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Abstraet

Fish population estimates, using trap nets in the Paterson
mark-and-recapture procedure, were nade during 1948, 19L9 and 1950
on Sugarloaf lake in wnhmw County and éuring 1050 on Fife Ilake

in Grand frﬁora county, nohigan. The uu were of 'hm sisess

3.foot and 6-fost. The lake screages are. 180 o.nd 575, rocpcotivoly.
The fmpertant fish 'qrooin were bluegill, pwmpkinseed sunfish, |
‘ | yollow perch, hrgdnoutﬁ Dass, meallmouth bass, black erapple,
northern pike, yellew and brown bullbesds, and warmouth, The study
was limited te fish over six inohes in length. o
In four separabe nebiing periods, 17,867 fishifapproximately
half bluegills) weie gn?ked by f£in olipping and released, and 2,951

of these (17 percent) were recaptured.




Distinotive markings were used for fish from two halves of esch
lake, and recaptures were tabulated secordingly. This showed & small
tendency for maried r'i:svh, liberated 2t a common release station near
the center of the lake, to return to the same half of the lake where
marked; but the amount of this "homing" was not sufficient te mia._.
date the population estimmtions. Distinotive marking for twe groups
of stations, separated systematiocally aceording to even and odd hm’berl
in series, gave returns which showed no marked tendeney for fish “te
return to their homs trap net site.

The three separate estimations of populations ef legal-size fish
in Bugerloaf lake, oamputed by the Sohumacher and Eschmeyer formuls,

- gave 17,648 fish for the fall estimate of 198, a total of 15,531 fish
for the spring estimate in 1949, and 22,178 fish in the spring of 1950;
these totals, ocorrelated with the numbers of trap net stations on which
the estimates were based--30, 20 and 4O, respectively--suggest, by
extrapolation, that the true population figure is scmething less than .
30 thousand. The average computed total for the three years was 18,!;%
fish, or 102 fish and 43.1 pounds per acre., Estimations by the Sohnabel
formula gave totals whioh were generally a little higher than by the
Sohumacher and Eschmeyer formula, For Fife lake the estimated tetal
population was 99,056 fish or 172 fish of 62,3 pounds per sers. In
both lakes the bluegill made up over half ef the tetals.

Records of marked and ummsrked fish in angler's oreels immediately
following the trap netting provided another basis for estimating the
fish pepulations in Sugarloaf Iake in 19490 and 1950. Suoh estimmtes
were about deuble the estimates hso& on trap-net recaptures. The

reason for the difforence was not dctemimé.
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ESTIMATING FISE POPULATIONS IN li;ICHIGAZ\? LARES

By
Gereld P. ‘CooPer.

Regearch and menagement on inland sport fisheries have reached
the stage where a kmowledge ef total populations of fish is quite
essential to any major advance in this selence, Food hadits, other
ecclogical relations, life histories, stoocking for introdustions, _
and & basle pattern of regulations ‘have been studied and/oy ap;zsuu'
where same application has been apparent., While there is still mh |
nsed for research in iohthyology and basie limnology, a majer whu
sis must be on pepulations of fiﬁhs e

The field of fish m;mgﬁt ineludes: (1) stooking for uinwec,
(2) ru*brio-kiw regulations, and (3 ) miwn sppreaches to hsbiut

 imprevement inoluding population e-o:vereiﬁ In 'hhase three uput- af
fieh mi.gmnt. the nhtiwﬁmpml 'ut‘ whish is not muuﬁrily o
in the above order, we are inm m“imn from the desoriptive to ‘hha
quantitative approashe-<from the mnkmw-m-gcmul stage %o tho tm\ragu.‘
plmr-ninwgi-tmamnw stage. To sstisfactorily ﬂaltah |
ehanges in fishing rogulatiam, tho omtribuﬁon nade by minhmn«
ttoeking, or any type of lubiht impumm s we xmst be able te |
directly nﬁmh the total mumber of fish present in a given ntor,
or else 'bo got an indireot estimate of the pepulation through quntt- '
tative oreel census. ’

 While the uss ef the elsstris shocksr is proving imvalustle in

population estimates on streams, no ’eempanblo oollesting tool hﬁ Sgtn
devised for lakes, and perhaps never will be, sensidering the relative

insccessibility of lake fish, In lakes the general procedure must be |
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one of "dipping in" for s sample which will then give an estimate

of the whole, and the sources of bias in this procedure must be
recogniszed and appralsed, A few significant population estimates
have been made en small ponds which could then be drained (Sohumacher
and Esehmeyer, 1943) or poisoned (Fredin, 1950; Krumhelz, 19Lk),
&llowing & eheck on the accuracy ef the u’tinhs, but on most lakes
- this 48 not possible.

