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ABSTKACT OF THESIS 

A f i eld ·study to determine mortaHty cf cutthroat trout fry was 

c01, duct ed in Yellov-;stone Par'k , Wyomini . The total adult run upstr eam 

was c ounte <l in or der to predict nurrJ)e r s of downs t r e am migrating fry. 

A total of 36,098 trout were c ounted migrating upstre am. Of these, 

11, 997 were males and 24,101 were femal e s . Aver age f e cuncl.ity was 

1000 eggs per female. Allowing 21. 0 percent for death in redcls, 

19,039 ,790 fry were expected in the downs tr,eam migr a tion . A trap was 

set across Clear Creek to de termine numbers of downstre .cnn migr ating 

fry. Total fry count was 116,895 . Excessive ly high water.· runof f 

h2mpe).'ed further trapping . 

One hundred adults were collected from Clear and Cub Cree.ks at 

their 0 1Jtlets into Yellowstone Lake to determine if predation was a 

major factoJ:> in fry mortality. Adult s were collected during daylig1Yt 

and dark . Results showed that adult predation was insignific:ant in 

both creeks a.nd out lets. 

A total of 50 moPibund fry }:idr1ey sme ar-s we.re ma ck'! on blood agar 

plates. T,,,;enty-five healthy fry kidneys were used as controls. All 

plates were incubated from t~5o to 60°F . None of the plates had. growth, 

the:cefcre fry mortality due to b&cterial i nvasio~ was considered. to be 

insigr.i f i ca~t. 

A sa:npl:i.ng de vice used for cou.nting downstrec:rn mi gnJ.t.i.ng fry was 

tested for a ccuracy . Five lots cf 400 0 f r y each we1°e p oured from the 

trap ~:t::.'ough the sampliue device . The 1··an.ge of inaccuracy W"as from 

57 . 5 p e1•cent below the actua l count to 42. 0 pe rcent over t he a c tua l 

count. 
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A library study an a l yzing various .f~·-y tPapping operations and 

methods was included . 
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I~TRODUCTICN 

Management of any good spcrt fJshe:i:'Y r equi.res a knowledge of the 

li fe history of the speci es i n the fish ery . Recently, much study has 

b2en based on optimum annual yie l d which i s essentially the number and 

si ze of fi shes which may be r emovec1 from the .lake without having dele-

t eri ous effects on the population (Ball and Cope , J.961 ). This s afe 

r emoval has been defined as "equilibr i um yieldtr ( Ricker, 19 58 ). 

A thorough knowledge of fry mortality is essential in order to 

better predict equilib:eiurn y ie l d . Fry morta.li ty is of major i:np :::,r,tance 

in fisher i es management. On one stream , Arni ca Creek, entering Yellc,-: -

stone Lake, Yellowstone National Park, Wyoming, an average mortal ity 

has been reported to be 99. 6 percent fr,om egg deposition to migration 

of f ry int o the lake fishery (Benson, 1960). Cope (1957) stated that 

l ess than one percent of eggs cleposited reach the l ake as fry. 

The author undertook the ta~;k of determining fry mortality in 

Clear and Cub Creeks which ape two of the major spawni ng streams of 

Yellowstone Lake . The firs t phase of the study was uncle r·"i.:ake:1 duioing 

the summer of 1966 in order to r•efir:e va1.,ious methods and techniques 

for the second phase which was to comn:ence du'J'.'ing t he summer of 1967. 

Exceedingl y high water r unoff in the s ummer' of 1967 caused a. change 

to be made in the second phase from attempting to discover total fr'y 

mor tality to factors contributing t o f r'Y mort a 1.ity . 

Prob l em Ar:_<:-t1,rsi_~ 

The problem was divid.ed int o two parts : 

(1) Do adult cutthroat trout (Salmo clarki ) ut ilize cutthroat 

t rout fry as a major food s upply? 
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(2) Do parasitic bacteri.a caus e an appreciable mortality to 

downstream migrating cutthrcat tl'out fry? 

A study was undertaken to determine the soundness of the sampler 

used to count fry during the first phas~ of the study . 

Included in the thesis i s a review of recent and some older 

literature on trapping and s ampling devices . This literature review 

should aid any biologist who is planning fry trapping operatio~s on 

lar ge rivers or small streams. 

Deli mi tat ions 

This thesis deals with t wo of forty streams entering Yellowstone 

Lake. There f ore the mortality found at Clear and Cub Creeks does not 

neces sarily hold true for all fort y streams or in the lake proper. 

No attempt was made to determine mortality caused by fishermen 

or animals wading in creeks, fish-eating birds and animals, nor was 

an attempt made to discover the effect of high water . 



REVIEW OF THE LITERATURE 

Traps 

Tait and Kirkwood Trap 

Tait and Kirkwood ( 1962 ) lmdertook a la_rge scale fr,y sampling 

operation in order to predict future adult salmon runs in the Prince 

William Sound, Alaska. Eight streams were studied . Traps were set 

across the s tream, beginning at the bank-water interface and r unning 

to mid-stream, in such a way as to cover 10 percent of the stream 

channel. Each stream used traps made specifically for that stream. 

An example of the t rap can be seen in Figure 1. Marked fry were 

released upstream from the traps in units of 500 and were distributed 
, 

across the stream. The recovery figure aided in determini_ng total 

migration for that stream 

"The percent of fry migration that the traps 
captured was estimated by (1) measuring the 
volume of water strained by the traps and 
(2) determining the average percentage of 
marked fry captured by the traps after release 
in each st!"'eam. '1 

The formula used for estimating total fry migration from above trap 

installation for each str•eam was as follows: 

T = ( a l00) ( 100 ) ( 100 ) 
b c 100-d 

where a = number of fry captured by traps at a station 

b- = percent of fry captured by traps 

c -· percent of fry migration between origina l installation 

date and dismantling date 



4 

Figure 1. Metal fry trap used in enumerating pink and chum salmon fr·y 
in Prince William Sound streams ( Tait and Kirh:ood, 1962 ). 
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d - per-cent o f t :b1e t raps were not !.'ished while being c lea red , 

:repa .i.r ed , or moved to a better loca t :;_on 

T -- est imated tot2tl fry tr .:gr·at ::_oi-:: h•orn abov·~ traps 

~~-29"9..~2:_2.._I)Eur.1rnoncl , Snyder and _I2,r~1_5:~:_Tr-a i?. 

