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It has long been known that most fishes have an indeterminste
type of growth, but it hes only recemtly beem spprecisted that
their potential rate of incresse is vastly greest er than the sverage
growth in mature. GSince fishes are also notably subject to
dwurfing under conditiens of overpopulation, extreme competitien
and restriocted space, it follows that the veristion of size st a
given age may be enormous. It 4is cleo known thet & reduced growth
in early life does not destroy the growth potenmtial, for whem
plsced under favorable comditions the dwarfed fish may grow at an
unusually reapid rate, These phenomens have bheen determined chiefly
through studies using the scale method of estimating
be more directly snd conelusively investigated by experiments,

The present peper reports data bearing on the growth of the northern
pike, obtained during the course of experiments conducted from
1937 to 1989, The results bear on each of the growth tendencies

mentioned sbove,
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These experiments were undertaken by the Institute for Fisheries
Resenrch of the Michigan Department of Conservation, to obtain
informstion on the possibility of artificially propagating northern
pike. The daka bearing on the fish cultural problem will be reported
elsewhere. The work wes dome at the Drayton Flains Hetchery, with
the effective cooperation of A, T, Stewart, then Distriot Fiszheries
Supervisor, and his staff., Thanks ars also due Dr. Albert £, Hezserd,
Director of the Institute for Fisheries Ressarch for assistence in
planning the work. I should like to express my sppreciation to
Dr. Carl L, Hubbs for assistence in the snalysis of the dats, and
for suggestions snd help in the preparation of this report.

The. northern pike used in this sxperiment were hatched from
eggs taken on April 7 and §, 1937 &t Welled lake, Cekland County.

On Nay 3, sbout 180,000 fry were stooked in the Ortonville Rearing
Pond, whish has an area of nearly 3 sores, sn average depth of 2,5
feet and & maximum depth of 8 feet, Food for the growing pike wes
furnished by the imtroduction of £,200 small minnows on June 2,

On June 16 the pomnd was stocked with 30,000 largemouth bass fry and
some of these were probebly esten by the northern pike, Sometl me
during the spring, probably during s period of hesvy reinfall in
early June, kb rge numbers of fish, of 19 speclies, guined accem to
the pond, snd doubtless contributed to the nourishment of the pike.
All of the fish thus scoidentally introduced, with the exception of

BEO yearling bluegills, were young of the year, The yearling
bluegills spewmed successfully in the pond sand produced & large



number of young, which further sugmented the alresdy sbundent food
supply. The known source of these extrsmeous fish amd other
circumstances meke it virtually certein thet no pike were included,

Semples of the pike, seined om June 25, July 14 and August 17,
were preserved to determine the length sand weight, §f about 100
netted on the first dete, & random series of 40 was preserved,

All of the fish that could be seined on the other detes, 21 on
July 14 end 12 on August 17, were kept (the soft bottom and the
dense growth of plante smade colleoting diffieult). When the pond
was drained on October 14, 362 pike were recovered, & lomg with
mny smell minnows end bluegills, All of these fish were individ-
ually weighed and measured.

A tremendous spreed in J ngth developed early in the growing
season {Teble 1, Fige. 1-2, snd Pl, I). The pike in the June 26
sample remged from 60 to 135 mm.; those in the July 14 series, from
62 to 222 mw.; those in the August 17 serple, from 79 to 263 mm,
It iz poesible thet the largest eand smallest indivicduals in the pond
on these datec escaped capture, The 362 fish remaining on October
14 had the unprecedented size range of 85 to 446 mn. (Plate 1I),
with the average at 207.2 mn. The great divergemce in size obviously
incresszed ss the susmer advenced. leny of the pike grew very repidly
and quite varlably; others grew little and formed & very compact
size group (Pig. 1).

The survivel and growth of these pike in the Ortonville pPond

followed the pattern of other highly predacious fishes in pond oculture,



A few of the fish get & head start snd prow to & large and variable
size. Others, with &« poorer start, find the competition so severe
that they remein smell snd umiform in lemgth. Cooper's study (1957)
of pond cultured largemouth bass illustrates these relstions.

