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ABSTRACT

The food habits of yellow perch in Lake Washington were studied over a period

of nine months.' Altogether, 549 yellow perch were examined for the stomach

contents. The food consisted mainly of cottids, mysid shrimp, and chiron-

omid pupae and larvae; the predominant food item being the mysid shrimp.
There was no difference in the food consumed between the different sexes and
between the different size groups. However, a considerable seasonal vari-

ation in the consumption of different food items was seen. Maximum feed-

ing by perch during the day was observed just before dusk, and the daily ra-
tion was calculated to be about 0.014 grams per gram of body weight.

INTRODUCTION

There is considerable information in the literature about the different kinds
and volumes of food found in the stomachs of freshwater fishes. More recent-

ly due to the emphasis on production dynamics of fish populations, much in-

formation has been obtained about the trends of feeding during the different
seasons. Many workers have also provided information about the exact amounts

of each type of food the fishes consume, in their natural habitats, in 24-

hour periods (Darnell and Melerotto, 1964; Keast and Welsh, 1968; Noble,

1972; Mathur, 1973). The food of a given species of fish will vary with its
habitat, and the description of the food of fish of one locality may not nec-
essarily be the same for another locality. The yellow perch (Perca flave-
scens)is widely distributed and is highly valued for food and sport. Be-

cause of its importance, a certain amount of information is already available
on its feeding habits in different localities (Keast and Welsh, 1968; Seaburg

and Moyle, 1964). There appears to be no information available at all on the
food and feeding behavior of yellow perch from the Northwest of the United

States and the present study was therefore undertaken to gather information
about the hours of active feeding, the 24-hour feeding chronology, the daily
ration, and the seasonal trends in feeding habits of the yellow perch in Lake
Washington and was carried out as a contribution to the Coniferous Biome

Study of the International Biological Program.

Lake Washington (Figure 1) is mesotrophic and covers 87.6 km2. It is the
second largest natural lake in the State of Washington. The lake Is 29.6 km
long and has a width varying from 0.6 - 2.4 km Twenty-eight species of fish
occur in the lake; the most common species of fish encountered being the juve-

nile sockeye salmon (Oneorhynchus nerka), longfin smelt (Spirinchus thaleich-
thys), threespin stickleback (Gasterosteue aculeatus), the peamouth (My-

locheilus caurinus), yellow perch (Perca flavenscens), squawfish (Ptyeho-
eheilus oregonensis), and the sucker (Catostomus eo»mersonni).

*Present address: Department of Zoology, University of Ceylon,
Vidyalankara Campus, Kelanlya, Sri Lanka (Ceylon).



MATERIALS AND METHODS

Horizontal gill nets were used as the principal sampling gear. Fyke nets

were also used in an attempt to capture yellow perch alive for gastric eva-
cuation and digestion rate experiments, but these attempts were unsuccessful.

The determination of dail; feeding periodicity was based on findings during
two 24-hour periods of gilI- netting (17/18 July and 22/23 August) and was

carried out at the north end of the lake (North Point), where the water depth
Is between 2 - 8 m. The water temperature ranged from 18 - 22°C. Four nets

were used simultaneously for the 24-hour study. Of these, two nets were set
parallel to the shore and the other two were set perpendicular to the shore.

The nets were cleared approximately every three hours.

For the seasonal study of feeding habits, the perch were fished from sev-

eral sampling sites located in the north, south, and central parts of the
lake. Usually two nets were set every time; one perpendicular to the shore
and one parallel to the shore. These nets were fished for 24 hours. Monthly

collections were made from April 1973 to December 1973.

Immediately on capture the fish were killed and the total length to the near-
est mm, weight to the nearest 0.1 g, and sex of each fish was recorded. The

stomachs were removed and preserved in 10% formalin for later detailed exami-

nation. In the laboratory, stomachs from the samples were analyzed and the
fullness estimated by observation was recorded. Visual estimation of full-

ness was made in accordance with the widely-used classification given below

and established by Ball (1961)

Visual estimation of fullness Points

distended 10

full 8

3/4 full 6

1/2 full 4

1/4 full 2

traces
empty

1

The mean number of points per stomach (fullness index) was determined for each

sample taken 3-hourly as well as for those samples taken monthly.

