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Abstract

Food habits of gizzard shad, threadfin shad, and blue tilapia
were studied in summer and winter, 1975. Stomach contents of
all three species consisted predominantly of organic detritus, followed
by green algae, blue-greens, and diatoms. Planktonic foods correlated
closely with the composition of the plankton. Although food habits
differed between season, they were closely correlated among species
within season. Similarity among food habits of the three species

creates the potential for competition for food among the three planktivores.



Introduction

Active introduction of exotic fishes has been considered in recent
years for vegetation control, recreation, and food. However, intro-
duction of exotics presents the possibility of undesirable effects
through interactions with native fishes. Competition for food is one
such interaction which might be expected. Recent development of power
plant cooling lakes, as well as the emphasis on utilization of Tilapia
species in aquaculture,has provided the impetus for tilapia to be intro-
duced and become established in the United States. The blue tilapia,

Tilapia aurea, recently introduced into waters in Florida and Texas,

utilize planktonic food resources,and overlap in food habits with native
planktivorous species could occur.

The blue tilapia, a subtropical fish native to Africa and Asia, can-
not withstand prolonged water temperatures below 12 C. Heated waters
allow these fish to overwinter in Texas and established populations exist
in several reservoirs. Blue tilapia grow and reproduce rapidly. They
serve as important forage when small, but may grow to more than 2 kg and
can be considered a valuable food fish. Possibilities of using young
tilapia as forage and harvesting adult tilapia for food in heated waters
are presently being considered. Such a management plan would utilize
energy that is presently lost in thermally enriched waters of power
plant cooling lakes.

Threadfin shad, Dorosoma petenense, and gizzard shad, Dorosoma

cepedianum, are the two most abundant planktivores in southern impound-
ments. Together threadfin shad and gizzard shad comprise approximately

507 of the biomass in these waters. Shad are sufficiently vulnerable



to be utilized as forage; yet they are prolific¢ enough to maintain their
populations under heavy predation. Planktonic organisms filtered from
the water serve as food for these small clupeid fishes. Feeding near
the base of the food web, they form an important link between the pri-
mary producers and piscivorous game fishes.

Ecological associations among fishes are often dominated by feeding
interactions. Due to similar feeding habits, competition for food may
occur among threadfin shad, gizzard shad and blue tilapia. Studies
which deal with feeding interactions of blue tilapia and native fishes
can provide information necessary for sound management divisions.

In Trinidad Lake, Texas, seine and gillnet samples from 1972
though 1974 indicated threadfin shad, gizzard shad and blue tilapia were
among the most abundant species. This 305 ha impoundment, located in
Henderson County, serves as a source of cooling water for a Texas Power
and Light Company fossil fuel electric generating plant. Water heated
by the cooling and condensing of steam which drives the generator tur-
bines is returned to the lake. Temperatures in the lake sometimes
exceed 35 C in the summer but rarely go below 13 C in the winter. The
50-year-old lake averages less than 3 m deep and is eutrophic. Twenty-
two species of fish have been found in Trinidad Lake, but the only abun-
dant planktivores are threadfin shad, gizzard shad, and blue tilapia.

The objective of this study was to determine whether threadfin shad,
gizzard shad, and blue tilapia utilize the same food resources in
Trinidad Lake. Food items in the diet were identified to recognizable
taxa and relative contribution of these taxa to the diet were compared

among the three fish species.



Literature Review

Planktonic feeding has been documented for threadfin shad, gizzard
shad, and tilapia. The herring-like gizzard and threadfin shads use long,
fine, closely-set gill rakers to strain microorganisms from the water.
Pharyngeal organs aid in concentration and swallowing of filtered organ-
isms (Miller, 1964). 1In contrast, blue tilapia are equipped principally
as grazers but have developed the ability to graze plankton off the sur-
face film. Some species of tilapia have also been reported to hold their
short widely spaced gill rakers close together so that a mesh of micro-
branchiospines on the gill arches strains plankton (Fryer and Iles,
1972). Although shad and tilapia employ different feeding mechanisms,
they appear to utilize similar food resources. However, feeding habits
differ with environment and results of studies on a given species in
different locations have varied widely.

Some studies have indicated that animal matter is the principal food
of threadfin shad. Kimsey et al. (1957) reported that the majority of
the food of threadfin shad from Lake Havasu, an impoundment on the
California-Arizona border, was microcrustaceans. They also found that
algae was a major part of the diet. Kimsey (1958) determined that the
principal foods of threadfin shad from the Salton Sea consisted of eggs

and fry of the gulf croaker (Bairdiella icistius), microcrusteacea, and

phytoplankton, in that order.

In other studies, however, plant material has been the primary com-
ponent. Haskell (1959) reported that diatoms, unicellular green algae,
rotifers and crustaceans were the principal constituents of the diets
of the threadfin shad he examined from Arizona. He maintained that shad

feed both pelagically and off the bottom by filtering water through their



numerous gill rakers. Miller (1969) reported that threadfin shad from
Lake Chicot, Arkansas, appeared to feed on any available organisms of
suitable size. Organisms eaten represented more than 60 genera. Animal
and plant foods were present in approximately equal amounts; protozoans
and invertebrate eggs comprised most of the animal food, and green algae
(Chlorophyta) most of the plant food. Significant correlations between
ingested organisms and the plankton indicated a lack of food selectivity.
He also reported that there were no qualitative differences between foods
eaten by young-of-the-year and yearling shad. Baker and Schimitz (1971)
suggest that organic detritus may represent a significant portion of the
diet of threadfin shad in two Arkansas reservoirs.

Gizzard shad have been reported to ingest a wide variety of plant
and animal material. Food habits appear to change with locality and size
of shad examined. Most studies indicate gizzard shad ingest large quan-
tities of mud and organic debris. Dalquest (1966) reported that 80 to
90% of the material eaten by gizzard shad in Lake Diversion, Texas, is
without food value. He reported that diatoms were the most important
food item followed by copepods, ostracods, cladocerans, protozoans and
other algae. Tiffany (1921) noted large quantities of mud in gizzard
shad digestive tracts. His studies indicate that the gizzard shad is
almost entirely vegetarian, except for a short period of time after
hatching. Warner (1940) emphasized this exception and stated that the
food of larval and postlarval gizzard shad consists entirely of small
animal plankton (cladocerans, copepods, and a few ostracods). Dalquest
(1966) notes that while shad feed on planktonic animals only as fry in
northern lakes, in southern lakes relatively large gizzard shad may

feed exclusively on copepods and cladocerans. Evers and Boesel (1936)



reported that 857 of the contents of digestive tracts of gizzard shad

in Buckeye Lake, Ohio, consisted of algae and debris while 157 consisted
of cladocerans. Reid (1949) found the contents of the digestive tracts '
of gizzard shad from Orange Lake, Florida, to consist almost entirely of
ostracods, copepods, and cladocerans with phytoplankton consumed in
lesser quantity. Rice (1942) found crustaceans to be the principal food
while insect larvae and diatoms were minor foods of gizzard shad in
Reelfoot Lake, Tennessee. Bodola (1965) found that gizzard shad in Lake
Erie captured in open waters contained mostly free-floating phytoplankton,
while those captured among littoral vegetation contained cladocerans,
copepods, rotifers and small aquatic insect larvae, and those collected
in very turbid waters were filled with mud. He was of the opinion that
gizzard shad occasionally ingest small quantities of sand to aid in
mastication of food. Berry (1955) reported food items of gizzard shad
from a Florida lake consisted mostly of debris with small amounts of
crustaceans and algae. Jester and Jensen (1972) found unidentified
organic residue, phytoplankton, cladocerans and copepods to be the most
important foods of gizzard shad in Elephant Butte Lake, New Mexico. They
suggested that predominance of plant or animal material in the diet of
gizzard shad is controlled by availability.

