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Abstract

The coefficient of condition is a useful measurement in studies of trout
populations because it marks the season when growth is most ravid and is a
means for comparing the relative well being of the fish. Although the seasonal
change in condition of salmonids has been established reveatedly, its cause
has remained uncertain.

Field study during 1950 and 1951 revealed great differences in the
biological productivity of two adjacent sections of a Michigan trout stream,
Houghton Creek in Ogemaw County. The difference presumably was a result of
domestic sewage from Rose City entering the downstream section. This
situation offered an opportunity to investigate the influence of differing
food supplies on the condition and growth of native brown trout in two stream
sections whose physical-chemical features were nearly identical.

Monthly samples were collected from the two stream areas to determine
the seasonal cycles in abundance of bottom fauna, feeding habits, and coefficient
of condition of the brown trout. Results indicated that, in the less productive
area, a paucity of food of aguatic origin caused a sharp decline in condition,

a reduction in the quantity of food per stomach, and a shift to a diet contain-
ing a considerable portion of terrestrial organisms. This belief was substan-
tiated when trout from the productive area and the unproductive area were

compared. Trout from the productive area (which, throughout the year, had a



greater volume of bottom fauna than the unproductive area) maintained significantly
higher and much less variable condition than trout from the less productive area.

Stomachs from the productive area contained more food in midsvmmer and did not

show the increase in terrestrial foods.
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Relationship Petween Food Supnly and Condition of Wild Brown Trout

(Salmo trutta) in a Michigan Stream

By
Robert J. Ellis and Foward Gowing

Michigan Department of Conservation, Ann Arbor, Michigan
Introduction

It has been observed that the length-welrht ratio or ccefficient of
condition of stream trout varies during the year (iient and Frest, 15h2; Cooper
and Benson, 19513 Coover, 1953). It has been demonstrated that the lenvth-sreirht
ratio of trout is related to growth in that when the fish are relatively heavy
they are growing faster than when they are relatively light (lient and Frost,
1942; Allen, 19403 and Prown, 19h6a). Coefficient of condition is a useful
measurenent in studies of trout populations, because it marks the season
when growth is most rapid, and is a means for comparing the relative well
being of the fish.

Brorn (16h6a) reported that browh trout raised in the laboratory under
constant conditions of food, light, and temperature exhibited an annual growth
rate cycle and that the specific rate of growth in length was directly propor-
tional to the condition of the fish., Benson (1953), Allen (1940), and Weil
(1938) demonstrated that in a natural stream enviromment there was a direct
correlation between volume of stomach contents and seasonal changes in condition
for brook trout, young salmon, and brown trout. Allen (1940) and Yeil (1938)
both examined the relationship between growth of stream fish and seasonal
abundance (but not volume) of food, and found no correlation.

ﬁhile the seasonal change in condition in the salmonids hag been established
repeatedly, its cause has remained uncertain. Field study during 1950 and 1551

revealed preat differcnces in the biological productivity of two adjacent
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portions of Youghton Creek, a trout stream in ¥ichigan. This situation offered
an opportunity to investigate the influence of differing food surplies on the

condition and growth of native brown trout in the two stream sections.

Study Area

Houghton Creek, Ogemaw County, ¥ichiran was the aite of the investigation.
The accomranying map (Figure 1) shors the area., The stream is approximately
9.7 miles long and is & tributary of the Hifie River. The village of Rose City
(porulation S00) is looated about midway between source and mouth of the stream
and untreated sewage from tnis community is discharged into Houghton Creek. A
survey was conducted by the Michigan :..ater Resources Commission in August and
Cctober, 1950 to determine the degree of pollution of the stream by sewage
from Rose City. This survey indicated a maximum blochemical oxyren demand of
3.5 pepeme coineident with a dissolved oxygen supply of 9.8 p.pam, at a
tenperature of 56° F., and it was concluded that the sewage Jid not decrease
the oxyrgen sufficiently to harm fish life. A re-survey of the gtream by the
¥Miehigan water Pesources Commission in Octo»er of 1954 verified this conclusion.