The stomach contents of indivudual stomachs were then sorted, identified to
species if possible, counted and their volume determined by water displace-
ment. Later the percentage composition of individual food items was deter-
mined by number, volume,and occurrence for both the 3-hourly and the monthly
samples. The number and volume methods are most useful, although the former
overestimates the importance of smaller items and the latter overestimates
the importance of larger food Items. Subsequently, a large sample of a known
number of food items.(also of different size groups if necessary) of each
species was weighed and the mean weight of each kind was determined. Later
the estimated mean weight was multiplied by the number of organisms observed

to obtain total weight for each of the food items. The 24-hour feeding per-
iodicity was determined on the basis of mean weights of stomach contents per
gram of body weight (Keast and Welsh, 1968; Mathur, 1973).
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RESULTS

During this study, the stomach contents from 549 yellow perch, measuring 100-

350 mm total length, were examined. Considerably fewer females (164) than

males (387) were collected. The size frequency of all the fish examined is

given in Figure 2. Most fish without any food in the gut were caught during

spring when the fish were spawning.

Food Composition

Surprisingly, the yellow perch in Lake Washington feed only on a very few

selected food items. Numerically the mysid shrimp, Nearnysis awatchensis

(Brandt), predominated in the diet throughout the year, although in terms

of volume the cottid, Cottus aspen, was the most significant food item.

Third in importance were the Chironomid larvae and pupae. Other insects

which were also eaten but which formed a negligible portion of the diet

during certain months of the year included mainly trichopteran larvae.

Occasionally mollusks (Physa gyrina Say and Gyraulus Sp.) occurred in the

diet. Only in one specimen did copepods and amphipods appear as stomach

contents. Table 1 shows the actual and percentage composition of the diet

assessed by the number, volume and occurrence methods. The results are
based on stomachs taken throughout the period of study. Empty stomachs

were excluded from the calculations.

Stomach contents of the yellow perch from Lake Washington indicate that for

the spring, summer, and autumn as a whole, although the diet was variable,
it was comprised principally of fish, shrimp, and insect larvae.

Seasonal feeding intensity as measured by the number and volume of food

items found by month in the stomachs is given in Table 2. Most fish without

food were caught in spring when the perch were not apparently feeding.

fact that many fish captured in 24-hour sets in April and early May con-

tained essentially no food, vti4iereas most of those taken in the latter part
of May and June contained ingested materials, suggests that intensive feed-
ing begins during this time after the spawning period. Considerable sea-

sonal variation in the consumption of food items was observed. Maximum num-

bers of fish (mostly Cottus Sp.) consumed by yellow perch were noted during

the months of July and August, while the largest number mysid shrimp (Neo-

mysis Sp.) was consumed during May and June. Chironomid pupae and larvae

(Chironomus Sp.), on the other hand, were mostly ingested during October.

This seasonal variation may also reflect the seasonal abundance and avail-

ability of the food items.

An attempt was made to see whether the food habits of yellow perch differed

among the different sizes and size groups of the different sexes (Tables 3
and 4). A difference could not be found in the types of food consumed bet-

ween the different size groups of 100 and 350 mm. Even yellow perch of the

size group 100-149 mm had fish in their stomachs, although the sizes of the
fish ingested were small compared to the sizes of fish ingested by other

larger size groups. The females contained more fish (mean value 2.2) in
their stomachs than did the males (mean value 1.0). Chlronomid pupae and

larvae constituted the third most important item of food, while snails and

other insect larvae such as the Trichoptera were of minor importance as food

items. Occasionally leeches were seen in the stomachs. Of the yellow perch
examined for stomach contents, fish made up 63% of the stomach volumes, while



mysids constituted 22% of the volume (Table 1). The relationship between sto-
mach volume and fish length was more marked in female than male yellow perch.

Daily Feeding Cycle

This study is based on two 24-hour periods of gill-netting conducted on 12/13

July and 21/22 August. The gill-nets were cleared every three hours. Table

5 gives the three hourly catch per unit of effort of all the fish collected
by horizontal nets on 12/13 July. Five species of fish appeared in the nets
of which the peamouth and the yellow perch predominated. These data also pro-

vide information about the daily activity pattern of the yellow perch in Lake
Washington. Most numbers of yellow perch were taken in the morning and early
hours of the afternoon, while least numbers were taken after midnight. This

activity pattern indicates that the fish are most active during daylight hours
and feed during this time (Figure 3), and is in close agreement with the re-
sults of Carlander and Leary (1949) and Sieh and Parsons (1950) who found

yellow perch to be more active during the daytime, both at Lake of the Woods

and Clear Lake, Iowa.

The trend in diurnal feeding during both days was very similar. The feeding

activity was studied by deriving the weight of stomach contents per gram of

body weight of fish. Any change in feeding activity over the 24-hour period
will be reflected in the changes in this ratio. A very conspicuous feeding
peak just before dusk was discernible. Active feeding by perch began at about

noon and the maximum volume of food in the guts of perch was found about 7 pm
This feeding continued until dusk and with the approach of darkness feeding
completely stopped, so that there appears to be a correlation between diurnal
activity and the periods of maximum gut fullness. Most of the gut contents
observed during night and early hours of morning were in an advanced stage
of digestion.

