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Iength and weight data from several thoussnd brook, brown, and rainbow

f?'f;g :

trout; both hatchery and native, from the Pigeon River were utilized in a
study of changes in condition due to different factors. The coefficient of
condition of native trout in the stream increased rapidly to a pesk in June
and declined thereafter to the winter low; the loss in condition in July and
August was accompanied by s rise in maximum water temperatures generally sbove
T0° F.

Changes in condition of hatchery trout following planting veried with

species and with the different plantings. Brook trout at the time of planting




‘ were in a higher condition then browns or rainbovs end also decreased the most
| after planting. Losses in condition after the first week in the stream were
} glight with the rainbov losing somevhat more than brooks or browns. No dif-
Perence in condition of recovered hatchery trout could be traced to differences
in plenting method or differences in marking the trout. Also, no effect on the

condition of the nstive trout could be de monstrated as being caused by planting

large mumbers of hatchery trout.
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Introduction

The “lgeon River is located in the north-gcentral portion of the lowey

peninsula of Michigan. It flows for ebout sixty miles in a nortberiy direction
through wooded terreis to emyty indirectly inte leke Huron. Approzimately half
way upstrean from the mouth; 2 five-mile portion of the river has been set
aside a8 & trout vresearch asrea. Frouw Azril, 19%9 to October, 1950, data on

the length and weight of toth hatchery trout and nsturally spewned frout have
been obtained in conjunciion with other studies im progress. The present uacer
desls with the chenge o conditiou of the halchery fish following -lantiog and

a comoarison of these deta with the condition of native Pigh.
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The coefficient of conditions (R) as used in this study was calculated

for each fish based on the formula:
W ox 10
L

R=

vhere ¥ = Weight in grems,
andé L = Total length in inches.
The couversion factor for use between the English C (total length in inches,
weight‘ in grems) is as follows:
R x 22.038 = C.

Conversion factors between R and K (standard length in millimeters and

weight in grams) sre not given because of the curvilinesar reletionship

“@xigting between standard length and total length in brook trout in Michigan.

According to data taken from 1957 brook trout ranging in standard length
from 40 millimeters to 360 millimeters, this relationship was established
as follows:

Total length = 0.1h1 standard length 0.96k, or

Log. total length = 0.15037 + 0.964 x log. stendard length.
The relationship between R and K must be calculated for each fish, from
the date given above.

The selection of units of measurement is largely one of convenience.
Measuring boards used are calibrated in inches and tenths of inches. The
Chetillon dietary scales used in weighing the fish are calibrated in grams.
With the small size of the fish generally encouniered in our work the gram
seens tg »be the most sppropriaste unit of weight, slthough a scale graduated
in hundredths of a pound would be equally as good.

The problems involved in the standardization of fish messurements and

the corresponding calculation of tondition factors has been well gummayized



-3 -

by Hile (1948). Until such stendardizetion is adopted by fishery in-
vestigators in general, a coupsrison of ccefficients of condition between
different vorkers will remsin difficult. When the relstionship between
different fish measurements such as standard length and total length is
non-linear, even irends in the change of condition with sn increase in
size may be reversed by the selectiion of different length measurements
(compare C and K of largemouth black bass cited by Beckman, 1948).

Factors for conversion of standard, fork and total lengths of fish, vhen
given, are useful in the computation of comparsble data, but authors do
not alwsys agree with one another as to the coefficients, even for the
same species of figh. For example, compsre the conversion factors between
standeyrd and total lengths for hb‘bh brook and brown trout given by Carlander
and Smith (19%5) with those published by New York State Hatcheries (Mimeo.
table). These coefficients, as well as those for many other species,

have been recently compiled by Carlander (1950).

The apparent confusion in the methodology of computing condition
factors of fish does not invalidate a study of the changes of conditions
due to season, sex and other factors vwhen the same index of condition is
used. Authenticated changes in cendition of fish of & general nature should
be comparsble even though the actual values for the coefficients differ be-
cauge of different units of measurement used. However, slight differences
in these condition factors should be viewed with skepticism until their
patwe is fully understood and their wvalidity estaplished through repeated
observations.