Two study areas wers selected. The upstream one (Area One) began at a
point about 1,300 feet above the sewer outfall and extended 1,700 feet upstream.
The lorer area (Area Two) bepan 300 feet below the sewer outfall and extended
about 1,970 feet downsirean.

Physically, the two stream sections were gimilar. The upstream section
had an sverage width of 24 feet and an averare depth of 1.1 feet;y the other
averaged 2l .4 feet in width and 1.6 feet in denth. Percentages of each tyve
of tottom soil and amount of trout cover were essentially the same in the two
sections.

Checks showed water temperatures to be in close agreement in the two

gsections, and these temperatures were nearly identical with those recorded on
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Figure 1. Map of Houghton Creek, Ogemaw County, Michigan,showing

relationships between study areas and sewer outfall.
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a thernmograph housed on Youghton Creek abou® | miles downstream. Wean maximun
and minimun water termeratures recorded at the garing station during the
period of this study are listed in Table I and Figure 2.

inalyses showed that chemically there was little difference in the water
of the two sections, except for additional nitrogen and phosphorus resulting
from the sewage entering the lover ares. Tesults of the chemical anslyses

are shown in Table II.

Bottom Fauna

A modified Surber stream bottom sampler was used to collect samples of
bottom fauna for quantitative and cualitative analysis. All samples were
collected from riffle areas. It was recognized that organisms were present
in other habitats but for practical reszsons only riffle areas were considered.
Fach month four samples {each 1/2 square foot) were teker from esch of two
gravely riffles in each stream section. Organisms were sorted out of the
bottom samples, and the total volume of all organisms in each sample was
determined by disnlacement of fluid in a 15-ml. centrifuge tube.

The results of the bottom sampling are summarized in Table ITI and
Figure 2. The t:ree categories nresented in thr table were used for cone
venience of nresentation and because these werc the nost important taxonomic
groups in the bottom fauna samples.

There ares three aspectg of Table IIT and Figure 2 wiich are of particular
importance: (1) The volures of hottom fauna sarples show & marked seasonal
variation, with a summer minimum followed by a fall and winter inerease and
a sharp decline in the spring and early summer; (2) Fach month, for every
major category of bottom fauna, the sarples from Area Twoe had a zreater volume

of organisms than Area One. (3) For most monthly samples it was demonstrated
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Figure 2. Seasonal variation of water temperature (monthly averages),
of condition (C) of wild brown trout, and of bottom fauna
abundance in Houghton Creek, Ogemaw County. Vertical line
represents two standard errors above and below the mean for
coefficient of condition, and one standard error for

abundance of bottom fauna.
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Table I. NNonthly mean maximum and minimum water
temperatures of Houghton Creek for the period
April, 1953 to July, 195k (Courtesy of U. S.

Geological Survey, Grayling, Vichipran)

sater temperatures

Year ifonth
mam%?mz nﬂn;%um

1953 April Lé L2
llay 55 50
June 61 56
July 63 57
August 61 57
September 55 52
October 50 L7
November L3 L2
December 37 36

1954 January 34 32
February 37 35
¥areh 38 35
April L7 I
Yay 5k 48
June 62 56

July 62 57
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Table I1., Chemical analysis of water from two areas of Houghton Creek,

Date Study pH Alkalinity Soluble Total
area CaC03 phosphorus nitrogen
July 2 One 172 0.008 0.60
Two 164 0.004 0.68
July 31 One 161 0.005 0.08
Two 164 0.049 0.20
Aug, 25 One 171 0.005 0.45
Two 169 0.009 0.57
Nov, 27 One 172 0.002 0.57
Two 176 0.012 0.30
Average One 8.45: 169 0.005 0.425
Two 8.3 168 0.018 0.562

