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ABSTRACT

Previous workers inferred from stomach analyses that threadfin 
shad (Dorosoma petenense) ate plankton.by both filter and particulate 
feeding. These inferences were confirmed in this Study by laboratory 
experiments in which both types of feeding were observed.

Threadfin shad consumed relatively small food particles 
(< 0.39 mm) by filtration, while larger prey (7.5 mm) were eaten 
individually.

Threadfin shad were able to filter feed on small foods (brine 
shrimp nauplii and phytoplankton) at all light intensities from 0 to 
9 x l.Ol fL. These data indicate that under natural conditions shad can 
filter feed at any time of the 24 hr period if food conditions are 
sufficient to trigger feeding. ' Filter feeding is probably triggered 
by chemoreception rather than vision.

The particulate feeding rate decreased as light intensity 
decreased, reaching a minimum between 9 x 10 4 and 9 x 10  ̂ fL.
From these data it is inferred that particulate feeding is a visual 
process in this species, requiring intensities equivalent to bright 
moonlight or greater.

Filter and particulate feeding abilities allow threadfin shad 
to consume most of the different types of plankton and to change their 
diet with seasonal changes in fhe composition of the plankton.



INTRODUCTION

Most planktivorous fish feed by attacking and swallowing 
individual prey (particulate feeding), while a few (filter feeders) 
strain numerous small food particles from the water with their gill 
rakers (Brooks, 1968)• Miller (1961) concluded from stomach analyses 
that threadfin shad probably feed both by filter and by particulate 
feeding, a phenomenon that has been observed in only a few other 
species of fish (Leong and O'Connell, 1969; Loukashkin, 1970; Volkova, 
1973; Janssen, 1976). Until this study, no one had actually observed 
threadfin shad filter feeding, and the only observations of particulate. 
feeding in threadfin shad were made by Gerdes and McConnell (1963), 
who.watched them eat individual cladocerans*

(

Although light intensity has been found to be closely correlated 
to feeding in many particulate feeding planktivores (Woodhead, 1966) 
there has been only one other study of the effect of light on a filter 
feeding species of fish (Volkova, 1973)„ No one has studied the effects 
of different light intensities on the feeding of threadfin shade

This study was done to gain more data on the interactions of 
light and feeding in planktivorous fish, and to confirm the occurrence 
of filter and particulate feeding in threadfin shad, to describe these 
feeding behaviors, and to describe these feeding activities at different 
light intensities. ,

1



METHODS AND MATERIALS

Testing Room and Aquarium 
Experiments were conducted in an aquarium inside a light-tight

\ u % ' o ' , . » /. , O  ̂ . . .testing room. The room was a wooden frame9 2.1m 9 covered with 6 mil 
black plastic. The aquarium (0.6 m x 0.6 m x 1.9 m) held 600 1 of water. 
To produce a relatively uniform light field, the top of the aquarium 
was covered with a sheet of translucent white plastic and the inside 
walls and bottom of the aquarium were covered with opaque white plastic 
panels. Four observation windows 9 10 cm x 10 cm? were cut in the 
plastic along the front (long axis) of the aquarium. A sheet of 
black plastic was hung in front of the aquarium from the ceiling to 
below the bottom of the aquarium9 with holes matching the observation 
windows, which prevented light from the aquarium from illuminating the 
observer.

Experimental Lighting 
Lighting was from two 40 W "daylight" fluorescent bulbs which 

gave a relatively close spectral match to sunlight (Withrow and Withrow, 
1956)» For small changes in light intensity, the fixture was raised 
and lowered oh pulleys. Large changes were made by covering the bottom 
of the fixture with varying amounts of black plastic.