Pepulation estimates, by the Peterson method of mark-and.
recapture (Ricker, 1948) elsborated mathematically as by Schuabel
(1938) and by Schumacher and Eschmeyer (op. cit.), are dependent
upon several sssumed conditions (Ricker, ep. eit.) of fish behavior
and datribution. On the one hand each of ths geveral assumptions |
may be sritical to the seguisition of results of ofan usable acecurasy;
en the other hand, the validity of eash assumption is net always (in
faot, 1s ‘seldom) cbvious from available information on habits of the
different speoies, especially for fish in lakes of considerable area.
Estinates made en small ponds, subsequently drained, have gemerally
been of usable acourasy (e.g., Sohwmacher and Eschmeyer, op. oit.).

The ebitieal assumptions are that marked fish must retain their
eark, mt net suffer umrecorded mortality st a greater rate than de
wmmarked fish, and must be equally susceptible to subsequent recapture
aleng with unmarked fish. The latter means that the marked fish must

be distributed either at random over the lake or in mumerieal pro-
portion amongs. the ummarked population. If the distribution ef
marked fish is not at randam or proportional, then the distributien
of netting effort must be intensive and at random,




Beveral questions are of paramount importance (1) Should fish
be liberated at the netting sit:o’irhoée ‘eaptured, or at same 'disf'f-anﬁ
point? If liberated at the point of capture, say by s trap net,
should they be 1iberated in ﬁmt of the net where resapturs would
be 1&91& or behind the net,whers, in shallow water, reeapture
would be wlikely? (2) Doss the individusl fish have its own home
niche with a lmﬁd range af normal movement? If so, what is this
range of movement, and is the hem niche & seasenmal phenmmenen?
(3) When individusl fish sre removed from a home nishe to some remete
spet, do they bsoome wanderers and are they therefore more susceptible
to recapture by intercepting nets than are fish which have not been
disturbed? To what extent and how gquiekly do transplanted fish return
t0 & home niche? Generally the significance ef these questions is
greater in large lakes than in small ones,

The present paper deals with trap.net pepulation estimates on
two Michigen lakes on which experimental fishing regulations have been
in effeot (Cooper and Ohristensen, 1951). The aims have been to |
determine the sise ef the fish populations for eamparison with the
. total snglers' eatch somputsd by ereel ocensus, to calculate the amount
of survival frem plantings of hatehery smallmouth bass fingerlings
(marked by fin elipping), and to study the habits and distribdution
of fishes which are significant in the sssumptions of the mark-.and.
recapture prosedure,

Sugarloaf lake

This leke 1z located near Waterloo, in Washtenmaw County, in
gravel moraines, The lake was mapped in 19LlL by a special field party,
sounding on & grid pattern through the iees. The area is 180 acres,
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Host ef the lake is wniformly shallow, between 2 and 5 feet dsep.

4 very small area is over 10 feet, and I%hé maximum depth is 2, Tost
(Figure 1), Aquatic vegetation is abtméan‘k aver most ef the lake,
exoept within the 10-fook oontour. The fish population is typieal

of southerm Michigan lakes, hel_udlng northera pike, hrganouthhu,
bluegill, pumpkinseed mm‘:.sh,- warmouth, blask erappis, yellow pereh,
yellow and brown bullheads, bowfin, snd aéfvor:.l forage species., With
about 80 oottages on the lake and public ascess, fishing mmu# is
quite heavy.

