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Abstrent

The fish population of Deep Lake (Bekland County, Michigan) was
killed by peisoning with rotenone, It is believed that almost all of
the fish one year old and over were resovered. An unknown number of the
young of the yeer fish may not have beoen foumd, although e spescial sffert
waz made Yo recover as meny of these small fish as possible. 4 btotal of
27,329 fish weighing 562,7 pounds, was recovered, or 38,0 pounds per acre.
Bluegills were the most abundant species. Legal game fish made up 3.2
percent of the number and 56,1 percent of the weight of all figh recoversd.
Date are presented on the length, weight, and numbers of fish by age |
groups and year classes for the individual specles, Comparison is made
between the total fish populatisn (in pounds per scre of lake surface)
of Deep Lake and other natural lakes in Michigan, Wisconain, Florida, and

Hova Baotiae
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Intreduction
On September 12, 1okl, the fish ‘pcp&lsﬁian of Desp Lake was killed |
by poisoning with rotenone and remeved from the lske, This poiscning
olimaxed a Li-yesr study, initiated by Dr, R. W. Eschmeyer formerly of
the Institute staff and concluded by the senier suthor, on the spawning
habits, production end survivel of four sentrarchid species in Deep Lake.
The present study is an analysis of that pertien of the fish population
of ﬁeey Laka that was raewarvd subuqmt to the peiaeai.ng
ﬁqap m«w has been prin‘kaly m&d for W yaara. 3‘& imx mar
been used extensively for swimming, beating, or fishing, Sinee 1936,
the cwners, s few friends and neighbors, and members of the Institute
staff have been the only people who have fished on the lake. In 1937,
the owners reguested that the Institube make & survey of the lake and
submit reccemendations for its management becauss they believed the lake
would support trout, A pﬂlﬁtmf Wv&y made in 1957, indieated that
the lake weuld be ideal for a%z&_a experisents, In 1958, permlssion
was granted by the met;:i%v uge the lake for experimental purposes. A

goneral bislogiosl inmventory wes made in 1973% Obgervations and axywi» : L

mﬁs were begun in 1938 on many phases of the life history and reprﬁ» ‘
éw%&an of the largemcuth bass, rosk bass, bluogj.n and pumpkinseed
sunfish (Carbine, 1939). These experiments were coneluded in September
1941, by the poiscning and removal of the fish population, During this
period of investigation, pricr te the poisoning, & tobal of 9k fish of
all sizes were removed fram the lake by Tnstitube persomuel, imsluding
the lake-inventory party.

‘The enly record of manhgement was the introdustion in Hay 19357 of
\chug no tua} and golden shiners.

4 orysoleucas), Both specles of minnows failed to establish



themselves in Deep lLake and wers never taken by seining,

| Angling pressure st Deep Lake evidently has never been exovssive,
slthough prior to 1937 it is alleged to have been Tished "fairly heavily?
In 1038, someons was fishing on the lake nearly every day during the
sumer, From that yta,r wntdl iokd, fishingmﬁge& off under imrauingly
stringent sontrol of the use of the lake by the owners, A¢ compared with
the state as » whole, angling quality was found to be somewhat below |
| average by Institute personnel who used the lake frem 1938 to 1gid. Blue.
5111§ mmm the cateh, followsd by the punpkinseed and 3argmaﬁa
btass in that order. Yellow perch were taksn enly ccoasionallys, Rook
basa were taken frequently before 1939 bub seldom entered the cateh in
1940 and 1gki, |

mmﬁ.g'kiw of ﬁm lake
WP Ii&kﬁ is looated in Section ﬁ?, 2. L K.. R. 7 Eo, Reta ?msmp,
hné %my, in smthmstem ﬁichigm. ’!he J.ai:e !’alh :mu-ly zm'feetly.
iata the categery of pit la.ku (333%, 1921 )1 4% ds Wem&&ﬂ by high,
wwp bmka. s.zila snd terrsin in the a:-amga area of the hka are au
8y and the land is ia aul’siwtion, gutmgu. or in farm mﬂaﬂ.

%ha high mxa, from the water lovel to the mdulaﬁng ridges above the
1&&0. are apursaly wosnded, _ -

A bislogical imn‘bwy of Bug Ianke wes mds by a smy par’%y t‘rm
the Institute for Fisheries Bessarch on July 2, 1939. Their musnrm‘ka
and findings were supplemented by later tminatiem ef the hka mm
the inwstigatiml work cerried on there. Baep Lake has & surfaeo aru
of 1&.3&; soress a maximem length of 1,230 tce*& in & mmx Mnctﬁoa,
end & maximem width of 660 feet (Fi@a'n 1). !.’ha lake 1s aygrmimztaly
avp.l sud conslste of two basins, an ua‘bm with a meximos dopth of 61
feet and a mnm with & maxcimm depth of 51 foot, The mt«ﬁopamam
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Figure l.--llap of Deep Lake, Michigan (depth contours in feet), in which
the fish population was killed by poisoning with rotenone.
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ares aversges approximately 15 feet desp. The shoreline development is
1,12, The drepoff from the shoreline towsrd the center 1s mtrmly |
)e That portion of the Iittoral zome that may be considered suite

sble for spawning. ter species present (shore to 5 feet)

for the warmewat

sonstitutes only 11,8 percent of the area of Deep Leke, However, the
enkire 1:1%@:&1 zone, as messured by the lakeward ﬁsaiﬁ of higher submerged
: | ag:mﬂs plants, contained 57.0 parcent of the lake's surface area., Higher
sibmerged aquatic plaste grow in Deop Lake up %o depths of 20 fest. The
northern, southern, and eastern :&m imaz. varying from 12 to 62 fest
in widbh, are oompesed ehiefly of sand inberspersed with patches of
_gravel, rooks, rests, and vegetation. The bottom of the westera shoal
aren, vurymg fr‘m&é o ?a feet in width, is composed prineipally of
fibrous peat, decaying vegetation, revts, and agquatic plante. There is 3 1
_some mﬁerlyﬁng sand snd gravel in this ares, Patohes of elay sre present
4n soms of ths sheal arsas, spparently deposited by the rumoff frem
aﬁjeiaﬁng property. Merl formed from descmposed _% is aiw present in
vname pm of the sheal aress, ‘

Deep Lake has neither sn outlet mor & permanent inlet, One buineh

tile, ‘lmtad &t the southeast end fefv-"-bivio hlﬁo, drains s nmhy pnt@y
The zm is supplied principally by the snpagt of grmé water, Sw&a;i '
small, subsurface springa sre pp—. o e ;:rcamﬁ. The mﬁro lgh meeivu
. the runoff from less than 10 acres of land, Fluctustions in lake level
gsoldon mmount to more than a fost in one yemr. -

The water in Deep Lake is ral&‘é&ﬂlﬁ alm. A Secchi disk éhawmo’d
ab éopths of 20 to 2l feet. The degree of irmaparmy of Desp Lake 18 '
mach greater then the aversge for southern Michigan hkns. At the tim
ﬂm survey was made (late July) the lake was both thomlly and ehmieauy

stratified, A thermooline was present between 16 end 39 feet, The



temperature of the water ranged frem 79° F. at the surfece %o L2.8° P,
at the bottam (61 fest), At this time cxygen was found in quantities
sufficient to min‘caia ;’iuh life (5.(»3 DeDPelie) b0 depths of about 50 _tnt.v
Subsequent chemical anslyses iu late August and late September indicate
that oxygen was plentiful (3.3 pepems) to a depth of LS feet, The methyl.
orange alimlinity ranged from 8l to 93 p.p.m. &t the time of the survey, |
The pH m&d from 8,6 et the surface to 6.9 at a depth of 61 feet,

The agquatic vegetation was judged to be fairly abundant in Deep lLake,
in relation to the sres of suitable depth and bottom, Species found te
}; and the oatteil %
Those sonsidered common wers the swamp loosestrife

be abundant were the pondweed (Potamogeton natans,

& Identifieation of the aguatio plants was made hy krs, Betty B, ehrko
of the Botany Department of the University of Michigsn. '

Dense patehes of bulrush were soattersd over the sandy, shoal mg.‘
Water 1iliee were distributed more or less evenly around the lake, An
sbtundant patoh of oattail grew at the outlet of the tile drain. The widest
shoal aren was gsovered with a rather dense mat of pondweeds, water lilies,
and Chara, Same portions of the sandy, shoal sreas were relatively free
of aquatie plamts. Although there was a fairly geed growth of aguatie
plants in Deep lake, cover was still deomed inmdequate during certain



seasons af the yesr for all species of fish present. A few fallen trees,
logs, and boulders provided s minimm of psrmanent shelter that sould
have boen used during the late fall, winter, and sarly spring.

