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FOLLOWING RELUCTION IN THE DENSITY OF THE POPULATION L 4
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Abatract

lakes wita dense posulation of atunted fish have long presanted
a diffioult problem to fisheries biologietss In 1937 the Mchigan
Institute for Fishories Resecarch began a series of nlarmed experiments
in the reduction of the pomlations of overwcrowded lakes. In one
of thess experiments the south basin of Standard lLake was polsoned
with derris root. BSanmples of the rock bass popsulation were taken at
thes time of the poisoninge During 1939 and 1940 further collections
were mnde in order to determine the effeot of the ponulation reduction,
An inoreased growth rate, too great to be acoocunted for by any normml
growth fluotuation, had ooocurred in fish of all ages., The reduction
of the density of the populations is therefore suggested as ons
solution to the problem of lakea with larpge povulations of stunted

fishe
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Introduction

The problem of lakes in which populations of stunted fish oceur
has troubled fisheries managers for some time (Hubbs and Zschmeyer,
1938)e ‘lumerous small lakes in northern fchigan were found by
Esehmeyor (1937, 1938) to contain populations of stunted perch. The
majority of lakes on whieh: he worked were otherwise suited for trout,
He therefore cnnpletely removed the pereh (by polsoning), and the
lakres were restocked sucoessfully vith trout,.

#any of the lakes that oontalin an over-abundance of undersised
fish and few Ykeepers" are not suited, however, for trout or othey
oold-water species. Standard lake, located at the junotion of the
boundaries of Cheboygan, Charlevoix, and Otsego County, Mlchigan, was
such & lake, Standard Iake has an area of 32,5 acres, and a maximon
depth of 31 feet, and is cdivided nearly equally into a north dasin
of 16.5 sores ani a south basin of 16 mores. The two parts of the
lake are connected by a shannel whioh is shallow but of suffiocient
depth (about 1 foot) and width (about 200 feet) to permit the free
passage of fish,

In order to test the effect of reducing the total populeation of
fish, 110 pounds of derris root (rotenone content 5 per cent) was put
4nto the south basin on September 6, 1937. The channel was blooked
off with sand bags to prevent the movement of fish to or from the
south basin during the treatment with derris root, and to restriot
the action of the peison to that purt of the lake, Ir. R. :. Eschmeyer,
formerly of the Institute for Fisheries Research, was then in charge
of this experiment. Following his resignation, the writer took over
the inveatigation,

211 the fish killed by the poison that could be found were pioked
up, to be weighed and counted by species (Table 1) A total of



TABLE 1. NUMRER AND WEIGHT OF FPISH IN

THE SOUTH BASIYH OF STANDARD LAKE OH SHEPTSMBER 6, 1937

Average welght Total weight
in in
Specles Number ounces pounds
Perch L, 827 Ouli7 Wbl
Rock bass 1,233 0.70 ©3.9
Forage fish U, 05L 0.07 62,9
Suokers 78 17.50 85.5
Total 20.192 ese 3‘4.8.7
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20,192 fish (1,262 per acre) was collected, These fish weighed
348.7 pounds (21.8 pounds per aore). The species of fish found in

the basin weres perch (Peroa flavesoens), rook bass (Ambloplites

rupestris), red-bellied dace (Chrosomis erythrogaster), fine-scaled

dace (Pfrille neogaea), Iowa darter (Poesiliohthys oxilis), mud

minnow (Umbre 1limi), golden shiner (Hotemigonus crysocleucss auratus),

blackenosed shiner (Hotropis h. heterolepis), bluntencsed minnow

{(Byborhynchus notatus), and the common sucker (Catostomus o.

commersonnil).

