0.00 0.00 0.00 0.00 0.0
Chydorus sphaericus 0.00 0.00 0.00 0.00 5.73
Daphnia parvula 0.00 0.00 0.00 0.00 0.00
Daphnia rosea 0.63 0.18 0.32 0.00 0.00
Diaphanosoma brachyurum 0.16 0.18 0.00 0.00 0.00
Eubosmina longispina 0.00 0.00 0.00 0.00 0.00
Eurycercus lamellatus 0.00 0.00 0.00 0.00 0.64
Holopedium gibberum 0.00 0.00 0.00 0.00 0.00
Ilyocryptus spinifer 0.00 0.00 0.00 0.00 0.00
Kurzia latissima 0.00 0.00 0.00° 0.00 0.00
Leptadora kindtii 0.00 0.00 0.00 0.51 0.00
Pleuroxus denticulatus 0.00 0.36 0.00 0.00 191
Pleuroxus procurvatus 0.00 0.00 0.00 0.00 0.00
Sida crystallina 0.00 0.00 0.00 0.00 191
Simocephalus expinosus 0.00 0.00 0.00 0.00 0.64
Subclass

Order Eucopepoda
Nauplii 3181 24.55 28.01 58.59 21.00
Copepodids 2.85 3.82 0.63 3.03 1.27

Suborder Calanoida
Diaptomus siciloides 427 3.27 473 7.58 0.64
Eurytemora affinis 0.16 0.00 0.32 152 0.64

Suborder Cyclopoida
Cyclops vernalis 0.00 0.00 0.00 0.00 0.00
Diacyclops bicuspidatus thomasi 0.93 0.73 1.26 1.01 445
Macrocyclops albidis 0.00 0.00 0.00 0.00 0.64
Mesocyclops edax 0.16 0.00 0.32 0.51 0.00
Microcyclops varicans 0.00 0.00 0.00 0.00 0.00
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March, 1986
STATION

TAXA 1 2 3 4 5

Order Arachnida
Water mites 0.00 0.00 0.00 0.00 0.00

Order Diptera
Chaoborus 0.00 0.00 0.00 0.00 0.00
Chironomids 0.00 0.00 0.00 0.00 191

Order Ostracoda 5
Ostracods 0.00 0.00 0.00 0.00 0.00
Phylum Protozoa
Ceratium hirundinella 0.00 0.00 0.00 0.00 42.64
Difflugia 0.00 0.00 0.00 0.00 0.00
Unknown peritrich 0.00 0.00 0.00 0.00 0.00
Phylum Rotatoria
Ascomorpha ovalis 0.00 0.00 0.00 0.00 0.00
Asplanchna 0.63 0.36 0.63 0.00 2.55
Brachionus angularis 0.00 0.00 0.00 0.00 0.00
Brachionus havanaensis 0.00 0.00 0.00 0.00 14.00
Brachionus quadridentatus 0.00 0.00 0.00 2.02 17.18
Collotheca mutabilis 0.00 0.00 0.00 0.00 0.00
Collurella 0.00 0.00 0.00 0.00 2.55
Conochiloides 0.00 0.00 0.00 0.00 1.27
Conochilus 0.00 0.00 0.00 0.00 0.00
Euclanis 0.00 0.00 0.00 0.00 0.64
Filinia longiseta 0.00 0.00 0.00 0.00 0.00
Gastropus 0.00 0.00 0.00 0.00 0.00
Hexarthra mira 0.00 0.00 0.00 0.00 0.00
Kellicottia bostoniensis 0.00 0.00 0.00 0.00 191
Keratella cochlearis 10.13 8.18 3.78 2.53 955
Lecane 0.00 0.00 0.00 0.00 0.00
Monostyla 0.00 0.00 0.00 0.00 1.27
Mytilina ventralis 0.00 0.00 0.00 0.00 0.00
Notholca acuminata 0.00 0.00 0.00 0.00 1.27
Notholca 0.79 0.18 0.00 0.00 0.00
Platyias patulus 0.00 0.00 0.00 0.00 0.00
Platyias quadricornis 10.00 0.00 0.00 0.00 0.00
Polyarthra 6.96 4.36 9.45 3.03 127
Rotatoria 0.00 0.00 0.00 0.00 0.00
Synchaeta 0.00 0.00 0.32 0.31 2.55
Testudinella 0.00 0.00 0.63 0.00 0.00

. Trichocerca 0.00 0.00 0.00 0.00 191
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April, 1986 |
STATION
1.
TAXA 1 2 3 4 5
(4
B
Phylum Arthropoda A
Class Crustacea g
Order Cladocera ‘J L
“Alona monocantha 0.00 0.00 0.00 0.33 0.00 PR
Bosmina longirostris 0.58 0.00 0.00 2.61 0.00 g%..’::",
Camptocercus rectirostris 0.00 0.00 0.00 0.00 0.00 43k
Ceriodaphnia quadrangula 0.69 0.57 0.00 0.98 091 1
Ceriodaphnia reticulatus 0.00 0.00 0.00 0.00 0.00 )
Chydorus sphaericus 0.00 0.00 0.00 0.00 1.36 B
Daphnia parvula 0.12 0.00 0.00 0.00 0.00
Daphnia rosea 0.46 0.28 0.71 0.00 0.00 v
Diaphanosoma brachyurum 0.81 2.28 1.66 2.93 0.00 5
Eubosmina longispina 0.00 0.14 0.24 0.00 0.00 i
Eurycercus lamellatus 0.00 0.00 0.00 0.00 0.00 e
Holopedium gibberum 0.00 0.00 0.00 0.00 0.00 £
| Ilyocryptus spinifer 0.00 0.00 0.00 0.00 0.00 7]
| Kurzia latissima 0.00 0.00 0.00 . 0.00 0.00
’ Leptadora kindtii 0.00 0.14 0.00 0.00 0.00
Pleuroxus denticulatus 0.00 0.00 0.00 0.00 0.00 T
Pleuroxus procurvatus 0.00 0.00 0.00 0.00 1.36 ]‘,1
_-T\— Sida crystallina 0.00 0.00 0.00 0.00 0.00 g
Simocephalus expinosus 0.00 0.00 0.00 0.00 0.00 : I';'sl-'r:'.
Subclass Copepoda e
== Order Eucopepoda '!l||.~“;
Nauplii 498 840 2635 1857 2864 ?
Copepodids 0.93 0.00 0.71 0.00 0.00 i
Suborder Calanoida P
Diaptomus siciloides 3.36 2.28 5.93 1.95 0.00 §
Eurytemora affinis 0.00 0.00 0.00 0.00 0.00 3
Suborder Cyclopoida : ¢
Cyclops vernalis 0.00 0.00 0.00 0.00 0.00
Diacyclops bicuspidatus thomasti 0.46 0.71 119 0.00 1.82
Macrocyclops albidis 0.00 0.00 0.00 0.00 0.00
Mesocyclops edax 0.35 0.28 0.71 0.00 0.00 ¢
Microcyclops varicans 0.00 0.00 0.00 0.00- 0.00
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April, 1986
STATION

TAXA 1 2 3 4 5

Order Arachnida
Water mites 0.00 0.00 0.00 0.00 0.00

Order Diptera
Chaoborus 0.00 0.00 0.00 0.00 0.00
Chironomids 0.00 0.00 0.00 0.00 0.00