\ygﬁ determinations were not coincident with other determinations,



Table IIT. Mean volumes {ml. per 1/2 square fooi) of four one-half square~foot
bottom sarples collected in each of eight months from Houghton Creek,

Ogemaw County, Michigan

ksellus?/ Gammaruse 211 othedd” Entire sample

Tate Yean wvolume t Yean volume t ¥ean volume t Hean volune t

Area Area va.lue\y Area Area value Area Area value Arsa Area value
One Two me Two (me Two (e Two

1953
Aug.  0.038 0.287 3.45 0.003 0.08h 2.43 0.577 0.559 0£.035 0.61% 0.930 1.47

Sent. 0.0kl 0.338 2.58 0.006 0.08L 2.26 0.h25 0.515 2.20 0.475 0.93h 2.23
Oet.  0.083 1.021 3.77 0.026 0.331 2.58 0.756 1.566 3.02 0.865 2.%84 9.23
Nov. 0.091 1.h72 3.3% 0.009 0.284 2.4 1.012 2,138 2.h6 1.112 3.7993 3.79
Dec.  0.106 0.95 3.77 0.031 0.081 1.kl 0.39L 2.491 4.5  1.031 3.528 h.35

195h .
Apr. 0.006 087 3.125 trace 0022 oo 0.769 1828 385  0.775 2.395 L67

}éw trace O -031 sse Q.0 trace vse 00531 1 -ém 2 075 0 0531 1 0631 3 072
\Mune  0.009 0.041 0.85 trace trace ...  0.366 0.8%h 1.36 0.375 0.93% 1.17

Average 0 -OL'T o -579 0 0009 0.111 0 -666 1 -!—156 0 0719 2 olhl

%=h,allctherr§=6.

\%xael‘lus = 4. intermedius Forbes; Gammarus = (. fasciatus Say; other = over 90 percent
anquatic insects.

Vbizon, . Jo, and Massey, F. J. Jr. 1951, Introduction to Statistical Analysis.
¥eGraw Hill Book Company Ine., pace 10L.
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statistically that Area Two was richer than Area One in both total volume of
all bottom fauna and in volume of Asellus.

Investizations into the life history of £sellus intermedius Forbes re-

vealed that in the late spring the breeding population of the riffles makes
a definite mirration to the stream margins and to protected places in deener
water. As supgested by Allee (1512), there seemed to be a change in the
rheotactic response of ithe breedins wopulation of Asellus. Thus the sharp
drop in abundance of Asellus in samnlss collected Jurine late shrins or
summer months was larpely due to the micration and was not a true indication
of a change in abundance of this animal in the stream.

The sumer minimen In velume of hottom fauna, excludin- Asellus, in the
gravely riffles was largely duve tc the emercence of aquatic insects as adults.
Their voluse had not yet been replaced by *the rrowth of their offsnring.

The most important difference between the two shudy areas was the more
stable food suwoply in the lower section (Area Two). In surmer, when the supnly

of other amuatic foods was low, Asellus and Gammarus were much more numerous

in the area belowr the sewer outfall than above.

Coefficient of Conditien

Samples of 100 brown trout were collecte” in each area at anoroximately
monthly intervals between April 17, 1953 and Yay, 195h. In Mav and June of
1955 additional sarnles were collected at semi-monthly intervals, and samling
wss ‘ersinate’ on July 13, 19%h. All sarmles were collected with electro-
fishing rear povered by a 220-volt T.C. renerator.

hach fish in the sample wos measured and weiched and returned tn *the
stream. Total lenrth was recorded in tenths of inches and weicht was measured

in grams on a Chatillon dietary scale. Crams were later converted to hundredths
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of a pound. Fish less than 5.0 inches in total length were excluded from the
sarples because of the difficulty in accurately welighine suceh small individuals.