The éoimetm of the £1sh iseﬁlatinn of Deep m was aea@ntm
by means of pmréereé aerrs.s root {5 pereent rotencne &emen%). Ag@rm
m‘kﬂy éé§ pamé.z of dmu root were used which qmﬁty ampunts te
abmt 0.5 PePeite (1 pum of powder 'be 2 million parts of water w might). .
m method of a,py}.ymg the poisen was similar to that used by Esohmycr
{1937, 19?&) and Gr‘o‘mmvél'). In order to dia*ariubte the paﬁ.m
in the colder utera of the thwmslim and the hype}.imim, 3.arge bm-lug
m-a were filled vith a stife ;:mte of derris raat, weﬁ.ghxed and towed
ayﬂmﬁeany at various depths behind a m*kw?mm fm' 13 &aura. ﬁbcw
rmin&er of the paum wasE mixeé with water to form a very tm auspamim.
This mixi:wo wa s pﬁmred ento the surface of all parts of the lm fram &
mtor‘w;t‘ |

The la'kor minaﬁan of cagu cmtam:ms live fish glaaeé in the
lake befors peisoning ramlaﬁ that the poison mmtad %o depths greater
than LO feet, The burlapebag method of &ittribu‘king the poison into the
dqapir water obviously ims} successful, The failure %o take a.ny fish in |
lster netting ogéfrﬁiom mdiaaéos that all fish in Deep lLake succumbed
to the poisem,

A sonserted effert was made to collect as many fish as possible after E
the poisoning at Deep Lake, Visits were made daily for 17 daye following
the poisoning %o assure as e‘emplete & recovery as possible, It is bellsved
that almest all of the fish one year old and over were picked up. Ne
estinste oan be offerkd as to the percentage of the young of the yesr that
were found, A speeial effori was made to recover ss many of these m.’sl



e
£4sh as possidle. However, it is believed thet the resovery of the younge
@f,.gm.ym bluegilla, pumpkinsesds, geeen sunfish, and rock bass was far

from somplete. . The problems inoident %o the losabting of the 'y‘atmé wﬁ S

. %he very small fish after poiseoning sre menifold. The roiling of the
water by e;eueetar;é, concenls many spseimeng on the bottom with & fine
laysr of silt and detritus. Many more are hidden by beds of emergent
vogetation, Furthermore in the ﬁehénﬁmg of & ixke, the smuller fish die
first and Eschmeyer (1939) has shown thet namberl are saten by larger fish
before the latter ere affected by the poison. Inseots, enakes, turtles,
and birdas salso teke sdventags of this sudden sbundance of available rm.

- 411 of the fish sollected at Deep lake were sorted snd identified im
the field and in the laberetory by Pr. Carl L. Hubbs and ¥r, Walter E.
Crowe. ©Sosle ssmples and length mwemts were obtained frem all fish
over 100 millimsters long, except for the blusgills of which only & sample
was taken (approximately half of the specimens above 100 millimeters)s
Bimiler data were ah'&aimé alw for & large mﬂm ssmple ef all fish lesa
then 100 millimeters lomg. Aggregate weights were abtained of all of the
£ish recovered whils individual mtghéa, were teken on only B rendom sample
of the fish of each species, Mesmsurements 6fv gtandard and total leagth
{te the %ip of the tail with the upper and lower ‘adga'wallel) wore made
in millimeters and the fish were weighed to the nesrest gram on & platform
'M},anca._ All dsnte on lenmgth and weight were aamrtcd to the English
m‘tm and are presented here in that form,

Tantative dats on the average growth rate of certsin species inm

Nichigan waters which have been quoted in htar pages have been ‘além :
from an unpublished repert\Wof the Institute for Fisheries Heseareh,

\5’ Bqakmn. William €, Growth rato of some Michigan gams f:!.ahu.
Repert No. 7}41, ?abrmw 3, 1%2.
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 of figh. Without their aid owr recoveries would have been much less
acomplete.
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Numbers snd wig:m of fish resoversd
The finh pepuhﬁh was composed of 1l species at the time of

peisming Game fish and pan fiah recovered were the largmuth ha.aa
(____g salnoides), bluegill (Lepomis mamahimm s pumpkinseed (}ggm__}g.
gi bbom, green sunfish (Lepomia _ |
three combinstions of paremt mioa, rosk bass { 14t i
and yellow perch (Perca flavescens )e Coarse fish raeewrad were yellow

Ameiurus wg, mud p:u:o {__vamic ] atus}, and comsen
suokers m. . '

(Umbre lini), and & aingle spesimen of the zolden shiner ﬂomi onus

orysoleueas). 41l species in the &sseeiat:len are belisved to have been

m’eiva to the lake méét the common suckers, the mwéminnows, end the |
galﬁén shiner, The neéiigibh pumber recovered (2@%1; 1) ané the sisze
distribution of the common suckers and golden shiners lesves little
doubt that they had been introduced maidmtlj from fishermena’ bait



fable 1.-Smxmary &f the %ataz nmw and vmigh% of eaah spmm and tha number and pmmﬁa‘w 'm‘ at a.u fish recovered frem Beep lake
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af hgﬂ.
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iezai ﬁa}a of legal fish
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“byweigkt  perasre.

Pounds of
lagal fish

Largemouth bass 785
Yellow perch 817
Yellow bullhead 1,082
Green sunfisgh
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wlle
buckets, and the madwinnows, 'eay secasionsl overflow from an adjoining

A m‘h narsha

A total of 27,329 fish welighing 562,7 pounds, was recovered from the
lake, These recoveriss amount %o approximstely 1,347 fish and 38,0
pounds per sere, Of the total mumber of fish teken, 864 or 3.2 percent
of the total had attained, or were greater than, legal or “desirable”
length, (lLegal length for the. gome and pan fishes is buinches gxnept
for the largemcuth bags for whish the legal leagth ls 10-~inches., Since
thare is ne legal length for green suafish and bullheads in Miohigen, we
nave arbitrarily sst & inches as the desirable length.) These "legel”
fish were present at ihe rate of 58,0 fish #fez- sores The total weight
of logals and desireble~sized sgmmﬁs wee §1§.h pounds (R1.2 pounds per
aem} or 56.1 peroent of thi total poundage recovered, Date an the mumbers
gad weight of fish of the apecies rmwé ars m&fmim in Table 1.

