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The body-seale relationship was examined oritically for brook
trout populations in four streams and one lake in Miohigan, A3l of
these populations exhibited similar bodyeseale relationship eurves
whioch deviated significantly from a straight line., Scales from
different porticns of the body from the seme series of fish exhibited
different body-seals relationship eurves, as did males compared with
females.

Caloulations of previous growth history made on a basis of either
the direot proportion methed, or the direct proportion method plus &
ocorrection for the size of the fish at whioh sosles first appear;:
rosulted in considerable error when applied to any of the populations
of brook trout examined. For aocuracy, the body-socele relationship
of the population in question should first be determined before

ealoulations of previous growth history are made.
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BODY-SCALE RELATIONSHIP OF THE BROOK TROVY
(SAIVELINUS PONTINALIS) IN MICHIGAN

Edwin L. Gooper

The present paper is the second in & series dealing with the
growth of the brook trout in Miohigsn. In the previoua publication
(Cooper, 1951) the validity of the snnulus as & true yearemsrk was
established prineipally on data from knownesge fish. This confirmation
of the scale method, generally accepted for most other speoliss of
£ish, was fell neosssery beosuse of the skeptioism of earlier published
reports on sge ef brook trout (Xendall and Demee, 1527, 19293 Rioker,
19323 and King, 19@).

Onee the velidity of the annulus as & year-merk is established,

1% is possible to scmpare growth of individual fish or of fish from
difforent looalities. The methods of tabulating fish scocording to age
and actusl lengths eamnoct be spplied with asouracy unless all fish are
taken an or near the ssme date., Unfortunathly, all previous students

of growth in brock trout, exespt Haszard (1932, 1935) and Shetter and
Leonard (1943), Bave used actual lengths of fish caught at aifferent
seasons, usually with no regard for the large variation in age in months

within each age group.



‘e-

A betber means of determining rate of growth is by caloulating the
past growth of fish from seale messurements, Here, lengths and eges are
striotly comparable because all saloulated lengths are those attained at
the end of sampleted sessons of growth., This method has been widely and
suscessfully used for many speoies of fishes, and has been reviewsd in
detail by Van Oosten (1525). The method is baapd en the assumption that the
scale size inereases in proportion with ineresse in the length of the fish.
In order %o apply it, one mmst first determine the relationship between
the growth of the ssale and the growth in length of the fish.

SoaleSampling Procedurs

Koy sonles, i.e,, identically located, must be used for & oritioal
study of body~soale relationship. Because brock trout sosles are so
mall and so aften regensrated, it was not feasible to use exast key
soaless however, approximate key scales were cbiained by restrioting the
sanpling to 8 certain maall area. The sample ares selected for this
study, on the basls of scale size, uniformity and ease of reading, was
the first few seale rows lzmediately below the lateral line just anterior
to the anus.

0f the approximately 50 seales which oomposed each sample, five were
mounted in glycerinegelatin medium and studied with the aid of a seale-
Projection machine at a magnification of 90 diameters. All measurements
of projested images were made with a millimeter rule at this magnifieation.
Sinee amuli usually eamot be distinguished on the expesed (posterior)
portion of the soale, the distance from the senter of the foous to the
approximate midpoint of the anterior margin of the soale (snterior soals
radius) was used as the senle length. Measuraments from center of fooun
to anmili were made on the same redius. All five of the scales on each

slids were mmasured in this way.
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The standard length of the fish in millimeterz was used in all
opmputations of Lodyesoale relationship. Previous growth history was
also ocmputed on & basis of standard length in millimeters, However,
the data in Zable 1 sre given in total langths in inches following the
suggestion of Hile (1948). The conversion of standard length to total
length was made from the empirieally determined relationship as follows:
Total length = 14137 standard length 0-96k,

Body-Seale Eelaticnship

Hezsard (1932), in osleulating the previous growth history of
brook trout, assumed that the bodye-seale relationship eould be expreased
as & straight line, with an intercept on the length axis mrupm
%o the length of the fish at the time soales first sppear. This was in 7
line with the propossls of Johnston (1905) and Fraser (1916). Hazzard
stmted thet the ealoulated average lengthe dstermined from the use of
this formuls were found to be consistent with the actual averags lengths
of the yesr classes. However, since most of hia speoimens were taken by
angling same time after growth had startsd in the spring, no extensive
camparison between the ealculated lengths and sctusl lengths of the fish
at the time of annulus formation was possible. Shetter and leonard (1943)
also used a direct proportion method in their caloulation of previous
growth history of brook trout in Hunt Creek, Montmorensy County, Michigen.

In the present study, when the empirical data were plotted, it was
apparent that the body-soale relationship could best be expressed by a
surves, rather than by a stredght line (Pigure 1). As the fish grows in
length, the scale lage behind, producing & simple depressed surve, Miner
diff'erences in the form of the curve were noted for the different popu~
lations and even smong the sexes, but in every oase & satisfastory fit of
the dats was obtained by using the general formulas

ASR = CLR
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where ASE = anterior scale radius, L = standard length in millimeters, and
¢ and n are constants to be datermined empirieslly,

In this genaral formula, because the exponent n determines the slepe
of the line, the differences betwesn the values of n and 1,0 indieste the
smount of deviation of the curve from & strajght line. Thus the bodyescale
relationship eurve of the Gangle ILake population 1s mors depressed than any
of the other populetions examinsd (Table 1). The variation in values of
R for the different populations is considerable, being 0,630 for Gangle
Iake and 0,843 for the Pigeon River,

8cales from different porticns of the body wers studied to detsrmine
the smount of difference in body-soale relatiomship dus to this ﬁ#ter.

