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over a period of several years the Institute for Fisheries 

Research has been eradicating the fish in a small number of 

Michigan lakes. v;ith one exception, these populations were almost 

valueless for angling because the fish were stunted in growth and 

few attained catchable size. Three of these populations have been 

discussed by tho writer (Esohmeyer, 1937, l938)J studies on several 

others have not yet been eo~pleted. 

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 consid­

erable fishing. studies of populations such as the one .from Howe 

Lake are probably more valuable to fish manag8l7ient 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 eradica­

tion of fish which are valueless, especially if the lakes are to be 
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restocked later. but who may be expected to protest if a good fish• 

ing lake is to be cleaned out• Removal of the fish from Howe Lake 

seemed to the sport8lll.8Il to be justified because of the presence of 

carp. It is improbable that many such normal populations of fish 

will be studied in the nea.r future by similar methods. 

This discussion is, primarily, an analysis of the fish which 

were in Howe Lake at the time of the poisonbg. It is based on a 

study of almost the entire population. 

Description of~ Lake 

Howe Lake is in :ection 32, T. 27 :n., R. 4 w., Crawford County, 

Michigan. It is about six miles west of Grayling, approximately a 

mile north of highway :M 76. The lake is on state-owned land and 

has no resort development. The surrounding country is a sandy• 

level, jackpine plain, low in fertility and unsuited to agriculture. 

A survey of Howe Lake was made in the swnmer of 1937 by an 

Institute lake survey party, consisting of Dr. David Chandler, 

Walter Crowe and E. L. Cheatum. 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 ot 

:m-. Hans Peterson, District Supervisor of Fisheries Operations, it 

is now about four feet below the level of ten years ago. Howe Lake 

has a maximum depth of 24 feet and the basin is regular in form. 

At the time of the examination in early August, the water was 

unstratified. Temperatures were 76° F. at the surface, and 12° F. 

at a depth of 21 feet• The colorless and moderately clear water 

gave a Sacchi Disc reading of 12.5 feet. It was quite alkaline 

(pH 8.1). The methyl orange alkalinity (51) was decidedly lower 
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than that of most alkaline lakes which have been previously examined 

by the Institute. The dissolved oxygen. which ranged from 8.3 ppm. 

at the surface to s.o ppm. at a depth of 21 feet. was adequate to 

support fish life at all depths. 

Howe Lake is almost completely devoid or vegetation. A few 

stunted yellow pond-lilies. a 11.lllited 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 in,. 

traduced. Fish food, too. is scarce. A plankton net with 10.6 cen­

timeter dimeter at the mouth yielded only o.4 cc. of plankton in 

a vertical haul from a 15-toot depth to the surface. Ex:runination 

of food organisms taken by Ekman dredge showed variations in volume 

of bottom organiama from 0.2 cc. per square foot at a five foot depth 

to none at a 21 foot depth. Forage tishwere relatively fn. 

History 2..£ Fish Management ~ ~ ~ 

UUoh of the early history of fish management on Howe Lake is 

not known to the writer. but for recent years the information is 

probably complete. A number of species of fish have been ,.ntroduced 

and a variety of environmental adjustments have been made. Carp 

( Cyprinus carpio) have been present for many years. According to 

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

from 1888 to 1892 and they were possibly introduced 1n Howe Lake at 

that time. Attempts were made by the Grayling Fish Hatchery to use f I} 
~L~ 

the lake to raise fish for stocking in other waters• henoe ~rlt-
~et ban (Micropterus dolemieu) were introduced in aeettt 
!1~ I:, 
J:93Et·· as brood stock. The attempt met with indifferent suocesa and 

was abandoned in 1935. In 1933 about 4.soo blunt-nosed minnows 



(Hyborhynchus notatua) were introduced, and 20 .ooo more were planted 

the next yee.r. The stocking included also :s.u00 brook silversides 

(Labidesthes sicoulua) in 1934 and 75 adult common suckers (catostomus 

.!:. commersonii) in 1935. 

Apparently none of the five species mentioned above was native 

to the lake. As will be noted later, the small-mouthed bass and brook 

silversides were already exterminated by 1937J carp and suckers seemed 

to be definitely approaching extinction and the firth spooies, the 

blunt-nosed minnow, we.a not especially well represented in the popula­

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

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

introduced as young with one of the plantings of forage fish. Their 

cha.noes of becoming established were obviously nil. 

The original population probably consisted of large-r;1outhed bass, 

eommon sunfish, perch and darters. 