The followinz relationship between weight in pounds (%) and total length
in inches (1) was used in determinins the coefficient of cendition (C) of
trout: C=4/13 x 105. Average C values were computed for samples of trout
collected in each area during a lé=month period. Hesults are plotted (Fipure
2) and tabulated (Table IV)}. It will be note® *hat tre seasonal trends in
condition are similar in Area One and Area Two. In hoth areas condition
improved to & maximm with the advarce of snrins and declined during the
summer monthse. During fall and early winter the conditlon factor of the trout
again rose before fallin: off to a minimwm in midwinter or later.

Yarlier studies of salmonids in lotic environments have shown 2 seasonal
trend in condition similar to the one observed in Houghton Creek (iient and
Frost, 19423 Cooner and Benson, 19513 Cooper, 1953). As a corollary of
these studies, .ent and Frost (1542) and Cooner (1953) showed a correlation
between growth and condition. Periods of ranid growth were assoclated with
high eondition, and during periods of little or no rrowth condition was poor.
This correlation was elaborated upon by Allen (1940) in his studv of the
biology of the early stages of salmon. He found that if at the onset of the
growth period condition was low, weipht inereaged more rapidly than length,
while if condition was high 2! the beginning of the growing period, length
would increase more rapidly than weirzht. This aspeet of growth and condition
was corroborated experimentally under laboratorv conditions by Brown (19)45a).

In comparin: the 1lH-menth trend in condition of trout in the two areas,
two principal differences were anparent. First, the average condition of
trout in Area Two exceeded that in Area Cne, a single sample excepted. These

differences are statistically significant at the 95 percent level except for



Table IV. Average coefficient of condition (C), at monthly intervals,

for samnles of 10C native brown troui, Houghton Creek, Ogemaw County.

Irea One Krea Two
Size 51z8
Date range M¥ean Std. error range Mean Std. error
{inches) {c) of mean {inches) {c) of ~ean
h=7-53 5.0-11.7  3L.17 0.229 Be0=23.2  35.2h 0.249
S~11-53  5.1-13.8  34.2% 04291 2.0-15.0  35.23 0.224
f=10-53  S.0=14.0 35.37 0.218 T0-2l1 35.h 0.273
T=T=53 H.0=12.3  33.52 0338 S.0=186 36413 0426k
B-6=53 2.1-12.1  32.5k 04250 So0=2h.3  35.21 0.243
9-3-53 De1-11.5  32.71 0.239 5.5-14.3 3L.61 0.202
10-9-53  S.1-1L.5  31.67 0.238 5.0-2Lhe3  35.22 0.258
11-3-53  5.-13.1  31.73 0.282 5.0-12.3 391 04251
12-2-53  5.0-11.6  32.84 0.259 5.0-1.6  35.19 0216
1-~8-5L S.0=11.6  32.80 0.237 5¢0=1ke7  35.L8 0.260
2-5-5) 5.0=11:.5 32,00 0.268 Se0~13.9  3LeL9 04279
3-5-5h 5.0-12.3 32,42 0.276 5.0-12.3  3h.h2 0.252
3-29-5L  B.0-12.1 32,79 04235 5.0-15.7  33.41 0.281
L-15-54  5.0-13.0  33.79 0.278 5.0=15.9  3L.22 04320
B-l=Ch 5.0-11.2  36.11 0.254 S.0~13.2  35.02 0.297
G=17-5L  50-=12.0 33,93 0254 5e1-13.1  35.59% 0,228
b=1=54 5.0-12.1  35.49 04280 5.0-15.8  36.67 0.332
7=13-Sh  5.0=15.0  33.%0 0.228 SeN=15.6  35.52 0.282




the samples of Yarch 29, April 17, and ¥ay L, 1°%h. Secondly, the annual
rancre of condition was greater in Zrea Ore than in Area Two.

