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MIGRATION, GROWTH RATE, AND POPULATION DEN-
SITY OF BROOK TROUT IN THE NORTH BRANCH
OF THE AU SABLE RIVER, MICHIGAN*

Davip S. SHETTER

Iustitute for Fisheries Research, Michigan Conservation Department
Ann Arbor, Michigan

Since the trouts, and particularly the brook trout, are among the
important fishes pursued by the sport fishermen in the waters of
Michigan, any information concerning their habits in natural waters
will be a distinct aid in a management program. This paper discusses
briefly the information obtained to date from recoveries of tagged wild
brook trout marked and recovered in the North Branch of the Au
Sable River. Tagging has been carried on since July 1934, and is
being followed through at the present time.

These studies have been conducted on the North Branch in the region
of Lovells, Michigan, located in the northeastern corner of Crawford
County. This particular stream was chosen for the following reasons:

1. It supports a relatively large brook trout and brown trout popu-
lation. There were formerly many rainbow present but they have
dwindled in recent years.

2. It is, through most of its course, a wide and relatively shallow
stream and consequently is more readily seined than most trout
streams.

3. It is rather heavily fished by an exceptionally intelligent class of
fishermen, and it was felt that they would readily cooperate by report-
ing any captures of tagged trout.

The so-called “‘strap” or clip type tag, bearing a serial number, was
chosen from the three types 1 available as the tag most suitable. This
tag is applied to the mandible of the trout by a relatively simple opera-
tion. A small slit is made with a sharp knife or scalpel under and inside
the mandible. The short end of the tag is inserted through this slit
and is then clamped through the lock-hole on the opposite (long) end
of the tag so that the jawbone is completely and firmly encircled when
the projecting lockpiece is pinched down with a jeweler’s pliers. To
allow for growth of the jawbone, the resulting elongated oval is spread
to an approximately circular shape by pressure on the tag applied
from both ends by means of the pliers. The feasibility of this method of
tagging has been demonstrated by hatchery experiments (Shetter,
1935).

® This study has been conducted through the medium of tagging. It has been in operation
since July 1934, and still is being followed through at the present time.

 Cobb (1933) conducted an experiment along similar lines in Connecticut trout waters.
Eov;e;er, he worked with hatchery fish using the internal tag, and all recoveries were made
y flshermen.
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The pools or portions of the stream that were seined were selected
by cruising the stream carefully to locate comparatively heavy con-
centrations of fish in water that could be seined. Seines of different
mesh size and lengths were tried out, but the most success was ob-
tained by the use of a 34" mesh (bar measurement) fifty feet long and
six feet deep.

With the exception of a few quiet-water pools, most of the seining
had to be done down stream or across the current. Captured fish were
placed immediately in a wash tub half full of water, or were measured
and tagged directly from the seine. The fish were measured on a board
on which a ruler had been inset. Total lengths only were recorded dur-
ing the first two summers, but since this spring, standard, total and
fork measurements have been taken.

Careful notes, both on tagging and on subsequent recovery are kept
as follows: date, location, lengths, species, tag number. During this
summer (1936), scale samples have been taken from all fish tagged and
all fish recovered.

Each recovery is recorded on a separate card, as this was found to
be the most convenient method of filing the recoveries (Figure 1). This
filing method facilitates compilation of all data.

198.......... NORTH BRANCH OF THE AU SABLE
Soar . ves ig:,;perin;;,t ...........
(BROOK), (BROWN), (RAINBOW), i eiiiartnsnasnn [ )
o Tog No.
How Recovered (SEINED), (FISHING) By Whom (I. F. R.)
Date when Recovered.....cocveiineneiivenannnnas Length when Recovered....cevoeecesscransens
Date when Tagged. . oveeeiinriniirnosnnconcecnnns Length when Tagged.....c.cvoveececonaans
Total Days Out.......ccvvvenrinincianoas Growth in Eighth IncheS.....covcnvevenns
Stream or Lake County T R Sec. Location
‘Where Tagged NORTH BRANCH .....vvvvvvninne sasans sasnne Gessestass secsecncerssisoans .
Where Recovered..cv..vienunnnes sivienarvasnans  eeress ssen 14 eevbeceets esemsesesssecasecs
Distance traveled.......... miles Direction traveled (UP), (DOWN), (NONE)

INSTITUTE FOR FISHERIES RESEARCH
MICHIGAN CONSERVATION DEPARTMENT

TAGGING EXPERIMENTS RECOVERY DATA

Fig. 1—Card used to file information on the recovery of a tagged fish. Size 3 X 5 inches.

Migration—The migration data of this paper are based on recoveries
obtained from brook trout tagged between July 25, 1934 and February
15, 1936. Between these dates 3,098 brook trout, 161 brown trout and
6 rainbow trout were tagged. Between the same dates 776 (25%) brook
trout, 17 (10.5%) brown trout, and 2 (33%) rainbow trout were re-
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covered—a total of 795 trout or 24.3%. A large number of the brook
trout have been recovered from one to five times during various sea-
sons ; therefore many more records of growth and migration are avail-
able than the above figures indicate. These duplicate recoveries should
be an added source of detailed information on seasonal growth and
movements when the study is completed, since through these recoveries
one can trace the life history of individual fish over a period of time.