Size #u& ags composition of t!m m&vﬁ&ml -nﬁmiu

No outstanding hmg&hriﬁw a;zﬁga#&é in the age emyo«a-i%im of
any é@s;aemh species of the total wpuhtiem The i(m nm‘b&r of yamg‘
of the year recoversd for each of the "native" species m be wmh&m
to the difﬁanzﬁic; of resovery (meny, ieam;asa were not found), to a
low production of young in the 194l senscn, and to matural death and
carmibelism, In presenting these data, it is recognised that the recovered
population ie preb;bly eonsiderably less than the actual populstion,
Young fish are, because of their size, missed more oftenm than larger fish,
Likewise young bluegills, pumpkinsceds, rock bass, and green sunfish mey
be missed more readily than young largemouth ban_, perch, and mxd pike.
The spring of 1541 in southern Kiehigan was apparently svernge sad a normal
produstion of eggs and young could have been sxpectsd in that season.
The presence of strong and weak yesr olasses in fish populetions has been



-
commonly observed., It is not knewn positively whether the 1941 yeer class
was good or bad, Considerable mortality probably ccourred hetween 'kht _ |
time ef‘ hatching and poisoning, A period ’«of" ai.ligi;?&ly less then two months
had elspsed sinos the end of spawming in Deep lake. I% is natursl %o
sxpect that the number of young of the year fish of all species would be
greatly reduced at the time of polsoning by desth from various caruses
ineluding esmaibalism. | |

These date suggest a weakness in the 1939 year olass {ageegroup II)
in all species aged with the exception of the roek bass and yellow perch,
In general, the differences in the strength of year clssees do meot folleow
the seme pattern for all species, with the possible exeeption of the 1939
year cless. The disoussion of the age composition and the strength ¢f |
the year olasses will be given in subsections for the individuil nwiﬁ.

Bluegill, Blﬁagim wore the most abundant species in Deep Lake
{Tsble 1)« A total af 16,059 fish of this species migma lﬁﬁféf.ﬁ pounds
wag rocovered. These figures represent 58.8 percent of the number snd
Li5.5 persent of the weight of the entihs pepulation. Thers were 5kl
legal size (56.8 per acre) bluegills (&mmi sxd over) whish amounted
to 3.l peroent of the total bluegill populatiom recoversd, The legale
sized biusgills weighed 17L.9 pounds (68.5 percent of the total weight
of bluegills reocovered end 11.8 pounds per acre). The ratio ef the
number of legal to undersized fish was nearly 1130, This ratio appears
large :Ln view of the faet thet the population was removed from the lake
only slightly less than two months after the lsst period of bluegill
apam:}.ng. The relative scarocify of young prohablva be atiribubted bLest
tosan incmpletg recavery of the young of the year,

The length, weight, and number of blusgills by age groups and year
slasses is presemted in Table 2, OFf the total bluegills sampled at the



fable 2,=eThe miniwmm, ms.m, and average length and weight, and the number of
bluegills of each age group recovered from Deep Lake |

Year
olass

Eetimnted

Humber total number Pervuntage . Total le ; Bumber Welght

of fish  of fish in of total {inches) of fish _ fawu%
oged  agogrowp xuber  Wange "’”!ﬁ'»‘”mﬁ‘y “Taige

vz
¥ii
L VIII

15l

9o

1939
19368
1957
19%6
1935
1934

1933

9,072 63.;5 Db 2,6 1.8 - : e - ‘;..

69 ok 3,6 L8 Mo 16 Oebe 1s2 0.8
183 11 haSe 67 5k 118 0.8- 2.9 1.6
218 1 Lo~ 8 64 11- 83 3

5% 0.3 To0n 903 B 1140=10.1 T
2 0.9 8.1~ 9:9  Bu§ 6.7-13:0 942
123 0.8 8e6e10.0 Duly Te3=1? W

6 G.0 Dbl 949 10s3=16.8 12,6

N EEEREE

FOrage

5,3% 33:& 1!8“ 303 2'5 i (e - ’ e

Total

s

2l vy 5B

L2 & J 8y

573 }'60'9% o e oo

VIndividunl weighte were obtained from only & part of the fish from which age determinations were made.
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‘ tima of poigoning, & random sample of 675 fish Mmyriaing grﬁ.mipuny
the olﬁor and .‘a.rger mnmm were used fer aga datemtima. i’hc
bnm wors snigmd o age groups meording ta the ab:arwd pwmﬁgs
age oomposition within the individual length intervals, (This same
mn&wﬂ .u: follewed for several other apwit:.) The ﬂpre‘a#%a’eim
of the w!‘»int age g?eapn in %hu bluegill were decidedly unequal. Aw
groups 111, I?. ¥I, and VIXW mch a’cmager then age~groups Il and 'f.
The unequal rmcmﬁaﬁm of the éi.ffarent age groups is probably éa»
to tha- varyiung degrows of suceess of na*mml reproduction in ﬁf‘tsrgnﬁ |
&}.mdur yeurs, Hile (19hi) Fﬂﬁaﬁé ent ¥hat although numbers of x’ish

. :'m age wuga my pos.nt rather eomlnaiwly isa m presence et‘ rathor

' iah or poer ym alasael ina peiml&tian, they do nob pmida an ma%

mensure af -khe '&m relative atrungth of ‘the m ahnu. In aa‘himating
the rolatin ttrongth ef 2 year elass it is wﬁimhrly wmt %

vfgin ﬁmliaam’kiaa to the age of the fish at the tm of «ﬁ*&ufﬁ Te

qwatt from Eﬂ.ls {p. 2}4&): ‘Uagsuming that the samp}.es ars u&eqm‘bo, i%
ia true gmmny that & s‘hrmg rcpremt&%im of an ol1d age gmnp mdiutu |

a much richer year slass than doss an equally large number of £ish several

yoars younger, On the other hand, & searoity of old fish may be merely

She result of naturel mortality over a loag period of years, whereas a

| searcity of fish .’m & young sge group is definitely suggestive of a posr

year class.” For the Desp Lake bluegill population, the 123 Viiegroup
fish (193 year éhu) and the 142 Viegroup fish (1935 year class)
indicate » far greater eriginal abundance for those jux- classes than

4o the numbers in groups V, IV, and 1IX for the year classes 1936, 1937,

and 1938, The 193k snd 1935 year olasses had been subjsoted to more

;ﬂutﬁ éf i:ntwu mortality and death from capturs by snglers than had

the 1936, 1937, and 1958 year classes., Likewise, the 56 Vegroup fish



| «15m
oan be said to indicate a much stronger 1936 yesr olass than the 69
Ilegroup £ish indicate for the 1539 year class. The 1939 yesr elass
(agwmap 11) was poerly represented snd may be classed s an EXCOD~
tionally weak year olsss. It is belisved that the 1540 ysar olass was
exoeptionally strong. The 194l ysar clasy cannck be evaluated sa%‘ ,
feotorily becsuse of the apparent faillure to recover every fish. |
The growth rete of the bluegills compares faverably with the tentative

sverage growth rete determined for the state (Figurs 2), On the average,
the bluegills were attaining legal length during thelr fourth season of
growth, At the time of poisoning, 20,8 peroent of sgeegroup IIL, 71.8
pareent of agewgroup IV, and all mmbar‘a of sgesgroups V %o VIII had
attained legal length. The sex ratie, based en & randem sawple of 365
fish {81l wevre fish greater than Z:saimhu} was L2 percent malss to 58
 percent femsles,
» unfish, The mmaaaé rapked geoond in abundance
m& third in welght among the !i&&ﬁiﬁi in ﬂm Lake, A total of 5,935
pumpkingeeds woighing 68,9 pounds was removed {Table 1) or 21.7 percent