Other features of thesge seasonal trends in eondition are worthy of note.
Brown troul in both areas entered esrly Anril of 195h in noorer contition
than in Anril of the preceding ycar. Yawaver, ‘he imorovement in condition
during fpril of 195l was much more rapid than during April of the nrevions
vear. An anomaly occurred between the ¥ay and Jine samples of 195Lk. The
mid-May sample of trout from Area (ne showed & marked drop in conditicn over
a relativelv short neriod of time while trout from Area Two showed onlv an

insirnificant loass of condition,

iater Temperature

During the investigation water temperatures in Houghton Creek increased
rapidly during April, May, and Jure, reachinc a maximum (67° ¥.) in July and
thereafter clecreased slowly to a minirm (32° F.) in January.

A general upward trend in condition of trout was coinecident with an
increase in water temmaeratures during the soring. After attaining the spring
maximum in condition, a downward trend in condition preceded a comparable
dowrmard trend in water terperature. During a period of slowly falling water
terperatures in the fall and early winter, confition of trout tended to
recover somewhat. Finally, condition declined to a low during the later
half of the winter.

Trout in both areas were subject to similar waier temperatures. The
influence of water temperature on trout ¢ondition was masked somewhat by the
effects of other environmental factors. £“ccording to Allen (19L0) water
tenperature wag the stimulus that initiated activity and growth of salmon

smolts in the soring of the year. He cited 7° C. (L5° F.) as the critical



water tenperature. 3Brown (19.:6b) reared two-year~-old brown trout at
different constant water terperatures and in water of changing temperature
and found soecifie grosth rates to be high between 7° C, and 9* C. (45°-}48°
F.) and between 16° C. and 19° C. (61°-66* F.). Above, between, and below
these temperatures specific growth rates were low. At Houghton Creek, the
spring rise in condition of brown trout ocecurred with maximum water
temperatures of 41° to 67° F. in 1953 and 41°® to 61° F. in 195k,

Mean mirnimum and maximum stream temperatures during June (56°-60° F.),
July (57°-63° F.) and August (57°-61° F.) were similar. In spite of nearly
optimum temperatures for growth durins the summer, the condition of trout
in Area Cne declined after the middle of June and in Area Two the decline
took place during the first week in July. In Area Two trout maintained
better condition than the trout from Area Cne. Apparently temperature was
not the primary cause of the summer decline in condition.

Sexual maturity anpeared to influence condition values in autumn,
particularly durinc Cetober and Novem ere During this spawning period when
water temperatures ranged between 30° ¥. and 52° 7., mature trout (9.0 inches
or longer) showed a drop in condition. Immature trout (shorter than 9.0
inches) tended to imnrove slishtly in condition during the late fall months.

Turing late winter, between the Jamsry and late March sampling dates,
temperatures ranged between 32-42° F. The condition of trout was comparatively

poor during this neriod.

Population Tensity
To test whether population density might influence the condition factor
of trout, population estimates were made for both stream sections during
the fourth week of Ausust, 195k. Area Cne (1,73h feet in length) was estimated

to contain 1,259 brown trout, or about 120 pounds per acre. For Area Two
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(1,900 feet) the estimate was 1,693 brown trout, or about 127 pounds ner
acre., It can be gseen that ‘he mumeriecal abundance of bHrown trount was
annroximately the same in hoth areas, with nerhaps a glightly more numerous
ponulation in Area Two. Size distribution of the trout in the two sections
was similar, and all one-inch size groups hetween 2 and 1l inches were
represented in the szmnles. The effect of ponulation density, ver se, on
rout condition cannot be discussed here, but evidently nopulation dengity
ray be eliminated as a factor accounting for the disparity in condition

hatween trout in the two areas.

Feeding Pabits, and Utilizalion of Bottom Fauna

Stomachs from trout in Loth streanm seclions were collected to determine
if major corponents of the botton farna contributed significantly to the food
of trout, and partic:larly if the abundant Asellus was an lmportant item in
the diet.

