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ANALYSIS OI' THY COMPLTTE FISH POFULATION

FROL HOWE LAKE, CRAWFORD COUNTY, wrcr1GAn®”
Re William Eschmeyer

Over a period of several years the Institute for Fisheries
Research hes been eradicating the fish in e small number of
¥ichigan lakes, Viith one exgception, these populations were almost
valueless for engling because the fish were stunted in growth and
fow attained catchable size, Three of these populations have been
discussed by the writer (Eschmeyer, 1937, 1938); studies on several
others have not yet been corpleted.

Howe Lake, contrary to the lakes described previously, had a
population of fish which were growing at a reasonable rate, were
attaining a relatively large size, and were the object of conside
erable fishing, Studies of populations such as the one from Howe
Lake are probably more valuable to fish manegement than are the
examinations of the abnormal ones, but consideration must be given
to the reaction of the anglers who have no objection to the eradicee

tion of fish which are valueless, especially if the lakes are to be
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restocked leter, but who may be expected to protest if a good fishe
ing lske is to be cleaned out, Removal of the fish from Howe Lake
seemed to the sportsmen to be justified because of the presence of
carp. It is improbable that many such normal populations of fish
will be studied in the near future by similar methods,

This discussion is, primarily, en analysis of the fish which
were in Howe Lake at the time of the polsoniige It is based on a

study of almost the emtire population,

Description of Howe Lake

Howe Leke is 1n ‘ection 32, T. 27 N., Re 4 W., Crawford County,
¥ichigan. It is about six miles west of Crayling, approximately a
mile north of highway M 76, The leke is on state-owned land and
has no resort development, The surrounding country is a sandy,
level, jackpine plein, low in fertility and unsuited to agriculture,

A survey of Howe Lake was made in the summer of 1937 by an
Institute laeke survey party, comsisting of Dr, pavid Chandler,
Walter Crowe and E. L. Cheatums According to their observations,
the lake has an area of 13.4 acres at its current level, has sandy
margin and shoal and a peat bottom in the deeper water. The level
has dropped decidedly in recent years and, in the opinion of
Lr. Hans Peterson, District Supervisor of Fisheries Operations, it
is now about four feet below the level of ten years ago., Howe Lake
has a maximim depth of 24 feet and the basin is regular in form,

At the time of the examinetion in early August, the water was
unstratified, Tempergtures were 76° F, at the surface, and 72° 7.
et a depth of 21 feet, The colorless and moderately clear water

gave a Secchl Dlsc reading of 12,5 feet., It was quite alkaline

(PH 841). The methyl orange alkalinity (51) was decidedly lower



3=
than that of most alkaline lakes which have been previously examined
by the Institute. The dissolved oxygem, which ranged from 8.3 ppm.
at the surface to 6,0 ppm. at & depth of 21 feet, was adequate to
support fish life at all depths,
Howe Leke is almost completely devoid of vegetation. A few
stunted yellow pond-lilies, & limited amount of Chara (sp.) and a

small bed of pond weed (Potamogeton sp.) apparently comprise all of

the larger aquatics present, Several of these forms have been ine
troduced, Fish food, too, is scarce. A plankton net with 1045 cene
timeter diameter at the mouth yielded only 0.4 cc. of plankton in

a vertical haul from a 15-foot depth to the surface, Examination

of food orgenisms teken by Ekman dredge showed variations in volume
of bottom organisms from 0.2 cc. per square foot at a five foot depth

to none at & 21 foot depthe Forage fish were relatively few,

History of Fish Management on Howe Lake

Much of the early history of fish manegement on Howe Lake is
not known to the writer, but for recent years the informetion is
probably complete. A number of species of fish have been introduced
and & variety of envirommental adjustments have been made, Carp

(Cyprinus carpio) have been present for many yeers. According to
P! arp y Yy

reports, they were first planted in Crawford County in the period

from 1888 to 1892 end they were possibly introduced in Howe Lake at

that time, Attenpts were made by the Grayling Fish Hatchery to use .
the lake to raise fish for stocking in other waters, henoce a‘&fadult

smaliemorbiied bass (Micropterus dolemieu) were introduced in ebeut

A b
4356‘&5 brood stocke The attempt met with indifferent success and

was sbandoned in 1935. 1In 1933 about 4,500 bluntenosed minnows
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(Hyborhynchus notatus) were introduced, and 20,000 more were planted

the next yeer, The stocking included also 35,000 brook silversides

(Labidesthes sicoulus) in 1934 and 75 adult common suckers (Cetostomus

c. commersonii) in 1935,

Apparently none of the five species mentioned above was native
to the leke, As will be noted later, the small=mouthed bass and brook
silversides were already exterminated by 1937; carp and suckers seemed
to be definitely approaching extinction and the fifth spocies, the
blunt-nosed mimmow, was not especially well represented in the popula=-

tion. One bluegill (Helioperca mecrochira) and one rock bass

(Ambloplites rupestris) were found. These two specimens were probably

introduced as young with ome of the plantings of forage fish. Their
chances of becoming established were obviously nil,

