
Original.:: 
cc: 

INSTITUTE FOR FISHERIES RESEARCH 
DIVISION OF FISHERIES 

MICHIGAN DEPARTMENT OF CONSERVATION 

COOPERATING WITH THE 

UNIVERSITY OF MICHIGAN 

Fish Division ' '-.}\_ ,{n,),., 
Education - Game , i:-;,"".::-W 
Institute .tor Fisheries ~ 

Research 
Pigeon River Station 
B. G. Benson 
D. s. Shetter 

ALBERT S. HAZZARD, PH.D. ADDRESS 
UNIVERSITY MUSEUMS ANNEX 

ANN ARBOR, MICHIGAN 
DIRECTOR 

I 
March 13, 1953 

Report No. 1363 

A PRELIMINARY STUDY OF THE RELATIONSHIP BE'.1.WEEN STOMACH 

CONTENTS AND COEFFICIENT OF CONDITION OF BROOK TROUT 

(SALVELINUS FONTINAI,IS) IN THE PIGEON RIVER, 

OTSEGO COUNTY, MICHIGAN 

Norman G. Benson 

Abstract 

The relationship between volume of stomach contents and 

coe.t.tieient of condition was determined for 420 specimens of wild 

brook trout from the Pigeon River, Otsego County, Michigan. All 

fish were caught by anglers and checked by trained personnel 

during the season of 1952 (April 26 to September 14). In a previous 

stucy on this stream, Dr. E. L. Cooper demonstrated that much of 

the annual growth increment for brook trout was added during the 

months of May and June. The rate of growth decreased after these 

latter months to a minimum in mid-winter. In this investigation 

data on coefficient of condition and volume of stomach contents 

were averaged for two-week periods. Both condition and stomach 

contents were highest during the months of May and June and 

decreased thereafter during the angling season. The data suggested 

that there was a close relationship between periodicity of growth, 



coefficient of condition, and mean volume of stomach contents. 

There was al.so evidence that condition at &IV' one time was depen

dent on food consumed at a slightq earlier period. 

The types of' food eaten by trout during the period of most

rapid growth and best condition must be important f'rcn the stand

point of growth. Mayfiies, caddis flies, and crqfish were the 

most common organisms present in the stomachs. 

The temperatures were in the range ot SS to 66 degrees F. 

when the trout were in the best condition and had the greatest 

volume of food in their stomachs. This temperature range has been 

found to be optimum for feeding and activity of brook trout, f'rm 

both laboratory and field studies. It is suggested, therefore, 

that the growth rate mst be dependent on opUmum temperatures, 

and the food available when the temperatures are in the opti:ama 

range. 
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The factors responsible tor rate ot growth are ot primary 

importance in the management of trout. At the Pigeon River Trout 

Research Area, Otsego County, Michigan, the rate ot growth and 

periodicity of growth of brook trout were investigated by Cooper 

(1953, and., in press). It was shown that most of the growth 

increment was added during the months of Mq and June. After this 

period, the growth rate decreased until winter when very little or 

no growth was added. During the period of most rapid growth., the 

coefficient of condition was al.so at its maxi.mum. The condition 

decreased gradually thereafter and reached a minimmn in late 

winter in a manner similar to that ot growth rate. It was suggested., 

therefore., that there was a correlation between rate of growth and 

condition. 1he possibility that food supply was a salient factor 

in determining the condition and rate of growth was al.so suggested. 

Other workers have likewise noted a close relationship between 



condition and rate of growt.h in fishes (Brown, 1946; Stroud, 1949; 

Hansen, 1951). 

The purposes or the present stud;y on brook trout were to 

investigate the relationships betw~en stomach contents and 

coefficient of condition, between both the kind and volume or 

organisms in stomach contents and rate ot growth, and between 

stream temperatures and coefficient of condition. 

Methods 

This investigation was based on 420 specimens or wild brook 

trout that were caught by anglers during the season of 1952 

(April 26 to September 14) on the Pigeon River Trout Research Area. 

A permit system or angling was used, and all angler-caught fish 

were eum:Lned by trained personnel. Lengths, weights, scale 

samples, and stomachs were collected f'rom most of the fish. The 

coefficient of condition, R (Cooper and Benson, 1951), was computed 

for each fish. F,a.ch stomach was first preserved in 10 percent 

formalin and later transferred to 70 percent alcohol. Later, the 

contents or each stomach were separated into general groups and 

measured volumetrically by displacement. The data were grouped 

into two-week periods except for the last sixteen days of the sea.son. 