Sources of Variation in Condition Factor

The Iinterpretation of differences in the coefficient of condition smong

groups of fish depends to & large extent upon the recognition of the sources
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and extent of veriation. Such & variation is shown among different species
of trout reared at separate hatcheries and also from samples of wild brook
and brown trout taken from the Pigeon River (Table 1). Small numbers of
fish therefore may not be representative of the condition of the group

from vhich they came, due to improper or inadsqng.te sampling methods. The
use of statisticel measures of central tendency and their accompanying
‘measures of relisbility is recommended for studies dealing with coefficiente
condition. |

Apother source of variation found in many species of fish is & normal

change in the condition factor as the fish increases in size. This change
in condition is associsted with a change in form of the fish as it increases
in size, and is directly reflected in the length-weight relationship. If
form end specific gravity remeined constant as the fish grows in length,

the length-weight relationship would be expressed by the formulas

W = e.x.3, the well known cube law,
Bince the length-weight relstionship of most species of fish hes been found
to differ slightly from the cube law, the more general formula:
W = CILR

has been used to express this relationship. Because the coefficient of
condition is based on the cube law, values of n in the more general formula
indicate the direction and degree of change of the coefficient of condition of
& species of fish with sn increase in size. For some fish, such as the
bluegill and yellow perch, the condition factor incresses slightly as the
fish grow in length (Beckmesn, op. cit.). For both the brook snd brown
trout populations in the Pigeon River this trend is reversed; the fish be-
come relatively lighter as they increase in length. This chenge may easily
be seen by an examination of the length-weight relationship of the two

species (Fig. 1 end 2). However, veriations in conditions of this nature
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are usually slight and do not invalidate the comparison of the co-
efficient of condition of fish of different sizes to sny extent.

A marked seasonal change in condition was observed for both native
brock a.ml brown trout in the Pigeon River. In this stream, native rainbow
trout at the present time are too rare to afford opportunity for comparative
study. Collections were mede with mn electric shocker in all months of the
yeay ezcept January and February, at vhich t;gz ice econditions made fish-
collecting lmpossible. For both bweok and brown trout the ccefficient of
condition was low during winterand eéarly Spring, rose rapidly to a peak |
in June ﬂa.na subseqﬁently declined rather uniformly to the winter low
(Figure 3). Brown trout apparently do not fluctuste o much in condition
throughout the year as brook trout in the same stream. Both species ex-
hibit s drop in condition in the late fall which probebly is coincident
with spawning, although the_ecefﬁeient of condition mai_ately prior to
spawning is less than the peak }conditian in June.

The egnﬂitiqn of the native fish caught by anglers during ihe trout
sesson (Figure 4) follows very closely the trend just -&gspribed for col-
lections made with the electric shocker. To what extent the drop in condition
in July and August is dne to a rise in weter temperature to a point generally
congidered too warm for trout is largely unknown, Although water temperatures
decreased again in late August and September, the coefficient of condition
of the fish rzontinued to decline, ’

In an earlier study of the brook trout in stresms of New York (Hazzard,
1932) it was indicated that the fish were heaviest at the spawning season,
losing weight thereafter and not recovering condition until after several
weeks of feeding in the spring. A summsry of seasonal changes in condition
of the brook trowt in Hunt Creek, Michigen (Shetter, unpublished) revealed

that the peak of condition was reached during May. There was a decline
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in condition factor during July and August and an iu&rea,se‘ again during
September and October to nesrly the same : condition as in May. A seesonal
decline in the condition of the fish before the spawning season was observed
for the whitefish of Leke Erie (VanOosten and Hile, 1949) and for the kiyi
of Lake Michigan (Deason and Hile, 19%7). More information on the seasonal |
changes in condition of trout in different localities is desirable. Also,
information m needed Aconcerning snciz fectors as food supply, water temper-
atures, growth rate, and pmlatyign density as toltheir effects on the

condition of fish.