On the basis of the random sample which was taken to the labora-
tory, the lake contained only 2.7 legalesized pame fish per msore
(2e)s peroh, and 0.3 rock bass). The entire l6~acre basin contained
L2 legal~sised game fish, or less than two limit catches. Thet a
scarsity of legalesized fish was characteristio of the lake was
verified by interviews with local inhabitants.

ifter a sufficient time had been allowed for the derris root to
lose its potency, :the sard bugs were removed., The unharmed fish of
the north basin were thus allowed to move freely throughout the
¢ntire lake,

Further ocollections of rock bass were made in Standard lake in
Moy, June, and Ootober 193%, and July 1940, to obtain comparative
material for the determimation of any changes in growth rate that
might have followed the redustion in the numbers of this spesies,
Most of the 1939 and 1940 samples of 228 rook bass were taken in
experimental gill nets (5 by 125 feet, with five scotions of different
mesh sizes, varying from 1 1/2 to l; inches, stretched measure); a few
fish were caught by hook and line. At the time of the poisoning a

random sample of 182 rock bass wes saved.
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Method of Caloculating Lengths
Seale samples were taken from all the fish collected, and "key"
soales (scales from an exactly specified location on the bedy) were

taken from nmost of them. The age of each fish was determined by

counting the muember of annuli on the soale.\g"/ At a magnification of

\3/ The validity of the snnulue on rock bass scales ae a true year

mark was proved by Hile (19i@).

X lilje3 measurements were made of the scale imape from the focus
outward along the middle of the mcst nearly anterior inter-radial
SpRce,

The body=scale relationship was determined from measurements of
the "key" scales to be desoribed by a struight line with an intercept
on the abeoigsa at 15 millimeters, The following formule therefore
wag uged for the salculation of growth:

- 18
Iy =15+ 8, ki ’

Sy

where 1 = the length of the fish in miilimeters at the o

year of
1lire,

S, = the soale radius within the n*B anmlus,

I.T » the standard length of the fish in millimeters at the time

of eapture,

ST = the total soale measuremsnt.
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Change in Orowth Hate Following Polsoning

By means of the formula river in the preceding seetion, the
lengths of the males and females were claculeted for each year of their
lives (Table 2). The average standard lengthe of the age groups at
capture arec given In Table 3. Since the only differencs in the growth
of the sexes lies in the more rapid growth of the mmles in the later
years of life, the following remarks apply to both sexes.

The rock baas of the 1939 and 1910 collestions were notably
larger at the time of capture than were fish of the corresponding age
and sex in the 1937 sample (Table 3)., The difference seems to be
attributable to an acaelerated growth following the reduetion in the
numbers of this fishe The data are douvly impressive when it ia
oonsidered that atout twoetiirds of the 1939 speocimens were taken in
May and June, when at this latitude, according to recent investipga-
tions (Beckman, M8), the growth of the fish has just begun, whereas
the entire 1937 sample was collected on Septembsr 6, when the seagonal
growth was alnost comploteds The difference in size avpears to be
relatively the ¢reatest for agee-group I, but the data for this group
are not believed to be reliable for the present comparison, since
the 7ill nets emnloyed for the collection of 1939 specimens may have
taken only the larger individuals of the age groupe This belief was
supported by the comparison of the lengths of the Y=group fish with
the length distribution of rock bass from 1 1/2-inch mesh 2111 nets

given by Tile (1ul@).



TABLE 2. AVERAGEK CALCULATED LESHGTH OF ROCK RBASS IN STANDARD LAKE
AT END OF EAC! YMAR OF LIFE. THESE GRAND AVERAGEES ARE BABID O
THE SUCCESSIVE ADDITION OF THi WEIGHTED AVERAGE GROWT! INCREMEHTS.

HUMDBER OF BPHCIMENS IN PARENTHESES.