Continuous temperature data were collected by" a recording thermometer 

located approximately in the center of the 92CPerimental. area. 

In an earlier study, Cooper (In press) demonstrat-ed that the 

use of angler-caught fish caused much bias in the analysis of 

periodicity of growth. He showed that,·throughout the season, 

anglers remove the most-rapidly growing ti.sh; and that, therefore, 

it was not possible to clearly demonstrate periodicity or growth 



with angler-caught fish in this stream. In view of this earlier 

study, I did not stuey periodicity ot growth. 

Results 

Coefficient of' condition. The coefficient of condition of 

brook trout was greatest dnring the months of Ma;, and Jane and 

declined generally thereafter (Figure 1). It was low, however, 

during the first two weeks ot the angling season. Similar findings 

on the Pigeon River brook trout have alre&CV' been reported ( Cooper 

and Benson, 1951; Cooper, 195.3). 

Stomach contents. For the several two-week periods, the mean 

volume of' the contents of the trout stomachs showed great variation 

(Table l). This variation was dne to several facts: (l} specimens 

were caught at different times of the dq, (2) the type of food 

eaten varied greatly in volume, and (3) the size of the individual 

fish varied. It was not possible to determine accurately the time 

ot day llhen the individual. fish were caught. Single food organisms 

such as crqfish or small fish gave larger volumes than did a large 

number (100 to 200) ot minute animals such as 118.1'~ n;vmphs or 

caddis larvae. Although the majority (8$} of the trout studied 

were under nine inches there was, as expected, a greater volume of 

food in the larger fish (Table 2). 

Due to these atore-untioned .tacts 1 there was an insignificant 

correlation (r-0.03) between volume of food in stanachs and 

coefficient or condition when the data for individual fish were 

treated separately. When the data were averaged for all fish in 

each period, there was a high correlation (r-0.84) between volume 

ot food and condition among these mean values for the several periods. 
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FigurEi 1. Mean stomach contents by volume (cc.) , and mean coefficient of condition 
(R), for brook trout in Pigeon River, Otsego County, Mich. 1-, by two-week periods. 
Mean .rater temperatures also presented in degrees Fahrenheit. 
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Table l. Mean wlwne11 in cc. and percentages of stomach contents of 420 brook trout by two-week periods during the~ ·,:;·,. ,;, 

i-.·· .-. ::· ·;. 
anglillg season of 1952, Pigeon River, otsego County, Michigan. Organisms in stomac:lul are listed by major taxonomic :,,~{· ?f :: 
~- . ~-

Period 
(1952) 

April 26-May 9 
Volume 
Percent 

May 10-Mq 23 
VolU1118 
Percent 

May- 24-June 6 
Volume 
Percent 

June 7-June 20 
Volume 
Percent 

June 21-July 4 
Volume 
Percent 

July 5-Ju:q 18 
Volume 
Percent 

Number 
of 

f1ah 

46 

32 

54 

26 

62 

37 

Annelida 

.086 .217 
6.l 15.5 

.136 .064 
13.1 6.l 

.069 .406 
6.8 39.8 

0 .085 
0 14.9 

.033 .024 
6.8 4.9 

0 .030 
0 8.0 

Orthoptera . Ephemeroptera 

0 
0 

0 
0 

0 
0 

0 
0 

.062 
16.5 

.212 
15.1 

.247 
23.7 

.073 
7.1 

.053 
9.3 

.OJ.O 
2.1 

.003 
o.8 

Taxonomic ou: 

Odollata Megaloptera Trichoptera 

.027 
1.9 

.029 
2.8 

.022 
2.2: 

.004 
0.7 

.163 
33.6 

.081 
.21.5 

.cn.6 
1.5 

.006 
o.6 

.038 
6.7 

.005 
1.0. 

.005 
1.3 

.170 
12.l 

.031 
3.0. 

.009 
1.6 

T 
T 

Miscellaneoua* Unidentified remaill8 · 

.033 .131 .423 
2.4 9.4 30.2 

0 .036 .466 
0 3.5 44.8 

0 .073 .299 
0 7.l 29.2 

.071 .089 .212 
12.4 15.6 37.l 

.024 . 030 
4.9 6:2 

.104 
21.4 

.014 .017 .149 
3.7 4.5 39.7 

.OJ.6 .044 .066 

Mean 
total volume 

per fish 

l.400 

1.041 

1.021 

.5?J. 