Recoveries have been assembled into two different groups:—those
recovered during the same year that they were tagged, and those that
were recovered after they had been free over at least one winter. Tables
1 and 2 give the results of the recoveries within the years 1934 and 1935
respectively. Tables 3 and 4 give the results of over-winter recoveries
for the years 1935 and 1936 respectively. The following facts may be
determined from the data in these tables:—

1. The brook trout in the region of Lovells do not undertake any
extensive movement during the months of June, July, August, and
early September. The majority (anywhere from fifty to 100 per cent)
show no migration (Tables 1 and 2).

TABLE 1. WILD BROOK TROUT TAGGED AND RECOVERED DURING 1934

Tagged Recovered
Down Stream No Migration Up Stream

Month Month No. % Av. Miles Yo % Av,.Miles
July July 42 23 0.45 67 10 1.10
July Aug. 135 6 0.35 83 11 0.62
July Sept. 62 21 0.50 60 19 0.50
July Nov. 48 3 0.40 11 58 0.59
Aug. Aug. 57 .. 100 .e
Aug. Sept. 60 10 0.60 75 15 0.26
Aug. Nov, 18 45 0.40 .e 55 0.380
Sept. Sept. 89 4 0.60 91 1 0.10
Sept. Nov. 84 15 0.19 33 52 0.65
Nov. Nov. 6 .e 67 33 0.24

2. Recaptures of tagged brook trout on the spawning beds during
late October and early November indicate that the majority (between
fifty and fifty-five per cent) of the breeding fish moved upstream on the
average of less than a mile (0.785 mi.) to spawn. Approximately
twenty per cent of the fish recovered were found to spawn in the im-
mediate vicinity of the tagging locality. Approximately twenty-five
per cent of the fish recovered had moved down stream to spawn,
;r)awelmg on the average slightly less than one-half mile (Table 1 and
3. The direct evidence on the winter migration habits of the brook
trout is scanty. Results of winter and early spring seinings in the same
areas that ordinarily contain trout throughout the warmer months of
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TABLE 3. OVER-THE-WINTER RECOVERIES MADY. DURING 1935 ARRANGED TO SHOW
MIGRATION TRENDS

Tagged Recovered
Month Month Total Down Stream No Migration Up Stream
1935 1936 No. No. %  Ave. Miles No. % No. 9% Ave. Miles
Sept. May 1 .. .. .. .. 1 100 0.50
Nov. May 2 1 50 0.75 1 50 .. ..
July June 6 4 67 1.30 .. .. 2 33 1.50
Aug. June 2 1 50 0.12 .. . 1 50 1.75
Sept. June 11 5 43 0.80 4 37 2 18 2.00
Nov. June 8 3 37.5 0.33 3 37.5 2 25 0.50
July Aug. 5 2 40 1.75 2 40 1 20 0.06
Sept. Aug. 5 2 40 0.38 1 20 2 40 0.63
Nov. Aug. 6 1 13 0.25 .. .. 53 87 0.87
July Sept. 2 .. .. 1 50 1 50 1.625
Sept. Sept. 2 1 g0 0.12 1 50 .. .o
July Nov. 2 1 6o 0.12 . .- 1 50 0.12
Sept. Nov, 4 2. 50 0.37 2 50 .. ..
Nov. Nov. b . . 4 80 1 20 1.25

TABLE 4. OVER-THE-WINTER RECOVERIES MADE DURING 1938 (TO JULY 26)
ARRANGED TO SHOW MIGRATION TRENDS

Tagged Recovered
Month Month Total Down Stream No Migration Up Stream
1935 1936 No. No. %  Ave., Miles No. % No. % Ave. Miles
June April 1 1 100 0.5 e .. .e .
Aug. April 4 2 50 2.0 2 50 .. ..
Sept. April 3 3 100 0.2 .. .. ..
Nov. April 2 .. .. 1 50 1 60 11.0
June May 3 2 67 1.0 1 33 .e .o
July May 2 .. .. aree 1 b0 1 560 4.0
Aug. May 10 4 40 2.8 1 10 5 50 0.4
8ept. May 6 2 33 b 1 16 3 i) 1.1
Nov. May 9 8 89 1.0 . .. 1 11 3.25
Aug. June 6 1 16 0.75 2 33 3 50 1.0
Nov, June 3 2 67 1.75 . . 1 33 1.0
Aug. July 10 3 30 0.75 5 2 20 0.08
Sept. July 1 .. . 1 100 e .e
Nov. Tuly 17 5 30 0.75 1 63 1 7 1.75

* Mileage not given as one trout moved out of the North Branch.

TABLE 5. ABUNDANCE OF BROOK TROUT IN SEINE HAULS DURING MID-WINTER
AND EARLY SPRING, 1936, IN THE NORTH BRANCH OF THE AU SABLE
RIVER, MICHIGAN

Month Number Total Trout Ave. Number

of Hauls* Captured of Trout Remarks

Por Haul

Jan. 11 800-1000 80-100 Close to normal sﬁmmer size range.
Feb. - 12 43 3.0 About 5% legal trout (7 inches).
March 14 11 0.8 All less than 6 inches,
April 15 55 4.0 About 5% legal flsh.
May 21 336 16.0 Less than 109 legal fish.

130 ft. x 8 ft. mseine used, mesh 3/8 inches, bar measurement.
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TABLE 6. RESULTS OF HATCHERY EXPERIVMENTS TO DETEEMINE THE EFFECT OF
JAW-TAGGING ON GROWTH RATE

Tagged Un-tagged 1
Number Ave. Total Length Number Ave. Total Length
(inches) (inches)
Northville Hatchery Brook Trout
Measured Oct, 7, 1935 100 4.0 100 4.0
Remeasured Apr. 2, 1936 832 8.8 100 6.6
Paris Hatchery Brown Trout
Measured Jan. 4, 1936 202 8.8 53 8.7
Remeasured Mar. 18, 1836 1793 8.9 528 8.7

1 The un-tagged fish measured as controls were random samples from the same population
as the tagged fish.

217 tagged fish probably lost through merganser predation.