Light Measurements 
Light was measured with a hand-crafted light-meter (Holanov, 

in manuscript) in which the 931A photomultiplier tube (light sensitive
2



element) was calibrated with a Weston 756 Sunlight Illumination Meter*
2 -6The range of the light-meter was 6 x 10 to 10 foot-lamberts (fL)*

Measurements in the field and laboratory of horizontally reflected 
light were made just under the surface of the water• Field measurements 
were made under sunlight, full and partial moonlight9 and starlight, 
with clear skies, Measurements in foot-lamberts are considered 
equivalent to those in foot-candles for comparison to other studies 
(Hunterj 1968),

Feeding Apparatus 
Foods were added to the experimental aquarium via vinyl hoses 

13 mm in diameter, A single; hose led from a funnel to a Y » Two other 
hoses fe9m the Y led to the back comers of the aquarium and ended 
behind pieces of white plastic (10 cm wide) placed diagonally across 
the comers. The diagonals extended from 3 cm off the bottom to 
within 3 cm of the surface of the water. At the beginning of an 
experimentj food suspended in water was poured into the funnel and 
flowed by gravity into the corners, Air released in the corners caused 
water to flow upward) mix with the food 9 and dispersed.the food through
out the aquarium in a few seconds, The continuous movement of the water 
prevented food from settling on the bottom.

Fish Handling
About 200 threadfin shad', 7,0 cm to 14.1 cm total length 

(x = 10,5 cm) were obtained from Canyon Lake (80 km east of Phoenix9 Az)•
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In the laboratory 9 shad were held prior to anti - between', experi

ments in galvanized horsetroughs (0„5 m x 0*5 m x 1*2-1,5 m) holding 
about 400 1, Up to 40 fish were held in a horsetrough at a time.
Between experiments 9 fish were usually fed frozen brine shrimp once per 
dayo The water in.the horsetroughs was ,changed weeklys aerated contin
uously 5 and temperatures kept at 20 to 23 C, The laboratory outside 
the testing room was illuminated with two 40 W fluorescent lights on 
a 12 hr light/dark timer..

Fish were deprived of food for 22 to 26 hr before testing. The 
water in the experimental aquarium was changed before each experiment 
and adjusted to within 2 C of the horsetrough from which the fish were 
selected. Five.shad were selected randomly from a horsetrough) with 
2 to 5 cm variation in length between fish per experiment. The behavior 
of the five fish in the aquarium was observed for 5 min after their 
introduction, and abnormally behaving fish were replaced. The air 
in the comers was turned on and the fish were acclimated for 2 hr 
before testing. After being used in an experiment, fish were not 
retested for at least a week, and no fish were tested more than three- 
times o

Filter Feeding Experiments 
The minimum effective size range of particles possible for shad 

to filter was determined by measuring the distances between gill rakers
for eight fish. Measurements were made at the mid-point of the rakers
on the lower limb of the.first gill arch. Six measurements were made
on each fish and the average was computed.



Brine Shrimp Nauplii (Artemia sp.)
Six experiments were conducted at different light levels,

1 -1 Qone at 9 x 10 , 9 x 10 , and 9 x 10  ̂fL , and three at 0 fL using.
brine shrimp nauplii (0.34-0.60 mm, x = 0.39 mm length) for food. 
Fifteen ml of nauplii, concentrated with a centrifuge, were mixed with 
one 1 of water which was then flushed with two 1 of water into the 
experimental aquarium after the test fish had been acclimated. The con 
centration of nauplii in the test aquarium was about 1000/1, measured 
by counts from samples of water taken after two of the experiments.

Fish, were removed from,the test aquarium 10 min after the 
introduction of the nauplii and placed in 10% formalin. Digestive 
tracts from these fish were examined and, the fish were divided into: two 
groups (depending on the total number of nauplii in the gill rakers, 
esophagus, gizzard, and intestine): (1) those with 0 to 25 nauplii were 
considered not to have fed since these few nauplii could have been 
ingested incidentally by respiratory movements; and, (2) those with 
26 or more nauplii were considered to have fed.

