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The examination of scales of brook and brown trout of known sges
validated the method of determining age by means of annulsr markings
onvthe scales, Annulus formastion takes place during laste April or early
May depending upon the seasonal differences in water temperature.

A datermination of the body~scale relationship of both species
wag made following the method outlined by Monastyrsky.

For the brook trout: log ASR = 0.99217 + 0.8723 log L.

For the brown trout: log ASR = 1.25377 + 0.8968 Log L.

Each of these solutions gave an adequate f£it of the origlnal data.

The use of the direct-proportion method, or the direct-proportion method
plus a2 correction for the body length at the time of scalé formation,
would result in errors as much as 78 per cent in growth caleulations

of the brook and brown trout: .popuiations described.

A comperison of the brook trout populastion of the Pigeon River
with those of Moosehead lLake, Maine, and the Nelson River, Manitoba,
indicates that the‘Pigeon River populstion is short-lived. Very few
brook trout in the Pigeon River live to be four years old. This rapid

dissppearance of older brook trout is associated with a high rate of




exploitation. Brown trout in the Pigeon River are also short-lived
although a few reach sn age of five years.

Angling for brook trout selects the faster growing individuals
from each age-group. The high rate of exploitation together with
angling selectivity invelidates thn mathod of compering growth rate by
sampling methods once the fish attain a size vulnerable to angling.

Brown trout do not show this angling selectivity, and growth
comparisons are less biased from this factor.

Compensation in growth, after ti® first year, takes place in both
species, However, it is not sufficient to overcome the initial difference
in growth; and the large yesrlings maintain their superiority in size.
Under a lov minimum size limit, such as T inches, the fish with the
best chances of becoming large, prisze-vinning individusls are sacrificed
first at a small sise. Also, a low nindmm gize limit fevors the
survival of the slowly groving runts of each sge-grouwp as spawning
stoek, Our wild trout ave thus being continuelly selected for slow
growth under present lavs which permit excessive removal of the stock

and at too small & sisge.
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GROWTH OF EROOK TROUT (BALVELINUS FONTINALIS) AND BROWN TROUT
(BAIMO TRUZTA) IN THE PIGEOR RIVER, OPSEGO COUNTY, MICHIGAN®
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Bdwin L. Cooper

Introduction

The Pigeen River mtrb Research Area was established in April,
1949, by the Michigsn Department of Conservation. This includes %.8
miles of trout stream and seven small lskes, The stream has been
divided into fowr sxperimental sections and fishing is allowed only
on a daily permit basis, This method of creel census sssures an
examination and record by trained fisheries workers of the total
catch., Most ef the scale samples upon which this study is based were
taken from the portion of the stresm in the resesrch area. The fish
were collected by two different methods; hook and line and by eleciro-
fishing, In all, samples were obtained from 4,439 brook trout and
1,429 brown trout older than one year during the pericd from April
20, 1949, to November 30, 1951.

Velidity of Age Determination by Scales
Evidence in favor of the method of determining age of brook

trout by mesns of scales vas presented in an earlier publication

_

* Contribution frou the Institute for Fisharies Research of the Michigsn
Departmant of Conservation,
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{Cooper, 1951). Further confirmstion of this method is given here
because of the aveilability ef known-age material and alse because the
trout in thig stréam vsually form quite distinct annuli, making the
interpretation of age s relatively simple task (Figure 1). In all
instances involving fish of known age there has been sgreement between
the sge as determined by scales and the known calendar age of the fish,

For the brown trout, the validity of sge-assessment using scales
seems to be weil established (Dahl, 1918; and othere). In the Pigeon
River, formation of annuli on scales of this species is also quite
distinct, aud studies of the availeble known-age materisl through the
formation of the first two annuli have validated the method (Figure 2).
In this stream, the resumption of fish aetivity, growth, and the
acconpanying annulus formation of the scales takes place during late
April or early May depending upon the seasonal differences in water
temperature, |

Body-fcale Relationship and the calcul.#tion of Growth

Caleulation of previous growth of fishes by means of scale

messureménts has been summarized by Relph Hile (In Lagler, 1949). Of
the various methods used by the early workers in this field, that of
Monastyrsky (1930) seemed to be most practicable to both the brook and
brown trout populations in the Pigeon River. This assumption holds
that the logarithme of scale length and fish length exhibit a straight
line relationship, that ASR = CIP, or log ASR = log C + n Log L,

vhere ASR = anterior scale radius,

L = total fish length, and

C and n are constants to be determined empirically.