Biole,gist s i nteres ted in rrapp h ig t r y on s rna.11 strec=,r::s sho·J .1.d study 

the trap des igned by Cr.:1dd0ck (1 959 ) . Drumma r,d (1 96G ) ani S,1yde!" ar,d 

Tar.ner (l 960 ) trapped c utthPoat tJ:·ou·i: fry a.t Trappe!'.'s Lake , Color ado . 

A modified versior. of Craddock I s t rap '"'as used . :txce.llm,t res'Jj_ts we'f'e 

ottained . Snyder and Ta::nwr no-cic ed that occa.s iorv,llly smal l numbers of 

f1•y were fou.nd dead withi11 ~:he t.ca.p h.ox. To elimina te the artificia.J 

mort2.2-ity factor , a •r1atex, deflect.o'f' , ;2,s eonstructed 2.nd pln.ced w5-thi;1 

the trap . The deflector cr·e&te<l a ,'8St.i.n6 a-::•~~R :fo:r the fry and. elimi-

natP.ci mm:.•t-':'.li ty due to fat ig,ue. The assem:.,.led fry t rap with wi ngs us':'.d 

b~/ Dr'..nrL'1io!lc1 Snyder ,:md Ta:me.r .i :; shown in Figur•c 2 .. A diagram of the 

i ndividu.:i.l parts is shown in Fi_gur2 3. 

Sr.yd.er an-3. T-:tl'nc:c t~s·:ed fry- -net e ffici;;ncy ny placing anothe~ 

t r•app ing s ys.:ern of the same deosi~n cl :i1•e:.:!tly below the fi:-·st trap . The 

effic iency was 99 . 9 pey•c,e n1: foY' e5-:;ht nights of testing . Over,flo w \\las 

t:hc bottom o f th~ ,:ings ciid not appear to r educe efficiency of the net. 

f'r,y woul d net go out l.oJ.es at the b:::J•i::tom of the wi ngs since migration 

t akes place n P a:t' tl,e surface of tl:e water . 

I:verr!cctrt , _ H::?.J l0ck: ~- Fr·y a nd_ L2.. F2.c.:.ncs T:0c1 p 

Eve1'ha1~t ( pe:"sonne l c orxnunic.atic11) used a modi f ied wir e fyk e trap 

patte! -n.c: d a fter Hal.l.oclc , Fry and LaF.:1ur1c c ( l 957 ) t o c atch salmon smol t s 

in Maine . The trap was quite l at~6e, It m2as,.n•t, J 10 feet in diai·11eter 

by 19 }_/ 2 f eet in l ength -:tnd we::ir,h"" l'J. b•,;t;..rc--e n GOO c,.nd E:00 pounds 



Fry cat ch box 

Net frame 

Front View 

Figure 2. Diagram of fry net and catch .box (Snyder and Tanner, 1960). 
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Figure 3. Part s of fry catch box (Snyder and Tanner, 1960). 
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{Figure 4). The trap used by Hallock , :'r-y, and LaFaunce (1957) in 

California was effe ctive in catching adul t s t ee lhead trout, king 

• salmon, silver salmon, striped bass , and shad. Everhart removed the 

l arge mesh used _ by California and r eplaced it ,-lith fine mesh which 

proved to be very effective in trapping the smaller smolts. 

The trap was designed to be used in l arge rivers in very slow 

moving or standing water. Installation r equired from two to five men 

to rcll i t in and out of the water. The trap was transported on a 

two-wheeled flat bed trailer . A sled was used when the trap was moved 

a short distance up or down river . 

This trap appeared to be especial l y adaptable fo~ trapping large 

rivers. 

Incline Plane Trap 

The incline plane screen (Rounsefell and Everhart, 1953} was 

found to be useful for collecting small fish in a considerable volume 

of water containing large quantities of debris. The screen was most 

useful for estimating numbers of downstream migrating fisb . Water 

was directed a short dist ance onto a sloping fine mesh screen . The 

water passed through the screen while fish and debris slid down t he 

screen into a trough at the bottom. 

"The height of the drop and the angle of the 
screen vary with the size of the screen mesh 
and the volume of water. The screen should 
be adjustable so that the angle can be regu-
lated." 

The trapping system worked well with small or large fish but was 

originally designed to catch small fish. 
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Figure 4. Diagram of wire fyke trap construction (Hallock, Fry and LaFaunce, 1957). 



10 

Wolf Trap 

Wolf (1951) developed a trap which •,.;0 1.lld catch all solid objects 

moving downstream . It was :r.atlier simple in des_ign but extremely effi-

cient. The trap was designed to meet the following qualifications: 

11 (1) It should tr·ap al l fish, moving downstream , 
regardless of size; (2) it should not injure the 
fish even if 'the trap were not attended very 
frequently ; (3) it should be able to accommodate 
flows varying from a mere trickle to l cubic 
meter per second (approximately 35 cfs) or more, 
s i nce the brooks in which the planting was done 
were mountain streams subject to very heavy 
floods; (4) it should be so constructed that 
even in times of hea vy floods laden with debris 
it would not clog ; and ( 5) it should be possible 
to leave the trap without any attention for 
rather long :periods , at l east 3 weeks.n 

A diagram of the trap is given in Figure 5. 

Humphreys Trap 

Humphreys (unpublished report) recently designed a f loating, self-

cleaning trap which was used on the Grande Ronde River in Oregon. 

During high 1vater runoff, the river carries moderate to heavy debr is 

loads. The trap was designed so as to be ope1.,able during these heavy 

de,bris loads. The trap was essentially a floating, inclined-plane, 

self-cleaning design ( Figures 6, 7, 8 , 9). The traveling inclined 

screen was powered by a paddle wheel. The screen was raised or lowered 

into the water by hand winches which were atta ched to the flotation 

system. Debris was car ried by the moving screen and dropped into the 

live box. Another moving , rotary sc.:reen r emoved the debris from the 

live box . Trap construction prevented fish removal from the live box 

by the rotary screen. The r otary screen was po11ered by the same paddle 

wheel which powered the inclined plane screen . 
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Current 

Collecting box 

- Net 

Drain 

- ::-~-~-:-:::-------1-J----------+~---- ~ -~-,~ -- - - --.... - -. -- -
R-iv.er-·bo.:tt.orn -· -=-

- ---- -
- - -

Figure 5. Diagram of insta lled Wolf trap (Wolf , 1951) . 
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Figure 6 . Self- cleaning scoop trap i n operat i on 
(courtesy of W. R. Humphreys ) 

Fi gure 7. Self-cleaning scoop trap in operat i on 
(courtesy of 1,; . R. Eumphreys ) 
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Figure 8. Traveling screen 
( courtesy of W.R. ·Humphreys ). 

