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Abstract

The Pigeon River Trout Besearch Area oontains 4.8 miles of
trout stream averaging aboubt LO feet wide. In this area a oomplete
eensus of fishing is acocmplished by means of a compulsory permit
system. Estimates of the native trout population were made in
September of 1949 and 1950 immediately following the close of the

trout season. Comparing the total oateh with the population
remaining at the close of the season, it is indicated that native
eastern brook trout are much easier to exploit than native brown
trout, Combining data for 1949 and 1950, anglers took 3.0 brook
trout for each one remaining at the close of the season. For

brown trout, only O.l; fish was oaught for each one remaining.
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RATE OF EXPLOITATION OF NATIVE EASTERN BROOK TROUT E, L, Cooper

AND BROWN TROUT POPULATIONS IN THE PIGEON RIVERk, OTSEGO COUNTY, MICHIGAN

By
Edwin L. Cooper
Introduction

A:b the northern tip of the lowsr Peninsula of Michigan is a
eonnocﬁd series ‘_‘ot three large lakes: Burt, Mullett, and Black,
draining into Lake Huron by way of the Cheboygan River. Each of
these lakes receives s large tributary stream from the south: the
Sturgeon River emptying into Burt lake, the Pigeon River into
¥ullett Iake, and the Black River into Black Iake., The three rivers
have roughly parallel drainage areas and flow in a northerly direction
from their sources a fow miles east of the town of éaylord, covering
& straight line distance of approximately 35 miles. The Pigeon River,
the niddle one of the three, was selected as the site for a trout
research area because of the large smount of state~owned streem
frontage and also because it was believed to be somewhat representa.
tive of many other Michigan trout streams.

The Pigeon River Trout Research Area somprises l..8 miles of
trout stream and a geries of geven small lakes suitable for trout.
The portion of the stresm under study has been arbitrarily divided
into four fishing sections of nearly equal length, hersafter referred
%o a8 Sections A (furthest downstream), B, C, and D, Preliminary
investigations with an electrie shocker disclosed that Section A
differed markedly from the others as to the numbers of trout present,
although the physical features of the sections are similar (Table 1).

The upper three sections (B, C, and D) support & fair native population
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Table l,--Morphometry of Pigeon River Irout Research Area, survey of 19149—1950;

Iten ’ Seetion’ A Beotion B Section ¢ Section D feh.l
Jength - miles 1.31 1.19 1.13 1.18 L.80
Average width - feet ks la Lo ko la
Ares - aores 7.16 ' 5¢90 5.39 565 2410

Poroent gradient 0.18 0.18 0423 0sd5  0.18
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of both eastern brook trout (Salvelinus fontinslis) and brm'*h'eut

(Salmo trutta), Bainbow trout (Salmo gairdneri) are present in muoh

amaller mmbers. Muoh of the lower section (A) is sluggish with &
sandy bottom and contains fewer trout.

A pomit-.type of oreel census was operated on the experimental
waters during the seasons of 1949 and 1950. m Miechigan, tho general
trout season opens on the last Saturday in April and ends on the
second Sunday in September, resulting in a 135-day season. Eash
FTiikerman desiring to fish a particular portion of the stream was
‘required to register at a centrally-looated checking station and
obtain a permit, At the close of fishing in that particular section
of the stream, he was required to return his permit to the cheeking
station and report his fishing sucoess., Ne charge was made for a
permit and & person ¢ould fish in as many sections of the stream as
he wigshed, Permits were issued at any time of the day or night. A
general willingness on the part of the public to cooperate with this
progran provided us with a very acourate record of the results of
fishing in the area.

The rather extensive data of fishing results in the area permit a
wide variety of experiments in trout stream management., Ewaluation
studies of various angling restrictions are in progress coupled with
sontinuous records of oateh statistios, growth rate and seascnal
changex in the condition of the trout, and estimates of the native trout
populations., Studies involving the release of marked hatshery trout are
also included in the program. The present discussion deals with the
stream produstion of native trout to the angler in relation to the

total trout population of the sircam as measured by population ostimates.
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Method of Estimating Trout Populations in Pigeon River

The mark-and-recapture method used in estimating the trout popu.
lation in a portion of the Pigeon River is dependent upon the efficienecy
of the slectric shocker in capturing a simable portion of the trout
present., Although the use of Qlectricity for eatohing fish ia by no
means new (Burr, 1932; Haskell, 1940), its application to estimating
stream populations of fish has not been fully exploited., The present
study represents an advanse over #ttempts at stresm population estimates
using seines or water divérsion (Hoover, 1948; Needham, Moffett and
Slater, 1945; Shetter and Hazzard, 1939; Shetter and lLeonard, 1943).

