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Di rector: Charles D. Ziebell 

The introduction of threadfin shad into an aquatic 

community to enhance the growth of game species is a 

management technique that may create more problems than it 

solves. In laboratory experiments, feeding rates of 

threadfin shad on Daphnia pulex were determined. A single 

threadfin shad was found to have the capability of consuming 

nearly 6000 Daphnia pulex of various sizes in a 24-hour 

period. As threadfin shad are extremely prolific 

reproducers and efficient planktivores they may reduce the 

population density of zooplankton at a rate that exceeds the 

reproductive capability of plankton. This exhaustion of 

zooplankton could have an adverse long-term effect on the 

growth of game species. Therefore, shad should only be 

stocked in lakes where there would be a high or complete 

winterkill or they should not be introduced at all. 



INTRODUCTION 

A major objective of forage fish management is to 

increase the growth of piscivorous game fishes by the 

introduction of a suitable forage species. Often the 

stocking of forage fish takes place without sufficient 

information on the potential long-term effects it may have. 

Since the early 1950's, threadfin shad (Dorosoma petener.se) 

have been acclaimed as an ideal forage species (Kimsey et 

al., 1957; Haskell, 1959), and have been widely introduced 

throughout the Central and Southern United States. 

From the few studies and observations recorded since 

their introduction, there has been conflicting evidence 

regarding the desirability of threadfin shad as a forage 

species. High utilization of shad by yearling and older 

largemouth bass (Micropterus salmoides) has frequently been 

recorded (Anderson, 1966; Goodson, 1965; Kimsey et al., 

1957). Growth rates of white crappie (Pomoxis annularis) 

increased sharply following the introduction of threadfin 

shad into Isabella Reservoir, Nevada (Goodson, 1965). These 

studies indicate that threadfin shad are good forage for 

predatory game fish species, and to that extent, their 

introduction has had a desirable effect on reservoir 

fisheries. However, not all introductions have been 

beneficial. Miller (1961) stated that the presence of 
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threadfin shad at Pine Flat Lake, California, may have 

depressed bass growth rate at age I and possibly age II, but 

that growth may thereafter have accelerated. The 

introduction of threadfin shad in California initially 

improved the growth of largemouth bass, but later it was 

learned that the shad were competing for food (plankton) 

with the young bass (von Geldern and Mitchell, 1975). It 

appears that some lakes may be unable to provide plankton in 

sufficient amounts at varying times of the year to feed a 

large open water planktivore population. This information 

raises the question of whether threadfin shad really are a 

beneficial forage fish or are they a potential food 

competitor with young-of-the-year game species? There are 

several qualities which threadfin shad possess that have 

made them appear to be an "ideal" forage species. They 

seldom exceed 18 cm in length, remaining useful as forage 

throughout their life span (Parson and Kimsey, 1954; Lambou, 

1965 ; O'Rear, 1970). They have an extremely high 

reproductive potential, maturing in one year or less, and 

often spawn in both the spring and fall (Gerdes and 

McConnell, 1963; Heidinger and Imboden, 1974). Shad are 

very efficient planktivores (Saiki and Tash, 1977) utilizing 

food sources in open water areas. They are able to both 

particulate and filter feed (Miller, 1961); and feed on 

benthos when zooplankton is not available (Ingram and 

Ziebell, 1983) . 
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Since there is no information on the feeding rates 

of threadfin shad on zooplankton it appears reasonable to 

approach the problem on a feeding per unit of time basis 

which may be correlated with current zooplankton sampling 

and population estimates. The purpose of my study was to 

determine the feeding rates of threadfin shad for use in 

estimating their potential for overgrazing plankton. 



METHODS AND MATERIALS 

General Conditions 

Threadfin shad, 7.0 to 12.0 cm total length, were 

collected from Patagonia Lake 84 km south of Tucson by 

electrofishing. An anesthetic solution of 1.25 g M.S. 222 

(Tricaine Methanesulphonate) and 90.0 g NaCl per 57 liters 

of water (Collins and Husley, 1962) was used to mimimize 

transport and handling mortality. 

