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fie e Tschmeyer

As we gradually change our concepts in fish management to correspond
with those of apriculture, the need for certain phases of investigation
becomes more evident, The former nction that a planting of fish, together
with certain lepsl restrictions, ocould be expected to assure pgood angling
has been found erroneous, and those manapement rethods which have been
adhered to for many decades now are recognized as hirhly inadequate,

The past methods in fish menagenent are conparable with a farmer's
placing calves in a pasturs without regard for the capacity of the area,
the number of cattle already present or the number annuelly removeds or
with planting trees without regard for the stand already present, the
natural reproduction or the annual reroval, Fish menagenent today oce
cuples the same status thet agriculture had in the nark Ages. With ever
increasing demands on ocur fishing waters, changes in our fish manapement

rrocedure are obviously necessary. A more rational fish management program
will te slow in taking form so lon: es anglers continue to have the deep
rooted conviction that stocking by present methods is the answer to our

fishing ills, The use of almost all available funds for & continual
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expension of our fish rearing program rether than for ingquiry into this ad
other methods of fish mamagement is not justified until it has been
definitely ascertained that public funds so used are well spent. Increas-
ing the dosage of a medicine will not necessarily cure an ailment, especial-
ly if the general effectiveness of that medicine has not been thoroughly
tested,

We are beginning to recognize that intellipgent fish management requires
a knowledge of the annual catch and of the stending crope In Michigan, the
sampling of the fishing by Conservation Officers for tem vears, and the
intensive creel census taken in recent years by the CCC and other agencies,
have given a fair picture of the take in various parts of the state and
have provided some data on the trend of the catche

The "standing crop,"™ too, is receiving some consideration. In recent
years efforts heve been made to learn more about the fish populations in
lekes or streams in Illinois, Michigen, New Hampshire, Nova Scotia and
elsewhere. The work by Thompson in Illinois has been outstanding. These
studies are only & beginning, but already they have ylelded considerable
informetion of value to fish menagement.

This general discussion is intended to show the kind of information
obtained by one method of examining the standing crop. Methods which have
been employed to obtain the po ulations for study are not generally ape
plicable or desirable in lakes which support an appreciable amount of fish-
ing. This paper is confined only to population studies made in Michigan
lakes., kore detailed asccounts of several of the studies have been published
(Eschmeyer, 1937, 1938); for the other lakes date are now being prepared
for publication, Many of the deteils ere therefore omitted; methods eme
ployed in determining the number of fish per acre, pounds of fish per

acre, growth, etc. are found elsewhere as are verifications for some of

the statements mede in this discussione
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To deate the fish in six lakes heve been studied after removal by
poisoning. All of the lakes from which the fish were removed have elso
been examined by survey parties of the Institute for Fisheries Research,
All six are located in the northern portion of the Lower Peninsule, all
are land-locked, and all are ealkaline lakes, They vary considerably, how-
over, in depth, kind of bottom, clearness, and in other respects. Some
general data regarding them is presented in Teble 1,

The informetion given below is based on the assumption that all fish
were killed and that all were counted. All were probably killed, for later
examinations of three lekes feiled to indicate thet any of the fish re=-
meined, and in the other three the dosage of poison used was considered
adequate to kill ell fish present., The lakes wero examined for a number
of days after the poisoning, and it is believed that few fish remmined in
the deepser water after the collecting and counting had been completed, 1In
several of the lakes dynamite wes used to raise the dead fishe. Not quite
all of the fish were seen and not all of those seen were taken to the
laboratory for study (they were counted, however, and in some instences
were measured), but & large random semple constituting a considersble
portion of the total —opulation wes invariably used, The fish from one
lake, Stendard Lake, are only from the southern helf of this lake, which
has the shape of & figure 8 and is really two sepa;ate ﬁasins!’In data on
the population from Clear Lake youngeof~-the~year sunfishes are not included,

Some of the findings which are of interest in fish menagement are
listed below under separ=zte headings together with some generaligations

mede on the tasis of the information.