It 1is also believed to be somewhat better than attempts at estimating
the total populations of larger portions of stresms with electrie
shockers using randemly selected small samples (Smith, Johnson and
Hiner, 1949; Schuek, 19k5; Mottley, 1942), in that the data obtained
are based on a large sample of the population of a continuous L.8 mile
portion of a stream. Unpublished data by D. S. Shetter, as well as our
present observations, indiecate that the wariation in population density
may be so great in small adjacent portions of trout streams that the
total estimate of a larg_e portion is more effiscient and more acecurate
than the results from an appreciable number of randmmly-selected small
areas, The method employed in this study is quite similar to that used
by Shetter, 1950.

The accuracy of the method depends to & large extent on the adequascy
of the sample and upon the walidity of several aszsumptions disecussed
below. It should be emphasized that the data obtained in this and
similar sfudios are only approximationé of the actual populations.

The confidence in estimations of this kind will depend on how well this

information agrees with data derived from other life history studies of

the trout populations in question,
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It is necemsary to assume that the initial oapture of the fish by

an A, C. electric shocker, marking by fin elipping & portion of the ea;udo.l
£in, and immediately returning them to the seme portion of the :trvaam, do
not measurably affect the recapture of the fish 3 #o‘ L, days later. Any
large<scale mortality, movement from the sampling area, or future avoidance
of oapture would adversely affect the sceurasy of the estimate. Exact
quantitative data on these three possible sources of error are ‘hoki'ng.,
However, ebservations made at the research area tluriﬁg two. yoars éf_ L
gxtenﬁiw uge of thc shooker supports the amﬁonudo m. If the
shocking methed of esolleoting fish exerts an a.ppreeiaﬁh axira mortality
on i:h- populationa present, the ameun‘k of ghooking done in the pu‘k ‘Iﬂu
yeare theulﬁ have had o tromndona efrect in deoreasing the pepuhtim
Sush a émroaso was not émnmnmm by craol sengus records or by
pepulmm ectimates. ,

| During the spring of 1951, data on movement of native trout following
shosking and fin elipping were cbtained. Several hundred mative trout
wore céllaoted with the shocker, fin clipped and returned to the tmaﬁ.
Lnglor recoveries fm thege experiments indisate very litile movement
out of the seetion in which they were originally captured and marked.
~Also, this same program of shockiug and marking indicated that fish ﬁr&
not avgﬁing resapture to any great extent. During the later runs rri.th
the nh;clker through the sections sampled, & large proportion of the fish
saptured were those that had previously been eaptured and marked. These
field observations, while not as valuable as exact date, do lend support
%o the assumption that errors in the method of estimating populations due
to mortality, movement or shanges in eatchability are minimal,

Another assumption tkat needs te be examined is that the three
speoiex of trout enccuntered in the Pigeon River (eastern brook, bromn,

and reinbow) are equally susceptible to capture by this method. If such
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an assumption is valid, better estimates of individual species are possible,
especially in the case of the rainbow trout where the number ef fish sampled
is small, In examining the rate of recovery of eastern brook and brown
trout of various sizes for the two years, there are no consistent differences
in rate of recovery between these two species (Table 2), The small number
of rainbow trout encountered doss not warrant their inelusion in the table.
Differences in the rate of recovery are also haphazard and relatively small
when the different seetions of the stream sre ccmpared (Table 2), However,
there is a ocnsistent difference in the recovery rate of trout of different
sizes, and these differences must be considered in the method of estimating
the total population, The small fish are not only harder to stun with the
shooker but are also harder to see by the operator and are thus less easily
captured than larger fish,

- An alternsting current electris shocker has been used throughout

this study. However, any c¢ollesting spparatus that enables one to handle
more fish and thus have a larger persentage of the population marked from
-which to draw recoveries, will inorease the accuracy of the oaﬁiﬁsﬁo,
assuming no imporitant degree of bias. From limited experience, the D. C.
shooker seems to be fﬁr superior to the A, C. shooker in catehing fish,
wnder the eonditions in whioh we have been operating, The Pigeon River

in the ressarch ares averages L0 feet wide and about 1 1/2 feet dsep, with
freguent pools as deep as 5 feet.