Shad were held prior to and between experiments in 

galvanized tanks (0.5 m x 0.5 m x 1.5 m) containing 400 

liters of water. The water was changed weekly and 

continuously aerated. Temperatures were kept at 23.0 ° +_ 

2.0 °C and the pH was 8.3 _+ 0.1. Fish were fed a daily diet 

of frozen brine shrimp (Artemia) and live Daphnia pulex and 

were allowed to acclimate to laboratory conditions for 30 

days prior to experiments. 

The shad were deprived of food for 24 to 48 hours 

before each experiment and water temperatures were adjusted 

to within 2.0 °C of the tank from which the fish was 

selected. Five shad were netted randomly from a tank, 

transferred to the test aquarium and observed for 10 minutes 

after their introduction. Abnormally behaving fish were 

replaced. Fish were then allowed to acclimate for 24 hours 

before testing. At the end of an experiment, shad were 
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removed from the aquarium with a large mesh nylon net and 

returned to holding facilities. These fish were not re-

tested for at least a week, and none was tested more than 

three times. 

Cultures of Daphnia pulex were maintained in two 

shallow concrete ponds located adjacent to the laboratory. 

Daily rations of dry yeast were added to the ponds to 

promote reproduction and growth. A random collection of 

Daphnia ranging from 0.5 mm to 2.3 mm were removed from the 

culture ponds and counted just prior to each experiment. 

Experiments were conducted in a 50-liter aquarium 

inside an observation room isolated by black polyethylene. 

Observations of the shad during experiments were made 

through two windows, (10 cm x 10 cm). Light was provided 

with two 40 W "daylight" fluorescent bulbs set on a 12L:12D 

photoperiod. 

Daphnia were added to the experimental aquarium 

through a funnel and vinyl hose 13 mm in diameter attached 

to the outside of the observation room. At the beginning of 

an experiment, Daphnia suspended in water were poured into 

the funnel and they flowed into the aquarium. Circulation 

by a airstone dispersed the Daphnia throughout the aquarium 

in a few seconds and minimized settling on the bottom. At 

the end of an experiment remaining Daphnia were collected 

with a fine mesh nylon net, counted and preserved. 
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10-Minute Feeding Test 

The feeding rate of threadfin shad was determined by 

a series of five replicate short-term feeding tests during 

both the day and night. Tests were started after 500 Daphnia 

pulex were introduced into the aquarium and one or more shad 

exhibited feeding attacks. Shad were allowed to feed for 10 

minutes and then they were removed from the aquarium. The 

Daphnia remaining in the aquarium were collected and 

counted. This number was subtracted from 500 to determine 

the number eaten by the fish. To attain the number of 

Daphnia a single shad could consume in a 24-hour period, a 

mean of the total number eaten during both day and night 

tests was taken and extrapolated to give a rate for 24 

hours. 

36-Hour Feeding Tests 

A long-term feeding test was done to determine if 

threadfin shad could be satiated and subsequently 

discontinue feeding. Five shad were acclimated for 

48 hours. Live brine shrimp and Daphnia pulex were 

intermittently added to the aquarium for a 12-hour daylight 

period and for the following 12-hour night period so that 

food was continually available. After this 24 hour feeding, 

6000 Daphnia pulex of various sizes were added to the 
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aquaria. During the following 12 hours, observations of 

shad feeding attempts and behavior were made every 15 

minutes and recorded. During the night period, observations 

were made with a flashlight covered with tissue paper to 

diffuse the light. Observations were made every half hour 

and were 5 seconds long. At the end of the 12-hour night 

period shad were removed and remaining Daphnia were 

counted. 



RESULTS 

10-Minute Feeding Tests 

All fish usually swam in a compact group around the 

perimeter of the aquarium before the addition of Daphnia 

pulex. During daylight tests this behavior was maintained 

for about 20 seconds after the introduction of Daphnia. 