_ of the total fish population and 12.2 percent of the total weight of

all fish recovered, There were 33 legal pumpkiuseeds (2.2 per nore)
weighing 7.5 pounds (0.5 pounds per acre) inm the lake, Legal fish
oumprised 0.6 peroent of the number and 10,6 percent of the weight of
the total number of pumpkinseeds resovered, The ratic of legal to underw
gized fich in this speoies was about 14180, This ratio is mah} larger
than thet fer the bluegill, but still sppears disproporticnate in view

of the fact that there wars so few legal pumpkinseeds in Peep Lake

and fower young of the year fish thaz there wers legroup fish., The ‘

growth rete of the pumpkinseeds in Desp Lake ms' slowsy than that of

the blusgills snd a lesser number of them appesr to attain legal length
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Figure 2.e=0rowth in length of bluegills and pumplkinseed sunfish in Deep
Lake (solid lipe), For comparison, the tentative state (Michigan) average

has been added {broken line).
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(6 immhes)y few of them ever exceed 8 inches either in Deep Lake or
in Michigan es & whole, Hembers of the Institube starf have nobed that
pmgms.eeda are much ensier to cateh on heok and line then bluegille.
It is possible, therefors, that the few anglers‘ that fished Desp Laks
ware eropping the 'p%tézpkinsaﬁ-&s a8 scon or shortly after they resched
logal lengih, The effect of the slow growth rate of the pumpkinsesds
cannot be ignored as a8 possikle factor in the small number of legal-
sizged fish present in the lﬁk&. There is the possibility thet natural
mortality would esteh up wiih reny of the puwpkinseeds before they
reeched legal sizes The scarcity in the mubsr of younge-ofwthe«yesr
pumpkinseeds carmot be attribduted entirely to poor recovery because
9,872 young~ofwthe=year biuegills were recovered as oompared ta 1,08
purpkinseeds. This soarcity of the number of pumpkinseeds is best
sbtributed to & poor hateh in 19k,

The length, weight, and number of pumpkinsesds by age groups as
determined from a sample of 363 fish is presented in Teble 3. Of the
3% pumpkinsseds that were over & inches long, only 2% had scales that
could be read with eny degree of eonfidences Two gquestionable specimens
wers disearded entirely. For this reascn, the accuracy mf the estimatesg
of the number of i‘iah in age~groups V to VII is opern to some question,
Aga#gz‘oup II (1930 year claas), as among the bluepills, appears weak,
Agew-group 0 (1941 yeer class) likewise sppears weak, Agewgroups III
(1938 yeer class) and I (1940 year clase) show evidenée of being
exseedinély strong and irdicate & much greater original abundsnee then
sge-groups 0 and II, The unequal representaticns of the differemnt age
groups is probebly due %o the werying degrees of suscess of mturél
reprodustion in different calender years, sspecially for the 1941 year

T

clagss The ease with which pumpkinseeds teke the balted hook is probably



Table 3sweThe minimum, maximum, and aversge length and weight, and the number of

pumpkinsesd sunfish of each sge group recovered from Deep Iaks

R ' Tetimated ' ’ o ’ '
Age Yoor Fomber total number Percentage Total length Number Weight
group  olass of fish of fish in of total {inches) of fish {ounces)
| aged ___ age group number __ “Hange Kversge  weighed¥  “Tange Average
o] 1si1 36 1,402 23.6 OuBull8 1.6 o S TP
I 1540 bk L 135L 63,7 1.5-340 a‘a Y. 0. 1=0.3 Q2
IT 1959 6L 119 240 3o luliels 3.7 59 0u3=140 045
11T 1938 sl ke 2.y 33u546 L6 53 0ube1,8 1.1
w 1937 59 102 1.7 L3607 543 63 0s8e345 1.8
v 1935 12 17 Ce3 642745 (N 14 19=le2 3.2
VII 1934 2 3 040 6olim649 647 2 3eBelie3 37

Total oo 383 5,935 s e ase 279 aud

‘;’Indiv‘idual weights were obteined from only a part of the fish from whioch age determinations were made.

[9e]
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r%pansibla; in part ab least, for the poor repregentation of the older
and larger specimens. The natural mertality rate for *hhéée older a.nﬁ
lerger fish is also probably great.

The growth rate of the pumpkinseeds was somewhat slower than that
tentatively oonsidersd average for the state (Pigure 2), Pumpkinseeds
are usually expected to attain the legal length of & inchee in gouthern
Michigan in their fourth summer of lifes The pumpkinseeds in Deep Lake
were attaining legel length, on the average, late in their fifth or in
their sixth growing seasons, At the time of polsoning, 8.5 percent of
agewgroup IV, 50,0 percent of ags-group V¥, and all of age-groups VI and
VII had attained legal length. The sex ratio, based on a random sample
of 15 fieh (41l L inohes or more in length), was 59 percent females to
L1 percent males,

Bluegill x pumpkingedd hybrid sunfish. A relatively large number

of this hybtrld combination was found in Deep Lake. 4 botel of 589
specimens weighing 18.5 pounds wes recovered (Table 1), Bluegill x
pumpkinseed hybrids rade up 2.2 percent of the nuwber and 5.3 percent of
the weight of all fish recovered from the lake (rank of ssven in both
numbers and weight), A totel of 27 hybride (1.8 f£ish per acra) weizhing
6,3 pounds (0.4 pounds per acre) had attained the legal size designated
for the parent species. Legal fish therefore made wp L6 percent of the
total nusber and 34,2 percent of the total weight of the bluegill x
pumpkingeed hybrids removed from the lake. The ratio of legal to undera
sized hybrids of this combination was about 1322. This ratio may not

- be ae wmatural as it appears since it is kmown that a number of faodors,
such as erowding on the spewning beds, whieh influence favorably the
incidence of hybridization may be present only in occasional years.

The small number of legal hybrids that were recovered may have veen
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reduced scmewhat bécause of the fiot tThat hybhrid sunfish were essier to
catoh on hook and line than were either of the parent species.

Sonls samples were cbtained from L23 of the 530 bluezill x pumpkinseed
hybrids recoversd from Desp lalke, Only L09 of these 427 specimene wers
useful for age determinstions (Table L)« It was not possible to amssign
age groups to the 180 fish that are not considered im Table L, because
sdeguate records of their lengths ars not availablos Phe relative streongth
of ysar classss doss not appear cther then normal except for the young
of the year where very few were collected.

The growth curve of these hybrids is plotted in Figurs 3 with ’tha
growth curves of the parent specles for comparative purposes. These
hybrids had a growth rate thet wes intermediste to the parent stock but
wag closer to that of their bluegill parent. On the average they were
attaining legal length late in their fourth or ium their fifth sesson of
growthe It has been obeerved by Hubbs and Hubbs (1931, 1933) that some
contrarchid hybrids bave a growth rate faster than either of the parent
species, This observation appllied particularly to those sunfish species
whioh in nature have comparable growth rates., In the present instance
we are dealing with parent species having noticeably divergent growth
rates, as the bluegills grew Pfaster than the pumpkinseeds, COur data
indicate é growth rate for the hybrids of the combination as being
faster in eash age group than the mean rate of growth of the pa;renis'
species., This agrees in general with the findings of Bailey and legler
{1938) for the smme combination of species in New York waters.

Sex data for the hybrids were not obtalned at the time of collection
but in all probability they wers predominantly mele and generally infertile
(Hubbs end Hubbz, 1933).

Other ceatrarchid hybrids. A total of seven green sunfish x

pumpkinseed hybrids weighing 0,3 pounds was recovered. These and twe



- Tabla LsewThe minimum, maximum, and average lemgth, the averege
weight and number of hybrid sunfish (bluegill x pumpkinssed) of

sach age group in a sanmple recovered from Deep lLake

| T ' ~ToRT Tength ' Iversge
Age Your Tunber o  {inches) weight
group clsse  of fish  Hinimum  Average  Haximm __(ounces)
¢ 1sla S S 1.6 1.9 e
I 1540 269 1.7 2.7 3.8 coe
I 1939 56 3.1 ha 543 0.9
1T 1938 ko L.3 5el 6y 1.5
¥ 1937 25 1.5 6.0 8.1 2.3
v 1936 5 641 7l 849 L.8
vI 1935 3 8.3 Bdi  Ba5 841
Total ves Log ers . eon | ose
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Figure 3.-=Growth in lenglth of the hybrid sunfish (bluegill x pumpml‘s?euj
2 - oo AT 1a 3 Yors ol ~
in Deep Lake (solid 1ine). For comparison ?Le growth in lenbt¥ of each
1 1 ] =311 " 3 »
parent species in Deep lake has been added (bluegllils, brcken line;

pumpkinseed, deots and dashes lins).
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bluegill z green sunfish hybrids recovered congtituted sueh u snall
frection of the total mubers and weight of Fish in the lake thet they
will not be treasted in detaill, Scale samples were taken from all specie
meng and wors used fcf age determinetions, BSix of the green sunfish x
puspkinseed hybrids wers in age-group I, Thelr total lemgths ranged
from 2.0« 2o inches and sversged 2,2 inches. The seventh spesimen had
a total length of 6.7 inches and was in its fifth swmmer of life (agew
group IV}, Of the two bluegill x green sunfish hylrids recoversd, sne
had & total length of 2.0 inches and was in its second swmer (ags~group I)
and the other had & total lenglh of 4.3 inches and was in its third
summer (age=group II). |

