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In 1937 I started an investigation of the life history of the
northern pike. The aim was to devise procedures for the mensgement of
this importent gswme fish. Particular attention was paid to egg produc-
tion and to the survival of the young from the time of hatehing until
the time when they leave the spewning grounds since little informationm
was available on these phases of pike life history.

The work was begun in southern Michigan, but most of the field
observations were made from 1939 to 1942 at Houghton Lake, the largest
and one of the most productive inland lakes in Miohigen. Some of the

recults have already been published (Carbine, 1542).

BGG PRODUCTION
Materials and Methods
During 1939, 1940 and 1942, the writer and various staff members of
the Institute for Fisheries Research secured at Houghton Lake 30 northern

pike specimens (Teble I) for egg counts. Some were caught during January
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TABIE I

DATE OF COLLECTION, SIZE, CONDITION, ARD NUMBER OF EGGS FOR 30 NORTHERN FIKE

COLLECTED AT HOUGHTON LAKE (SEF FOOTNOTE NO. 2 FOR EXCRPTION)

Counts made by C. B. Obrecht, W. F. Carbine, George N. Washburn

and John T. Greenbank.

Standard Total Welght Number

Date length length K of Counted
collected (millimeters) (inches) (ounces) egge by
4-2-42 338 16,7 ¥11.0  0.808 7,691 Carbine
3-29-42 370 17.0 6.0 0.896 15,309 "
4-15-39 443 20.3 34,0 1.109 %28,871 Obrecht
2=25-89 446 20,6 26,0 0.8%1 16,398 "
4~15~39 455 20.7 85.0 0.99¢ %22, 966 .
22639 450 20,7 34,0 1,088 24,030 "
4-22-39 452 20,7 33,6 1.029 25,982 "
4-~18~39 458 20.9 31.6 0.930 25,760 "
4-18-39 480 21.0 33.0 0.962 21,086 Carbine
4-21-39 468 2).4 59,0 1,079 27,700 obrecht
3-27-42 480 21.6 44.0 1,281 33,168 Carbine
42139 476 21.7 33,6 0,886 19,418 Obrecht
4-21-39 490 22.3 39.0 0,940 12,699 "
4-21-39 485 22,3 39.6 0,982 27,650 Washburn
4=16-39 510 23 .6 44.0 0,940 23,920 "
4-23-30 512 23.6 48.0 1.014 35,342 Obrecht
2-26-89 525 2346 50.0 0.980 36,484 "
2-23-39 540 24 .6 52,0 0,926 41,116 »
2439 540 2540 44.0 0.792 19,808 Carbine
22639 569 25.4 52,0 0.844 47,289 Obrecht
22689 566 26,0 64.0 0,844 29,945 "
4-13-39 571 26,0 60,0 0.91¢ 37,332 Carbine
4-17-4 584 28,1 V64.0 0.911 43,170 Greenmbenk and Carbine
2-25-39 578 26.2 60,0 0.881 38,969 Obrecht
1~28-43Y 600 27.1 67.0 0.879 86,812 Carbine
1=28=39 600 27.2 68.0 0.895 54,085 Greenbenk
2=23=39 638 28.4 88.0 0,961 35,754 Obrecht
42839 775 36.0 170.6 1.038 97,278 "
AVERAGES 516 .6 23,6 49.8 0,980 32,200

Nfolleocted by Dr. P. I. Tack from Houghton Lake.
Vtollected by Dr. L. N. Allison from the Fletcher Pond of Thunder Bay River.
\Yweights are averages obtained from other femmle northern pilke from Houghtonm

lsake,

WEges stripped from fish.
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and February by ice fishermen, but the data were taken by the fishery
investigators. A larger mumber was teken at random during the spswning
rmm, from the weirs thet were instelled in ditches conneected with the
North Bay of Houghton Lake at Peterson's Resort (Carbine, 1942)., With
the exoception of two fish that were stripped at the time of capture, only
fish that were "groen" (with egg sacs imtact) were saved for samples,

Shortly after its capture each fish wes weighed to the nearest gram
or ounce, depending upor the size of the fish, Standerd snd totel lengths
were messured in millimeters, and overies were removed and preserved in
10 per cent formalin.