Phytoplankton
0Three experiments were conducted at 3 x 10 fL and four at 0 fL 

A mixture of phytoplankton species was obtained from an outdoor tank 
and filtered through a net with a mesh size of 76 /U to remove zoo- 
plankton and larger particles. At the start of an experiment, 75 1 of 
filtered water containing phytoplankton was pumped for 10 min into the 
experimental aquarium containing the acclimated fish. The fish were 
removed 1 hr after starting the pump and processed as in the brine
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'shrimp experiments • The digestive - tracts were examined . at 15 X; when 
masses of green algae were seen, feeding was assumed to have occurred,

Samples of water were taken from the aquarium after experiments• 
Phytoplankton were identified using the keys in Thompson (1959)„ 
Concentrations, were estimated by averaging 10 counts of the number of 
plankters in 2.57 mm in a Sedgewick-Rafter Cell under 100 X.

Particulate Feeding Experiments 
Five experiments were conducted at each of these six light 

levels: 9 x 101, 9 x lO-1, 9 X 1(T3, 9 x IQ-4, 9 x 10-5, and 0 fL.
In each experiment', ; 300 active adult brine shrimp (3.5-10.0 mm, x = 7.3 
mm in length) were flushed with two 1 of water into the aquarium contain
ing five acclimated fish. After TO min, the fish were removed and trans
ferred to a horsetrough. The brine shrimp remaining in the aquarium ■ 
were counted and subtracted from 300 to find the number eaten by the 
fish.



RESULTS

In preliminary experiments, I observed filter and particulate 
feeding by threadfin shad, Filter feeding occurred when relatively 
small food particles were used and particulate feeding took place when 
larger foods were offered•

Phytoplankton and brine shrimp nauplii were used in the filter 
feeding experiments because these food particles were smaller than the 
maximum size (1 mm) that elicited filter rather than particulate 
feeding in northern anchovies (Engraulis mordax) and Pacific sardines 
(Sardinops caerula) recorded by Leong and O’Connell (1969) arid Loukashkin 
(1970)o Adult brine shrimp were used in the particulate feeding exper
iments because northern anchovies and Pacific sardines ate them indivi
dually «> Also, adult brine shrimp are in the upper size range of foods 
found in stomachs of threadfin shad (Miller, 1961),

Filter Feeding Experiments 

Measurements were made of the distances between the gill rakers

to determine the minimum size of particles threadfin shad can filter.
The distance at the. mid-point between gill rakers in shad (8.0-14.1 cm 
total length) averaged from 26 to 39 /I (Table 1). Particles smaller 
than these dimensions may be retained if trapped in groups or in spaces 
between gill rakers that are already blocked (Miller, 1961). Threadfin 
shad add more gill rakers with growth so that the spacing of the rakers 
may not vary directly with length (Miller, 1963).
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Table 1. Average distances between gill rakers at mid~point of eight 
threadfin shad.

Total Length (cm)
Average Distance Between 

Gill Rakers (jum)a

8.0 26
9.2 27
9.9 32

10.6 33
10.8 34
10.8 39
12.0 33
14.1 35

Each distance is the average of six measurements for each 
fish.
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Brine Shrimp Nauplii

Experiments with brine shrimp nauplii were conducted in light 
intensities. of 9 x ,10**"s 9 x 10~\ 9 x 10^3, and 0 £L» Before the 
addition of food to the experimental aquarium, all five fish were usually 
swimming in compact groups around the walls of the aquarium in a clock
wise direction. This behavior was maintained for 2 to 3 min after the 
brine shrimp nauplii were added and before filter feeding began„ Once 
filter feeding began, the groups dispersed and each shad moved randomly, 
Filter feeding continued during the remainder of the 10 min period until 
the fish were removed. The fish did not ingest individual nauplii while 
filter feeding, but filtered continuously by opening and closing their 
mouths about two times per sec. with the opercula flaring further outward 
than during respiration. Filter feeding behavior in the threadfin shad 
was similar to that reported for the gizzard shad (IX cepedianum) by 
Drenner and O’Brien (1976) and Atlantic menhaden (Brevoortia tyrannus) 
by Durbin and Durbin (1975),

