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ABSTRACT

Previous workers inferred from stomach analysis that 
threadfin shad (Dorosoma petenense) engage in both open water 
and bottom feeding. These inferences were confirmed in this 
study by laboratory experiments in which both types of feed
ing were observed.

Threadfin shad consumed chironomid larvae on both 
a sand and glass bottomed aquaria. The mean percentage 
of chironomids eaten by shad was 98.61 for aquaria without 
sand and 10.6% for aquaria with sand. These values repre
sent approximately a tenfold increase in the mean number of 
chironomids consumed by shad between the two treatments. 
Threadfin shad consistently selected Daphnia sp. over chiron
omids when offered a choice between plankton and benthos. 
These data indicate that under natural conditions shad prefer 
planktonic foods but possess the ability to feed on a lake 
bottom and can supplement their diet with benthos when plank
ton populations become seasonally limiting. Benthic feeding 
in shad is probably a discriminate feeding strategy triggered 
by vision rather than chemoreception.

Benthic feeding abilities allow threadfin shad to 
utilize benthos and change their diet with seasonal changes 
in plankton composition.

vii



INTRODUCTION

Most planktivorous fish selectively choose their 
prey and particulate feed by attacking and swallowing while 
others filter feed by straining microscopic food particles 
from the water with their gill rakers (Brooks, 1968; 
Keenleyside, 1979; O’Brien, 1979). Threadfin shad (Dorosoma 
petenense) utilize both methods of feeding and move from 
pelagic waters to more productive littoral areas in search 
of food (Miller, 1961). This enables shad to utilize most 
forms of plankton and allows them to change their diet with 
seasonal changes in plankton composition (Holanov and Tash, 
1978; Saiki and Tash, 1977).

Even though open water feeding is the primary mode 
of nutrition in threadfin shad, the presence of benthic 
invertebrates, coupled with occasional amounts of sand and 
detritus in the stomachs of shad suggests that they engage 
in both open water and bottom feeding (Baker and Schmitz, 
1971; Darnell, 1958; Gerdes and McConnell, 1963; Haskell, 
1959; Ihrie, 1970; Miller, 1961, 1967; Saiki and Tash, 1977). 
This would indicate that shad are quite flexible in their 
food habits, however, until this study, no one had actually 
observed benthic feeding in threadfin shad.

Very little is known about the degree of flexibility 
in the feeding habits of the shad. They possess a terminal



and slightly superior mouth which indicates that shad are 
not morphologically adapted to bottom feeding (Baker and 
Schmitz, 1969), however, shad might have inherited the adap
tive advantages of bottom feeding from marine ancestors that 
invaded freshwater habitats from the sea.

The purpose of this study was to determine through 
laboratory experiments if threadfin shad selectively feed 
on benthos. Other objectives of the study were: (1) to 
describe benthic feeding behavior, and (2) evaluate thread- 
fin shad’s behavior when offered a choice between plankton 
and benthos. This study will also help clarify whether 
bottom feeding in shad is incidental or a discriminate feed
ing strategy.



METHODS AND MATERIALS

General Conditions

Experiments were conducted in two 160 1 aquaria
(1.22 m x 0.3 m x 0.46 m). The aquaria were separated from
each other by a sheet of black plastic and enclosed in an

2observation chamber built from a wooden frame 4.4 m and 
covered with 6 mil black plastic. Two windows, 10 cm x 
10 cm, were cut in the black plastic along the front (long 
axis) to make observations in the aquaria. The observation 
chamber was illuminated from one 40 W "daylight” fluorescent 
bulb set on a 12L:12D photoperiod.

About 200 threadfin shad, 7.0 cm to 12.0 cm total 
length, were collected from Alamo Lake (154.5 km northeast 
of Phoenix, Arizona) and Patagonia Lake (83.7 km south of 
Tucson, Arizona) by electrofishing. Fish were treated with 
an anesthetic solution of 1.25 g M.S. 222 (Tricaine Methane- 
sulphonate) and 90.0 g NaCl for every 56.8 1 of water 
(Collins and Hulsey, 1962) to minimize transport and hand
ling mortality.