Actual total counts of the egges were nn?e on all 30 specimens., In making
19 of the counts, Carl B. Obrecht used a counting board, pattermed after
boards used in the East. He made this board from a plece of black, hard-
rubber radio panel, 8/8~inch thick and measuring 5 x 6 inches. In this he
drilled 250 holes, 1/8-inch in diemeter end 1/8-inch deep. Each hole was
lightly counter-sunk. Another board with slightly smaller holes was used in
counting the smaller eggs of winter=caught fish., To use this board, the
well-gseparated eggs are merely spread over the surface so that they will
lodge in the holes. After surplus eggs are removed, inspection reveals any
empty holes and the count of 250, minus the empty holes is obtained.

To trace the growth of the eggs and the relationship between the
various sizes present in an ovary, diameter measurements of ova were made
by meens of an oculsr micromster in & compound binocular microscope. The
magnifications used gave a value of 0.04 mm. for each micrometer unit for
the small eggs, and 0.2 mm. for the large eggs. The dismeter was determined
by placing the micrometer in & horizontal position wd th respect to the field
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of the microscope and reading the vertical diameter of each egg, without
regard to its shape or position in the fleld of the miocroscope. Due to
distortion in the process of preservation, ova are seldam perfectly spherical
in shape, end this method obvieted any selection of the longest or shortest
diameter. This gave measurements of the longest diameter of some eggs, the
shortest of others, or measurements intermediate between the two. C(Clark
(1925 ), who made e careful test of this method, found it to be reliable amd
the most satisfactory for constant use,

To show the growth history of the ova before the spewning season, a
random sample of eggs was obtained af'ter all eggs in the overy had been
teased apart. Measurements of the diameter of the lerge ova were made at
the lower magnification unmtil 500 eggs from each fich were recorded, snd
the process weas then repeated at the higher magnification to obtain the
measurements of 500 small ova, To show the relationship between the actual
mumber of all eggs of each size present in the ovary, & section approximmtely
3/8-inch wide and about sn inch long was carefully tessed from the center of
the ovary of onme fish and measurements were made on all ova (totaling 3,688)
in the sample,

To eorrelate the egg producticn with the ocondition of the fish, the

W x 100
:L.s

in whioch W is the weight in grems snd L the standard length in centimeters.

coefficient of condition (K) was caloulated by using the formule, K =

Because of the difficulty and uncertainty involved in determining the
age of morthern pike from examination of the scales, age determinations are

not included in this paper,

Fumber of Eggs Por Female
The actual numbers of eggs contained in each of the 30 females (Table I)

varied from 7,691 (for a fish having & total length of 15.7 inches and weighing
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11 ounces} to 97,278 (for a 35-inch pike weighing 170.5 ounces). The following
ere average figures, The number of eggs produced wsa 32,200 for these fish,
which hed a totel length of Z7.6 inches and a weight of 49,8 ounces. The
average total length of the fish in the sample agrees clesely with that of
all females which entered the spawning grounds (23.5 inches in 1939, 23.2
inches in 1940, and 22,4 inches in 1942),

The number of eggs increases rapidly with increese in length of fish and
is roughly proportionste to the weight (Figs. 1 and 2), The mumber of eggs
in & fieh of any particuler lemgth or welght, however, varies greatly.

Despite & large fluctuation, there is some positive correlation between
the condition of the fexmle and its fecundity (Teble I). The values for X
fluotuate widely, and do not incresse with sire of fish: K averages 0,984
for the 14 fish 15,7 to 22,3 inches long, and 0.919 for the 16 that measure
23.6 to 35.0 inches, The specimen with the largest K value, however, did
! produce more egge then other fish in the sames general size range. Likewise,
the fish having the lowest K vel ue, produced fewer eggs than other specimene
in the same general size group. The 6 fish heving the highest number of eggs,
taking into consideration the length of the fish, and the 6 having the lowest
number (as determined from the plus or mimus devietion from the average line

in Pig. 1) had average K values of 1.007 and 0.893 respectively.