_Pepulation estimates en Sugarlosf lake wers made by trap netting
in the £all of 1948 (Ootober 20-November 2l,), in the epring of 1glg
(Aprn} 20.-3ay 22), and in the epring of 1950 (April 18.Jume 1). The
several trap nets ware ef twe sizes: 3.foot, and 6-foot. The 3-feet
net was of single pet 3' x 3' x 67, 12-1’1:. wings and hearts, 11"&- |
 lead, 2 1/2" and 3" stretohed mosh, #12 and #9 thread seine m.ao;
the é-£4. net with double pot 6! x b x 161, 20.£t. wings and’ mm,
150-£¢. lead, 2 1/2", 3%, and L mesh (hak pot, front pot, aaé. lua,
roapoeﬁvely). #15 snd 412 threaa seine m {See Crows, 1959, for
similar nets.) The nets were fished at 3@ shtions in 1948, 29 i.n
199, and 40 in 1950, For axpeﬂmnhl purposes the shﬁenn mre
groupsd, and released fish were merked wfoﬂntly, scoording to twe
halves of the lake (east and west). All fish were releﬁ.u’d st t;een&al
station. The distribution of netbting ;ﬁtiom over ¢the lake was
systematie, snd designed to give uniform distribution ef netting effort,
with the smaller trap nets fiihing in shallower water., The patterns
of net stations in 1G4S and 19L9 were similar te that employed in
1950 (shown in Pigure 1), with fewer stations mere widely seattered.
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The procedure was te fish & net at & given station over three
nights, and o 1ift the nets and process and release the fish each
morning. After s three-day set, the net was moved to & new station,
The stations (nwmbered in Figure 1) were fished in nimerical éx;dor;’ o
with nets of each size fishing eoncurrently in the two balves of the
lake, usually with eix nets in centinuous operation. In 1g9L8, the
procedure was to fish a eamplete round ef the 30 siations, fellewed
by two weeks of continwous netting at 8 etations; in 1949, two cemplete
rounds were made of the stations for 3-.ft. trap nets and four ocomplete
rounds were made of the 6uft. trap-net stations; in 1950, the 1ol
prooedure was followed for the 20 stations mmbered 1 to 5, after
which one round was made of stations numbered 6 to 10, The general
procedure, then, was to fish several nets on & systematic sehedule at

numerous stations continuously for four to six weeks, marking snd

resording all fish.

Fife lake

This lake is located in Grand Traverse and Kalkaska eounties, It
was mapped by & speeial field party in 1937. The area is 575 aores;
the mamiwum depth, 55 feet. Throughout 67 percent ef the lake area,
the water is less than 20 feet deep. Submerged aquatie plants are
generally abundant out to a depth of 15 feet. The fish population
includes the yellow perch, bluegill, pumpkinseed sunfish, northera pikv;
largemouth bass, emallmouth bass, rock bass, black erappie, walleye, and
bullheads, listed generaily in erder ef importance to angling. There
are about cottages on the leke, and fishing is of moderate intensity.

For the population estimate, trap nets, 3-ft, and 6-ft., were
fished, from June 16 to July 19, 1950, at 60 stations (numbered 11 te 70),

mestly located in water less than 20 feet deep, The stations were
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divided equally Between east and west halves of the lake, and equally:
secondarily by quarters, Netiing, thres nights per station, was
systematized, starting six nets at statioms mmbered 11, 21, 31, 41,
51, and 61, followed by moving the nets to stations in the 2.series
(12,22,32), ete. The result s that & Q—!ﬁ. net was being fished
oontinmlly in ueh qwter of the Im. ané . 3-tt. ne'h tantinu\\ily»
in esch halr. 311)&!‘1150 relesse’ -tatiana were used for the two halves

of the hkc. (See Pigure 2)

!oeords i
on 'beth Sugarloaf and Fife k.hea. fish were marked by fin |
élipping before release, using a different fin for each half of the
lake snd for eash year. Capture and reccvery records ineluding tm o
of marking were kept separately for each station. Recaptures mro i
agq‘m’vtj'rmaportad %o the releass station, There is mo basis for
believing thet fin regemeration would interfere during the shert time
that each study was in pragruj. In addition to the netting records,
the fisld party regularly exemined the laks surface and shoreline for
& record of dead fish (marked ones) which might have been killed by
netting operations; and an intensive ocreel census gave daily 'figvurei
§n the removel by anglers of marked and ummsrksd fish, This study is
eonoerned with pike larger than 1l ineches in length snd eother speoies
over 6 inehes; smaller fish were taken wunccmmonly by the $rap nats,
erate
The total mumber ef fish merked and released (Table 1) in the
four pepulation studies was 17,887; the total of recaptures was 2,991

or 17 pereent (Table 1). The recovery figure is & little misleading
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Table l,--Fumbers of fish marked and released (a) and mumbers reeaptured (m)
“in trap-net population studies, Sugarlcaf and Fife lakes.