The original populetion probebly comsisted of large-mouthed bass,
common sunfish, perch and darters,

IEnvironmental "improvements" included the introduction of pond-

the
lilies and Chara, fertilization with stable manure,qinstallation of

brush shelters for the protection of the young fish, and of slsabs
for use by spawning minnows, and the provision of gravel for spewning
beds. Attempts to increase the vegetetion were relatively umsuccess=
ful, The value of the fertilizing was not ascertained, The slabs
wore used by the minnows in spewning, The shelters and gravel appar=
ently influenced the fish population very decidedly, as will be noted
lster,

The fish removed from Howe Lake for stocking in other waters,
according to the Grayling Hatchery records, were all bass fingerlings
(poth epecies) and included the following numbers: 1931: 17,0003

1932; 27,000; 19331 16,000; 1934; 21,0003 1935: 27,000,
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Fiching was prohitited for the pericd frox 1930 te 1933,

Methods

On September 7, 1937, the fish in Howe Leke were killed with
powdered derris root. About 186 pounds (epproximately 14 pounds
per acre) were used, The method of administering the poison was
similar to that described previously (Eschmeyer, 1937). It is al-
most certairn thet all fish were killed, since the dosege ep;lied
was relatively greater than had been used successfully in other
waters to snnihilate all fishes and since no live fish were in
evidence later,

The introduction of the poison and the collecting of fish were
carried out with the assistance of the survey party which hed exam=
ined the leke earlier in the summer, and of employeeg from the
CGrayling Hatchery, and Conservation Officer Harry Scuders. Lfforts
were mede to examine all the fish and & large number were preserved
for later study. The sandy shoal was ideal for collecting. All
those specimens which were not preserved were counted and the fish
other than minnows, derters, yourng=ofethe-year game fish end & few
suckers and carp were measured &s well as counted. The collecting
wes continued for five days, although f'ew fish were seem after the
second day. Keny of the darters did not float, and it is possible
that some of these remained submerged in water too deep to wads,

It is telieved thet almost all (probebly over 95 per cent) of the
fish were secured for examination,

Unless otherwise indicated, the ensuing discussions concern
only the fishes poisoned in 1937, The fish for laboratory examinge

tiong were preserved in formalin and were later transferred to
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slcoliol, Measurements were made after preservation excepl on those
f£ish which were discarded immediamtely after they were collected,.

During the poisoning of a lake, the smaller fish tend to die
first end ere readily aveilable for the larger ones, Almost all of
the young fish teken from the stomachs of the Howe Lake fish had
apparently been consumed & very short time before the larger ones
died Lceause there was little or no digestion of these smaller
irdividuels, TFish taken from the stomachs of the larger specimens
are therefore invariably included in the totals,

Leasurements of standard and total length were made in millimeters
and the tish were weighed to the nearest gram on a Welch balance
except for the carp which were measured in inches and weighed in
pounds, Veights are generally expressed in both grams and pounds,
and lengths in both millimeters and inches; in some tables, however,
weights are expressed only ir pounds and, for some very sm&ll fish,
weights of individuals are indicated only in grans. In work on the
rate of growth of fishes, the metric system cof measurement hLas ale
most invarisbly been used; £ish production studies the data are
generally expressed (in America) in pounds per acre. An effort has
been made, in this discussion, to express measurements in the most
usable form, hence the apparent inconsistencies.

Since the fish were takem in carly September, they were probably
actually older in terms of growth then is indicated; fish of the
I group (1 ennulus), for example, had completed the greater portion

of their second growing season,
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The Fish Population

The entire fish population is caleculated to heve been
23,508 individuals at the time of the poisoning. These fish had
a totel weight of about 510 pounds, representing approzimately
38 pounds per acre, Data on the number and weight of fisk of each
species end of all species combined are shown in Table 1,
Table 1

Humber and Weight of the Howe Lake Figh, by Species

Weizht in DPounds

Species Number Entire Lake Per Acre
Common Sucker 37 9647 Te2
carp 13 211,0 15,7
Bluntenosed Kinnow 484 4,9 Ot
Common Sunfish 768 2645 240
Large-mouthed Bass 18,759 15544 11,6
Perch 2,828 13.6 1.0
Darters 634 1.3 0.l
Totals 23,508 51043 38.1

carp were the poorest represented in numbers but ranked first
in weight, Carp and suckers, both almost valueless for angling and
of no value es food for the other fish because of their large si:ze,
corprised almost two-thirds of the population on a weight basise.
Both species, however, would have become extinet and it is probable
that some years later the poundage of fish present would have been

much reduced with little or no injury to the fishing. Large-mouthed
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bass ranked first in sbundsnce and were undcubtedly the rost waluedble
of the several species which were present in the lake,
Tach species is discussed separately below,