323 tagged and 1 un-tagged fish died during the sub-zero weather in February. No
deaths since then,

TABLE 7 GROWTH OF WILD BROOK TROUT OF VARIOUS SIZE GROUPS AT
DIFFERENT ‘‘SEASONS”

Bize Group (inches) * 23 % 4.5 74 6-7 % 89 %
Grand Average
“Summers’’ 1934, 1935

Trout Recovered 24 75 243 22
Ave. Days Out 24.2 26.7 34.0 19.8
Ave. Increase Per

Day (inches x 10) 0.09 0.09 0.10 0.08

Grand Average
“‘Autumn’’ 1934, 1935

Trout recovered 2 56 36 11
Ave. Days Out 49.0 50.1 563.8 63.7
Ave. Increase Per

Day (inches x 10) 0.05 0.07 0.05 0.06

Grand Average
‘“‘Early Winter’’ 1935, 1936

Trout Recovered 1 31 14 [
Ave. Days Out 61.0 60.6 60.3 60.5
Ave. Increase Per

Day (inches x 10) 0.02 0.03 0.02 0.03

Although a slightly different type of jaw tag was used in the Paris
experiment, and the experimental subject was the brown trout instead
of the brook, the results are of a similar nature, and indicate that
there 1s no significant difference in the growth rate between tagged
and untagged fish, at least under hatchery conditions. Insofar as has
been determined from the literature, this is the first time that a syste-
matic study of the effect of tagging on the growth rate of the fish has
been carried out. If tagging does not interfere with the growth of the
fish, growth studies made by means of tagging are valid.

In studying the growth rate of the wild fish, individuals were grouped
in intervals of two inches and three arbitrary time periods were set
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up. The time periods chosen were “Summer” (June 1—early Septem-
ber); “Autumn” (late September—mid-November); “Early Win-
ter” (from the spawning season till mid-January).

Although approximately 776 brook trout were recovered by seining
in the one and one-half years of study, only slightly more than half
were tagged and recovered within one of the single time periods
defined above. Growth on these particular fish has been computed
as the average increase per day. The results of the computations will
be found in Table 7.

The following conclusions seem to be justified by the data in the
foregoing tables:

1. Growth is progressively slower from summer through early
winter but there is a measurable increment during this latter period.

2. There was a slight indication that fish of two to eight inches
total length grew faster during the summer and autumn periods than
did those of the eight to ten inch group. All fish apparently grew at
about the same rate during the early winter period.

Recoveries during the months of February, March and April have
been too few to attempt an analysis of growth during late winter and
early spring.

Population Density—Since the total number of fish, both tagged
and untagged, was known for thirteen seine hauls made during the
spawning season of 1935, an attempt was made to calculate the popula-
tion of that portion of the stream in which these seine hauls were made.
If it is assumed that there was no loss of tagged fish by death, or loss of
tags from fish, and that all tagged fish taken from the stream by
fishermen were reported, the number of tagged brook trout in the
stream at the time of the 1935 spawning season may be estimated at
2,437.

From carefully counted seine hauls at several different points within
one and three-quarters miles, 463 untagged brook trout and 69 tagged
brook trout were obtained. The estimate of the population of this
stretch of the river is made by means of the following computation :—

463
Number of brook trout in stream (1.75 mi.) =2,437 x ——= 17,-
69
059 brook trout.

From this result it may be determined that the number of brook
trout (size range four to ten inches) per mile of stream in the region
of Lovells is approximately 9,700. From the same figure, the number
per acre is approximately 700.

The following problems are among those being studied at present by
means of tagging experiments conducted by the Institute for Fisheries
Research: )
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1. The applicability of the scale method of growth determination
with respect to different species is being tested by scale samplings from
trout and other game fish both on tagging and on recovery. The
combined data when correlated with length measurements taken at
the same times should yield important information on the relationship
between scale growth and body growth.

2. The tagging of 500 hatchery fish and 500 wild fish early this
spring on the North Branch will, we hope, make possible a comparison
of the possible differences in the growth rate, the survival, and the
migration habits of the two types of fish.

3. Tagging of several hundred game fish in Fife Lake, Michigan,
just before the opening of the season in combination with the intensive
creel census there should also give us information on the population
density and the growth rate of the species tagged.
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Since the trouts, and particularly the brook trout, are emon; the impore
tant fishes pursued by the gport fishermen in the walers of iichijen, eny io-
formation concerning their habits in natural waters will be e distinot aid in
a managesent pro;rame. 7his paper discusses briefly the in‘ormation obtained to
date from recoveriss of ta;:;ed breok trout marked and recovered in the North
Branch of the Au Sable Rivere Tazzing has been ocurried on sinse July 1984, and
is bein; followed throuzh at the present time.

These studies have been conducted on the Horth Branch 4n the rezion of
~ovells, !ichlzan, located in the northeastern eorner of Crawford County. ¢This
partieular siream was chosen for the following reasons:-

le It supports a relatively larze brock trout and brown trout populatiom.
{There wore formerly many reinbow prssent, but they have dwindled in resent years.)

24 it is, throush most of its course, a wide and rolatively shallow stream
and consequently 1s more readily seined thau most trout ctreams.