The percent occurrences of filter feeding by shad on brine 
shrimp nauplii at different light intensities are given in Table 2, All 
fish fed at all light intensities tested except one (test number 4 at 
0 fL); however, I could not detect any behavioral or external physical 
abnormalities to indicate why it did not feed,

The filter feeding rate was high enough at all light levels 
during the 10 min feeding time to fill the esophagi, gizzards, and in 
some, even the pharyngeal organs of the shad. Counts that were made 
of the nauplii eaten by each of 10 shad ranged from 100 to 4000 per
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Table 2. The percentage of threadfin shad that filter fed on brine 
shrimp nauplii at four different light intensities.

Experiment3" Light Intensity 
in Foot-Lamberts

Percent Occurrence 
of Filter Feeding

1 9 x 101 100
2 9 —1x 10 100
3 9 -3x 10 100
4 0 80
5 0 100
6 0 100

aFive fish in each experiment.
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shade Volumetric estimates were made of the nauplii eaten by each 
of these 10 shad; these volumes were then compared to the individual 
food volumes for each of the other fish in which.no counts were made.
The results of this comparison indicated that most of the shad had con
sumed between 100 and 1000 nauplii.

Phytoplankton

Since the experiments using nauplii showed that light intensity 
had little effect on filter feeding9 it was unnecessary to conduct 
experiments with phytoplankton with gradations;of light; these experi- 
ments were conducted only in bright light (3.x 10 fL)s and in darkness 
(0 fL)e

The kinds and sizes of phytoplankton used in the experiments are
.

listed in Table.-;3; most of the individual plankters were 20 to 50 fx in 
their largest dimension•

Each experiment with phytoplankton lasted 60 min. After a 2 hr 
acclimation period for the shad, phytoplankton was introduced for 10 min. 
The addition of the phytoplankton to the experimental aquarium colored 
the water green. /-The onset/ of filter feeding occurred 3 to 8 min after 
the beginning of the phytoplankton introduction, and -then continued for 
30 to 40 min. After the experiments, the algae in most of the fish 
filled the lumens of the gizzards, the upper 5 to 10 mm of the intes
tines, and some of the intestinal caecae. Little algae were found in 
the pharyngeal organs and esophagi, probably because algae had passed 
completely through these organs and out of them during the long period
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Table 3. Types and dimensions of the phytoplanktons used in the filter 
feeding experiments.

Phytoplankton Dimensions (pm)

Scenedesmus sp. 15 x 25
Miractinium sp. 55
Golenkinia sp. 40
Closterium sp. 3 x 70
Diatoms; 10 x 40
Unidentified 5 to 50
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of time between when the fish stopped feeding9 and when the fish were 
removed at the end of the experiments®

The results of the filter feeding experiments using phytoplankr- 
ton are shown in Table 4, In the three experiments at 3 x lO^fL, 14 
out of the 15 fish used contained visible concentrations of algae in 
their digestive tracts« In the four experiments at 0 fL, 18 put of 20 
fish used fed.

Particulate Feeding Experiments 
Particulate feeding experiments on brine shrimp were conducted 

at light levels of 9 x 10^, 9 x l o \  9 x 10 9 x lO""'̂ , 9 x 10 and
0 fL, Before the addition of food to the experimental aquarium, the 
shad s^am in groups around the aquarium as previously described for fil
ter feeding. After the introduction of the shrimp, some of the test 
fish maintained these same swimming patterns while feeding, but most 
dispersed and fed'randomly. The shad ate individual brine shrimp by 
moving very near to a shrimp and then.quickly opening and closing its 
mouth to ingest it. The feeding behavior was similar to the particulate 
feeding behavior previously described for the anchovy by Leong and 
0?Connell (1969), the alewife (Alosa pseudoharengus) by Janssen (1976), 
and the herring"(Clupea harengus) by Blaxter (1966),