The intensity of feeding during different times of the day was dissimilar, and
this diurnal variation in the nature of the feeding of fishes was used as a
basis for the determination of daily ration as was used earlier by Keast and
Welsh, 1968, and Mathur, 1973. This method essentially involved the determin-
ation of the differences between the mean weight of stomach contents per gram
of fish weight at the peak and for the succeeding low points. As pointed out
by Keast and Welsh, 1968, this method is satisfactory in the case of fish where
the stomachs are emptied between feeding periods, but not for those fish where
feeding is erratic or nearly continuous.

Daily feeding periodicity for Perca fZavescens in Lake Washington expressed as

the weight of stomach contents per gram of fish (pooled data for July and August

1973, temperature 18-22°C) is given in Figure 4. From these data the resultant
daily ration value is around 0.014 g per q (14*),. for fish ranging from 10.0-
35.0 cm.

The major food items consumed by yellow perch were similar throughout the two
24-hour periods examined. The kinds of food items in the diet probably reflect
the kinds of food organisms that are most accessible during the time of feeding.
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Table 6 gives the mean numbers of food organisms of yellow perch taken during

the different times of day in two 24-hour periods. This indicates that the

Cottus aspen was consumed mostly during 4 pm and 10 pm The mysid shrimp

Neomysis awatchensis, on the other hand, predominates in the stomach con-

tents at about 4 pm. Chironomid larvae and pupae and trichopteran larvae

were present as important food items after 4 pm and until about 10 pm, just

before the fish cease feeding. The yellow perch, being a visual feeder which

feeds mostly on bottom-dwelling organisms, is able to obtain most food items

from the water and mud when there is a certain amount of light; the decline

after 4 pm in numbers of mysid shrimp in the stomachs of yellow perch which

come from the water column is an indication of this. It is possible that the

movement of cottids and other animals such as the snails, when they themselves

move about searching for food, may attract the yellow perch, resulting in their

being picked up and taken in as food Items. Sometimes the individual yellow

perch appears to be feeding only on one type of food organism.

DISCUSSION

It is already known that yellow perch is a fish which is active during day-

time. At night it may come to rest on the bottom, at least during summer

(Herman, et al., 1959). A daily migration of yellow perch from open water to

the resting bar has been observed in Lake Mendota, Wisconsin (Hasler and Bardach,

1949). While this appears to be true for Lake Washington, as well, Bartoo (1972)

found that in Lake Washington the yellow perch were invariably found within a

few feet of the bottom, regardless of water depth or season. The daily activity

pattern of the yellow perch in Lake Washington corresponds roughly with the

feeding pattern. The maximum numbers of perch caught by the nets during the

two 24-hour study periods were between 10 am and 7 pm, with cumulative peaks

between 1 pm and 4 pm. This corresponds well with the degree of fullness of

.stomachs noted for the different times of day (Figure 3).

Food acquisition by yellow perch appears to be a combination of some type of

bottom probing activity, whereby cottids, Chironomid pupae and larvae, snails

and other insect larvae are ingested, and open water feeding on mysid shrimp

swimming freely in the water column near the bottom of the lake. The yellow

perch not only feeds throughout the different seasons but also appears to be

somewhat a selective feeder, in that throughout the present study the food

was restricted to a few items, being mainly confined to cottids, mysid shrimp,

and Chironomid pupae and larvae. However, as the seasonal feeding study show-

ed, this depended mainly on the relative abundance and the availability of the

prey species at the time of feeding. During certain months of the year, such

as in July, fish such as cottids were ingested heavily while in other months,

such as May and June, mysid shrimp and chironomid pupae and larvae were

preyed upon heavily, probably reflecting a differential abundance and avail-

ability of the prey species during the different times of the year. A diurnal

difference in the Ingestion of different food items was also observed, and

perhaps this could be speculated to be for the same reason-differential avail-

ability and the abundance of the prey organisms at a given time of the day.

The present study also established the fact that yellow perch from different

localities and habitats will feed on different varieties of food. Several au-

thors have reported several kinds of food for yellow perch. For example, Seaburg

and Moyle (1964) found that yellow perch in some western Minnesota warm water



lakes fed mainly on darters, minnows, dragon fly nymphs, and Chironomid larvae,
while Keast and Welsh (1968) showed that yellow perch in Lake Opinicon, Ontario

ingested mainly invertebrate organisms such as Cladocerans, amphipids, isopids,

dragon fly nymphs, and chironomid larvae. The present study shows that in Lake

Washington the diet of yellow perch is mostly confined to cottids, mysid shrimp,

and Chironomid larvae and pupae.