Velasquez (1939) cultured phytoplankton that had passed through the
digestive tract of gizzard shad and found that some were still viable.
Questions remain concerning the food habits of gizzard shad and results
of studies involving different size fish and different localities do not
always agree.

Blue tilapia are probably best described as broadly omnivorous.

Vaas and Hofstede (1952) reported tilapia to be primarily a vegetation



feeder. Chen (1953) reported that tilapia feed on plankton, algae,
decomposing vegetable matter, rice bran, soybean meal, chopped meat and
fish, but reject live food. Hofstede (1952) stated that young tilapia
feed almost entirely on diatoms, unicellular algae, and small crusta-
ceans, with larger fish consuming decaying plants, and filamentous

and unicellular algae. Hickling (1963) reported that most tilapia
species feed by browsing on tiny algae and plankton. Fryer and Iles
(1972) noted the diverse feeding habits found in tilapia species in the
great lakes of Africa. Deposit feeding has been observed in some tilapia
equipped for planktonic feeding when phytoplankton of the lake is domi-
nated by unicellular greens and blue green algae. Because of recent
revisions in classification of tilapia species, specific food habits of
the tilapia cannot be elucidated from the existing literature.

Ability to utilize unicellular green algae and bluegreens hinges
upon an ability to break down their cellulose walls. While the enzyme
cellulase is not known to be produced by any fish, cellulase activity
associated with digestive tract bacteria has been reported in fishes.
Stickney (1975) determined cellulase activity on several species of fish
from Trinidad Lake. Negative cellulase activity was reported for blue
tilapia. Gizzard shad and threadfin shad showed both positive and
negative cellulase activity. Possible mechanical means have been
reported for damaging algal cell walls thus making contents available.
The muscular stomachs of shad contain sand which could abrade algal cell
walls. Tilapia also have pharyngeal bones which may damage algal cell
walls.

In summary, food habits reported for these three fishes vary among

habitats and the question of utilization of many of the food items found



in their stomachs is presently unresolved. No studies comparing food

habits of sympatric species were found.

Materials and Methods

Plankton samples were collected from the intake canal at Trinidad
Lake during the months of November and December, 1975. Each month one
20-ml1 sample was filtered from 600 milliliters and preserved in 5%
ethyl alcohol. Subsamples were examined using a compound microscope at
10 to 44X. Plankterswere identified to recognizable taxa based on
Prescott (1964) and Pennak (1953).

Three collections, consisting of 106 fish, were made at Trinidad
Lake during July, November, and December, 1975. Immediately after cap-
ture by seining and electrofishing, specimens were preserved in 107
formalin. Sample size included 5 to 32 fish of each species. Contents
of each stomach were flushed into a Sedgewick-Rafter cell and examined
using a compound microscope at 10 to 44X. Occurrences of empty stomachs
were noted. Entire stomach contents were examined at 10X while subsam-
ples were examined using 44X. Food organisms from stomachs were identi-
fied to recognizable taxa. Identification of phytoplankters was based
on Prescott (1964), invertebrates on Pennak (1953).

Due to the difficulty in making quantitative comparisons among num-
bers of individuals, numbers of colonies, organisms of different sizes,
and animal parts, an index of importance was developed. This index of
importance was based upon relative volumes of various food items esti-
mated by observation. Values of 0, 1 and 2 were assigned to each food
item, with O indicating absence, 1 indicating presence in small amounts,

and 2 indicating that the taxon was a major food item. Ten to 15 food



items were usually of markedly greater volumes than all others, and were
considered major food items. An index of importance was assigned to
each identifiable taxon occurring in each of the stomach examined. For
each sampling period frequency of occurrence and an average index of
importance were calculated for each food type, based on only those fish
containing food.

Average indices of importance were assigned to over 80 identifiable
taxa of food items (Appendix Table 1). Of these, 35 occurred frequently
and were used as the basis for comparison of food habits among species.
Because of the similarities of occurrence of these 35 principal food
organisms within species, data from November and December were combined
for analysis.

The 0.05 probability level was accepted as significant for all

statistical tests.



Results

Plankton Samples

Plankton samples examined during November and December, 1975, indica-
ted that the plankton of Trinidad Lake was dominated by unicellular green
algae and blue-greens, with diatoms the third most important component.
Microzooplankton including protozoans and smaller rotifers were occa-
sionally identified in the plankton samples (Table 1). Macrozooplankton
(cladocerans, copepods, ostracods, etc.) were not found in the plankton
samples. No plankton samples were taken during summer months for compar-
ison.

Occurrence of Empty Stomachs

No empty stomachs were found in any of the fish examined in July.
In November empty stomachs occurred in 277% of the blue tilapia and 207% of
the gizzard shad (Table 2). All threadfin shad examined during November
contained food. In December empty stomachs occurred in 63% of the blue
tilapia, 53% of the gizzard shad, and 757% of the threadfin shad. During
the December sampling period the power plant was not in operation and
temperatures in the lake were lower than usual. Blue tilapia were
stressed during this time and threadfin shad which are subject to winter-
kill may also have been affected by the lowered temperatures.
Food Habits

Organic detritus was the primary constituent of the diets of thread-
fin shad, gizzard shad, and blue tilapia in Trinidad Lake, but it was
difficult to determine its importance by the methods used in this study.
An index of importance of 2 assigned to detritus probably underestimates
its contribution to the diets of these three species of fish, since it

far exceeded in volume all other food items. Of the remaining
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Table 1. Components of the Plankton in Trinidad Lake, November-December,
1975. (Designation of 1 indicates present but uncommon;
2 indicates abundant).

Taxon November December

Blue-green Algae

Anabaena 1 1
Anabaenopsis 1 1
Gloeocapsa 1 1
Merismopedia 2 2
Nostoc 2 2
Oscillatoria 2 2
Spirulina 1 2
Colonial 2 2
Diatoms
Cyclotella 2 2
Cymbella 1 1
Melosira 1 1
Navicula 1 1
Synedra 1 1
Unident. Diatom 1 1
Green Algae
Ankistrodesmus 2 1
Arthrodesmus 2 2
Closteriopsis 2 2
Cosmarium 2 2
Crucigenia 2 1
Golenkinia 2 2
Kirchnella 1 1
Oscystis 1 1
Pediastrum 1 1
Planktosphaeria 1 1
Scenedesmus 2 2
Tetraedron 2 2
Tetrastrum 2 2
Round green 2 2
Oval green 2 2
Protozoans
Chlamydomonas 1 1
Chrysidiastrum 1
Difflugia 1
Euglena 1

Rotifer 1 1




11

%9 L 1T €S 8 GT YA %C 4 d9quavda(

Le e IT 0¢ T S 0 0 L 12qu3AON

0 0 L 0 0 0T 0 0 8 A1nr

~ K3duwe K3dws pouTWEXd K3dus K3dus poUTWEX? A3duo K3dws poUTWEX?D Y3 uoj
% "ON "ON % *ON "ON yA ‘ON *ON
erderr] onig PeYS paeZZ1H PEBYS Uurjpesiyl
"GL6T ‘sexa] ‘ojeT PEPIUTI] WOlJ
soysTJ snoaoarijqueld 931yl ur syoewols A3dwd JO SIOUSIANDOO PUB PIUTWEX3 SYDBWOIS JO SadqunN "7 ST]eL



12

constituents of the diets of threadfin shad, gizzard shad and blue til-
apia, green algae (Chlorophyta), blue-greens (Cyanophyta) and diatoms
(Chrysophyta) predominated (Table 3). Zooplankton identified included
Protozoa, Rotifera, Ostracoda, Cladocera, Copepoda and Hydracarina.
Diptera larvae (chironomids and tendipedids) were rarely found in gizzard
shad and threadfin shad stomachs. Occasionally all three fish species
included nematodes and bryozoans in their diets.