Figure 9 . Rotary screen for· debr•is removal 
( cour,tesy of W. R. Humphreys 



Humphreys placed the trap in a constricted sect ion of the river. 

This cr:1used an increase in velocit y m:d a concentr ation of the downward 

migr·ating fish . A ve loci ty c.f 4 to C fe. ,~t per second was necessary to 

prevent fish from swirnmir.g b2.c}c out c,f t h2 trap before entei-'ing the 

live box. The trap was held in place by cables which were attached to 

t rees on each side of the stream channe l. 

Humphreys determined t rapping efficiency by releasing brande d fish 

two mil es abo·ve the trap . Efficiency tests were conducted when stream 

flow was 300 cfs . Eff i c i encies of 9 . 9 percent and 1 3 .7 percent were 

r ep orted . 

An eff icient trapping sys t em was used on the Big Qualicum proj ect 

in Vancouver , B. C. ( Lister, personal correspondence ) . The traps wer<~ 

des i gned to enumerate chum s a l mon fry (0.4 gm ) to steelhead trout 

s molts ( 50 gm) by straining a portion of t he stream. The downs t ream 

end of the trap was r a ised or lowered by a hand winch . Each individua l 

one-foot-wide t rap screened up to 8 cfs . Each trap l ed i nto an at t acr•ed 

live box , Fi gure 10 ,. ' 01:, into i1 co:nr,,0n • trou6h which dir•ect ed the fish 

into a s er•ies cf l i v0 boxes 21t the edge of the stream. Figures 11 and 

12 show the traps in operati on . 

Fulton River Trap 

Anothe r trap used in Vancouver was designed after the Wolf-type 

trap ( List ex·, personal correspondence ). It was modifi ed to provide a 
/ 

greater water screening area. The trap was used to enumerate total 

numbers of sockeye sal mon fry migrating in an artificial spaHning cha,l·-

nel. The t rap was designed to screen up to 25 cfs . Debris was directed 

into the l ive box with t he fish . The trap was of good des ign and was 
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Figure 10. Series of traps in operation 
(courtesy of D. B. Lis ter ) 

Figure 11 . Entrance of trap 
(courtesy of D. B. Lister ) 
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Figure 12 . Fry rer:1.ova.l from trap 
(courtesy of D. B. Li ster ) 
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efficient i n trapp i ng fry . 'the tl'ap L:i ::.te :--' used was approximat 2ly 5 

fee t wide and 12 feet long . 'i ;, e Jive. tor: was lifted out of the water 

when enumerating fry. Lister r ec omme r,~~E.d t hat the s ize of the trapping 

system be r educe d to increase its por"'.: c-.!:; i J.i ty and ease of installation. 

Fry Sampling Methods 

Snyder and Tanner (1960 ) used the f ollowing method of sampling 

fry in Cabin Creek, one of three maj or streams entering Trapper s Lake, 

Colorado . 

11 When the fry became too numer ous for total counts, a 
s ampling pattern was establishe d. During the first 
part of the run of Cabin Creek samples of five and 
twenty-minute periods wer e compared with the hourly 
counts in order to establish an adequate sampling 
schedule . Counts were also taken each five minutes 
for one hour in order to det ermi ne the best sampling 
period in the hour . The twent y-minute counts mos t 
c losely approximated the actual count but were biased 
downwardly ( 7 percent ) . Thr oughout the sampling per-
iod and after the sampling period terminated , samples 
were compared with hourly counts more or less as a 
pilot sampling study for 1959 . The twenty-minute 
samples taken on the downward slope of the daily 
migration peak were upwardly biased ( 35 percent ). 

Drummond (1966 ) used a special dip net which would j ust fit inside 

the trap. Fry were counted and releas ed each hour beginning at 9:00 

p. m. and ·continuing until 12:00 p . m. All fry captured after 12:00 p . m. 

were counted and r•eleas ed at 8:00 a.m . the fo llowi ng morning . No 

menticn of the sampling method could be found. The assump tion was made 

that tota l f ry .sampl ed was a func-t-io11 of dip net size to trap size . 

Tait and Kir.h rood ( 1962) samp l ed f r y i n r e l ation to water screened 

by each t rap at a given location . They would place traps acros s a 

str eam in suc11 a way as t o cover 10 per•cent of the stream . By measur -

ing t he volume of water strained by the t raps and det ermining the 
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a v1::rage percent ag2 of marked fry cap t ured by the traps , an estimation 

of tot al fry mig1"ation could he obtained . Refer to Pages 3 and 4 :for 

a more deta iled dis cuss i on of t he s ub_ject . 

The s ampling meth od used by Tait and Ki rkwood was s i milar t o the 

one used on the Big Qualicwn pr oj ect by Liste1" (personal communi cat i on ) . 

One-foot-wide traps wer e s e t across the stream. Each trap would strain 

up to 8 cfs depending on water ve l oc i t y . Marked fry were r e l eased up-

stream from the traps. Knowing percent recaptured fry and amount of 

water strained by the screens would give an estimate of f ry abundance . 

Predation by Adults 

Very little has been written concerning the feeding behavior of 

adult cutthroat trout under natur a l conditions . During 19 58 , Snyder 

and Tanner (19 60 ) collect ed 23 stomach samples from cutthroat t rout 

i n Trappers Lake, · Col orado . Trout fry made up a significant part of 

the diet during mi grat i on. Again in 1959 , 6 trout were collected and 

the stoma chs analyzed . An average of 61 fry per stomach was counted . 

Although t his is a high number of fry per stomach it would be necessary 

to collect a l arger· sample of fish before stat i ng tha t fry make ttp a 

s ignificant part of the adults ' diet. 

