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Abstract 

The coefficient of condition is a useful rreasurement 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. Although the seasonal 

change in cone.it.ion of salmonids has been established repeatedly, 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 UNO stream areas to determine 

the seasonal cycles in abundance of bottom fauna, feeding habits, and coefficient 

of condition of the brrr«n trout. Results indicated that, in the less productive 

area, a paucj_ty of food of aquatic 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 
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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 midsummer and did not 

show the increase in terrestrial foods. 
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(Sal.mo tmtta) in a Michigan Stream 

By 

Robert J. Ell,i.s and Howard Gowing 

Michigan Department of Conservation, Ann Arbor, 'Michigan 

Introduction 

It has been observed that the length-weir;ht ratio or eoe.f.fictent of 

condition of stream trout varies during the year (vient and Froet, 1942J Cooper 

and Benson, 19,l.J Cooper, 1953). It has been. demonstrated that the lenr:th....,.ight 

ratio o! trout is related to grONth in that when the fish are relatively heaYy 

they are groring faster than when they are relatl nly light (Went and Frost, 

l942J Allen, 1940J and Bram, 19h6a). Coefficient or oonditlon is a use:f'ul 

meuurement in etudiu of t.rout populations, because it marks the season 

when gr011rth. is moat rapid, aid ia a means tor comparing the relative well 

being ot the tieh. 

Br<llm (1946a) reported that brad trout raised in the laboratory under 

conetant conditions or .tood, light, and temperature exhibited an annual growth 

rate c;rcle and that the specific rate or growth in length 1ru directly propor

tional to the condition of the fish. Benson (19SJ), Allen (19h0), and Neil 

(1938) demonstrated that in a natural stream. environment there wu a direct 

correlation between volume or stomach contents and seasonal changes in condition 

tor brook trout, young salmon, and brcwrn trout. Allen (1940) and Neil (19)8) 

both examined the rel.a ti onship betvreen grcwt.h o:f stream fish and seasonal 

abundance (but not volume) or food, and found no correlation. 

While the seasonal change in eondi tton in t,he sal.monids hu been astablished 

repeatedly', its cause has re:itained uncertain. Field study- rluring 1950 and 19.',l 

revealed great ditferonces in the biological productivity of two adjacent 
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portions of Roughton Creek, a trout stream in Michigan. This situation ottered 

an opportunity to in:vesticate the influence of differing food supplies on the 

condition and g:rONth or native brMn trout in the two stream seeti.ona. 

Study Area 

Houghton Creek, Ogemaw County, Miehii~an was the ai t& or the investigation. 

The accomoanying map (Figure l) sho.Ys the area. The stream is approximately 

9.7 miles long and is a tributary of the Rifle River. The village of Rose City 

(populaticn 500) is located about midway between source and mouth or the stream 

and untreated sewage from t.11 is community is discharged int,0 Houp.ht.on Creek. A 

survey was conducted by the Michigan ,,ater Resources Commission in August and 

October, 1950 to determine the degree of pollution or the stream b,y aewage 

from Rose City. This SUl"V'ey indicated a maximum biochemical oxygen demand ot 

.3 .6 p •P .m. coincident with a dissolved oxygen ffll:pply of 9 .8 p •P .m. at a 

temperature of 56• F., and it was concluded ~1-\at the sewage did not decrease 

the oxygen suffie:i.ently- to harm fish lite. A re-survey of t.be stream by the 

Michigan 1,ater Resources Commission in Oeto~r of 1956 wrifiM. this conclusion. 

Two study areas were selected • The Ut">stream one (Area One) began at a 

point about 1,300 feet above the sewer outfall and extended 1,700 feet upstream. 

The larer area (Area Two) began 300 feet belat( the sewer out.rail and extended 

about 1,900 feet downstream. 

Phyaically, the two stream sections were similar. The upstream section 

had an average width of 2h feet and an avera;-i;e depth or 1.1 reetJ the other 

averaged 24 J.. feet in width and 1.6 feet in depth. Percentages ot each type 

of bottom soil and amount of trout cOTer were esaenti~ the same in the two 

sections. 

Checka ahcwed water temperatures to be in close agreement in the two 

sections, a.rrl these temperatures were nearly identical with those recorded on 
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Figure 1. Map of Houghton Creek, Ogemaw Comity, Michigan,showing 

relationships beu,een study areas and sewer outfall. 
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a thermograph housed on Houghton Creek about 4 milf'..S downstream. Mean maximum 

and minimwn wa·ter temperatures recorded at the gar:irig station during the 

period of th:l.s study are listed in Table I and Figure 2. 