Environmental "improvements" included the introduction of pond-
the 

lilies and Chara, fertilization with stable manure, 1installation of 

brush sheltera for the protection or the young fish, and of slabs 

for use by spawning minnows, and the provision of gravel for spawning 

beds. Attempts to increase the vegetation were relatively unsuccess­

ful. The value of the fertil i.sing was not ascertained. The slabs 

were used by the minnows in spawning. The shelters and gravel appar­

ently influenced the fish pop1Jlation very decidedly, a.s will be noted 

later. 

The fish removed from How~ Lake for sto~king in oth~r waters, 

according to the Grayling Hatchery records, were all bus fingerling• 

(both species) and included the following munbersa 19311 17 ,OOOJ 

19321 27,000; 19331 16,000J 19341 21,000; l9S5r 27•000• 
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Fishing was prohibited for the period fro~ 1930 tc 1933. 

Methods 

On September 7 11 1937, the fish in Hewe Lake were killed with 

powdered derris root. About 186 pounds (approximately 14 pounds 

per a.ere) were used. The method of ruiroinistering the poison was 

similar to that described previously (Eschmeyer, 1937). It is al­

most certain that all fish were killed, sL1ce the dosage ap;.,lied 

was relatively greater than had been used successfully in othor 

waters to annihilate 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 had exam­

ined the lake earlier in the SU1Il?Jler 11 and of employees from the 

Grayling natehery 11 and Conservation Officer Harry Souders. :Cfforls 

were made to eJt6.Iuine all the fish ar1d a 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. darters, young-of-the-year game fish and a few 

suckers and carp were measured as well as counted. The oollecting 

was eontL:ued for five days. although f'ew fish were seen a:f'ter the 

second day. Many of the darters did not float, and it is possible 

that so:me of these ren~ained submerged in water too deep to wade. 

It is believed that alr.10st all (probably over 95 per cent) of the 

fish were secured for examination. 

Unless otherwise indicated. the ensuing discussions concern 

only the fishes poisoned in 1937. 7he fish for laboratory exs.mina­

tion, were preserved in formalin end were later transferred to 
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alcohol. Measurements were made arter preservation except on those 

fish which were dioce.rded iwnediately after they were collected. 

During the poisoning of a lake. the smaller fish tend to die 

first and EaXe readily available for the l~rger ones. Al.Iuost all of 

the young fish taken from the storr,aohs of the Howe Lake fish bad 

apparently been consU1.J.ed a very short tme before the larger ones 

died because there was little or no digestion of these smaller 

individual,. Fish taken from the stomach& of the larger specimeI.i.8 

are therefore invariably included in the totals. 

l,teasurementa of standard and total length were ma.de in lllillimeters 

and the fish were weighed to the nearest gram on a Welch balance 

except for the cup which were measured in inches and weighed in 

pounds. Weights are generally expressed in both 6ra.~s and pounds• 

and lengths in both millimeters and inches; in sonie tables. however. 

weights are expressed only in pounds and• for some very small fish, 

weights of' individuals are indicated only in gran:s. In work on the 

rate of growth of fishes. the metric system of measurement has al• 

most in'Varis,bly been used; in fish production studies the data a.re 

generally expressed (in America) in pounds per acre. An e.ffort has 

been made:, in this discussion. to express measurements in the most 

ueable form, hence the apparent inconsistencies. 

Since the fish were taken in early s eptember:, they were probably 

actually older in tern.a of growth than is indicated; fish of the 

I group (1 e.nnulus), for example, had completed the greater portion 

of their second growing season. 



The ~ Population 

The entire fish population is calculated to have been 

23.508 individuals at the time of the poisoning. These fish had 

a total weight of about 510 pounds, representing approximately 

38 pounds per acre. Data on the n'Ul!lber a.nd weii;ht of fish of es.eh 

specios e.nd oi' all specie$ co::ubined are shown in Table 1. 

Table l 

Number and Weight of the HOVfe Lake Fish, by Speoiee 

Weight ill Pound~ 
Specie• Number Entire Lake Per Acre 

Common Sucker 37 96.'1 7.2 

carp 13 211.0 15.7 

Blunt-nosed Minnow 484 4.9 o.4 

Common Sunfish 755 26.5 2.0 

Large-mouthed Basa 18,'159 155.4 11.S 

Perch 2.s2e 13.6 1.0 

Darters 834 1.s 0.1 

Tots.la 23,508 610.3 38.l 

Carp were the poorest represented in numbers but ranked first 

in weight. carp and suckers, both almost valueless for angling and 

of no value as food for the other fish because of their large size, 

corr.prised almost two-thirds of the population on a weight basis• 

Both species. however, would have become extinct 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 



bass rankP-d t'irlft in abun<le.nce and wero ,indc-ubtedly tl,e 1"01:'t valuf\ble 

of the several species which were prese~t in the lake. 