Calhoun ( 191+4) s tated that the only evidence of canniba.lism in 

two Sie1"r2. Nevada l akes was in late summer following t he propagation 

of 50,000 fry . Calhoun found 7. 7 percent of t ot a l storr:.3ch cont ent to 

be composed of fry . Calhoun insinuated that if f ry are available , 

a rfolt t r>out wi ll eat them . Hazzard and Mads en (1933 ) also sta ted 

that where smal l f i sh are availab l e adult cutthroat s wi l l eat t hem. 

The authors shm;ed t hat cut t hroat h 0 out f r om the Teton ?ar k area 0 £ 



Wyoming utilized. fry as a major source of nutrient and that as adults 

became older and gre;-1 in size t hey consumed more fry . Fleener ( 1952) 

fo und only t wo occurrences Hhere adult cutthroats had fish in stomach 

s amples. Fleener showed that fry do not make up the normal adult diet 

in the Logan River, Utah . Irving (195 1+) reported that cutthroat t rout 

fin gerling occas ionally feed on one anothe r in hatchery rearing ponds . 

Since hatchery r eari ng ponds are far r emoved from natural cond.i tions , 

this has no signifi cance with r e l at ion t o fingerlings in the wild. ' 

Muttkowski ( 1925) stat es that fish are cannibals and will eat fry and 

fingerling trout when the opportunity arises . Cutthroat adults are no 

except i on for they will eat other fish jus t as greedily as will bass. 

Muttkowski studied l akes and streams t hroughout Yellowstone Park but 

gave no data to prove his statements correct . 



DESCRIPTION OF AREA 

Yellowstone Lake, located in Yellowstone National Park , Wyoming , 

i s situated approximately in the c enter o:f the Park at an elevation of 

7731 feet. It conta i ns about 100 miles o f shoreline and approximately 

90 , 000 surface acre s (Ball, 1955 ) . The l ake has a surface area of 

135. 77 square miles with an average depth of 139 feet . The basin has 

an estimated capacity of 12,095,264 acre feet of water with an annual 

outflow of 1,100,000 acre feet. The l ake becomes thermally strat i f ied 

during August of each year with surface t emperatures rarely exceeding 

66°F ( Benson , 1958 ). 

The l ake is f ed by t~O streams ; Ff are considered major spawning 

tributaries and 26 are minor . These streams drain approximately 1,006 

s quare miles of watershed (Farnes and Bulkley , 1964). 

Adult spawning cutthroa t trout begin their upstream migration i n 

lat e spring and early summer (Mills , 1966 ). The fish spend approxi-

mately three weeks in the stream before they move back downstream 

(Ball and Cope , 1961). 

Clear Creek 

Clear Creek i s one of the major spa,ming tributaries of the lake. 

Head\aters of Clear Creek , the Sylvan Lake area , are approximat ely 13 

miles from Yellowstone Lake . Sylvan Lake is l ocated on t he western 

slope of the Absaroka Range and drains westward into Yellowstone Lake . 

Sylva n Lake is approximately 8510 feet in elevation ; there fore the 

average gradient from Yellowstone Lake to Sylvan Lake is 59 feet per 

mile . During spring runoff water flow exceeds 1000 cfs while August 

flow may be as l ow as 20 cfs (Mills , 1966 ). 
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Cub Creek 

Cub Creek floHs i nto Yellowstone Lake appr oximately one m.ile no1•th 

of Clear Creek . Like Clear Creek , it originates on the west slope of 

t he Absaroka Mountain Range but i s considerably smaller in size . v:ater 

flow r anges from 400 c fs dm,, .ing high r unoff to 5 cfs through Augus t 

( Mills, 1966 ). The stream channel is approx i mat ely 10 miles l ong wi th 

an average gradient of 76 feet per mile, 



METHO!JS AND MATERIALS 

Trapp i ng Operat ion 

The trapping operation ins tituted on Clear Creek , Yellows t one 

National Park, was similar to the operation of Drummond (1966 ) and 

Snyder and Tanner ( 1960 ), The wings of the trap measured 30 1 x 3'. 

Wings were made from l" x 1+11 pine lumber frames with screen wire 

(8 mesh/inch ) nailed to the frames so as to direct the fry into the 

trap as well as letting excess water flow through the wings. A metal 

frame , measurin_g 24" x 32", was driven into the streambed and used to 

hold the flume which directed the frr_y into the trap . The trap was a 

large plywood box which measured 24" wide , 36 " long , and 24-" deep . 

Holes , cut in the sides to al low water passage , were covered with 

screen wire to prevent passage of fry . 

The trap frame was set one- third the distance across the st-rea.m 

and about 15 feet above where the stream enters the lake. This pos i-

tion was chos en because of the narrow width of the stream at that 

location and because the water flowe d mainly down the one side of the 

s tream . This r esulted i n a majority of the fry migrating downstream 

from the stream ' s deep water side to approximately two-thirds the 

distance across the stream. 

The fry trapping operationbegan shortly after the adult migration 

t erminated . Each night from 7 August until 2Lf Augus t , the trap was 

attached t o the frame at 7: 00 p .m. and r emoved from the frame the 

fo llowing mor ning at 8 : 00 a . rn . The trap was opera t ed 24 hours per day 

from 24 Augus t to 10 September . The trap was observed once e very three 

hours at t he beginning of the trapp ing study . Becaus e there were so 
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few fry , a count was not made until t he trap r emoval at 8:00 a.m. the 

following morning . Not unt il 11 August did t he fry migrate heavily 

enough to warrant counting at three-hour interval s . 

Snyder and Tanner (19GIJ) found a s i gnificant effect on migrat ion 

with changes in temperature of the water . To obta in an accurate t ern- . 

perature corre lation a thermograph was set close by the trap location 

and stream temperature was recorded throughout each 24-hour period. 

