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REPRODUCTION AND MIGRATION OF THE YELLOW PIKEPERCH,

STIZOSTEDION VITREUM VITREUM, IN MICHIGAN

INTRODUCTION

The yellow pikeperch, Stizostedion vitreum vitreum (Mitchill), is

the largest Ameriocan member of the perch family (Percidae). Im our
waters it shares the subfamily Luciopercinee with two smaller fishes,

the sauger, Stizostedion canadense (Smith), and the blue pikeperch,

Stizostedion vitreum glaucum Hubbs. The distribution of the latter sub-

species is largely confined to Lake Erie, although fish ocourring in Lake
Ontario, lakes in the St. Lawrence River and Lake Huron dralinages in
Ontario, and in Lake Winnipeg in Manitoba have been identified with it.
The yellow pikeperch and the sauger have a much larger and somewhat sim=-
ilar distribution. For the pikeperch this range is as follows: "From
Great Slave Lake, the Saskatchewan River system and the Hudson Bay region
to Labrador; southward on the Atlantic slope to North Carolina, and west
of the mountains, to the Alabama River system of Georgia to the Tennessee
River drainage of Alabsma and to northern Arkesnsas and Nebraska., Common
through the Great Lakes and meny of the inland lakes and rivers of the
basin; in Lake Erie chiefly to the westward" (Hubbs and Lagler, 1947).

Recent American workers separate the genus Stizostedion from the Eurasian

genus Lucioperca, with whioch it is closely allied.

The yellow pikeperch has meny common names, usually associated with

geographic localities, In Michigan and neighboring states it is best



known to anglers as welleye (Outdoor Writers Association of America, 1948)
or wall-eyed pike, Commercial fishermen of the Great Lakes prefer yellow
pike, yellow pickerel, or merely yellow or pickerel. Among French Canadi-
ans it is commonly called the Dord, or Dory. Names with more restricted
usage include jack, jack salmon, Susquehanna selmon, white salmon, okow,
glass-eye, green pike, grass pike, hornfish, and others.

The yellow pikeperch is among the most important species contribut-
ing to the sport fishery of a large portion of the United States end Cane
ada. In addition to the many thousands of pounds teken annually by anglers
from streams and lakes throughout its range, the species makes & substan-
tiel contribution to the commercial fisheries of the Great Lakes (partice
ularly of Lake Erie which from 1940 to 194l; had an average annual product-
ion of nearly %.7 million pounds) and certain other waters. Thus, those
who take their fish with rod and line and those who petronize the fish
merkets have an equal opportunity to enjoy the widely acknowledged excel-
ience of its flavor,

The pikeperch is highly regarded by anglers in Michigan, and is
found in many of the larger lakes and streams of both the Lower and the
Upper Peninsulas. For several decades prior to 1945 millions of fry were
planted annually, and relatively few of the larger waters of the state
have escaped an introduction of the species.

In spite of the importance of the pikeperch, pertinent information
concerning its life history is less well known than is that of many of the
other important game fishes. It was with the hope of meking a contribution
to our kmowledge of the life history of the species that the present study

was undertaken,




The field work was begun in 1941, while the writer was a district
fisheries biologist with the Institute for Fisheries Research, stationed
near Lake Gogebic in the western part of the Upper Peninsula of Michigan.
Observations were continmued in 1942, Further work was interrupted by
World War II, until 1947, when a more intensive study of the specles was
undertaken, both in Lake Gogebic and in the Muskegon River, a major trib-
utery to Lake Michlgan located in the we-st—central portion of the Lower
Peninsula. This was continued in 1948.

The work was financed and equipment was provided by the Imnstitute
for Fisheries Research of the Michigzan Department of Conservation.

This paper is divided into two parts. The first deals with observ-
ations made at Lake Gogeblc, with particular emphasis directed toward
various aspects of reproductive behavior. The second concerns the species
in the Muskegon River, with special reference to its migration. Pertinent
observations made in other waters are included in these sections under the
appropriate topics.