Analyses sha-ued that chemically there was little dif.ference in the water 

or the two sections, except for addit1.onal nitrogen and phosphorus resulting 

rro:m the sewage entering the lmer area. !lesul ts of the chemical analyses 

are shown in Table II • 

Bottom Fauna 

A modified Surber stream bottom sampler was used to collect samples or 

bottClt fauna for quantitative am qualit.ative analysis. All samples were 

collected from riffie areas. It was recofJ).ized that organisms ·were present 

in. other habitat. but for practical reasons only riffle areas were considered. 

Each month four samples (each 1/2 square foot) were taken from each o.f two 

gravely riffles in each stream section. Organisms were sorted out of the 

bottom santplea, and the total volume of all organisms in each sample wu 

determined by dtsplacement of nuid in a is-mi. centrifuge tube. 

The results of the bottom sampling are summarized in Table III and. 

Figure 2 • The three categories presented in too table were used for con

venience of presentation and because these we.re t-ho most imp01"'tant taxonomic 

groups in the bottom fauna samples. 

There are three asoects of Table III and JJ'.igure 2 which are of partieula1" 

importance: (1) The volumes or bottom fauna samples show a marked seasonal. 

variation, with a summer mi.ni.mum follaNed by a fall and winter increase and 

a sharp decline in the ST,)ring and early aumerJ (2) ¥;ach month, for everr 

major category or bottom fauna, the samples from Area Two had a greater -volume 

ot organisms than Area One. (3) For moat monthly samples it was demonstrated 
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Figure 2. Seasonal variation of water temperature (monthly averages), 

of condition (C) of wild brrnvn trout, and of bottom fauna 

abundance in Houghton Creek, Ogemaw C01mty. 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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'l'able I. Monthly mean maximum and minimum water 

te~eratures of Houghton Creek for the period 

April, 1953 to July, 195h. (Courtesy of u. s. 

Geological Survey, Grayling, Michigan) 

hater temperatures 
Year Month 

Xil8X~"l'1U.l'fl. 
'I? 

m.1.n~ 

1953 April 46 42 

l.:ay 55 50 

June 61 56 

July 6.3 $7 

August 61 ,., 
September 55 ,2 
October 50 47 

No'Vmnber 43 42 

December 37 36 

1954 January 34 32 

February 37 3; 
March 38 3, 
April 47 41 

May 54 48 

June 62 56 

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

Date Study pH Alkalinity Soluble Total 
area CaC03 phosphorus nitrogen 

July 2 One 172 o.ooa 0.60 
Two 164 0.004 0.68 

July 31 One 161 o.oos o.os 
Two 164 0.049 0.20 

Aug. 25 One 171 o.oos 0.45 
Two 169 0.009 0.57 

Nov. 27 One 172 0.002 0.57 
Two 176 0.012 0.80 

Average One 8.4~ 169 0.005 o.425 
Two 8.3~ 168 0.018 0.562 

~H determinations were not coincident with other determinations. 



Table III. Mean volumes (ml. per 1/2 square foot) of four one-half square-toot 

bottom sar.ples collected in each of eight months from Houghton Creek, 

Ogema Cou..'1ty-, Miehigim 

A.sell~ Ga.mr.iaru.W 

Da1ie Mean volume t Mean volume t 

Area Area valu~Area ,\rea value 
One Two One Two 

All ot.heW 

'Mean volume t 

Area Area value 
One Two 

Entire samnle 

}Jean vol11me t 

Area Area value 
One 'lwo 

1953 
Aug. 0.038 o.287 3.4s 0.003 0.084 2.43 0.)77 o.,s9 0.035 o.618 o.0 JO 1.47 

Sept. o.044 0.,3J8 2-58 O.oo6 0.084 2.26 o.h25 0.515 2.20 0.47'5 0.934 2.23 

oct. 

Nov. 