Sampling 

Once the trap was in operation, a major problem was encountered 

in counting fry. Since many of the l arger streams with a large adult 

migra.tion will produce numbern of fry in the hundreds of thousands 

and higher, it is obvious that the worker cannot count each fry. Some 

method of sampling the fry in the trap must be devis ed . The author 

used a ten-gallon milk can which had the bottom r emoved . Within the 

can, a cylinder was inserted which measured one foot in l ength and was 

just wide enough to fit inside the can snuggly. The cylinder had ten 

pie-shaped sections , only one of which was closed . Theoretically, 

one-tenth of the fry would be trapped in the closed section when poured 

through the sampler. By counting this s ampl e and multiplying by ten, 

the total number trapped for a given time period should be obtained , 

( Figures 13 and 14). 

The sampling device appeared to give an inaccurate count during 

the summer of 1966 . During the summe r of 1967, an experiment was per-

formed to che ck the soundness of the stati stical device. The device 

was modified by placing a cylinder in the mouth of t he sampler so the 
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Figure 13. Sampling device 

Figm~e 14 . Bottom vieH of sar,pling device shmring sampler installed 
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fry would f a l l i n a random mass which would give better results. A 

metal s l eeve was inse rted i ns ide t he nDuth of the device and set on 

top of the cylinder ( Figure 15 ). 

Determi?ing Bacterial Parasites 

·During the first phase of the study, many of the fry which were 

collect ed each night were noticed to be mor ibund or dead . Possibly 

a bacterial paras ite could be causing death of many of these fry. A 

s amp l e of moribund fry were r emoved each night and kidney smears made 

on blood agar plates the fol lowing morning . A total of 50 moribund 

fry kidneys were used. Kidney smea1,s from 25 apparently hea lthy fry 

were used as controls. 

The plates were incubated by placfog a five-gallon glass jar con-

t aining the plates in a notch in the stream bank . This method of 

incubation was thought to be bes t because the temperature of the incu-

bator would f luctuate nearly the s ame as the stream . 
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Figure 15. Metal sleeve used to constrict mouth of sampling device 



RF:SULTS 

Trapping and Enumeration 

A total of 36,098 adult trout were counted migrating upstream in 

Clear Creek. Of these, 11,997 were males and 24,101 were females, a 

ratio of l: 2. A predicted 2'+ ,101 , 000 eggs were expected to be deposited 

in the streambed . This assumes a fecundity rate of 1000 _eggs per fe-

male. 

No migration patterns could be established until 20 August (Table 

1). Heavy rain periodically created freshets during which water tem-

perature fluctuated noticeably and fry movement was altered s ignifi-

cantly ( Tables 2 and 3). 

Upon termination of the trapping operat ion, 116,895 fry had beeE 

counted . Calculations indicated total fry mortality was 99.5 percent . 

Predation 

A total of 36 adult fi sh were collected f rom Clear Creek during 

the summer of 1967 . One fry was found in one stomach sample . Adult 

fish collections could not be made in Cub Creek in late August because 

nearly all fish had re turned to the l ake. The one fish collected did 

not contain fry in the stomach . 

One hundred fi sh were taken i n the lake near the mouths of Cl.ear 

and Cub Creeks and their stomachs anal yzed. Fifty of these fish were 

taken ·duri ng the day and 50 at night . Two f i sh were found with fry in 

their stomachs . One fish contained four fry while the ot her• contained 

five (Table 4). 
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TABLE 1 

Total Number of Cutthroat Trout Fry Trapped Per Day 
in August 1966 from Clear Creek , Yellows tone Park, Wyoming 

Date Numbe1• Trapped 

7 400 

8 220 

9 140 

10 
11 2,535 
12 1,428 

13 

14 

15 

16 8,878 
17 

18 

19 

20 860 

21 3,351 

22 5,930 

23 11,395 
24 16,290 
25 17,270 

26 22,520 

27 9,100 

28 2 ,i,03 

29 5,220 
30 4,100 
31 1,430 

TOTAL 113,270 
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TABLE 1 (Continued) 

Total Number of Cutthroat Trout Fry Trapped Per Day 
in September 1966 from Clear Creek, Yellowstone Park, Wyoming 

Date Number Trapped 

1 Tr ap not set 
2 Trap not set 
3 100 (estimated) 
4 2,200 
5 1,350 
6 50 ( estimated ) 
7 25 ( estimated) 
8 0 
9 0 

10 0 

TOTAL 3,625 

TOTAL FRY MOVING DOWNSTREAM 116,895 
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TABLE 2 

Maximum and Minimum Water Temperatures 
From August 21 to September 8, 1966 

in Clear Creek , Yellowstone Park, Wyoming 

Date High Time Low Time 
or or 

8/21 58° 4:00 p.m. Installed at noon 
8/22 60° 4:30 p.m. L~50 8:00 a.m. 
8/23 61° 4:30 p. rn. 47° 8:00 a.m. 
8/24 62° 4:30 p.m. 47° 8:00 a.m. 
8/25 62° 4:30 p.m. i+so 8:30 a.m. 
8/26 5go.': 3:30 p.m. 49° 8:30 a.m. 
8/27 57°·'· 5:00 p.m. 49° 9:00 a.m. 
8/28 58° 4:00 p.m. 46° 8:30 a.m. 
8/29 60° 4:00 p.m. 47° 7:30 a.m. 
8/30 59° 3:30 p.m. 51° 8:00 a.m. 
8/31 5 7° :': 4:30 p.m. 48°·'· 8:00 a. rn. 
9/1 55° 5:00 p.m. 51 °1• 8:00 a. rn. 
9/2 53o:': 5:00 p.m. 50° 7:30 a.m. 
9/3 59° 5:00 p.m. 47° .· 8: 30 a.m. 
9/4 60° 4:30 p.m. 47° 9:00 a.m. 
9/5 57° 4:00 p.m. 48° 8:00 a.m. 
9/6 59° 5:00 p.m. 48° 9:00 a.m. 
9/7 59° 5:00 p.m. 48° 8:30 a.m. 
9/8 58° 6:00 p.m. 48° 8:00 a.m. 