COMO¥ SUCKMR, Catostomus ¢, comrorsonii, A totsl of 37 suclers,

or ralf the number reported to have bsen planted in 1935, wes col=
lected, Pecause of their large size, it is improbable thst any were
overlooked, ELizhteen fish taker at rondom measured 481 ym. (18,9
inches) and weighed 1185 grams (41,8 ounces), The 37 suckers theree
fore weirhed approximetely 96,7 pounds, Cince the smallest fish had
a length of 15,5 inches, all of the suckers wore probably from the
single plenting,

The adult suckers had bsen planted ss brood stcck to provide
food for the basa end the other fish present, No suckers are known
to have been present before the plerting of 75 specimens in 1935,
This etterpt epparently met with corrlete feilure, unless it be
assumed thet a@ll the vovng produced durirg the two speawning seasons
hed beon esten by the time of the roisoninr, bocause no small suclers
were found, If the Pieh had reproduced successfully, e few probably
would heve survived, even in a leke where food was scarce end where
predatory bass were relatively sbundenmt, Their apparent failure to
reproduce may be explained pertially as follows:

Suckers generally prefer to spawn in stresms but alsc reproduce
successfully in many lend-locked lekes, Perhans spawning conditions
were unfeboreble in Howe Leke. Or, the failure in reproduction nmay
heve been partially due to an abnormal sex ratio, Reighard (1920)
stated thet the meles precede the females to the spewning grounds
and that dvring rost of the spawning period only males are present
on the riffles, The Fowe lLake sucksrs had beer taken from the oute

let of Lake Margarethe during the epswning run and few females may
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heve been preseunt in the number which were introduced, Mr. Peterson
states that femeles were definitely included since eggs were flowing
freely from some of the fish, The importance of determining the
sex of the suckers in Howe Lake was not realized until after they
had been discarded, If for some reason or other the females suf=-
fered an eariy mortality, the esbsence of young may be due to the
absence or this sex,

‘The ilsh had grown from about 15 inches in length when planted
in 1935 to about 19 inches in 1937,

CARP, Cyprinus carpio, It is reported that carp were once

numerous in Howe Lske tut that in recent years they have declined
in number. 4According tc reports a few were speared in 1933 and two
years later & small one about nine inchee long was teken with hook
and line, So far as is kmown, no others have been removed in recent
Yeart,

Thirteen large carp were collected after the poisoning. Nine
of these hed an average length of 33 inches and ten had an average
weight of 1641 pounds, The 13 fish had a combined weight of 211 pounds.
There were no young carp, mad it is probable that eventually the
species would have been eliminated even if further efforts to reduce
their numbers by spearing had not been made,

The extent to which carp are injurious to other fishes needs
yoet Lo be deteruinede In one end of the lake in 1934 the bass nests
werg from six to eight inches deep and the gravel was more or less
scattered. Elsewhere, on similar heaps of gravel, the nests were
all of the usual saucer=shaped kind, It is possible that the conditiom
of the nests in the onv end of the lake was due to the activity of
the carp in an effort to obtain what food might have accurulated on

the gravel,
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The general impression is that the carp were respongible for
the relatively small yield of fish, but ecological conditions are
such that the lake would not be exceptionally productive regardless
of the presence or absence of carpe.

The total weight of these 13 carp was greater than the total

weight of fish of any other species.

BLUNT=NOSED WINNOW, Hyborhynchus notatus, AND OTHER NINNOWSe
Blunt-nosed minnows were probably‘not present until they were in=-
troduced in 1933, Observations since that time have failed to
indicate that the species was in any degree abundant,

The forage fish which were discarded were not sorted by species
and the number of blunt-nosed minnows reported to have been present
is based on the assumption that they were relatively as abundant in
the forage fish which were discarded as in the random sample which
wase preserved, also on the assumption that they were equally abundant
in the stomachs of the bass and perch which were examined and in
those which were discarded.

Of 193 blunt-nosed minnows and darters combined, half (97) were
of the former species, Assuming that half of those discarded were
blunt-nosed minnows, 484 were present, Very few were found in the
stomachs of the larzer fish,

The preserved fish had an average weight of 4.5 grams each and
e corbined weight of 2,178 grams or 4.9 pounds, The ratio of adults
to young in the sample was five to one, a rather unusual ratio
since the young would normally be much more abundant then adults,.
Possibly not many younp were hatched, but it is quite probable that
even if considerable young were produced their numbers would have

been very decidedly decreased by the meny bass and perch present,



Five specimens of minnows other than the blunt-nosed were teken:

two Nocomis biputtatus, two Notropis d. stremineus, and one Notropis

cormutus frontelis, It is assumed that these fish were introduced

by englers or were inadvertantly planted with the blunt-nosed minnows.