Shad were held in the laboratory prior to and 
between experiments in galvanized horsetroughs (0.5 m x
0.5 m x 1.5 m) coated with non-toxic paint which held about 
400 1. Water flowed continuously through the holding tanks 
to prevent the accumulation of metabolic wastes. The water



in the tanks was continuously aerated and the temperatures 
kept at 23.0 ± 1.0 C. Shad in the holding tanks were 
exposed to the same photoperiod (12L:12D) as in the experi
mental aquaria. Between experiments, fish were fed live 
Daphnia sp. and tubifex worms on alternate days once per 
day.

Fish were deprived of food for 32 to 36 hr before 
testing. The water in the experimental aquaria was changed 
before each experiment and equilibrated to within 1.0 C of 
the water in the holding tanks. Five shad were selected 
randomly for each experiment. The behavior of the five fish 
in the aquarium was observed for 10 min after their intro
duction, and abnormally behaving fish were replaced. Fish 
were then allowed to acclimate for at least 2 hr before 
testing. After being used in an experiment, fish were not 
re-tested for at least a week, and no fish was tested more 
than three times.

Larvae of the dipterah, Chironomus, family Chirono- 
midae, were collected from a shallow local pond by sampling 
the substrate with a fine mesh dip net. These larvae were 
transported to the laboratory and then transferred to a 
culture tank (0.71 m x 0.59 m x 0.47 m) containing a layer 
of silt, fine sand and detritus. • Water in the tank was 
kept between 18 to 23 C and aerated continuously. Chirono- 
mid larvae were fed daily rations of dry yeast to promote



development„ The culture tank was covered with screens to 
restrict loss of emerging adults.

Chironomid larvae, 0.5 cm to 1.0 cm, were removed 
from the culture tank and placed in a white enamel pan 
containing about 1.5 cm of water. One hundred larvae were 
counted and put in a beaker of water for each experiment. 
Chironomids were randomly distributed on the substrate in 
the test aquaria before the start of each experiment.

Preliminary Tests 
A series of preliminary experiments were conducted 

to evaluate chironomid recovery techniques and to become 
acquainted with threadfin shad feeding behavior.

Three replicates of two densities of chironomid 
larvae, 50 and 100 per aquarium, were used as controls to 
verify the accuracy of recovery methods. Chironomids were 
randomly distributed on a sandy substrate in the test 
aquaria. After five hours, the sand containing the chiron
omids was removed from the aquaria and placed in a pan. 
Chironomids were recovered by agitating the pan which 
caused them to float to the surface of the water. Larvae 
were then counted and placed in a beaker of water. This 
procedure was repeated for both densities and results 
recorded.



Experiments
A series of feeding experiments were performed to 

evaluate the flexibility of threadfin shad’s feeding habits. 
The first set of experiments examined the ability of shad to 
feed on bottom organisms and also determined whether they 
could discriminate between a desirable benthic food item and 
substrate particles. The second set of experiments analyzed 
feeding mode preferences by offering the shad a choice 
between a benthic food organism (chironomids), and a common 
freshwater plankter (Daphnia sp.), found frequently in the 
shad’s diet.

Benthic Feeding
Six replicate experiments, three with sand as sub

strate and three without sand, were conducted in the test 
aquaria containing shad and chironomid larvae. A 0.5 cm 
layer of washed sand was placed in the bottom of the aquaria 
prior to each test. Chironomids were evenly distributed 
on the substrate 10 min before the fish were introduced. 
Observations were made every hour during daylight and 
behavioral patterns were recorded.

Fish were removed from the test aquaria after 48 hr 
and returned to the holding tank. Chironomids remaining on 
the substrate were recovered and counted. When benthic 
feeding was not observed, the digestive organs of the test
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fish were examined to substantiate that shad had engaged in 
bottom feeding.

Preferential Feeding
Three replicate experiments were conducted in test 

aquaria containing shad, chironomids, sand and Daphnia sp. 
Daphnia sp. were obtained from an outdoor tank using a fine 
mesh net. Two hundred Daphnia sp. were counted using an 
eyedropper and added to one 1 of water.