:': Periods of rain 
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TABLE 3 

Effect of Water Temperature on Fry Movement 
in Clear Creek , Ye_llowstone Park, -Wyoming 

Temp (FO) Date Time (First Run - Second Run) Number of Fry 

51 8/21 12:00 midnight 855 

45 7:00 a.m. 1,580 

51 8/22 12:00 midnight 2,885 

51 3:00 a.m. 1,725 

53 8/23 1:00 2,004 

49 6:00 a.m. 1,660 

54 8/24 1:00 a.m. 2,490 

49 6:00 a.m. 2,000 

55 8/25 1:00 a.m . 7,310 

52 4:00 a.m. 4,960 

53 8/26 1:00 a.m. 2,150 

51 4:00 a.m. 12,930 

49 8/27 4:00 a.m. 4,180 

46 8/28 8:00 a.m. 2,403 

47 8/29 8:00 a.m. 5,220 

51 8/30 8:00 a.m. l~ ,100 

48 8/31 8:00 a.m. 1,430 

46 9/3 8:00 a.m. 100 

4 7 9/4 8:00 a.m. 2,200 

48 9/5 8:00 a.m. 1,350 



Creek Sampled 

Clear Creek 

Outlet Sampled 

Clear Creek 

Clear cr,eek 

Cub Creek 

Cub Creek 

Sampling 
- Perio·d 

Daylight 

Dayl_ight 

Sampling 
Per•io·d 

Daylight 

Night time 

Daylight 

Night time 

32 

TABLE 4 

Adult Predation 

# Sampled 
in Stream 

36 

1 

# Sampl ed 
in Out l et 

27 

26 

25 

25 

# With Fry in 
Stomachs 

fj 

1 

0 

With Fry in 
Stomachs 

2 

0 

0 

0 

% of Adults 
With Fry 

2.7 

o.o 

% of Adults 
With Fry 

7.4 

0.0 

0.0 

0.0 

*By the time fish collection had begun on Cub Creek , the adults had 
already migrated b,=wk into the lake fishery. 
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Sampling Device 

The results obtained from five groups of 4000 fry placed in the 

trap and poured through the sampling device are given in Table 5. The 

conclusjon was made from these data that the sampling device gives an 

inaccurate count. 

Bacteria l Cultures 

Fry kidney cultures were observed for growth on the third, sixth, 

and seventh days. A total -of 50 kidney cultures were made on blood 

agar plates . Three of the plates produced mixed colonies and were 

therefore assumed contaminated. It i s also possible, though unlikely, 

that these positive cultures indicated infect ions. In the absence of 

additional bacteriological studies , one may not be justified in assum-

i _ng no etiological significance for the "mixed- colonies". The 25 

control plates had no -growth. The plates were r emoved from incubation 

and stored in the refr_igerator at 37°F for two weeks whereupon they 

were incubated at 60°F in a laboratory i ncubator for another week . 

Results remained unchange_d . 
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TABLE 5 

Soundness of Sampling Device 

# Fry (Actual) # Fry (Sampler) % Inaccuracy 

4000 2700 32.5 (under)~': 

4000 1700 57.5 (under)~': 

4000 2700 32.5 (under)-1: 

4000 5400 35.0 (over) 1: 

4000 5680 42.0 (over) i: 

~•:nesignates percentages counted over and under 
the· actual count of 4000. 



DISCUSSION 

Trapping and Enumeration 

Fry trappi_ng operations were terminated on September 10 for 1966. 

Calculations showed that an estimated 0.5 percent of .the fry had migra-

ted downstream by that time. This figure was based on two assumptions: 

(1) no egg retention and (2) no egg mortality in the redd. Several of 

the females whose stomachs were analyzed for fry showed signs of egg 

retention; therefore, this factor should be invest_igated further to 

• determine the percent of egg retention. Mills (19 66) obtained an egg 

mortality of 29.3 and 12.7 percent for 1964 and 1965 respectively in 

Clear Creek for an average of 21.0 percent . Assuming the average of 

21.0 percent is correct, then 21.0 percent of the 24,101,000 are lost 

in redds. The expected figure for migrating fry would then be 

19,039,790. Therefore the estimated mortality of emerged fry was 

99.39 percent. However, only 0.61 percent of the expected fry suc-

cessfully returned to the lake fishery. Possibly 0. 61 percent is an 

inaccurate figure because of the following six points : 

(1) Downstream fry migration had commenced before the trap was 

installed; 

(2) Wings washed out on occasion allowing fry to bypass trap; 

(3) No attempt was made to determine the high net mortality; 

(4) The sampling device gave biased results; 

(5) No attempt was made to determine mortality by other factors 

such as predatory animals and birds or fishermen wading in 

• .stream; 

( 6 ) The trap was dismantled early . 
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Water flow during the summer of 1966 was above normal. Even th9-ugh 

certain modifications were made on the trapping system, the trap could 

net withstand the greater water flow during the summer of 1967. Fry 

were not trapped during the s econd summer of the research because of 

such a large flow of water. 

Traps 

A modified form of the Tait and Kirkwood (1962) trap could possibly 

have been used successfully on Clear Creek during the summer of 196'1 

because it was designed to be used on large rivers where considerable 

·water volumes are encountered. 

These traps were of good design and with minor additions could 

prove eff icient for use with large volumes of water. Tait and Kirkwood 

witnessed high mortality within the traps during periods of increased 

water flows which resulted from melting snow and ice. Mortality was 

attributed to water pressure and the l arge amount of debris which was 

carried into the trap by the high water. Fry were forced against the 

screen at the back of the t rap and either became too weak to pull them-

selves from the screen or were crushed by debris. Death rapidly ensued 

when fry lost the energy necessary to pull themselves from the screen. 

To prevent such unnecessar y mortality a water deflector (such as the 

one used by Snyder• and Tanner, 1960) could have been attached where the 

trap flume enters the trap proper. The deflector would create a pool 

behind the deflector where fry could escape the force of the current. 

Tait and. Kirkwood stated that the traps were not entirely satisfactory 
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for estimati_ng fry abundance. One point in proof of this statement 

was 

"Predators such as Dolly Varden trout and sculpins 
introduce unknown errors by entering the traps and 
devouring large numbers of fry." • 

Such a_ mor tality factor could have been alleviated by attaching a large 

mesh net or chicken wire over the trap flume entrance which would allow 

small fry to_ go into the trap while closi_ng the entrance to predators 

and larger debris. 

The trap used on Clear Creek was more efficient in that it trapped 

all fry moving downstream whereas the Tait and Kirkwood trap sampled 

. only a part of the total downstream migration. More water could be 

strained before the fry reach the trap if the angle at which the wings 

leave the trap were decreased and the wing length increased. This 

could decrease the pressure exerted on the wings and guide fry into 

the trap. 