This assumption fails to give a satisfactory fit to the data from very

small fish sinece it assumes that scale growth and body growth begin at




Figure 1. Scales of brook trout from Pigeon River, Otsego County, Michigsn.
Juiy—O% 3.0 inches, July 9, 1949; December-0: 4.6 inches, December 28, 1949;
March-I#: 3,8 inches, March 13, 1950; April-I¥: 4,5 inchés, April 1b, 1950;
May-I: 3.9 inches, May 19, 19%50; June-I: 5.0 inches, June 19, 1950; August-
I: 5.6 inches, August 17, 1949; October-I: 6.0 inches, October 24, 1549;
March-IT*#: 6.1 inches, March 13, 1950; May-II 6.8 inches, May 19, 1950; June-
II: 7.0 inches, June 13, 1950; May-III: 10.2 inches, May 30, 1949; July-III:

10.0 inches, July 3, 1949.







Figure 2. Scales of brown trout from Pigeon River, Otsego Cowunty, Michigan.
August-O¢ 2.9 inches, August 10, 19%G; May-T#: 3.3 inches, May 5, 1950;
August-I: 5.9 inches, August 9, 1950; September-I: 7.7 inches, September 2k,
1950; March-II¥: 6.1 inches, March 27, 1951; May-II: 9.5 inches, May 21,
'1951; June-II: 8.4 inches, June 20, 1951; August-IV: 19.5 inches, August 12,
1949; November-V: 21.h inches, November 1%, 1950,







the ssme time, Actuslly scales do not begin to form until the fish are
about 40 wm, in totsl length, Schle growth then proceeds very rapidly
but 8t & diminishing rate, BHowever, from the time the fish are one year
0ld, Monastyrsky's method gives & very setisfactory fit to the dats and
renders growth caleulaviqus st Gompleted ysars of growth quite sccurste,
A determination of the body-seale relautionship for the brook trout
in the Pigeon River was made on 532 individuals ranging in total length

from 2,5 inches to 8,0 inches, as follews:

1qg ASR = 0,99217 + 0.8723 log L.
For the brown trout 1,291 individuels renging in total length from 2.5
inehes to 23,7 inches, wevealed a body-scale relatienship ss follows:

log ASR = 1.25377 + 0,8968 log L. |
Hemographs pattexned after the one described by Hile (1950) were constructsd
and used for all calculations presented here. ‘ |
| The body-scale velstigaship of the brook traut in the Pigson River
vas published esriier (Cooper, in press) along with dats from four other
populations of brook treut in Michigan, The body-scale relationships
of all of these populstions could be best described by the use of the

 Monastyrsky method given above although minor varistions did oceur

between different populatiens. The use of the direct-proportion method
or the direct-proportion method plus & correction for the body length
&t the time of scale formation would result in errors as much as 78

per cent in growth calculstions of the brook and brown trout populations

described here,

Age Composition
Sempling, either by hook and line or by electric shocking, indicates

very few old fish in the population of both brook trout and brown trout
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' (Zeble I). Fev individusle live to be fowr years old, and over 95 per
cent of the catch by anglers is composed ef fish less thsn three yesrs
old, The actual age cemposition of the Pigeon River population undoubtedly
is ‘veprésented by meny move individusls of the age-group I than suggested
by the collections, since electric sheckers are selective in capturing
a greater proportion of the larger fish., Collections taken by hook snd
line are also selective because of the T-inch minimum sise limit. ¥o
information on the sbuidance of age-group O is given because only the
largest individuals of this class were ssmpled.
" A comparison of these brook treut dsts with cellections wade 1in
‘Maine (Cooper and Fuiler, 1945) snd Manitcbs (Dosn, 1948), where brook
trout in their 5th, Gth, Tth and Sth summers vere represented in rather
‘small collections, indicates that the Pigeen River population is short-
lived, This repid dissppearance of elder brook trout in the pepulstion
in“ wéﬁocutgd with & high rate of exploitation. For the brook trout,.