The average numbers of brine shrimp eaten by five groups of five 
fish at each of 6 different light levels are shown in Table 5, Most of 
the 300 brine shrimp introduced at the start of each experiment were

1 _ Teaten in every experiment at light levels of 9x10 and 9x10 fL, At 
these light levels, the shad fed immediately upon the introduction of the
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Table 4. The percentage of threadfin shad that filter fed on varying 
concentrations of phytoplanktoh at two light intensities.

Experiment
Light Intensity 
in Foot-Lamberts

Food Concentration 
(organisms/ml)

Percent Occurrence 
of Filter Feeding

1 03 x 10 4,200 80
2 3 x 10° 3,700 100
3 3 x 10° 4,700 100
4 O' 2,500 ■- 80
5 0 2,800 100
6 0 3,100 . 100
7 0 12,000 80

aFive fish in each experiment.
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shrimp into the test aquarium, usually consuming most of them in less 
than 2 min; only those hidden in corners or on the bottom of the ' ; . 
aquarium were not eaten.

Feeding at light intensities of 9 x 10™^ and 9 x 1;0~̂  fL did not
start until 2 to 3 min after introduction of the shrimp, then feeding
continued throughout the experiment at a lower rate than in the higher 
light intensities.

The feeding rate at the light intensity of 9 x 10~^ fL averaged
2.4 brine shrimp per experiment. The shad swam in groups around the
aquarium throughout the test period with no indication of the feeding
behavior exhibited at higher light levels.

The shad ate an average of 1.4 brine shrimp per test at 0 fL of 
light. These data indicate that the minimum light threshold for parti
culate feeding was between 9 x 10""̂  and 9 x 10~^ fL.

Counting errors (average -1.3) were estimated by counting the 
brine shrimp in five control experiments where no fish were present.
A Kruskal-Wallis One-Way Analysis of Variance (Mosteller and Rourke, 
1973) indicated that the results at 9 x 10~^ fL, 0 fL, and the controls
were not significantly different at the 0.10 level.



Table 5, The average number of adult brine shrimp eaten in five 
experiments (with five fish per experiment) at each of 
six light intensities. .

Light Intensity Average Standard
in Foot-Lamberts Number Eaten Error

9 x 101 259.0 16.1
9 x 10-1 271.0 7.6
9 x 10-3 109.0 16.1

-49 x 10 104.0 16.5
9 x 10-5 2.4 1.3

0 1.4 0.8
Controls3 —1.3 0.8

aNo fish present during experiments.



DISCUSSION

Few phytoplankton feeding fish have evolved in North America 
due to the instability of freshwater habitats.over■geological time 
(Brooks 5 1968; Larkin, 1956)• The absence of freshwater phytoplankton 
feeders in the past left an ecological gap that apparently was filled 
by the ancestors of threadfin shad that invaded from the sea. The fil
ter and particulate feeding abilities of threadfin shad were probably 
inherited from these marine ancestors who brought the traits with them 
when they invaded freshwater, since the feeding habits and morphology 
of extant threadfin shad still closely resemble those of marine clupeids . 
(Miller, 1960; Nelson and Rothman, 1973; Longhurst, 1971). Similar 
invasions of freshwater habitats by marine planktivores have occurred in 
Asia, where some species similar to threadfin shad have completely ' 
adapted to freshwater life, and others still move between fresh and salt 
water (Munro, 1967; Herre, 1953; Nelson and Rothman, 1973).

My observations of filter feeding by threadfin shad are the 
first recorded for this species, and confirmed Miller/s (1961) conclusion 
that threadfin shad filter feed on relatively small food particles and 
consume large prey individually. The effect of food size on feeding 
behavior by threadfin shad is similar to that found in other species 
capable of both filter and particulate feeding (Leong and 0fConnell,
1969; Loukashkin, 1970).