COLZ'ON SUNFISH, Fupomotis gibbosus, Adult sunfish were not

abundant but were of a relatively lerpe size,

The distribution of the age groups of sunfish was unusual. Only
12 young of the year (0 group) were found. Of these, one was taken
from a bags stomach, one was preserved, and the other ten were dis=
carded. The lone preserved specimen had a total length of 40 mm,
and & weight of 1,1 grams., The fish were of relatively uniform size
and the total weight of the young was therefore only about 13 grams
or less than & half ounce,

The I group was represented by 733 individuals., Of these, 117
were preserved, 9 were taken from the stomachs of the adult bass
end 607 were measured in the field and discarded., Average length
snd weight, based on 116 preserved specimens are: total length
88,3 mm. or 3.5 inches, standard length 70.8 mm. or 2.8 inches and
weight 1143 grams or 0.4 ounces. The smallest specimen in this group
had a total length of 70 mm, and the largest had a total length of
108 mme The total weight of the 733 specimens was about 8,283 grems
(1843 pounds).

The proportion of 12 one=summer-old to 733 two=sumer-old sun-
fish is obviously abnormal but is easily explained. During the
epewning season of this fish in 1937, it was decided to destroy the
nests. The egrs had been laid but few if any had hatched. The
method used in destroying the beds was a crude one, consisting merely

of kicking the nest apart, A careful check of the number of beds
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which had been wrecked was not mede, but they numbered scmewhere
between ten and twenty. Possibly not every nest was destroyed, or,
perhaps, the eggs of a few may have hatched before this activity.

It cannot be proven that the destruction of the spawning beds
was responeible for the smell number of young, but it is improbable
that the condition is due to any other cause, The method may prove
entirely practicable as & means of reducing the mumbers of fish of
those species which nest in cleear, shallow waters, where they have
becone over-abundant or where they are undesirables The destruction
of the beds in Howe Lake would have been done more carefully had the
poisoning been amtieipated,

Five specimens varying in totel length from 110 to 125 mm. were
discerded and their age was not determined. They are possibly three=
summer-old fish, Their combined weight is estimeted at 125 grams
or ebout 4 ounces,

Of the adult legal=sized fish, 25 in number, 14 were discarded
end 11 were preserved, Those which were preserved varied in size
from 171 mm. to 190 mr. and in weight from 119 grems to 159 grams.
LIforts were made to determine the ages of these sdult fish, but the
scales could not be read with certainty, slthough the fish were
apperently from 3 to 5 years olde These adults had an average standard
length of 145,3 mme (6.7 inches), an average total length of 180,1 mm,
(7.09 inches) and an average weight of 51¢5 grams (1.8 ounces), The
total weight of the adult population was 7,9 pounds. Five of the
preserved sunfish were females, six werqmales. The number, average
size and weight of the fishes in the several groups are shown in

Table 2,



-l

Table 2

FWumber, Average Total Length, Average Weight and
Total Weight of Common Sunfish in the Various Sisze
Groups Based on Measurements and Weights of Number

of Specimens Indicated in Text

Averags Average Total
Length Weight Weight
Age Group Yumber in Inches in Ounces in Pounds
O 12 1.4 L X X ] eee
I 733 Seb Oe4 1843
Are not determined
(probably 11) 5 ese 0.8 0.3
Adults (II-IV) 25 7.1 1.8 7‘9
Total T7S ves ecs 2646

The total sunfish population consisted of 775 specimens weighe
ing approximately 26,5 pounds, The ratio of twoesummer-cld fish to
adults was 29:1; for one-gummer=o0ld sunfish to adults the ratio was
about 1:2,

The coefficient of condition (K)t4has determined for the pre=
served specimens. The 116 two-sumer-old fish had an average
coefficient of 3,093 the coefficient of 11 adults averaged 4.68,.

LARGE=!I'OUTHED BASS, (Aplites salmoides), Larce-mouthed bass

were more abundant then any other species and were the chief ate

traction for the angler. Small-mouthed bass (250 adults) had been

o
<" For formla see my earlier paper (1937).
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stocked in about 1930 and reproduced successfully, but by 1934 this
specieg was no longer in evidence and in 1937 it hed entirely dis-
eppeared., Whether its failure to become established was dues to e
lack of suitable spawning grounds (gravel had been introduced in
1930, but, with a lowering lake level, was probably not available
at a desirable depth a few years after it was introduced) or to
some other cause could not be determined,

No younge-of-the-year bass were removed by the hatchery in 1936
or 1937. Previously bass had been seined each year since 1931 and
placed in other lekes in the vicinity.