Order
Ostracods 0.00 0.00 0.00 0.00 0.00
Phylum Protozoa
Ceratium hirundinella 12.15 13.67 13.06 0.98 22.27
Difflugia 0.00 0.00 0.00 0.00 0.00
Unknown peritrich 8840  180.02 362.23 4.56 227
PhylumROtatoria
Ascomorpha ovalis 0.00 0.00 0.00 0.00 0.00
Asplanchna 0.00 0.00 0.00 0.00 0.00
Brachionus angularis 0.00 0.14 0.24 0.00 0.45
Brachionus havanaensis 0.00 0.00 0.00 0.00 0.00
Brachionus quadridentatus 0.00 0.00 0.00 0.00 0.00
Collotheca mutabilis 0.00 0.85 0.47 0.00 0.00
Collurella 0.00 0.00 0.00 0.00 0.00
Conochiloides 0.00 0.00 0.00 0.00 0.00
Conochilus 0.69 0.00 0.00 4.89 0.45
Euclanis 0.00 0.00 0.00 0.00 0.00
Filinia longiseta 0.00 0.00 0.00 0.00 0.00
Gastropus 0.00 0.00 0.00 0.00 0.00
Hexarthra mira 0.00 0.00 0.00 0.00 0.00
Kellicottia bostoniensis 0.00 0.00 0.71 0.00 0.00
Keratella cochlearis 20.17 8.12 9.49 391 2217
Lecane 0.00 0.00 0.00 0.00 0.00
Monostyla 0.00 0.00 0.00 0.00 0.00
Mytilina ventralis 0.00 0.00 0.00 0.00 0.00
Notholca acuminata 0.00 0.00 0.00 0.00 0.00
Notholca 0.00 0.28 0.24 0.33 32.27
Platyias patulus 0.00 0.00 0.00 0.33 0.00
Platyias quadricornis 0.00 0.00 0.00 0.00 0.00
Polyarthra 7.52 1.00 11.16 20.52 1.82
Rotatoria 0.00 0.00 0.00 0.00 0.00
Synchaeta 0.58 0.00 0.00 0.33 0.00
Testudinella 0.00 0.00 0.00 0.00 0.00
Trichocerca 0.00 0.00 0.00 0.00 0.00
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May, 1986
STATION

TAXA 1 2 3 4 5
Phylum Arthropoda

Class Crustacea

Subclass Branchiopoda

Order Cladocera
Alona monocantha 0.00 0.00 0.00 0.00 0.00
Bosmina longirostris 0.34 0.12 0.48 0.00 0.00
Camptocercus rectirostris 0.00 0.00 0.00 0.00 0.00
Ceriodaphnia quadrangula 0.00 0.00 0.00 0.00 0.00
Ceriodaphnia reticulatus 0.00 0.00 0.00 0.00 0.00
Chydorus sphaericus 0.00 0.00 0.00 0.00 0.00
Daphnia parvula 0.00 0.00 0.00 0.00 0.00
Daphnia rosea 0.00 0.00 0.00 0.00 0.00
Diaphanosoma brachyurum 0.00 0.00 0.00 0.00 0.00
Eubosmina longispina 0.00 0.00 0.00 0.22 0.00
Eurycercus lamellatus 0.00 0.00 0.00 0.00 0.38
Holopedium gibberum 0.00 0.00 0.00 0.00 0.00
Ilyocryptus spinifer 0.00 0.00 0.00 0.00 0.00
Kurzia latissima 0.00 0.00 0.00- 0.00 0.00
Leptadora kindtii 0.00 0.00 0.00 0.00 0.00
Pleuroxus denticulatus 0.00 0.00 0.00 0.00 0.00
Pleuroxus procurvatus 0.00 0.00 0.00 0.00 0.00
Sida crystallina 0.00 0.00 0.00 0.00 192
Simocephalus expinosus 0.00 0.00 0.00 0.00 115
Subclass

Order Eucopepoda
Nauplii 0.78 0.56 1.76 1.31 10.76
Copepodids 0.11 0.28 0.16 0.44 2.30

Subarder Calanoida
Diaptomus siciloides 0.00 0.00 0.00 0.00 0.00
Eurytemora affinis 0.00 0.00 0.00 0.00 0.00

Subarder Cyclopoida
Cyclops vernalis 0.00 0.00 0.00 0.00 115
Diacyclops bicuspidatus thomasi 0.00 0.00 0.00 0.00 0.00
Macrocyclops albidis 0.00 0.00 0.00 0.00 1.92
Mesocyclops edax 0.00 0.00 0.00 0.00 0.38
Microcyclops varicans 0.00 0.00 0.00 0.00 0.00

g R
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May, 1986
STATION

TAXA 1 2 3 4 5

Order Arachnida
Water mites 0.00 0.00 0.00 0.00 0.00

Order Diptera
Chaoborus 0.00 0.00 0.00 0.00 0.00
Chironomids 0.00 0.00 0.00 0.00 0.00

Order Ostracoda
Ostracods 0.00 0.00 0.00 0.00 0.38
Phylum Protozoa
Ceratium hirundinella 112 0.56 0.32 0.44 2.69
Difflugia 0.00 0.00 0.00 0.00 0.00
Unknown peritrich 0.00 0.00 0.00 0.00 0.00
Phylum Rotatoria
Ascomorpha ovalis 0.00 0.00 0.00 0.00 0.00
Asplanchna 0.34 0.14 0.16 0.00 0.00
Brachionus angularis 0.00 0.00 0.00 0.00 0.00
Brachionus havanaensis 0.00 0.14 0.00 0.00 0.00
Brachionus quadridentatus 0.00 0.14 0.00 0.00 0.00
Collotheca mutabilis 0.00 0.00 0.32 0.00 0.00
Collurella 0.00 0.00 0.00 0.00 0.00
Conochiloides 0.00 0.00 0.00 0.00 0.38
Conochilus 0.00 0.00 0.00 0.00 115
Euclanis 0.00 0.00 0.00 0.00 0.00
Filinia longiseta 000 028 0.00 0.00 0.00
Gastropus 0.00 0.00 0.00 0.00 0.00
Hexarthra mira 0.00 0.00 0.00 0.00 0.00
Kellicottia bostoniensis 0.56 0.28 0.00 0.00 0.00
Keratella cochlearis 0.56 0.98 0.64 131 0.71
Lecane 0.00 0.00 0.00 0.00 0.00
Monostyla 0.00 0.00 0.00 0.00 0.00
Mytilina ventralis 0.00 0.00 0.00 0.00 0.00
Notholca acuminata 0.00 0.00 0.00 0.00 0.00
Notholca 0.00 0.00 0.00 0.00 0.00
Platyias patulus 0.00 0.00 0.00 0.00 1.54
Platyias quadricornis 0.00 0.00 0.00 0.00 0.00
Polyarthra 0.11 0.14 0.16 0.44 0.38
Rotatoria 0.00 0.00 0.00 0.00 0.00
Synchaeta 0.00 0.00 0.00 0.87 0.00
Testudinella 0.00 0.00 0.00 0.00 0.00
Trichocerca 0.00 0.00 0.00 0.00 0.77
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June, 1986
STATION

TAXA 1 2 3 4 5
Phylum Arthropoda

Class Crustacea

Subclass Branchiopoda

Order Cladocera
Alona monocantha 0.00 0.00 0.00 0.00 0.00
Bosmina longirostris 0.26 0.36 0.22 0.53 0.00
Camptocercus rectirostris 0.00 0.00 0.00 0.00 0.00
Ceriodaphnia quadrangula 0.00 0.00 0.00 0.00 0.00
Ceriodaphnia reticulatus 0.00 0.00 0.00 0.00 0.00
Chydorus sphaericus 0.00 0.00 0.00 0.00 0.00
Daphnia parvula 0.00 0.00 0.00 0.00 0.00
Daphnia rosea 0.00 0.00 0.00 0.00 0.00
Diaphanosoma brachyurum 0.00 0.00 0.00 0.00 0.00
Eubosmina longispina 0.00 0.00 0.00 0.00 0.00
Eurycercus lamellatus 0.00 0.00 0.00 0.00 0.00
Holopedium gibberum 0.00 0.00 0.00 0.00 0.00
Ilyocryptus spinifer 0.00 0.00 0.00 0.00 - 0.00
Kurzia latissima 0.00 0.00 0.00 0.00 0.00
Leptadora kindtii 0.00 0.00 0.00 0.00 0.00
Pleuroxus denticulatus 0.00 0.00 0.00 0.00 0.00
Pleuroxus procurvatus 0.00 0.00 0.00 0.00 0.00
Sida crystallina 0.00 0.00 0.00 0.00 0.00
Simocephalus expinosus 0.00 0.00 0.00 0.00 0.00
Subclass