Sreen sunfish, OGreeu sunfish were the third most abundant spsoies
(LD percent of the total number) in Deep Lake but ranked only ninth
in weight (2.0 percent of the total weight)e 4 total of 1,090 specimens
weighing 11.0 pounds was recovered (Table 1)s There is no miniium
legal lsngth for gresn sunfish in Hichigsn but & inahes is arbitrarily
ennsidered to d&vi&s the desirsble from the undesirable, There were no
green sunfish of "desirable” length in the reandom sample used for age
determinations, However, five specimens, & inches or gver is total
lengbh, were recoversd from the leke (0.3 desirable-sized fish per
scre). The largest of these had a tobal lengbth of 6.l inches. The
ratic of desirable te undesirabls green sunfish was 13218,

Scale semples were saved from a rendom sample of 184 spesimens,
Date by age groups and ysar classes for thisz samule only are summeriszed
in Teble 5« The relative strength of year elesses appsers normel exsept
for the 1939 year oclass which like the bluegill snd pumpkinseed chows
ovidences of being weak, The rate of growth, (Figure L) was slow,

On the sverage, the green sunfish had not attained the desirable length



Table SeweThe minimum, waximum, and average length and the number of

green sunfish of each age group in a sample recovered from Deep Lake

Tumber Total length

Age Year of fish in _(inches)

group class age group Hinimom Average
o 19l 10 1.2 1.5 1.7
I 1940 12l 1.8 2.y 340
II 1939 12 3.1 3.7 Le5
III 1938 25 3.7 L8 5.8
v 1937 12 bials Suli 549
v 1936 1 oo 549 cos
Potel .vs 18h ves ess vee
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of & inches s® late as the end of their sizsh growing ssasone This growth
rate, though ssemingly poor, is fasgter then thet found by Zubbs and fooper
(1935) for this spocies in the same general aros of Michlian, Thesze suthors
eoneluded fror their study that relsiively fow gresz sunfish (in Michigan)
ever attain & leugth of & iaches. This and subssguent studles strongly
influenced the removel of sizs and bhag limits on this species in Mishigan,

- Largemouth bass. Although the largemouth bass was only the sixth

most abundant specles in the lake, 1% ranked second in weight. The botal
of 785 fish recovered frem the lake weighed 106.0 pounds {(Tsble 1}. Large-
mouth bass therefore asccunted for 2,§ percent of the number and 188
percsnt of the weight of all fish removed from Deep iake. The G7 legale
siged largzemouth bass (10 inchss and over) recoversd weighed 79.8 pounds.
The lezel fish represented 12,1 percent of the total number and 75.% percent
of tha'tetal‘waight of the largemouth basgs recovered, The ratio of legzal
to undersized largsmouth bass was about 118, This retioc sppears high and,
as smoag the sunfishy may be attributed to an incomplete recovery of the .
young of the ysar or to & poor haitch.

The length, weight, end number of largemouth bass by age groups and
year classes is presonted in Table 6, These data are tased on a sample
of 2l fish, 4inoldding all of the fish in egewgroup II and older. The
balance (&ll in ageegroups O end I) were assigned to age groups according
to the observed percentage age composition within the individual length
intervals. The representations of the various age groups in the largemouth
bass were decidedly unequal, This irregular representation is probably
dus to the fect that fish resulting from a partieularly suecessful hatch
prey upon the young produced in succeeding years. The 1039 year class
appears weaker than sarlier ysﬁr classes which situation conforms with an

apparently similar phenomenon ewong the sunfish species, The young of



Teble 6.s-The minimum, maximum, and average length and weight, and the number of

largemouth bass of each age group recovered from Deep Lake

' Estimated ’
Age Your Number total number Percentage Total length Number Weight
group class  of fish of fish in of total _ (inches) of fish (ounces)
aged _age group mmber "~ Range Average  weighed) “Hanpe  Average
o 191 59 569 . 72,5 16 Lo 2.7 569 Oule 0,5 0.1
1 1940 75 10l 13.2 Le7= 745 5.9 AN 0.8« 2,8 1.6
11 1939 16 16 2,0 Bel=l0e5 95 16 343w 9.3 6.1
111 1938 25 25 3.2 De3a11.6 10,6 25 6ulye12,2 8.7
v 1937 L3 13 5.5 10.8-13.1 11.5 L2 70l 1049
v 1936 18 18 2.3 11.4-13.9 12,9 18 Bo5mB2,0 17.8
vIo19%5 7 7 0.9 12.5-15.0  13.7 7 Ui525.0 18,2
vII 1931; 1 1 0.1 15.4 15.4 1 31.5 31.5
VIIX 1933 1 1 0.1 18.0 18.0 i L8.5 LB.5
= 1932 1 1 Oul 20.7 20,7 1 7940 790
Total see a6 785 ees o con 77 vor see

IIndividual weights were obtained from only a part of the fish from which age deteorminations were made,

=lEe
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the year comprising the 1941 year class might have been mare abundant
than the data indiecate, as ths raeovery probably was not complete, For
the largemouth bass population of Deep lake, the L3 IVegroup fish indicate
that the 1937 year class was originally far more abundant than the 1938,
1939, aﬁd 1940 yemr classes. The 1937 year class had been subjected to
more years of natural mortality and to a longer exposure to fishing then
hed the 1938, 1939, and 1940 yeer classes {(all 19LO fish were below legal
size). The relative strength of ege-groups V to IX appears guite normai,

The growth rate of the largemouth bass in Deep Lake (Pigure L)
closely epproximstes the tentative average rate of growth considered for
this speciss in Michipan waters. On the average the Deep lLake lsrgemouth
bass were attaining the legal length of 10 inches late in their third
or early in their fourth growing season. At the time of poisoning, 25,0
percant of age~group II, 88,0 percent of agewgroup I1l, and all of age-
groups IV to IX hed attained legal length. The sex ratioc, based on a
random sample of 153 specimens, was 57.0 percent females to L3,0 percent
malese

Book bass, This species ranked eighth in abundance {2.1 percent)
and £ifth in weight (4.1 percent) in the total fish population of Deep
Leke. A total of 585 fish {L0.0 fish per acre) weighing 22.9 pounds
(1.5 pounde per acre) was recovered from the lake (Table 1), A total
of i legalwsized (6 inches and over)Greck bess (3.1 fish per scre) that
weighed 9.9 pounde (0.7 pounds per acre) was recovered. Legal rock bass
made up 7.9 percent of the total number and L3.2 percent of the weight
of this species, The ratic of legal to undersized roock bass was aboub
1:13, 48 in several of the speoies discussed previously, the ratio of

legal to uhdersized fish is probably invalidated by incomplete recovery

of young of the year,
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The length, weight, and number of rock bess by age groups and yser
clacees (based on'a sampls of 115 fish) are 'vi;éresen‘ised in Table 7+ The
relative strangth of age-groups I to VII eppesrs quite normal, and all
of thege age groups apparently indicate s far greater original sbundance
than sge=-group 0., The apparent weakness of tim 1941 year elass cannot
be entirely due to péa’r recovery when we consider that a total of l;,134
pumpkinseeds and ewer nearly 10,000 dbluegills of similar size were recovered.