Sugarloaf Iake Fife lake

| | 1948 1949 1950
Kind of fish : , - e
8 n ' 3 = . n 8 n
Blusgill o M3 U6 osks 252 k2 7 TR 70
loponis maorcohirus S
Rook bass : 82 3 67 & 38 107 517 29
Ambloplites rupestris
Pumpkingeed 60 2 303 L5 238 L8 727 24
ngmh gibbosus
Blaok orappie 218 60 229 168 102 116 680 25
Pomoxis nigromsculatus
largenouth bass 136 5 78 8 116 Il 302 26
Miorapterus salmeides
Smalimouth bass - - - - - 198 30
Mieropterus dolomieu /
Bullheads kog 334 159 &9 579 398 ek 93
Ameiurus matalis, A. nebulosus
x‘ll.y. . - - - — - - 77 2
Stizosbedion vitrowm
Northern pike ' ‘19 2 2 L & 18 58 1
Esox lusius
Catostomus occmmersoni
mmuﬁh ’.‘,1 - 511 51 % 101 - -nn
Chaenobryttus ooronarius
Tellew perch - - 7 -- 218 15 13 1
ﬁroa flavescens
Bowfin 80 6 7 21 153 56 - -
Ania calve
m. : 22 1 9 - 9 e - -

Iaghoataua osgous, _I_u gx_‘oductul

A1l species 2180 L59 3808 é258 1617 séhy 309

Nt
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beoause some individual fish may have been counted as recoveries st
least twice; e.g., see the black orappie under Sugarloaf lake, 1950,
in Table 1, The bluegill far eumﬁ\heraé other species in total
oaptures and‘sau the gmaﬁe'st ‘nﬁb;ei' of féoaptures. Bnllhudvi‘,’ bhok -
esapple, pumpkinseed sunfish, reck bass, and l'srgmuth, buss were ethnf -
dominant speeles. Angling recerds suggest that the yellow perch is

fay more abundant in the lakes than is indicated by the netting records,
and it seems obvieus thet 4t is diffiecult to cateh perch vith traﬁ nets
of the types here used.

Homing in redistributien

Where fish were marked differently in the two halves ef Sugarloaf
lake, and the recoveries were tabulated sseordingly, the analysis gives
& rough measure of the tendenoy ("homing™) of the fish %o return to the
part of the lake whore first oaptured. Because the distinotive marking
was not applied to each of the numerous netting sites, some ef the
sxactness to be desired in the study was lest. It might be inferred
that the stimulus which direeted a particular fish to his hams half
of the lake was an urge to returm to his original niche. But this
need not be se neocessarily, for general habitat eonditions may have
been a faotor, er peculiarities in the (systematic) pattern ef netting
sites and netting dates may have favored recapture in one half of the
hh mr the other half, Recoveries in the home half and in the
opposite half of the lake were distributed rather evenly throughout the
soveral weoks of each netting period. |

There was » small, but obvious, tendeney for fish to be recaptured |
in the seme hialf of the lake where first eaptured and marked, even