Order Eucopepoda
Nauplii 0.26 0.12 1.09 1.33 2.00
Copepodids 0.13 0.12 0.00 0.00 0.33

Suborder Calanoida
Diaptomus siciloides 0.00 0.00 0.00 0.00 0.00
Eurytemora affinis 0.00 0.00 0.00 0.00 0.00

Suborder i
Cyclops vernalis 0.00 0.00 0.00 0.00 0.00
Diacyclops bicuspidatus thomasi 0.00 0.00 0.00 0.00 0.00
Macrocyclops albidis 0.00 0.00 0.00 0.00 0.00
Mesocyclops edax 10.00 0.00 0.00 0.00 0.00
Microcyclops varicans 0.00 0.00 0.00 0.00 0.00
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June, 1986
STATION
TAXA | 2 3 4 5
ik

Order Arachnida
Water mites 0.00 0.00 0.00 0.00 0.00

Order Diptera
Chaoborus 0.00 0.00 0.00 0.00 0.00
Chironomids 0.00 0.00 0.00 0.00 0.33

Order Ostracoda
Ostracods 0.00 0.00 0.00 0.00 0.00
Phylum Protozoa
Ceratium hirundinella 0.78 0.12 0.00 0.00 0.00
Difflugia 0.00 0.00 0.00 0.00 0.00
Unknown peritrich 0.00 0.00 0.00 0.00 0.00
Phylum Rotatoria
Ascomorpha ovalis 0.00 0.00 0.00 0.00 0.00
Asplanchna 0.13 0.00 0.00 0.00 0.00 i
Brachionus angularis 0.00 0.00 0.00 0.00 0.00 LR
Brachionus havanaensis 0.00 0.00 0.00 . 0.00 0.00 It
Brachionus quadridentatus 0.00 0.00 0.00 0.00 0.00 F
Collotheca mutabilis 0.13 0.00 0.00 0.80 0.00 li
Collurella 0.00 0.00 0.00 0.00 0.00 i
Conochiloides 0.00 0.00 0.00 0.00 0.00 il
Conochilus 013 012 022 080 000 LE.
Euclanis 000 000 000 000 000 !
Filinia longiseta 0.00 0.00 0.00 0.00 0.00 af
Gastropus 000 000 000 000 000 A%
Hexarthra mira 0.00 0.00 0.00 0.00 0.00 i
Kellicottia bostoniensis 0.00 0.00 0.00 0.00 0.00 AE
Keratella cochlearis 0.13 0.71 0.22 0.00 0.33 | g
Lecane 0.00 0.00 0.00 0.00 0.00 £ ]
Monostyla 0.00 0.00 0.00 0.00 0.00 g1l
Mpytilina ventralis 0.00 0.00 0.00 0.00 0.00 fE
Notholca acuminata 0.00 0.00 0.00 0.00 0.00 14
Notholca 0.00 0.00 0.00 0.00 0.00 }
Platyias patulus 0.00 0.00 0.00 0.00 0.00 i
Platyias quadricornis 0.00 0.00 0.00 0.00 - 0.00 Vi
Polyarthra . 0.00 0.00 0.00 0.27 0.33 ’
Rotatoria 0.00 0.00 0.00 0.00 0.00 i
Synchaeta 0.13 0.00 0.00 0.00 0.00 }
Testudinella 0.00 0.00 0.00 0.00 0.00 i
Trichocerca 0.39 0.00 0.00 0.27 0.33 i




APPENDIX L. Continued.

July, 1986
STATION

TAXA 1 2 3 4 5
Phylum Arthropoda |l
Class Crustacea Lol
Subclass Branchiopoda 1: 4

Order Cladocera T
Alona monocantha 000 0.0 0.00 0.00 0.00
Bosmina longirostris 0.00 0.00 0.00 2.52 0.40
Camptocercus rectirostris 0.00 0.00 0.00 0.00 0.00 R
Ceriodaphnia quadrangula 0.00 0.00 0.00 0.00 0.40 % B
Ceriodaphnia reticulatus 0.00 0.00 0.00 0.00 0.00 e
Chydorus sphaericus 0.00 0.00 0.00 0.00 0.00 i
Daphnia parvula 0.00 0.00 0.00 0.00 0.00
Daphnia rosea 0.00 0.00 0.00 0.32 0.00
Diaphanosoma brachyurum 0.00 0.00 2.63 3.15 0.00 i
Eubosmina longispina 0.00 0.00 0.00 0.00 0.00 i
Eurycercus lamellatus 0.00 0.00 0.00 0.00 0.00
Holopedium gibberum 0.00 0.00 0.00 0.00 0.00
Ilyocryptus spinifer 0.00 0.00 0.00 0.00 0.00
Kurzia latissima 0.00 0.00 0.00 - 0.00 0.00 R
Leptadora kindtii 0.00 0.00 0.00 0.00 0.00 i
Pleuroxus denticulatus 0.00 0.00 0.00 0.00 0.00 |
Pleuroxus procurvatus 0.00 0.00 0.00 0.00 0.00 7y
Sida crystallina 000  0.00 0.00 0.00 0.00 i}
Simocephalus expinosus 0.00 0.00 0.00 0.00 0.00 ;.,;k:
Nauplii 9.64 14.50 7.88 3530  18.87
Copepodids 0.44 1.10 0.26 4.10 1.20

Subarder Calanoida i |
Diaptomus siciloides 0.00 0.00 0.00 0.00 0.00 3
Eurytemora affinis 0.00 0.00 0.00 0.00 0.00
Cyclops vernalis 0.00 0.00 0.00 0.00 0.00
Diacyclops bicuspidatus thomasi 0.00 0.00 0.00 0.00 0.00 {
Macrocyclops albidis 0.00 0.00 0.00 0.00 0.00 "
Mesocyclops edax 0.00 0.00 0.00 0.32 0.00

Microcyclops varicans 0.00 0.00 0.00 0.00" 0.00
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July, 1986
STATION

TAXA 1 2 3 4 5

Order Arachnida
Water mites 0.00 0.00 0.00 0.00 0.00

Order Diptera
Chaoborus 0.00 0.16 0.00 0.00 0.00
Chironomids 0.00 0.00 0.00 0.00 0.00