Qverabundance gvaish

Had & person {ished the lakes which were poisoned (except Howe), he

would have taken few if any fish of catcheble size, Very probably he would

have concluded that these lakes needed more stocking. A study of the
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populations clearly indicated that fishing would have been very poor. The
cause for such poor fishing, however, would have been an overasbundance of
fish rather than a scarcity of them. In five of the lakes the fish were
apparently too numerous for the food supply and were failing to reach a
catchable size., The few which attained legal size were penerally less than
an inch longer than the minimum legal length and in some lakes were in very
poor condition. In view of the popular belief that lakes are overfished
and that predators ere almost invariably injurious, these populations are
of gpecial interest, for the removal of a considereble proportion of the
fish by very intemnsive fishing for them, or by a decided increase in the
nunter of predators, would undoubtedly have been beneficial rather than
injurious,

The number of legal-sized geme (and pan) fish per acre varied from
about 3 in Stendard Leke to 99 in Ford Lake (see Table 2). In contrest,
several southern Michigan dakes which had severe winter-kill are estimeted

to have contained well over 500 legal-sized fish per acre,

Size end Rag Limits

In lakes where fish are growing so slowly that they are stunted in
growth, size and bag limits may be definitely detrimentel. An #ngler
teking a large number of smell fish from the five lakes mentioned above
would have been doing more good then harm, When made for an entire state,
uniform regulations limiting the fishing ere probably beneficial to some
waters ard are :ﬁ% 62%& injurious em other waters,

Overpopulation lirits the yield of catchable fish in a considerable
number of northern lekes, Nore needs to be known about the mansgerent of
waters containing too meny fish. Legal restrictions and stocking with fish

of the seme sizes and species as those already present obviously cennot be

considered intellirent management for these leakes,
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Total Populations

The number of fish present in the six lakes at the time of the poison=
ing varied from 3,443 fish per acre in Ford Lake to 526 fish per acre in
Section Four Laske; total weights varied from 194 pounds per acre in Clear
Lake to 21 pounds per acre in tandard Lake. The three lakes with the
greatest shoal area (in proportion to the entire area) also contained the
largest number of pounds of fish, Date for the number, kind and weight of
fish from each lake are given in Table 3.

Evidence (Thompson, unpublished) suggests that the number of pounds of
fish per acre tends to remain constant from year to year. It seems improbable,
therefore, that lakes such as those which were discussed here (Clear Lake
excepted) will support intensive fishing even when not overpopuleted, except
by heavy stocking with legal-sized fish soon to be recaptured by the anrler,
by very intenslve fertilizing or by some other currently impracticable
means, In lakes where the standing crop is small, e rapid turunover is
perhaps desirable for meximum yield., Scme waters may eventually be rerarded
as marginal or submarginal, not of sufficient fertility or recreational

value to justify any intensive management,

Cennibel Bass®

A number of studies have been made of bess cannlibalism in rearing ponds
(Langlois, 1936, Cooper, 1937), Cennibalism a parently also exists in nate
urael waterﬂ for an excmination of the Howe Lake fishes showed it to be
prevalent among the bass in this lake, 4t the time the fish were poisoned,

Howe Leke contained one cemmital young of the year per 80 normal younge. The

largest cannibal was 49 times heavier than the average young of the same age,

*®
v As used here, the term cannibalism does not mean an exclusive diet of

fish of the same speciess The diet may have included more perch than bass
and probebly included other forms of food s& well. Bass referred to in this

paper are invariably large-mouthed black bass (Aplites salmoides).
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indicating that, in fishes, extemsive varations in growth are possible,

Of irterest to fish management is the finding from a study of the
socales of the Howe Lake fish that only one of 63 legalesized bass (10 inches
or more in length) had attained en exceptionally large size during its first
yoer, This one specimen was relatively young (3 summers old) and was barely
legal-sized. About half of the two-summer-old fish (below legal length),
kowever, had been cannibals, indicating that these flsh of exceptional growth
hed excellent survival during the first two summers of 1ife.

Several explanations might be given for the apparent fact thet the
older fish werdnot cannibals when young. Perhaps those which had been
cannibals were more vigorous and were caught by the anglers, or, possibly
there was no camnibelism several years prior to the poisoning, Neither ex-
planation seems suitable, A few of the more vorscious bass should have
survived the angler and, since food had not been abundant for some few years
at least, cannibalism was probably common each yesar,

A possible explanation which is supported to & considerable extent by
. the litersture is the apparent relationship between growth and mortality.
Schneberger (1935) found thet some young perch had a very large first year's
growth, but that this condition wes not noted in the older perch. The writer
(1936) made the same observation for this species, In connection with the
discussion of the possible causes of Lee's phenomenon in & eisco populetion,
Hile (1936) quotes the literature as follows:

"Phe relation between individual pgrowth rate and individual

length of 1life has been studied experimentally by several investigators,.