The largest fish teken on October 14 had grown at sn average
rate of 2.6 me. (0,1 inches) per day. The largest fish st eech
collection date during the summer were ell growing st a rete of
more than 2.0 mm. per day, and the largest fish taken on July 14
wes growing at e slightly faster rate (2,7 mm. per dey) than the
largsst zpecimen taken on October 14 (Teble 1), Other wrkers
(Embody, 19165 Webster, 1929; Rewson, 1952; Ven Pngel, 1840; Flsen,
1841) have found thet the northern pike and the muskellunge, a very
closs relative of the northern pile iz capeble of exceedingly repid
growth, During part of the first season pike in nsture grow as
much as 3,8 mm, per day (Carbine, 1942)., The only comparable rate

of early growth per day which has bsen published is for the longnose

gar, Lepisosteus osseus (Hubbs, 1921),
The diversity of growth in weight of the northern pike in the

Ortonville Fond was even more striking (Table 1 and Fig. 3), Om
#ctober 14 the amullest specimen weighed cnly 2 grems; the largest
one, 460 grome (just over a pound), The 362 northern pike resmining
on October 14 hed grown an average of (.42 grams in weight per day
during the 171 days since hatching., The largest fish (460 grems)

groew at the rete of 2,69 grams per dey during this same perioed,



The extremely rapid growth of some of the pike in the Urtenville
Pond 1s en example of the grest growth potential poszessed by ficzhes,
The large food supply, werm tempersture and other conditione were
obviously condueive to exceptionally rapid growth. Wwhy, then, did
some of the fish become stunted in the sams pond, to produce the

in size? GSeveral possidbilities come to mind.,

It is possible thet the small fish were disesazed, though the
evidence svailable does not favor this explanation., They were obviously
emaciated and all but € of the 140 died within B days after the removel
of the fish frem the Ortonville Fond to the Drayton Plains Habchery,
wherees none of the larger fish, trested in the same way, died during
this period, Exeminstion by Lowell A. Vicodbury of those thet died
disclosed no external or internal perasites that could be regesrded as
responeible for the mortelity. It is also possible, though inherently
{mprobable, that the dwarfed fish had never learned to eat, Ancther
theoreticnl possibility, that the dwarfs failed to grow because of
genetic factors, is negested by the repid growth mede during the next
season (p. J» Overcrowdiny smd the spsce factor mey have contributed
to the dwarfing of some of the pike in the pomd but smueh an explanation
would be invonsistent with the very rapid growth of other pike in the
#8me pand;

The most plasusible explanation for the greet diversity in sisze
of the pike in the Ortonville Pond is that same of the fish obtained
an advantage in feeding that was maintained through the season, whereas

others lived under oonditiones that were unfavorsble. An early start,



due to hatching a day earlier or to earlier assumption of predation
mey have given certain fish an initial adventage. Eome may heve
teken up & habitet where food conditions werc excellent, whereas
others msy have become esteablished, either by random cholee or becsuse
cther pleces wsre pre-empted, in sites where there was little food.
In support of this view, evidence may be oited thet the young of the
northern pike and the muskellunge do oceupy definite howe ranges of
limited extent. While conducting encther northern pike experiment
at Drayton Pleins Fetchery in 1838, I found thet young pike could be
found throughout the summer in definite spots sbout the pond., Eimilurly
Flson (19¢1) foumd that young nmuskellunge were nesrl: slveys to be
found in certain well-defined eareas. According to him, the young
mskellunge do not rengs widely in search of food, but wait for the
food organism to come to them. HNe alsc found thet in trepping finger-
lings, ome setting of & net would teke two or more individuals, dut
several days intervensd hetween the catches. He also stated that a
lead of 40 or £0 feet in length waz no more sffective on treps than e
lead half thet length, These cbservations suggset theat the foraging
range of the muskellurge is limited, and this evidence presumedbly applies
also to the closely related northern pike. An early fixation of the
feeding ranges, some favorsble end others unfavorsble, might well lead
to differentisl growkh,

The presence of the other 19 specles of fish in the pomd brought
about & severe competition for food. Although an sbundance of small

fizh was present, perhapes the largemouth bass ané the perch were more
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adept at catching smell fish then were the small northern pike., In

an experiment to test the reletienship hetween muskwllunge fry end

the fry of other species, Rlson (1941) pleced muskellunge fry snd
largemouth beus fry in the sems oconbeinmer, Until the end of July
nelther the muskellunge nor the largemcuth bass showed any inclinstion
to molest each other, but campetition for food was keen., The largemouth
bass fry were much mure adept at cepturing swmall minnows then were the
mskel lunge.