Variation in condition of hatchery fish

Extensive plantings of hatchery-reared brook, brown and rainbow trout
were mede in the Pigeon River during the open trout seasons of 1949 and
1950 (Teble 2). Recoveries from a little more than 40 percent of these
trout furnished data on the changes in condition following planting. A
vermit aystem of angling required fishermen to present their catch at a
checking station where each hatchery fish recovered was measured and weighed.
Individual records were assured by marking each fish with a jaw-tag before
planting. For a few plantings iﬁ 1950, half of each planting was fin-
clipped, the other half jaw-tagged.

Brook trout were somewhat heavier at the time of marking than either
the browns or rainbows (Tables 2 and 3). The difference in condition vas
probably due to their origin from different rearing ststions rather than
a difference per se between the species, since native brook and brown
trout from the Pigeon River are nearly identical as to condition at any
given time of the year (Table 4). Oden Hatchery derives its vater swpply

from numerous springs; the tempersture seldom rising sbove 50 to 55° F.
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The Wolverine Reering Station gets its wster from the Sturgeon River
vhere water temperatures frequently go above 70 degrees during the summer.

The hatchery brook trout were considerasbly heavier at the time of
marking then the native brook trout, bui very quickly lost condition
(Tsble 3). The hatchery brown and rainbow trout changed vei'y little
after marking. It is believed that much of the initial loss in condition
o£ brook trout oecugre& during the one- to two-dey period of enforced
fasting caused by retaining them in live cages before planting. This
dbserv}atiensia substentiated by the data in Teble 3. Notice that the con-
dition of the brook trout recovered the same day as they were planted was
considersbly less than when marked and that little or no further loss
occurred during subsequent daye in the stream. No such loss was observed
in the brown and rainbow trout, however, they usually were merked after
the brook trout and their pericd in live cages was less.

Changes in condition subsequent to the first week following planting
vere slight for all species (Table 3). Apparently the hatchery fish were
able to adjust themselves 1o stresm conditions and compete successfully with
the native fish for food. These observations are appsrently contradictory
to the conclusions of Klak (1941) a8 a result of similar studies made in
¥irginia.

Most of the plantings of hatchery trout were numerous enough to more
than double the population of legel-sized fish in the stresm at least
temporarily. The experimental ares f the Pigeon River has been divided
into four fishing sections, designated as A, B, C, and D. The plantings
were msde in the two center sections and judging from the fish that were
receptured either by engling or by the eleciric shocker, the hatchery trout
did not move to a grest extent from the vicinity in which they were plented.

Despite this sudden increase in competition for food and space no corresponding
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decrease in the condition of wild fish was observed; the condition of the

wild fish teken in Sections A andi D was the same as those taken in Sectiong

B and ¢ (Teble 4). This suggests that the supply of food in the stream wes

more then edequate for the native populstien alone.

Seasonal chenges in condition of hatchery trout, corresponding to
those for native populations in the Pigeon River, were not observed except
perhaps &s the slight loss in condition of the hatchery trout recovered
after a long interval could be interpreted as a seasonal decline, The wild
trout caught by snglers shewed & decline in eondition as the season progreased
past -Tum m bulk of the hatchery trout recaptured fallwing an interval of
more than one veek after planting were tsken in the latter part of the season.
The loss observed for these f£ish might be interpreted, therefore, as being
similar to that cbserved for the wild trout.

A comparisen of hatchery fish at different times of the sesson reveals
that, in general, their condition remains velatively high from April to August,
hased on data from the fish planted in the ?igeen River (Table 2), Although
she brook trout planted in June, 1950 were in poor conditien compaved with
the other brook trout planted, they were sbout average for all the native
trout caught by anglers from the Pigeon River. They also did not lese in
eondition nearly so much as did the other batchery brook trout.