3. It 15 rather heavily fished by an omoptlomuy-intolli.‘;ant clace of

_ fishermen, and it wea falt that they would rsadily coopersie by roportin: any
oap.ures of tazed trout.

The so-cmnlled "strap®™ or clip type tag, bearin; & surial number, was chosen

from tho three t;pes availabls as the tez mos’ suitable, 7his mmrk is ajplied te
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the mandible of the trout by a relatively simple opsreation. A small slit is
made with & sherp knife or sealpel under and inside the mandible. The short
oend of the tag is inserted through this slit and is then clamped through the
deak-hole on the opposite (long) end of the taz so that the jawbone is come
plete and firmly encircled when the projecting lockplece is pinehed down with
the jewelor's pliers. To sllow for zrowth of the jew-~bone, the resulting
slonzate oval 1s apread to an spproximately circular shape by pressure on the
tag applisd from doth snds by means of the pliers,

The feaaibility of this method of taygzing kas beeu demonstreated by hatshery
experiments (Shotter, D.Se - 1986),

The pobla or portions of the stream that were seined were selected by
eruisinz the strean carefully to loeate ccumparatively heavy caoneentrations of
fish in wmter thet could be seined., Seines of different mesh size and lengths
were tried out; but the most success was obtained by the use of & 3/8" wmesh
(bar measursment) fifty feet lenz snd six foet deep.

With the exveption of a few gquiot-water pools, most of the eelning ad to
be done down streeam or across the eurrent. Csptured fish were placed immediate-
ly in a wagh tub mlf full of water, or were measured and tagzed directly from
the seine. The fish were measured om & board om which a ruler had been insst,
Tetal lengths only were recorded during the first two sum:ers, but since this
spring, standard, total and fork msssurements have been taken.

Cereful notes, both on tagzsing and on subsequent recovery are kept as
follows: date, locstion, lengths, apeciea, tag number, During this summer
(1938), scals samples have been taken fram mll fish tagsed and all fish recovered.

Fach recovery is recorded om & separate card, as this wes found to be the
most convenient method of filing the recoveries (Figure 1.,)., This filinz method

feoilitates compilation of ell data.
Hicration

The mizration date of this paper are basod on recoveries cbtained frem brook
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ttout taggsd betwesn July 25, 1934 end lovember 16, 1936, As shown in Teble 1,
e :otal of 3,266 trout were ta::eé of which 1,111 (34.1%) were recovered, 981
(29.6%) by seinings the balance by returns fron fishermen.

Recoveries have been assembled into two different groupsy - those recovered
during; the same wear that they were tu;jed, and those that were recovered after
they had besn free over at lesast one winter, Tubles 2 and 3 give the results of
the rscoveries within the years 1954 and 1936 respectively, Tables 4 and 3 zive
the results of overewinter reccveriss for the voars 1335 and 1936 reapectively.
The followin: facts may be determined frow the dats in these tablesie

1. The brook trout in the region of Lovells do mot undertake any extensive
movement durin; the months of VYune, July, Auzust, and early September, The maj~
arity (anywhore from £ifty to 100 percent, show no migrstion (Tables 2 and 3).

2, leocaptures of tassed brook trout on the gpawning heds during late Oectober
and 2arly Yovember indicate thst the mejority (between fifty and fifty=-five pere
cent) of the breadin; fieh moved upstream on the averaze of less than a mile
(04788 mi,) to spawn. Approximately twenty percent of the fish recoversd were
found to spawn in the imwediate vicinity of ths tagzing looslitys. Approximately
twenty=five peroent of the fish recovered had moved down stream to spswn, travelling
on .he average slightly less than one-half mile (Tablee 2 and 3),

3. The diroct evidenoe on the winter mi ration habits of the brook trout 4s
soanty. +“esults of winter and early sprin; seinin:s in the seme areas :hat ordin-
arily contain trout throuzhout the warmer months of the year ars shown in isble 8.
The scarolty of fish in the seine hauls certainly indicates that the trout populae
tion has desorted thie region durin; the colder months.

However, from iables ¢ and 5 it will be seen tha* the majority (fifty-three
peroent) of tho fish recovered im April and lay were taken at points down stromm
from whore they were recorded durin; the summer and autuma of the previous year,

This fact, combined with the results of the winter seininis of 1938, seems to hear
out the conclusion that there is s downstream movement of the bulk of the trout

population durin; the colder, winter monthse This mevement may possibly carry
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them as far as the Main Siream of the Au Sable (18 miles down stresm)e (ne recove
ory of & ta;;ed fish from e stream ou: the southern side of the Aun Seble drainage
su; este the possibility that some, at lsast, mav perform this reletively lengthy
mizration,

4¢ It will be noted that st lemst onesthird of the over-the-winter recover-
{es taken in midesummer and sarly fall were fish thet had returned to the place
where they weure tagzed the previous yeware 7The remainin: two thirds of the mide
sumner and early fall recoveries were, on the aversze, less than & mile up stream
or down stresm from the point of tagzing, indiesting that the dulk of the pepulae
tion returns each year to the same zenersl aresas ocoocupied the preesding vear

(Tebles ¢ and 5).
Growth Rate

Sinoe certain Eurcpean writers (Wunder, Debrosses, 13936) have expressed the
opiniocn that tazging on the g£ill cover of coarse fishos reduces the rute of ;rowth,
the effsot of jaw tagzing on rate of growth of trout was tested in two hatchery
sxperimeunts. The results of these experiments are shown in Table 7.