0.083 1.021 3.77 0.026 0.331 2.58 0.156 1.566 3.02 o.865 2.884 e.23 

0 .091 1 .472 3 .39 0 .009 O .284 2 .49 1 .012 2 .138 2 .46 l .112 3 •. g93 J. 79 

Dee. 0.106 0.956 3.77 0.031 0.081 1.41 o.,39L 2.L.91 1.i-15 1.031 J.528 4 • .35 

1954 
Apr. 0.006 o.1♦88 3.12, trace 0.022 

May 

~une 

trace 0.031 

0.009 0.041 

Average O.OL•7 0.579 

••• 

o.B, 

~ = 4, all other N = 6. 

o.o 

trace 

traee 

trnce 

0.009 o.n1 

••• 

••• 

• •• 

0.769 1.888 J.85 0.775 2.396 4-67 

o.s31 1.600 2.1,;, 

0.366 0.894 1.36 

0.666 1.456 

0.531 1.631 3.72 

0.375 0.934 1.17 

0.719 2.141 

~sellus = A. inter.medius Forbes; Gammarus == G. faseiatus Say; other= over 90 nercent 
aquatic insects. - . . 

'.Jf)ixon, ii. J., and Massey, F. J. Jr. 1951. Introduction to Statistical Analysis. 
McG:rmr Hill Book Company Inc., page 104. 

I 
·O\ 

I 
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statistically that .Area Two was richer than Area One in both total volume of 

all bottom fauna and in volume or Asellua. 

Investigations into the life history of Asellus int.ermediu Forbes re

vealed that in the late spring the bree,-:".inr, population or the ru·.r1es makes 

a definite m:i7ration to the stream margins and to protected places in deener 

water. As suggested by Allee (1912), there seemed to be a chat1f'.e in the 

rheotaetic response of the breedinr: population of lsellus. Thus the sharp 

drop in abundance of Aselhw in samples collected duri."lf late snrinr: or 

summer months 1ivas largely due to the r.dr,ration and ,vas not a true 1.miicatt on 

of a chanr;e in abundance of this anir..al in t,he stream. 

The su:nmer nd ... 'limtL"!l in volt:1..~ of bottom fa,:na, exeludin~ Asellus, in the 

gravely :riffles \fas largely due to the emer:::;ence of aquatic insects as adults. 

Their volu:::.e had not yet been replaced by the growth of their offm,ring. 

'I'he most important difference bet,:reen the two study areas ·was the more 

stable food supply in the lOW'er section (Area Two) • In Bur.mer, when the supnly 

ot other aquatic roods was low, .A.sellus and. Gamarus were much more numeroue 

in the area bels the aarer outfall than above. 

Coefficient of Condition 

Samples of 100 brown trout were eol.lect..ed in ea.eh area at approximately 

monthly intervals between April 17, 19~3 and t:ay, 195h. In May and June of 

19S!i additional sa.~les were collected at sP.mi-nonthly intervals, and eamnlinr 

wa.s 1-.err,rl.natej on July 13, 19'.>1.t. All samples were collected vrl th electro

fishing eear pmered by a 220-vol t n .c. r:•nnerat.or. 

Lach fish in the sample i,;:s r:1.eam~red 4"'1c~ ~veir.hed &."1.d returned to 1·hc 

stream. Total length iva.s recorded in tenths of inches and weieht ·rras :measured 

in grams on a Chatillon dietary scale. Orans \'fere Later converted to hundredths 
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of a. pound. Fish less tha.~ 5 .o inches in total length were excluded .from. the 

s~lee because of the difficulty in accurately weighing such Ball individuals. 

The follo,'ling relationship between weight in pounds (~~) and total length 

in inehes (L) was used in determinin~ tha coefficient of condition {C) of 

trout: C = ,,/IJ x 1o5. Average C values were computed for samples of trout 

collected in each area during a 16-month period. Hesults are plotted (Fir,ure 

2) and tabulated (Table IV). It will be not.e;~ that t 1 e seasonal trends in 

condition are similar in Area. One and Area. '!'Ko. In both areas condition 

improved to a maxirrn.nn with the adva.:.-,ce of sr,rinr am~ declined durtnr:: the 

summer mont,hs. Du.ring fall anc: early winter the condition factor of the trout 

a.gain rose before falli.Jli' off to a mi.nimum in mimrinter or later. 

Earlier studies o.f salmonids in lotic environments ha'll'f) shown a sea'!!ona.1 

trend in cond4.tion simi.lar to the one observed in !toughton Creek {itent and 

Frost, 1942J Coo:oer and Benson, 1951; Cooper, 1953). Ae a eorollacy of 

these studies, ,ent and Frost (l9h2) and Cooner (1953) showed a. correlation 

between grOlfth and condition. Periods of •·aoid grarth were associated with 

high condition, and during periods of little or no ;-:rowth condition was poor. 