Durinz byth seasong of stocking, the hntem;fy plantings were equally

dlvided between "spot” type and "seatter” type to determine the relative

' merits of the two wethods. Recoveries from ihese groups were about equal

and weve tallied separately. No difference could be seen in the sverage
condition at recovery of the fish planted by the two methods (Table 5),
slthough one might expect that the increased competition for food ami space

for the spot-planted trout would result in & lower condition factor for such

fieh.
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Bm?ing }1959 » because of a temporary shortage of tags for marking
hatchery trout, half of each planting mede in June and August were fin-
clipped; the other half wére Jaw~tagged. At the time of marking, alternate
groups of fish were taken at random from the hatchery stock to insure no
bias , in the selection of fish to be either jaw-tagged or fin-clipped, that
m:!.ght' affect the average size of the fish or their condition. Also, equal
numbers of tagged and fin-clipped trout were cowbined in the hetchery held-
ing tenks and planted as a wait, either as a spot plant or as a scatter plant.

From these plantings, fin«-‘eliﬁﬁéﬁ trout were much moreé nuwaerous smong
the hatchery fish recovered by mag},ars than were the tagged trout; this
wis true far both brook trout and rainbow trout in four different plantings
in June and for the brook trout in one of two plantings in August. However,
the condition factor of the recovered trout was not different between fish

that had been fin-clipped und those that had been jaw-tagged (Table 6).

.Ackaexﬂe&@nta

The suthors would like to express their gratitude to Messre. Gersld
Myers, Wayne Tody, Boward Gowing, Robert Ellis, John Cleridge; Donald Tesman
and Wilbert Wagner for help in. obtaining» the data won which this paper is
based.

Literature Cited

Beclkman, William C.

1948, The le¢ngth-weight relationship, factors for conversions
between standard and total lengths, and coefficients of
¢ondition for seven Michigan fishes. ‘Prans. Am. Fish.

Soc. T5 (1945):237-256.
" Carlander, Kenneth D

1950. Handbook of freshwater fishery biology. Wm. C. Brown
Company, Dubugue, Jowa, 281 pages.

Carlender, Kenneth D., and Lloyd L. Smith, Jr..
1945, Some factors to consider in the choice bstween standard.

fork, or totel lengtbs in fishery investigations.
Copeia 1945 {(1):7-12




«10-

Deason, Hilery J. and Realph Hile

1947. Age and growth of the kiyi, Leucichthys
Lake Michigan. Trans. Am. Fish. Soc. 7

ki i; KWIZ, in
104k ):88-1k2.

Hazzard, A. 8.
1932. Some phases of the life history of the eastern brook trout,
Salvelinus fontinalis Mitchill. Trans. Am. Fish Soc.
62 11532): 3¥%-350.
Hile, Ralph

1948, Standaraization of methods of expressing lengths and
weights of fish. Trams. Am. Fish. Soc. 75 (1945):157-16h.

Klsk, George E.

19%1. The condition of brook trout and rainbow trout from four
eastern streems. Trans. Am. Fish. Soc. 70 (1940):282-289.

Hew York State Hatcheries

(wndated) Constants for trout in New York SBtate Hatcheries.
Mimeo. table.

VanOosten, John and Ralph Hile

1949, Age and growth of the lake whitefish, Coregonus clupeoformis
(Mitchill) in Lake Erie. Trans. Am. Fish Soc. 7 (1947):175-2kg.

INSTITUTE FOR FISHERIES RESEARCH
Edwin L. Cooper

Norman G. Benson

Report approved by A. S. Hazzard

Report typed by M. E. Keyser



v

Teble 1. Variation in condition of hatchery trout from Oden Hatchery and Wolverine
Rearing Ponds, and of wild brook and brown trout from the Pigeon River, Michigan

Coefficient of condition (R)

(netive fish)

May l-August 2, 1949

Rumber Size Standerd -
of fish range in Standard error of
. Species Locality and date in sample inches Range Mean _deviation 'mean
Brook Oden Hatchery 100 6.8-9.9 1.43-2.01 1.72 0.12 0.012
‘ April 27, 1949 ;
:‘bt ﬁx‘éwn " Wolverine Rearing Ponds 100 8.1-12.5 1.29-1.92 1.56 0.13 0.013
April 27, 1949
Rainbow Wolverine Rearing Ponds 100 6.8-12.8 1.12-1.96 1.61 0.15 0.015
April 27, 1949
Brook Pigeon River 100 6.9-10.5 1.40-2.11 1.65 0.15 0.015
(native fish) May 13-June 21, 1949
Brown Pigeon River 100 6.9-18.5 1.22-2.01 1.62 0.1% 0.01h%