Osborne et al (1937) found that a temporary preliminary stunting de-

layed meturity end extended the life spen of rats, Titcomb et al,

(1928) end McCay et al, (1931) found that trout that did not grow

lived longer than those which showed growth on a similer diet. Zabinski

(1929) by effecting e retardetion of growth was able to prolong life

in the black beetle and the roach. McCay (1933) presented a brief dis=

cussion of the peneral problem of the relationship of rate of growth
to longevity."
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The data obtained on the Howe Lake bass are inmdequate to prove that
the raypid growers generally die early, but are significant because of
similar evidence found in other studies of fish (and of other animals),

In northern waters where bess require three or nore years to reach
"a catchable" size, the question is especiaslly significant. Cannibal bass
stocked in such waters mey be of little wvalue for angling because of early
mortality. The tendency to seek rapid growth from fish in hatcheries, in
northern states, may be undesireble, The practice of raising bess in
southern Michipan hatoheries (to obtain good growth in short time) for
stocking northern Michipgan lakes may not be in the best interests of the
angler, This question certainly deserves serious consideration from those
interested in the management of northern waters. It is possibly even

more important in some other states than in northern Michigan,

E!Erids

Five species of sunfish (bluegills, common sunfish, long~eared sunfish,
green suufish and warmouth bass*)'were present in Clear Leke together with
a number of hybrid coﬁinationa. For two species, hybrids were more common
than were the pure species according to preliminary exeaminetion of the
fishe The lake was decidedly overstocked with fish, but whether or not
the stock would eventually have been reduced by the extemsive production
of sterile hybrids or whether some species might have become exterminated
through hybridization is not kmown.

There is one important aspect to the hybrid sunfish question with
relation to fish management: The use of hyb##d sunfishes as brood stock
is not desirable for, according to Hubbs end Bubbs (1933), these fish are

sterile. It was also found by these investigators that the hybrids grow

&

Scientific names of these fish, in the order given: Helloperca

macrochira, Euppmotis gibbosus, Xenotis megelotis, Apomotis cyanellus and

Chaenobrythus gulosus,
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more rapidly than do the parent species, The "orosses" ere not readily
distinguished from the parent. In obtaining bluegill or sunfish brood stock
for rearing ponds, hybrids might easily be selected because of their large
size and their similarity in appearance to the parent species. In one federal
hatchery results obtained in & bluegill pond were negligible, The matter

was readily understandable after it was determined by Tr. Carl L, Hubbs that

the brood stock was almost exclusively hybrids.

Forage Fish
Forage fish were present in four of the six lekes. In Ford Lake they

had been introduced two years before the population was poisoned and had
become established and doubled in number even though perch were extremely
abundent. In Clear Lake and Stendard Leke they were probebly native. The
blunt-nosed minnows in Howe Lake were introduced; the darters were original-
ly present. South Twin Lake and Section Four Lake contained no "minnows,"
The ratio of food and game fish to forage fish in the several lakes
containing forage fish was: Howe Leke 2031, Clear Lake 4:1, Standard Leke
1:2, Pord Lake 1:8, Only in Fowe Lake were the food and geme fish showing
good growth even though forage fish were fewer here, as compared with other
fish, than in the other three lekes, The presence of forage fish is ap=
parently not always an indication of adeguste food for such fish as perch,
rock bass and sunfish, since these fish will grow very slowly and apparently
become overpopulated even when limited numbers of forage fish are available,
Hed the forage fish in Howe Leke decidedly increased in number, would
such increase have bemefited the fishing? There is & possibility that such
increase might have resulted in the survivel of more bass then the lake could
support and that therefore a stunted bass population might possibly have
resulteds The rols of forage fish needs further investigation. It is lmowm

that some species can be successfully introduced even if the population

density of fish is already great, but the ultimate value of these fish to



the leke has not yet been fully determined. Do we tend to overstress the
value of forage fish? The populetion studies which have been made are too

few to answer the question,

Age and Size Distribution

The study of complete fish populetions mekes possible a determination
of the distribution of fish of wvarious sizes and ages, 1t might be expected,
theorebitally, that each successive year group is more poorly repreaentedaJL
in the population; i.e. three-yesar-old fish would be more poorly represent
than two-yecar-old fish, and the latter would be much less abundant than one=-
year-old fishe The date obtained on the lekes in this connection are inter-
esting,