Caloulated lengths in millimeters at end of

Sex and h £ 11ife
yetro:f capture 1 2 = %W > 4 5 [
14ALES
1937 32 52 70 19 vee aee
(s7) (L7) (35) (22)
1939 32 sl 76 98 12l b
(1) (15) (55) (39) (19) (2)
FRHALES
1937 32 Eg 69 72 83 see
(56) (L8) (38) (1) (2)
1939 30 52 71 92 116 vee

(&) (8ly) (73) (sk)  (23)




TABLE 3. SIZE OF ROCY BASS IN STANDARD LAXK: AT TIMRE OF CAPTURE

Average standard length in millimeters at time of capture
(Kumber of sposimens in parentheses)

Males Feunlos
age growp  Ho37 Ho3e igho 937 1939 1oko
4 7 88 ... 57 8, eee
(10)  (16)  oes (B) (22)  ..e
11 73 89 91 170 85 8?
(12) (20) (11) (10) (11) (6
III m4 1% e 80 89 ss e
(13) (16) ces (17 (19) ver
v 8 108 1o 83 102 ..
(22) (20) (1) (19) (31) ese
v econ m s w 115 126
eee (17) ave (2) (23) (1)
1 YY) 118 Y ess XY u
es s (5) ves soe see (1

\)’/ All fieh of the 1937 colleotion wsre taken on September 6,

\‘Q/ In 1939 the speoimens were taken in May, June, and Ostobere-about

twoe=tiirds in May and Junes in 1940 the aspecimens were taken in

Julye

\3/ The 1939 data for apge-~group I are considered unreliahle due to

goar seleotivity.
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That the increased growth followed the reduction in the density
of the population is derwonstrated more oclearly by an analysis of the
growth inorements for each year of life by calendar yesrs (Tables L
and 5). A comparison of growth in the same year of life, regardless
of age~group, shcws & close agreement in their ocaloulated increments
up to the time of poisoning in 1937, whoreas the increments for 1938
and 1939 are considerably larzer., The possible explanation that the
incressed inocrement was due to chmnoe is negated hy the conaistensy
of the findings, for the ealoulnted increments for the five years
prior to the poleoning agreed very closely. Another possille explana-
tion might be offered, that the original sample taken at the time
of poisoning was not representative, having oaw from only ene basgin,
where there may have been a distinet porulation with slower growth
than in the basin which was not poisoned. This explanation aleo is
negated by the fact that the growths calculated from the 1939 and
1940 colleetions agreed very well with those made from the 1937 ocol-
lections, and the increased growth was made only after the poisoning.
That the greater growth in the oalendar yoars 1938 and 1939 was due
to zormal fluotuation in growth rates such as those found by Hile
(1919) for the rock bass and Hubbs and Hubbs (1933) for bluegills

(Lepomis macrochirus), pumpkinseeds (Leporis -ibbosus) ani the hybrids

(Lepomis maoroshirus x Lepomis gibbosus) is rendered very improbable

by the sonsistency of occurrenee of the small increments over & period
of § years prior to the polsoning. It avnears valic to conciude,
therefore, that the reduetion in the density of tihe population was

the factor responsible for the improved growthe
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TABLE lje OROWT: THCREMESTS BY CALSHDAR YZARS FOR
HALE ROCY BASES OF STANDARD LAXE, H/RING KACH YRAR

OF LIk, BEPORE .4 AFTER REDUCTTON IM #HMERS BY POISON

Caloulnted growth in millimeters for omlendar year

Computed Computed (For number of specimens see fable 3)
for year from age Fefore poisoni After pols
of 1ife group iEBj I??E §9§3 %E 1937 1215 59%
IX ves --é 30 -3‘: 32 36 ses
III 08 3 ey [ A X ] oes o8
1 v 33 ... 30 W32) ... cer oo
v [N X ] 32 [N N ] [ K X ] oed [ X ¥ ] [N X )
vI 21 [ X X ) o8 ¢ [ X X J e0 0 200 oee
IX see ove (XY 22 see 35 38
III [N J [N X ] 18 [ R X ] 20 [ KX J L XX )
2 Iv sse 20 Xy 18 (15) XX} ose
v [ K X ] [ X X ] 18 [ X K ) o0 [ X ] L E N )
n L XX ) 21 [N N ) ev e [ R X ) LE X J o0s
III eoes o8 8 [ X N ) 16 [N X ] m .00
v ew s (XY 18 sce m (53) XX
3 v 00 [ X N} ave m se e [ XX ] [ X X ]
“ [ X X ] [ X X ] 18 e 280 [ X X ] oae
Iv soe oes oo 9 soe 30 (29)
h v *0 0 [ X N J [ A X ) (X N} 12 [N N J L X X J
vI YoR [ X X ] | X X ) 10 [ R X [N ) [ XN )
5 v [ K N ) e s oee sqae oed 28 .« 8
VI 00 [t [ K ebe 9 00 AR
6 vl [ R X ] o0 [N X ) [ F X ) [ X X ] LR B ] 22