'l'his c 1.:irrelat'.i.on was elaborated upon by Allen (1940) in his stud,., of the 

biology of the early stages of salmon. He fo1md that if at tbe onset of the 

growth period condt tion was lCHf, w-eiifht incy,eased more rapidly than len~th, 

,fhile i.t' cond:l tion was high at the beginnin£: of the groKing period, length 

would increase more rapidl.,v than \Vei~ht. 'J'his s.soect of g:rowth and condition 

was corroborated ex;:,erime:ntally under laborato1·y condi Mons l:Jy' Brown (19h6a). 

In oomparin,; the 16-month trend in condition of trol:t in t,he two areas, 

two principal dif fe r·13nces ·.,;ere apparent. Fi.rst, the average eondi tion of 

trout in Area T.vo exceeded that in Area One, a sinple sazrrple excepted. These 

differences are statiat:tcally significant at the 95 percent level except for 



- 9 -

Table IV. Average coefficient of oondi t:l.on (C), at monthly int,ervals, 

for smrrales of 100 native brown tro1:t, Houghton Creek, Ogemaw Count:,. 

:Xrea <iie Xrea 'So 
Sue Sfiie 

Date range Mean Std. error range Mean Std. error 
(inches) (C) of mean finches) (C) of 7:,ean 

h-7-5.3 5.0-11.7 3}:.17 0.229 5.0-23 .2 35.24 0.249 

5-11-!l'.3 5.1-13.8 3h.25 0.291 5.o-1s.o 3~.2.3 0.224 

6-10-53 5.0-1!4 .o 35.37 0.218 .5'..0-24 .1 36.l4 0.273 

7-7-53 15 .0-12 • .3 33.52 0 • .338 ,.0-18.6 )6.13 0.264 

8-6-53 r; .1-12 .1 .32 .94 0.250 5.c-24.3 3,.21 o.2h3 

9-3-53 !>-1-11.5 32.71 0.239 5 .5-14 .3 )lt .61 0.202 

10-9-53 5.1-1L., 31.67 0.238 r_,.0-24.3 3,.22 0.2,8 

11-3-53 ,.1-13 .1 31.73 0.282 ,.0-1,.3 )h.91 0.251 

12-2-~J 5.0-11.6 32.6h 0.259 ,.o-14 .6 .35.19 o.2L.6 

1-8-54 5 .fJ-11.6 32.80 0.237 5.r-11.7 3~-48 0.260 

2-5-54 , .o-1.h .5 32.00 0.268 5.c-13.9 34.49 0.279 

3-5-54 ;.0-12 .3 32.42 0.276 ,.0-12.3 Jh.42 0.2,2 

3-29-54 s.0-12 .1 32.79 0.236 5.0-1,.7 33.41 0.281 

4-15-54 5 .0-13 .o 33.79 0.270 5.r,..15.9 Jh.22 0.320 

5-4-5L ,.0-11.9 36.11 0.2~1~ ~.0-13.2 .35.se 0.297 

5-17-5L 5.0-12.0 33.:;3 0.254 s.1-13.1 3~.59 0.228 

6-1-54 5.0-12 .. 1 J5.Li9 0.280 5.0-15.8 36.67 0.332 

7-13-5.u 5.0-15.0 33.so 0.228 5.n-15.6 35.52 0.282 
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the samples of !,la:rch 29, April 17, and ?le.y h, 1954. Secondly, the a..·•·mual 

range of eonditton was gr6a.ter. in Area ~e than in .t.rea Two. 

Other r~atures of th~1se seasonal trr::mds in eondttion are worthy of note. 

BrONn trout in both area.a entA'!red ellrly Ap:M.1 of 195h in ;,oorer conf!:i.tion 

than in Ar.iril of the preceding yoar. Em1ever, t.he imorovement in eon<!ition 

during April of 1951; was much mon, rapid ths.n <'urine April of the previous 

year. An anomaly occurred between the May and Jrne samples of 1954• The 

mid-lr1ay sampl~ of tro1:t .from Area One showed a marked drop in condition over 

a relatively short period of time while trout from .Area Two showed onl7 an 

insir:;nifieant loss of condition. 

Water Temperature 

During the investigation water temperatures in f1oughton Creek increased 

rapidly during April, May, and June, reaching a maximum (67• F.) in July and 

thereafter decreased slo,rly to a minimum (32• F .) in January. 