Althouzh a slizhtly different type of Jaw tag wers used in the Puris oxperie
ment, and the axperimental subjeet was the browmn trout instead of the brook, the
results sre of & similar nature, and indloate that thsre is no siznificant differe
oﬁoo in the gzrowth rate between taz:;ed and unta;;ed fish, st lemast under hatchery
eonditions. Insofar as hag been determined from the literature, this is the first
time that a syetematic study of the effeot of tagging om the srowth rate of the
fish has been carrisd out, If tagsing does rniot interfere with the growth of the
fish, zrowth atudies made by means of tagzing are wvalid, |

In studyin: the ;srowth rate of the wild fish, individuals were grouped in
intervals of two inches and three ardidmary time perieds were set ups The time
periods chosen were “Sum:er® (Juns 1 = early September); “Autumm™ (late September -
mideNovenber)s “tarly Winter® (from the spawning season till mid=January).

Althouzh approximately 950 brook trout were recovered by soining In the one
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and one~half years of study, only slishtly morse than half were ta;;ed and recove
ored within one of the sinsle time periods defined above. ULrowth on these partio-
ular fish has bosn computed as the avera:e inerease psr day. The results of the
‘Sumiputatione will be found in Table 3.

rhe followin; consclusiona seem to be justified by the data in the foregoing
taless

le Growth 4s pro;ressively slower from sumzer through early winter but there
is a measurable inorement durin; this latter peried.

£+ Thers was & slicht indication that fish of two to 4izht inches total
longth srew ‘faster durin; the sumier and autumn perieds than did tliopp of the
eizht to ten inch zroupe All fish apparently ;rew at about the same rate du=-
ing the early winter period.

tesocoveries durin; the months of lebruary, Xareh and April have been too few

to attempt an analysis of growth during late winter and early spring.

Population Density

Since the total number of fish, both tazzed and untagzed, were knwwn for
thirteen soine hauls made during the spawning sewson of 1938, an attempt was
made to ealculate the population of that portion of “*he stream in which these
seine hauls were mmde. If it is aasumed that there was no loss of tazzed fish
by deuth, or loss of tags from fish, and thet all ta;zod fish taken Pronm the
stream by fishermen wers reported, the number of taz:ed btrook trout in the
stream at the time of the 1335 spawning soason may be estimated at 2437.

From oarefully counted seine hauls at seversl different points within one
and thres-quartars miles 483 untajzzed brook trout and 89 taz:ed brook trout
were obtained, The estimate of the population of this streteh of the river is
mmde by meens of the following computetionie

“unber of brook trout in stream (1.75 mi.)~ 2487 x f-g-g = 17069 brook

trout,

From this result it may be determined that the number of brook trout
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(size range four to temn inches) per :ile of stream in the rezion of Lovells is
approxinmately 8700, Irom the same fi;ure, the number per acre is approximately
700,

The followin; problems ars amon; those being studied at pressnt by means
of targzing experiments conducted by the Instituts for Fishsrisc iegearchi

1¢ The applioability of the seale method of growth determination with rese
peet to different species is beiny tested by sesle samplings from trout and other
game fish both on taziing and on recovery. The corbined data when correlated
with length measurements taken at the sams times should yleld important informm-
tion on the relationship between somle zrowth and body prowth.

2. The tazging of 600 hatchery fish and 500 wild fish early this spring
on the lorth Sreanch will, we hops, make pbuiblo @« comparison of the possible
differences in thes growth rate, the surviwval, and the nmi;ration habits of the
two types of fiah. .

S. Tagging of soveral hundred game fish in Fife Lake, iichizan, just before
the opening of the season in combination with the intensive oreel census there should
elso zive us informmtion on the pepulation density and the zrowth rate of the spocies
ta;s0d,
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Year xper
{2E0K) : (Rasm) p (GAINBNY) , { J
Lpeclien Tag ?i;. :
How Lecovered (SuINkD) , (FizHiss) dy Whem (is Fe Na)
Imte when ecovered lenzth when ~ecovered
Unte when Teg;ed v Lenzth when Ts;ed
Greowth in.
Total Days Jut Eighth lnohes
Stream or Lake Coumty T E  Seos locatiam
#here

Tessed  NORTH HRANUE

“hore
regoverad

Distance trevsled mtles Direction traveled(7) , (vo¥E) , (NOME)

IRBTIROTE. P4 FIOARRIES E8LAxCH

MICHIGAN ¢ BS RVATION DoranT uRYT

TAGGING 1P RIMGEHTS HECOVERY DATA

Fige 1o Card used to file informstion ou the
recovery ef & tezged r'ish, Sise 3 X 5 inohes.



Table le iumber of Trout Tegzed, Mumber Lecevered

and lethod of [ecovery.

froek rout Hrows rout Eslnbew irout
‘ooovered ~eoovered rooovered
Yoar 7a; 0d Seine Flshing 7Tezged Seins Fishing Ta;e8 Seloe Fishing

1934 1,576 431 48 57 7 4 2
1936 1,512 376 99 104 k 2 4
1936 10 79 - P e - -

Total 3,098 945 147 161 14 8 8



Tabls 2, Broek Trout Tugzed and Hecewsred During 1934.