In addition to the material here presented, substantial progress has
been made in the analysis of additional data colleoted on body-scale re-
lationship, growth, condition, and food of the species in Lake Gogebic.

These date will form the basis for a separate contribution.
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PART I. OBSERVATIONS ON THE LIFE HISTORY OF YELLOW PIKEPERCH IN

LAKE GOGEBIC, WITH SPECIAL REFERENCE TO REPRODUCTION

Desoription of Lake Gogebio

Leke Gogebic is located in Gogebic and Ontonagon counties, in the
western part of the Upper Peninsula of Michigan. It is about 30 miles
east of the city of Ironwood and is near the western headwaters of the
Ontonagon River.

The shallow, boot-shaped basin of the lake is about 12 miles long,
from 1.5 to 2.5 miles wide, and extends in a north-south direction. It
has an area of 14,781 acres and a maximum depth of 37 feet. An aerial
view of the lake is shown in Figure 1, and a hydrographic map is presented
as Figure 2,

Bottom types consist of muck in the deeper portion of the leke, and
of sand, gravel, rubble, boulders, or mixtures of these materials in most
of the shoreward areas less than 15 feet in depth.

The lake and its tributaries have a drainage basin of about 160
square miles. The land has a rolling topography, is denssly wooded, and
has a 8soil composed largely of sand and olay.

The principal inlet is the Slate River which flows into the south end
of the lake. The mouth of the stream is flooded and water 1is backed up to
within a few hundred yards of Judson Falls, which is ebout 1.5 miles above
the leke. At this point the river is about 20 feet wide. Trout Brook and
Merriweather Creek are smasller streams entering the lake from the south-
east and northwest respectively.

Lake Gogebic's outlet, the west branch of the Ontonagon River, flows

from the northeast end of the lake. About one-half mile dowmstream from



*JeaTy €3BTS oU3 5T (3Jel Jemol) exs]
oy3 SulJdejue Weod3s eYf °Ynos ey3 wodJ o1qedopn eye] Jo Mela TeLIey °T *31d




10

the lake is a dam owned by the Upper Peninsula Power Company, which reaises
the level of the lake about 30 inches and floods the mouths of its inlet
streams. Fluctuations in water level are not drastic., During most years
a gradual decrease in level occurs between the spring break-up of ice and
the following winter.

The water is brown in color, the darkest coloration occurring near
the mouths of the Slate River and Merriweather Creek. During the period
from June 18 to 27, 1938, when a biologlical inventory was made by the
Institute for Fisheries Research, Secchi disc readings renged from 2 to 9
feet. The water was found to be soft, with a methyl-orange elkalinity of
from 18 to 34 parts per million, with a pH varying from neutral to slightly
alkaline (7.0-7.8).

Rooted aquatic plants are not abundant in the lake, and occur only in
more or less localized areas. The principal plant beds are found in the
shallow northern end of the lake and near the mouth of the Slate River.
Submerged pondweeds occur at intervals along the east and west shores, but
extensive intervening areas here are barren.

Yellow pikeperch and northern pike, Esox lucius Linnaeus, dominate

the game fish population in Lake Gogebic. The young of yellow perch, Perca

flavescens (Mitchill), are very abundant, but relatively few adults of this

species occur. Several other game species are present only in emall numbers
and contribute little to the fishery at the present time. These include

smallmouth bass, Micropterus dolomieu dolomieu Lacéﬁéde; largemouth bass,

- Mioropterus salmoides salmoides (Lacépede) ; black orappie, Pomoxis nigro-

maculatus (LeSueur); rock bass, Ambloplites rupestris rupestris (Rafinesque)s

and, seasonally, brook trout, Salvelinus fontinalis fontinalis (Mitechill),

The cisco, Leucichthys artedi (LeSueur) is common.