.17
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The ability of threadfin shad to filter microscopic phytoplank-* 

ton or capture larger zooplankton individually may account for the close 
correlation between the.types of organisms in the plankton and their 
occurrence in shad stomachs found by Miller . (1961). In addition, by 
feeding on different types of plankton in proportion to their abundance, 
threadfin shad should be able to change their diet according, to the 
seasonal succession of the plankton. For example, May (1968) found 
copepods and cladocerans were eaten as the major foods in the spring 
and summer, probably when these organisms were relatively abundant, but 
phytoplankton became more important during the rest of the year, when 
these organisms were probably most common, Haskell (1959) found similar 
seasonal changes in the diet of threadfin shad, however, neither of 
these two studies detailed the composition of the plankton where the 
shad were collected»

In my experiments, threadfin shad filter fed under both light 
and dark conditions, which raised the question as to whether they used 
different senses to detect food in the light than in the dark. However, 
no studies have yet been made to determine which senses are used by fil
ter feeders to detect food* Volkova (1973) found that the Baikal omul 
(Coregonus autumnalis migratorius) filter fed only when it was too dark 
to see its zooplankton prey, and presumed that this species sensed the 
prey brought into its mouth by respiratory currents with the taste buds 
located there» I made no special studies to determine the senses initi
ating filter feeding in threadfin shad, but some of my observations 
during the filter and selective feeding experiments indicated that
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filter feeding in this species is probably triggered by chemoreception 
and not by vision. There are two reasons why vision as a triggering 
mechanism seems improbable: (1) the shad did not start feeding until 
several minutes after brine shrimp nauplii or phytoplankton were added 
at high light levels 9 even through the addition of these organisms 
caused obvious visual changes by coloring the water; and (2) in experi
ments where large brine shrimp were introduced, the shad fed immediate
ly • Two other observations support a chemosensory trigger; (1) thread- 
fin shad have receptors resembling taste buds at the entrance to their 
pharyngeal organs (Schmitz and Baker, 1963), which these authors 
suggested are used to detect microscopic foods; and (2) threadfin shad 
have been observed by T. McMahon, graduate research assistant (personal, 
communication) to be attracted to and sometimes make filter feeding 
movements near a source of water devoid of any suspended matter, but 
previously inhabited by zooplankton.

The experiments using adult brine shrimp clearly showed thread
fin shad use vision for particulate feeding, because, (1) of the rapid 
consumption of brine shrimp at high.light intensities; and (2) the 
feeding rate decreased with decreased light intensity (Blaxter, 1970).

Most planktivores are visual feeders and are limited to feeding 
in daylight and twilight (Woodhead, 1966; Volkova, 1973). A comparison 
of the filter and particulate feeding abilities of the threadfin shad 
at different light intensities to natural light intensities at various 
times of the day is shown in Figure 1. These data indicate threadfin 
shad can filter feed 24 hr a day, and that filter feeding is mainly 
limited by concentrations of microscopic food. Farticulate feeding by .
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shad, which is limited by light intensity, seems to be possible in light 
intensities as low as bright moonlight. These feeding patterns,are 
supported by observations of Baker and Schmitz (1971), who inferred 
from stomach analyses that the shad ate larger amounts of zooplankton 
during the day than at night, but ate large amounts of phytoplankton ' 
both day and night.

In conclusion, my study confirms that threadfin shad use. 
both particulate and filter feeding, that the type of feeding used is 
closely correlated to the size or concentration of food, and that light 
intensity only affects particulate feeding. This knowledge makes it 
possible to understand why previous workers have found all the major 
groups of plankton in the stomachs of threadfin shad that they examined 
(Miller, 1961; Gerdes and McConnell, 1963; Haskell, 1959; May, 1968; 
Baker and Schmitz, 1971).
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