thongh sll fish were released at one central station. The 12,246 fish
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marked in Sugarloaf lake (Table 1) included; 6,055 fish marked in
the west half and 6,191 fish marked in the east half, Of 2,682 re-
oomioa on Smrlouf (of which 1,393 were marked in the west half,
and 1,289 were marked in the east), 1,590 were resovered in the game
hulz‘ whero markoé, while 1,092 ware recovered in the opposite half,
Furthermore, the tendency was consistent for th# two halves ef the
lake: west fish tended o retwrn to the west half, end east fish te
the east, in two of the three periods, wheress in 1948 the tendeney
was for fish frem both halves to be reeaptured in the west (Table 2),
“The preponderanss of homing fish amounted to L9B, or 18 percent ef the
total, A4s o faotor eausing bias in the population estimates, this
ﬁgm of 18 pereent sesms rather insonsequential, especially beosuse
it may have been only partly an expression of homing to the eriginal
netting site and also beeause the extensive pattern ef netting sites
would ecompensate somewhat for it. The significant eonclusion is that |
most of the fish redistributed %sslvea ever the lake generally and
did not return quiokly to a hame niche.

The 5,641 £ish marked in Fife Ieks inoluded 2,723 marked in the
west half (1,885 at edd-numbered stations, 838 at even-mmbered stations),
and 2,918 marked in the east half (1,739 at ed&- and 1,179 at even
numbered stations). The 309 recaptures (Table 1) had the following
distribution according to the lake haif and acoording o even- and odd.
nunbered stations, given as percentages of the numbers marked and (in

parentheses) the numbers of fish recaptureds

Marked at: Rescovered at: .
Wost.edd Woesteover Bast.edd East-aven
Wost-edd (1885) 2.92 (55) 2.18 (k1) 0.58 (11) 0,16 (3)
Wost-even ( 838) 2.7h (23) 1.07 (9) 0B (L) 1.43 (12)
Basteedd (1739) 0.2 (9) OuR (9) 178 (31) 1 (25)
Basteeven (1179)  1.19 (i) 0.93 (1) 2412 (25)  2.29 (27)



Table Em:wsi.s of recaptures of marked fish in Sug&rlanf Lake aeeordi.ns to

whether recovery wes in sme (8) or opposite (0) half as vhere crigimlly

sarked. Numbers of fish marked are given in Table 1.

-l -

 Half of

1918

949

1950

S‘oh‘il

Kind of fish deke 8 0 s o 8 o 8 o
marked | | o

Bluegill . Wesk 23 5 7, 45 183 160 280 21
Bast 5 13 &6 51 237 137 33 201

Rook bass West - 2 3 1 18 271 a3
, Bast - 1 2 2 L4 17 k1 g0
Pumpkinseed West 1 - i 3 18 2 33 5
Bast 1 - 26 2 19 9 W 1

Black erappie West 10 é a, 29 38 12 132 L7
East e7 17 11 Lk 33 33 n ol

Iargemouth bass Weat 2 1 1 1 21 2 2l L
Bast - g 5 1 10 8 15 11

Bullhead Test 138 ge 15 20 139 8y eg2 186
Bast 36 78 19 15 95 8o 150 173

Pike Wost - e 2 2 8 2 10 kL
Bast 1 1 - - 2 6 3 7

Warmouth West — - 10 10 20 21 30 31
Bast - - é 5 L2 18 48 23

Yellow perch Vest - - - - 2 L 2 L
Bast - - - wan 5 h. 5 h.

Bowfin . West 3 - é 5 18 1 . 30 16
Bast - - 7 3 20 7 27 10

gar West 1 - -~ - e - 1 -
E"t - - - e - - — -

A1l species Wost 181 % 200 117 M5 35 855 538
Bast 7 112 157 123 508 319 T35 554

West & Bast 251 208 366 2!40 973  6hLh 1590 1992
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Of the 1P85 fish marked in m west malf at odd-numbered stations,
55, er 2,92 pereent, were meaptareﬁ at west-edd stetions, 41 or 2.18
of ‘lzhe 838 ﬁeh marked at ns'&-own

| ’cmn’k at westweven stations, ote
:tatiam 23, er 2.7l pereent, were rooap%ured at wostwodd stations, ete.

!hese ﬁguru support twe eemciuniema quite definitely: i

(I) ‘Fish marked at odd-type or evemwtype stations did not vond

to be reup'burad more frequently at the sm« type shtion as whau |

marked, which mesns that they did not show & predmminant tendenoy '!;c
reture and be reoaptured at their home net sites. The recapture ﬁguru |

which are gigaificant to the point in question are enly thon for 35
recaptures in the same half of the lake where marked and relessed, Thus

in the above tabulation there are four pairs of data whioh should be

considared as follows:

Same Opposite Difference
55 m | 51N
9 23 -1
2] 25 + &
27 25 + 2

The mean difference is 42, and t is 0.6. It is highly improbable that
the fish returned more frequently te the *hame™ statiocns.