R
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Forage species which have been collected by various members of the
staff of the Institute, or which have occurred in stomachs of game fishes,

include the followings mudminnow, Umbra limi (Kirtland); western golden

shiner, Notemigonus crysoleucas auratus Refinesque; northern common shiner,

Notropis cornutus frontelis (Agassiz); northeastern sand shiner, Notropis

deliciosus stremineus (Cope); troutperch, Percopsis omiscomaycus (Walbaum);

centrel Johnny darter, Boleosoma nigrum nigrum (Rafinesque); end ninespine

stickleback, Pungitius pungitius (Linnaeus). These species ocour only in

small numbers. Mudminnows end common and golden shiners are encountered
somewhat more frequently than others in the list.

The white sucker, Catostomus commersonii commersonii (Lacébsde), is

very common, and the American burbot, Lota lota maculosa (LeSueur), is

occesionally seen. The bowfin, Amie calve Linnaeus, snd bullheads, Ameiurus

sp., may heve occurred in the lake in the past but none is knowm to have
been collected or observed within the past 20 years.

The past history of the fishing in Leke Gogebic has been reported in
part by the late Dr. Jan Metzelaar (unpublished), who made & preliminary
biological investigation of the lske during the period from September 17

to 21, 1928. Dr. Metzelaar wrote in part:

"The interesting history of ﬁhe fishing on Gogebic Leke forms a story
which has spread to the four cormers of the Great Lakes, but on whioch it
is hard to get accurate details. From miscelleneous information I have
sifted the following notes. In the 19th century Gogebic Lake was one of
the outstanding, femous bass lakes of the States. Smallmouth bass pre-
dominated, next to which came lergemouth bass, rock beass, followed by
bluegills and sunfish. No strictly predetory fish were present, but min-

nows and shiners® were sbundant and in certain seasons could be found
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swimming inshore in large numbers.

"In 1897 (some reports say as early as 1892) the grass pike (northern
pike) was introduced; 84 good sized specimens of this fish, and elso 18
muskies were freed in the Gogebic waters. Soon after this introduction
large pike were caught and in goodly numbers, the record being 27 pounds.
In later years both numbers and size dwindled end no remarkable pike have
been caught since 1924 or 1925, which coincides with the rise of the walle
eye.

"The pikeperch or wall-eyed pike was sucoessfully introduced as fry
around 1913 eand its history closely parellels that of the northern pike.
Ten years after its introduction the walleye was caught in numbers with
hook end line, the weight running up to 16 pounds. At present numbers
have dwindled end the record in recent years has been around 10 pounds.

"In both cases we find that the second generation - born from the
original stock - offered splendid fishing upon reaching maturity, but
that there was no sustained yield.

"What happened in the meantime to the other fishes of the leke? If
we may believe the reports of seemingly trustworthy residents, their fate
under the combined asssults of the two new predators has been anything but
happy. To make & sad story brief: largemouth bass, bluegills, sunfish,
minnows and shiners are no more in the lske. Diligent search in the
marshes and bays probably would reveal some survivors of the sunfish fem-
ily in addition to the smallmouth bass (which still persists in moderate
numbers) and the crappie.”

The degree of dominance of yellow pikeperch in the catches by anglers

at Lake Gogebic in recent years is shown by creel census records obtelned



there in 1940, 1941, end 1947.% The percentage of the totel number of
fishermen contacted by the creel census clerks is not known, but it 1s
believed that the records are sufficient in number to show the approximate
composition of the total cateh during the periods covered. The census be-
gen on May 15 each year and ended on October 26, 1940, on October 10, 1941,
end on September 30, 1947. The results are shown in Table 1,

Pikeperch constituted ebout 81 percent of the fish in the 1940 catoch
and ebout 89 percent in 1941. 1In 1947 this percentage dropped to about 54,
and northern pike and yellow perch were much more prominent in the catch.
The reassons for this change in the proportions of the species are not known.