Each species is d1ec~ssed separately below. 

co:~roN SUCY.!P.,. catostomus ~ eoll!t"'.orsonii. A tota.l of 37 s,:cl:ers. 

or half the nv.JDber reported to have been planted in 1935 • v,as nol• 

lectoo.. Pecause of their larg('\ size., ;.t is improbable tbo.t any -.vere 

overlooked. Eif'.hteen fish taken at random measured 481 Jmn. (18.9 

inches) and weighed 1185 greJnS ( 41.8 ounces)• The 37 su.ekers there• 

fore v.relr;h6d approximately 96. 'T pounds• Sil!ce the smallest fish had 

a length 0£ 15.5 inches, all of the suckers wore probably from the 

single pltntinr::. 

The adult suckers had been planted Ets brood atock to provide 

food for the bass end the other .fish present• No suckers are known 

to have been present before the ple.nting of 75 specimens in 1935. 

This a.tte~'.pt. apparently met with cor.'pleto failure., unh,ss it be 

assumed that all the y01.'ng produced durir.e; the two spf...wn.ing seasons 

he.d bean ee.teY! by the time of the poizon5.nf", bocl\use no small suc}:ers 

were found. If the f.ish had reprcduced 1:mccess:f'l:lly, e. few probably 

would hr-ve survived, even in a lake where food wae scarce and wr..ere 

predatory bass were relatively a.btmdant. Their a,r.:paren.t failure to 

reproduce may be explained partially as follaws: 

Suekers generally prefer to spawn in st.reems but also reproduce 

successfully in many lend-lookec lakes. Pe!"haps ipavming conditions 

were unt~lrorable in Howe Lake. Or• the faiJ.ure in reproduction. may 

have been partially due to an abnormal sex ratio. Reighard (1920) 

stated that the males precede the females to the spawning grounds 

and that during ~ost of the spawning period only males are present 

on the riffles. The Eowe Lake suckers had been taken from the out­

let of Lake 1..18.rgarethe during the epP.Miing run and few females may 
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have been present in ~he number which were introduced. Jfr. Peterson 

s-tates that females were definitely included since eggs were flowing 

freely from some of the fish. The importance of determining the 

sex c,f the suckers in F.owe Lake was not realized un,:;il after they 

had been discarded. If for some reason or other the f'emales suf­

fered an early mortality, the absence of young may be due to the 

absence of this sex. 

The f•ish had grown from about 15 inches in length when plented 

in 1935 to about 19 inches in 1937. 

CARP, £},-prinus c9io. It is reported that carp were once 

numerous in Howe Lake but that 1n recent yE:iars they have declined 

in m::mber. According to reports a few were speared in 1933 and two 

years later a 6lll8,ll one about nine inches long was taken with hook 

and line. So far as is known, no others have been removed in recent 

yea.rs. 

Thirteen large ce.I·p were collected after the poisoning. Nine 

of these had an average length of 33 inches and ten had an avera.e;e 

weight 0£ 16.l pounds. The 13 fish had a combined weight of 211 pounda. 

There were no young carp, and it is probable that eventually the 

specie• 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 

yet to be <letel'lid.ned• In one end of the lake in 1934 the bass nests 

were from six to eight inches deep and the gravel was znore or less 

scattered. Elsewhere, on similar heaps of gravel, the nests were 

all of the usual saucer-shaped kind. It is possible that the condition 

of the nests in the one end of the lake was due to the activity of 

the carp in an effort to obtain what food might have accumulated on 

the gravel. 
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The general impression is that the carp were responsible for 

the relatively small yield of fish, but ecological conditions are 

such that the lake would not be exceptionally productive rer,ardless 

of the presence or absence of ca.rp. 

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

weight of fish of any other species. 

BLUNT-nos ED llllINOW, Hyborhynchus notatus, Arm OTID':;R MINNOWS. 

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 

was 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 fonner species. Assuming that half of those discarded were 

blunt-nosed minnows, 484 were present. Very few were found in the 

stomachs of the larger fish. 

The preserved fish had an average weight of 4.5 grruns each and 

a combined weight of 2.178 grams or 4.9 pounds. The ratio of adults 

to young in the sample waa five to one, a rather unusual ratio 

since the young would normally be much more abundant th.an adults. 