Order Ostracoda
Ostracods 0.15 0.16 0.26 0.00 0.00
Phylum Protozoa
Ceratium hirundinella 10.51 4.10 2.89 0.00 0.00
Difflugia 0.00 0.00 0.00 0.00 0.00
Unknown peritrich 0.00 0.00 0.00 0.00 0.00
Phylum Rotatoria
Ascomorpha ovalis 0.00 0.00 0.26 0.00 1.20
Asplanchna 0.00 0.32 0.00 0.63 1.20
Brachionus angularis 0.15 0.00 0.00 0.00 0.00
Brachionus havanaensis 0.00 0.00 0.00 - 0.63 1.20
Brachionus quadridentatus 0.00 0.00 0.00 0.00 0.00
Collotheca mutabilis 0.00 0.00 0.00 0.00 0.00
Collurella 0.00 0.00 0.00 0.00 0.00
Conochiloides 0.00 0.00 105 39.08 1.20
Conochilus 117 3.15 1.05 10.08 0.00
Euclanis 0.00 0.00 0.00 0.00 0.00
Filinia longiseta 000 - 0.00 0.00 0.00 0.00
Gastropus 0.00 0.00 0.00 0.00 . 0.00
Hexarthra mira 0.00 0.00 0.00 0.00 0.80
Kellicottia bostoniensis 0.00 0.95 0.79 0.00 0.00
Keratella cochlearis 8.32 11.66 3.68 6.62 1.20
Lecane 0.00 0.00 0.00 0.00 1.20
Monostyla 0.00 0.16 0.00 0.00 0.40
Mpytilina ventralis 0.00 0.00 0.00 0.00 0.00
Notholca acuminata 0.00 0.00 0.00 0.00 0.00
Notholca 0.00 0.32 0.00 0.00 0.00
Platyias patulus 0.15 0.00 0.00 0.95 241
Platyias quadricornis 0.00 0.00 0.00 0.00 0.00
Polyarthra 5.26 10.08 6.57 30.88 241
Rotatoria 0.00 0.00 0.00 0.00 0.00
Synchaeta 0.73 0.00 0.00 0.00 0.00
Testudinella 0.00 0.00 0.00 0.00 0.00
Trichocerca 0.00 0.16 0.00 0.63 0.00
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August, 1986
STATION

TAXA 1 2 3 4 5
Phylum Arthropoda

Class Crustacea

Subclass Branchiopoda

Order Cladocera
Alona monocantha 0.00 0.00 0.00 0.00 0.00
Bosmina longirostris 0.00 0.00 0.00 242 0.00
Camptocercus rectirostris 0.00 0.00 0.00 0.00 0.00
Ceriodaphnia quadrangula 0.00 0.00 0.00 0.00 0.00
Ceriodaphnia reticulatus 0.00 0.00 0.00 0.00 0.00
Chydorus sphaericus 0.00 0.00 0.00 0.00 0.00
Daphnia parvula 0.00 0.00 0.00 0.00 0.00
Daphnia rosea 0.00 0.00 0.00 0.00 0.00
Diaphanosoma brachyurum 0.00 0.00 0.00 0.35 0.00
Eubosmina longispina 0.00 0.00 0.00 0.00 0.00
Eurycercus lamellatus 0.00 0.00 0.00 0.00 0.00
Holopedium gibberum 0.00 0.00 0.00 0.00 0.00
Ilyocryptus spinifer 0.00 0.00 0.00 0.69 0.00
Kurzia latissima 0.00 0.00 0.00 0.00 0.00
Leptadora kindtii 0.00 0.00 0.00 0.00 0.00
Pleuroxus denticulatus 0.00 0.00 0.00 0.00 0.00
Pleuroxus procurvatus 0.00 0.00 0.00 0.00 0.00
Sida crystallina 0.00 0.00 0.00 0.00 0.00
Simocephalus expinosus 0.00 0.00 0.00 0.00 0.00

Order Eucopepoda
Nauplii 0.77 0.00 131 12.09 2.22
Copepodids 0.00 0.00 0.00 6.22 0.00

Suborder Calanoida
Diaptomus siciloides 0.00 0.00 0.00 0.00 0.00
Eurytemora affinis 0.00 0.00 0.00 0.00 0.00

Subarder Cyclopoida
Cyclops vernalis 0.00 0.00 0.00 0.00 0.00
Diacyclops bicuspidatus thomasi 0.00 0.00 0.00 0.00 0.00
Macrocyclops albidis 0.00 0.00 0.00 0.00 0.00
Mesocyclops edax 0.00 0.00 0.00 0.00 0.00
Microcyclops varicans 0.00 0.00 0.00 0.00 0.00
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APPENDIX 1. Continued.

August, 1986
STATION

TAXA 1 2 3 4 5

Order Arachnida
Water mites 0.00 0.00 0.00 0.00 0.00

Order Diptera
Chaoborus 0.00 0.00 0.00 0.00 0.00
Chironomids 0.00 0.00 0.00 0.00 0.00

Order Ostracoda
Ostracods 0.00 0.00 0.00 0.00 0.00
Phylum Protozoa
Ceratium hirundinella 0.00 0.18 0.00 0.00 7.78
Difflugia 0.00 0.00 0.00 0.00 0.00
Unknown peritrich 0.00 0.00 0.00 0.00 0.00
Phylum Rotatoria
Ascomorpha ovalis 0.00 0.00 0.00 0.00 0.00
Asplanchna 0.00 0.00 0.26 0.00 0.00
Brachionus angularis 0.00 0.00 0.00 0.00 0.00
Brachionus havanaensis 0.19 0.00 0.00 0.00 0.00
Brachionus quadridentatus 0.00 0.00 0.00 0.00 0.00
Collotheca mutabilis 0.00 0.00 0.00 0.00 0.00
Collurella 0.00 0.00 0.00 0.00 0.00
Conochiloides 0.58 0.00 3.15 6.22 0.00
Conochilus 0.00 0.00 1.31 45.60 0.00
Euclanis 0.00 0.00 0.00 0.00 0.00
Filinia longiseta 0.00 0.00 0.00 0.00 0.00
Gastropus 0.00 0.00 0.26 0.00 0.00
Hexarthra mira 0.00 0.00 0.00 0.35 0.00
Kellicottia bostoniensis 0.00 0.00 0.00 0.00 0.00
Keratella cochlearis 0.39 0.00 0.00 0.69 0.56
Lecane 0.00 0.00 0.00 0.00 0.00
Monostyla 0.00 0.00 0.00 0.00 0.00
Mytilina ventralis 0.00 0.00 0.00 0.00 0.00
Notholca acuminata 0.00 0.00 0.00 0.00 0.00
Notholca 0.00 0.00 0.00 0.00 0.00
Platyias patulus 0.00 0.00 0.00 0.00 0.56
Platyias quadricornis 0.00 0.00 0.00 0.00 0.00
Polyarthra 0.00 0.18 1.05 1.04 0.56
Rotatoria 0.39 0.00 0.00 0.00 0.00
Synchaeta 0.00 0.00 0.00 0.00 0.00
Testudinella- 0.00 0.00 0.00 0.00 0.00
Trichocerca 0.00 0.55 0.53 0.00 0.00




APPENDIX I. Continued.

September, 1986
STATION

TAXA 1 2 3 4 5
Phylum Arthropoda

Class Crustacea

Subclass Branchiopoda

Order Cladocera
Alona monocantha 0.00 0.00 0.00 0.00 0.00
Bosmina longirostris 9.64 4.50 0.85 13.82 0.00
Camptocercus rectirostris 0.00 0.00 0.00 0.00 0.00
Ceriodaphnia quadrangula 0.36 0.95 0.42 0.00 0.00
Ceriodaphnia reticulatus 0.00 0.27 0.00 0.00 0.00
Chydorus sphaericus 0.00 0.00 0.00 0.00 0.00
Daphnia parvula 0.00 0.00 0.00 0.00 0.00
Daphnia rosea 0.00 0.00 0.00 0.00 0.00
Diaphanosoma brachyurum 0.55 0.00 0.00 0.86 0.00
Eubosmina longispina 0.00 1.64 0.42 345 0.00
Eurycercus lamellatus 0.00 0.00 0.00 0.00 0.00
Holopedium gibberum 0.00 0.00 0.00 0.00 0.00
Ilyocryptus spinifer 0.00 0.00 0.00 0.00 0.00
Kurzia latissima 0.00 0.00 0.00  0.00 0.00
Leptadora kindtii 0.00 0.00 0.00 0.00 0.00
Pleuroxus denticulatus 0.00 0.00 0.00 0.00 0.00
Pleuroxus procurvatus 0.00 0.00 0.00 0.00 0.00
Sida crystallina 0.00 0.14 0.00 0.00 0.00
Simocephalus expinosus 0.00 0.14 0.00 0.00 0.00
Subclass Copepoda

Order Eucopepoda
Nauplii 12.00 13.23 5.52 37.57 24.32
Copepodids 11.27 464 2.12 345 113

Suborder Calanoida
Diaptomus siciloides 0.00 0.00 0.00 0.00 0.00
Eurytemora affinis 0.00 0.00 0.00 0.00 0.00

Subarder Cyclopoida
Cyclops vernalis 0.00 0.00 0.00 0.00 0.00
Diacyclops bicuspidatus thomasi 0.00 0.27 0.00 0.43 0.57
Macrocyclops albidis 0.00 0.00 0.00 0.00 0.00
Mesocyclops edax 0.73 0.41 127 691  0.57
Microcyclops varicans 8.73 4.36 0.85 9.07 0.57




APPENDIX 1. Continued.