Tagaed m“%:;.‘".:" Ho Higretios  Up sbtream
omth  Momth  Wee T Iveilles ——f i Kw. WiTes
July July 42 23 OedB 87 10 1.10
July Aug. 136 8 0.36 83 11 0.62
July Septe 62 21 0,60 60 19 0,50
July Hov. 48 3 0.40 11 68  0.59
Auge Auge 87 - - 100 - -
Auge Septe 8 10 0,60 75 15 0.28
Auge liov., 18 45 0440 - 85 0.30
Septe Sept. 89 4 0480 91 B 0.10
Seyte fove g4 15 0419 33 52  0.88

love OVe 6 e - a7 33 024




Teble 8. Brook rout ia:;ed in 1938 and Hecoversd June 1936

thru January 1936.

Tazzed Reoovered
" Down Stream Yo Rizration SLream

Aonth donth  H0e Ave, Vlles % Ave. Niles
June June 10 o - 90 10 O.12
June July g 60 025 - 50 1,60
June Auge 36 36 0.32 48 16 G.16
June Sept, 8 13 3.00 60 14 0.12
June KOVe 33 21 0.78 30 49 1,60
Auge Aug e 33 13 0.50 a9 18 .20
Auge SQFtQ 100 4 0010 92 4 O35
Auge iove 82 189 Ouid 35 46 0.60
30pt. Nove 21 9 0675 25 62 0630
Hove HOVe 28 29 0.70 84 7 0.20
June Jan. 6 16 0413 17 a7 0.43
Lug » Jane 16 37 O.32 13 80 0440
Sept, Jan, 50 1.12 - 50 0.08

Love Jan, 62 19 0.31 54 27 0.08




Table 4. Overwthe winter Recoverles liade During 1936
Arranced to Show izration Trends {fishermente-—returns

! ey l ! ] ! ! ) .
;Qd — i:“ov.m
ifonth onth  Total Down Stream Ho Mi:res

1934 1936 floe Noe @B  Ave. ‘lles Yt

Septe ey b § - = - o o= 1 100 0.50
Nov. uay 2 1 60 0.76 1 50 O -
July June 6 4 67 1.30 -— - 2 33 1,50
Auge June £ 1 60 0.2 = e o 1 80 .76
Septe  Jume 11 § 46 0480 B 2 18 2,00
Hov. June U 3 37.8 0.33 3 7.8 2 28 0.60
July Aug. 5 2 40 1,76 2 4 1 -2 0.08
Seta Aug. 5 2 &« 0438 1 20 2 40 0.63
Nov, Au;:,. s 1 13 026 s ww b 87 0687
July Sept. 2 - o= - 1 580 1 5O 1.4526
Sept. Septe 2 1 50 0.2 1 50 S -
July liove 2 1 8§ 0.12 we - 1 §0 0.12
Septa Hove 4 2 50 0437 2 50 - -
Hove Kove 6 - o= -— 4 80 1 20 1.26




Table 5. Overethe-winter Lecoverios Mads During 1936

(to July 28) Arranged to Chow igration Trends.

Ta;:zed Recovered

Tonth-  Tomth o TomY JUown_Strean To Higration Up Stresm
1935 1936 Hoe Roe % Ave. dlles uo.m“'% e % Kve, 1les
Junse April 1 1 100 0e6 - - w- -
Auge April 4 2 860 2.0 2 50 -~ = -
Septe  April S $ 100 0.2 R -~ -
Nove April 2 - - 1 80 1 50 11.0
June May 3 e 87 1.0 1 33 -
July Say 2 - em - 1 B0 1 &0 4.0
Augz,. sy 10 4 40 2.8 1 10 § 850 0.4
Sept. Yay 6 2 33 * 1 16 3 50 1.1
Hove Hay 9 8 89 1.0 - o= 1 1 3.25
Aug. June 8 1 18  0.75 2 83 5 60 1.0
Kave June S 2 &7 1,78 - o= 1 33 1.0
Auge July 10 3 30 0.76 5 &0 2 20 0.08
Seute July 1 - - - 1 100 - - -
Rove July 17 5 M0 0.75 11 &3 1 7 1.76

siijlonze not jiven as one trout moved out of the KForth Branch.



Tuble G,

abumdance of fLrook Trout in Seine Hauls

During wide¥inter and ‘arly Spring, 1986, in the

Hterth Branch of the An JSable Hiver, ‘‘fohizame

Yenth " Rumber 3 Total Trout Aw. Tamber

of Haule Capiured of Trout Lenarke
Jane 11 80Q=1000 80=100 Close to normal suumer eise range.
iobe 12 43 8.0 About 6% leszal trout (7 inchee)s
#aroh 1¢ 11 Oe8 All lees than 8 inches.
Aprid 16 68 L8 About 6% legel figh,
timy 21 838 18.0 Less then 107 lezml fishe

130 % & [t, soins used, sesh Va inshes, lar meagurennnt,



Table 7. LResults of tiatchery :xpsrimsnte to .ebermine the LPleet

of Jawwtagsing on Urowth Kate.

Northville ilstohery BLreek Trout

Neasured Oot. 7, 1038 200 440 00 4.0
Remeasured Apr. 3, 1936 s’ 848 100 68

raris Hatohery Brm Trout
Hoasured Jane 4, 1936 208 848 53 8.7
Remeasured ar, 18, 1938 179 Be9 528 847

ithe unetazzed fleh measured as controls were randos samples
from the ssxme populstion as the tajged figh,

217 tag;04 fish probably lost through mergauser predatiem.

323 tag:ed nna:m-uggod fien ded during the subesero weather

in Pabruarye. o dosths sinoe then.



Table 8,

Sige Groups at Different "Seasons."