The paper by Tait and Kirkwood should be studied by all those 

under•taking a fry trapping study where large volumes of water will be 

encountered. However, streams of low velocity can be trapped with 

small, more efficient traps such as the one used by Craddock (1959), 

Drummond (1966) and Snyder and Tanner (1960). 

The trap used by Craddock (1959), Drummond (1966) and Snyder and 

Tanner ( 1960) is very efficient when trappi_ng waters under 10 cfs. The 

wings of the trap used by D1°ummond ( 1966) and Snyder and Tanner ( 1960) 

were made of nylon netting. Nylon netting was used for the first sum-

mer in Yellowstone but was found inadequate. The force of the water 

stretched the nylon netting and tore it in several places where it was 

attached to the wooden frame. Pockets were created which trapped fry 
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in the nylon netting by continued water pressure. The fry were unable 

to pull themselves upstream out of the pockets and into the trap flume, 

subsequently many fry died in the pockets. Research on Clear Creek 

showed that replacing the nylon netting with wire screen made the wi_ngs 

capable of withstanding stream pressure and allowed the cleaning o_f the 

wings with a stiff-bristled brush. This trap can be used on small 

streams if one wishes to enumerate all fry migrating downstream. 

The trap used by Everhart (personal communication), and Hallock, 

Fry and LaFaunce (1957) would be very difficult to use in high mountain 

streams because of size and we_ight. It w2.s designed to be used in 

large slow-moving rivers with deep holes. It was effective in trapping 

fish when placed in slow, deep waters. Two to five men are required to 

move the trap and would therefore require the employment of additional 

men to operate the trap. A trailer was needed to transport the trap 

from location to location. The trailer would add more expense to an 

already expensive trap. 

This trap could not have been used in Cleal' Creek because of the 

size of the trap and the remoteness of Clear Creek . • The trap us ed on 

Clear Creek was more suitable because it was designed to trap all fry 

whereas the trap used by . Everhart, Hallock, Fry and LaFaunce only 

samp led a portion of the total downs t ream migration. 

The incline plane trap of Rounsefell and Everhart (1953) was 

designed to catch small fish. It was effective in trapping fish in 

waters that contained large volumes of debris. Such a trap could be 

used successfully in high mountain streams with frequent high water 

runoff. Debris would not be a problem because it seldom enters the 
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trap box. Debris was collected by the screen and could be removed from 

the screen quite easily. 

Such a trap could have been used on Clear Creek because it traps 

all fry migrating downstream. Clear Creek often carried heavy loads 

of trash and debris. The pressure associated with the buildup of debris 

eventually destroyed the nylon-covered wings. 

The Wolf trap was found to be effective in trapping all fish moving 

downstream (Wolf, 1951). It was designed to be used in small streams 

with water flows up to 35 cfs. Debris and fish are held in the same 

compartment . The compartment can be baffled so as to offer holding 

pools where fish can escape the force of the current . The Wolf trap 

could have been used in Clear Creek at the base of a small, natural 

falls. Debris collectors of some kind could be placed above the trap 

to stop large, more destr uctive material such as logs, while allowing 

grass, twigs, etc. to enter the trap. 

The Humphreys trap was designed to be used in fast streams which 

may carry large volumes of water but it does not trap the entire stream . 

The trap incorporates a traveling screen , powered by a paddle wheel, 

which carries fish to the rear of the screen and drops them into the 

trap. One merely pulls the trap to the bank and counts the fish in the 

trap. Humphreys placed the trap in a constricted part of the stream 

where fish moving downstream ·were concentrated . To determine accuracy 

of the trap, Humphreys released two groups of branded fish two miles 

upstream from the trap . Only 9.9 percent and 13.7 percent of the fish 

were recaptured. By counting the trapped fish and multiplying by a 

percentage factor of fish trapped , the number of fish migrating 
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.downstream was obtained. Such a trap could be considered useful on 

Clear Creek during heavy runoff. 

The Big Qualicum trap operates similarly to the Tait ahd Kirkwood 

trap (Tait and Kirkwood, 1962), in that several of the traps are set 

across a stream. The traps strain a sample of the creek. The trap 

requires only one man .for operation. It was designed to be used on 

streams up to 8 cfs, but with additional support could be used on 

larger streams. This trapping system was found to be effective during 

high and low water velocity. Debris could be a problem because it was 

directed into the live box. Since only a portion of the total stream 

was trapped, most of the debris would bypass the trap openings. A 

deadman could be installed upstream from the trap to catch lar·ge debris 

such as trees or branches. Lister (personal correspondence) stated 

that smelts avoid the traps to some degree depending on approach velo-

city. The Big Qualicum trap would be satisfactory f or Clear Creek 

during high runoff but unsatisfactory during low runoff. During low 

runoff , the fry can choos e the route of dovmstream movement and may 

avoid the trap opening. 

The Fulton River trap was designed after a Wolf-type trap. The 

trap can be used to sample a portion of the stream or the entire stream. 

It is provided with a greater surface screeni.ng area than the Wolf trap 

so larger volumes of water can be screened. This trap could be used on 

any stream adaptable to the Wolf trap. It could have been used on Clear 

Creek. Debris would have been a problem since it is directed into the 

trap. 



41 

Predation 

Fishermen and knowledgeable fishery personnel have reported adult 

fish lying near the outlets of several streams entering Yellowstone 

Lake preying on downstream migrati_ng fry. The possibility that adult 

fish were movi_ng in from deeper water and consumi_ng fry as they moved 

into the lake was considered. One hundred fish were collected to 

determine the validity of this consideration. In addition, an attempt 

was made to collect fish from within Clear and Cub Creeks to determine 

if adults in the stream prey on fry. Unfortunately, most of the adults 

had returned to the lake fishery before the collecting began. Thirty-

six fish were collected from Clear Cr•eek by electrofishing. Only one 

adult trout contained fry. According to these figures, 2.7 percent of 

adults contained fry. One must r ealize , however, that a sample size of 

36 adults is quite small. In order to definitely state that 2.7 percent 

of all adults in Clear Creek prey on fry a larger sample size would be 

needed. Relating 2.7 percent to the total adult run of 36,098 fish 

would mean that 974 adults consumed fry. By the time fry appear in the 

stream , most adults have returned to the lake . 