Shad were introduced to test aquarium 10 min 
after the chironomids were evenly distributed on the sand 
substrate. Test fish were allowed sufficient time to begin 
feeding on the chironomids. Once bottom feeding was 
observed, the suspended mixture containing the Daphnia sp. 
was poured into a funnel and flowed by gravity to a point 
3 cm below the surface of the water via a single vinyl hose 
(13. mm diameter). Detailed observations were made to 
determine if shad would continue to feed on the larger food 
items, chironomids, or swith their diet to plankton, their 
usually preferred food, once the Daphnia sp. became avail
able. Experiments were terminated after the Daphnia sp. 
were eaten.

In a control experiment, one 1 of water with no 
Daphnia sp. was added to an aquarium containing test fish, 
sand and chironomids to eliminate any doubt that the



current produced by the flow of water enticed the shad to 
feed on the Daphnia sp.



RESULTS

Benthic Feeding Experiments
Control experiments proved to be extremely accurate 

for the two densities tested. The mean percentage of 
chironomids recovered was 98.3% at 50 per tank and 96.6% at 
100 per tank.

Test fish consumed chironomids on both the sand 
and non-sand bottomed aquaria. The mean percentage of 
chironomids eaten by shad was 98.6% for aquaria without 
sand and 10.6% for aquaria with sand (Table 1; Fig. 1). 
These values represent approximately a tenfold increase in 
the mean number of chironomids consumed by shad between the 
two treatments. The degree of variability expressed as the 
coefficient of variation (Sokal and Rohlf, 1969) was 14.3% 
in aquaria with sand and 1.55% in aquaria without sand 
(Table 1).

Benthic feeding in threadfin shad involved three 
distinct stages: (1) search and detection, (2) capture,
and (3) ingestion. After acclimating to aquarium condi
tions, the five fish in each test usually swam at a mid
water depth in a loose group around the walls of the 
aquarium in a clockwise direction. Test fish would attempt 
to filter feed by opening and closing their mouths but 
quickly abandoned this behavior in the absence of plankton.
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Table 1. Percentage of chironomid larvae eaten by thread- 
fin shad (Dorosoma petenense in aquaria with and 
without sand as substrate. -- Symbols x = mean, 
s = standard deviation, and CV = coefficient of 
variation.

Treatment Replicate
% Chironomids 

Eaten

Sand 1 12 .
2 9
3 11
X 10.7
s 1.53
CV 14.3

No Sand 1 97
2 99
3 100
X 98.7
s 1.53

CV 1.55

)
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Figure 1. Variations in ability of threadfin shad (Dorosoma 
petenense) to discriminate chironomids from a 
substrate with and without sand
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Fish gradually descended to within 2 to 3 cm from the bottom 
and began to search the substrate by swimming in a zigzag 
fashion with a horizontal head-down tilt of the body. Once 
a chironomid was spotted, individual test fish dispersed 
from the group, lowered its head So the body was at a 49° 
angle (Fig, 2) with the substrate, and ingested food items 
by suction. After feeding, the fish rejoined the group and 
resumed searching.

Preferential Feeding Experiments 
Threadfin shad were tested to determine if they 

would consume a benthic organism (chironomids) in the pres
ence of a preferred plankter (Daphnia sp.)„ Observations 
showed that before the addition of Daphnia sp. to the exper
imental aquaria, shad swam in groups and began to Search the

. ■ . ■ / :
substrate in the same manner previously described for 
benthic feeding. Daphnia sp. were introduced to the aquaria 
once the test fish were observed feeding on chironomids. 
After the introduction of Daphnia sp., test fish dispersed 
from the group and immediately switched from chironomid 
benthic feeding to Daphnia sp. mid-water, filter and 
particulate feeding. In every test that both groups were 
present, shad selected Daphnia sp. over chironomids.
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®  1

Figure 2. Illustration showing head-down tilt posture 
used by threadfin shad (Dorosoma petenense) 
when benthic feeding. -- Angle of tilt ~ 49° 
between the substrate (horizontal plane) and 
the lateral line.