September, 1986
STATION

TAXA 1 2 3 4 5

Order Arachnida
Water mites 0.00 0.00 0.00 0.43 0.00

Order Diptera
Chaoborus 0.00 0.14 0.00 0.00 0.00
Chironomids 0.00 0.14 0.00 0.00 0.00

Order Ostracoda
Ostracods 0.00 0.00 0.00 0.00 1.70
Phylum Protozoa
Ceratium hirundinella 0.00 041 ~ 255 0.00 0.00
Difflugia 2.36 0.00 0.00 0.00 0.00
Unknown peritrich 0.00 0.00 0.00 0.00 0.00
Phylum Rotatoria
Ascomorpha ovalis 0.73 0.14 0.00 0.86 0.57
Asplanchna 0.00 0.14 0.00 0.00 170
Brachionus angularis 0.00 0.00 0.85 0.00 0.00
Brachionus havanaensis 2.00 1.09 1145 - 0.00 0.00
Brachionus quadridentatus 0.00 0.00 0.42 0.00 0.00
Collotheca mutabilis 0.00 0.00 0.00 0.00 0.00
Collurella 0.00 0.00 0.00 0.00 0.00
Conochiloides 0.18 0.14 552 1.30 0.00
Conochilus 1.09 491 14.85 19.86 5.66
Euclanis 0.00 0.00 0.00 0.00 0.00
Filinia longiseta 0.00 0.00 0.00 0.00 0.00
Gastropus 0.00 0.00 0.00 0.00 0.00
Hexarthra mira 0.00 0.00 0.42 0.00 0.00
Kellicottia bostoniensis 0.00 0.00 0.42 0.00 0.00
Keratella cochlearis 27.45 19.09 25.88 9.50 3.96
Lecane 0.00 0.00 0.00 0.00 1.70
Monostyla 0.00 0.00 0.00 0.00 2.26
Mpytilina ventralis 0.00 0.00 0.00 0.00 0.00
Notholca acuminata 0.00 0.00 0.00 0.00 0.00
Notholca 0.18 0.00 0.00 0.00 0.00
Platyias patulus 0.36 0.68 0.00 0.00 0.00
Platyias quadricornis 0.00 0.00 0.00 0.00 = 0.00
Polyarthra 48.18 58.09 15230 45.77 31.68
Rotatoria 0.00 0.00 0.00 0.00 0.00
Synchaeta 0.73 3.14 0.00 0.43 0.00
Testudinella 0.00 0.00 0.00 0.00 0.00
Trichocerca 1.09 123 467 1.30 4.53




APPENDIX 1. Continued.

October, 1986
STATION

TAXA 1 2 3 4 5
Phylum Arthropoda

Class Crustacea

Subclass Branchiopoda

Order Cladocera -
Alona monocantha 0.00 0.00 0.00 0.00 0.00
Bosmina longirostris 4.67 5.71 6.57 1.18 1.05
Camptocercus rectirostris 0.00 0.00 0.00 0.00 0.00
Ceriodaphnia quadrangula 0.85 5.71 6.06 3.55 0.53
Ceriodaphnia reticulatus 0.00 0.00 0.00 0.00 0.00
Chydorus sphaericus 0.00 0.00 0.00 0.00 0.00
Daphnia parvula 0.00 0.00 0.00  0.00 0.00
Daphnia rosea 0.00 0.00 0.00 0.00 0.00
Diaphanosoma brachyurum 0.00 0.18 0.00 0.00 0.53
Eubosmina longispina 0.00 0.00 0.00 0.00 0.00
Eurycercus lamellatus 0.00 0.00 0.00 0.00 0.00
Holopedium gibberum 0.00 0.18 0.25 0.00 0.00
Ilyocryptus spinifer 0.00 0.00 0.00 0.00 0.00
Kurzia latissima 0.00 0.00 0.00  0.00 0.00
Leptadora kindtii 0.00 0.00 0.00 0.00 0.00
Pleuroxus denticulatus 0.00 0.00 0.00 0.00 0.00
Pleuroxus procurvatus 0.00 0.00 0.00 0.00 0.00
Sida crystallina 0.00 0.00 0.00 0.00 0.00
Simocephalus expinosus 0.00 0.00 0.00 0.00 0.00
Subclass Copepoda

Order Eucopepoda :
Nauplii 11.45 6.07 3.54 26.39 40.97
Copepodids 7.64 0.36 1.26 2.76 0.00

Subarder Calanoida
Diaptomus siciloides 0.21 0.00 0.25 0.79 0.00
Eurytemora affinis 0.00 0.00 0.00 0.00 0.00

Suborder Cyclopoida
Cyclops vernalis 0.00 0.00 0.00 0.00 0.00
Diacyclops bicuspidatus thomasi 0.42 0.00 0.00 0.00 1.05
Macrocyclops albidis 0.00 0.00 0.00 0.00 2.10
Mesocyclops edax 0.00 0.00 0.51 0.39 0.00
Microcyclops varicans 2.12 3.21 3.54 3.55 158




APPENDIX 1. Continued.

October, 1986
STATION

TAXA 1 2 3 4 5

Order Arachnida
Water mites 0.00 0.00 0.00 0.00 0.00

Order Diptera
Chaoborus 0.00 0.00 0.00 0.00 0.00
Chironomids 0.00 0.00 0.00 0.00 0.53

Order Ostracoda
Ostracods 0.00 0.00 0.00 0.00 2.10
Phylum Protozoa
Ceratium hirundinella 21.64 16.77 8.33 0.39 1.05
Difflugia 0.00 0.00 0.00 0.00 0.00
Unknown peritrich 0.00 0.00 0.00 0.00 0.00
Phylum Rotatoria
Ascomorpha ovalis 127 214 0.00 0.00 0.00
Asplanchna 127 2.14 2.27 0.00 1.05
Brachionus angularis 0.00 0.00 0.25 0.00 0.00
Brachionus havanaensis 0.00 0.00 0.00 0.00 0.00
Brachionus quadridentatus 0.00 0.00 0.00 0.00 0.00
Collotheca mutabilis 0.00 0.00 0.00 0.00 0.00
Collurella 0.00 0.00 0.51 0.00 0.00
Conochiloides 0.00 0.71 ‘1.01 0.00 0.00
Conochilus 3.39 10.71 55.56 1.18 0.00
Euclanis 0.00 0.00 0.00 0.00 0.00
Filinia longiseta 0.00 0.00 0.00 0.00 0.00
Gastropus 0.00 0.00 0.00 0.00 0.00
Hexarthra mira 0.00 0.00 0.00 0.00 0.00
Kellicottia bostoniensis 0.85 0.00 0.25 0.39 0.00
Keratella cochlearis 110.30  106.00 64.14 8.27 0.00
Lecane 0.00 0.00 0.00 0.00 1.05
Monostyla 0.00 0.00 0.00 0.00 2.63
Mpytilina ventralis 0.00 0.00 0.00 0.00 0.00
Notholeca acuminata 0.00 0.00 0.00 0.00 0.00
Notholca 0.00 0.00 0.25 0.00 2.10
Platyias patulus 0.00 0.00 0.00 0.00 0.00
Platyias quadricornis -0.00 0.00 0.00 0.00 0.00
Polyarthra 35.00 116.71 63.64 10.24 4.73
Rotatoria 0.00 0.00 0.00 0.00 0.53
Synchaeta 594 0.00 101 0.39 0.00
Testudinella 0.00 0.00 0.25 0.00 0.53
Trichocerca 424 464 8.33 1.18 0.53
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APPENDIX 1. Continued.