The diurnal feeding studies have shown that for yellow perch in Lake Washington

there is only one major feeding peak and that is at dusk, while Keast and Welsh

(1968) reported two peaks, one major peak at dusk and a minor of feeding in the

morning.

Keast and Welsh (1968) and Mathur (1973) pointed out that at any peak of sto-

mach fullness the mean value for the population is considerably lower than that
for the individual with the fullest stomach. From the data presented here, this
appears to be the case, too, for the feeding rates of the population of perch in

Lake Washington, As pointed out by Keast and Welsh (1968) this generally shows

that, at any time, a stomach of a fish in the population was far from being fill-
ed to its capacity during the feeding period. Among many reasons, this may be

due to the limitation of the available food.

The daily ration of food for yellow perch in Lake Washington appeared to be

around 0.014 gram per gram of body weight. This calculation has to be consid-

ered somewhat as a minimum value, since some digestion must be taking place
even during feeding periods. Several workers (Keast and Welsh, 1968; Mathur,
1973) have indicated in their studies on daily ration values on many fish that
fish generally consume about 2-4% of their body weight daily. The present data are

therefore much less than that of the published data, but agree with those of

Seaburg and Moyle (1964) who estimated the daily ration for several fish in

Minnesota lakes to be 1-2% of body weight. The figure given by these authors

represents an average for the whole summer and not for the time of accelerated

spring feeding, as was given by Keast and Welsh (1968). Therefore, their value
is much closer to the value derived for the present study which was, like

Seaburg and Moyle's, carried out during the summer months.

It was apparent in this study that there was no particular. distinction in the

food selection by the various sizes of fish and by the fish of the different

sexes. Nearly all of the fish studied were larger than 100 mm and these in-
gested cottid, mysid shrimp, and Chironomid pupae and larvae indiscriminately.
Only two fish smaller than this size were examined, and the stomach contents
in these contained only cladocerans and amphipods. However, it was seen that
the size of the prey (cottids) ingested varied to some extent. In many instances

the female perch had in their stomachs prey larger than 8.3 mm, which was

never found in the males during this study.

In Laka Washington, yellow perch had the second highest catch per effort values
of all the species caught in the gill-net sets, coming next only to the peamouth

(Bartoo, 1972; Nishimoto, 1973). However, data are not yet available to indi-
cate which of these fish species numerically dominate the fish populations. The

impact of yellow perch on other fishes of the lake could only be evaluated when

24-hour feeding studies on cohabiting species are carried out. The proven suc-

cess of yellow perch in Lake Washington, however, suggests. ample availability
of faunal prey resources. Its maximum peak of feeding is at dusk and, being
opportunistic, it will feed on prey organisms that are most accessible at these

hours. Possibly its specialization to feed at these hours may also serve to

t



reduce interspecific contact and competition with other dominant fish species
in Lake Washington.
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Table 1. The total composition of diet of yellow perch examined from Lake

Washington by number, volume, and occurrence.

Number volume (ml) Occurrence

Food organism *(Actual) (%) Actual M (Actual) (°G)

Cottus asper 576 8.05 239.4 62.29 165 28.94

Gasterosteus
aculeatus 5 0.06 6.1 1.58 5 0.87

Neomysis
awatchensis 5003 69.09

84.83 22.06 157 27.54

Chironomus $pp. 1218 17.03 45.96 11.95 220 38.59

Trichoptera larvae 300 4.19 5.00 1.30 5 0.87

Mollusca 33 0.46 3.05 0.79 13 2.28

Hirudinea 17 0.23 0.01 0.002 5 0.87

0



Table

Month

1973

. Volume (ml) of food items found by month in stomachs of yellow perch from Lake Washington

No. of fish % of Chironomid Avg. vol.

examined fish Mysid larvae & Trich- Hiru- per fish
with 4o woo Fish shrimp pupae Mollusca optera dorrea Total with

food food fish no. -,ol. no. vol. no. vol. no. vol. no. vol. no. vol. volume food