Possibly not many younr were hatched. but it is quite probable that 

even if considerable young were produced their numbers would have 

been very decidedly decreased by the many bass and perch present. 
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Five specimens of :rnirmows other than the blunt-nosed were taken: 

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

cornutus frontalis. It is assumed that these fish were introduced 

by anglers or were inadvertently planted with the blunt-nosed minnows. 

C0ML'ON SUNFISH., Eupomotis gibbosus. Adult sunfish were not 

abundant but were of a relatively large 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 bass stomach., one was preserved, and the other ten were dis­

carded. The lone preserved specimen had a total length of 40 mm. 

and a 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 a 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 

and 607 were measured in the field and discarded. Average length 

and 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 11.3 grams or o.4 ounces. The smallest specimen in this group 

had a total length of 70 mm. and the largest had a total length of 

108 mm. The total weight of the 733 specimens was about 8 1 283 grams 

(18.3 pounds). 

The proportion of 12 one-smmner-old to 733 two-summer-old sun­

fish is obviously abnormal but is easily explained. During the 

spawning season of this fish in 1937, it was decided to destroy the 

nests. The egcs had been laid but fevr 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 



which had been wrecked was not made• but they numbered somewhere 

between ten and twenty. Possibly not every nest was destroyed, or. 

perhaps, the eggs of a few may have hatched before tr,is activity. 

It cannot be proven that the destruction of' the spawning beds 

was responsible tor the small number of young. but it is improbable 

that the condition is due to any other cause. The method may prove 

entirely practicable as a meens of reducing the numbera of fish of 

those species which nest in clear. shallow waters. where they have 

become over-abundant or where they are undesirable. The destruction 

of the beds in Howe Lake would have been done more carefully had the 

poisoning been anticipated. 

Five specimens varying in total length from 110 to 125 mm.. were 

discarded and their age was not determined. They are possibly three­

swmner-old fish. Their combined weight is estimated at 125 grams 

or about 4 ounces. 

Of the adult legal-sized fish, 25 in number, 14 were discarded 

and 11 were preserved. Those which were preserved varied in size 

.from 171 lmll. to 190 mm. and in weight frorc. 119 grams to 159 grams. 

Efforts were made to detenr.ine the ages of these adult fish, but the 

scales could not be read with certainty, although the fish were 

apparently from 3 to 5 years old. These adults had an average standard 

length of 145.3 mm. (5.7 inches). an average total length of 180.1 rmn. 

(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 few.ales, six werer-ales. The number, average 

size and weight of the fishes in the several g'Oups are shown in 

Table 2. 



Table 2 

Immber • Average Total Length. Average Weight and 

Total Weight of Common Sunfish in the Various Sbe 

Groups lased on Measurements and Weights of' Number 

of Specimens Indicated 1n Text 

Average Average Total 
Length Weight Weight 

Age Group number in Inches in Ounces in Pounds 

0 12 1.4 ••• ••• 
I 733 3.5 o.4 18.3 

Aee not determined 
(probably II) 6 ••• o.a o.a 

Adults (II•IV) 25 7.1 1118 7.9 

Total 775 ••• ••• 26.5 

The total sunfish population consisted of 776 specimens weigh­

ing approximately 26.5 pounds. The ratio of two-summer-old fish to 

adults was 29:l; tor one-summer-old sunfish to adults the ratio was 

about 1:2. 

The coefficient of condition (K)~was determined for the pre­

served specimens. The 116 two-sunnner-old fish had an average 

coefficient of 3.09; the coefficient of 11 adults averaged 4.68. 

LARGE-!'OUTIIED BASS., (Apli tes sapnoides) • Larr;e-mouthed bass 

were more abundant than any other species and were the chief at­

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

•• y 
For formula see nry earlier paper (1937). 
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stocked in about 1930 and reproduced successfully, but by 1934 this 

species was no longer in evidence and in 1937 it had entirely dia­

e.ppeared. Whether its .failure to become established was due to A. 

lack of suitable sps.w.ninr, grounds (gravel had been introduced in 

1930, but, with a lowering lake level, was probably not available 

at a desirnble depth a few years a:f'ter it was introduced) or to 

son:e other cause oou.ld not be determined. 

No young-of-the-year bass were removed by the hatchery in 1936 

or 1937. Previously bass had been seined each year sL~ce 1931 and 

placed in other le.kes in the vicinity. 

Calculations indicate a presence of 18,669 bass having a total 

weight of about 165 pounds. These figures are based on the assump. 

tion that the fish which were discarded had the same average weight 

as those of the sam.e age which were e:xemined. lfumbers and weights 

of bass of different age groups are given in Table 3. 