In the Howe Leke bass the young of the year were decidedly more abundent
than were fish of any other age, but four-summer-old fish were much more
common than were individuesls two aud three summers old, The number of each

year group for the entire lake was approximately as follows:

Age in Summers Number of Fish
1 18,603
2 25
] 10
4 106
5 7
6 and older 9

The distribution as shown above is not whet might be expected. However,

a logical ex-lanation for the large number of fouresurmer-old fish and a
smaller number of bass in the next two ege groups cen be given: The first
spewning on gravel placed in the leke by the CCC (see below) was in the
spring of 1934 end the four-summer-old {ish resulted from that spawming,
Prevgiously the bass spewned on sand. 4 decided improvement in spawning
conditions therefore may have been responsible for an increesse in hatch

and survival of that groupe The fish born in the next several years may
have been very much reduced in number by the increase in older bass end

the resulting greater consumption of the young by these older fishe
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The Howe lake perch were distributed in age groups more nearly accord=
ing to expectation. The fish included 2,678 one=ssumuer-old perch, 131 twoe
sumer-old perch end 17 adults,

Age distribution of perch in South Twin Lake was cormparable to the
distribution of ages of bass irn Howe Lske, perhaps for a sinilar reason, In
South Twin Lake most of the fish appurently died of starvation at or nesar
the end of their third year of life., It is possible that one age group
normally predominated here, that it kept succeeding age groups decidedly
reduced in number by eating most of the fish of these groups, that later
this dominsnt group was very much reduced in number by starvetion and that
the survival of the age group born immediately after this starvation again
was oxceptionally good. The 3,615 fish examined from South Twin Lake (most
of those found present and without scleotion) had the following age dige
tribution according to a study of the scales:

Age in Summers Number of Fish

3

o9
2,774
482
2356
18
Over 6 4

SO U DY

The perch in Section Four Lake showed & scmewhat similar tendency,.
In whet was presumably a random sample, the number in the several size groups

was as follows:

Age in Summers Number of Fish
1 447
2 231
3 957
4 94
5 7

Age of the perch from Ford Leke could not be determined with any degree
of certeinty, but there were relatively few young of the ysarj for Clear Leke

end Stendard Leke fish the ages have ot yet been studied, although a
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superficial examination of the perclh in the latter lzke irndicates a condition
in sage distribution not unlike those for perch in 3ection Feur Lake.

If the data given above ere represertative for lakes in general, dee
cided increases or decreases in the catch of & speeies from cne year to
enother are explained because of the dominance of certain age groups.
Intelligent fish menagement would involve coansideration of the relative
abundence of the age groups, and stockin; especially should be determined
by this distribution,

8t ockéﬂ

Little is known about the survival rates of lake fiches at different
sizes, or about the ratioc of young to adults or to legal-sized fishe. The
retio of youngeofwthe~year {ish to legal-sized fish in Howe Lake at the
time of the poisoning was 145:1 for bass and 158:1 for perch., The young
bass had an everasge length of 2,1 inchee; the young perch averaged 2,3 inches.
Legal lengths for the two species ere 10 inches ard 6 inches respectively,

If conditions were constant from yeer to year, almost 2000 young bess or
perch would need to be planted in this small lalke to inerease the legale-
sized bass or perch by one per acre, it being assumed that the lake could
support this added number--an assumption which has by no means beeu provemn

for this or other lskes,

Leke Improvement

Invironmental improvement wus atterpted only on Howe Lake, This lake
was closed to fishing from 1930 to 19833, when it was used, with relstively
little success, tc raise Leass for stoeking in other weaters. Sixteem gravel

spawning beds for bess wore installed in about 1930; a truck load of Chara

was rlaced in the lake in 1932, enother in 1933, Five truck loads of
menure were also taken to the lake in the latter year. These zttempts at

environ:ental improvement were made by the Grayling Fish Hatchery.
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In 1933 a number of environmental changes were made, Soon after the
CCC was orgenized, & camp (Camp Higrins) was established only a few miles
sway. Leke improvement had been in progress for several seasons on &n
experimental besis and this new phase of fish management was included as
part of the CCC work progreme. A crew of men from Camp Higgins installed
30 brush shelters, 19 sleb devices for the spawning of blunt-nosed minnows
and 140 baess spawning beds. Most of the latter consisted merely of small
heaps of gravel (about & bushel each) placed on the firm bottom in epproximate-

ly three feet of water. The crew also planted 7 ten-gallon cans of Chara

and en equal number of cans of yellow pondelilies. The weeds were obtained
from enother lake a few miles awsy. Approxiﬁ@tely 4,500 blunt-nosed

minnows (Hyborhynchus notatus) were seined from Lake Margarethe and planted

in Howe Lake,
The @grayling Hatchery planted 20,000 blunt-nosed minnows in 1934 and

