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Abstract 

Mortality rates for the first y-ea.r of life of brook and brown 

trout have been estimated by comparing the number of surviving finger

lings w1 th the potential egg production. 'these estimates indicate a 

survival of 3 to 4 percent for the two species. 

Mortality rates for the second, third and fourth years of life 

were estimated by comparing the survivors of individual year classes. 

Survival varies from year to year, around an average value of about 

30 percent. Brown trout surv.i. ve somewhat better than brook trout under 

the same stream conditions. The major contribution of a year class to 

the angling crop occurs during the second and third growing seasons. 

Total surviru to the creel £ran fingerlings, under a 7-inch size limit, 

w-as a.bout 35 percent for brook trout and 18 percent for brown trout. 

Under a 9-inch size limit the legal catch would be less than 5 percent 

of the number of brook trout fin,gerlings produced and less than 7 

percent of the brown trout i'ingerlings. 



Wild fingerling trou.t are better able to sunive in a stream than 

ha~ery trout of the eame age and size. Fin-clipped wild trout 

apparently 8Ul"Ti ve as well under stream condi tiou as do umnarked .ti.ah 

of the aame population. 
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l'he Pigeon Rinr Trout l.eaearch .Aru.ue been c,peraW by ·tne 

tichigan Department of Conservation, lnatituw tor Pieheriea Research, 

•ince April, 1949. Here, a 4.s-»aue port.ion of the stream bas been 

ued to s't'W\Y' •ome pha;Ju ot the eeology of brook and brown trout. 

The present, r~ deals viih the mortality rates of natural.17 epawned 

trout baled on anm,al population estimates plus a complete record of 

the oateh by ang1_..., and with the mortality or fall fingerling plant

ings of brook and brown tr0t1\ of hat.cb.ery origin through one year of 

stream lite. Nati"Ve rainbow trout at present are too few to pend:t 

accurate ••tiinates of mortal.iv. 

P.rocedure 

Annual. mortality ra"9s or IUMival rates of fish populations have 

been compa.ted by inTest.i.gato:rs fran. the age•eompoaition of a randoml1' 

selected sample (Sheiter and Leonard, 1943; Schuck, l945J Ricker, l949J 

.Allen, 1951). 



For the Pigeon River, estimates of the numbers of wild trout (i.e., 

a:eluding those of hatchery origin) in 4.8 miles of stream were made 

each tall with the use of electric shockers (Cooper, 1952). These 

population estimates have been subdivided by year classes by use of 

extensive data on age and growth (Cooper, 1953). Also, because of a 

change in fishing regulatioM in a portion of the research area, it 

has been advantageous to compu.te separate mortality rates for two 

di.tferent parts of the population. The mortality rates were computed 

from estimated survival. of individual year classes; this approach 

seemed advisable because there were large differences in egg production 

and in the resultant production of tingerlinga trom y-ear to year and 

between different sections of the stream. It has been very difficult 

to obtain a ,ample ot the trout population, unbiased as to age compoai• 
- - . . 

ti.on, by either angling or electric shocker • 

.Movement of trout between adjacent sections of the experimental 
. . - . -

portion of the Pigeon River, or out of these sections, has been demon-
. . . -

atrated by marking experiments to be minor in extent (Cooper, 1952). 

The pattern or distribution of the fish in different parts of the stream, 

as shown by repeated population estimates, also supports the view that 

we are dealing with fish populations that are quite sedentary. 

A detemination of the age of each trout caught by- hook--and-llne 

was made possible by the permit system of angling which vas in effect 

on this port.ion of the Pigeon River (Cooper, 1952). The data -on fall 

population estimates and on age composition of anglers• catches were 

used to calculate the mortal.it7 of successive :,ear claases of trout 

due to angling. 

A direct estimate of the population of trout less than a :,ear old 

(i•••• ;younger than fall .tingerlings) was not made. However, the egg 
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production was baaed on egg counts and estimates of the fall spawning 

population, and this gave some indication of the probable- mortality 

rate of the trout during the first year of life. 

In Augw,t, 1951, a separate estimate was made of the number of 

wild brook and brown trout of the 1951 year class in Section c, a 1.13-

mile portion of the research area. During this operation the fish were 

fin•ellpped for future identification. In October, 1951, approximately 

the same mmtber of hatcher,- tingerlings of the same age were fin

cl1pped and planted in the section, to ewluate possible differences 

1n survival between wild and hatchery- fiah. 

Egg Production and First Year Sum.val 

Direct e'Yidenee concerning the proportion of mahl'e female trout 

1n the tall population estimates of the Pigeon River is somewhat meagre. 