Apr 68 20 22.7 11 25.6 386 3.4 108 3.7 6 1.4 34.10.50

May 109 39 22.6 12 12.8 2563 45.5 89 2.9 11 0.46 288 5.0 66.6 0.61

Jun 43 9 17.3 39 29.2 1234 22.8 7 0.39 52.3 1.21

Jul 94 1 1.0 352 83.1 31 0.5 166 6.6 6 0.5 2 trace 1 0.01 90.7 0.96

Aug 54 3 5.2 93 50.2 278 3.4 132 4.4 58.0 1.07

Sept 27 5 15.6 22 15.6 184 2.1 58 1.7 19.4 0.71

Oct 25 5 16.6 20 9.9 28 0.3 516 21.0 31.21.24

Nov 26 5 16.1 11 23.3 264 3.8 87 2.8 1
16 0.02 31.11.19

Dec 15 1 6.2 16 6.6 35 0.9 55 1.4 9 10.10.67



0

Table 3. Total number of each food item observed and the percentage of each food item In male yellow perch of different length classes.

Length With w/o who Cotta as er Neomuais Sp.
classes food food food Aug. per

(mm) (no.) (no.) (%) (no.) (%) fish (no.) ($) Avg

Chironomid Mollusca Trichontera Hlrudinea
Pupaeb Larvae
(no.) (2) Ava (no.) (%) Ava (no.) M A.3 (no.) (%) Ava

100-149 23 3 11.53 20 9.61 0.9 129 62.01 5.6

150-199 59 5 7.81 76 8.55 1.3 699 78.71 11.8

200-249 96 20 17.24 142 11.10 1.5 725 56.68 7.6

250-299 135 38 21.96 67 2.42 0.5 2199 79.64 16.3

300-350 3 3 50.00 1 0.75 0.3 130 97.7 43.3

58 27.88 2.5 1 0.48 Trace

107 12.04 1.8 5 0.56 0.1 1 0.11 Trace

224 17.51 2.3 2 0.15 Trace 186 14.54 1.9

375 13.58 2.8 10 0.36 0.7 102 3.69 0.8 8 0.28 0.1

2 1.50 0.7

Total 316 69



Table 4. Total number of each food item observed and the percentage of food items in female yellow perch of different length classes.

Length With w/o w/o Cottus aaper Neornysis Chironomid Mollusca Hirudinea
classes food food food Avg. Pipae & Larvae

(mm) (no.) (no.) ($) (no.) ($) per fish (no.) ($) Avq. (no.) ($) Avg. (no.) ($) Avg. (no.) ($) Avg.

100-149 8 1 11.11 15 51.72 1.9 14 48.27 1.7

150-199 19 2 9.52 12 4.70 0.6 148 58.03 7.8 86 33.72 4.6 1 0.39 0.1 8 3.13 0.7

200-249 32 3 8.57 30 6.81 0.9 145 32.95 4.5 263 59.77 8.2 2 0.45 0.1

250-299 46 9 16.36 107 20.07 2.3 351 65.85 7.6 75 14.07 1.6

300-350 41 4 8.88 58 8.81 1.4 472 71.73 11.5 113 17.17 2.8 15 2.27 0.4

TOTALS 146 222 1116 551 16 10



Table 5. Three hourly catch per unit effort (C/f) for all fish collected by hori-

zontal nets between 7 pm, 19 July 1973, and 4 pm, 20 July 1973 (C/f = No. of fish

linear fit. of net/hours of fishing X 103). The data are given beginning 7 al", which

is the middle of the sample period.
lTota

F1 sh 7 am 10 am 1 pm 4 pm 7 pm 10 pm 1 am 4 am MO. of
fish

Yellow perch
(p. flavescens)

Peamouth

40.40 22.72 29.46 18.51 9.25 17.67 0 0.84 165

(M. caurinus)

Squawf.1 sh

31.98 25.25 17.67 9.25 5.89 12.62 15.15 11.78 154

(P. oregonensis)

Sucker

1.68 1.68 1.68 6

(C. commersonni)

Carp

2.52 1.68 5

(C. carpio) 1.68 1.68



Table 6. Mean numbers of food organisms of yellow perch taken in two 24-hour periods,

20/21 July and 22/23 August. Numbers in parentheses indicate numbers of fish examined.

Time of Day
7 am 10 am 1 pm 4 pm 7 pm 10 pm 1 am 4 am

(1)
Food Items (16) (24) (27) (25) (16) (29) (1)

Cottue asper 0.81 1.20 2.70 4.20 4.06 4.24 2.00

Neomysis
awatchensis 0.70 0.92 5.08 2.25 2.41 1.00

Ch ironomus Spp

Larvae & Pupae 0.81 1.91 1.70 2.80 4.56 2.00 3.00

Mollusca 0.03 0.04 0.18

420
Trichoptera

.



Cedar river

Fig. 1. Lake Washington showing sampling stations.
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