In discussing the feeding habits of the nuskellunge, VacKay end
Werner (19341315) stateds "Due to this habit of poisiug over its
prey, the maskinonge often loses its vietim, since the mimnow fry sre
usually quite sctive snd either swinr sway in the meentime or have
sterted to ewim sway when the lunge strike, causimg the latter to miss
or obbuin an insecure hold. Furthermore, the lateral body movements
of the swimming minnow meke it difficult for the maskinonge to strike
roocuretely.” The habits of the northern pike are very aimilar te
those of the muskellunge and it iz believed that these observetions
made on the muskellunpge spply to the northern pike. It is therefore
probable that the small northern pike in the Ortonville Pond were so
weak and emaciated that they were not strong enough to cateh nimnows
end were forced %o subsist on inadequate food. They were greatly
aemciated,

Further deta on the growth of the northern pike were obtained at
the Drayton Plains Hatchery, where the ¢ survivors of the 140 small
fish and 103 of the large fish, that were teken in the draining of the



Ortonville Rearing Pond on October 14, 1937, were kept in a pond umtil
Qutober 17, 1938, On Deoember 15, 1887, 61 northern pike that were
recoived {rom the Belle Isle Aguerium in Detroit were pleced in the
sume ponc with the other northern pike. The thres series of pike were
marked for future idemtificstion by elipping ditfferent fins for euch
lot. During the course of the experiment 65,2956 minnows snd perch
were placed in the pond as food for the pike, Adult bluegills which
were also introduced spawned successfully in the pond sand produced an
additional source of foed. The pond wax partly drained on iay 26 end
November @, 1938, om whioch dates &ll of the pike were ccunteé and eech
lot wes umigh.& a8 & unit but individusl weights andé messurensnts of
length were teken on only & rendom semple. All of the pike were
individuslly weighed and measured when the pond was completely drained,
on Ootober 17, 1838,

The tremendous growth mede by some of the northern pike in the
Ortonville Pond was not maluntained throughout their retenmticn «t the
Drayton Plains Hatehery (Teble 2; Figs. Z-5)., The average growth
increments in the rearing pond at the Drayten Flains Hatchery were sas
followss 63,1 mm, from October 14, 1987 to Mey %6, 1088; 658.2 mm,
from Yey 36 to November 9, 1938; 121.25 mw. for the first year; end
only 26.% mm. for the secend year in the pond, from November 8, 1938
to October 17, 1989. Thess fish therefore made excellenmt growth during
their first winter end first summer in the Dreyton Flains pond but the
inerease in growth during the seeond full year was only 21,7 per cent

of thet of the first yesr. 7The merked decrease in the growth rete of



the pike during their third¢ yeer of life, in a remring pond, clused
them to be smaller than average st thet age and ecaused an unuewally
abrupt depression of the growth curve for the third yeer, By the end
of their third susmer, on October 17, 1988, the three groups in the
Draybon Flaims pond vearied in sversge leomgth from 14.5 to 18.4 inches,
wheress in naturel waters in Michigan, northern pike uauslly reech the
legel length of 14 inchez early in their second pummer according to

I're W. . Bockwmen (unpublished report, Institute for Fisheries Resesrch),
As shown in Figure &, the smell fish remmined smelleor then everspe and
the large fish Rrger then the mean until the end of the second svemer,
when the growth of both groups leveled of £ to fall fer below the average
for the species éduring the third yser. The veesisz of compsriscn, the
ecurve of growth in natural weters, ies tsken frow Var Tapel's extensive
date (1940) for the pike of Wisconsin, which yrow at about the ssme
rate as do the pike in Michigan, as determined by Feckman, [Feoause

the time at which the amulus forms on the scales of Wisoonsin fishes
hts not been determined, it hss besn assumed (Pig., 4) thet the time of
the formatior. of the amnulus in Kichigen is the same az that for
Wiseconsin, In Michigsn Beckman (1943) determined thet the formation of
the aanulus may be expected to be completed by the first of June
(average for the sntire state), except in unusually cold yeers,