Because .artensive information of this sort would have meant the dieaec

tion or a large number of adul t-sised. trout, these data were deliberately 

not collected. To use the estimates of fall trout p.,iationa in the 

Pigeon River to compute egg production, it is necessary to rely on 

other sources for data concerning sex ratios, sit.eat maturity, and 

egg production in relation to size. These data are summarised below. 

In a compilation of collections from fifteen different localities 

in Michigan, female brook trout constituted 55 percent of 1,712 fish 

over one y-ea:r ot age (Cooper, 1949, theais). Smaller colleetiona of 

bro-w-:n trout from the Manistee River and from the North Branch of the 

Au Sable River have been exa:minedJ the sexes were evenl-ydi Tided-of 308 

trout over one yeu of age, 154 were females. 

Brook trout commonly mature at a smaller size and at a :younger 

age than do brown trout. Mature female brown trout less than three 



years old have seldom been found in Michigan., but feiriale brook trout 

of this age are commonly ma.tu.re. Consequently., the bulk of the mature 

female brook trout are often of sm.a.ller size than the smallest spawning 

brown trout. Data on size and sex ratio of mature trcu.t., from localities 

cited above., are as follows: 

Brook Trout 
Total length in inches s.0-s.9 6.0-6.9 7.0-8.9 9.0-10.9 
Percent of females mature 62.5 88.9 96.6 100.0 
lumber of females 56 8l 59 4 

Brown Trout 
Total length in inches 8.0-9.9 10.0-13.9 14.0-20.9 
Percent of femal.es mature 4.8 79.6 100.0 
Number of females 42 54 29 

Intonaation concerning egg product,iou ;;f brook and brown trout has 

been assembled from many collections., since it is seldom practical to 

ldll a large number of mature females from any one local.ity. Ii'ish 

from tha Pigeon River have been included in this Comf)ilation insofar 

as data were available. The number of eggs in each female was deter

mined by actual count, and the average values for successive inch-groups 

were adjusted by a moving average of threes to produce a smooth curve. 

Brook ·trout averaged a iew more eggs than did brown trout of equal size, 

although the nu..1riber of fish of comparable sizes was limited (Table 1). 

The data on sex ratios, size at first maturity, and egg production 

by size have been used in conjunction with the trout population 

estimates for the Pigeon River to calculate the egg production whiCh 

resulted in the year classes of 1950, 1951 and 1952. Estimates of the 

number of fall fingerlings·resulting frOill this egg production indicate 

a. very low survival. during the first, year of life, averaging three to 

four percent (Table 2). 

The accuracy of mortality rates based on estimates of egg produc• 

tion may rightly be questioned. On the other hand, estimates of 
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!able 1.-Jgg production of brook and brown trout from Michigan. 

Average number ot eggs coapu.ted from. JD.eT.1ng average of threu 

Sise grG11p Brook 1.rout Brawn vaut 
in iuhea lfmllbar of .l'ftl"age JmJllber of lumber of Average aumber or 

taalea ea• per teule females •a• per .tamale 

4.0-4.9 31 104 •• •• 
,.0-5.9 91 169 •• •• 
6.o-6.9 59 . 268 •• •• 
7.0-,.9 24 39' 1 4'J7 
s.0-s.9 15 525 0 488 
9.0-9.9 8 '43 2 547 
10.0-10.9 4 1s, 14 644 
u.0-u.9 •• •• 17 782 
12.0-12.9 •• •• 12 974 
13.0-13.9 

... 
7 1,1,, •• •• 

14.0-1.4,.9 •• •• ' 1,.270 
15.0-15.9 •• •• 4 1,410 
16.0-16.9 ,..,.-, 

•• •• 2 1,703 
1'7.0-17.9 •• •• 2 2,068 
1s.o-1s.9 •• •• , 2,394 
19.0-19~9 •• •• 4 2 622 ' . 

20.0-20~9 •• •• 2 2,857 
21..0-21.~, •• •• 1 3,148 
22.0-22.9 •• •• l 3,4'1 

.. 



Table 2.-Surv:1.val of fingerling trout fran potential egg production int.he Pigeon llvv 

Year .1950 1951 1952 

Stream seetiona A mad B C and D A and B C and D A and B C and D 

Sise limit 7-inch ~-inch 7-inch 9-inch ?-inch 9-ineh 

Brook trout 
lumber mature females present 

preceding fall 98 4.31 216 637 236 950 
Potential egg productie 28,548 122,172 62,2'Z7 167,889 7.5.,251 295,332 
Number ot fingerlings survivilli 1.,463 4,028 2,790 6,807 3,2.50 7,510 
Percent survival .5.1 3.3 4.5 4.1 4.3 2.5 

Brown trout 
Humber mature femal.es present 

preceding fall 33 36 40 38 21 44 
Potential egg production 29,286 31-,844 36,39.5 31,882 17,543 35,.548 
Humber of fi~erlings surviYl.ni 884 737 .599 431 1,ou 1-,309 

. . Percent survi.val 3.0 2.3 1.6 1.4 5.8 3 .. 7 
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natural reproduction based on a count of redds, or on an estimation 

of free-nillming f:ey- 11 are likewise of doubtful accuracy. However II the 

data. suggest both that total mortality is high during the first year 

of life, and that it varies from year to year. The ca.uses for the 

sun1:ral rates being variable between species and between calendar 

years are obscure, and explanations would be highly speculative in the 

absence of further information. 