\1/ Although conforming with the other data, the figures in parentheses
are based on too few gpecimens to be of reliable significance, and

are not consldered in the discussion in the text.
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TABLE 8, GROWT: INCRE#ENTS BY CALENDAR YHARS POR
PIMALE ROCK BASS OF STANDARD LAKY, “URING EACH YhAR

OF LIF:&, BEFOR: AND AFTER REDUCTION IK NUHMEERE BY POISON

Caloulated growth in millimeters for calendar year
Computed Computed (Por number of specimens ses Table 3)
for year from age Before poisoning is
of 1life Eroup

I XX ] LA N ) LA R [ XX 3 31‘ LN ] 35 [ XX J

II *ve (X ] “ew 32 one 30 [ XX ] LAl

1 III se o (XX ] 32 ss e 32 ede ee (AN 4
Iv (X ] 32 [ XX ] 30 eee oo ses (X ]

v \%{31) XY} 30 (23) eve aeos oo sae

Vi LXK XX (}2) ee0 oS08 oo (XX [ A4.]

I1 see see [ X X (XX} 20 see 39 35

I1X eve b2xe sne 18 ese 19 (X X ] cee

2 Iv see LX X 21 see 18 (XY ] ene see
v (X Y (25) (3 Y 17 (23) (X3 ] [T X vee

Vi (L X IR.XX) (XX (19) eey wee [ 3.X] (XX

I see see oo eee 16 (XY ] 29 con

3 Iv tse so0 wes 18 [ XX 3 16 see con
v oo sae (16) eoa 17 (1&) see ese

Vi (XX 000 068 008 (;2) [ XX (XX [ XX

Iv see ese eve ose 8 (XX ] 21 (X

h v oe8s eae oae (6) see 12 (hx) eoo
L2 (XX I LX) LX) (XX} (XXJ (AZ) (XX (XX

5 v (XX see sse eee (6) [T X 2h (19)
V1 [AX) s0 0 080 woe sog (XX (29) son

6 I cae eee oo see oo see ceeo (2&)

\1/ Although eonforming with the other data, the figures in parentheses
are based on too few specimens to be of reliable signifiocunce and

are not oonsidered in the diszoussion in the 4text,
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The increase in growth rate that has been found to follow a
reduction in the nunbers of stunted fish is 1ot only in agreemsnt
with expeotation on biological grounds, but also suggests a method
that may prove to be sound and effective prosedure in fish management.
Too ofter in the past the problem of gtunted fish has boonlaggmutoﬂ

Ly the proteotion of the runts and even by further stoeking.

Summary

1, Stundard Lake, Mchigan, has long had a reputation as a poor
fishing lake. Undersised fish were over-abundant but fish of legal
size were extromely searoe.

2, An i‘i;tperimmt to test the effsct of redusing the density of
the po;mlati.on was begun in 1937 uy polsoning the fish in one basin
of the lake.

3. From scale samples taken in 1932 and 1940, computations were
made of the growth ratea before and after the poisoning. The growth
of rook bass of all ages improved followling the poisoning,

Le The reduction of the density of ponulation therefore may be
a solution to the problem of Improving fishing in lakes overrun with
stunted fishe
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