Food habits of all three species changed markedly from summer to
winter. Spearman's rank correlation coefficients (Snedecor, 1956)
for the indices of importance of all 35 principal food items were low
and non-significant for each species between seasons (Figure 1, diagonal
values). Individual correlations are shown in Appendix Figures 1 - 6.

In contrast, diets were more similar among the three species during
each sampling period. When average indices of importance for the 35 major
food items were compared among the three fish species, Spearman's rank
correlation coefficients indicated a significant correlation in food
habits among all three species during the winter (Figure 1, lower left).
Comparison of the 35 major food items from the summer sample resulted in
significant correlation coefficients for threadfin shad vs. gizzard shad
and gizzard shad vs. blue tilapia, while food habits of threadfin shad
and blue tilapia did not appear to be closely correlated (Figure 1, upper
right). Winter correlation coefficients for gizzard shad vs. blue tilapia
and threadfin shad vs. blue tilapia were higher than summer correlation
coefficients for these pairs. Overlap in food habits of blue tilapia and
native shad species may increase in winter when planktonic food resources
are reduced. At the same time overlap in food habits of threadfin shad

and gizzard shad was less in winter than in summer indicating behavioral
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and ecological differences which may help these sympatric species avoid
competition.

While the general trend was toward constancy of food habits among
the three species some differences were noted. These differences were
analyzed by comparing frequencies of occurrence and average indices of

importance among species for major food categories (Appendix Tables 1-5).

Organic Detritus

Organic detritus was present in all fish stomachs examined. No
quantitative method was developed to describe its presence. The average
index of importance of 2 underestimates its importance in comparison to
other material present. Organic detritus was estimated by volume to
exceed all other food categories in all three fish species.

Green Algae

Thirty genera of Chlorophyta were identified in the fish stomachs
examined. Twenty-nine of these genera were present in blue tilapia
stomachs and gizzard shad stomachs, while 25 genera were found in thread-
fin shad stomachs. Fifteen of these taxa had frequencies of occurrence
greater than 25% and indices of importance greater than 0.50 during at
least one of the sampling periods. These 15 taxa occurred in all three
fish species but frequencies of occurrence and average indices of impor-
tance varied with fish species as well as from summer to winter samples
(Fig. 2). Green algae appeared to be more important in all three fish
species in winter than in summer (Fig. 2, 3, and 4).

Of the green algae, desmids and unicellular forms had highest
frequencies of occurrence and highest average indices of importance in
the three fish species.

In blue tilapia examined during summer, two genera of desmids
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Figure 2. Mean indices of importance for thirteen green algae common in
.stomachs of threadfin shad from Trinidad Lake, summer and winter 1975.




18

GIZZARD SHAD

round green
oval green

Ankistrodesmus

Arthrodesmus

Gloeotaenium
Scenedesmus

Tetraedron

Cosmarium
Qocystis

SUMMER

\ WINTER

Figure 3. Mean indices of importance for thirteen green algae common in
stomachs of gizzard shad from Trinidad Lake, summer and winter 1975.
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Figure 4. Mean indices of importance for thirteen green algae common
in stomachs of blue tilapia from Trinidad Lake, summer and winter, 1975.
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Pediastrum and Scenedesmus had 1007 frequencies of occurrence. Average
indices of importance were 1.86 for Scenedesmus and 1.80 for Pediastrum.
Seven other taxa of desmids and unicellular forms had frequencies of

occurrence ranging from 287 to 71%. Five genera of desmids (Arthrodesmus

Cosmarium, Pediastrum, Scenedesmus, and Tetraedron) and two unicellular

forms occurred with a frequency of at least 75% in blue tilapia during the
winter. Average indices of importance for these seven food items ranged
from 0.83 to 2.00. Two other desmids and one unicellular form occurred
with frequencies ranging from 257 to 507%.

In threadfin shad during summer three genera of desmids (Cosmarium,

Pediastrum and Scenedesmus) and two unicellular forms had frequencies of

occurrence greater than 757 and average indices of importance ranging
from 1.25 to 1.75. During the winter two of the desmids, Pediastrum and
Scenedesmus, and two unicellular forms had frequencies of greater than
75% and average indices of importance ranging from 1.20 to 1.73. In
addition five taxa of desmids and one unicellular form had frequencies of
occurrence ranging from 337 to 73% and average indices of importance rang-
ing from 0.40 to 1.13.

In gizzard shad during summer three genera of desmids (Cosmarium,

Pediastrum and Scenedesmus) and two unicellular forms had 1007% frequencies

of occurrence and average indices of importance ranging from 1.50 to 2.00.
Three other genera of desmids had frequencies of occurrence ranging from
30% to 70% and average indices of importance ranging from 0.30 to 1.30.
During the winter two of the desmids, Pediastrum and Scenedesmus, had

100% frequencies of occurrence and average indices of importance of 1.81

and 1.72, respectively. Another desmid, Arthrodesmus had a frequency of

occurrence of 82% and an average index of importance of 1.27. Three
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unicellular forms had frequencies of occurrence of 637 to 817 and average
indices of importance of 1.00 and 1.54. Four other desmids had frequen-
cies of occurrence ranging from 277% to 457% and average indices of impor-
tance ranging from 0.27 to 0.54.

Several genera of colonial forms of green algae were identified in

the stomachs of all three fish species. Three of these, Dictyosphaerium,

Gloeotaenium and Oscystis, occurred with frequencies of at least 257 in all

three fish species. Indices of importance varied with season and fish
species. Filamentous forms of green algae made small contributions to
the diets of all three fish species. Blue tilapia and threadfin shad
stomachs contained more filamentous green algae in December than in July
or November. Gizzard shad stomachs contained filamentous algae in July
only.

Five genera of filamentous algae (Cladophora, Rhizoclonium,

Oedogonium, Stigeoclonium, and Ulothrix) were found in blue tilapia

stomachs during December. Frequencies of occurrence ranged from 25 to
50%, while average indices of importance ranged from 0.25 to 1.00. Three

of these forms were present in July. Oedogonium, Stigeoclonium, and

Ulothrix had frequencies of occurrence ranging from 14 to 437 and average
indices of importance of 0.14 to 0.71.

Four genera of filamentous algae (Oedogonium, Spirogyra, Stigeoclonium

and Ulothrix) were identified in threadfin shad stomachs. Three of these
genera occurred during December samples while one was found in July sam-
ples. Frequencies of occurrence never exceeded 127 and average indices
of importance never exceeded 0.12.

Three genera of filamentous forms (Oedogonium, Spirogyra, and

Stigeoclonium) were found in gizzard shad during July. Frequencies of
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occurrence ranged from 10 to 50% and average indices of importance from
0.10 to 0.50. No filamentous forms were found in gizzard shad during
November or December.

Blue-Green Algae

Sixteen genera of blue-greens were identified in the fish stomachs
examined. Eight of these occurred frequently enough to be considered
major food items (Fig. 5,6,7).

In blue tilapia, during the summer, four genera of blue-greens

(Anabaena, Merismopedia, Oscillatoria, and Spirulina) had frequencies of

occurrence ranging from 71 to 100% and average indices of importance of

1.14 to 1.86. During the winter sampling period Merismopedia had a fre-

qurency of occurrence of 100% and an average index of importance of 1.75
while an unidentified colonial form had an 837 frequency of occurrence and

an index of importance of 1.33. Anabaenopsis, a filamentous blue-green,

had a frequency of occurrence of 667 and an average index of importance
of 0.83.
In threadfin shad, during summer four blue-greens (Anabaena,

Merismopedia, Oscillatoria and an unidentified colonial form) had fre-

quencies of occurrence ranging from 62 to 887 and average indices of
importance ranging from 1.12 to 1.62. 1In threadfin shad during winter

only Merismopedia and the unidentified colonial form remained important.