Trout for stomach analyses were collected from eachof the two arcas
#ith electro-fishing rear powered by a 220~volt ".C, generator. Two stonachs
from fish in each one~inch size ~romw (7 throush 12 inches) were collected
from each are2 each month from April throurh Aurust. The stomachs were
removed from freshly killed fish and vreserved in 85 percent aleohol for
several months hefore the contents were examined. Only the material in the

tomach was examine”. Organisms were identified only to the smallest
taxonomic rroup, usually ~enus, casily recognized by the investizators.
Since there is a considerable differsnce in the rate of digestion of ‘the
different kinds of food orpaniss eaten bv drout (‘;:??llis', unpublished), it was
felt that a Jdirect volumelric determination of the stomach contents would he

invalid, and only tre number of cach kind of orgmism was recorded.
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The results of examination of the stomachs of trovt from the two areas
is presen’ed graphically in Figure 3. It wssg readily arnarent that brown
trout fed on Asellus, and that thils animal was possibly a oreferred food
item. rom 33.7 to B7.0 percent of the orranisms contained in the stomachs
of trout from Area Two were Asellus. For Area One these nercentages were
0.8 to L7,

The numerical percentage of Asellus in the trout ctomachs (Figure 3)
may be misleadins. If Asellus in stomachs were assumed to have volumes
identical with those in Lottom samples, their volumetric percentape would
exceed their numerical percentage. This concent was tested and verified for
the stomach sarples collected in April. The importance of Asellus, by
volume, would be even more apparent later in the seascn when mature insects
had emerged and their young began tc enter the troutts diet.

The average number of food organisms per stomach (Area One, Figure 3)
shows a marked seasonal decline. This occurred at the time, July and Auguat,
when the fish in this ares were directing more effort to surface feeding on
terrestrizl organisms and seens to indicate that the supply of food of a-matie
origin was low. Parallel collsctions from Area Two however, do not show this
marked shift to food of terrestrial origin nor was there z contimued reduction
in the numbers of food organisms ner stomach. This difference in the pattern
of feedins; seems to indicate thalt some difference existed in the food supply

of the two areas.

Discussion
Seascnal variation in the volume of bhotiom fauna has been described
frequently. Pall and Hayne (1952) and Egzleton (1931) reported suchweriations
in lakes. Seascnal variation in the volume of stream bottom fauns has also

received some attention.
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Figure 3. Numerical abundance (percentage), and number of organisms

per stomach~-brown trout, Houghton Creek, Ogemaw County.
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Surber (1937) presented da‘a on an eastern trout stream which showed a
late spring maxlmum in volume of bottom fauna followed by a decline Juring
the summer an? a rise during the fall and winter. Ueedham (1938) reported
that two maxima in volume of bottom feuna ocrurred, one in the spring and
anotiher in early wirnter. Allen (17%1) deseribed two maxima from the Horokiwi
in Ney Tealand, on2 in the soring and the other in early winter. Other
investigetors have not obgerved tnis veriodicity in volume of hottom fauna.
The work of Pennak and Van Cerpen {1947), thourh based on limited sarpling
in a Colorade trout stream; indicated that no seasonal nericdicity in volume
of bottom fauna occurred. Surber (1951} gave data which indicated no seasonal
trend in volume of bottom fauna in a Virginis trout stream.

In his study of the ecology of streams in Yellowstone National Parvk,
Muttkowslki (1925) showed the annusl fool cycle of mountain trout to be divided
into two sharply defined periods. First, the "water food" period of Octobar
to July and second, the "surface food" period of gsummer. e obgerved that
cduring the short neriod of summer, trout become dependant uwpon food of
tarrestrial origin following the denletion of the nrimary food supply through
amercence of the insects.

Our data demonstrated a definite seasonal trend in the volume of bhotiom
- fauna in rravely riffles. DRottom fauna was at peak abundance Juring the
winter months and feclired gradually until sometime in ZAnril. During Anril
and May & sharp reduction in the volume of animals occurred which lasted
until early fall when the volume of bottom fauna increased rapidly to a
winter high (Ficure 2).