It is of interest to note in this comnection, however, that in Lake
Geneve, Wisconsin, Nelson end Hasler (1942) reported that a survey by
Pearse in sbout 1921 showed that pikeperch were more ebundant than northern
pike. In 1542 the former species had practically disappeared from the lake,
whereas northern pike had become the most abundent of the game fish. Rawson
(1945) believed that the reduction in numbers of northern pike as a result
of angling in Lake Waskesiu, Sasketchewan, mey have made possible a great
jnerease in the number of pikeperch, from about & perocent of the gill-net
catch in the years from 1928 to 1934, to 4b percent in 1942. Metzlaar's
report, discussed above, jndicates that northern pike became much reduced
in numbers when pikeperch became established in Lake Gogebic. The pos-

sibility is indicated that under certain circumstances domlnance among

*Records were teken in the field by Richard Bohland in 1940, by
Dexter Reynolds in 1941, snd by Jack Haskins in 1847. Boat liverymen,
conservetion officers, end interested fishermen assisted in the work.
Louis Krumholz summeriged much of the date for 1940 and 1941 and Howard
Loeb compiled the records for the 1947 census.

13
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predator species in a given lake may chenge in degree, or may change from
one species to enother, particularly where northern pike and pikeperch are
concerned. That the creel census results at Lake Gogebic for 1947, es
compared to earlier years, may be an indication that such a change is teak=-
ing pleace is an jnteresting conjecture which invites further studye.

In sigze, depth, fish population, and perhaps other characteristics,
Lake GCogebic eppears to be similar to a large number of lakes in central
end northern Mimnnesote described by Eddy and Surber (1947). In these
lekes, which are from 35 to 40 feet deep and from 8 to 15 miles across,
pikeperch dominate fish populations which include also perch, northern
pike, end suckers. Sunfish, bass, end crappies are not common except in
bays. dJudging from Dr. Metzelear's account (above), events followlng the
stocking of pikeperch fry in Lake Gogeblc parellel to some degree the
unusual success which these authors reported for e number of lerge, shallow
lekes in Cook County, Minnesota, which contained no game fishes except
northern pike at the time of planting. 1In Brule Leke, for example, they
seid that it was possible to catch the legal limit of pikeperch in any
part of the lake three years after the initial stocking with pikeperch fry.

In summary, Lake Cogebic is e lerge, shallow lake with soft, brown
water which is neutral in reaction, with little aguatic vegetation and
with a stony shoreline. Yellow pikeperch now strongly predominate the
fish populetion which contains few forage species. Formerly the lake was

domineted by smallmouth bass and leter by northern pike.
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Pikeperch spawning grounds in Lake Gogebic

Pikeperch spawn either in streams or lakes, apparently depending upon
local ciroumstances in the water concermed. The following ere among the
spawning grounds reported by various workers: mouths of rivers and creeks
(Smith, 1892); sandy bars in shallow water (Bean, 1903); along the entire
shoreline, near shore, on gravel bottom (Evermenn and Latimer, 1910);
shallow bars or "flats" at the edge of deep water (Miles, 1915); on sticks
end stones in running water, et the foot of waterfalls (Bensley, 1915); on
send end grevel, in shallow water (Henshell, 1919); in lakes, if prevented
by weather or other causes from entering streams (Cobb, 1923 = Eisoussioa -3
MacDonald, 1924); in stresms or in some cases in shallow sandy bays ( Dymond,
1926); shoal waters (Leach, 1927); anywhere near the mouth of streams where
depth and other conditions are suiteble, or in lakes if prevented by
weather or other causes from entering streems (Adems and Henkinson, 1928)3
small creeks and rivers or in shallow bays near shore (Bajkov, 1930); in
streams, on sandy bars in shallow water (Fish, 1932); in tributary streams
or in the lake (Stoudt, 1939); on hard bottom, usually in moving water
(Hinks, 1943)3 up tributary streams in riffles or on gravel reefs in shal-
low waters of the lake (Eddy and Surber, 1947); and tributary streams, over
a stony bottom (Derback, 1947).