Merismopedia had a frequency of occurrence of 807 and an average index of

importance of 1.40.
In gizzard shad during summer five blue-greens (Gloeocapsa,

Merismopedia, Oscillatoria and Spirulina and unidentified colonial form)

had frequencies of occurrence ranging from 70 to 1007 and average indices

of importance ranging from 0.70 to 1.90. During winter only two of these,
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Figure 6. Mean indices of importance for eight blue-green algae common
in stomachs of gizzard shad from Trinidad Lake, summer and winter, 1975.
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Gloeocapsa and Merismopedia remained important; Gloeocapsa had a 727 fre-

quency of occurrence and an average index of importance of 1.27 while

Merismopedia had an 817 frequency of occurrence and an average index of

importance of 1.09. For a given sampling period there appeared to be no
differences in consumption of blue-greens among the three species (Fig. 5,
6, and 7). Blue-greens were more important in the diets of all three
fish species in summer than in winter (Fig. 5, 6, and 7).
Diatoms

Thirteen genera of diatoms were identified in the stomachs examined.
Positive identification was difficult, and only the most common and pro-
minent were assigned taxa. Four of these occurred frequently enough to
be considered major food items (Fig. 8).

In summer Navicula had 100% frequency of occurrence in blue tilapia
and an average index of importance of 1.6. Other forms occurred in less
than 157 of the blue tilapia stomachs examined during summer. During

winter four genera of diatoms (Cyclotella, Cymbella, Navicula, and

Synedra) had frequencies of occurrence ranging from 50 to 667% and indices
of importance ranging from 0.50 to 1.00.

Threadfin shad appeared to utilize fewer diatoms than blue tilapia
or gizzard shad (Fig. 8). During summer three genera of diatoms (Cymbella,

Navicula and Synedra) had frequencies of occurrence ranging from 25 to

38% and average indices of importance of 0.25 to 0.50. During winter four

genera of diatoms (Cyclotella, Cymbella, Navicula and Synedra) had fre-

quencies of occurrence ranging from 13 to 46% and average indices of
importance of 0.13 to 0.60.
In gizzard shad, during summer, three genera of diatoms (Cyclotella,

Cymbella and Navicula) had frequencies of occurrence of 50 to 1007 and

average indices of importance of 0.50 to 1.40. In winter three genera



27

9yl UT UOoWWOD SWOIBTIP INOJ I0J 2douejiodul JO SaOTPUT UBSIY

dILINIM

*G/6T I°IUTM puUB I2WUNS ‘d)e] PEPIUTI]
wolj peYs urjpeaiyl pue ‘peys paezzi3 ‘eTdB]I3 9nJq Jo SYOBWOIS

JILNIM

JIWWNS

D|N>TAD

AV HS NIJdAV3i¥HL

JIWWNS

AvHS Q¥VZZIio

*g 2an3Tg

d3ILINIM

dJIWWNS

]

[+ J]

vdviil inig




28

(Cyclotella, Navicula, and Synedra) had frequencies of occurrence ranging

from 27 to 817 and average indices of importance of 0.27 to 1.27.

Of the food categories considered, diatoms showed the greatest dif-
ferences in utilization among the three fish species (Fig. 8). Threadfin
shad stomachs examined during December rarely contained diatoms. In all
samples examined threadfin shad contained relatively fewer diatoms than
gizzard shad or blue tilapia. When partially evacuated stomachs of all
three species were examined diatoms were rarely found. Diatoms may be
digested quickly and their presence in the stomach could be related to the
interval between food consumption and collection of the fish.

Protozoans

Eleven genera of protozoans were identified in fish stomachs examined.
Frequency of occurrence of these 11 genera varied with fish species and
sampling period (Table 3). The importance of protozoans may have been
underestimated due to an inability to distinguish them from other unicell-
ular forms.

Rotifers

Rotifers were identified in the stomachs of all three fish species
during both summer and winter sampling periods. Rotifers occurred most
frequently in blue tilapia, and least frequently in gizzard shad.

During summer rotifers occurred in 717 of the blue tilapia stomachs
examined with an average index of importance of 1.00. During winter rot-
ifers occurred in 50% of the blue tilapia stomachs with an average index
of importance of 0.58.

In threadfin shad, during summer, rotifers occurred in 12% of the
stomachs examined with an average index of importance of 0.12. During
winter rotifers occurred in 50% of the threadfin shad stomachs with an

average index ofimportance of 0.53.
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In gizzard shad, during summer, rotifers occurred in 20% of the
stomachs examined with an index of importance of 0.20. During winter
rotifers occurred in 97 of the gizzard shad stomachs with an average

index of importance of 0.09.

Copepods

Copepods were identified from blue tilapia and threadfin shad
stomachs. Copepods occurred in 28% of the blue tilapia stomachs exam-
ined in summer with an average index of importance of 0.28. In winter
copepods occurred in 8% of the blue tilapia stomachs with an average
index of importance of 0.08.

Copepods were not found in threadfin shad stomachs during summer.
In winter copepods occurred in 137 of the threadfin shad stomachs examined
with! an average index of importance of 0.13.

Cladocerans

Cladocerans occurred in all three species, but most frequently in
blue tilapia. During summer cladocerans occurred in 14% of the blue
tilapia stomachs examined with an average index of importance of 0.14.
During winter cladocerans occurred in 257 of the blue tilapia stomachs
examined with an average index of importance of 0.33.

Cladocerans were not found in threadfin shad stomachs during summer.
In winter cladocerans occurred in 6% of the stomach examined with an
average index of importance of 0.06.

Cladocerans were not found in gizzard shad stomachs examined during
summer. In winter cladocerans occurred in 9% of the gizzard shad stomachs
examined with an average index of importance of 0.09.

Ostracods
Ostracods were identified from the stomachs of all three species.

They occurred in fish stomachs more frequently in winter. During summer

ry
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ostracods occurred in 147 of the blue tilapia stomachs examined with an
average index of importance of 0.14. During winter ostracods occurred in
25% of the blue tilapia stomachs with an average index of importance of
0.25.

Ostracods were not found in threadfin shad stomachs during summer,
but in winter occurred in 73% of the threadfin shad stomachs examined with
an average index of importance of 1.20. During summer ostracods occurred
in 10% of the gizzard shad stomachs examined, with an average index of
importance of 0.10. During winter ostracods occurred in 187 of the
gizzard shad stomachs examined with an average index of importance of
0.18.

Hydracarina

A single specimen of Hydracarina was found in a blue tilapia stomach.
Nematodes

Nematodes occurred in stomachs of all three fish species, but never
had average indices of importance greater than their frequencies of occur-
rence. In summer nematodes occurred in 717% of the blue tilapia stomachs
and 107 of the gizzard shad stomachs but were never found in threadfin
shad stomachs. In winter nematodes occurred in 127 of the blue tilapia
stomachs, 277 of the gizzard shad stomachs, and 6% of the threadfin shad
stomachs. These nematodes were assumed to be free living. They may
have been associated with plant materials and ingested accidently.

Diptera Larvae

Diptera larvae were occasionally found in gizzard shad and threadfin
shad stomachs, but were not found in blue tilapia. Chironomids occurred
in 9% of the gizzard shad stomachs examined during winter. Chironomids

and tendipedids occurred in 137 of the threadfin shad stomachs examined

during winter.
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Bryozoans

Bryozoan statoblasts were identified in stomachs of all three fish
species. These free-floating asexual reproductive stages of freshwater
bryozoans are easily recognized. Statoblasts were identified as the
genus Plumatella. Animal material believed to be bryozoan tissue was
also found, but it was broken apart to such an extent that positive
identification was impossible.