The rate of growth of the rock bass in Deep Lake {Figure 5) was
measurably better then that rate tentatively set up ss average for this
gpecies in Hichigsn. This adventage of the Deep Lake fish was particularly
apparent in age~groups II to V., On the sverage, the réek bass wers
atteining the legsl length of 6 inches late in their fourth or in their
#4fth growing eesscns Rock bass in southeastern mahig#n are usually

expected to attain legal length late in their fifth or in their sixth

growing seasan., A random sample of 69 fish {all larger than L inches)
indieated that the sex ratio was 53.0 percent females to Lj7.0 percent
maleg,

Yellow perch. Perch were fifth in abundance {3.0 percent) and sixth

in weight (3.6 percent) among the entire fish population recovered in
Deep Iake. A total of 817 specimens weighing 20.l; pounds wes recovered
(Teble 1). Thore were 26 legal-sized (6 inches and over) yellow perch
{1.8 fish per asre) which smounted to 3.2 perecent of the totrl perch
populaticon recovered, The legal perch weighed 6.4 poumds (0.l pounds
per scre) and thus made up 3l.4 pereent of the perch population recoversd,
The ratic of legal to undersized perch was ahout 1131,

‘A random sample of 283 perch was used for purposes of age determination.
Data on the age, length and weight of the perch contained in this random

sample are summarized in Table 8. It was not possible to assign the



Table 7ee=The minimum, maximam, and sverage length and weight, and the number of

rock base of emch age group vecovered from Deep laks

Estimated ‘ ‘
Age Tear Humber total number Percentage Total leng Numbey Weight
group olass of fish of fish in of total A {inches) , of fish _ {ounces) ,
| aged age group number ~Fange Average mﬁghodi’ " Range Average
G 191,}1 7 75 ) 12. 5 103’2-9 1 06 73 sew (6.9 3
I 19h0 19 396 67.7 2uli=3e7 340 %096 DeRa047 0.3
1 1939 L2 56 96 La2+5.9 L.8 L3 0522 1.2
11X 1938 2e 29 540 5e2=6,9 6.0 22 1.1e3.5 243
v 1937 1k 18 3.1 56T o0 6.5 18 * 1eBualje2 2.9 &,
=)
v 1936 7 1.5 647840 Tt g 2,756 Ly i
v 1935 2 0.3 Bal=B.3 Bel 2 5ebube? 59
vir 193 2 2 043 7ok Teli 2 L9560 5.3

Total TS 115 585 . e Y s n 565 sase ons

‘;’Individual weights were obtained from only a part of the fish from which age determinations were made,
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Teble Sywwfhe minimum, meximum, and average length, the
average weight, and the number of yellow perch of sach
age group in a sample recovered from Deep Lake

Wamber of ~Total length T Everage

Age Yoar fish in (inches) weight

group  oless wage growp IHiniwum  Aversge  Maximum _(ounces)
0 sl 5% 1.6 2.2 3.1 o
I 1940 175 2.8 3.8 5.1 O
Fé 1939 30 Le2 el 742 049
I1x 1938 5 5e2 6.5 Tobs 16
o937 13 6l 745 943 2.4
v 1936 2 1043 10.4 1045 647
vi 1935 2 9.1 96 1041 oes
VII 1934 1 see 134 oo U5

Total (3T I 281 “ne 3 2] sae L 1%
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remainder of the perch population %o age groups becsuse of the lack of
data on their length distribubtion., Reecvery of yeﬂhg—of-theisﬁar perch
may not have beem couplete, as was trus also of all other species géasm% :
in Deep Lske, The date in Ta.‘ﬁle 3 snggest & numericsl weskness in agee
group III (1938 year class). Perch never were important as s game species
in Desp Lake and seldom enbersd the eateh,

The growth rate of the yeilw perch in Deep Lake was somewhat
slower than the tentative sverage for the species in Michigan (Figure §),
The perch was the only game or pan species in the lake, other than the
pumpkinseeds, that had & eonsistently substandard rate of growth when
éamparad with the tentative stete average gaw‘kh rates. Yellow perch in
Michigan waters mre normally expected to attain the legal lemgth of 6
inches late in their third or early in their fourth growing season. Om
‘E;hé amfag;a, the perch in Deep Lake required a year longer than average
to stbtain this length, The sex ratio, based on & random sample of 2#33
specimens ell of which were over 3 inches inm length, was 5% percent 'vm‘;e'alai
%o 45 percent males. »

Yellow bullhemds. The yellow bullhead was the more abundant af. the
two coarse-fish speoies considered native to the lake. It ranked fourth
in both ebundance and weight smong the epecies present., 4 total of
1,082 specimens weighing %8.L pounds was recovered. These fish represented
L0 percent of the number and 6.8 percent of the weight of the entire
population, Lengths were cbtained on all specimens and the populatien -
was arbitrarily divided into four size groups. HNo frequenecy distribution
was compiled, The first group, including all specimens up to 3 inches
in total length, contained 860 fish. This group ineluded 79.k percent
of all bullheads recovered, The second group (size ranges 3,1l 6,0

inches, total length) conteined 137 specimens; the third group (sise
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ranges 6.1+9,0 inches), included 50 specimena; the fourth group, (sise
range: D¢1=12.0 inches), contained 35 specimens, The 85 bullheads
comprising the third and fourth sige groups are considered to be of
"desirable™ size. They amounted te 7.9 percent of the bullheads recovered
and were present in the lake st a rate of 5.7 fish per acre (2.0 pounds),.
Bullheads 6 inches and over in length aecauﬁted for 78.4 percent of the
welght of all bullheads recovered. Anglers almost never fished for
bullheads in Deep Lakag therefore fow if any were ever removed. |

Hud pike., The mud pike was the less abundant of the two native
eoarse species in Deep Lake., A total of 369 fish of this species weighing
11.) pounds was recovered. These figures represented l.4 percent of the
total number snd 2,0 percent of the total weight of the fish population.
An examination of the scales of s rendom sample of fish indicated that
ages could not be determined satisfactorily. A size-frequency distribution
revealed only one distinet group which was assumed %o be composed of the
young of the year, The mode of thia group was at L,1 inehes and the range
was 2,5 4o 5,1 inshes, The group contained about 300 specimens or 81.2 |
percant of the population of mud pike recovered, The balance of the sizew
distributions contained Pew specimens and the significance of their modes
was obssure. We sgsume that they were probably eampqsed of f£ish of age=
groups II and IXI. The length of the larger specimens ranged up to 12.5
inches., However, only five mud pike had atfained a tobtal length greater
than 10,0 inches. This species never entered the anglers' catch and mey
therefore be considered as a "normel” population,

Commen sucker., A total of five sommon suckers weighing B9 pounds

was removed from Deep Lake., This species made up & negligible percentage
of the totel number and only 1.6 percent of the total weight of the fish

population removed., The Five specimens varied from 12.9 to 15,1 inches
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in tetal length and from 1,25 to 2.9 pounds in weight. A scale sample,
saved from & 15.6-inch specimen, indiomted that this £ish waz in its
fourth season of growth (age-group I1I). The suckers recovered at the
time of polsoning are not believed Yo heve been netive to the lake, Tt
is thought that they were introduced by fisheérmen who emptied their bait
buckets into the lake., Suckers evidently had not become éstablished and
would probably hsve disappeared from the lake eventually. The resson
for the failure of this species to establish itzelf is not apparent,
Inadequate mumbers, unfavorable scologiesl sonditions, or introduction
of sgpecimens of only one sex are the possibilities suggested. Four of
the cuckers were recovered several days after Deep lake wag poisoned and
sonsequently were badly dscomposed. Therefore, it was impossible Yo
detarmine the sex of any of the guckers.

quéan “ghizzer.' Only one specimen of the golden shiner was resceversd.