.485 

.376 

.259 

Standar, 
error o: 

mean wl.1 

.180 

.166 

.169 

.116 

.081 

.054 

.048 

:I' ~r~!' :?.~~~~¥ ~f5~ft:·,i~~~ ~~Ji~~~ . 
Aug. 30-Sept. l4 

Volume 
Percent 

25 

57 

.008 
4.1 

.005 
l.8 

.032 
16.5 

.OJ.0 
5.2 

.024 
8.6 

.008 
4.l 

.003 
l.l 

.044 
2:2.8 

.018 
6.5 

• Includes Mollusca, Plecoptera, Hemiptera, Hymenoptera, Lepidoptera and Arachnida. 

0 
0 

.OOJ. 
0.4 

·.021 
10.9 

.006 
2.2 

0 
0 

0 
0 

O· 
0 

.048 
17.3 

.043 
22.3 

.050 
17,9 

.193 • 046 

.278 .071 



Table 2. Variation in mean total volume of stomach contents according 

to date, and to brook trout, Pigeon River, otsego County, Michigan 

Period Total leru?th in inches 
(1952) 6.8-7.9 s.0-s.9 9.0-12.9 

Number Mean Number Mean Number Mean 
of volume ot volume of volume 

fiah fish fish 

April 26-Mq 9 32 1.008 9 i.s39 5 3.120 

May 10-May 23 20 1.160 9 .917 3 .626 

May 24-June 6 32 .657 13 1.355 9 1.833 

June 7-June 20 16 .745 5 .185 5 .400 

June 21-July 4 58 .512 2 .125 2 .625 

July 5-July 18 28 .4f17 6 .3.38 3 1.660 

Jul.y 19-A.ug. l 15 .260 3 .3.33 1 .025 

,A.ug. 2-.A.ug. 15 46 .304 8 .404 8 .200 

Aug. 16-.A.ug. 29 17 .225 •• ••• 8 .125 

Aug. 30-Sept. 14 33 .215 10 .290 l4 .418 

Total. 29? ••• 65 ••• 58 • •• 
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The TOlume of the stomach contents., for all sizes of fish., 

decreased after June and Ju]J' in a manner s1:milar to the decrease 

in coef'ticient ot condition. During the first two weeks of the 

angling season, however., the condition was relatively much lower 

than the stomach contents. The latter tact suggests that the con

dition at &JV' one time depends on the amount of food consumed at 

a slightq earlier date. 

An important aim in a studa' ot this type was to determine 

what foods are contributing the most to the condition and growth 

of trout. Since muc)l of the growth is added during the months of 

Mq and Jm1e., the food consumed during this period would be the 

most important. .Although the mean volume of various foods is 

important., the percentage of occurrence must also be considered 

because such food as crayfish will form a large volume and ,-et 

occur in few trout and thus m,v benefit few fish (Table 3). 

Mayflies (principall.y !Phemerella and Ritbrogena)., crayfish., 

and cad.dis t'J.ies (largely Glossosoma) were present in the greatest 

volume during the season of most rapid growth (Table l). Mayfliea 

and caddis flies occurred in a large percentage of the stomachs 

and thus benefited more fish than did crqfish (Table 3). Diptera 

were consistently a small part of the vo1'UDle of stomach contents, 

although the volume increased in August when the larger terrestrial 

adu.lts (e.g., the family Asilidae) became available. Dragonflies 

occupied a small part of the volume during most of the season., but 

a large part during the last few weeks of June when both ey.mphs and 

adults were found in large numbers. Various ti.shes (principallJ" 

Cottu ~• bairdi and Bhinichthys !• atratulus) were present in 

largest volwne during the middle of Jane but occurred in few stmachs. 



Table 3. Percentage of occurrence or different types of organisms in stomachs of brook trout, and percentage of empty 

stomachs 

Period Number Tvot s of or1 ani8l08 
(1952) of Lnnelida Crayfish Orthoptera ~emeroptera Odonata Megaloptera Trichoptera Diptera Fish Stanachs stomachs emnt:v 