.Age Group 

0 
0 (Cannibals) 
I 
II 
III 
IV 
V and older 

Total 

Table 3 

number and Weight of Large-mouthed Basa 

in Howe Lake, by Age G•roupe 

Number 

18.374 
229 
25 
10 

105 
1 
9 

18,669 

Weight, Per Acre 

Total Weight 

33.2 lbs. 
s.e fl 

s.s " 
s.2 " 

78.8 n 

6.9 n 

15.9 n 

165-,4 lbs. 

11.6 lbse 



A study of the young showed that cannibalism was prominent, 

that certain of them had grown very much more rapidly than had th6 

others. cannibalism in bass has beeu studied to a considerable 

extent by Langlois {1936). who also summarizes the literature on 

the subject. by Cooper (1937). and by others. These studies were 

invariably made in hatcheries or rearing ponds. Investigations ot 

cannibal baSB in natural waters have not been made so far as the 

writer is able to ascertain. 

The question naturally arises as to whether or not the fish 

regarded as ce:nnibala~n Howe Lake were really young of the year. 

No annuli or irregularities which might possibly be construed u 

annuli were present on the scales. The annuli were readily noted 

on the older fish and there is no doubt in the writer's mind regard­

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 a:nd 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 :mm. in length6 

end 70 mm. was arbitrarily chosen as the dividing line between can­

nibals and non-cannibals. This figure represented approximately 

the low point in the bimodal curve. 

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

suggests that some of these fish may have become cannibalistic 

These tish might better be referred to as pisoiverous fish or 

as £ast-gra¥w-1.ng fish. They undoubtedly included fish other than 

base in their diet and a few :nay have been subsisting entirely on 
food other than bass. Since the term "cannibal" is generally applied 

to these fish, it is also used here. 



earlier than others. 

Of the normal young 6,872 were preserved and 11,469 were dia­

earded. From the stomach analysis oi: the larger bass which were 

examined, it was determined that a total of 4S baas or the O group 

were present in these larger .fish. 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.l mm., an average total length of 

53. 9 nn. ( 2 .1 inches) , and 8l'J. average weight of O .82 grams. The 

entire lot weighed 15,067 grams (33.2 pounds). 

The fingerling bass regarded as cannibals totaled 229, ot which 

108 were preserved tor study. These bass had an average at8l'J.dard 

length of.' 89 mm., an average total length ot 108 mm. and an average 

weight of 17.l grams. The total weight of the cannibal population 

(229 individuals) was 3915.9 grams {8.6 pounds). On the average, 

a single cannibal was equivalent in weight to 21 normal bass of the 

aams agea the largest cannibal examined weighed as much as 42 normal 

:fish. These data indicate that baea are capable of' growing at 

tremendously different rates in natural waters as well as in hatch­

ery ponds. 

The larger cannibals were in much better condition than were 

the smaller ones. The average K for the 108 specimens which were 

examined was 2 .14 J for the fish between 70 and 100 mm. long 

{36 specimens) K was 1.93, for those .from 101 to 144 :rran. (72 speci­

mens) the average K was 2.23. 

Howe Lake corrtained one cannibal per 80 normal young at the 

time the fieh were collected. 
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Almost without exception the ston.&chs of the cannibals were 

distended and the food consistod almost entirely of fish. In 

116 stolDichs (including those of 8 fish which wers slightly SI11aller 

than those recognized as cannibals) a total of 168 fish were found. 

These consisted of 82 perch. 14 bass, 67 darters, l blunt-nosed 

minnow and 4 unidentified (partly digested) fish. 

To determine whe.t percentage of the adult fish had been can­

nibals during the first year, measurements were taken of scales 

from 2'1 normal young, 79 cannibals II and fron1 older fish 'Which had 

been preserved. Kay sc~les were used in all instances. The scales 

of the young and cannibals were measured from the center to the 

edge of the anterior fields those from older fish were measured 

similarly except that the :measurements were taken only to the first 

annulus. These measurements. magnii'ied 44.3 diameters. are shown 

in Table 4. The young and cannibals had not yet attained a full 

year's growth and the zones would have been somewhat longer by 

the time the first annulus would have formed. Normal growth during 

the first season was probably somewhat greater in earlier years 

{btjfore 1936) because a considerable percentage of young were removed 

in those years by the Grayling Hatcher-~. leaving more food~ presumably. 

for the remaininf?: young. A study of 'rable 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 hal~ the 

specimens had beoo1r.e relatively very large during their first year J 

in the II group only one had a large first year's growth. Of the 

legal-sized i'ish, only one had apparently attained an e:xce?tionally 

le.rre she in its first year oi' life. 