three- fish were caught by anglers each yedr for every cne left of legsl
size at the end of the season {Ceoper, in press). Vhetm fishing alone
'is responsible for the difference in age composition between the Michigan
pépuhﬁon and those of Maine and Manitoba is unknown bécause of the
absence of any age composition data.» from unfished or lightly fished
‘populations in Michigan,

Brown trout populations are not so easily exploited as are brook
trout (Cooper, op. cit.) snd also shov greater numbers of eld and lsrge
fish in the population. There is also some eévidence that the browa
trout normually has a Mger noymal 1life span than broek trout. Dahl
(op. cit.) gives the age of brown trout in Norvay ss reaching twelve

to fifteen years; less complete information on the maximum age of brook

trout indicates a life span of about ten yesrs.
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Age Composition of Brook Trout snd Brown Trout in the Pigeon River

Sgaeies and o o Age-growp : Te%ég:.« ﬂéh-
collection method SEMA . ~ sempled

I Il I Wwv

Brook ;kirbutb | '
Hook and line 509 1,eh1 9 .. ... 1,829
| Blectric shocker 2,006 562 b 1 ... 2,610
Brow trowt |

‘Hook and line 222 316 3 & ... 633
Electric shocker 547 20 33 & 2 796
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Selectivity of Gear on Caleculstions of the Rate of Growth

In any discussion of the rate of growth of fish, the question of
selectivity of the gesr used in collecting must be considered. Is the
sample taken representative of the population as a whole? An example
of selectivity was demonstrated for hook-and-line fishing in Gangle
Lake, Montmorency County, Michigen. In this lske, brook trout ¢ollections
vere made by hook and line for a pericd of about two years. All fish
caught, regardiess of size, were scale sampled, At the end of this
pexriod, the residusl population was treated with rotenone and all of the
figh then availsble were sampled. An examinaﬁon of the growth rate data
of the fish eollected by these two methods indicated that hook-and-line
fishing wvas apparently selective in capturing the faster growing members
of each age-group regardless of size (Table II).

This selective effect of angling was slso :wfed for greyling
(Gustafson, 1949). Btudies of this specles in Lake Stors)8, Sweden,
suggested 2 selection by angling to the third yeer of life with young
grayling with a rapid growth rate being captured first.

Because of these indicetions that hook-snd-line fishing might be
selective, data from the two collecting methods, 1.e., hook and line
and shocking, were analysed separately for the Plgeon River. They
show thst hook-snd-line fishing for brook trout selects the faster
groving individuals of each age-group. However, angling is not selée‘siva
to the same degree for brown trout in the Pigeon River. The calculsted
lengths of brown trout caught with the electric shocker exceed slightly
those of fish taken by hook and line, but the differences probably

are not significant (Table III).
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“Table IX -
~ Comparison of Caleulated Total Lengths in Iaches of Erook.
. Prout frem Qangle Lake Taken by Different Methods

Sampling wethed Calculated lengths at end of yesr of life::

and date
1 2 .

£ish. Tish

Inngth Famber of mngth nmz of Iansth iﬁmx of

fish

Hook and line

1048 a5 296 EX A 206 ““}5.8 |

Poison -

19h8. - 23 . B16 3.8 209 5.0

oy -

50
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Table IIX

cmparison of cnlaulatad Total Isngths in Inches of Brock Trout
and Brmm Trout from the Pigeon River |

Species and = Aao-group Humber of Caleulated lengtha at end of year of life:

Sampling method fish ‘ B ,
Brock trout | o
Mk‘Mlin’ " : : : 5&9 h‘nSl '.-. LN e - "’,'
s SRR II e 1,2#1 3.30 6'26 sue YR S
CIE 79 312 5.81  8.12 er e
' ) Ehcuiﬁ Shackm.' I 2,00& 3.58 ' XS sne ) KXY ' T
’ i II : 562 3.09 5.76 onva, "o e
I k1 2.9 5.33 T.69 ws .
) o IY l 2.89 50% T.SO 8-% ew
Brown trout . |
 Hook and 1ine 1 ez &1 oo T hae
: o : n o 376 - 3“‘7 7.32 LKA oo ) L
IH 31 . 3-6@ 8.15 ) 1@.65 . ‘ooo somi-

IV' &' kcm 8.58 11.63 13055 ) s e

ghctﬁe Shbchr I . Sh‘? 3077 L X ¥ ses : ses see

II 210 3.63 T.90 een son see

III 33 3.78 8.31 11000 se e e e

w Y 4,08 8.28  10.55 13.63

v 2 3.80 8.75

13.30 16.45 19.10




iee's Phenomenon

?he phenommn of tne appmnt chazzge in growth rate' was Tirst
aescnbed from stuﬂ:les of the scales of herrmg, haddock and browa
trout (x.ee, 1912} It vas ncted that calculated lengthe of the first
kfev years of grovbh tend tc decrease vith the age of the fish sampled,
| i.e., that tha govt.h rate is agpmntly increasing each year, The
rmast logical explaaatien for thls phenemnon advanced by the author was
e selective mortality of fast growing individuals of each year cless.
With the kuown high rate of exploitation for the brook trout in the
Pigeon River and also the selective effect of angling on faster growing
individuals, the growth date might be expected to show lLee's phenomenon
40 a merked degree. For the brook trout, this is not only true for
sanples dravn from successively older sge-groups (Teble III), but also
applies to samples from the same yeer cless taken at successive monthly
periods (Table IV).

Brown trout in the Pigeon River do not show this phenomenon to
as great an extent as do brook trout. This is probably associated

with the lesser degree of exploitation of this species,

Growth Compensatien

In studles of the growth of fisk involving calculated lengths
based on scale measurements, many workers studying verious species
‘have found that slowly growing members of an age-group grov fester in
later yéa.rs than do the fast growing members of that same group. This
phenomenon referred to as the "law of growth compensstion” was first

describved by Gilbert (1914%) working on the sockeye salmon (Oncorhynchus

nerka).
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Table IV

Ice g Mamnen 1n m'eek and srm Erout eaught by Kwk and Line from

1’1geon nivar, 19&9 ta 1951. 19#8 Ym ﬁlast emmd. as te calaulate&

'!otal nngths 1n Inehu at En& a:l‘ 1at anﬂ. ena Iea.rs »

S}éécusm&.r : ~ .- Ieangth at

Nusber of

August - September, 1950 3.45

date of collection , \ fish sampled
A LR - Komuiws 1 Aoouius 8 ! :
’Broek mm | ' » '

July, 19'#9 k.36 wes 45
\.“,Auwt Bapumber, 1949 lk.e? C ees 51
. June, 1959 : » 3% 5,89 -

July, 1950 3.08 5.76 121

August - Septeuber, 1950 3,08 5,68 o0
Brown trout _

August - September, 1549 4,09 43

April - May, 1950 3.58 T.76 67

June, 1950 3.30 T1.33 65

July, 1950 ' o '3.48 - Te43 36

?.W 22
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Other workers have not found this compensation in growth to hold in
other species to the same extent.

| Growth compensation does occur in both the brook trout ard brown
trout in the Pigeon River based on calculated lengths of two-year-old
and three-year-old fish, Although growth increments of different
gized fish are similar, the relative growth of the small yearlings is
greater than that of the larger fish of that group (Tables V and VI),
However, this growth compensstion is not sufficient to overcome the
original difference in growth exhibited during the first year, and the
large yearlings maintain their superiority in size throughout the
first three years. The lack of old fish in the population does not
permit snalysis of this phenomenon past the first three years.