Celculations indicate a presence of 18,669 bass having a total
weight of about 1556 pounds, These figures are based on the assumpw
tion that the fish which were discarded had the seme average weight
as those cf the same age which were exemined, Numbers and weights

of base of different age groups are given in Table 3,

Table 3
Number and Weight of Large-mouthed Bass

iz, Howe Leke, by Age Groups

Age Group Number Total Weight
0 18,374 3342 1bs,
0 (Cannibels) 229 8.6 "

I 25 6.8 *

11 10 5,2 "
II1 105 78,8 *

v 7 6,9 "

V and older 9 15,9 *®
Total 18,669 155.4 lbse

Welght, Per Acre 11,6 lbse
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A study of the young showed that cemnibalism was prominent,
that certain of them had grown very much more repidly thean had the
others. Camnnibalism in bass has been studied to e considerabls
extent by Langlois {(193€), who also summarizes the litersture om
the subject, by Cooper (1937), and by others. These studies were
invariably made in hatcherles or reering ponds. Investigations of
cannibal basg in natural waters have not been made so far as the
writer 1s able to ascertain,

The question naturally arises as to whether or not the fish
regarded as cannibalaa/in Howe Lake were really young of the year,
No anmli or irregularities which might possibly be construed as
annuli were present on the scales, The ammuli were readily noted
on the older fish and there is no doubt in the writer's mind regarde
ing the age of the fish considered cannibal young=of-the=year, The
largest cannibal which was studied was 18 mm, shorter than the
smallest fish of the next oldest group (I). ¥No such gap in size
appeared, however, between the cannibals end the normal young. A
large majority of the latter were between 50 and 60 mm, in total
length. There were very few bass between 65 and 70 rm, in length,
end 70 mm, was arbitrerily chosen as the dividing line between can=
nibals and non=cannibals. This figure represented approximately
the low point in the bimodél curve,

The fact that there is a wide range in the size of the cannibals

suggests that some of these fish may have become camnnibalistic

¥ These fish might better be referred to as pisciverocus fish or

a8 fast-growing fishe They undoubtedly included fish other than

bass in their diet and a few may have been subsisting entiredy on
food other than bass, Since the term "cennibal" is generally epplied

to these fish, it 1s also used here,
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earlier than others,

Of the normal young 6,872 were preserved and 11,459 were dise
carded, From the stomach enalysis ol the larger bass which were
examined, it was determined thet & total of 43 bass of the O group
were present in these larger fishe The number of young which were
accounted for therefore totaled 18,374, or 1,371 per acre., On the
basis of a study of 600 of these fish, tuken at random, they had an
average standard length of 43,1 rm,, an average total length of
6345 mm, (2.1 inches), and an average weight of 0,82 grams. The
entire lot weighed 15,067 grams (33.2 pounds).

The fingerling bass regarded as cennibals totaled 229, of which
108 were preserved for study. These bass had an average standard
length of 89 mm., an average total length of 108 mm. and an average
weight of 17.1 grams., The total weight of the cannibal population
(229 individuels) was 3915.,9 grams (8.6 pounds)., On the average,

a single cannibal was equivalent in weight to 21 normal bess of the
same agej the largest cannibel examined weighed as mch as 42 normal
fish. These data indicate that bass are capsble of growing at
tremendously different rates in natural waters as well as in hatche
ery pondse

The larger camnibels were in muech bebter condition than were
the smaller ones. The average K for the 108 specimens which were
examined was 2,14; for the fish between 70 and 100 mm. long
(36 specimens) K was 1,93, for those from 101 to 144 mm. (72 speci=
mens) the average K was 2,23,

Howe Leke contained ome cannibal per 80 normel young at the

time the fish were collected,
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Almost without exception the stomachs of the cannibels were
distended and the food consisted almost emtirely of fish. 1In
116 storachs (including those of 8 fish which wers slightly smaller
than those recognized as cannibals) & total of 168 fish were found.
These consisted of 82 perch, 14 bass, 67 darters, 1 blunt-nosed
minnow and 4 unidentified {pertly digested) fish.

To determine whet percentage of the adult fish had been cen=
nibale during the first year, measurements were teken of scales
from 27 normal young, 79 cannibals, znd from older fish which had
been preserved. Koy scales were used in all instances. The scales
of the young and cannibals were measured from the center to the
edge of the anterlor fields those from older fish were measured
similarly except that the measuremente were taken only to the first
ennuluse These measurements, magnified 44,3 diameters, are shown
in Teble 4, The young end cannibals had not yet attained a full
year's growth and the zones would have been somewhet longer by
the time the first annulus would have formed. Hormal growth during
the first season was probably somewhat greater in earlier years
(before 1936) because a considerable percentage of young were removed
in those years by the Grayling Hatchery, leaving more food, presumably,
for the remaining young. A study of Table 2 shows that the older
fish (II to V groups) had not attained an exceptionally large size
during their first year of life, In the I group about half the
specimens had bLeoowxe relatively very large during their first year;
in the II group only one had a large first year's growth. O0f the
legal-sized fish, only one had apparently attained an exceptionally

large size in its first year of iife,



Table 4

Grouping of Large-mouthed Rass From Howe Lake According
To the Length of the Radius of Key Soales (Megnification
44,3) to Rdge of Scale for Younr=ofwyear and to First