(2) The fish were resaptured approximately twise as frequently
in the same half of the lake where marked and rolu.iéd, which mas to
be expected in view of the fact ﬂnf two respective releass stations
wore ased for the two hslvee of the lake making recapture more likaly
1# the home balf, This conelusion is so obvious in the preceding
tabulation that & t-test on the date is wmeocessary. In appraising

the hming tendency, one might weigh the returns in preportion to the
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distance between release etations and sites of reoapture, with the
idea that the probability of reeapture must be a funstion of the
distance whish must be traveled to the regapture site. When the
average distanses in hundredths of a mile between the release

stations snd netting sites (as subdivided), as measured on the map,
are mliipliod by the eorresponding figures on persentage ef z-aetpm
for all speoies, the resulting distances and migration indexes are
obtained as Pollows:

Subject Fram o Tostatioms
' West-cdd Wost-even Eastmodd East-even
Aversge distances West r‘éi‘us!‘o 30 e 68 65
East release 68 69 30 - 28
Migration indexes  Westeodd 88 70 59 1
Westoven 8 3l 33 ol
Bast.odd 35 36 53 ko
Easteoven 81 &l &, &

The absence of a homing tendensy for even. or odd-numbered stations is
again apparent in these "corrected" figures. The eight index figures
whioh represent recapture in the home half may be oompared sikatisti-
eally with the oppesing eight’nlms 3

Seme half:  8,790;" 82, 3k, 53, ko, 6L, 64

Opposites 33, 36, 81, &, 39, 11, 33, o
in which the mean difference is 12.8, t is 1.08, and the probability
of @ifference is only 70 peroent. We oonclude then that the tendency
for fish to be recaptured more frequently in their hame lalf of the

lake was mostly a function ef distance to the nets, not a mattor ef

homing instinet.
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Papala'eian totals
Bstimhs uf popﬁlaﬁons were mads in all instances by the
formula of Schumacher and Esaimeyer_ (19143} and in most instances
Were repeated by that of Schnabel (1938), Only estimates byv ‘the
former fermula (generally somewhat lewer than by the latter) jare
olted hore. Computations were made for each spesies sepapately
(necsssary because of the species differences in rate of reccvery),
using the summation forsmula for mar&s ever the period of netting:
Population » fum of g& E’“ )]
o Sun of (m)
in which the following are daily totale: m in the number of marked

fish recaptured, u is the number of usmarked fish caught, and n is
the scouwmulating total 'mber of marked fish prosumed to bo alive
in the lake at the befimning of a particular day. Thus 3 accumulates
by the addition of newly marked Pish end the subtrastion ef marked
fish removed from the lake by angling or other névhl‘i’cyl.' (Figures
were ebtained by a eensus of angling and by inspestion ef the lake
for mortality.) Varianoes and sﬁnélré errors were caloulated by
additional formulee given by Sehusacher and Eselmeyer (op. oit.).
Among the ceﬁpuhﬂ totals (ﬁhh}) the bluegill led the lil‘t‘
of species, making up more than 50 pereent or‘the populations ef the
two lakes, Roek bass, l;mpkinsped ‘sunfish, bi-a_ek‘ erapphe, largemouth
and smallmouth bass, bullbeads, and warmeuth were other impertant
spesies, There is & general abesenee in the lakes of non-predaseous
fish of large sige. The three separate estimades of total papulat_ién
for Sugarloaf lake were 15,531, 17,648 and 22,178; and these averaged
18,452 #ish or 102 fish of L;S.il pounds per acre. The three sstimates

woere correlated slosely with the numbers of trap.net stations on whioh
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Table 3..<Estimates by the Schumacher and Bsehmeyer formula, of iegal;.gm £ish
in Sugearloaf Iake (180 mores) and Fife Iake (575 aeres) in Mishigan, based en Srap-net