A gene:r-al upward trend in condition of trout was coincident with an 

increase in •ater temperatures during the spri."lg.. After attaining the spring 

maximum in condition, a dOVf!?Wn.rd trend in condition preceded a conparable 

downward trend in water tempexatu:re. Duririg a period of.' slmrly falling water 

temperat,ures in the fall and early winter, eon:tt tion or trout tended to 

recover someKhat. Finally, condition declined to a lOT during the lat.er 

half ot the winter. 

Trout in both areu were subject to similar wa~:.er temperatures. The 

influence of water temperature on trout condition was masked saaewhat by the 

ettects of other environmental factors. P.ccording to Allan (1940) water 

tempera.tu.re was the stimulus that initiated activity and growth of salmon 

11110lts in the spring of the year. He cited 7• c. (45° F .) as the cn.tical 
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water teniperature. Brown (19u6b) reared two-year-old bram trout at 

dif.ferent constant w·at-er temperatures and in wa.t,er of changing temperature 

and :round specific grmth rates to be high between 7• c. and 9• c. OlS•-ha• 

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 o£ brcwm trout occurred w:lth maximum water 

temperatures of 41 • to 67 • F. in 1953 and 41 • to 61 • F. in 19$4. 

Mean m:ntmum and maximum .stream temperatures during June (,6•-60• F.), 

July (57•-63• F.) and August (,7•-61° F.) were similar. In apite of nearl7 

optimum temperatures for grcwth durw the sUillller, the condition or trout 

in Area One declined after the middle of June and in Area Two the decline 

took place during the first nek in July'. In Area Two trout maintained 

better condition than the trout from Area One. Apparently temperature was 

not the primary cause of the summer decline in condition. 

Sexual maturity appeared to infiuenco condition values in autumn, 

particularly durlnri; October and Novam'.:er. Durini:z this spawning period when 

water tem;-.,eratures ranged between 38° F. and S2° F., mature trout (9.0 inches 

or longer) shewed a drop in condition. Immature trout (shorter than 9.0 

inehes) tended to improve slightly in condt tion during the late tall months. 

During late winter, between the January and late March sampling dates, 

temperatures ranged between 32'-42° F. The condition of trout wu comparatively 

poor during this neriod. 

Population Densit,-

To test whether population density might influence the ccmdition factor 

or trout, population qtimates were made for bot.b stream sections during 

the f'ourt.h week of' August, 1954. Area Clle (1,734 feet in length} was estimated 

to contain 1,2,9 brONn trout, or about 120 pounds per acre.. For Area 'l'tro 
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(1,900 feet) ti:e estimate ,Hlfl 1,69.3 brmrn trout,, or about 127 pounds p~r 

aere. It can be seen t},at the numer:tcal abundance o+" 1-:-,rovm t,rout was 

a-pproximately t.11e same in both areas. Ki th ne!'haps a slightly more nu.merous 

population ln Area Two. Size diatr1.bution of the trout 1-n the two seet:tons 

·,vas similar, and all one-i.....-1eh size groups between 2 and 11, inches were 

representer; in the swnr.>les. 'fhe effect of ponulatlon density, ner se, on 

trout condition cannot be dise1.ms~1d here, but evidently population dens:tty 

ma,,y bt, el5 .. mina ted as a factor account,ing far the disparity in condi ti.on 

Feed:tnr, Pahi+,s, and Utilizat:.ion of Bottom Fau.11.a 

Stomachs .from trout in Loth st!'oari sectl.ons were collected to det,"!rmine 

if major cm~onents of the bottor1 f2mna contributed sip;nificantly to the food 

of trout, and pa.rt:i.c•_,la.rly if the abundant Asellus was an import.ant item in 

the diet. 

Trout for stomach analyses were collected from each r:£ the t:«o areas 

wi t.h electro-fish lnr gear pm,ered by a 220-volt T1 .C. gener-,itor. ~10 stomachs 

.from fish in each orie-inch size ''!'CUP (7 trrougb 12 :tnehes) wel"e collected 

from ea.ch area each month from April throuph August. The st.mnachs were 

removed from freshly killed fish and nreserved in 85 percent alcohol for 

several months before the eon tents were exami.ncd • Only the material in the 

stoma.ch was examine(' • Orr,anisms 'ifere identified only to the small~st 

taxonomic group, usually zenus, easily re<::or:nized by the investir;,:;::,tors. 