Armulus in Qlder Fish

Length of Radius Age Group
(x 44.3) by 3 mme Normal (Camnibal

Groups 0 0 I II III IV v
e A ]
18-20.9 4 LR X} e (XX ] aew ase LE X J
21—23.9 15 1 [ XX} 1 see e sse
24=26,9 8 3 ees 4 2 ees see
27=29,9 cer 2 1 1 T eee 1
30+32,9 see 2 3 1 5 1 1
33.35.9 ses 4 [ XX ] eee 8 ese 2
36-38.9 sse 7 L XN ] (XX} 8 aee LY ¥ ]
59-41.9 soe 2 ees see 15 1 (XX}
42-44.9 sos oo 2 see 5 ese [ XX
45—47.9 ves 4 see [ XX 4 (XX} (XX}
48-50.9 see 5 ees e e (X X} ces [N ¥
61-53.9 ese 4 ese LR ] se 0 ose ese
54-56o9 eee 7 ese ooof [ X ¥ LX X eee
57-59.9 L X X2 3 eoe 1 see [ X X ] [ XX
60‘62.9 eee 11 1l eee coe [ X X ee e
65-65.9 vee 9 1 ese [ XX ] sse es e
66'68.9 (XX ] 7 1 e s 300 sse sss
69-7109 (XX ] 2 ese s e ece [ X X} [ XX ]
72-74.9 ses 5] sese ene see (XX} es e
75-77.9 ea e oee (XX ] ese eee (X X es e
78-80.9 see 1l 2 see L XN ] sep eee
Total 27 79 11 8 52 2 4
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several explanations might be givem regarding the apparent fact
that the older fish did not grow rapidly when young. Perhaps those
which had been cannibals were more vigorous and were caught by the
anglers or perhaps there was no cannibalism several years prior to
the poisoning. Neither explanation seems suitable however. Iven
with extensive fishing a few of the rore voracious bass should have
survived the engler and, since food had not been abundant for some
few years at least, cannibalism was probably common eaol: years

A possible explanation which is supported to a considerable
extent by the literature is the apparent relationship between growth
and rortality. Schneberger (1935) found that some young perch had
a very large first year's growth, but that this condition was not
noted in the older perch, Eschmeyer (1936) made the seme observation
for this species, In connection with the diseussion of the posszible
ceuses of Lee's phenomenon in a cisco population, Hile (1926) quotes
the literature as follcwes:

"The relation between individuel growth rate end ine
dividual length of lif'e has been studied experimentally by
several investigators, Osborme et al, (1917) found tkat a
temporary preliminary stunting delayed meturity and exe
tended the life span of rats, Titcomb et al. (1928) end
¥cCay et al, (1931) found that trout that did net grow
lived longer than trose which showed growth on & similar
diet, Zabinski (1929) by effecting a retardation of growth
was able to prolong life in the black beetle and the roach,
KcCay (1933) presented a brief discussion of the general
problem of the relationship of rate of growth to longevity,"

It is possible that these fast-growing individuals have an early
mortality. The problem is an important one in fish culture, although
little mention seems to be made of it in connection with the gquestion
of hatchery feeding. In those fish which require several years to
reach a catchable size, the general tendency to obtain rapid growth
in hatchery fish might be unwise. It is possible that in our northern

waters such fish die from natural causes before reaching a catchable size,
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Tighty-seven fish which were older than the young of the year

were exemined in the laboretorye

weight and condition is given in Table 5,

87 fish, 69 were discarded al'ter measurements were taken,

Information on the agze,

In addition to

length,
these

These

89 were placed into the gge groups on the basis of length, snd, be-

ceuse of an cverelap in size of different age groups, a few may have

been placsd in the wrong groupa

shown in 7able &,

Table &

Average Length, Weight end Conditiomn

0f Large-mouthed Bass from Howe Lake

For Different Age Groups

The number in each &ge group is

Age Group

Item 0 1 i1 TIT 1V v
No. of specimens 18,603 13 9 58 2 4
Ave, stendard length

(rame ) 43,1 174,9 216.1 242,2 265.,8 322,0
Ave, total length (mm.) 53.9 21045 258,7 29049 320.5 385.8
Ave, total length (in.) 2.1 8.3 10.2 11.5 12.6 15‘2
Ave, weight (grams) 0e8 123,41 234,56 338.4 442,3 802,7
Ave., weight (pounds) see 0.27 0,52 0,75 0,98 1,77
Ave, K .ot 2424 2430 2,38 2428 2,40

Except for the O group,

which had not yet attained a full

year's growth, the fish compare favorably in growth with those from

other waters, including more southern lakes where growth might be

expected to be more rapid,

The specimens from Winterzreen Lake and

Watkins Leke (see Table 6) were from relatively rich southern Michigan

lekes, but the fish in these grew no faster, in general, than those

from Howe Lake. BRennett's extensive data indicate that fish in

12 northern VWisconsin waters grew, i» general, at about the same rate
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as those from Howe Lake, growing more rapidly in some yeers end more
slowly in others, The southernm ‘Wisconsin fish grew more rapidly than
did the Howe lake fish, Considering the latitude, the Howe Lake fish

may be considered to have grown at a mederately rapid rate,

Teble 6
Comparison of the Growth of Large-mouthed
Bags in Howe Lake and in Other Weters,