April 26-May 9 46 23.9 15.2 •••• 89.l 10.5 17.3 78.2 52.5 10.8 •••• 

May 10-May 23 32 21.s 15.6 •••• 75.0 6.2 3.1 18.9 25.0 • ••• •••• 

May 24-June 6 54 ll.l 35.1. •••• 50.0 5.5 1.8 42.5 U,.8 • ••• • ••• 

June 7-June 20 26 •••• 15.3 • ••• 46.l. 3.8 7.6 26.3 23.0 7.6 •••• 

June 21-July' 4 62 3.2 3.2 19.3 24.1 24.1 4.8 ll.2 24.1 1.6 9.2 

July' 5-July" 18 37 •••• 10.s 21.6 21.6 24.3 2.7 10.s 16.2 5.4 21.6 

July 19-Aug. l 19 5.2 5.2 10.5 31.5 15.7 •••• 31.5 42.1 5.2 10.5 

Aug. 2-Aug. 15 62 8.0 14.5 6.4 3.3.8 8.0 •••• 19.3 48 • .3 •••• 3.2 

Aug. 16-Aug. 29 25 4.0 s.o 4.0 24.0 12.0 •••• 2s.o 20.0 •••• 24.0 

Aug. 30-Sept. U. 57 3.5 29.0 5.2 12.2 3.5 1.7 17.5 24.5 •••• 1.7 



Grasshoppers appeared first during the last part of June and 

constituted an appreciable part of the stomach contents after that 

time. '!be importance or earthworms as a natural food cannot be 

tuJ.J.y evaluated !ram angler-caught fish because several of.those 

found were believed to be the bait that caught the fish. Other 

forms, such as Megaloptera, Mollusca, Plecoptera, Hemiptera, 

Hymenoptera, Lepidoptera, and Arachnida, were never found in large 

volumes at &I\V' period and are not believed to be so important as 

food tor trout as the forms previ011sly mentioned. 

Volume of food in trout stomachs was the greatest when the 

stream temperatures (55 to 66 degrees F.) were the lowest of the 

angling season (Table 4., Figure 1). 

Discussion 

Based on bi-weekly averages, the data suggest that there was 

a close relationship between volume of food in the stomachs of 

legal-sized trout and coefficient of condition. Both were highest 

during the months of May and June and decreased thereafter. Since 

an earlier study (Cooper, 1953) suggested that growth in length 

occurred mostly when Pigeon River trout were in best condition, 

i.e., during ~ and June., we can assume that contents or trout 

stomachs during these latter months were important as growth foods. 

During these months., the types of food organisms which I found to 

be aost prer-.J.ent in trout stomachs were ~f'l..ies, caddis flies and 

crayfish. Needham (1930) found that maynies and caddis flies were 

the principal brook trout foods during the months of May and June 

in New York state. Frost (1945) found that the~ (!Rhemerella) 

was common in the stomachs of rapidly growing trout on the River 

Lif'fey., even though it formed a small part of the "moss" fauna. 



Table 4. Weelrl.y means or daily maximu.m., mini:mum., and average 

water temperatures (degrees F.) in Pigeon River, otsego County., 

Michigan., during the angling season or 1952 

Period Maximmn Minimum .Average 
(1952) 

April 26-May 2 59 52 55 

Mq 3-May 9 57 51 54 

May 10-May 16 54 so 52 

Mq 17-May 23 58 53 55 

May" 24-Mq 30 60 ss 57 

May 31-June 6 6J. 54 57 

June 7-June 1,3 66 60 63 

June 14-June 20 70 64 67 
-

June 21-June Z'/ 7l 64 67 
·- ··-

June 28-July 4 71 65 68 
··- -

July 5-Jul.y 11 73 6.5 69 

July 12-July 18 69 67 68 
·-·· 

July 19-July 25 71 66 68 
·-

July 26--.August 1 72 64 68 

August 2-.A.ugust 8 69 62 65 

August 9-.A.ugust 15 68 62 6S 
--

.A.ugust 16-August 22 68 63 6S 

.A.ugust 2,3-.A.ugust 29 69 6J. 65 
·----

August ,30-September 5 66 6J. 63: 
. -

September 6-September 14 69 6,3 66 
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She concluded that quality of food organisms could explain var~es 

in growth more easily than could quantity. 

Several other workers have considered temperature as an 

important £actor limiting growth. Purkett (1951) found that the 

growth rate of trout in a Montana stream varied mainly with the 

temperature and not with coefficient of condition,; however., the 

fish for bis study were collected at various times in the angling 

season, and seasonal. change in condition., if it did occur, was not 

considered. Hazzard (1933) also considered temperature as a 

limiting factor on growth in high mountain. lakes and streams. 

Cooper (1953) believed that temperature differences did not explain 

the variation in growth rates between Hunt Creek and the North 

Branch of the Au Sable River in Michigan. Fry (1951) reviewed both 

laboratory and field studies on the brook trout and suggested that 

the best temperature range i'or,-'activity and growth of brook trout 

was from 55 to 66 degrees F. In the Pigeon River (Figure 1) the 

greatest volume of food in the stomachs was present when the water 

temperatures were within the range cited by Fry. The growth rate 

of brook trout must be dependent on temperature conditions and on 

the amount (and possibly kind) of food available when the tempera

tures are in the optimm range. 
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