Since there is a considerable differe:1ce in the ra,te of dieestton of the 

different kinds of food O!'f'BXtiS'':S eaten lrr trout u:111s, unpublished), it was 

felt that, a direct volwnetric deterird.nation of the stoma.ch contents would be 

iu,valld, and only t:·e nu."'llber of each kind of orgm ism ivas recorded. 
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The results of examination of the stomachs of trout rran the two areas 

is presented graphically 1n Figure 3. It was readily apparent that brown 

trout f'ed on Asellus, and that this anit.:1al was possibly a preferred food 

item. 1."rom 33.7 to 87 .5 percent o.f the organisms contained in the stomachs 

of trout from Area 1\fo ,,ere Asellua. Por Area One these nercentages W'ere 

o.8 to w..1. 
The numerical percentage of Asellus in the trout t+..omaehs (Figure 3) 

m&y' be misleadinr,. If Asellus in stomachs ·,rere assumed to have volumes 

id,mtical ,'fith those in bottom omaples, their volumetric percentage would 

exceed their numerical percentage. This concept •u teated and verified for 

the stomach samples collected in April. The importance of Aselltta, by 

volume, would be even more apparent later in the season when mature insect. 

had emerged and their 70ung began to enter the trout•s diet. 

The average number of food organisms per stomach (Area One, Figure)) 

shows a marked seasonal decline. 'l'hi.s occurred at the time, July and August, 

when the fish in this area were direo ting more effort to surf ace feeding on 

terrestrial organisms and seems to indicate that it:e supply of food of ar-:u.atic 

origin was lm,-. Parallel collections from Area Two hmever, d.o not show this 

marked shift to food of terrestrial origin nor was th.ere a continued reduction 

in the numbers of food organisms per stomach. This difference in the pattern 

of feed.inf, seems to indicate t.hat some difference existed in the food supply 

of the two areas. 

Discussion 

Seasonal variation in the volume of bottom fauna has been described 

f?'equentl.y. Ball and Hayne (l9S2) and Eggleton (1931) reported suchw.riations 

in lakes. Seasonal variation in the volume of stream bottom fauna has also 

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

per stomach--brovm trout, Houghton Creek, Ogemaw County. 
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Surber (1937) presented d.ata on an eastern trout stream which showed a 

late sprinr; rr.aximum in volume of bottom fauna .followed by a decline during 

tho summer and a. rise during the fall an,~ tiint,e,r. Meednam (1938) report..ed 

that two maxima in volu.'lle of bottom feuna oMu,:,red, one in the sprinr; and 

another :in early :1.i.:n+.er. Allon (1951) dese:r:'i.b0d two ma;cima from the Rorokirl 

in Neif ':'.en.land, one in the !.!prinr: a.nc1• the other tn early winter. Other 

investig.2tors have not observed this peri.od:icit;r in volume of bottom fauna. 

Th.e ·;; ork of Pen .. "lak am: Van C1erpen (1947), tl,ou[:;h based on linti ted. sampling 

in a Colorado t~·out stream, indicn.ted that no seasonal nertodicity in volume 

of bottom fauna occurred. Surber (1951) gave data ·,1hich ind:teated no seasonal 

t,rend in volume o.f bottom fauna in a Virginia trout streaa. 

In his study of the ecology of streams in Yell0t'fstone National Park, 

l'luttkow-ski (1925) shCMed the annual foor! cycle of mountain trout to be divided 

into t<xo sharpl.y defined periods. First, tho "water food" period of October 

to July and second, the "surface .foo:3." peri.od of summer. He observed that 

during the short period of summer, t,rout become d.ependant upon food of 

terrestrial origin follOW'ing the depleti.on of the ".)rimar;;r :food sunply through 

emercenee of the insects. 

Our data demonst,rated a. definite seasonal trend in the volume of botto11 

fauna in r.:ravely riffles • Bottom fauna 1'T1'1S at peak abu,"ldanee du.r:tnp; the 

winter months and dec,lined gradually until sometime in April. Ih .. Tint .f\.prn 

and :May & aha!'!) reduction in the volume of animals ocou!Ted whieh lasted 

until early fall when the voluroo of bottom fauna increaaEd rapidl.,v to a 

•Ninter high (Figure 2). 