Table 4 

Grouping of Larre-mouthed Bass From Howe Lake According 

To t.he Length of the Radius of Key Scales (v..ag:n.ification 

44.3) to Edge of Seale for Younr-of-year and to First 

Annulus in Older Fish 

Length of Radius Ag~_ Group 
(x 44.3) by 3 :min. Normal cannl'6"al 

Groups 0 0 I II III IV 

18-20.9 4 ••• ••• ••• • •• • •• 
21-23.9 15 1 ••• 1 •• • • •• 
24-26.9 8 3 ••• 4 2 ••• 
27-29.9 ••• 2 1 l 7 • •• 
30-32.9 ••• 2 3 1 6 l 
33-35.9 ••• 4 ••• • •• 8 ••• 
36-38.9 •• • 7 ••• • •• 6 • •• 
39-41.9 ••• 2 • •• • •• 15 1 
42-44.9 ••• ••• 2 • •• 5 ••• 
45-47.9 ••• 4 ••• • •• 4 ••• 
48-50.9 ••• 5 ••• • •• ••• • •• 
51-53.9 ••• 4 ••• ••• • •• • •• 
54-56.9 ••• 7 ••• ·••/: ••• • •• 
57-59.9 ••• 3 • •• 1 ••• • •• 
60.62.9 ••• 11 l • •• • •• ••• 
63-66.9 ••• 9 l ••• • •• • •• 
66-68.9 ••• 7 l ••• • •• • •• 
69-71.9 ••• 2 • •• ••• • •• ••• 
72-74.9 ••• 5 ••• ••• ••• • •• 
75-77.9 ••• ••• • •• ••• • •• • •• 
78-B0.9 ••• 1 2 • •• • •• ••• 

Total 27 79 11 8 52 2 

V 

••• 
• •• 
• •• 

1 
l 
2 

••• 
• •• 
• •• 
• •• 
• •• 
• •• 
• •• 
• •• 
• •• 
• •• 
• •• 
• •• 
• •• 
• •• 
• •• 

4 
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several explanations mir,ht be given 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. Even 

with extensive fishing a few oi' the 1:ore voracious bass should have 

survived the angler and. since food had not been abundant for some 

few years at least, cannibalism was probably common eaoL year. 

A possible explanation which is supported to a considerable 

extent by the literature is the apparent relationship between growth 

and mortality. Schneberger (1935) found that some young perch had 

a very large first year's growth, but that this condition was not 

not~d in the older perch. Eschmeyer (1936) made the same observation 

for this species. In connection with the discussion of the possible 

causes of Lee•s phenomenon in a cisco population, Hile (1936) quotes 

the literature as follcwt1: 

"The relation between individual growth rate and in­
dividual length of life has been studied experimentally by 
several investigators. Osborne et al. (1917) fcund that a 
temporary preliminary stuntin.g delayed mi.cturity and ex ... 
tended the life span of rats. Titcomb et al. (1928) end 
UcC ay et al• ( 1931) f'ound tha:c trout that did not grow 
lived longer than t1-,ose which showed growth on a similar 
diet. Zabinski (1929) by effecting a retardation of growth 
was able to prolong life in the black beetle and the roach. 
Mccay (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 i6 an important one in fish culture, although 

little mention seems to be made of it in connection with the question 

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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:Sighty-seven fish which were older than the young of the year 

w~Fe examined in the laborE>,tory. Inf'or.ma.tion on the a6o., length., 

weight and condition is given in Table 5. In a.dd.ition to these 

87 fish., 69 were discarded a.i"te::- mee.surem.ents were taken. These 

69 were placed into th~ aga groups on the basis of length., and• ve­
cause of an over-lap in size of different age groups., a few may have 

been plo.ced in the wrong group. The number in each &.[~8 group is 

shown in Table 6. 

Table 5 

Avere.~e Length, ·weight and Condition 

Of Lar~e-mouthed Bass from Hov,e Lake 

For Di.fferent Age Groups 

Age Group 
Item ~ I II ii! 