The estimates given deal only lﬁth the trout populations present

although small numbers of other species of fish do eccur, swch as northern
muddler (Cottus b. bairdi), western blacknose dace (Rhinishthys stratulus

meleagris), northern oreek chub (Semotilus 8. atromaculatus) and the ecmmen

white swoker (Catestomus o. commersonni)e
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Table 2.~~Nunber of trout marked () and percentage of recovery (R) of wild trout in
Pigeon River, Otsego County, Michigan, oompared as to species, size and_ stream aéetian.
Tten | M B M B M R X =
8ize group in inches B 2¢0 = 3.9 o &-0 - 609 | 7.9 lﬁm
September, I0l9 ’ - .
Brook trout : ‘ o .
Section A 9 11,1 38 138 L 5040
Section B ' , 33 0.0 6l L1 12 L17
Section C 11 9.6 212 28,8 26 3.6
Section D o , 73 9.6 235 20.4 Lo 22.4
All sections _ 229 8.8 5ho 22. 91 297
Brown trout : | s 30 R s, &
Section A , 12 3 2%+3 29
Seotion B . 38 24 35 ‘3&3 62 29,0
Section C : 33 12,1 38 3648 56 2.1
Section D ' 10 30,0 16 31.3 53 30.2
All seotions 93 9.7 119 31,9 205 3062
Brook and bromm 'brmh em‘bimd
Section A 21 9e5 68 17.6 38 31.6
Seotien B 71 1 9% 21,2 7h 31,1
Section C - 17 10.2 23@ 3040 82 3.9
Section D 83 12.0 21,1 102 26.5
All sections : o %22 BeT 668 2he - 296 3041 , | |
Size group in inches 240 » 1149 5¢0 wm 649 7-0 =« 929 ’19;6 and over
September, 1950 | '
" Brook trout
Seotion A 27 3.7 2l 16,7 12 3303 1 0.0
Section B 60 540 43 16.3 20 25.0 0 vee
Section C 76 %6 83 946 28 1ype3 $0
Sestion D 120 100 129 U7 13 32,6 0 .ee
; All sections 283 b 279 ,13.67 103 26.2 1 040
.~ Brown troub
Section A L 2540 2 0.0 19 211 1 364
Seotion B 38 5.3 25 32,0 L9 3.7 22 LS4
Section O 1 040 18 546 L9 245 17 235
Section D e 0.0 10 Le.o LB 39.6 18  50.0
All seotions 68 Lely 55 23,6 165 31,5 68 59.7
Brook and brown trout combined ' '
Sectien A - 31 645 26 15.4 31 25,8 122 33,3
Section B ' 98 5.1 68 22,1 é9 31.9 22 L5
Section C , 90 2,2 101 849 7 20,8 17 235
Section D 133 9.1 139 16.5 91 36.5 18 50»9

Ll% ssctions 351 6.0 33 1543 268 295 69 3.1
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The general procedure of the study is as follows., The 148 miles of
experimental stream is traversed by a crew of about five men using sn A. C.
electric shocker. Each trout captured is measured to the nearest ineh; £in
olipped, and immediately retwrned to the stream. At the eonclusion of the
first run through the stream, we thus have a known number of marked trout
present, Theoretically these are distribﬁ'bed throughout the stream in about
the same manner as they were prior to the initisl sampling, Alse, the
olassifiocation of these fish both as to species and size makes it possible
to Judge their species and size frequsnocy.

The same section of stream is then shocked the second time. All fish
egain are measured and additional data as to the number of mrked fish and
ummarked fish are recorded, On the assumption that marked and ummarked
trout are eaptured in this second run in direct proportion to their numbers
present in the stream, the total number of all species of trout present in
the }i+8 miles of stream is estimated. Since large fish are csptured more
easily than small omes, it is necessary to make separate estimates for
different sizes. |

The total estimate may bs further subdivided into numbers of fish of
each of the different spscies on the assumption that the number of the
different species are represented in the total population in direet pro-
portion to their representation in all of the sampling.

A similar breakdown may be made as to the numbers of fish in the
different portions of the stream, assuming that the effisiency of oapture
of the trout does not change markedly from one section of the stream to
snother, This method of subdividing the total estimate is believed to be
more accuwrate than estimating the numbers of fish of each uisé, species,
and small portion of the stream separately and combining all the individual
estimates for the total population. By using smaller individual umits in

the estimations, the numbers of marked fish reoovered, upon which the
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estimates are based, become smaller and probable errors increase
acoordingly. The total number of all fish taken in the two different
sampling runs of the entire area and the numbers taken in camponent
portions indieate the sonstansy of the shocker in catching fish (Table
3)s Also, as will be shown later, the population estimates obtained
wore consistont with the sreel census data obtained during the same

8088008, .