This investigation revealed that the aquatic sowbug, Asellus intermedius
Forbes, was an important item of difference between the bottom faunas nf the

two areas. For example, during the August-April period, the volume of Asellus
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in sanmnles from Area Two varied from nearly one~half, to more than the total
volume, of all organisms in the samples from Area One. From Firure 3 it can
be sesn that many Asellus were eaten by broan trout, particularly in Area
Two. From Figure L and from a comparison betveen Table 3 and Figure 3, it
may be saen that the abundance of Asellus in stomachs was disproporticnate to
its abundance in bottom samples. This phenomenon is especially evident for
Area (ne.

Information obtained indicated that either: (1) Asellus are readily
available to brown trout, (2) are preferred by brawn trout, (3) ssmpling
methods did not rgive a reliable index of their relative abundance, or (L) a
combination of these factors.

Frost (1939) noted that in the River Zye , @where an abundance of Asellus
aquaticus occurred, brown trout fed to 2 great extent on this animal; but
in the River Liffey where Asellus was ccamon, but not abundant, it was of
little importance as & trout food. Frost concluded that in the River Liffey
trout preferred the larval forms of aguatic insects to the crustaceans,
Asellus and Cammarus. Results at Houghton Creek seemed to indicate that
brown trout preferred isellus and Garmarus over the aquatic insects (Figure

3).

During July and August, and probably most of June, Area One was
characterized by a paucity of food. At this time of year abundance of bottom
fauna was at its minimum, trout in Area One fed extensively on terrestrial
foods, and the mumber of orgenisms per stomach was sharply reduced (Firure
3). Fewer organisms per stomach during late summer has been observed
repeatedly. Neil (1938) and Frost (1939) have reported it for brown trout,
Benson (1953) for brook trout, and Allem (1940) for salmon smolt.

None of these investigators attempted to correlate abundance of bottom

food with numbers (or volume) of orgenisms ner stomach. Surber (1936) found
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Figure L. Percentage composition (by volume) of various groups in bottom
samples and brown trout stomachs for April, 195L. Terrestrial animals

(less than 1 percent) omitted. Houghton Creek, Ogemaw County.
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that rainbov troub, from a streaw with no shortare of aruatic food, switcbed
to terrestrial foods in midaummer.

Our belief ig that in Area Cne of Unughton Creek the chanre to a diet
consisting of a considerable proportion of terrestrial organisms, the —educ-
tion in the auantity of food per stomach, and the sharp drop in condition
were all due to the same thing——a paucity of food of acuatic orizin. The
belief iz substantiated when the data frow the two areas are compared in
regerd to 'he volum of hottom Tayna aveilable, amount of food in the
stonach samples, the use of terrestrial animals as food, and the changes in
the coefficient of condiiion of trout. MNore bottom food was available in
Area Two at all ti:ces, stomach samples from this area contained more food
during the su.mer months and 4id not show the sharm increase in nmumbers of
terrestrial orcanisms observed in Area One, and the coefficilent of condition
of the fish of Area Two was significantly hirher and mueh less variable than
in Area One.

The contrast bebween the growth of the two groups of fish, as expressed
by coefficient of condition, does not supnort Irown's (19l6a) hypothesis of
an in*ringic physiolorical grosth cycle durine that nart of the year when
temeratures are suitable for growth. Thege findin-s indicate that erowth
at this season is regnlated by the mantity and kindas of foed available,

An important difference in the food supnly of these two areas was the
comparative stability of a cerustanean food sovrce as contrasted to the
marked seasonal fluctuation in abundance »f insect food. The importance of
the type of animal food present is further exrhasized by the evidence that
brown ‘rout ate crustacean food even when it may have heen less ahundant

than aquatic insects.
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