Growth History of the Developing Ova
Beceuse northern plke spawn but once a year and beseuse the spewning
season i of short duration, the eggs of s female at spawning time are of
two markedly distinct sizes: (1) large mature eggs, and (2) almost microseopic
immeture ones. To demonstrate the history of the maturing 6% and to check
the assumption that all ova that are to be spawned in one yeer become distinguish-

eble during the seasomal development from the smsll immesture eggs, diemeter
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measurements of ova were made from seven fish collected at various dates
before the spawning season (Fige. 3 A). The first specimen, & largse fish
from Urayton Pleins hatchery stock known to be in its second ysar, wes
preserved on November 4. The fish of January 28, February 4 and 25 were
taken through the ice at Houghton leke by fishermen. Those of March 27 and
April 15 end 26 came from Peterson's Ditchee during the spawning run,

The one collected on Mareh 27, a "green" femele, end the one taken April
15, = ripe female, were killed during the upstream migration to the
spawning grounds.

The specimen secured on April 26 was one of several that entered the
marshes on April 10, et which tire they were marked. This particulsr fish
was seen to be ripe on April 10, for some eggs were lost during the process
of welighing, measuring and tagging., After spawning it returned from the
marshes to the lake on April 25 with a serious head injury. On April 26
this pike was found dead, washed up on shore, The ovaries ware then removed.
This northern pike had thersfore spawned sometime during the 17-day perici
between April 10 amnd 26. Becsuse the fish was ripe when it entered the
spewning grounds, it is probably sef'e to assume that spawning occurred at
least two weeks before the overies were removed and preserved. The
ovarian wall hed shrunk little during this period. Close examinstion revealead
the presence of 28 old, mature eggs, held over from spawning., The few large
eggs that were well preserved were free from the follicles; those that were
still enclosed in the follicles showed varying degrees of resorptiom. In
addition to the 28 mature eggs a tremendous number of extremely small eggs
were also present in the ovaries of this northern pike (Fig. 3 4, bottom

graph). Some of these eggs were granular in sppearance and were apparently



Fig. 3 A. Frequency polygons showing the growth history of northern
pike egps collected before, during snd after the spawning
season,

Because each polygon wes besed on measurements of 500
eggs and because more and different site classes were used in
measuring the immature ova, the areas of the polygons are not
proportional to the numbers of immature and of mature eggs
present in the ovary.

The fish collected March 27 (a green female) and that of
April 15 (e ripe female which was stripped) were killed on the
upstream spawning run, Ses text for the data concerning the

collection of the fish taken on April 26.

Figs 3 Be Frequency polygons showing proportionate number end
proportionate volume of the eggs of each size class in the
ovary of a mature northern pike.

Based on measurements of the 3,688 ova comprising a
rendon semple of the ovary of a fish collected Janusry 28,
1943, from the Fletcher Pond of the Thunder Bay River. The
immature eggs were measured in size closses of 0,04 mm., but
these were combined by 5's to give size classes of 0.2 mm.,

to correspond with the measurements of the maturing eggs.
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degensrating, because they were easily broken after preservation., The
remeinder of the small eggs still retained the nucleus and were the only
ones measured.,

In studying the growth of the ove (Fig. 3 A) chief attention should
be pald to the eggs with diameter exceeding O.4 mu., because these are the
maturing eggs. Ova less than 0.4 mm, in diemeter obviously remsin
immature through the late fell and winter; they constitute a distinect
group of relatively uniform size in each adult female, during the fall and
winter (Fig. 3 4) and no doubt throughout the year., Any increase in size
beyond 0.4 mm. indicates the beginning of the growth of the ova toward
meturity for the next spawvning season. Ve were unable to obtain a fish
with ovaries at this stage. The specimen in the earliest stage in the
growth of the ova was teken on November 4, approximately five months before
spawning. Differentlation between the two sizes of egss was already well
marked.

The only fish with eggs of intermediate size was collected on January
28. The few eggs of this size had either started to develop & short time
before this fish was killed or else had been reterded im growth.

On each succeeding date from November 4, 1938 to April 15, 1939, the
maturing ova were found to have atteined a constantly greater aversge
diameter, The March specimen had mature eggs of the lsrgest size, either
beceuse of individual variation or becemse the sample was taken in another
year (1942).