Estimates of populations of eastern brook, brown and

rainbow trout in l4.8 miles of Pigeon River, 1945 and 1950.

A populstion estimate of the trout present in the researeh area
of the Pigeon River was made in September, 19L9, immediately after the
olose of the trout season. ZThis estimate disclosed a residusl populatien
of legalesized wild fish per acre of stream ofs 10,9 brook trout, 23,8
brown trout, and 0.6 rainbow trout (Table li).

In September, 1950, a population estimate was again made for the
same portion of the river. At the elose of this season there was a
residual population of legalsized fish per acre of: 12,y brook trout,

27.7 browm trout and 0.5 ralinbow trout,

Catoh statistics for 1949 and 1950

As noted earlier, a permit system creel census was in operation
on the experimental sections of the Pigeon River for the 1949 and 1950
seasons, 7The oreel census data thus represent the ocomplete production
of the stream to the anglers. Fishing intensity was high; more than two
thousand fishing trips (or 250 to 280 hours per aore) were recorded in
oash of the two seasons. These fishermen aceounted for approximately
ons thousand tiié trout in each of the twe years, with broock trout out-

numbering brown trout about 3 to 1, Wild rainbow trout were rerely recorded

in the eateh (Table 5).
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Table J.--A comparigon of the number of Fish takenr in different
o Mefstionﬁ_ of the strean in tﬁiaio? two: mﬁm m ans,

ik » e i

 Sise growp in = ' -é
inShes e 2.@ 3'9. &B, .9

mabir Mr romnt luubor m:m- ‘
of trout of trout deviation of trowt ef trout deviat  tr of
in first in meml in first in sesend : in tin‘k in m

19k9
Seotion A 2 15 2846
Beotion B 1L | 74 wl0e7
Beotion C 148 183  +23.6
Section D 83 121 +45.8
All Sections 323 376 +lbJy

52 <235 = 60 6h .7
mlljed 175 171 243
a5 +00.8 273 235  w13.9
@ -0k 120 108 $10.0
61 w 8,1 éz8 578 «8,0

&

Seotion A 31 38 +22.6
Section B 98 83  =15.3
Section ¢ 91 gl + 33
Seetion D 137 215 +56.9

22 15.3 & 5% -1
55 <236 15 740
‘ Aoy 126 5
159 +13 66 112 u5 - 7

298  -12.9 W6 BT 166

% % §-§‘ 3
)

All Sections 357 430 +20.4
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Table lie--dn estimate of the wild trout population of 4.8 miles of the

Pigeon River, Ctssgo County, Michigan.

Species, yvar and

strean soetion

- =

240 = o9 inohos
_Total length

_Dotal length

740 inches and hrgcr
Sutal length

Famber of
trout

____per sers

Pounds Wumber of

por trout

aers per aore

Pounds Mx_‘ of
per trout -

aore per acre

Pounds

et
. sere

Brock mub
Septenber, 1%9
Bection A
Secstion B
Seotion €
Sestion P

All Bections

0153 4 9;1
1.85 1643
7056 5749
5455 6840

360  37.8

%3
5656 13.5
5«57 2345

3.0 10,9

0488
2426
348l

i

Brook trout

September, 1950

Section A
Bection B
Section ¢
Sedtion D

All Sestions

69
168.6
25,3
@6*9; :

13 | 1943

,3:71 ;8&5
5462 ;

1,58 Ts5
3015 19‘5
6.38 111
2.1 21.8

551 aedy

126

Brown trout

Beptember, 1949

8ection A

Seetion B ﬁ; ’

Beotion ¢
Sestion B
All Ioatim

0.46 12,6
0.91 29.8
1.0kL 30.2

0,38 257
0,68 . B3.8

Brown mﬂ# ,
September, 1950
Seetion A
Bection B
Section ©
Ssetion D
All Seotions

@512‘ 11‘9
2 &534' 3349
1:23 281
1.2} 27.7T

Rainbow trout
Beptember, 1949
Seetion A
Section B
Seotion €
Seetion D
All Sections

23 0
1.2
3@5

1.1

0.02

0.0
0.95

DoOoOoCQ

DOoOOCOO
o

Rainbow trout
September, 1950
Section A
Section B
Section €
Beation P
All Beotions

1.3
5e2

k3.9
1148

0.2 0

Q.07 1.7
6.61 9‘5
3016 1'1

0423 0e3
0015 9’9
0.05 0s5
0,10 0.5

0.15




Table S5.--A comparison of the total yield to fishermen with the residual population in

September of legal-sized trout in the Pigeon River, Otsego County,Michigan.