No. of specimens 18.603 13 9 58 
Ave • ste.ndard l ene;th 

(mm.) 43.l 174.9 216.l 242.2 
Ave. total length (':!Tit.) 53.9 210.5 258.7 290.9 
Ave. total length (in.) 2.1 8.3 10.2 11.5 
Ave• weight ( gr(;JllS) o.s 123.1 234.5 338.4 
Ave. weight (pounds) ••• 0.21 o.s2 0.1s 
Ave. K ••• 2.u 2.30 2.sa 

ff 

2 

265.8 
320.5 
12.6 

442.3 
0.9a 
2.2s 

EXcept for the O group., which had not yet attaL°1ed a full 

V 

4 

322.0 
385.8 
15.2 

802.7 
1.77 
2.-w 

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

other waters, including more southern lakes where growth might be 

expected to be more rapid. The specimens from Fintergreen r.a.ke and 

Watkins La.lee (see Table 6) were from relatively rich southern Michlgan 

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

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

12 northern Wisconsin waters grew• i:'." general, at about the s8llle rate 
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as those from Howe Lake, growing more rapidly in sone years a..TJ.d more 

slowly in others• The southern \'iiseonsin fish rrew more rapidly than 

did the Bowe Lake fish. Considering the latitude, the Hov,e Lake fish 

mAy be considered to have grown at a ·moderately rapid rate. 

Lake 

Table 6 

Comparison of the Growth of Larse-mouthed 

Bass in Rowe Lake and in Other waters. 

Total Length in Inches 

Age 
Date of Capture i5 l II III IV V 

Rowe September 7 2.1 8.3 10.2 11.s 12.6 15.2 

Wintergreen1/ Winter .. -various 4.0 8.7 11.3 11.7 12.0 12.7 
dates 

"vYatk~' September 29 3.1 ••• 9.5 10.1 • •• 13.6 

Average for calculated for 
12 lakes in full growing 
northern WisV season 2.a 6.5 9.7 11.7 13.2 13.9 

Average for ff n ft 

4 lakes and 
1 river in 
southern WisV 3.7 8.7 11.9 13.7 14.9 16.2 

1 ,· 
V Determined by G. P • Cooper (unpublished), Kalamazoo County, Uiohigan. 

" fl Cooper and F.,sch.meyer (unpublished), Jackson County, Michigan. 

ff " Bennett (1937), calculated lengths for the full growing season. 

The unusual distribution of fish in the age groups cannot be ex­

plained on the basis of removal of young by the hatchery, since the 

figures below show no correlation. The number of fish removed each 

year from a four year period and the nUJf!ber of fish in the remaining 

population i'or ea.ch year are sLown in Table 7. 



Table 7 

Nulllber of Fish in Each Age Group and 

Number Removed, as Fingerlings, From Each Group 

Age NUmber of Fish Year Number of Young Re-
Group 1n Age Group Born moved Each Year 

I 25 1936 None 
II 10 1936 21.000 
III 105 1934 21.000 
IV 7 1933 1s.ooo 

One change was ma.de in the onviromnent which might well explain 

the abundance of fish in the group born in 1934 (III group): Gravel 

vras htroduced in the summer of 1933 and the number of young bass in 

1934 may have been much greater than usual because of these improved 

spawning oonditions. The large nwn.ber which survived from that spawn­

ing may have greatly reduced the number of fish born during the next 

several seasons by consuming a large percentage of these fish. The 

distribution of fish in the age groups suggests {though it does not 

conclusively prove) that the gravel may have been decidedly effective 

in increasing the number of bass. The number of young obtai11ed each 

year by the hatchery is not a.."1. index of the abundance of young pre­

sent in the lake bacause of the difference in seining intensity dur­

ing the several yea.rs. 

None of the I group had attained a legal length of 10 inches, 

but in the II group all except 3 were or legal length. The total 

number of legal-sized fish was therefore 128 or a.bout 9-½ per acre. 

The O group included 181 603 specimens. including the cannibals, and 

the ratio of legal-sized bass to youne-of-the-year bass was therefore 



11145. If the population had been uniform for several years. the data 

could be construed to il,dicate that one adult might be expected to 

result from each 145 young (2.1 inohes 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 eame fish 

to forage fish was 20:l at the time of the poisoning, and, since other 

food appeared to be scarce, the young game fish were very probably the 

chief source of food for the larger fi~,P• There are no data with vhich 

to compare these figures and no statement can be :ma.de regarding their 

being representative for bass in general. 

P1""'RCH, Perea 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 

specilliens., 1,934 discarded fish. 200 in bass stomc.chs and 16 in the 

stomachs of larger perch. The latter two figures are based on the 

assumption that the number of small perch in 195 bass and 41 larger 

perch was representative. 