¥ature egge of the northern pike rmge in diesmeter from 2.2 to

Sed mm,
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The immature eggs greatly outnumber the maturing eggs in en ovary of
a pike sbout to spawn, but the volums of the maturing eggs wvestly exceeds
that of the immeture omes (Fig. 3 B). To illustrate these relatioms,
moasurements were made of the diamster of all the 3,688 eggs comprising a
rendom sample from the ovary of a fish collected on January 28, 1943 (this
fish measured 27.1 inches in total lemgth and weighed 67 ounces). The
volume of the eggs in each size class was computed mathemmticelly from the
average diasmeter of each cless., The number and the volume of the eggs of
each size oclass were computed and expressed as the percentage of the total
number and of the total volume, respectively.,

Of the 3,688 ova that were measured, the meturing eggs constituted
11,7 per cent by mumber and 96,9 per cent by volume, whereas the immature
eggs mede up 8843 per cent by number and 4.1 per cent by volume., Since
the total number of maturing eggs in both ovaries of this fish was 36,812
(by count), it is computed thet these ovaries contained 278,089 immature
ove., Enough small eggs for several spawnings were therefore present in the
overies of this fish, However, I do not believe thet the 314,901 eggs
estimated to be present in this fish wouwld suffice for all spawnings of e
pike that would reach a relatively large size and advanced age. A 35einch
pike was found to contain 97,275 mature eggs; in three years such a fish
would produce more eggs then the total number of immature eggs estimeted
to ocour in the 27-inch fish, large pike show no apparemt reduction in the
relative number of immature ova, It is concluded that new eggs develop
during the adult life of the pike. Some evidence was obtained to indicate
that some of the lmmature ova &s well as all unspawned mature eggs are
resorbed after the spawning time, Such loas would provide a further need

for new egg production in the adults.
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The overy of the fish used in determining the number of egge in each
size group (see Fig. 3 B) contained in its anterior, middle, and posterior
parts, mature ova of the following diameters, as determined by meesurements
of 500 eggs from each part:

In the anterior part, 1.8 to 3.0 mm.; average 2.305%,0103 mm.,

In the middle part, 1.6 to 3.0 mm,; average 2.,385%,0130 mm.,

In the posterior part, 1.6 to 3.0 mmy; average 2.3041.0108 mm.

The average sire of the eggs is significantly lerger in the middle part of
this ovary than in the enterior snd in the posterior parts (the difference
is abouf three times the standard error of the difference), The difference,
however, is only about 0,06 mm., It is therefore concluded that no consider~
able error was introduced by memsuring the eggs (as for Fig., 3) from semples
teken from the middle part only of each ovary.

The developmental cycle of the eggs in the northern pike is like that
of the salmonoid fishes, lampreys and other fishes that spewn over & very
brief period. Many fishes, for instance the halibut (Thompson, 1915), tle
grunion (Clark, 1925), snd other species (Hickling and Rutenberg, 1936),
depoeit eggs more then once in a spawning season, and throughout most of the
spawning period have eggs of more then two size groups in the ovary. In
addition to the reserve stock of minute ova and the group of maturing ove,
one can usually distinguish groups of ova of one or more intermediate sites.
These ova are obviously being prepared for future perlods of egg laying.

In general this type nf egg development appears to be characteristie of
femilies or at least of gemera. It comes as & surprise, then, to learn that
both types of egg development occur in the pike genus, Esox. The md pickerel,

Esox vermiculatus, contains in its ovaries a group of eggs intermeciete in
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size between the immeture eggs end the mature ones. In the one mature female
studied, the immeture eggs averaged about 0.1 xm, in diameter, and the
seemingly meture (yellowish end rather free) eggs ranged in diemeter from

1.2 to 2,0 mm. (Fig. 4). The mature eggs thus seem to average smeller than

those of Esox lucius. This female of lHsox vermiculetus thet was studied
measured 6.2 inches in total length, and was collected at Whitmore Leakse,
Washtenaw County, Michigan, on April 2, 1941. This wes during the spawning
period of this species, which coincides with or at least overlaps that of
the northern pike. Newly hatoched mud pickerel may be taken i; early April
in southern Michigan. The eggs of the intermediate size group ranged in
diameter from 0.3 to l.2 mm, It is estimated thet the €.2-inch mmud pickerel
contained a total of 15,732 eggs, of which 10,925 were immature, 4,004 of
intermediate size, and 803 mature., Several spewnings during the spring are
thus indicated. Occasionally mmd pickersl also spawn in the fall, according

to Lagler and Hubbs (1943).