Mortalit.,. Bates Arter First Year 

In etudies of fish popttlations and of mortality rates, a precise 

definition of terms seems necessary because of the lack of standardisa

tion tha't exists aaong fishery workers at the present u.e. An 

exoellent rev.La and discussion of the nature of the terma "production," 

"•tock" and •crop," u they pertain to fish populat.ions, is given by 

Allen, 19.51. These defini'liiou appear to be satiatacter;r and have been 

followed in the present report. Stock refers to the number of f'ish 

present at a:rv- one time and !.!:!'2. is the same as )'ield to the angler. 

Some indiTidnals of both brook and brown trout populations in the 

Pigeon River reach legal eize during their second year of life. During 

1949 and 1950, a ?•inch size limit was in etfect for all sections. 

During 1951 and 1952, the size limit was 9 inches in sections C and D. 

This change in eiu ·11m1t had the etfect of a:cluding most of the 

7earling fish from the legal cat.eh of 1951-52 (Table 3). 

The annual mortality rates tor brook and brown trout in the Pigeon 

River are high, resulting in ver,- tn old fiah in the population. Sur• 

vi val T&ries from year to year, but is usually' about 30 percent. Brown 

vout are somewhat more hardy than brook tr011t under the oondi Uou 

encountered in this stream. The major portion of the second-year 



Table 3.-Sunival or trout in Pigeon River from number of fingerlings present. Data given are the number taken • 

during the year by anglers (crop) and the number suni:Ying in the fall at the end of the angling season (stock). 

In parentheses under crop is the percentage of the catch in the decrease from one year to the next. In paren-

theses under stock is the percentage survival from number of fingerlings 

45 
{O.O) (62.l) {46.8) (:3-5) (31.8) 

1950 •• •• 1.,463 169 468 117 
(100.0) (17.0) (32.0) (26.1) 

1951 •• •• • • •• 0 2.,790 269 
100.0 11.2 

9 
(010) (3.3) (3.3) {5.3) (0.2) 

I 1950 •• •• 0 1,898 47 105 f (O.O) (47.1) (2.6) (2.6) 
1951 •• •• • • •• 4,995 7 1,140 

o.o 100.0 0.2 • 22.s 

Brown trout: 
A 1949 32 3 10 

(O.O) (100.0) (7.4) (49.5) (26.4) (9.1) (1.5) 
1950 •• •• 0 884 99 26 45 

(O.O) (100.0) (16.6) (10.7) (S.l) 
1951 •• •• •• •• ·•·o '71'' 132 

l .2 22.0 
C and D 1949 7 419 4 

(O.O) (100.0) (6.5) (51.3) (8.S) (5.3) {2.0) 
1950 •• •• 0 737 0 24 89 

(o.o) (100.0) (O~O') (5.3) (12.1) 
1951 •• •• • • •• 0 l l4l 

o.o 0.7 51.1 
Miiilmuiii size limits 

A and B •• 7 inches 7 inches ? inches 7 inches 
C and D •• 7 inches 7 inches 9 inches 9 inches 
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niortalit;r cannot be accounted for by the legal catch, for the catch 

never made up more than l? percent of the decrease in numbers trom. the 

.first ;rear to the second. Under a ?•inch size limit the greatest 

eontri'bution of mv- year class to the catch is made during its third 

season (Figure 1). Al.so, a higher proportion of the mortality during 

this year, at least for the brook trout, is accounted for by the legal 

catch. Under a 9-inch size limit in this stream, with no bait restric• 

tions of any- kind, a very small .traction of the naturally produced 

fingerlings carr,y over to the legal catch. No estimate is possible o£ 

the mortality of su~legal trout which were hooked and released by 

anglers, although it is possible that this factor might be a major 

source of mortality in heavily fished waters. 

Comparison of Sunival of Wild and Hatchery Fingerlings 

During August of 1951, an estimate of the 1951 year class ·or brook 

and brown trout in Section C was made in conjunction with an attempt 

to .tin-clip a large proportion o£ this year class in the stream. Start,-

1.ng Qn August 20, five trips were made through the section with a 

direct-current electric shocker and four independent estimates of the 

population were made (Table 4). The rate of recapture of marked fish 

varied only slightly in the f'our recovery runs. Brown trout were a 

little easier to recover than were brook trout, probably because of the 

slightly- larger size of the former. 