Two hundred specimens taken at random from the preserved lot 

(0 group) had an average standard length of 47 .3 mm. and an average 

total length of 57.2 m:m. (2.3 inches). Fi:rty females had an average 

total length of 58.3 mm. and 50 males had an average total length of 

56 .2 mm. The females were growing wore ra~,idly then 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 

males. 
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The 200 specimens had a weight of 319 grams. The entire lot o:f 

young-of-the-year perch (2,678 fish) therefore weighed about 4,218 

grams (9.3 pounds). The ratio of young-of-the-year bass to young• 

of-the-year perch was approximately 7:l (18,374:2,678}. 

Forty-three two-summer-old perch were preserved and 88 were dis­

carded. In a Sllmple of 41 of these fish, 15 were females and 26 were 

males. The females averaged 92.4 :mm. standard lenrth, 109.7 mm. 

total length, 12.2 grams in weight and had an average K of l.47J for 

males these figures were. respectively: 77.8 1 93.5, 6.7 and 1.40. 

The fish had a total weight of approximately 1,140 grams or 2.5 pounds. 

Of the perch older than two summers, 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 females of a certain age or ma.las a year older. The five pre• 

served speoimens included three age groups• All had attained the 

legal length of six inches. The combined weight of the 17 speoimens 

was about 822 grB!fls 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 includes 2,678 young of the year. weighing 9.3 

pounds, 131 two-summer-old fish weighing 2.5 pounds, and 17 adults 

weighing_l.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:l. 



D.ART;";n.s, E-oleosoma nie::um and Poecilichthys exilis. Two specie■ 

of darters were present but were not differentiated in the fish which 

were discarded. A sample of 96 speci.'Ilens contained 92 Jolumy darters 

and 4 Iowa derters. M-0st of the specimens were therefore of the for­

mer species. If half the discarded "minnows" were darters, a total 

of 385 were discarded. It the stomaoh conten-t&of the bass and perch 

discarded were similar to those of the bass and perch examined• 253 

were present in the stoms.chs. The total po;-, 11.lation 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 9G preserved specimens. had a total 

weight of 588 grams or 1.3 pounds. 

Trend of~ Population 

Within a period of four yea.rs the relative abundance of perch 

and bass changed very decidedly. Frequent examinations (observations 

and fishing) by the writer in 1933 suggested that perch were abundant 

a..~d that bass were relatively few. The perch were slender and had 

abnormally large heads~ and were obvbusly stunted L11 growth. At the 

time of the poisoning in 1937 perch were decidedly fewer than bass,, 

the ratio being about 1:7 and apparently were in better condition 

than were the perch a few years previ~Jj.Bly. 

The change in population is attributed to environmental "improve­

ments," i.e. providing rravel for bass spawning and the installation 

of brush shelters which, according to lirni.ted investigation, are fre­

quented more b~r bass than by perch. It seems probable that the bass 
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increased as a result of these improvements Wld that they reduced the 

number of perch. 

An examination of the stomachs of the larger .fish suggesta why 

the perch may have declined as the number of bass increased. When 

rotenone is used the young fish tend to die first and the larger fish 

are able to take their choice of the smaller ones. So far as could 

be determined, both young bass and young perch died at about the same 

time. If they took fish indiscriminately, the stomachs should have 

contained seven young bass per young perch because the fish were pre­

sent in that ratio. Actually, the ratio of bass to perch in the 

stomachs of larger fish was 1:4 (27:106). Cannibal bass, adult bass 

and 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 probably a chief factor in the consumption of fish of the 

two species and their location in the lake also may have been in­

fluential. The figures on relative abundance of fish in the stomachs 

are given in Table a. 

Table 8 

Number of Perch and Bass (0 Group} Present in 

The Stomachs of Other Fish. Per 100 stoma.ohs 

Number Per Nuinber Per 
Predator Pr!l 100 stomachs Prez 100 stomachs 

Bass, cannibal Bass 12 Perch 71 
Bass., adult Bass 10 Perch 23 
Perch Baas 5 Perch 12 

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

and perch at the time the lake was poisoned. 
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Angling 

Had the poisoning on the Rowe Lake fishes been anticipated. an 

intensive creel census would probably have been maintained on this 

lake during the summer. No estimate of the numb~r of fish which were 

caught can be made. Mr. Peterson indicates that Hawe 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 inquiry 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 sunf'ish in 3 attampts. The lake 

survey party noted, on a Sunday late in the summer, that of approxim­

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 angling. This is in decided contrast with the re­

moval of fish in several southern Michi~e.n lakes, where it is 

estimated (Hazzard and Eschmeyer, 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 

remained. 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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