Growth of Srook Trout of Varicus

Sise Group (imohes) 2.3 7/8 45 7/8 8«7 7/8 8~9 7/8
Urand Average
"Sum.ers™ 1934, 1936
Trout Recovered 24 76 248 2
Ave. Days Out 24.2 26,7 4.0 19.8
Ave. L[norease ey
Day (inches % 10) 0.09 0.09 0.10 0.08
Grand Average
"Autunn® 1934, 1938
Trout recovered 2 656 38 11
Ave., Days Out 49.0 §0.1 53.8 63.7
Ave. Inoreass Fer
Day (inches % 10) 0.08 Q.07 0.08 0.08
Grand Averaze
“Larly Winter™ 1935, 1938
Trout Reoovered 1 31 14 ]
Ave, Days Out 6140 60.8 60.3 608
Ave, increage Per
D‘y (mchSI x 10) 0.02 0.03 0,02 0.08



Original: !r. Seth Gordon

Table 1 of the original Report No. 378 has ce - ?ishql)’i;‘tlrision
Vr. Rul
been omitted, the original Table 2 becoming lr. Shetter

Table 1 of this paper, Table 3 becoming Table 2,

etce
Revision of text
of Report No, 378
Prepared for
Am, Fish, 800,
Creand Raplds, 1936 MIGRATION, GROWTH RATE, AND POPULATION

DERSITY OF BROOK TROUT IN THE NORTH

BRANRCH OF THE AU SABLE RIVER, MICHIGAN

David Se Shottor
Institute for Fisheries Research

Michigen Conservatian Department

Since the trouts, end psrtioularly the brook trout, are among the impore
tent fishes pursued by the sport fishermen in the waters of Michigen, any informee
tion concerning their ‘hl.bitl in natural waters will be a distinot aid in a
mansgement progrem, This paper discusses briefly the information obtained to
date from recoveries of tagged brook trout merked and recovered in ‘the North Branch
of the Au Sable River, Tsgging has been earried on since July 1934, end 1s being
followed through at the present time,

These studies have been conducted on the North Branch in the region of Lovells,
Michipan, looated in the northeastern corner of Crawford Countys This particular
stream was chosen for the following reasonsie 5

le It supports a relatively large brook trout and brown trout populatione
(There were formerly meny rainbow present, but they have dwindled in recent years.)

2s It is, through most of its course, a wide and relatively shallow stresm
and oonsequently 1s more readily seined than most trout stroams.

3 It is rather heavily fished by an exoeptionally intelligent olass of
fishermen, and it was felt that they would readily cooperate by reporting eny

oaptures of tapged trout,
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The so-called "strap" or clip type tag, bearing = serial number, was chosem
from the three types evailsble as the tap most suitable, This makrk is applied to
the mandible of the trout by e relatively simple operation, A emell slit is made
with a sharp knife or soalpel under snd inside the mandible, The short end of the
tag is inserted through this slit and is then clemped through the lock=hole on the
opposite (long) end of the teg so that the jewbone is cumplateyznd firmly encireled
when the projecting lookpiece is pinehed down with 5;;-jewoler's pliers, To allow
for growth of the jawbone, the resulting elongatd*bval is spresd to an approximately
circular shape by pressure on the tag applied from both ends by meens of the plierse

The feasibility of this method of tagging has deen demonstrated by hatchery
oexperimonts (Shetter, De S. = 19355),

The pools or portione of the stream that were seined were selected by cruising
the stresm carefully to locate comparatively heavy concemtrations of fish in water
thet could be seined, Seines of different mesh size and lengths were tried out, tut
the most success wes obtained by the use of a Q/b” mesh (bar measurement) fifty
feet long and six feet deep,

With the exception of a few quiet-water pools, most of the seining had te be
done down stream or aoross the curremt. Captured fish were pleced immediately in
a wash tub helf full of water, or were measured and tagged directly from the seine,
The fish were mesasured on a board on which a ruler had heen inset, Total lengths
only were recorded during the first two summers, but since thias sepring, standard,
totel and fork measurements have been taken,

Careful notes, both on tagging and on subsequent recovery are kept as follows:
date, location, lengths, species, teg number, During this sumer (1936), scale
gamples have been tasken from all fish tarped and all fish recovered,

Each reocovery is recorded on a separate card, as this was found to be the most
convenient method of filing the recoveries (Figure 1). This filing method facilitates

compilation of all data,
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Higration

The migretion deta of this paper are besed on recoveries obteined from brook
trout tegged between July 25, 1934 end February 15, 1936, Between these dates
8,098 brook trout, 161 brown trout and 6 raj.r.'bow trout were tegged, Between the
seme dates 776 (25%) brook trout, 17 (10,5%) brown trout, and 2 (33%) rairbow trout
were recoveredesa total of 796 trout or 24,%. A large number of the brook trout
heve been rocovered from one to five times during veriocus seasons; therefore many
more records of growth end migratiorn are available than the above figures indicate,
These duplicate recoveries should be an added source of detailed informstion cmn
seasonel crowth and movemente when the study is completed, sinee through these
recoveries one can trace the life history of individual fish over a period of time,

Recoveries have beon assambled into two differemt groups: « those recovered
during the same year that they wers tagged, and those thet were recovered after
they had been free over at least one winter, Tebles 1 and 2 give the results of
the recoveries within the years 1934 and 1935 respectively, Tables 3 and 4 give
the results of over-winter recoveries for the years 1935 and 1936 respectively,

The following facts may be determined from the data in these tables:-

1, The brook trout in the region of Lovells do not undertake any extemsive
movement during the months of June, July, August, and early September, The majority
(anywhere from fifty to 100 per cemt) show no migration (Tables 1 and 2),