November, 1986
STATION

TAXA 1 2 3 4 5
Phylum Arthropoda

Class Crustacea

Subclass Branchiopoda

Order Cladocera
Alona monocantha 0.00 0.00 0.00 0.00 0.00
Bosmina longirostris 1.09 0.82 25.53 0.38 0.00
Camptocercus rectirostris 0.00 0.00 0.00 0.38 0.00
Ceriodaphnia quadrangula 3.27 2.86 131 3.03 0.00
Ceriodaphnia reticulatus 0.00 0.00 0.00 0.00 0.00
Chydorus sphaericus 0.00 0.00 0.00 0.00 0.00
Daphnia parvula 0.00 0.00 0.00 0.00 0.00
Daphnia rosea 0.00 0.00 0.00 0.00 0.00
Diaphanosoma brachyurum 0.00 0.00 0.65 0.76 0.51
Eubosmina longispina 0.73 245 17.02 0.00 0.51
Eurycercus lamellatus 0.00 0.00 0.00 0.00 0.00
Holopedium gibberum 0.00 0.00 0.00 0.00 0.00
Ilyocryptus spinifer 0.00 0.00 0.00 0.00 0.51
Kurzia latissima 0.00 0.00 0.00 0.00 0.51
Leptadora kindtii 0.00 0.00 0.00 0.00 0.00
Pleuroxus denticulatus 0.00 0.00 0.00 0.00 0.51
Pleuroxus procurvatus 0.00 0.00 0.00 0.00 0.00
Sida crystallina 0.00 0.00 0.00 0.00 0.00
Simocephalus expinosus 0.00 0.00 0.00 0.00 0.00
Subclass Copepoda

Order Eucopepoda
Nauplii 2145 21.27 21.60 12.88 25.76
Copepodids 4.36 7.36 4.58 114 0.00

Subarder Calanoida
Diaptomus siciloides 0.00 0.00 131 1.52 0.51
Eurytemora affinis 145 0.41 0.00 0.38 0.00

Suborder Cyclopoida
Cyclops vernalis 0.00 0.00 0.00 0.00 0.00
Diacyclops bicuspidatus thomasi 0.36 0.41 0.00 0.38 0.00
Macrocyclops albidis 0.00 0.00 0.00 0.00 0.51
Mesocyclops edax 0.00 1.23 0.00 114 0.00
Microcyclops varicans 0.00 0.00 0.00 0.38 1.01

"‘—1
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APPENDIX 1. Continued.

November, 1986
STATION

TAXA 1 2 3 4 5

Order Arachnida
Water mites 0.00 0.00 0.00 0.38 0.00

Order Diptera
Chaoborus 0.00 0.00 0.00 0.00 0.00
Chironomids 0.00 0.00 0.33 0.38 0.00

Order Ostracoda
Ostracods 0.00 0.00 0.00 0.38 0.51
Phylum Protozoa
Ceratium hirundinella 25.45 80.18 51.71 6.82 5.05
Difflugia 0.00 0.00 0.00 0.00 0.00
Unknown peritrich 0.00 0.00 0.00 0.00 0.00
Phylum Rotatoria
Ascomorpha ovalis 0.00 0.00 0.65 0.00 0.00
Asplanchna 1.09 1.64 0.00 0.00 0.00
Brachionus angularis 0.00 0.00 0.00 0.00 0.00
Brachionus havanaensis 0.00 0.00 0.00 0.00 0.00
Brachionus quadridentatus 0.00 0.00 0.00 0.00 0.00
Collotheca mutabilis 0.00 0.00 0.00 0.00 0.00
Collurella 0.00 0.00 0.00 0.00 0.00
Conochiloides 0.00 0.00 0.00 0.00 0.00
Conochilus 0.00 1.23 0.65 0.00 0.00
Euclanis 0.00 0.00 0.00 0.00 0.00
Filinia longiseta 0.00 0.00 0.00 0.00 0.00
Gastropus 0.00 041 0.65 0.00 0.00
Hexarthra mira 0.00 0.00 0.00 0.00 0.00
Kellicottia bostoniensis 0.00 0.00 0.65 0.00 0.00
Keratella cochlearis 22.55 54.00 187.85 13.26 5.56
Lecane 0.00 0.00 0.00 0.00 0.00
Monostyla 0.00 0.00 0.65 0.00 152
Mytilina ventralis 0.00 0.00 0.00 0.00 0.51
Notholea acuminata 0.00 0.00 0.00 0.00 0.00
Notholca 0.00 0.00 0.00 0.00 0.00
Platyias patulus 0.00 0.00 0.00 0.00 1.01
Platyias quadricornis 0.00 0.00 0.00 0.00 0.51
Polyarthra 9.82 27.82 53.67 4.58 5.05
Rotatoria 0.00 0.00 0.00 0.00 0.00
Synchaeta 0.36 0.00 0.00 0.00 2.02
Testudinella 0.00 0.00 0.00 0.00 0.51
Trichocerca 0.00 0.00 0.00 0.00 0.51




APPENDIX 1. Continued.

December, 1986
STATION

TAXA 1 2 3 4 5
Phylum Arthropoda

Class Crustacea

Subclass Branchiopoda

Order Cladocera
Alona monocantha 0.00 0.00 0.00 0.00 0.00
Bosmina longirostris 475 3.39 131 0.85 0.00
Camptocercus rectirostris 0.00 0.00 0.00 0.42 0.00
Ceriodaphnia quadrangula 15.61 6.03 15.05 424 0.00
Ceriodaphnia reticulatus 0.00 0.00 0.00 0.00 0.00
Chydorus sphaericus 0.00 0.00 0.00 0.00 0.00
Daphnia parvula 0.00 0.00 0.00 0.00 0.00
Daphnia rosea 0.00 0.00 0.00 0.00 0.00
Diaphanosoma brachyurum 0.17 0.00 131 0.00 0.00
Eubosmina longispina 7.81 8.67 2.62 0.00 0.00
Eurycercus lamellatus 0.00 0.00 0.00 0.00 0.00
Holopedium gibberum 0.34 0.38 0.00 0.00 0.00
Ilyocryptus spinifer 0.00 0.00 0.00 0.00 0.00
Kurzia latissima 0.00 0.00 0.00  0.00 0.00
Leptadora kindtii 0.00 0.00 0.00 0.00 0.00
Pleuroxus denticulatus 0.00 0.00 0.00 0.00 0.56
Pleuroxus procurvatus 0.00 0.00 0.00 0.00 0.00
Sida crystallina 0.00 0.00 0.00 0.00 0.00
Simocephalus expinosus 0.00 0.00 0.00 0.00 0.00
Subclass Copepoda

Order Eucopepoda
Nauplii 13.92 15.08 42.55 32.67 6.11
Copepodids _ 5.09 7.16 12.44 6.36 111