Once feeding began shad fed voraciously with rapid movements 

for approximately 1 minute. When this behavior subsided, 

the shad fed in a group, or dispersed and fed randomly. The 

shad particulate fed by moving within a short distance of a 

Daphnia and then sucking the prey into their mouths by a 

rapid expansion of the buccal cavity. 

In night trials, feeding behavior differed in that 

filter feeding occurred 1 to 2 minutes after the 

introduction of Daphnia. The shad filtered continuously by 

opening and closing their mouths rapidly about two times per 

second with the opercula flaring further outward than 

observed during respiration. The number of Daphnia pulex 

consumed during the 10 minute time trials for both day and 

night conditions were relatively consistent (Figure 1). 

From the rates attained I found that a single threadfin shad 

has the capability of consuming nearly 6000 zooplankton in a 

24 hour period. 

8 
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36-Hour Feeding Experiment 

Threadfin shad were fed a combination of brine 

shrimp and Daphnia pulex continually for 24 hours prior to 

the start of the 12 hour feeding test to observe if the shad 

would become satiated. The shad fed continually both during 

the day and night. As Daphnia pulex were added to the 

aquarium the shad immediately went into a feeding frenzy. 

For the next 4-hours shad fed rapidly until most of the 

large Daphnia were eliminated (Figure 2) . Feeding slowed 

during the following eight hours as shad continued to 

particulate feed on the remaining smaller sized Daphnia. 

At the end of the 12 hour period there were approximately 50 

small Daphnia still present which were consumed by the 

following morning. 
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Discussion 

The introduction of threadfin shad into an aquatic 

community to enhance the growth of game species is a 

management technique that may create more problems than it 

solves. My feeding rate experiments showed that shad feed 

continuously on zooplankton during both day and night 

conditions. For a 24 hour period, the mean feeding rate for 

one shad would be 6000 Daphnia. In the hypothetical 

situation of 10,000 shad feeding at 6000 Daphnia per 24 

hours on a zooplankton population with a density of 5000/m , 

(the density at which my tests were run), the shad would be 

capable of consuming 60 million zooplankton during 24 hours. 

At this rate of feeding a large shad population would have 

the capability of drastically reducing or annihilating whole 

populations of zooplankton. The density of zooplankton 

populations and the sizes of the species comprising the 

populations fluctuate as densities of planktivorous fish 

increase or decrease. Shad particulate feed on all sizes of 

zooplankton during the day and filter feed on relatively 

small zooplankton at night. In my daylight experiments shad 

would rapidly consume the large Daphnia pulex first and then 

would feed on the smaller sized Daphnia as the larger ones 

were eliminated. Brooks and Dodson (1965) first brought 

the size selectivity phenomenon to attention by documenting 

12 



drastic shifts in overall zooplankton size that occurred 

when alewives (Alosa pseudoharengus) and glut herring (Alosa 

aestivalis) had sizable populations. Whole populations of 

large zooplankton species were eliminated, and a different 

zooplankton community comprised of smaller species colonized 

the lake. Similiar observations have been made (Hall et 

al., 1970; O'Brien, 1975), supporting the conclusion that 

typically only zooplankton of less than 1.5 mm, (such 

as Bosmina and small Daphnia), coexsist with voracious 

planktivorous fish. Applegate and Mullen (1967) observed 

that in Bull Shoals Reservoir the decrease in body size of 

Daphnia coincided with predation by young-of-the-year 

threadfin shad. O'Brien (19 79) stated that the presence of 

planktivorous fish in large numbers results in the reduction 

or elimination of large-size species of zooplankton and even 

the decrease of whole species populations. Recognizing that 

shad are extremely prolific reproducers and efficient 

planktivores (O'Rear, 1970; von Geldern and Mitchell, 1975), 

the following conceptual model (Figure 3) was developed to 

demonstrate how threadfin shad may decrease zooplankton 

biomass over time. The model considers three lakes of 

increasing size. The time required to exhaust zooplankton 

populations in an area is an effect of the size of the area 

plus, the amount of plankton present at the start in 

combination with the time it takes for a population of 

threadfin shad to saturate in the area. As shad biomass 
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increases , zooplankton biomass begins to decrease. At the 