3,000 skipjacks (Lebidesthes sicculus) in 1935, also 75 adult suckers

(Catostomus c. commersonii) averaging about 15 inches in length,

The writer has visited Howe Leke rather frequently since 1933 and
has made a nmumber of observations, The beds of pond-lilies became established
end apparently attracted fish to the vicinity. Numerous insects were found
on the plants, Eech year, however, the leaves became smaller and, while
some of the plants are still present, they are now very small and are of
little value, It seems that some elements essential to the growth of the

plants are lacking, although this has not been investigated. The Chara

which wes planted on severasl occasions, and a small amount of which may
have been present originally, is not ebundant, The planting of vegetation
was therefore relatively unsuccessful,

The bass nests were observed frequently during the 1934 spawning

seagon, nRetween 30 and 40 nests were used thet season and no bass spawning



«16w
was noted except on the gravel which had been provided. I&xaminations in
in later years have indicated that the gravel has invariably been used
since it was introduced, at least no bass beds were found elsewhere in the
lekXe. A few cormon sunfish nests, however, were on the sand, although
most of these were also on the gravel,

Activity under some of the slab devices in 1537 indicated that onme or
both of the plantings of blunt-nosed minnows had been successful to some
degree and that the slabsdevices were serving their intended purpose. Not
many nests were in evidencg however suggesting that the population of
blunt-nosed minnows wes not large., The skipjacks did not become established
end the suckers epparently failed to reproduce successfully, for no small
suckers were found, The brush shelters with few exceptions remained where
placed and fish apparently frequented them,

A decided change in the fish populatiom has taken place between 1933
end 1937, In 1933, observations suggested that perch were abundent and
were generally small end appeared to be growing very slowly. The schools
of young bass on the shoals were being repeatedly pursued by perch as well
s by larger basse Observations indicate thet since 1933 the bass have
very noticeably increased in number and that the perch have declined, Im=
proved spewning conditions and shelter have apparently favored the bass
which, in turn, have probably reduced the number of peroch,

During the spewning season of the sunfish (Eupomotis gibbosus) in

1937, it was decided to destroy the nects of these fish, The eggs had

been deposited but few if eny had hatched, The method used in destroying
the nests was a crude one, consisting merely of kicking the nest apart,

It secems probable that the number of young=of-theeyear sunfish which were
recovered later (12 young of the year compered with 766 two~summer-old fish)

was very small because of this amctivitys Destruction of the beds of those



=]l
species of fish which nest in clear, shellow waters may prove practicable
as 8 means of reducing the numbers of these species in those lakes where
they have become overabundant or where they are undesireble,

Activities on the other five lakes might also be regarded as lake
improvemseut since, in four lakes, the undesirable populations were eradicated
and more suiteble fishes were stocked; in the other, Standard, the fish were
removed from one basin which constituted about half of the emtire lake,
Studies on the latter will be continued to note chinges in growth as a re=
sult of a decided reduction in the population.

Lake improvement mey be used as an effective tool in fish management,
but, like the other menagement phases, it is seriously in need of more
thorough testings 1In Howe Lake some improvements were successful, otheras

were notj for still others the success could not be determined,

Discussion

A study of only six populations, most of them abnormal, does not cgive
a fair picture of the stending erop in Michigen lskes, end does not permit
generalization, It is anticipated thet such studies will be extended to
other waters in various portions of the state with enough dete aveilable,
eventually, to permit correlating of pounds per acre and other items with
the enviromnmental factors,

Removal of some of the populations and later restocking with more
desireble fish is in itself a worthwhile ectivity, but the chief walue of
the studies made so fer in Michigan is probably the suggestion that presemt
maﬁkement methods are still in need of testing, that accepted practices
are skill subject to question. It is hoped that the studies may also have
one other effect: that they will help in & small way to convince the

sportemen that stockirg is not always the answer to our fisheries problems,
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