Insert Fig. 4. See page 14,

PERCENTAGE SURVIVAL OF EGGS AND YOUNG ON THE SPAWNING GROUNDS
In the management of any species of fish, knowledge of the natural
mortality and of the probsble yield from any spewning is obviously important.
It is desiraeble to know at what stage of development the mortality rate is
highest. In the experiments described in this paper, & complete count wes
obtained of all adult northern pike migrating from Houghton Lake to the

spewning grounds under observation, and in 1939 and 1940, camplete counts
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were mede of all young migrating from the marshes to the lake (Carbine, 1942),
It is therefore possible to present figures representing the survivel of the
young from the time of egg deposition until the last young pike had migrated
from the marshes (a maximum period of 82 days from the time the first fry
hatched in 1939 end of 856 days in 1940). Each year a portion of the young
were fin-clipped before they were released in Houghton lLake in the hope that
an estimate could be obtained of the percentage survival from the fingerling
stage to that of legal size, Unfortunately so few captures of these fin-
clipped fish were reported (voluntary returns only were available) that this
experiment was abandoned.

In 1942, all of the migrating adults were trepped during the spawning
run, but fry and fingerling weirs were not imstalled. On May 6, 1942, I
stopped at Houghton Lake to check the success of the hatch -of pike in the
various mershes that had been under examination earlier in the year., It was
surprising to find thet Mr. John Peterson, who operates & resort neer the
mershes on which this investigation wes being conducted, had installed amnd
maintained weirs for trapping fry end fingerling pike, following the procedure
previously used here (Carbine, 1942). During the past few years Vr. Peterson
had become interested in our projects and desired to have as many pike as
possible placed in Houghton lake. He also wanted to compare the production
obtained in 1942 with that of 1939 end 1940. He had been keeping accurate
records of the number of young pike that were teken in the traps, from the
time of the first migration until about June 1 (when the weirs were removed ).
According to the records kept by Mr. Peterson, up to May 6, slightly over
4,000 young northern pike had been taken in the traps end had been transferred

to Houghton leke. He estimated, from & two-hour telly, thet epproximately
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helf of the fish went through some small holes in the wings of the weir
rather than into the traps. Since his record book was unfortunately lost,
it is not possible to give the exact estimate on the total run of young
pike for 1942, The figure of 8,000 given for 1942, in Table II, a rough
calculation, is considered to be a minimal estimate.

The eggs and young of the northern pike suffered en enormous mortality
on the Houghton Lake spewning grounds that were under observation in 1939,
1940 and 1942 (Teble II). The approximetely four million egge sstimated to
have been spawned in 1939 contributed oﬁly 7,239 migrating younge===gbout
1,800 young for each million eggs. The mortality was computed to be 99.82
per cent, For 1940, about 700 young resulted from the deposition of a
million epggs, & mortality of 29,93 per cent. The corresponding fipures for
1942 were 4,400 young per million epggs or 99,56 per cent mortality,

The stage at which the greatest loss occurred was not determined,
Observations in the mershes and ditches proved that very large numbers su-
vived through hatching end the period of yolk absorption. As wany as 20
very young pike were caught in a single dip of a small scap-net. Gradually
the numbers of young dwindled. Predation, including cennibelism, was
observed, but the loss from each of meny causes was not estimated.