This fish was 2.5 inches long and was probably in 1ts second season of
growth (Cooper, 1936). This species, like the common suckers, is not
considered native to the lake. Rescovery of a single specimen of this
size leaves only the oenalusim that like the suckers, it was introduced
from a fisherman's bailt bucket,

Vadminnow. Two specimens, 1.8 and 2,1 inches long, were reewareé.
They were probably in their second semson of growth (Applegate, 1943).
It is believed that these individusls were the result of accidental
introduction but the method of their intreduction iz debatable. IMudminnows
are not commonly used as & bait minnow in southern Hichigan which fact
minimizes the possibility of their introduction by anglers. 4 suall marsh
lies just northeast of Deep Lake and is separated from the lake by a low
ridge. This marsh is known to contain mudmimmows. Approximately onee

every four or five years a very wet spring causes thizs marsh to overflow
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slightly into the lake. This overflow provides opportumity for a periocdie
introduction of mudminnows into Deep lake, ZHowever, wgven though they
possibly are introdaeea frequently, they apparently have failed to establish
thomselves at any time in the lake.

The game and pan species in Deep lake were consldered to be the
largemouth bass, roek bass, %:Qluegi'll, punpkinseed, hybrid sunfishes and
yellow perchs These five species .'and the hybrids accounted for 90,7
percent of the number snd 87,6 percent of the weight of all Pish recevered
from the lake. The green sunfish has, in the past, been variously
eonsidered a pan fish or a coarse fish, Although in some southern waters
it does attain = satisfactory size, it seldom exceeds 6 inshes in total
length in Michizen. For present purposes i% is therefore considered
undesirable as & pan species. The green sunfish combined with the coarse
species {yellow bullhsed, mud plke, andoommon suckir) comprised 9.3
percent of the number and 12.h percent of the weight of all fish reoovered,

| Although the dats that have been presented in the preceding discuseions
point rather conclusively to the presench of relatively strong and wesk
year classes in the fish population of Desp Lake, they do not provide m
exact nﬁasura of their reletive original strength, The verying degreas
of gucoess of natural reproduction in different calendar years may be
in large measure responsible for the unsqual representations of the
different age groups. However, such factors as incomplete recovery, annual
fluctustions in angling and predation must slso be considered for all
species. Especially disturbing in the interpretation of the data was
the distorting effect of age at scapture., Despite the obviocus defects in
the data, however, the differences in the representetion of several of
the year classes are so great that a number of them oan be classified by

such terms as strong or weask. The following discussion on the relative
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sbundance of the yesr classes was based on & careful exsminebtion of the
éata with allewance Por the sge ot cepiure.

Certain trands in the fluctuatione in the shrengilh of varicus year
slagses doublless hmve bLecome obvious to the reader of the discussion of
the age and growth of the individual species. The 194l yesr class for
the pumpkinseed, reck bese, yellow perch, snd green suufish sesningly
wae weak, For exsmple, only 1,402 pumpkinseeds of the 19hl year cless
(agewgroup 0} were recovered as compared with L,13L fish of the 1940
year olass (Jegroup)e 7This scarcity of young of the year is definitely
suggeetive of & poor year clesse Ihe 1940 yesr class sppesred stronger
for the bluegill, pumpkinseed, reck base, percsh, snd green sunfish, For
exauple, the nuwber of fish in the 15L0 year eclass recovered swounted o
52390 fish for the bluegill (9,872 for the 194l yesr class), L, 134 for
the pumpkinseeds (1,402 for the 1L yesr class), and 396 for the rock
base (75 for the 1941 year ciase). The 1959 year class for the biuweglil,
pumpkinseed, largemouth bass, aud jreeu sunllsh csu be classed atc wesks
For exemple, only 65 bluegills of the 1959 yesr claes were recoversd ag
cumpared to the 185 bluegills cemprising the 1436 year class. Similer
figures for other speecies were: punpkinseed 119 fish in the 1933 yenr
clese, and 142 for 19383 for the lergemouth bass 16 fish &s comparcd with
253 ond green sguafish 12 compsred with 25, From the data presented above
it is epperent that in eertain years survival for most species was elther
exceptionally good or exceptioually poor. For nsither 1939 nor 1oL0 did
we find that some speecies had strong year classes and other species weak
year classes, A4lsc, thet when a& good hateh of several species wag
evidenced by & strong yesar class (such as 19L0) & week ysar class developed
the fallowing year (1941). Thie phenocwsnon in all probability is due only

to predation. The fluetusbtion in abuhdance of various year classes offers



=30

suggestions of eyeles which mre more prominent in esrlier yesr classes
than in clder year clesses, |

The strength of year e‘las‘fs'es' ever the peried 3_.5}38’ to 193L is
exceedingly difficult to evaluate, but some ysar classes of ceriain
specles are obviously strong or weak. The weak year clesses were as
follows: 1938ewlargemouth bass and perch; 1936esbluegill. The strong
year classes weret 193Bswpumpkinseed and green sunfishs 1937ewlargemouth
bass and perchy 1935-«bluegill; 193Le-bluegills 4 strong representation
of an old age group indicabes & muech richer year class than does an
equally large number of fish several years younger. On the other hand,
the scarc.ity of old fish (especially true for the pumpkinsesd) may be
merely the result of natural mortality over a long pericd of years. Thege
data show that the 1938 yeer class for the largemeouth bass and perch were
rather weak, whereas the 1937 year claseses for the same species appesred
strong and therefore offer suggestions of cycles.

It is diffienlt to stete whether the standing erop of fish in Deep
Lake (38.0 pounds per asre) represents good or poor productien. A4
compariscn with a number of fish population studies made on natural lakes
in Michigen, Wisoonsin, Florida, and Nove Seotia leaves little doubt that
regionel location (regional is used here in a brosd sense and is not %o
be construed with amall regions) is a poor index of lake productivity
{Table 9). OtDonnell {1943) reported standing erops of 92 to 186 pounds
per zere in three lakes in northera Wisconsin, Brown and Ball (1943)
determined that Third Sister Lake in the southern psrt of the Leower
Peninsula of #ehigan had & population of 86,6 pounds per asere., Again
in Hichigzan, six lakes in the upper part of the Lower Peninsula (Eschmeyer,
1936b) yielded recoveries of 21 to 194 pounds per acre, Smith (1938)

found the stocks of fish in three Nove Scotian lekes to ameunt to 17,0,



Table JeweThe total fish population (in pounds per acrs of lake surface)

of natural lakes in Michigan, Wisconsin, Florida, and Hove Scotis

— A Total

Hame Looality population

- of {stats or Ares {pounds per Reference

lake | province) {scres) agre) |
Burke HMichigan 1.8 6041 e 4
Section Four doe 343 23,0 Eschmeyer (1938b)
South Twin do. L3 29.0 do,
Third Sister do. 10,0 ’ 86,6 Brown snd Ball (1gh3)
Walsh | do. 10,2 92,44 e 2
Ford do. 10,7 k340 Bschmeyer (193Bb)
Clear do. 11.3 19L.0 do.
Hewe do. 134 3hLe0 doe
$tandard do. 16,0 21,0 doo
Bagt Twin Wiseonsin 13.0 186,0 O'Donnell (1943)
West Twin do, 13.5 92,0 do.
Long doe 27.1 135.0 do.
Little Steep Pond = Floride 2,1 105.2 Hsaheen {(1GL2)
Big Prairie Pond dos Lo £0.8 d6e
Firet Pond dos 70 llﬂ,l; do.
Buck Pend - da, 18,0 22.7 do,
Clearwater do. fﬂ;.,o 222 dos
Tedford ~ Nova Scotis 5e2 - 3640 © Smith (193%8)
Jegse do. L5.0 19.9 do.

Boar's Back do. 5548 17.0 do.

\%/ Unpublished date in files of the Institute for Fisheriss Research.
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19,9, and 36,0 pounds per sore. Five natursl lakes in Florida (Meehean,
1942) contmined from 22 to 110 pounds per acre.