In October 0£ 1951, 3,000 hatchery brook trout tingerlings and :JOO 

hatchery brown trout .tingerlings were fin-clipped and planted in 

Section C. Survival rates to the following September indicate that 
' 

the brown trout survive better than brook trout and also that wild fish 

are better able to survive than their hatchery counterparts under the 



n..-e 1.-~~ .~ 1 .. .-i ei•• liJld.u. on aonali'Q'; awek and orep 

(~~ harfen) ot brook and mwa .. ._ in the ftgeon lli"fV, ot.ege 

~, Jlieb.ipa. Juecl • ~ of 11he data in Table J. Data tor the 
·• . . 

1949 ,-r. olaa• are t.rCllll •--- a .. uou .l and BJ for the 19SO ~ 

el.us, ti-a Noti.OJla C IIMl ». Percentage· aunival figt;aN8 on •took are 

dir~ t.ra fable 3J pwoeatage fipru on erop and aenaliv an 

deriftd trcn data in fable J. 
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Table 4.-Popul.ation estimates of 1951 year class o:t brook and brown trout in Section C" Pigeon River 

lfumbeF of lumber or marked lumber o:r marked Percent Population estimate 
Species and date fis}r_; <mught fish present fish recovered recovery (:etock) 

Brook trout 
August 20, 1951 749 0 . ··• ••• ..... 
August 22, 1953. 667 749 113 15.1 4,420 
August 24, 1951 668 1,281 205 16.0 4,175 
August Z7, 1951 647 1,744 275 15.8 4,103 
August 29, 1951 639 2.116 332 15.? 4,073 

Total fish marked ••• 2,423 ••·• ••• •·•• 

Brown trout 
August 20, 1951 66 0 ..... ••• .... 
August 22, 1951 79 66 18 21., 290 
August 24, 1951 62 115 24 20.9 m 
August Tl, 1951 50 153 28 18.3 'r/3 
August 29, 1951 61 175 34 19.4 314 

Total fish marked ..... 202 ••• • •• ••• 
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l8lle stream conditions (Table ,). Thia bet'9r 8Ul"'f'ival of wild trout 

ovv hatcher., trout was alao noted by White (1927), Jl()bba (1948) • et.al. 

!he eumnl of the·· naturalq spawned 11'114 brook and brown trout 

of the 1951 .;rear claas which nre fin-olipp-4 vaa not mu.ch different 

~ that of ~d fish ot the eaae year cl.ails. Thus• &-clipping 

•ould not 1Na damoutrated to be a caue ot additional JIIOl"tali~ 

(Ta~• S). 

Var1ou inwatigaton (Shetw, 19,39, 19S0J Surber, 1937, 1940J 

Wiuk aad nn,1nr,, 1948J Schv.ak, 1948J e\ al.) haft mown that 

plan'1118 of .fingerling hatchery tl"out give wr, low nniftl ra'" an4 

JUl.d . .,,.,,. few ,ti.ah t.o the creel. lee6aa, •:tt•"' and. Slater (1945), 

Sah,u:k (1945), an4. I...- (1949) also ptd.Jlt ou\ that 1.118 mortality ef 

natiTe ta-cul popill.a~ou 1a hilh, &Yenging t,etter than 50 peroeat ,-

A.ekn•ledp.eat 

The -,eeial coawibutioa et lleall'S. Oeral.4 r. l)'era, Wqne B. 

'l'ed;y and lonan G. Benaen ball phuea of the fie14 and laberato17 

• ..,k ie gr,atefrillT ackuwledged. The ••♦ was supen:t.eed by' D.n. 

A. a. 11&1aarcl and G. P. Cooper who al.10 cn"1call:, reviewed the 

11UUcriP'-



Table s.-surv.t.nl ot marked brook and brown trout of l9Sl year class 

in the Pigeon River. In parentheses is the percentage of sunival 0£ 

unmarked trout or 1951 year claas in the same stream 

lmnber of trout present 
Da\e 

iroek BrOlfn 

Wild Batch_,. Wild Hatchery 

Augws,_ 20-29, 1951 2:,423 ... 202 . ... 
September 20,, 1951 1,812 .•.. 155 •• 
October s, 1951 ... ...• •• 300 
Oetoba ,, 1951 •.. l,000 •• • •• 
Sept•ber 22, 1952 329 92 65 " 

Pereen-t suniTal. 
.tra tall of 19.51 to 16.4 3.1 41.9 22.0 
hvtember 22., 1952 (19.6) •• (,0.8) •• 

Pereent 0£ mortality 
appearing in 0.9 0.2 o.o O.G 
legal ca\ch 
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