This investigation revealed that the aquatic sOlfbug, Asellua intel"!!lediua 

Forbes, was an important item of di:f'f erence between the bottom faunas l')f tbe 

two areas. For exan;,le, during the August-April period, the volume of Aat'llus 
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in 88l'ffl.'les from. Area 'lwo varied rrom. nearly one-halt, to more than the total 

volume, of' all organisms in the samples from Area One. From Figure 3 it can 

be seen that many Asellus were eaten by bra«n trout, particularly in Area 

Two. From Figure 4 and f'rom a comparison bet\'reen Table 3 and Figure 3, it 

may be seen that the abundance of Asellue in stomachs was disproportionate to 

its abundance in bottom. samples. This phenomenon is especially evident for 

Area One. 

T.nformation obtained indicated that eithert (1) Asellus are r.eadil,y 

available to brown trout, (2) are preferred by brQ'ffl trout, (3) sampling 

methods did not give a reliable index of their relative abundance, or (1,.) a 

combination of tl· ese factors. 

Frost (19.39) noted that in the River Rye, where an abundance of Asellua 

5uaticus occurred, brown trout fed to a great extent on this anima.lJ but 

in the River Lif'f'ey where Asellua was canmon, but not abundant, it waa ot 

little importance as a trout :food. Ji"'roat concluded that in the River Lit:tq 

trout preferred the larval forms of aquatic insects to the cruetaceans, 

Aaellus and Gamm&l"US. Rasul ta at Houghton Creek seemed to ind.ica te that 

brown trout prefen-ed Aaellua and. Gammarus over the aquatic insects (Figure 

.3). 

During July and Auguat, and probably moat ot June, Area One was 

characterised by a paucity of tood. At this time of year abundance or bottom 

f'auna was at its minimum, trout in Area One fed extensively on terrestrial 

foods, and the number of organisms per stomach was sharply reduced (Figure 

3). F•er organisms per stomach during late summer has been observed 

repeatedly. Meil (1938) and Frost (19.39) have reported it for brown trout, 

Benson (1953) for brook trout, and Allen (1940) for salmon amolt. 

None or these investigators attempted to correlate abundance o:t bottcm 

food with numbers (or volume) of organisms per stomach. Surber (1936) found 
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Figure 4. Percentage composition (by volume) of various groups in bottom 

samples and brown trout stomachs for April, 1954. Terrestrial animals 

(less than 1 percent) omitted. Houghton Creek, Ogemaw County. 
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that rainboit tr:iut, from a st:rHam :d th no shortaro of !;Vn.1.atic food, swit.cbed 

to terrestrial foods ; n mlds1;Jn':ter. 

Our belief is that in Area One of Hou.p;hton Creek the chat"F1a to a diet 

consisting of' a considerable prooortion of terrestrial orp:a.nis1ns, t.>:e -erluc

tion in the quantity of food per stomach, and the sharp drop in conditi.on 

were all due to the same th 1.nr;-a pauci -cy- of .food ot· aoua t~.c orlp:in. The 

belief is substa:nti.ated when the data from t.11e t~rn areas are compared in 

regard to the volume of bottom f'auna available, amount of food in the 

stmnach samples, the use of terrestrial anirnals as food, and t 1:ie changes in 

the coefficient of condition of trmlt. 1,~ore bottom food was available in 

Area. Two at all tic es, st:.onach sa:m,'1los from this area contained m::,re food 

ch.l.T'lnr, the s11.:mer n1onths and die! not sl1mv the sha:rp increase in numbers of 

terrestrial 01--ranis::m observed in J,rea OY1e, and the coefficient, of conrlltion 

of the fish of. Area 'I'.r0 w·as significantly 1:lr}J,:,:r and rm.teh less variabl~ than 

in Area One. 

The contrast between the erowth of t.1-:e two groups of fish, as ex:oressed 

by coefficient of condition, does not sun0ort ::rcrm•s (19!:6a) hypothesis of 

an :tn~rinsie phy11iological grOW"th cycle <lurinr- tba.t nart or the year whpn 

temperatures are suitable for growth. 1hese flndi11c·s indicate that, prowth 

at this season is regulated b;r the ('Jlantity and kinds of food available. 

An il'J1Portant di..fferenoe in the foorl supJ)ly of t.hese two ar~as was the 

comparati.ve stability of a erustanea.n food source as contrasted to +he 

marked seasonal fluctuation iri ab,mdance of insect food. The importAmce of 

the type of anir'al food present is further e:·:1;1hasized by the ev.l.denee that 

brown t.rout ate crustacean focd even when it may have been less abundant 

t.han aquatic insects. 
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