The depressed growth of the adult pike in the rearing pend, during
the third year of 1life, may be attributed to the space factor (the
Drayton Plains pond was stocked at the rate of 320 nerthern pike per
scre)., It is thought thet despite the presemce of large quantities of

food, northern pike will grow very little in reering ponds, after
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having atteined & certein size. This species appears to require lerge
bodieg of water in order to reach large size.

The growth of the smal)l end large pike at the
Hetchery furnished an experirontal demcnstretion of the primeiple of
growth compensation. This term was proposed by Cilbert (1814), who

éotmc’s that salmon (Oncorhynehue unerka) which were large at the end of

the second yoer of life, grevw in suwcceoding yeers more elowly on the
sverage thau did the fish thet were small ot the end of the second
yeer. Eventuelly all individuals reached & nearly unifors length st
returity. Ver Oosten (1528) determined thet the law of growth
tion holde for the lake herring (leuciehthys srtedi), but eltheugh the
Ll
each succeeding yeer of lifs (the smallest yesrlings beceme the fastest
growing fish and ths largest yearlings the slowest growing fish) the
length of the smallest fisk did not guite come to equnl thet of the
lerge fish in later years. Hubbe (1921; 192]le) end Hile (1938) wlso
found that fish which grew more sluwly then ususl in early life com-
penseted for the deficliemcy by growing faster in leter life. There
1s & lerge body of other data to indloste thet the growth potentisl
of snimale 18 not resdily destroyed by s stunting of the early growth,
It 18 obvious that the small fish grew fuster in the Preyton
Flains pomnd than did the medium-and large-sized fish (Figs. 2-5), but,
when the pond was drained on Ootober 17, 1989, the smel)l fish had slmost
oeupht up with the medium-sized ones while the growth in length of the
mediuliegized on®s paralleled that of the large fish. The rapid groeth
thet was made by the small pike, partieulerly during their segond

summer ies & striking exsmple of the great growth potemtisl pogsessed
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by the nerthern pike. Although the differences between
‘hed during each of the twe years, the

small fish never quite sttained the size of the large rish (Figs.
4=5), The increments in lemgth of euch of the three groups of
northern pike during esch growth periocd betwe s shows
ti':ut the smell fish were the fastest growing fish and the lsrge fish
were the slowest growing (Teble S). This table alzo shows that

11 northern pike were not “genetie runts.” Although the
smell f4sh got off to & bad start in their first swummer, when they
were given the proper conditions they were sble during the next two
yoars to overcome very largely the effectes of the unfavorsble condi-

tions to whish they were subjected in their first summer of life.

B

A tremendous spread in length devsloped early in the season in
northern pike reared in hatchery ponds snd this greet divergence
increased as the summer advanced, Femy of the pike grew rapidly and
quite variably while others grew very little snd formed & corpact
sise group. The growth of the northern pike in rearing ponds follows
the pttern of other highly predaceous fishes in pond culture,

The extremely rapid growth of some of the northern pike in reering
ponds iz un example of the great growth potential possessed by fishes.
The B rgeet fish st the end of the first summer had grown at an average
rate of Z.6 mm, and 2,69 prems per day.