In blue tilapia during summer bryozoans occurred in 437 of the
stomachs examined with an average index of  importance of 0.71. During
winter bryozoans occurred in 337% of the blue tilapia stomachs with an
average index of importance of 0.63.

Bryozoans occurred in 25% of the threadfin shad stomachs examined
during summer with an average index of importance of 0.25. During winter
bryozoans occurred in 537 of the threadfin shad stomachs examined with an
average index of importance of 0.80.

Bryozoans occurred in 20% of the gizzard shad stomachs examined dur-
ing summer with an average index of importance of 0.20. During winter
bryozoans occurred in 277% of the gizzard shad stomachs examined with an
index of importance of 0.45.

Sand

Sand grains were present in all threadfin shad and gizzard shad
stomachs examined. Sand grains were occassionally found in blue tilapia

stomachs.

Discussion

Threadfin shad, gizzard shad, and blue tilapia utilize many of the

same food resources in Trinidad Lake. Detritus and organisms of
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planktonic origin made up most of the material found in the stomachs of
all three fish species.

Findings in this study agree with those of Vaas and Hofstede (1952)
which indicated that young tilapia feed on diatoms, unicellular algae and
small crustaceans. However in this study blue-greens also made up an
important portion of the stomach contents of blue tilapia. Bits of plant
material which were classified as detritus was estimated to make up at
least 507 of the material in blue tilapia stomachs. This is in agreement
with the findings of Fryer and Iles (1972) who reported that some tilapia
equipped for planktonic feeding may utilize deposit feeding when the
plankton of the lake is dominated by unicellular greens and blue-greens.
In spite of their short gill rakers blue tilapia stomachs examined con-
tained many small planktonic organisms as frequently as the stomachs of
shad did. Small unicellular greens however were found more frequently
in threadfin shad and gizzard shad than in tilapia. Blue tilapia appeared
to select zooplankton more frequently than either shad species.

Filamentous algae, though it did not comprise an important part of
the diet, was found more frequently in blue tilapia than in either shad.
Bryozoan statoblasts also appeared to be selected.

Threadfin shad consumed both plant and animal material. Plant
material was planktonic in origin and consisted mainly of green algae and
blue-greens and some diatoms, small unicellular greens occurred more fre-
quently and in larger amounts in threadfin shad stomachs than in blue
tilapia stomachs and in slightly greater amounts than were found in giz-
zard shad. Threadfin shad appear to be able to concentrate these small
unicellular greens efficiently. Animal material found in threadfin shad

stomachs consisted of protozoans, bryozoan statoblasts, ostracods and
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rotifers. Threadfin shad appeared to be selectively feeding on ostracods
and bryozoan statoblasts. Smaller organisms appear to be eaten non-
selectively. Organic detritus was estimated to make up at least 50% of
the material in threadfin shad stomachs. This is in agreement with the
findings of Baker and Schmitz (1971) that a significant portion of the
diet of threadfin shad is detritus. The presence of sand as well as the
occasional occurrence of tendipedid larvae indicate that threadfin shad
feed off the bottom as well as pelagically.

Gizzard shad stomachs contained principally plant matter consisting
of green algae, blue-greens, and diatoms. Protozoans made up most of the
animal material present. Bryozoan statoblasts and occasional rotifers,
cladocerans and ostracods were also found in gizzard shad stomachs.
Detritus and sand made up the greatest part of the stomach contents.
Dalquest (1966) dismissed detritus found in gizzard shad as having lit-
tle or no food value and reported diatoms to be the main food item. Dia-
toms were frequently found in gizzard shad stomachs but in smaller amounts
than green algae and blue-greens. Diatoms however are easily digested and
may be more important than either green algae or blue-greens. The occur-
rence of sand and occasional tendipedid larvae in gizzard shad suggests
that at least some feeding activities are associated with the bottom.

The general food habits of blue tilapia and native gizzard and
threadfin shads appear to be very similar. Occurrence of planktonic
items in the stomachs of filter feeding fishes, however, does not docu-
ment the actual utilization of these items, or the contributions made by
these items from a nutritional standpoint. This study did not attempt
to answer questions pertaining to the actual utilization of detritus,

unicellular greens or blue-greens. Since these three categories comprised
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most of the stomach contents of these three species in Trinidad Lake, it
seems likely that some nutrients are derived from these materials.

Food habits of blue tilapia, threadfin shad, and gizzard shad over-
lap. If food resources are in short supply interspecific competition
may occur among these fishes. Trinidad Lake is highly. productive in
terms of phytoplankton. The major components of the plankton, unicel-
lular green algae and blue-greens are probably never in short supply.
Diatoms, protozoans and rotifers are less abundant in the plankton. Pro-
duction of detritus is difficult to quantify, but the shallow lake has
a marshy shoreline and vegetation is abundant. Zooplankton is absent
from the plankton samples taken in the limnetic zone. No plankton data
were available for the littoral zone. Zooplankton appears to be scarce
in Trinidad Lake. Population densities of blue tilapia, threadfin shad,
and gizzard shad have been high for several years in Trinidad Lake and
conpetition for zooplankton may be occurring. Blue tilapia appear to
select zooplankton to a greater extent than either shad species. The im-
portance of microcrustaceans in postlarval gizzard shad was emphasized
by Warner (1940). Gizzard shad examined from Trinidad Lake 47 to 122 mm
standard length rarely contained microcrustaceans. Lack of plankton data
from previous years makes interpretation of the scarcity of zooplankton
in Trinidad Lake difficult.

Blue tilapia, threadfin shad, and gizzard shad co-exist in Trinidad
Lake depending upon many of the same food resources. In this highly
productive lake, it would seem that there is no shortage of most of the
food items the three fish species consumed during July, November and
December 1975. However in recent years the blue tilapia population has

approached 2000 kg per ha (Noble et al, 1975) which far exceeds average
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standing crop in most southern reservoirs. Preliminary growth rate
analyses (R. Germany pers. com.) indicate that stunting of blue tilapia
occurred over the period 1973-1975. Gillnet data from Trinidad Lake

show a decrease in numbers of gizzard shad as well as a decrease in their
mean lengths, possibly due to reduced growth rates. Since the threadfin
shad were not vulnerable to the gillnet sampling, similar data on their
size and abundance are not available for comparison. These changes indi-
cate that food may have been in short supply.

The paucity of zooplankton in the plankton samples and in the stomach
analyses may be an indication that the fishes were in part limiting their
food supply qualitatively. In the absence of such organisms, which other
studies have indicated comprise a major portion of the diets of the shad
species, greater similarity in food habits could occur. Such reliance
on a common food resource, as indicated by the similarity in food habits
of these three species, would increase the chances for competition for

food to occur.



36

Literature Cited

Baker, C. D. and E. H. Schmitz (Dept. of Zool., Univ. of Arkansas,
Fayetteville, Arkansas). 1971. Food habits of adult gizzard and
threadfin shad in two Ozark reservoirs. Reprint from Reservoirs
Fisheries and Limnology, Spec. Publ. No. 8 of the Amer. Fish. Soc.
pPp. 3-11.

Berry, F. B. 1955. Age and growth, and food of the gizzard shad,
Dorosoma cepedianum (Le Sueur) in Lake Newman, Florida. M.S.
Thesis, Univ. Fla. Gainesville.

Bodola, A. 1965. Life history of the gizzard shad, Dorosoma cepediauum
(Le SUeur), in Western Lake Erie. Fish. Bull., U. S. Fish and
Wildl. Svc., Washington, D. C.

Dalquest, W. W. and L. J. Peters. 1966. A life history study of four
problematic fish in Lake Diversion, Archer and Baylor counties,
Texas. IF Report Serizs No. 6, 87 pp.