point where shad biomass intersects with zooplankton 

biomass, the shad are consuming zooplankton at a more rapid 

rate than the zooplankton can reproduce.Since shad can 

switch their diets to benthos (Ingram and Ziebell, 1983), 

they still have the capability to survive and continue to 

consume zooplankton. Shad can decrease zooplankton in any 

size lake; the larger the area the longer the time to 

depletion. Based on unpublished data from Patagonia Lake, 

Arizona, which would be comparable to Lake A in the model, 

increasing shad populations over a period of 2.5 years has 

lead to an elimination of large-size zooplankton and a 

drastic reduction in the total zooplankton population. This 

condition was sustained for an 18 month period. Results 

obtained from Alamo Lake, Arizona were comparable to Lake B. 

Shad were first observed in Alamo Lake in 1978. Zooplankton 

populations at that time were estimated at 185,000/m3. 

Plankton samples taken from June 1981 to January 1982 showed 

that zooplankton were virtually nonexsistent. In December 

1981 a partial winterkill of shad occurred and zooplankton 

populations increased rapidly to an estimated 39,066/m by 

March 1982. In Bull Shoals Reservoir, Arkansas which 

illustrates a condition similar to Lake C, threadfin shad 

predation was a major cause of the Daphnia population 



decline (Applegate and Mullen, 1969). Shad were introduced 

in 1961 and were taken in small numbers in 1962. In the 

late summer of 1965, the population had expanded to an 

estimated 21,800 young-of-the-year per hectare (Houser and 

Dunn, 1967). Crustacean densities in 1965 declined from an 

estimated high of 46.5/liter in May to a low of 2.4/liter in 

August indicating that intensive predation may have occurred 

(Applegate and Mullan, 1967). In July and August the 

average birth rate of Daphnia was greater than that of 

preceding months but the population density and the rate of 

population change showed continual negative trends until no 

detectable population remained (Applegate and Mullan, 1969), 

Had this study been carried out longer it may have been 

possible to find how many years it would take for threadfin 

shad predation on zooplankton to become greater than 

zooplankton reproduction in a large lake. 

Management Implications 

Continual grazing by large populations of threadfin 

shad may decrease zooplankton populations when young-of-

the-year game species are also relying on them as their 

primary food source. This may lead to a decrease in growth 

and even mortality in young game fish. If high mortality of 

juvenile game species occurs for 2 to 3 years in a row then 

the reduced year class strength could harm the fishery in 

subsequent years. 
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The feeding rates which I attained from my 

experiments can be applied to the model along with the size 

of the lake, zooplankton population estimates and shad 

population estimates to evaluate the effect that shad may 

have on game species. The high reproductive potential and 

feeding flexibility of shad allows sufficient survival 

during periods of low plankton, provided that temperature is 

not a limiting factor. The potential for a long-term 

detrimental effect on game species becomes very high where 

plankton are limited. My data on shad feeding rates, the 

data from Patagonia and Alamo lakes, and Bull Shoals 

Reservoir, and the prediction made from the model suggest 

that extreme caution should be exercised prior to stocking 

threadfin shad in small impoundments. Field studies are 

still needed to determine if shad feeding interactions with 

young-of-the-year game species take place as suggested. 

However, until additional field data becomes available to 

more clearly define whether or not the stocking of threadfin 

shad is beneficial or detrimental the parameters used in the 

model should be considered before introducing shad. I 

recommend that threadfin shad only be stocked in lakes where 

there would be high or complete winterkill or not be 

introduced at all. 
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