Table 2. Hatchery trout planted in 2.3 miles of the Pigeon Rivery during the seasons
of 1949 and 1950 Brook trout were from the Oden Hatchery; brown end
rainbow trout were fram the Wolverine Resyring Ponds. o

Brook trout “Brown_trout Rainbow trout
Bize Coefficient Size Coefficient " Bize Coefficient

_ renge = of condl- range of condi~ rEngS of condi-
Date of planting Number in inches tion {R) Number in inches tion (R}  Number in inches +ion (B)
April 28, 1949 300  6.8-102 LT3 300 7.5-12.5 1.58 300 7.2-14.6 1.65
-May 25, 1949 300 6.9- 9.3 1.80 300 7.0-10.7 1.52 300 7.4-12.6 1.66

29, 1949 300 7.2-11.0 . 1.86 300 7.1-13.2 1.60 300 7.0- 9.9 1.58

| July 27, 1949 300 7.0-10.6 1.9 300 7.1-11.1 1.69 300 7.0-10.5 1.6
August 17, 1949 300 7.0-10.8 1 87 300 7.5-11.7 1.66 300 7.0-11.8 1.60
1949 totel planted 1,500 . . 1,500 .. .. 1,500 ces .
Percent of
recovery in 1949 40.0 .- 25.6 .. Ry 7 s
 Percent of
recmmry in 1950 0.0 .o .o 2.2 oo ‘o 2.3 . < .
April 26, 1950 1,000  7.0-11.1 190 vee 1,000  7.0-11.5 1.58

June 1, 1950 1,000 6.9-11.1 1.60 . . . 1,000 7.0-10.2 1.52
August 8, 1950 500 7.0-11.0 1.78 . cos -

1950 total planted 2,500 . . .o 2,000 . “e
Percent of »

recovery in 1950 7.4 . .. . - . 52.5 . .

R

\7’ ¥Minimum legal size on trout in this stream I8 7 inches.




Table 3. Changes in condition of hatchery trout following planting in the Pigeon
River, Michigan during 1949. All data from individusl tegged fish. In
perentheses is given the standard error of the mean for that ssmgle

: ~Brown LROuL _ Rainbow trout
Mean condition ﬁean mmiitian ﬁum condition

7 factor {R) _factor (R)
o ’ - When At ' n At
‘Time of Sswmpling Number marked recovery HNumber marked mcmgy Rumbezr marked recmry
‘Rendon sample of entire planting; 560 1.8 500 .59 ... 500  1.61 v
100 from each of 5 plentings of R {0.007) {0.008) L (o )
%j:,_ 306. Condition et time of marking. ' B v : : L
i recovered by anglers the - 61 T L6 B L& 16w 1e 1%
spame day they were planted : ' .
Fish recovered the second day oM 1.75  1.63 18 1.63  1.57 22 1.6 1.5
‘Fish recovered the third day 24 1.77 1.61 6 1.60 1.55 17  1.63 1.5k
_Fish recovered the fourth day 48 1.81 1.6+ 18 1.61  1.5% %  1.57  1L.h9
‘Fish recovered the fifth day 5k .77 1.65 18 1.64  1.58 39 161 1.58
'Fish recovered the sixth day o 19 182 1.61 10 170 1.56 16 1.50 1.48
Fish recovered the seventh day | 32 1.62  1.65 8 1.62 1.61 17 1.6 1.6 B
; . ) - t
f?ioi;al of all Tish recovered
first seven days. 279 1.79 1.6k 92 1.68  1.54 191 1.59 1.57

: {0.008) {0.015) ‘ {0.009)
Total of all fish recovered , ’ o
after seven days of the season (1949) 223 1.80 1. 58 241 1.63 1.51 350 1.57 1.48

(0.009) (0.010) (0.009)