recaptures.
e Sugarloaf lske e Fife Iake
Speciesy  Nmber Number Jusber  Nuasber  Lbs/aere  Number  Lbs./acre
Bluegill 12,hgh 11,61 1,012 12,715 18,6 56,511 23.6
Rook bass 972 232 997 73l 1ok &,845 2.0
Puspicinseed ™5 se3  es ez 13 1,18 5.9
Black orappie 511 302 126 313 0.7 13,673  12.6
Iargemouth bass 1,78 367 518 868 6.6 1,789 heo
Smallmouth bass ———— — ——— - - 7,26l 12.5
Bullheads 543 37L 992 636 2.3 L2l 046
Northern pike | 8o 119 27 157 1.8 | - —
White sucker - e - o o 36l; 1a1
Warnouth —  Lig0 2,389 1,273 2.3 e -
Yellow pereh - - 1,6155' 538 047 —— ——
Bowfin L78 163 133 365 7.0 _— -
Gars 77 - - 26 0.3 —— —
Totals 17,648 15,531 22,178 18g4i52 3.1 99,056 62,3

V!oo few recaptures of walleyes for an estimate; same for pike, warmouth, pereh and gars
in ocertain instances.
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tha estimates were ’eased-«-maly, 20, 30 and 4O, raspectiwly-umd
by ex%rnpalation one might uoncluéa that the true population figure
was something elossr to 30,000 fish. This hypothesis would mean that

the estimetes based on the lewer mmbérs of stetions were in error

(underestimated) in that the effestive "fields” of the trap-net stations

did not sompletely overlap, Carrying this thought one step farther,

if the use of trap nets at the rate of 9, & and h.$ seres per net.
station gave underestimations of 50 te 30 psreent, the sorrect size

of the trap.net field would be estimated at about 3 agres. Obviously
there is much cenjesture in the preeeding thoughts. The idea that

these uﬁm&tiani on Sugerloeaf iare :Banaidﬂ‘t'bly in errer Soumse of

the "effective field"™ question, i¥ not compatible with the rosuitl

of umlys:lh of reeapture recordsj for, if marked fish were redis-
tributed at random over the lake, i.¢., not unduly consentrated within
tnp-nert “ﬁaldﬁ,' the ﬁagres of total doverage would not be & eritieal

factor. The mlysis of recaptures citeﬁ above shmred that a "hcmina“

‘eon?.da'aey of marked ﬁsh was not over 18 percent for Sugarleaf lake and
much ious’ than that for Fife lake. There remain, ror an oxplmtion oi‘ ‘

the varhticn in Sugarloaf ntimtu. the possibilities that an scoumu-
lation of minor experimental errors are involved and that there may |
have been some anmnual fluotuation in mmbers of ﬁ.;h present.

The total population of Fife laks, of 99,056 fish, “’-
equivalent to 172 fish or 62.3 pounds per acre. -

Standard errors of the camputed populaﬁion estimates for
Sugarlesf lake were gemerally sbout 5 %o 8 pereent for the 12 %o i
thousand dluegills and ﬁom 10 %o over 50 pereent for spesies nuwebering
less than a thousand; and the error percentages were similar for the

larger population estimates for Fife Lake. For the general applications
whioh might be made of these population estimates, the errors appear te

be of inoonsequential magnitude.




- Estimates from angling reeords

Another approach used in computing totel populations invelved
oresl census records interpreué in oanjmtion with the resords on
marked nah in the Iﬁe. An intensive éonau: on Sugarloaf lLake was
in operation, during whish approximately 1l percent of all angling
was recorded. In 1949 and 1950, for thres conseoutive four-week
periods immediately following the trap netting and marking, the census
olerk resorded marked and ummerked fish separately. Generally, the |
anglers fished for the specios which were of oonsern in the trap
netting. The numbers of marked fish which were presumed to be preaeixt
and alive in the lake at the termination of trap metting, and the

eresl eensus records, for species most sommonly taken by angling, are

given in Table 4. The figures appear to be espeaially good for the bluegill, 2

and fair for the pumpkinseed and largemouth. Data for the bluégul
show & rather definite deorease in ratio of marked to wmarked fish
over the three four-week periods, but suoch a Yrend is not obvious for
other spesies. In this linstance the istiaatas were made by a direot-
proportion formula in s single eomputation for each species.