Date, as yet unpublished, in the files of the Instibtuls for Fisheries
Ressarch on the populations end production of two lakes (Walsh, Burke)
in the southern part of the Lower Peninsula were examined, These two
lskes combined with Third Sister Lake (Brown and Pall, 1943) had an .
‘aversge standing arop of 79.7 pounds per acre (Vra,nges 60.1 to S2.1y pounde).
Average pradaetian of legal game fish in the three lakes was 57.2 pounds
per acre (range: 22,9 to 78,9 pounds). Deep Lake, although situasted
in the seme general latitude in the lLower Peninsuls as the aforsmentioned
three lakes, had a population of less than half as many pounds of fish
per aore as the average for Walsh, Burke, and Third Sister lLakes, |

With the exception of ons lake (Clear), Deep Lake had a population
in pounds per acre somparable with those exsmined by Eschmeyer in the
northern half of the Lower Peninsula. The population was also similar to
that found by Smith in the Nova Seotian lekes. Pounds of fish per scre
was considerably lower than the fizures reported by O'Donnell for three

lakes in northern Wissonsgin,
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Appendix to Report No. 1069

In the process of comparing Deep Lake with the three other lakes
(Welsh, Burke, Third Sister) exemined in the same area of the Lower
Peninsvla, points of similerity were noted between Third Sister Lake
and Deep Lake in nearly every respect but their productivity in pounds
of fish per acre (Table 10). However, it proved difficult to ascertain
which of the meny variables affecting lake productivity created the
difference in the productive guality of the two lakes. Additional data
for Third Sister Lake, other than those appearing in the report (Browa
and Ball, 19L3) were kindly provided by Dr. R. C. Ball.

¥rom data collected on the two lakes during a comparable season of
the yeer, no significant differences could be noted in the following
characteristics: Shore development, meximun depths, drop-off, hydrosols,
littoral zone as percentage of surface area, dominant plant species,
methyl orange alkalinity, pH, location of thermocline, character of
surrounding country and vegetative cover and lsand use on immediate shore,
Both lakes lie within a soil area designated in lMichigen as "First Class"

(illar, 19LOV) and both lakes are of the same geologic origin. Deep

ﬁé/hﬁllar, C. B. 1940. Soils of HMichigan., Mich. State Col., Agric.

Exp. Sta., Section of Soils, Circular Bull., 176, Dec. 19L0.

Lake has a surface area of 1L.8 acres; Thifd Sister Lake a surface area
of 1040 acres, Deep Lake has no outlet; Third Sister has an intermittent
outlet,

The essential differences and further similarities between the two
lakes are best evaluated under the following headings:

(1) The fish associations:--Small populations of rock bass and yellow

perch were found in Deep Lake which were not present in Third Sister Lake,

A comparable population of chub suckers in Third Sister Lake was not
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Table 1l0ee=Comparison of the fish population as well as various physical

and chemical factors of Deep Lake and Third Sister Lake

Deep Lake Third Sister Lake

Fish populations

Total poundage 56247 866.6

Pounds per acre 38.0 86.6

Total pounds of legal fish 315.4 606,6

Pounds of legal fish per acre 21,2 6047
Area (acres) 1448 10,0
Maximum depth (feet) 61 55
Taoa (to depth (to depth
Littoral zone (percent of total area) 37 ‘of 20 feet) 35 “of 10 feot)
¥aximum depth plant zone (feet) 20 10
Slope of drop=-off Steep Steep
Color of watler Clear Clear to greenish brown
Secchi~disc transparency (feet) 20-2l Average about 8
Methyl orange alkalinity 81,-93 85-95
PH 6.'8—8 QJ-L 6.8-8 .Ll-
Oxyzen (late summer) W/ 115=50 feet Depleted below thermocline
Average position of thermocline (feet) 15=27 12.21
Qutlet Yone Intermittant
Inlet Intermittant (drainage Intermittant--large volume

Drainage srea (acres)
Shore development

Hoture of immediate shorse

Nature of surrounding country

Forage fish

tile)
About 10
1,12

Steep, sparsely wooded
slopes

Cultivated, pasture,
wood lots

Ho established popula-
tions

when it reins
320
1,2,

Gentls, sparsely wooded
slopes

Cultiveted, pasture, wood
lots, forest plantations

5 species meking up about
5L percent of the total
number of fish

<¥/The‘depth to which oxygen, sufficieut to wmeintein fish life, is found.
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found in Deep Lake. Other than these exceptions, the two associations of
geme, pan, and coarse species were identical. Perhaps the most outstanding
difference was The presence of large numbers of well established forage
minnows of six species in Third Sister Lake. An inconsequential number of
forage minnows were recovered from Deep Lake and these were apparently
not reproducing in the lake, Until more is known of the relation of
forage minnows to the productivity of game and pan species, we hesitate
to stress This distinction in the fish associations. Bluegills were the
dominant game species in both lakes. The bass-bluegill ratio in Third
Sister Lake was 1:8 while that in Deep Leke was 1:20. Recent studies

(Bennett, 1943, 19L);'9) have indicated that a differing ratio of numbers

é;lBennett, George W. 1943, Lanagement of small artificial lakes; a
summary of fisheries investigations, 19%8-19L2. Ill. Nat. Hist. Surv.
Bul. Vol, 22, Art. No. 3, pp. 357-376.

Bennett, George W. 1941, The effect of species combinations on fish

production, Trans. Ninth N. Am. Wildlife Conf., pp. 184-188.

between these two species can effect production. It is possible that the
ratio of tﬁis combination in Third Sister Lake favored a greater production
for, these two spscies than that ratio in Deep Lake. Then compensation

was made for differences in the times of collection, there weres no
significant differences in the rates of growth of the principle game
species in the two lakes. XNor were there any outstanding irregularities

in the age composition of either popuiation.

(2) Fértilitx:--Exhaustive gualitative and quantitative analyses of food
organismswhich might be used as an index of fertility were available for

Third Sister lake. However, no such data suitable for comparative purposes

exists for Deep lLake, Aquetic vegebation, sometimes positively correlated
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with fertility, was similar in character but visually appeared somewhat
more abundant in Third Sister Lake. No volumetric data for the vegetation
at Deep lake is available. Since these potential indices were rendered
useless by the inedequacy of the available date for Deep Lake, it was
necessary to reach an estimate of the degree of fertility of the two lakes
indirectly by exemining the sources of their nutrient materials. Drainage
areas of the two lakesywere compared, As indicated previously, soil type,
and soill character of the surrounding areas of both lakes were identical,
Land utilization in the lmmediate vicinity of the lakes was similar, being
devoted to pasture, woodlot and cultivation. However, Deep Lake with its
steep shoreline drained no more than 10 acres of land while Third Sister
Lake in more level terrain drained zn areas of at least 320 acres. Ho
permanent inlet exists for either leke., Third Sister Leke receives an
intermittent stream which frequently reaches flood proportions during
heavy rains and at that stage is capable of carrying into the lske an
appreciable volume of mineral and organic substances. A six inech drainage
tile, flowing occasionally in the spring is the only surface tributary
to Deep Lake, Both the volume and character of total drainsge areas and
the tributaries, permanent or intermittent, therein contribute decisively
to the fertility of the lake receiving these waters. Other factors
appearing egual, these data suggest that the comparatively low production
in pounds per acre in Deep Lake was the result of a limited fertility,
induced by =& restricted drainage area and the ineffectual nature of its

intermittent tributary.



	00000001
	00000002
	00000003
	00000004
	00000005
	00000006
	00000007
	00000008
	00000009
	00000010
	00000011
	00000012
	00000013
	00000014
	00000015
	00000016
	00000017
	00000018
	00000019
	00000020
	00000021
	00000022
	00000023
	00000024
	00000025
	00000026
	00000027
	00000028
	00000029
	00000030
	00000031
	00000032
	00000033
	00000034
	00000035
	00000036
	00000037
	00000038
	00000039
	00000040
	00000041
	00000042
	00000043
	00000044
	00000045
	00000046