3pecies, year, snd

Yield to Anglers

Basidual p@\ﬂﬂim o

stream section. Number of Pounds  Number of Pounds
trout per trout per
per aore aore per aecre aore
Brook trout

19kg v
Bection & 131 224 3e5 0.58
Section B 25.3 L.30 5¢3 0.88
S8ection & §207 8-97 13.5 2.26
Seotion b h?o 8'& ‘ 2505 itgi-
All Bestions 32.9 5069 - 10.9 1.82

Brook trout

1950 : :
Section A 13,0 2,01 Te5 1426
Section B 25.8 La31 10.5 1.75
Seetion © 5?07 8461 11.1 1086
Seotion D 62 9.55 21.8 5»65

Broma trout

199 | . |
seetian A 508 1,00 22.6 3079
Bection B 112 2.98 2548 899
Section C 11,7 3ell 30.2 9.12
Seotien D 7k 1.98 25.7 Te7h
All Seotions 8.2 2.19 23548 7.18

Brown treut

1950
Seoticn A 3.8 0493 11.9 359
Seotion B 15.4; 3,66 3349 10.25
Seotion ¢ 1643 3,98 5199 Ge37
Seotion D 8e7 2435 38.1 11,51
All Sections 10,6 2.61 27.7 8.37

Rainbow troud ,

199 | | |
Section A 2.1 0e55 1.1 .18
Seoction B 2.9 0075 0.8 e..'dg
Beetion © 309 60?7 0.0 0.00
Seetion D 1.6 0.2 Okt 0.06
_A11 Sections ~ 2ely 0,62 0.6 0,10

Rainbow trout

1950 . '
Sestion A Ot 0404 0oy 0.07
Section B 1.4 0.21 Oe3 0,06
8eotion € 0.6 Q.07 09 0.15
Sestion D ookt 0.0l 0.5 @-09
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Compering the data from the creel census with that of the
population sstimates, we find that there is soneiderable agreement
as o thy distribution of the trout in the different portions of the

stream, For example, isfwtian‘é € and D produced the grestest share o

wild brook trout to the anglers. The gopalaﬁox; estimates of brock
trout in these seotions also were very high éwpmd with the other
sections, Section B and G hed a high population density of browa
trout, heavy fishing p‘rﬁsu‘m*q‘,' and also gave the highest mturn %o
fishermen for this apesies (Table 5).

It is important to observe the tremendous &ifferences in
population density (as measured boﬂa by the catoh and by population

entimates) between thess rolatively ssmll adjscent portions of the
stroam, The physioal characteristies of the river differ enly slightly

from one gection to anmother (nble 1), %The difference in mimm
u‘hor Wnturu is also s.tig,ht. A m temperature of 80° F.
bas been recorded at the upper end of Seotion B and 75* F. at the
upper ond of Section D, which is the upwrm 'haunéa.ty of the axpart-

mental ares.

Bxplojtation of Hative trout

It is of utmost importance in the menagement of a sport fishery '

4o know the effect of the fishery on the available stocks. This rate |
of exploitation may be estimated er st lesst an index of its rate Ay
be obtained in several ways.

The total cateh per scre has been cmmpared with the population
remaining at the close of the season (Table 5), For the brook trout,
three fish were saught for ogch one remaining in the stream. This
retio was reversed for brown trout; only one f£ish was oaught for three

remaining at ths clese of the season,
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This difference in exploitation by anglers between brook and
bromm trout is shown also by an a.miyaia of the eateh as to size-
frequeney (Figure 1). The two species are growing at similar rates
in this stream, yet very few brook trout live long enough to grow to

10 inches. Brown trout over 10 inches long are eaught each year, and

many more of this size are left after the season closes. The difference

in angling quality furnished by brook versus browa trout was noﬁed by
Shetter (1950) and Sehuok {1942). However, neither author mentioned
what appears to be the most legical explanation of this phohmnon:
that there is an 1nhgnent wariness on the part of the brown trout in
avoiding eapture that is not shared in aqual measure with the breok

trout. It has been "known" to many anglers for some time that brown

trout are not so easily fooled as brook trout, but few date have

previoﬁsiy been advaneed to support this belief,
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