2 Recaptures of tagged brook trout on the spewning beds during late Ootober
and early November indicate that the majority (between fifty and fifty-five per
cent) of the breediny fish moved upstream on the average of less than a mile
(0,785 mi,) to spawn, Approximately twenty per cent of the fish recovered were
found to spawn in the immediate vicinity of the tepgging locality. Approximetely
twenty=-five per cent of the fish recovered had moved down stream to spewn, travelling
on the average slightly less than one-half mile (Tables 1 and 2),

3¢ The direct evidence on the winter migration habits of the brook trout is
scanty. Results of winter and early spring seinings in the same areas that ordinarily

contain trout throughout the warmer months of the year are shown in Table 54 The
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scarcity of fish in the seine hauls certainly indicates thet the trout population
has deserted this region during the colder months,

However, from Tables 3 end 4 it will be seen that the majority (fifty-three
por cent) of the fish recovered in April snd May were taken at points down stream
from where they were recorded during the summer and autumm of the previous year,
This faoct, combined with the results of the winter seinings of 1936, seems to bear
out the conclusion that there is a downstream movement of the bulk of the trout
populetion during the colder, winter months, This movement may possibly carry them
as far as the Main Stream of the Au Sable (18 miles down stream). One recovery of
o tearred fish from & stream on the southern side of the Au Sable drainsege sucpests
the possibility that some, at leeet, may perform this relatively lengthy migretion,

4. It will be noted that at least one-third of the overethe-winter recoveries
teken in midesummer and early fell were fish that had returned to the place where
they were tagged the previous year, The remaining two-thirds of the mid-summer
and early fall recoverics were, on the average, less than e mile up streeam or down
stream Irom the point of tagging, indleating that the bulk of the population returns

each year to the seme genersl areas occupied the preceding year (Tables 3 and 4),
Growth Rate

Since certain BEuropean writers (Wunder, Debrosses, 1935) have expressed the
opinion that tagging on the gill cover of coarse fishes reduces the rate of growth,
the effect of jaw tagring on rate of growth of trout was tested in two hatohery
experiments, The results of these experiments are shown in Table 6,

Although a slightly different type of jaw tag waes used in the Paris experiment,
and the experimental subjeot was the brown trout instead of the brook, the results
are of a simllar nature, and indicate that there is no significant differemce in
the growth rate between tagped and untagged fish, at least under hatchery conditions,
Insofar as has been determined from the literature, this is the first time that a

systematic study of the effect of tagging on the growth rate of the fish has been
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carrisd out. If tagging does not interfere with the growth of the fish, growth
studies mede by means of tagging are wvalid,

In studying the growth rate of the wild fish, individuals were grouped in
iztervals of two inches and three arbitrary time periods were set upe The time
periods chosen wers "Surmer® (June 1 - early September); "Autumm" (late Septamber =
mideNovember); "Farly ¥inter" (from the spewning season till mideJanuery).

Although spproximately 950 brook trout were recovered by seining in the one
and one-~helf years of study, only slightly more thar helf were tagzed end recovered
within one of the gingle time periods defined above, Growth omn these partioular
fish has been corputed as the averapge increase per days The results of the computes
tions will be found in Table 7,

The following conclusions seem to be Justifled by the date in the foresoing
tables:

1, Growth is progressively slower from summer through early winter but there
is a measurable increment during this leatter period,

2e There was a slight indieation that fish of two to eight inches total length
grow faster during the sumer and autumn periods than did those of the eight to
ten inch group, All fish apparently grew at about the same rate during the early
winter period,

Recoveries during the months of Fevruary, Harch and April have been too few

to attempt an analyels of growth during late winter and early spring,.

Populetion Density

Since the total number of fish, both tegged and untagged, mlmo-n for
thirteen seine hauls mede during the spawning season of 1935, an attempt was made
to calculate the population of that portion of the streem in which these seine
heuls were made., If it is assumed that there was no loss of tagged fish by death,
or loss of teags from fish, and that all tagged fish taken from the stream by fisherw

men were reported, the number of tagged brock trout in the stream at the time of
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the 1935 spewning season uway be estimacved at 2,437,

From carefully counted seine hauls at severul different points within one and
three-quarters miles, 463 untagged brook trout and 629 tagged brook trout were obe
taineds The ostimate of the population of this stretoch of the river is mede by
means of the iollowin; computetions=

Number o. brook trout in strosm (1475 mi.) ® 2,437 x 3‘%;. S 17,069 brook troute

Prom this result it may be determined that the mumber of brook trout (sige
range four to ten inches) per mile of strean in the regiom of Lovells is approximately
9,700, From the seme figure, the mumber per acre is approximetely 700,

The following problems are among those being studied at present by means of
tegging experiments condusted by the Institute for Fisheries Researchs

1. The applicability of the scale method of growth determination with respeot
to different species is being tested by scale samplings from trout and other game
fish voth on tagging and on recoverys The combined data when correlated with lemgth
measurements takem at the ssme times should yield importent information on the
relationship between scele growth and body growthe

Ze The tagging of 500 hatchery fish and 500 wild fish esarly this spring on
the North Branoh will, we hope, make possible & comparison of the possible differences
in the growth rate, the survival, end the migration habita of the two types of fishe

3¢ Tagging of several hundred game figh in Fife Lake, Michigan, just before
the opening of the season in combiretion with the intensive creel cemnsus there should
also give us information on the population demsity and the growth rate of the species
tagged,
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