The survival of eggs end young, Q.44 per cent, was relatively much
higher in 1942 than in 1939 or 1940. The cause is thought not to lie in
the smeller number of eggs laid, but rather in the higher water level. The
marshes which provide the spawning end nursery waters for northerm pike were
more extensively covered in 1942 than in the other years, end remained
covered for a longer period than in any of the last 8 to 10 yesars, according
to local reports. The water level in 1942 did not become appreciably lower

until all the fingerling pike had a chance to move out to the lake,



TABLE II

ESTIMATES OF THE EGG PRODUCTION OF SORTHERN PIK ANL CF THE SURVIVAL OF EGGS

AND OF YOUNG UP TO THE TILE OF DOWHSTREAY KIGRATION

Data obtained at Peterson's Ditches, Houghton Lake, Michigan

19389 1940 1942

Number of spawning females 125 66 56
Mumber of spawning meles ' 280 81 70
Ratio of meles to females 224100 126,100 125:100
Fetimated number of eggs dopoaited\y 4,025,000 2,088,000 1,803,000
Number of migrating young® 7,239 1,496 8,000
Percentage survival of egps and

young to time of migration 0.18 0.07 Ol.44

Based on averege of 32,200 eggs per female——see p. 5.

\F5ee text in regerd to estimeate for 1942.
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A very high mortelity during the fry siege was elso observed in the
pike-propagation experiment conducted in 1937 at the Ortonville Rearing
Pond of the Drayton Plains Fish Hatchery of the Michigan Department of
Conserveation. This S-acre poné wes stocked with spproximstely 150,000
northern pike fry on Mmy 3, 19387, end when the pond was dreined on October
14 (171 deys from the deate or hatching), & totsl of only 362 pike were
recovered, The mortality from the fry stege wes 939.7¢ per cemt, identicel
with the average mortelity of 99,77 per cent estimated to have occurred
during the egg end early fingerling stages on the spewning grounds of

Houghton Lake.
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SUMMARY

1, Investigetion of the life history of the northern pike, with
special emphasis on egg production and survival of eggs and young on the
spawning grounds wer¢ begun in 1939 and continued through the spawning
gseason of 1942 et Houghton Leke, Michigsn,

2. Most of the migrating young and adult northern pike were captured
in weirs, although a few of the adulte were caught by ice fishermen,

3. On the basis of actusl counts of the eggs conteined in each of 30
northern pike, the average number of egge produced was estimeted to be
32,200 (range 7,691 to 97,273).

4, The number of eggs incresses rapidly with increase in length of
the fish and 1is roughly proportionate to the weight,

5. Deepite a great fluctuation, there is some positive correlation
between the condition of the femele and the number of eggs produced.

6. Diameter measurements of ova made on seven fish collected before,
during end after the spawning season show that all egpgs that are to be
spawned irn one season form & single size group, easily distinguishable
throughout the seasonel development from the small immature eggs.

7. Mature eggs of the northern pike range in size fraw 2.2 to 3.4 mm.

8. The immmture eggs present in the ovaries of & pike before the
spewning season constitute 88.3 per cent of the number and 4.1 per cent of
the total volume, wheress the maturing eggs mede up 11,7 per cent by number
and 965.9 per cent by volume,

9. The presence in the ovaries of the mud pickerel Esox vermiculatus

of egrs of intermediete size indicates that this species spewns more than
once during one season. Thls shows that ome type of egg development is not

characteristic of a genus,
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10. A total of 125 females spswned in the marshes in 1939, 65 in 1940,
end 56 in 1942,

1l. The estimated egg production, based upon the average of 32,200
eggs per femmls, was 4,025,000 in 1939, and 2,083,000 in 194C, and 1,803,000
in 1942,

12, The approximstely four million eggs assumed to have been spawned
in 1939 contributed omly 7,239 young; in 1540, only 1,496 young resulted
from the laying of about two million eggs; and in 1942, an sstimated 8,000
young resulted from the depositiom of 1,800,000 eggs. The mortality of
eggs and young, to the time when the young left the marshes, is thersiore
estimated to have been 99,82 psr cemt in 19395, 99,53 per cent in 1940, and
99,566 per cent in 1942, The increased yleld in 1942 seems to have been

correlated with a higher and more constant water level over the marshes,

INSTITUTE FOR FISHERIES RESEARCI
by W. F. Cartine
Report approved by: A. S. Hazzard

Report typed by: Grace Wood
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