Suborder Calanoida
Diaptomus siciloides 1.02 0.00 196 1.70 0.00
Eurytemora affinis 0.68 0.57 0.65 0.00 0.00

Suborder Cyclopoida
Cyclops vernalis 0.00 0.00 0.00 0.00 0.00
Diacyclops bicuspidatus thomasi 0.00 0.19 0.00 0.42 0.00
Macrocyclops albidis 0.00 0.00 0.00 0.00 0.00
Mesocyclops edax 0.68 0.38 0.65 0.42 0.00
Microcyclops varicans 0.00 0.00 0.33 127 _ 0.00
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APPENDIX I. Continued.
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December, 1986
STATION

TAXA 1 2 3 4 5

Order Arachnida
Water mites 0.00 0.00 0.00 0.00 0.00

Order Di
Chaoborus 0.00 0.00 0.00 0.00 0.00
Chironomids 0.00 0.00 0.00 0.00 0.00

Order Ostracoda
Ostracods 0.00 0.00 0.00 0.42 0.00
Phylum Protozoa
Ceratium hirundinella 3292 44,88 46.47 0.42 222
Difflugia 3.39 16.97 0.00 0.00 0.00
Unknown peritrich 0.00 0.00 0.00 0.00 0.00
Phylum Rotatoria
Ascomorpha ovalis 0.00 0.00 0.00 0.00 0.00
Asplanchna 170 0.19 0.00 127 0.00
Brachionus angularis 0.00 0.00 0.00 0.00 0.56
Brachionus havanaensis 0.00 0.00 0.00 0.00 0.00
Brachionus quadridentatus 0.00 0.00 0.00 0.00 0.00
Collotheca mutabilis 0.00 0.00 0.00 0.00 0.00
Collurella 0.00 0.00 0.00 0.00 0.00
Conochiloides 0.00 0.00 0.00 0.00 0.00
Conochilus 0.00 0.00 0.00 0.00 0.00
Euclanis 0.00 0.00 0.00 0.00 0.00
Filinia longiseta 000 . 0.00 0.00 0.00 0.00
Gastropus 0.00 0.00 196 0.00 0.00
Hexarthra mira 0.00 0.00 0.00 0.00 0.00
Kellicottia bostoniensis 1.70 0.00 0.00 0.00 0.00
Keratella cochlearis 53.62 5034 110.62 127 2.78
Lecane 0.00 0.00 0.00 0.00 0.00
Monostyla 0.00 0.00 0.00 0.00 167
Mpytilina ventralis 0.00 0.00 0.00 0.00 0.00
Notholca acuminata 0.00 0.00 0.00 0.00 0.00
Notholca 0.00 0.00 0.00 0.00 0.00
Platyias patulus 0.00 0.00 0.00 0.00 0.00
Platyias quadricornis 0.00 0.00 0.00 0.00 0.00
Polyarthra 65.84 44.50 4451 1.27 0.00
Rotatoria 0.00 0.00 0.00 0.00 0.00
Synchaeta 2.72 0.75 1.96 8.48 10.56
Testudinella 0.00 0.00 0.00 0.00 0.56
Trichocerca 0.00 0.38 0.00 0.00 0.00




APPENDIX 1. Continued.
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January, 1987
STATION

TAXA 1 2 3 5
Phylum Arthropoda

Class Crustacea

Subclass Branchiopoda

Order Cladocera
Alona monocantha 0.00 0.64 0.00 0.55
Bosmina longirostris 8.73 2.89 164 1.09
Camptocercus rectirostris 0.00 0.00 0.00 0.00
Ceriodaphnia quadrangula 145 2.89 191 1.09
Ceriodaphnia reticulatus 0.00 0.00 0.00 0.00
Chydorus sphaericus 0.00 0.00 0.00 0.55
Daphnia parvula 0.00 0.00 0.00 0.00
Daphnia rosea 0.00 0.00 0.00 0.00
Diaphanosoma brachyurum 0.00 0.32 0.00 0.55
Eubosmina longispina 5.45 3.53 0.55 1.09
Eurycercus lamellatus 0.00 0.00 0.00 0.55
Holopedium gibberum 0.36 0.96 0.00 0.00
Ilyocryptus spinifer 0.00 0.00 0.00 0.00
Kurzia latissima 0.00 0.00 0.00 0.00
Leptadora kindtii 0.00 0.00 0.00 0.00
Pleuroxus denticulatus 0.00 0.00 0.00 0.00
Pleuroxus procurvatus 0.00 0.00 0.00 0.00
Sida crystallina 0.00 0.00 0.00 0.00
Simocephalus expinosus 0.00 0.00 0.00 0.00
Subclass Copepoda

Order Eucopepoda
Nauplii 727 771 136 7.09
Copepodids 2.18 2.89 0.82 1.64

Suborder Calanoida
Diaptomus siciloides 182 0.32 109 0.55
Eurytemora affinis 0.00 0.00 0.00 0.00

Subarder Cyclopoida
Cyclops vernalis 0.00 0.00 0.00 0.00
Diacyclops bicuspidatus thomasi 2.18 2.57 0.00 1.64
Macrocyclops albidis 0.00 0.00 0.00 1.09
Mesocyclops edax 145 0.00 191 0.00
Microcyclops varicans - 0.00 0.00 0.00 0.00




APPENDIX 1. Continued.

January, 1987
STATION

TAXA 1 2 3 5

Order Arachnida
Water mites 0.00 0.00 0.00 0.00

Order Diptera
Chaoborus 0.00 0.00 0.00 0.00
Chironomids 0.00 0.00 0.00 0.00

Order Ostracoda
Ostracods 0.00 0.00 0.00 0.00
Phylum Protozoa
Ceratium hirundinella 2.18 2120 3491 56.73
Difflugia 44.73 46.58 1745 21.82
Unknown peritrich 0.00 0.00 0.00 0.00
Phylum Rotatoria
Ascomorpha ovalis 0.00 0.00 0.00 0.00
Asplanchna 0.00 0.00 0.00 0.00
Brachionus angularis 0.00 0.00 0.00 23.45
Brachionus havanaensis 0.00 0.00 0.00 0.00
Brachionus quadridentatus 0.00 0.00 0.00 0.00
Collotheca mutabilis 0.00 0.00 0.00 0.00
Collurella 0.00 0.00 0.00 0.00
Conochiloides 0.00 0.00 0.00 0.00
Conochilus 0.00 0.00 0.00 0.00
Euclanis 0.00 0.00 0.00 0.00
Filinia longiseta 0.00 0.00 0.00 0.00
Gastropus 0.00 0.00 0.00 0.00
Hexarthra mira 0.00 0.00 0.00 0.00
Kellicottia bostoniensis 0.18 0.32 0.00 0.55
Keratella cochlearis 96.73 93.47 45.82 20.18
Lecane 0.00 0.00 0.00 1.09
Monostyla 0.00 0.00 0.00 1.09
Mpytilina ventralis 0.00 0.00 0.00 0.00
Notholca acuminata 0.00 0.00 0.00 1.09
Notholca 0.00 0.00 0.27 0.00
Platyias patulus 0.00 0.00 0.00 0.00
Platyias quadricornis 0.00 0.00 0.00 0.00
Polyarthra 5.09 10.92 2.18 3.82
Rotatoria 0.00 0.00 0.00 0.00
Synchaeta 0.00 0.32 0.00 0.00
Testudinella. 0.00 0.00 0.00 0.00
Trichocerca 0.00 0.00 0.00 0.00