Evers, L. A., and M. W. Boesel. 1936. The food of some Buckeye Lake
fishes. Trans. Amer. Fish. Soc., 65: 57-70.

Fryer, Geoffrey, and T. D. Iles. 1972. The Cichlid fishes of the great
lakes of africa. T. F. H. Publ. Inc. Neptune City, New Jersey.

Haskell, W. L. 1959. Diet of the Mississippi threadfin shad, Dorosoma
petenense atchafalayae in Arizona. Copeia 1959. (4): 298-301

Jester, D. B. and B. L. Jensen. 1972. Life history and ecology of the
gizzard shad Dorosoma cepedianum (Le Sueur) with reference to
Elephant Butte Lake. New Mexico State Univ. Agri. Exp. Sta. Rept.
218. 56 pp.

Kimsey, J. B. 1958. Possible effects of introducing threadfin shad
(Dorosoma petenense) into theSacramento - San Joaquin Delta. Calif.
Inland Fish Admin. Rept. 58-16, 21 pp.

, R. H. Hagy, and G. W. McCammon, 1957. Progress report on
the Mississippi threadfin shad, Dorosoma petenense atchafalayae in
the Colorado River for 1956. Calif. Inland Fish. Admin. Rept.
57-23, 48 pp.

Miller, R. V. 1964. The morphology and function of the pharyngeal
organs in the Clupeid, Dorosoma petenense (Giinther). Chesapeake
Sci. 5: 194-199.

1969. Food of the threadfin shad, Dorosoma petenense, in
Lake Chicot, Arkansas. Copeia. (4): 243-246.




Noble, R. L., R. D. Germany and C. R. Hall. 1975. Proc. S. E. Assoc.
and Fish. Comm. 29. 1In Press.

Pennak, R. W. 1953. Freshwater invertebrates of the United States.
The Ronald Press Co., N. Y. 769 pp.

Prescott, G. W. 1964. How to know the freshwater algae. Wm. C.
Brown Co. Dubuque, Iowa. 211 pp.

Reid, G. K., Jr. 1949. The fishes of Orange Lake, Florida. Quart.
Jour. Fla. Acad. Sci. 11(3): 173-183.

Rice, L. A. 1942. The food of seventeen Rulfoot Lake fishes in 1941.
Jour. Tenn. Acad. Sci. 17: 4-13.

Snedecor, G. W. 1956. Statistical methods applied to experiments in
agriculture and biology. 5th edition. Iowa State Call. Press,
Ames, Iowa.

Tiffany, L. H. 1921. The gizzard shad in relation to plants and
game fishes. Trans. Amer. Fish. Soc. 50: 381-386.

Warner, E. N. 1940. Studies on the embryology and early life history
of the gizzard shad, Dorosoma cepedianum (Le Sueur). Ph.D. Thesis,
Ohio State Univ. Columbus.

Velasquez, G. T. 1939. On the viability of algae obtained from the
digestive tract of the gizzard shad, Dorosoma cepedianum (Le Seuer)
Amer. Midl. Nat. 22: 376-405.




38

GL'T 00T ZT°T SL €%°0 €% TL°0 €% GZ°0 6Z 0Z'T OL T9'T 88 ¥wI'T TL ST'T 9 TeTUOTO)D
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 snddodouayx
0 0 6SZ°0 s¢ 0 0 0 0 0 0 0 0 0 0 0 0 0 0 WNTWSIPIYITI]
0S°0 0S 0S'0 8¢ 98°T 00T 82°0 8Z GSZ°0 GZ O00O'T 08 8€'0 8¢ TL°0 €% 0G°0 G¢  PBUuITnardg
L0 SL 0 0 8Z°0 87 %1°0 %I 0 0 00 0 0 0 0 0 0S°0 06 eraelrany
00°T 0§ 79°0 0§ %I'T TL 98°0 (S 0O O O0L°T 00T €T°'T S/ 8Z°0 8Z 8€'T &L EBTIOIBITIOSO
06°T GL ST°0 6C 0 0 /S0 €% GSZ'T G/ OT'0 O 2I'0 CI €%'0 €% 210 I 203s0N
0 0 ZI°0 CI (S0 8¢ 0 0 6S2°0 6¢ 0 0 0 0 0 0 0 0 BTIBINPON
0 0 0 0 0 0 0 0 GZ°0 S 0 0 0 0 0 0 0 0 ®©3I2BYD0IDTIK
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0O  PBUIXESOXAR
0S'T 00T 88°T 00T L'T OOT 82°T 98 GL°0 GZ 06°'T OOT 00°T 88 O00°T T. T9°T g8 erpadowstaay
0 0 0 0 0 0 0 0 0 0 0 0 0 0 %I°0 %I 0 0 unypadofoy
00°T 6L 79°0 8¢ 8Z°0 8Z O00°T LS SL°T 00T 0L°0 OL 79°0 8€ 98°0 T.L 88°0 0G e®sdedoaor)
0 0 ¢I'0 ¢t 0 0 0 0 0 0 0 0 0 0 0 0 0 0 XTFayioyodtq
00°T SL SL°0 29 0 0 0 0 SZ°0 ST 09°0 09 29°0 29 0 0 6Z°0 &z stsdouseqeuy
06'0 ST ST°0 ST %'T 98 0 0 0 0 050 o% 0O 0 8Z°0 %I TI'T 129 eudBRqERUY
I104% I104d% 110d% I104dy% I10d% IIO0d% II04d7% II04d7% II0d3% uoxe]
(‘)
00T-T9 L8-T9 29-8% eT-LY G0T-86 GTIT-T8 6L-TS S-LY 8G-9% yasduag
vumvﬁmum
poog
Y 8 L L Y 0T 8 L 8 3urutejuod
daqunN
11 11T L cT1 S 0T 49 L 8 pautwexy
doqunnN
I3quada( JIA3qUBAON AInr I9quada( JI3qWIAON AInr I9quada([ JIS3qULIAON AInp yjuow
eTdeTTL anig peyS pIeZZTI)H peYS uTrjypeaiy]

*GL6T “odEBT PEPIUTIL UT S9ysTJ snoaoafixqueld 921yl jo SYyoerwo3ls UT punoj 2e3Te usaildaniq
103 (II) °douejiodurl JO XSpur uesw pue (QJ %) °20U31IND00 JO Adousanbaay jusoasg T °Tqel XIpuaddy



39

0$°0 ST ST'0 G¢ 0O O 8Z°0 8Z GZ°0 ST 06°0 0S CI'T SL 8Z'0 8T 8€'0 S¢ wo3eTq
2aenbg
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ErielTayey
GZ'0 ST 9¢€°T 88 8T'0 W¥I 0 0 00°T S¢ 0 0 620 ¢St 0 0 0S50 ST eaIpauLkg
0 0 0 0 %I'0 %I 0 0 0 0 0 0 0 0 0 0 0 0 eTYdS3IIN
GZ'T 00T S£°0 8¢ 9°T OOT %T'T 98 0S°T G O%'T 00T TI'T 88 0 0 GZ°0 &¢ eIndTABN
GZ'0 ST TI'0 eI 0 0 0 0 0 0 0.0 0L ZT'0 2T 0 0 0 0 BUTSOTIN
0 0 0 0 €%°0 87 %I'0 %I 0 0 O0T'0 0T ZI'0 <T 0 0 0 0 ewdTs0149
0 0 0 0 ¥%I'0 %I 0 0 0 0 0 0 0 0 0 0 0 0 ewduoyduwoy
S0 ST 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 e[nisng
GL°0 SL ST°0 ST LSO LS €¥'0 €% 0 0 OT°0 0T ZCI'0 CI ¢€%°0 ¢€¥ 0 0 erae[Trdeag
670 ST 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ®elTawo3leIq
0 0 TI°0 2T 0 0 0 0 0 0 0 0 0 0 0 0 0 0 BwOIBT(Q
GZ'0 ST 29°0 79 %I'0 %I %1°0 %I 0 0 O0€'T 06 SZT°0 ST 0 0 0S°'0 8¢ eTTa2quip
0$°0 0§ 88°0 29 0 0 %T°0 %I 060 0S 060 0S 29°0 29 0 0 0 0 BII230T24)
11 04d% II0dy II0d% I104d% I10dy I104d% I10d% II10d7% II 047 uoxe],