Iwo body arsas wers sampled, one anterior to the doreal fin and above the
lateral line, the other immediately anterior to the anus and below the
lateral lime, For the most part, the same individual fish were inoluded
in the sampling fram beth body aress. This oomparison dndieated that

the body=seale relationship wae guite different between the samples (1,234
and 1,430, respeotively) drawn frem the two body areas; valuss of n were
0.802 in the posterior position and 0,900 in the sntericr pesition (Tadble
1)s A camparison of the sexes as to body-soals relationshijp disclosed a
saall but significant differense in n, of., 0.828 for males and 0.780 for

females (Table 1),

Computation of Previous Growth History

The most accurate method of camputing growth histoery of individual
f£ish would be to use the body-soale relationship obtained for the particular
population, sex, and body area in question. However, a great saving of
time would de effected by using a gemeral eurve derived fram scme prior
study--s desirable prosedure, provided that resultant errores are minor.
An estimate of these errors may be obtained by comparing the valuss
osloulated by using different body-secsle relationship ourves. Such a
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comparison has been made {Table ) for e hypothetical brook trout 12.3
inches long and in its fourth summer of life. The direci-proportion
method with a oorrection added to compensate for the sisze of the fish at
the time of scale formation, as proposed by Praser (1916), results in
sxtrems error when applied to the Gangle Iake population, or to most of
the other populstions, The diredt-proportion method, also, results in
oonsiderable error in caloulating earlier growth history. The data from
soms of the other papulations, such as for the Horth Branch of the Au
Sable River, the Pigeon River, and Hunt Creek, might be logioally
oombined in the eslouletion of previous growth history without sasrifieing

maoh in acourney.
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Table l.eeBodyescals relationship of the brook trout in Mishigan

Looslity, Sex or Method

Nupber of

fish

Range in
total length

Body-soale relationship

ASR =

All localities eambimdv

Postorior "key® position 1,130 1.7-15.8 0.781 10+80R
A1l looslities combinedV/ |
Anterior "key" position 1,23, 2,2-16,0 015 194900
B. Br. Au Sable Riﬂr,

Cramford County ghb 2 8,7 0,830 19.801
Humt Creek, Monkmorenoy ,
ﬁmty * ‘ 620 2.1» 708 00&}1 L°'832
Pigeon River, Otzego

County 552 2. 7.8 0,762 10-8i3
Sucker Creek, Alsons 0
County | ke 2. 946 0,848 10729
Gangle lake, Monimorensy

County 87 2ol 843 0,55 10630
A1 males combined 613 2die 7.8 o.700 19.828
All females combined é97 2.4 748 0,85, 10+780

Johnston (1905)

oen

Direot proportion

Fraser (1916)

LN

Diredt proportion
plus ocorresotion

i

—

\Y/ 8ee eaption to Figure 1 for list of localities sampled.
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Table 2.~«Comparison of the total lengtha in inohes of brook trout
&t various amuli, osloulated¥by different methods

———
—

Losality, Sex or Method I 24 111 Nargin

o 4 o i A8 Al o AN AR M ¥ A b e i b e, A A1

All looalities oombinedY/

f 2 ]

eSS SR P 5100 LB et AL £ A B s SO VAP -l el b e A 383 el 5 P A A LIPS

Posterior "key" position 2.6 6.8 9.5 12.5
A1l looalities combined'ty

Anterior "hy" position 309 603 9-6 . 12.5
N. Br. Au 8able River,

Crawford 50\3&” 2:6 508 . 905 12.5
Bunt Creek, Montmorency '

Gm@‘ 207 6.0 906 1205
Pigeon River, Otsego

Umm‘ky 2.7 6;1 90? 1&05
Sucker Creek, Aloomm

Gaunty 2.2 501]- 905 1205
Gangle Iake, Montmorency

cﬂ\mv 1.7 hca 309 1205
All males oowbined 2.7 5.9 9.6 12.%
All females combined - 5.7 9di 2.5
Johnson (1905) 3.5 6.8 10.1 12,5
Fraser (1916) he8 7.6 10.4 12.%

/Boale readings used are as follows: Amulus I - 20, Annulus II - L0, Amnulus III - 60,
hl‘ah - T5.

XY Numbers of fish involved ars the same as listed in Tadle 1.
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Figure l.--Body-scale relationship of the brook trout in Michigan. Secales taksn from the body immediatsly
anterior to the anus and just below the lateral line. Combined date from 1,30 brook trout from Gangle Lake,
Tast Fish Lake, Hunt Cresk, the Upper Bluck Niver (all in lMontmorency County), Sucker Creek in Alcona County,
and the North Branch of the Au Sable River in Crawford County,
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