Twenty-five fish from the outlets of the two streams were collect-

ed by hook and line during the day and twenty-five by an electrofishing 

boat at night. Fish wer e ·taken from the outlets duri_ng both day and 

night to determine at what time adults might prey on fry. Since fry 

migrate at night, adults may move in from deeper water and wait for 

them to enter the lake . Analysis of night - sampled trout s ·tomachs 

revealed that adults di d not utili ze fry at that time . No fry were 

found in the stomach of any of these fish. 
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Many fry remain along the lake's edge during the day. For this 

reason, 50 adult fish were collected at the outlets during daylight. 

Analysis of stomachs revealed only two with fry. The conclusion was 

made that adults probably do not utilize fry to any appreciable extent 

for food along Clear and Cub Creek outlets. 

The adult population living around Clear and Cub Creek outlets is 

large, therefore a sample of 100 may be insignificant. One would have 

to collect many more adults to state emphatically that these fish do 

not prey on fry. One must also consider that Clear and Cub Creeks are 

only two of forty streams entering Yellowstone Lake. What holds true 

for Clear and Cub Creeks may not necessarily hold true for the r emainder 

of the str•eams. Welsh (1952) found predation on cutthroat trout fry by 

age groups I and II in Arnica Creek to be a major factor in fry morta-

lity. The size of the sample of adult fish examined was not given. 

The outlet of Arnica Creek is into a bay while the outlets of Clear and 

Cub Creeks are directly into the lake. The difference in the topography 

of the outlets of these streams and different stocks of fish may account 

for some of the cannibalistic behavior of the fish in Arnica Creek out-

let. 

Sampling 

The sampli_ng device was used to make all fry counts during the 

summer of 1966. The s t udy conducted during the summer of 1967 proved 

the device to be quite inaccurate. The number of fry obtained in 1966 

is cons idered to be invalid in predicting future adult migration up 

Clear Creek. 
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The sampling device used for fry enumeration was thought to be a 

basically sound idea. Certain refinements might enable a biologist to 

obtain accurate counts. The most noteworthy refinement would be to 

change the manner in which the fry are poured through the device. The 

method of using the device for the research reported here was to rest 

the entrance lip of the trap on the neck of the device until the fry 

were distributed uniformly. The fry were then poured through the sam-

pling device quickly when uniformity had been attained such as pouring 

water from a pail. A better way would be to install a sliding door in 

the trap entrance. The trap can then be tipped completely vertical, 

holding the fry and water in the trap by the sliding door. Once the 

fry gained uniformity in distribution, the door could be opened quickly 

and the fry would fall in a uniform pattern. Another possible refine-

ment would be to have the device uniform in diameter. As it is, there 

is a constricted neck and a larger base. A more accurate count could 

have been made had the neck and base been the same dimensions and a 

sliding door used. 

Tait and Kirkwood (1962) took samples from portions of the stream 

with a series of traps. Calculation of the volume of water strained by 

each trap and determinat ion of the percentage of marked fry captured by 

the traps yielded a fry migration estimation. Such a figure was still 

somewhat biased because of uncounted dead fry trapped against the 

screens as well as fry lost to predation. 

The Big Qualicum and Humphreys' traps worked on the same principle 

as the Tait and Kirkwood trap in that only a portion of the stream 

flowed through the trap. An average figure of r ecaptured fry had to be 

known in order to estimate the entire fry migration. 
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Humphreys' report (unpublished) gave no information on statistical 

formulas used in calculating trapping efficiency. The assumption was 

made that sampli_ng methods for total downstream migration bould be 

established similar to those of Tait and Kirkwood. Humphrey's data 

could then be entered into a formula similar to the one used by Tait 

and Kirkwood (refer to Trapping Devices, pages 3 and 4). 

Bacterial Cultures 

The fry kidney cultures were primarily without bacterial growth. 

Three of the 50 plates had growth . Colonies consisted of fungi and 

bacteria. Bacteria considered to be fish pathogens were not observed. 

Active fish infection normally produce pure cultures if care is taken 

to withdraw tissue for culture. The three plates showing mixed growth 

had been marked "possibly contaminated" before incubation. Theref ore 

the assumption was made that growth on these plates was attr,ibuted t o 

contamination rather than active i nfection in the fish. 



SUMMARY AND CONCLUSIONS 

Total upstream migration of adult cutthroat trout in Clear Creek, 

1966, was 36,098. Of these, 11,997 were males and 24,101 were females. 

A fecundity study revealed 1000 eggs per• female. Assumi_ng 21. 0 percent 

mortality in the redds, 19,039,790 fry were expected to migrate down-

stream. Fry trapping netted 116,905 fry. This gives a 0.61 percent 

survival rate. 

The fry sampling device used to count fry was tested for accuracy. 

Known numbers of fry were poured through the sampling device. Inaccu-

_racy ranged from 57.5 percent below to 42.0 percent over the actual 

count. 

Adult fish were collected in the streams and outlets of Clear and 

Cub Creeks to determine if adults were preying on fry. Results showed 

that predation by adults was ins_ignif icant in creeks and outlets. 

Kidneys of suspected parasitized fry were streaked on blood agar 

plates and incubated at stream temperatures. Three plates had growth. 

Mortality due to bacterial i nvasion was considered to be insignificant . 

A librar y study analyzing other trapping methods was undertaken. 

Two traps were used on large rivers where heavy runoff was enc_ountered . 

As many as ten trapping dev ices were installed at certain intervals 

across the river. The traps sampled only a segment oft.he do\-mstream 

migration. 

Other invesd.gators used a trap similar to the Yellowstone trap. 

It was effective in waters up to 10 cfs . The trap was not designed to 

be used in streams carrying large amounts of debris. 
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A modified fyke trap was used to trap adult fish in California It 

was used successfully in Maine for trapping salmon smolts. 

The incline plane screen was used in sampling water of considerable 

volume containing large amounts of debris. 

The Wolf and Fulton River traps were designed to catch all objects 

moving downstream. The Wolf trap is used in streams with water velo-

city up to 35 cfs. The Fulton River trap can be used in streams up to 

25 cfs. 
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