| 0'ELT 00 gv9e 8'g 181 60 (14 g
8°6GT 00 0093 ¥'9 V81 60 2 17
_ ¥'8€T 032 L'9G1 gL LLl 12 %9 £
_ g'ger (15472 011 8L LLT 8'1 QL Z
¥LET 009 (1341 ZL g'LT 81 %6 I 9861 LBy
L'L8T 098 < ¢4 g9 0'er 60 02 g
2191 099 z'0Z g8 6°CT Z1 [+ ¥
L'LEl 0'%g 002 8'8 9°€l 81 q'g £
L'321 0'Z8 011 98 0°€l g1 g6 2
L'gar 0'%S 01t g8 VLI 12 g0t T 9861 [Ldy
g 9pT 0SS SFI ¥'6 86 g0 A g
L3321 008 goT1 901 z01 91 ze ¥
8PIT 008 96 a0 £01 81 L'y g
LI 0'g 06 101 001 LT QL Z
SeIT 008 g6 ¥o1 66 91 g8 1 986T YoIB]y
s¥aal 0°0% g6 441 (58 4 80 4 S
0001 0ov g6 811 0°'S I'1 gy ¥
066 q'LE g6 121 99 £1 q'g g
2’86 g'LE g6 031 99 g1 08 4
QeIr 0'6¢ qor1 021 9'9 z1 g6 I 9861 Arenuqag
(oyuw) (77/8ur) (7/8u) (7/8w) (D) () (ur) NOILV.LS HINOW
‘puo) eV %00 uadhxQ ‘dura, 142098 qdeq
"L86T Axenuep

07 9861 \Em:.ﬁm,m woay porrad Apnjs ayy duump Pa303[[00 ejEp [BOTWAYI091sAYd menoE II XIANAddV

B S R s G b 2 &



£'962 0¥¥1 L4 €2 €02 (A 9c S

g091 0’69 0¥t 'L (A 12 ge 4

9'8sT 0’0 ¢TI €8 [ ¢4 81 gt €

BLST 029 0'ST 9y 8'61 81 (A8} (4

T'LST 009 ger (3 961 81T 98 I 9861 Loquixydag -

0'€g2 0¥%21 g0% 9T 612 (A ge S

8691 09¢ 0623 g9 G'ET (s Sy ¥

0191 02 0'6LT 9L . 8'€2 g1 (] g

1691 09¢ 0°622 6'G Le2 81 g8 (4

1981 00 9'ese g9 L€ 8T 9L I 9861 Isndny

SEVe 091t 0's2 02 9c% 60 €€ S

0¥81 0vs 021 09 1'Sg g1 S ¥

8°G91 00S ger g9 672 8T 0'¢ g

L191 0%9 081 (44 €722 8T g6 4

P'6ST 008 081 6'¢ 812 9T g0t I 9861 Amp

0502 00 G'0e1 ve 0%2 (! L'e S

9'6LT 00 066 9'9 0°Le [ (44 v

g'LST 00 0°€TI1 9L 992 12 (3 g

€281 00 0°SLT 8¢S 0've 'z g0t (4

0'TST 00 0'eSt 6'S o 44 Ve ¢6 I 9861 sunp
(oquuw) (1/3u) (1/3u) (1/3w) ) (w) (ur) NOILV.LS HLNOW

‘puo) L2 18% %00 uadixQ ‘dwa, 142098 ydaqg

‘penunjuoly “IT XIANAJdV



0°G6 0°0¢ 0'g ¥31 8L g1 S’z g

GZel g9z g0t 9pT 0L 81 ge v

Z6L 0'ce 0% ZEel 6L vz A £

g9L 00€ 07 831 '8 | &4 S'6 z

£e9 00g (1Y 921 gL 81 c'8 I L861 Atenuep

0'CT1 002 ce ¢'6 20 9'0 a4 g

L'90T 002 02 VIT G0 81 &8 12

08 00T 072 A Al '3 Sy £

v'68 081 07z A 2T 12 g8 g

L'06 002 073 031 L1 5 g6 I 9861 1oquiada(]

0211 09% <L 001 £7 60 ‘A4 g

Z011 009 Qe 831 0¢ £e q'e 12

0001 001 0e 021 (184 L'g 14 4 £

0001 001 ce P11 (184 T’ gL 4

L'96 g9z 0e 11 (1 2 12 g8 T 9861 JoquiaaoN

o5 7 0%9 geT £g V1T 60 A4 g

Q13T 002 00T £01 921 L'z ze 12

GBIT 0'82 g6 ¥e 44 81 qg g

L'231 02 06 8'6 FAl 81 g'g z

L2381 0322 06 66 L3231 g1 g9 I 9861 129010
(oquw) (7/3w) ("7/3u) (7/3w) (D) (u) (ux) NOILV.LS HLNOW

"Puop AL2 8% %00 uaddxQ "dwa, 14229g pdeq

‘penuniuo]) ‘I XIANAJIV




APPENDIX III. Diversity, evenness and richness values for each month
by station at Lake O' the Pines Reservoir, Texas.

February 1986
STATION NO. SPECIES
1 10
2 1
3 12
4 12
53 13
March 1986
STATION NO. SPECIES
1 12
2 12
3 13
4 12
5 2
April 1986
STATION NO. SPECIES
1 16
2 16
3 16
4 14
5 12
May 1986
STATION NO. SPECIES
1. 8
2 10
3 8
4 7
5 17

2.7175
2.352
2.705
3.133
2.393

2421
2.565
2484
1.975
3.763

DIVERSITY

2.160
1.388
1.217
2.916
2.468

2.948
3.278
2.948
2.725
3.628

EVENNESS

0.835
0.838
0.754
0.874
0.647

0.675
0.716
0.671
0.5651
0.781

0.540
0.347

0.766
0.688

0.983
0.987
0.983
0.971
0.888

RICHNESS

2.796
1.747
2.857
3.376
3.231

2.635
2.758
2.955
2.451
5.327

2.994
2.761
2.461
3.081
2.378

ICHN

3.186
3.753
3.186
2.731
4.399




~

APPENDIX III. Continued.

June 1986
STATION NO. SPECIES DIVERSITY
1 10 3.322
2 6 2585
3 4 1.922
4 6 2522
5 6 2.522
July 1986
STATION NQ. SPECIES DIVERSITY
1 10 2.698
2 13 2.927
3 10 2.893
4 14 2.722
5 14 3.003
August 1986
STATION NO, SPECIES DIVERSITY
1 5 2.322
2 3 1.585
3 7 2.624
4 10 2.111
5 5 1.857
September 1986
STATION NO. SPECIES DIVERSITY
1 18 2.950
2 % 3.064
3 18 2.092
4 16 3.023
5 14 2.719

1.000
1.000
0.961
0.976
0.976

0.812
0.791
0.871
0.715
0.789

1.000

0.935
0.635
0.800

0.707

0.502
0.756
0.714

3.909
2.791
1.864
2.569
2.569

2.393
2.981
2.646
2.619
3.456

2.485
1.820
2.339
2.042
1.477

3455
4.682
3.104

2911




APPENDIX III. Continued.

STATION NO, SPECIES
1 16
2 15
3 20
4 14
5 18
November 1986
STATION NO, SPECIES
1 12
2 14
3 %
4 17
5 20
December 1986
STATION NO, SPECIES
1 17
2 16
3 15
4 15
5 9
January 1987
STATION NO. SPECIES
1 14
2 16
3 12
4 _—
5 21

2.759
2461
2.268
3.329
3.261

2.876
2.926
2.609
2.754
2.657

-------

0.626
0.583
0.656

0.691

0.770

0.567
0.814
0.755

0.704
0.731
0.668
0.705
0.838

2.781
2471

5.761
3.891

2.394
2433
2.561
3.940
4.552

3.017
2.810

3.295
2.330

2.483
2.821
2.314

3.941