(unm)

001-T9 L8-T9 29-8% zTI-LY S0T-86 i GL-2S z5-LY 85-9% yaduat
paepuels

poog
i 8 L L Y 0T 8 L 8 3uturejuod
IaqunyN
pouTwexs

1T 1T L ST S 0T A L 8 1aquny
I3quadad([ ISqUWIAON AInL  I9qwedad JID2qUWDAON AInr  I9quedd(q JI9qUWSAON AInr Yyjuop

erde(1] onig pPeys piezziy PeyS urjpeaiyf

*G/6T “©¥MET PBPTIUIIL UT S9aYSTJ snoaoaTrijueld 991yl Jo SYS2BWOIS UT punoj
swojeTp 103 TI @ouejiodwul jJO X3Ipul uesw pue (QJ %) 2°uaiindd0 jo Aousanbaajy jusdoisg ‘gz 91qe] ‘xTpuaddy



40

00°'T 0S GZ°T 88 %I'0 %T 98°T OOT 00'T 0§ O0OS'T OOT 0S'T 88 00°C OO0T Z9'T 88 U213 Teao
GL°T 00T ST'T 29 (LS°0 8Z H%I'T LS 0OS'T SL 00°C OOT SZ°T OOT 8€°T 98 GL°'T 88 U213 punox

SZ'T 6L 0S°0 8€ (S0 €% %I°0 ¥%T 00°T G/ O0€'0 Of 0S°0 SC €%°0 87 8E€'0 8¢  3IUSWETTI
"JuspTUq

0S°0 62 0 O Y10 %1 0 O 0 O 0 0 0 0 0 O ¢1°0 C1 XTay3ioqn
060 0§ 6GZ°0 <t 0 0 0 O GZ'0 G¢ 0 O 8€°0 8¢ 0 0 0 O uni3jseala],
GL'0 G/ 88°0 88 (LSS0 €% HI'0 %I 0S°0 06 0 0 8€°0 8¢ T/L°0 T. 8E€°0 GZ Uuoapaeals]
GZ'0 4T 0 O %1°0 %1 0 O 0 0 060 0§ ¢TI0 T 0 0 0 O
wNTUuoT209313S
0 O 0 O 0 O 0 0 0 O 0T°0 OT <2210 ¢CT 0 0 0 0 e1d3o0atdg
GZ°0 ST 0 O 0 O LGS0 LS 0 O 0 O ¢1°0 ¢TI (LS°0 (LS 0 O unijseaog
0 O GT'0 TI 0 O 0 O 0 0 0 O 0 0 0 O ¢T'0 ¢T1 WnijseuaTas
00°C 00T 00°CT OOT 98°T OOT LG'T OOT 00°C OOT O6°T OOT SC'T &L 00°C 00T 00°C 00T
SNWSIPaUIDG
II 04% II 04% II 047% II 047% II 0d% 11 04% II 04% II 04% 11 04% uoxe[,
()
00T-T9 L8-T9 29-8% ¢Cl=LY S0TI-86 STTI-T8 GL-TS ¢S-LY 8G-9% y3jgual
paepuels
poog
i 8 L L Vi 0T 8 L 8 3ururejuod
Jaquny
11 1T L ST S 0T (43 L 8 pauTuex9
aaquny
19quada ISqUIAON AInr 13quad3d([ IDSqUWIAON AInr 19quadd( JIQUIAON AInr y3juoy
erdeTTl °onig PBYS PABZZTH peys urjpesayjg

*panurjuo) "¢ 9[qel XxTpuaddy



41

06°'0 ¢6G¢ 0 0 0 O 0 O 0 O 0 0 0 O 0 O 0 O WwnTuoTO0ZTYY
0 0 0 O 0 O 8¢°0 8¢ 0 O 0 0 ¢T1°0 ¢TI %1°0 %1 0 0 sndd0003014
0S°0 06 0 0 0O O .70 T¢L 0 O o%°0 O% 8¢£°0 8¢ %I'0 %1 GL°0 29
eTaseydsorIqueTd
00°C 00T 6Z°T O0T 8°T 00T 98°T O0OT SZ°T OOT OL'T OOT C¢T'T 88 8C'T 98 8€'T G/ wWNI3ISBIpPaq
06°0 GZ 0S6°0 8¢ 0 O LGS0 €% G¢°0 S¢ OT°0 OT OS'T 88 80 WI 0 0 ST3S42sQ
G¢'0 6¢ 0O O I.L°0 ¢% 0O 0 0 O 020 0¢ ¢1'0 Tt 0 o0 0 O untuo3opag
0 0 ZT°0 C1 0 O 0 O 0 0 0O O 0 O %1°0 %1 0O O BTTUuyoaTy
GZ'0 ST 790 0SS TL°O0 €% 98°0 (LS GC'T SL 0C°0 0C OS'T 88 0 O ¢I°0 ¢TI ®rurjuafon
SL°0 6L 0 O T°0 %1 ¢€%°0 €% O0S°'T 6L 0C°0 0C 0S°0 8¢ 0 O 0 (O wnTuaeloa0T1H
0 O ¢1°0 T1 0 O 0 0 0 O 0 0 0 0 1°0 %I 0 O
sndooo20oydowtq
06°0 ST 8€£°0 8¢ 0 O 8¢°'T 1L 6ST'T 6L 0 O ¢L°0 ¢T %T1°0 %T 8€°0 6G¢
untalaeydsoL3doTq
GZ°0 SC 8£°0 8¢ 0 O 82°0 8¢ 0G0 0S 0€°0 0¢ CI'0O C¢T %I'0 %I 0 O BTUa3TONI)
G0 G/ 88'0 GL (S0 €% 8C°0 8¢ GL°0 S/L O0S'T OOT CI'T 88 0 O SC°'T GL unTaewson
060 06 8E£'0 8¢ [LS°0 €% HTI°0 %1 GSC¢°0 SC 0€°0 0¢€ GSC°0 <1 0O 0 0 O untTaa3lsord
060 06 88'0 0§ (G°- 8¢ %10 »T SC'T GL 0€°0 0€ GL°0 0G €%°0 8T CTI'0 ¢TI
sTsdoT123s0T)
00°T 0§ 0 O 0 O 0 O 0O O 0 O 0 O 0 O 0 0 eaoydopeTt)
GZ'T 00T 98°'T OO0T 98°0 T/ %I'T TL OS'T 00T OE'T OL 88°0 GL €%'T TL O00°T 79 snwsapoiyiay
0 O 06°0 8¢ TL°0 €% %10 #%T O0'T 0§ 0€°0 0€ 8€°0 8¢ ¢€%°0 8T 0 O
SNWSaPOIISTHUY
0 O 0 O Y1°0 %I 0 O G¢'0 S¢ 0 O 0 0 0 O 0 0 wWnajseurioy
11 04% II 047 11 0d% I1 04d% II 04% 11 047 II 04% 11 04% I1 04% uoxe],
T o o o (‘)
00T-19 L8-T9 29=8Y% cCI-LY S0T-86 STTI-T18 S/L-TS 29-LS 86-9% y3j8uat
paiepuels
poo3
v 8 L s 0T 8 L 8 3uturejuod
aaquny
1T 1T ST 9 0T (45 L 8 pautuexa
Iaquny
I192quadad(q ISqUWIAON AInr  19quadaq 192quLAON AInr I9qued’d( JI2qUIAON AInp YIuop

erderr] anig

peUS paeZZID

PBYS UTJpESIy]

uo913 103J(1I) 9ouejaodut jo xX9pul ueaw pue (Q4 %) 20U21INd20 Jo Adusnbaij jusdasg