DISCUSSION

The presence of bottom substrate material and 
benthic insects in the stomachs of shad has led other 
researchers (Darnell, 1958; Gerdes and McConnell, 1965; 
Haskell, 1959; Ihrie, 1970; Miller, 1961, 1967; Saiki and 
Tash, 1977) to suggest that threadfin shad feed in both open 
water and on the bottom, A question still remains as to 
whether bottom feeding in shad is incidental or a deliberate 
selective feeding strategy. My study confirms that thread
fin shad selectively feed on benthos but are inefficient 
discriminatory benthic feeders,

Benthic Feeding 
My observations of benthic feeding by threadfin shad 

are the first recorded for this species, and confirms what 
other workers have inferred from field studies that thread
fin can utilize benthos as well as plankton. The ability of 
threadfin shad to feed on benthos most likely accounts for 
the occurrence of benthic invertebrates, sand, and detritus 
found in shad stomachs by Haskell (1959), Miller (1961), and 
Saiki and Tash (1977), For example. Miller (1967) found 
every major group of plankton was eaten during spring, 
summer, and early fall, probably when these organisms were 
relatively abundant, but benthic invertebrates including

14
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Chaoborus and tendipedid (chironomid) larvae became more 
important during the rest of the year„ Saiki and Tash 
(1977) found similar seasonal changes in the diet of thread- 
fin shad and concluded that shad are quite flexible in their 
food habits and can probably adapt to available food sup
plies o

During benthic feeding experiments, threadfin shad 
consumed chironomid larvae in the aquaria with and without 
sand, but test fish had greater success in locating chirono- 
mids that were present on the glass bottomed aquaria without 
sand. My observations indicated that benthic feeding in 
this species is probably triggered by vision and not by 
chemoreception. There are two reasons why chemoreception 
in locating benthic prey seems improbable: (1) the shad
did not feed on chironomids in darkness during preliminary 
tests; and (2) if chemoreception was used by shad, the over
all success rate would have been much greater in aquaria 
with sand as substrate. Two other observations support 
the hypothesis that vision is the primary sense used by 
shad in locating benthic prey: (1) chironomids were often
observed swimming slightly above the substrate and this may 
have provided the necessary visual stimulus to trigger the 
shad to begin feeding; and (2) in aquaria without sand, 
chironomids were easily recognized and were unable to 
deceive the test fish by camouflaging against the sand 
substrate. These observations help explain the approximate
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tenfold increase in mean percentages of chironomids eaten 
in aquaria with and without sand as substrate.

My observation made during feeding experiments 
showed that threadfin shad individually consumed chironomids 
from the substrate. The absence of sand particles in the 
stomachs of shad, coupled with the tenfold increase in mean 
number of chironomids ingested in aquaria with and without 
sand, suggests that threadfin shad do discriminately feed on 
benthos but have difficulty recognizing the chironomids 
against the neutral background of the sand substrate. The 
high coefficient of variation in aquaria with sand indicated 
that benthic feeding was significantly influenced by random 
movement of the chironomids making certain individuals less 
conspicuous to predators. Threadfin shad are predominantly 
pelagic feeders and spend most of their time feeding in the 
limnetic zone and, therefore; may not have evolved the 
visual acuity necessary to detect prey organisms against a 
background.

Preferential Feeding.
Experiments using Daphnia sp. as plankton and 

chironomids as benthos clearly showed that threadfin shad 
consistently favored Daphnia sp. over chironomids when 
offered a choice between benthos and plankton. These 
observations strongly suggest that in the absence of plank
ton shad will actively search the bottom and feed on



benthos, however, when plankton is abundant, threadfin shad 
will consume plankton until the supply becomes limiting or 
exhausted. This would indicate that in lakes and reservoirs 
that experience seasonal variations of plankton populations, 
threadfin shad may switch from plankton to a subsistence 
diet of benthos under low plankton conditions and switch 
back as plankton populations increase.