Total Length in Inches

Ag®e
Leke Date of Cepture 0 I II 111 v v
Howe September 7 24l 843 1042 11,5 12,6 15,2
Wintergreenl//' Winter=--various 4,0 8.7 1l.3 11,7 12,0 12,7
dates

watking? - September 29 Bl eee 945 10,7  ses 13.6
Aversge for Calculated for

12 lakes in - full growing

northern Wisd~  season 2.8 645 9.7 11,7 13,2 13.9
Average for " " "

4 lekes and

l river in

southern Wiseo 3.7 8.7 11.9 13,7 14,9 16,2

1
U petermined by G. Pe Cooper (unpublished), Kelammzoo County, ¥ichigan,
U " " Cooper and Eschmeyer (unpublished), Jackson County, HKichigan,

" PRennett (1937), calculated lengths for the full growing seascn,

e

The unusual distribution of fish in the age groups cannot be ex-
prleined on the basis of removal of young by the hatchery, since the
fipures below show no correlation, The number of fish removed each

year from a four year period and the number of fish in the remaining

population for each year are stown in Table 7,
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Table 7
Fumber of Fish in Fach Age Group and

Number Removed, &s Fingerlinge, From Each Group

Age Fumber of Fish Year Number of Young Re=-
Group in Age Group Born moved Tach Year

I 25 1938 None

II 10 1536 27,000

III 106 1954 21,000

Iv 7 1933 16,000

One change was made in the enviromment which might well explain
the abundence of fish in the group born in 1934 (III group): Gravel
was irtroduced in the summer of 1933 and the number of young bass in
1934 maey have been much greater than usual because of these improved
spawning oonditions, The large number which survived from that spawn-
ing may have greatiy reduced the number of fish born during the next
several seascns by consuming a large percentage of these fishe. The
distribution of fish in the age groups sugpgests (though it does not
conclusively prove) that the gravel may have been decidedly effective
in increasing the number of bass, The number of young obtained each
year by the hatchery is not an index of the abundance of young pre-
sent in the lake because of the difference in seining intensity dur-
ing the several yeers,

Hone of the I group had ettained a legal length of 10 inches,
but in the II group all except 3 were of legal length. The totel
number of legel-sized fish was therefore 128 or about 9% per acre,
The O group included 18,603 specimens, including the cennibals, and

the ratio of legal-sized bass to young-of=-theeyear bass was therefore
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1:145. If the populetion had been uniform for several years, the date
could be construed to indicate that one adult might be expected to
result from each 145 young (2.1 inches long) present., A considerable
number of adults had been removed during the summer by anglers, but
in that same period many young of the year also were eaten by the
other fish and by some of their own group. The ratio of game fish
to forage fish was 20:1 at the time of the poisoning, and, since other
food appeared to be soarce, the young geme fish were very probably the
chief source of food for the larger figp. There are no data with vhich
to compare these figures aend no statement can be made regarding their
being representative for bass in gensral,

PERCH, Perca flavescens. Perch were second in abundance, but

constituted only a very small percentage of the total pounds of fish
present,

The number of young (0 group) was 2,678, including 528 preserved
specimens, 1,934 discarded fish, 200 in bass stomcchs and 16 in the
stomachs of larger perche The latter two figures are based on the
assumption that the number of small pereh in 195 bass and 41 larger
perch was representative,

Two hundred specimens teken et random from the preserved lot
(O group) had an average standard length of 47.3 mm, and an averare
totel length of 5742 mm, (2.3 inches), Fifty females had en average
total length of 58,3 mm, and 50 males had an average total length of
56,2 mm, The females were growing nore raridly than the males even
during the first season. The two sexes were about evenly divided;
of 108 individuals taken at random, 57 were females and 51 were

meles,
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The 200 specimens had a weight of 319 grams. The entire lot of
young=of-the-year perch (2,678 fish) therefore weighed about 4,218
grars (9.3 pounds)., The ratio of young-of-the-year bass to younge
of-the-year perch wes approximately 7:1 (18,374:2,678).

Forty-three two-summer-cld perch were preserved and 88 were dis-
carded, In a smmple of 41 of these fish, 15 were females and 26 were
males., The females averaged 92,4 mm, standard length, 109,7 mm.
totel length, 12,2 grams in weight and had an average K of 14473 for
males these figures were, respectively: 77.8, 93,5, 6.7 and 1,.40,
The fish had a total weight of epproximstely 1,140 grams or 2.6 pounds.