*G/6T “oMeT PEPFUTA] UT S9ysTJ snoioaTiqueld 8214yl jo syoewols UT punoj aedTe

‘¢ 91qel xTpuaddy



42

0 O ¢I°T ¢9 ¢€ev°0 €% %10 WI 0 O 06°0 08 ¢2¢9°0 0S %I'0 %I 880 6S¢/ TeTuoTo)
POF3ITIUSPTU(
0 O 0 0 0 O %1°0 %1 0 0 0 O ¢1°0 ¢I1 0 O 0 O BTT9TF310A
0s°0 0¢ 0 O %1°0 %1 %1°0 %1 0 O 06°0 09 0 O %1°0 %1 0 O XOATOA
06°0 6&¢ 0 O 0 0 71°0 %1 0 O 08°0 0§ 2170 ¢CI 0 O 05°0 8¢ SeuowoTayoei]
s¢°0 0 0 0 .70 €% 0 O 0 o 0Cc°0 0¢ 0 O 0 O 0 O BUTIOPAIBT]
G¢'0 st 0 O %1°0 ¥I 0 O 0 O 08°0 0¢ 0 0 0 O 0 O snoeyq
0 O ¢1°0 <1 0 O 8¢°0 8¢ 0 0 0 O GZ'0 6T 0 O 0 O WNTUIpEiad
0 O 0 0 8C°0 8¢ 0 O 0 0 09°'T 08 8t£°0 8¢ 0 O 0 O BUTIOpUBq
0 O G¢°0 T (S°0 ¢¥ 0 O 0 O 0T*0 OT 0S°0 ¢¢ 0 O 0 O eI3nTI3TQ
0 O 0 O 0 O 0 O G¢'0 6G¢ 0 O 0 O 8¢°0 %I 0 0 erreaseydosiiyy
0S°0 09 8£°0 8¢ 0 O %1°0 %1 G2°0 6S¢C 0 0 <21°0 CT #%1I°0 WI 0 0 wni3Iseyprsiiy)
060 6SC 6L°0 8¢ 0 O 00°T (LS 0 O 0¢°0 0T 6ST°T 29 0 O ¢9°'0 8¢ seuowopAweTy)
11 04 % II 04 % II 04 % II od % 1I o4 % 11 04 % I1 04 % II 04 % II 04 % uoxe[,

()
00T-T9 L8-T9 ¢9-8% Cel=LY GO0T-86 GIT-18 GL-TS ¢S-LY 86-9% Y3i3usaT paepueils
pooj
Vi 8 L L Y 0T 8 L 8 3urure3juod
Jaquny
IT IT L ST S 0T (A3 L 8 pautuwexa
- oN
I19quad’a( I9qUIAON AInr I3quada( JI9qUSAON AInp I19quad’a([ JI9qUBAON AInr yajuon
erdeTr] anig peysS paezzZT)H PEBYS UTJpEIIy]
*G/6T °3eT PBPIUTIL UT S9USTJ snoioaTiqueld 921yl Jo sydewols UT punoj sueozoload

S el AMMV 2ouejaoduT JOo XI9pul ueLW pu® (Q4 %) 90U31INdO0 jO Aduanbaay jusdiag % 9[qeL “XTpuaddy



43

0 O 0 0 0 O 0 0 0 O 0 O ¢1°0 TT %1°0 W¥I 0 O prpadrpuag
0 O 0 O 0 0 0 O ¢¢°0 6¢ 0 O ¢1°0 ¢TI %1°0 VI 0 O PTWOUOITY)H
e193d1(Q
6Z°0 6¢ ¢TI0 ¢t T1TL°0 TL %TI°O0 %I 0S°0 0SS OT°0 OT ¢C1°0 <CI c 0 6 O epeleuaN
§¢°0 6¢ 6SCT°0 ST %10 %1 8C°0 8T 0O 0 OT°'0 OT 00°T ¢C¢9 ¢€¥'T 98 0 O epooe1lSQ
GZ'0 6¢ 0 O 0 0 0 0 0 O 0 O 0 O 0 0 0 0 eutraedeipiy
6¢°0 6¢ 0 0 820 8¢ 0 0 0 O 0 O 0 O 8¢°0 8¢ 0 O epodadop
G¢'0 GZ 8¢£°0 ST %1°0 %1 %10 ¥%I 0 O 0 O 0 O 71°0 %1 0 O BI300PET)
060 0§ ¢9°0 0G 00°'T TL #%TI'0 #I 0O 0 0C°0 0T 0S°0 8¢ LS°0 LS TTI'0 <¢T BTIEBlB]10Y
§/°0 0§ 0S°0 GC TL°O0 €% O00°T (LS 0 O 0c°0 0¢ 8€°0 GC 8C'T 98 6GC°0 6G¢ e0z0oL1g
I104% I104% 11043 11047 II1047% II0d7% II0d7% II0d7% II 047 uoxey,

(um)

00T-T9 L8-T9 c9-8% cCI-LYy SO0T-86 STTI-TI8 SL-CS ¢S-LY 8G6-9% yiduat
piepue]g

poog
7 8 L L Vi 0T 8 L g SUTUTBIUOD

aaquny
I1 1T L ST S 0T [43 L 8 pauTuexa

1aquny
I9quada(g A9quaAON %._”Dﬁ A=oqua23a( A9qUaAON %HJH, Aoquada(J A19quanOoN %Hs_w Y3juop

erdeTr] onig PBYS PABZZTH peys urjypesayg
*G/6T o3BT PEPTUTIAL UT S9YsSTJ SnOIoATINueTd 9291yl JO Syodoewols UT punoj TeTIajeU

*G 9Tqer xTpuaddy

Tewtue 103 (TI) @oueliodul JO X9puUl uBLW pue (QJ %) 2°UdIINID0 JO Aduonbaij jJusdiag



40

summer

'YX Y e o
s
[- 8
.- o o ® o o
=
3 ® * ®
2 e 0
£
X ® L ] ® L]
c
g

o o
¢ °
¢ -
o °
°
Y °
0 40

rank in gizzard shad

Appendix Figure 1. Relationship between ranks of major food items in
blue tilapia and in gizzard shad, Trinidad Lake, summer 1975.

44



40
summer
o® oo o o o0
=
o
= ® ® ) »
- [
()
2 [ ® &
< e o
-
o o ® o® )
c
2
e o
s ®
&
° ®
()
® ()
0 40

rank in threadfin shad

Appendix Figure 2. Relationship between ranks of major food items in
blue tilapia and in threadfin shad, Trinidad Lake, summer 1975.
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rank in gizzard shad

Appendix Figure 3. Relationship between ranks of major food items in
threadfin shad and in gizzard shad, Trinidad Lake, summer 1975.
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Appendix Figure 4. Relationship between ranks of major food items in
blue tilapia and in threadfin shad, Trinidad Lake, winter 1975.
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Appendix Figure 5. Relationship between ranks of major food items in
threadfin shad and in gizzard shad, Trinidad Lake, winter 1975.

48



40 .
winter
© ) )
o ® ®
1:-_ )
o e ® e )
b=
2 o ®
£ e o
r o o
o] ® o
el
) o e
o
.o
& )
® o
[
0 40
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Appendix Figure 6. Relationship between ranks of major food items in
blue tilapia and in gizzard shad, Trinidad Lake, winter 1975.
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