Threadfin shad’s ability to consume benthic insects 
helps explain the success of this species in its radiation 
into or through habitats low in plankton. Most lentic 
environments exhibit rapid ecological succession and are 
short lived in terms of geological time (Krishnaswami and 
Lai, 1978). Specialization in feeding habits of fish in 
such impermanent environments would be untenable, particu
larly considering the difficulties fish would have in coping 
with drastic reductions of preferred prey items (Larkin, 
1956) . Consequently, many freshwater fish species are 
flexible in their food habits and have evolved the adaptive 
ability to change their diet with seasonal changes in prey 
availability (Keenleyside, 1979) . The ancestors of thread
fin shad may have moved into habitats low in plankton as 
they invaded freshwater habitats from the sea. As a result, 
extant shad probably inherited the adaptive ability to feed 
on benthos from their ancestors, enabling them to survive 
unfavorable periods when plankton is in short supply. This 
flexibility in the shad's feeding habits suggests that
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threadfin shad are opportunistic, varying their diet to 
capitalize on sudden, short-term abundance of particular 
prey.

Management Implications 
Threadfin shad is a valuable forage species for 

piscivorous game fish and have been widely introduced into 
lakes and reservoirs in the Southern United States. Among 
the qualities contributing to the success of shad as a 
forage species include: (1) attainment of a size generally
available to predators throughout most of its entire life 
cycle, (2) they are short lived and possess a high repro
ductive potential, and (3) they directly utilize plankton 
and thereby shorten the trophic food chain. Previous find
ings by Beers and McConnell (196 6) , May (1968) , McConnell 
and Gerdes (1964), and Menn (1965) have indicated, however, 
that in some waters threadfin shad failed to provide ade
quate forage for larger game species. Some of the suggested 
reasons responsible for these failures are competition' 
between shad and game fish, rapid growth of the shad,.and 
low water temperatures during winter months. Over the 
years, threadfin shad has become the "species of choice" 
of some fisheries biologists because stocking with shad is 
considered to be a successful management practice. However, 
we still know very little about the ecology of threadfin 
shad and need to understand its specific requirements
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before we can use the species most beneficially for manage
ment , My research contributes to the biology of threadfin 
shad by examining the flexibility of shad feeding behavior. 
The information obtained from this, study will aid fisheries 
biologists in the development of a more useful management 
plan by allowing threadfin shad to be stocked more effi
ciently. '

The management success of threadfin shad depends on 
the size of the lake and the evaluation of the trophic 
structure within the lake. Prior to stocking shad in a 
lake, fisheries managers should sample plankton populations 
on a seasonal basis to determine if there is adequate plank
ton to support a population of shad. Without a sufficient 
food base, threadfin shad will fail to provide adequate 
forage for larger game species. Shad’s ability to feed on 
benthic insects will allow them to survive in habitats that 
experience seasonal reductions in plankton by supplementing 
their diet with occasional benthos. This flexibility in 
the feeding habits of shad might allow sufficient survival 
through the winter and other low plankton periods in some 
lakes and reservoirs provided that temperature is not the 
limiting factor. The high reproductive potential of shad 
will allow them to replenish their numbers .once plankton 
populations increase in the spring, thereby supplying bass 
and other game fish with plentiful forage. In lakes where 
both plankton and benthic production is low due to a common
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environmental, stress, shad will probably experience high 
mortality and provide a limited forage base for sport fish. 
Most larval fishes, as well as shad, depend on plankton as 
their primary food source during early development. This 
could cause a competitive situation between shad and larval 
game, fish in lakes where plankton is limiting. In summary, 
fishery managers should only stock threadfin shad in lakes 
where plankton is moderately abundant at least part of the 
year. The amount of plankton available, the size of the 
resident population of game fish that will utilize the shad, 
and the overall size of the lake should be determined before 
stocking shad. Further research is needed, however, to 
evaluate the amount of plankton necessary to support shad. 
Once this is determined, threadfin shad can be stocked in 
numbers that will maximize and enhance populations of valu
able sport fish.



CONCLUSION

My study confirms that threadfin shad are capable 
of feeding on benthic insects and can discriminate between a 
benthic food organism and bottom material. Threadfin shad's 
discriminatory abilities, however, are inefficient causing 
the shad to have difficulty recognizing chironomids against 
a sand background. In addition, this study strongly sug
gests that shad prefer plankton, when available, over 
chironomids, but have the ability to switch their diet to 
benthos when plankton supplies become seasonably limiting 
or exhausted. This would indicate that threadfin shad are 
flexible in their food habits and can subsist on a diet 
consisting of benthos for short periods until productivity 
increases.

21
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