Of the perch older than two swmmers, 5 were preserved and 12 were
discarded, The discarded fish were measured but sex determinations
were not made. Because of the difference in growth of the two sexes,
it could not be determined from the measurements whether these fish
were femanles of e certein age or males a year older, The five pre=-
served specimens inocluded three age groups. All had attained the
legal length of six inches, The combined weight of the 17 specimens
was about 822 grams or 1.8 pounds,

Differences in the rate of growth of the two sexes of perch has
been noted by Schneberger (1935) and others.,

The entire perch population totaled 2,826 fish, weighing 13.6
pounds., This number inciudes 2,678 young of the year, weighing 9.3
pounds, 131 two-summer-old fish weighing 2.5 pounds, and 17 adults
weighing 1.8 pounds,

Perch represented only one pound of fish per acre. The ratio

of young to two-~summer~old perch to adults was about 158:8:1,
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DARTERS, Boleosoma nigrum and Poecilichthys exilis, Two species

of darters were present but were not differentiated in the fish which
were discarded. A sample of 96 specimens contaired 92 Johnny darters
and 4 Iowa derters. Most of the specimens were therefore of the fore
mer species. If half the discarded "minnows” were darters, a total
of 385 were discarded, If the stomach contentsof the bass and perch
discarded were similar to those of the bass and perch examined, 253
were present in the stomachs, The total poprulation was therefore
estimated as 634 individuals., This figure is less reliable than the
data for other species, since the darters tended to remain on the
bottom even several days after the poisoning, The estimated popula-
tion, if similar in weight to the 96 preserved specimens, had a total

weight of 588 grams or 1,3 pounds,

Trend of the Population

¥ithin a period of four years the relative abundance of perch
end bass chenged very decidedly. Frequent examinetions (observations
and fishing) by the writer in 1933 suggested that perch were abundant
and that bass were relatively few, The perch were slender and had
abnormally large heads, and were obviouasly stunted in growth, At the
time of the poisoning in 1937 perch were decidedly fewer then bass,
the ratio being about 1:7 and apparently were in better condition
than were the perch a few years previojisly.

The change in population is att?ibuted to environmental "improve-
ments,”" i.e. providing gravel for bass spawning and the installation
of brush shelters which, &ccording to limited investigation, are fre=-

quented more by bass than by perch. It seems protable that the bass
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increased as a resvlt of these improvements and that they reduced the
number of perch,

An examination of the stomechs of the larger fish supgests why
the perch rey have declined &s the number of bass increased. When
rotenone is used the young fish tend to die first and the larger fish
are able to teke their choice of the smaller ones. So far as could
be determined, both young bass and young perch died at about the seme
time, If they took fish indiscriminately, the stomechs should have
contained seven young bass per young perch because the fish were pre-
sent in that ratio, Actuelly, the ratio of bass to perch in the
stomachs of larger fish was 1l:4 (27:106). Cannibal bass, adult bass
end perch all showed a preference for young perch, with cannibal bass
decidedly the most destructive to these young of the year. The young
bass and young perch were of about the same length but, naturally,
were shaped quite differently., The difference in the shape of the
fish was probebly a chilef fector in the consumption of fish of the
two species and their location in the lake also may have been in-
fluential, The fipgures on relative sbundence of fish in the stomachs
are given in Table 8,

Table 8
Number of Perch and Bass (O Group) Present in

The Stomachs of Other Fish, Per 100 Stomachs

Number Per Number Per
Predator Prey 100 stomachs Prey ____ 100 stomachs
Bass, cannibal BReass 12 Perch 71
Bass, adult Bass 10 Perch 23
Perch Bass 6 Perch 12

Young perch were perhaps the chief food item of the older bass

and perch at the time the leke was poisoned,
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Hed the poisoning orn the Howe Lake fishes been anticipated, an
intensive creel census would probably have been maintained om this
lake during the summer, No estimate of the number of fish which were
caught can be mnde., Mr, Peterson indicates that Howe Lake was fished
heavily for several years during the early part of the season but that
in the middle of the fishing season, and later, few were caught,

Mr. Peterson made inguiry of some of the anglers and learned that one
party took 27 bass, 2 perch and 6 sunfish in 12 trips to the lake,
The writer caught 4 perch and 4 sunfish in 3 attempts. The lake
survey perty noted, on a Sunday lete in the summer, that of epproxime
ately 25 anglers, only one had caught a bass. This survey party took
no fish in experimental gill nets placed in the lake for two days.
The meager information suggests that over half of the fish may have
been removed by engling, This is in decided contrast with the re=-
moval of fish in several southern ¥ichigan lakes, where it is
estimated (Hezzard and Kschmeyer, 1938) that less than 8 per cent of
the available fish were removed by angling,

After all the fishing on Howe Lake, over 9 adult bass per acre
remaineds This number is probably ample for brood stock. It seems
improbable that fishing by ordinary means will reduce the number of
fish to a point where an inadequate brood stock remains. Before that
point is reached, the catch probably becomes so low that angling is

discouraged,
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