The estimates based on census figures, for bluegills, show vari-
ation depending upon whether records for only the first L weeks are
used as ocompared to records for the 12 wesks. The de¢rease in relative
numbers of marked bluegills in the oreel records may have been an
expression of greater mortality of the marked bluegills or the result of
reoruitnent from growth, or both., The lesser (earlier) figures should
be more comparable with the trap-net estimates. The oreel estimates are
about double the trap-net estimates, rather eonsistently for all speeies.
The grand totals for all species in 199 and 1950 are around 35 s.m; L5

thousand as compared to 15 and 20 thousard. The reason for the difference
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Table lj,~-Marked and ummarked fish in unglers’ ereels following trap netting,

and resultand estimates of fish populations, for sslected speciss,

Periods following netting

Yeear Haried Egtimates had on.
peles | Domfmmas  mmegeem wde 0L e

Bluegill W e 16 236 2,236 25,670 28,130
Pumpkinseed > 56 3 37 256 5,030 1,220
Rock bass 2 27 1 11 é 880 | 830

1850
Bluegill 125 585 86 63k 35505 19,910 23,750
Pumpkingeed 12 79 1Y 126 222 1,680 1,970
Rook bass 2 L3 5 63 380 8,550 6,130
Iargemouth bass L 14 16 157 173 3,370 2,170
Bullhead 1 8 8 20 571 5,10 2,350
Warmouth 3 16 6 32 565 3,580 3,580
Bowfin 1 Iy L2 148 2,070 1,760

13
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is not epparent. Mortality, reoruitment, and bias in sampling are
possibilities. One argument supporting the estimates from orcel data
is that the ganbination of netting and angling is theoretically the
better precedure, because the one mathod of oolleoting avoids sémc

of the sourees of bias of the other,

Acknowledgments
Many individuals in the Institute have made important eontri-
butions teo this study. The field party members ineluded R, C,
Barber, J. H. Claridge, G. F. Myers, D, E. Parsons, K. E, Proshek,
R. F, Sﬁmuér,‘ D. Fo Thomas and H, J. Vondett., ¥r. Thomes alse
| oollected and summsriszed the ereel ocensus datva referred to here,
and XK. B, Christensen and R. N, Schafer o.uiiud in oemputations,
The late Henry E, Predmors, Jr. eontributed much in planming and
supervision., Dr, A, S, Haszard has made numerous helpful uuggevstiom.
Literature ofted
Cooper, &orald P,, and Kenneth E. Christensen
1951, Testing new fishing regulations. Mishigan Conservation,
Vol. 20, No. 3, pp. 15,18«20.
Crowe, Walter R,
1950, Construction and use of small trap nets. Preg. Fish,
Culturist, Vol. 12, Yo. L, pp. 185-192.
Fredin, Reynold A. -
1950. Fisgh population estimates in small ponds using the
marking and recovery teehnique. Iowa State col‘vl. Jour.
Soi., Vol 2L, Noe L, pp. 363-38h.



Brumhols, louis A.
1oL, .&'eho’&k on ‘the fineelipping method for estimating

fish populgtioﬁ. Pap. Mich. Acad. Seci., Arts and
lett., Vol. 29 (1943), pp. 261-291.
Bicker, William E.
1948, Methods ef estimating vital lmtisﬁcs’or fish
populations, Indisna Univ. Publ., Sei. Ser. Ne. 15,
101 pp.

Sehnabel, Zoe Bmily
1938, Estimation of total fish population of a lake., Am,

¥ath. llomthly, Vole 55, Ro. 6. PPe 3)48‘3520

Sehumacher, Fo. Xop and R. We. Eﬂﬂmayer‘
1o43. The estimate of fish popuiation in lakes or pandse
Jour. Tenn., Aoad. Sei., Vol. 18, No. 3, pp. 228-2L9.

TNSTTTUTE FOR FISHYRIBS RESEARCE
Gereld Pe Cooper

|

Approved by A« Se Hezzard |
' |

I

Typed by B. Ae Lowell