Spawning of yellow pikeperch along the east shore of Lake Gogebic has
been suspected by local residents for a number of years. Richard Bohland
and others of the Michigan Department of Conservation observed (umpublished)
concentrations of pikeperch on the shoal areas along the eest shore of the
leke in May, 1940, and suggested that they might be spawning. The writer's
first opportunity to observe the fish and to attempt to determine the

nature and extent of the spawning grounds ocourred during April and May of
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the following year.

The principal spawning grounds of pikeperch in Lake Gogebic extend
almost without interruption for a distance of over 10 miles along the sast
shore of the lake (Fige 2). The southern end of the grounds is three miles
from the south end of the leke, near the north boundary of Section 26 (T.
47 N., Re 42 W.). The northern extremity is located on the south shore of
Bergland Bay (Sect. 8, T. 48 N., Re 42 We)eo

The bottom along nearly this entire section of shoreline is composed
of a mixture of gravel, rubble, and boulders, to depths up to 10 feet.

Sand and fine gravel compose the substratum for these materials and extend
to & depth of 15 feet in some areas. Typical sections of the shoreline
are shown in Figures 3 and 4. These photographs were taken in Ooctober,
1947, when the water level was about 30 inches lower than during the spring
of most years. Almost all spawning activity which has been observed at
Leke Gogebic has oococurred within the ares exposed by the lowered water
level, Figure 3 shows a typical mixture of the bottom materials prevalent
over most of the area. In Figure 4 is shown e ridge of boulders located
from 5 to 15 feet out from the spring water line. Such ridges offer some
proteotion to inshore asreas against wave action; these protected shelves
are especially preferred by spewning pikeperch at Lake Gogebic. Sections

which sre bounded laterelly by logs or boulders and overhung by teag alders,

white cedars, or other trees, are almost certain to be occupied by pike=
perch throughout the spawning season (Fig. 5).

Spawning is not restricted to portions of the shoreline having a
rubble bottom, but also ococurs in areas having a bottom of rather fine
gravel (Fig. 6). Although the bottom in generel has a gradual declivity,

(Figs. S and 4), stretches of bouldery shoreline with a sharp drop-off



Fig. 2. Map of Lake Gogebic, showing location of
pikeperch spawning grounds. (Broken lines
indicate areas which are little used).
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Fig. 3. Typical section of shoreline (exposed
by low water) along the east shore of
Lake Gogeblc, showing bottom type.

Fig. 4. Exposed shoal along east shore of Lake
Gogebic, showing ridge of boulders a
short distance from shore. (The measur-
ing board is three feet in length).
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Fig. 5. A sheltered pocket behind a protecting

ridge of boulders, along the east shore
of Lake Gogebic. Such areas are much

used by pikeperch congregated on the
spawning beds.

Fig. 6.

Fine gravel, used to some extent by
spawning pilkeperch at Lake Gogebic.
The white objeot is a 6-inch ruler.
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also occur (Fig. 7).

Fallen trees are very common along the water line (Figs. 4 and 5),
Teg alders, white cedars, and other trees hang over the water at many
points, and the entire shoreline is densely wooded. It is openly exposed
to the prevailing northwest wind, and is washed by almost continuous wave
action.

Sand-bottomed areas are little used for spawning by pikeperch in Lake
Gogebic. The bottom along a 1,700~foot section of shoreline in Six Mile
Bay near the mouth of a small stream is composed almost entirely of sand
(Fige 8)e Although the bay is loocated well within the limits of the
spawning grounds, pikeperch do not frequent the region during the spawning
season, except in small, scattered areas where a small quantity of gravel
or rubble is mixed with the sand.

In 1947, pikeperch made very limited use of an additional area along
the north shore of the lake, as indicated by brok'en lines in Figure 2,
Direct observations of fish were not made, but small numbers of egzs were
collected elong the shoreline et these points, and spawning hed obviocusly
occurred.* Much of this erea has a bottom of sand, upon which broken rock
has been thrown to form a riprap for an adjacent railroad grade, It is
among these rocks that the pikeperch egzs were found.