Potal of all fish recovered during
the following fishing season (1950) o .. 25 - 1.65 1.50 31 1.56 1.49
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Table h Caefficiant of eexﬁition (R) af natzve hreok tront and
vrowvn trout caught by saglers in the Pigeon River during
1940 and 1950. Fishing sections B and C were stocked
with hatchery trout, sections A and D were not. ‘

Tumber e?" e &mge Coetticient

. SRR TR Fishing ~ figh ia ~length of
Specles _section sample _in inches __ conditien (R) _

Brook trout A 163 7.7 1.59
D 52k 7.6 1.63
A+D 687 7.6 1.62
B 251 7.8 1.6%
¢ ks2 7.6 1.64

B+ C 703 T:T 1.64

Brewn trout A 39 8.h 1.6y
| D 86 9.0 1.59
B 131 8.6 1.62
B+C 260 8.5 1.61
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Teble 5. Comparison of the coefficient of condition (R) at time of
recovery between spot-planted snd scatier-planted hatchery
trout in the Pigeon River, Michigan. Huubers in parentheses
sre size of samplés won vwhich caleulations are based.

' Brook Trowt —Brova trom " Raimbow tromt
_Date of Planting Bpot___ Beatter _ Bpot GScatter _ Bpot  Scatter
April 28, 1949 1.63 1.64 1.61  1.61 1.61 1.59
(90) (75) (59)  (108) (1)  (78)

May 25, 1949 1.58 1.57 1.5 1.6 1.51 1.52
(68) (45) (55) (39) (89) (75)

June 29, 1949 1.56 1.59 1.43 1.38 1.37 1.36
(15) (18) (31) (22) (35) (21)

July 27, 1949 1.57 1.53 1.50  1.h% 139 139
(30) (18) (88  (7) {46 (a)

August 17, 1949 1.66 1.60 159 1.60 1.57 1.53
' " (78) {74) 31y (8) (5%) (30)
April 26, 1950 1.60 1.56 1.55 1.55
(160) (15) (62) (130)

 June 1, 1950 1.51 1.50 148 1.46
(121) (93) (120) (96)

- Potal 1.59 1.57 1.52 1.54 1.52 1.5
(562) (468) (203) (18%) {597) (452)
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Table 6 A cm&nsan ‘of the sverage coefficient of condition of
tagged and fin-¢lipped brook and rainbow hatchery trout
‘pecovered by mglars in the Pigaon River.

‘ﬁmher ~ genaTETon ﬁmbexx T Tecoversd  _Condltlon % recovery

Date | s.p'q‘eiea _planted st plenting Taggea  Fin-clipped Tegged Fin-clipped
June 1, 1950  Brook 250 .60 123 15
| Brook 250 1.60 RS 173 1.51
Brook -2 1.60 96 1.h9
Brook 250  1.60. w6 o 1.54
Total " 500 T 1.60 219 1.50 |
500 _1.60 | 319 , _1.52
June 1, 1950  Rainbow 250 1.52 159 1.45
| Rainbow 250 1.52 190 1.7
Rainbow 250 1.52 129 , 1.h5
Rainbov 250 152 RN S 1.47
Total 500 1.52 268 | 1.45
500 1.5 @ R ¥ ¥
 August 7, 1950 Brook 125 1.81 6 1.65
" Brook 125 1.81 16 S 1.62
Brook 185 '1-».21 7 " 1.66 y
Brook _ 2 1.8 » : s 1.67
Fotal é‘é‘g 1.81 157 ' T1.65
250  1.81 | 172 | 1.6k




Figure 1. Ilength-weight relationship of native brown trout in
the Pigeon River, Electric shocker and asngler collections,
April, 19%9 to Junme, 1950, Line fitted mathematically -
from data on 1,003 specimens.
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Figure 3. Seasonal variation in condition (R) of native brook trout and
native brown trout in the Pigeon River. In parentheses is given
the number of specimens upon which the average condition factor
is based. Brown trout collected by electric shocker and anglers,
brook trout from electric shocker collections, only; data for

1949 and 1950 combined.
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