Discussion

One of the principal sdvantages for the method of using calculated
lengths from scale meassuremente to compare growth rates is the assumption
that average growth rates thus obtained sre directly compsrsble regardless
of the time of collection because the calculsted lengths of individual
fish represent increments at completed seasons of growth. To compare
average growth rates the age-groups sampled at different times should
not have undergone any marked differential mortality between collection
dates. Also, 1t is necessary that the cellecting method ensures s
randon sample of the population.

It has already been shown for brock trout that angling selects
the fast growing individuals of each age-group as soon as those individuals
 are availsbie in the legal catch, and that samples drawn from the same
age-m@ show a decreasing trend in growth rate. Thus, the mein
advantage of using scale measurements is nullified by a selective
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~ Growth Compensation of Brook Trout asd Brown Trout from

the Pigeen River.

All Figh are from Age-group III

Size group HNumber of Mean length Growth increment GCrowth increment

at end of
first yesr

individuals

at end of detween first.

batwaen second

fiyst year and second years and third years

Brook irout

1.5 - 2.9
3.0 - 3.9
k.O - 5-0

t ui

8

il

Q\O\-O

ili

2.
3-
-5

W
*
O

b2
10

12
27
23

Fum
BES
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2.63
2.71
2.%
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angling of. high intensity. It follows that growth rates from different
locelities might not only reflect growing conditions per se but also
differences in the ‘dcgvno»: of exploitation of the stocks. Actual lengths
of each age-gréﬁy dfféf no a.dvanj;ag»é» in ebtaining'an unbia.sed index of
growth rate ’ since seleoctive angling would operste in the same msnner

in removing the larger individuals of each age-growp. For populatians
‘subjected to fishing there appears to be no way of obtaining an unbilased
estimste of the growth rate of brook trout once the fish reach a size
vulnerable to engling. In many of the popul“at‘im exhibiting a fast
ra'aa af'mh, ealeulations ef growth to even the first annulus are
greatly blased because of the 7-inch minimm size limit in effect in
Michigan. Mortelity of sublegal treut due to sngling msy also be &
factor 1f & sizesble number of fieh are killed in this manner. Up to
the present ¢time in Michigsn, it has been impossible to cbiain growth
xjat.e. information on wild brook trout pepulations from whieh angling has
been excluded. "

Brown trout growth rate studies are apt to be less biased from
this rnetqr due to & smsller rate of exploitation and the apparent
abunée of this selective angling phenomenon. Information firom the
Pigeon River dces not show any consistent diffefenees in grewth of browmn
trout from samples taken by angling or by the electric shocker. An
exception cccurs in the few fish of the sge-group I taken early in
the season vhén the fast growing members of that group are firsit reach-
ing the nminimum size limit., However, the rate of exploitation is not
high enough to deplete these fasi growing members in the population,
and later sa@lea frm this group show no serious decline in growth

rate,
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The marked difference in the rate of exploitation between brook
trout and brown trout plus the selective effect of angling on the
brook trout prevents & vslid comparison of the growth rate of the itwo
gpecies, If we compare the calculated lengths at annulus 1 of the first
individurls of an age-group caught by fishermen (TableIV), the two
species seem to be grewing at gimiler rates. However, if two-year-old
fish are used as a basis of comparison, it appears that the brown
trout are growing much the faster. The greater portion of this difference
is probably more correctly explained by the selective hervesting of
the fast growing brook trout rather than by a difference in growth
rate between the specles.

The lack of sufficlent growth compensation, demonstrated for both
the brook and brown trout in the Pigeon River, to overcome the initial
difference in growth rate has importent mansgement implications. Under
& lov minimum size limit, the fish with the best chances of becoming
large prize-winning individusle are sacrificed first at a small size.
Algso, a lov minimm size limit favors the survival of the slowly
growing runts of each age-group as spawning stock. 1If the effect of
selective breeding applies to wild fish as it does in hatchery fish
(Embody and Hayford, 1925; Hayford and Embody, 1930), the wild stock is
being continuslly selected for slovw growth under present laws which

permit excessive removal of the stock and at too small a size.
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