The ~smwEntous growth mede by some of the northern pike during

their first summer was not mainteined throughout their retention in
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rearing ponds for twe sdditicnal yesrs. It is believed thet northern
pike will grow very little in resring ponds after having atteined a
cortsin sise,

The growth of the morthern pike in rearing ponds furnished an
experirentsl demonstration of the principle of growth cempensation.
The smallest fish ut the end of the first yeer bocsme the fastest
growing fish in succesding
slowest growing fish, The repid growth that is made by these small
fish is ancther striking emasmple of the gdgyth potential of the

northern pike.
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TABLE 1

Sempling Tumber of fish

in cample Lommmy: voms cums mpsmmes 1, geumreysyume

date
Juns 26 L 1)
July 14 21
Auge 17 12
Gete 14 362

€0
79
113
171

50-135
62-222
79-263

83-446

(12.6)
(107.0)
(171.0)
(207.2)

QeT=2,l
0eT=2e7
06242
0.4-2,8

(1.1)
(1.2)
(1.‘)

(1.2)

.-18 L2 X ] o 4-0022
1-78 (13.4) 0.01-0.99
2102 (46.7) 0.02-0,%0

2460 (72.1) 0,01-2.69

se e

(0el7)
(041)
(0.42)

Jgorthern pike are spproximately 9 mm. lomg when hatched.



TABLE 2

GROWTH OF TH: HORTHERN PIKE IN POED HO. S AU THE DRAYIOK PLAINS HATCHEERY SETWEEN OCTOPER 14, 1837 AND OCTOFIR 17, 1939

Sarmpl Total length (sam, ) Increment® Percentege in- Average Increment of Percentage in- Average growth per day
dates Range (eve) of average crement of weight average weight cressmt of
length . ) averspe lepgth (grems) (grams) agorage weight millimeters grams
Swall fish (Ortomville stock)

Oot. 14, 1987 87-109 (98.8) 856 o8 33 4.1 4.1 100 0.61 0,02
liay 28, 1538 160-197 (179.7) 84.1 47 8l.6 27.6 87 0.58 Q.12
¥ov. 9, 1938 2563368 (307.2) 127.8 42 146.2 113.8 78 0.76 0.68
Oct. 17, 1539 366-373  (363.8) 56 .6 16 230,0 84.8 37 0.17 0.26

large fish (Ortonville steck)

Oct. 14, 1957 195-371 (274.1)  26B.1 97 101.3 101.3 100 1.66 059
¥ay 26, 1958 297-386 (389.1) 66,0 19 227.8 126.2 56 0.29 0.56
Bov. 9, 1938 _347-536 (394.0) 5.9 1 315.2 81.7 29 0.38 0.49
oot, 17, 1989 S460-652 (417.1) 23,1 6 361,7 42,8 12 0,07 0.12

Belle Iale fish

Dec. 16, 1837 209~308 (245.2)  236.2 96 61.9 61.9 100 —
Mey 26, 1938 272-326 (8301.6) 564 19 168.4 106.6 63 .35 0.06
Octe 17, 1939 357420 (384.3) 27.8 7 267.3 583 12 0.08 0.10

34 rendom semple of fish tsken on ¥Fay 26 end Nov, $, 1938 wes messured; all fish were weighed amd counted.
&The eggs hatehed on April 27, 1837 at which time the fry were apmroximetely 9 mm. lomg.
This fish wes probably missed on Mey 26 and Fov. 9 when caly & remdom semple of fish wes messured.



THE AVERAGE INCEEMENT OF LENCTH ARD WEIGHT AT BACKF COLLFCTIOR DATE FOK THE

TABLE 3

Length of fish Average increment in length (»w.) Aversge total lemgth
Size group &t hetching Oc%. 17, 1039
(=mne ) Octe 14, 1937 imy 26, 1938 Yov. 9, 1938 Oct. 17, 1539 =N, {nches
Semll fish 940 86.6 84,1 127.6 56 .6 358.8 14.3
Belle Isle fish 2.0 ’&286.2 ES«4 54,9 27.8 38443 18,1
Large fish 9¢0 265.1 €6.0 b4.9 23.1 417,.1 16.4
T ===
Average weight
Octe 17! 163§
grems  ounces
fmall fish 4.1 ET7.5 113,68 84 .0 230.0 8.2
Belle Isle fish 61,9 106.5 85.6 3.3 267.3 9.4
large fish 101.3 126.2 81.7 42,5 361.7 12.8

Irhe average weight smd sversge lesngth of the Belle Isle fish mre for Deceubder 15, 1937, the date thst thess

fish wers placed in the rearing pond.


