Most of the remainder of the shorewerd area of the lake is not Xnown

*In egg colleotion, stones, gravel, and other objects on the bottom
are overturned or disturbed by a quick, scraping movement of the foot,
Imnediately a fine-meshed scap net is passed through the resulting roily
erea to collect any eggs brought temporarily into suspension, The specific
gravity of pikeperch eggs is little greater than water, and this simple
technique works effectively even in situatioms where eggs are relatively
goarce. Where much spawning has occurred, 50 to 100 or more eggs often
may be collected in a single such effort.
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Fig. 7. A bouldery shoreline with a steep

Fig. 8.

deolivity along the east shore of

Lake Gogebic at pikeperch spawn-
ing grounds.

Aerial view of Six Mile Bay, Lake
Gogebic. The sandy shore to the
right of the mouth of the stream
is not used by spawning pikeperch.
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to be used by pikeperch for spawning although the gravel, rubble and

boulder bottom is nearly identical to that elong the east shore. On May
28, 1947, when eyed eggzs were present in great abundance on the spawning
grownds, a circuit of the lake was made by boat and attempts were made to
colleot eggs near shore, at random intervals of approximately three-quarters
of a mile. However, eggs were found only along the sections of shoreline
described above., Observetions with e spotlight at night during the spawn=-
ing seasons of 1942, 1947 and 1948, have revealed no fish congregated
outside the limits of the spawning grounds described above. A few scattere
ed individuals, mostly ocourring singly, were seen south of Trout Brook
(Fig. 2), in sections 26 end 35, on the night of May 1, 1941. A local
resident states that for several years following their establishment in

the lake (when the species may heve been more sbundant than it now is),
pikeperch congregated in large mumbers along these shores during the spawn-
ing season. If this is true, the area has been nearly or ocompletely
abendoned as & spawning ground in recent years.,

The reason for the concentration of pikeperch along the 10 miles of
shoreline described is not clearly apparent. Areas of similar bottom type
and depth which are rejeoted by the fish are less agitated by wave action
than is the east shore, and thus are not as cleanly washed. Extensive
seotions have a somewhat softer substratum and become roiled readily by
wave ection. The declivity is for the most part less gradual, and shallow
wave-washed shelves near shore are less frequent than elong the east shore.
Some or all of these factors mey play a part in decreasing the attractive-
ness of these areas f§ spawning pikeperch,

The epparent restriction of spawning to waveswept shoreline in Lake

Gogebio is not borne o&t by observations on other watsers.
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In Cisco and Thousand Islend lakes, Gogebic County (both within 15
miles of Lake Gogebies), pikeperch spawn along the entire shoreline where
a suitable bottom type is present. Sand is avoided, but areas of gravel
only a few feet in diameter are utilized. In Thousand Island Lake, the
stony shorelines of its mamny islands, such as the tiny Sheepherders Isiamd
(Fig. 9) are also used extensively. In Lake Mary, Iron County, pikeperch
spawn along a narrow strip of greavel lining both the north and the -e~st
shores. In Indian Lake, Schoolcraft County, eggs have been colleeted along
both the east and the west shores. In Lake of the Woods pikeperch spawm
along the entire shoreline (Evermann and Latimer, 1910). These observ-
ations seem to discount the effect of exposure on the location of the
Gogebic spawning grounds. However, in the other Michigan lekes mentioned
(with the possible exception of Indian Leke), the water is not discolored,
has 1little sediment, and is, by and large, crystal-clear. Lake Gogebic
is derkly colored during the period immediately following the breek-up of
the ice, and in addition appears to be somewhat turbid st this time. To
the observer, the shoreline used for spawning is much cleaner than the
rejected shoals in other areas, including the section of shoreline south
of Trout Brook. This gone is better protected from wave action then are
the shoreward areas farther north (Fig. 2). It seems probable that
exposure to preveiling winds, insofar as it functions in keeping the shore
cleanly weshed, is a factor of significance in the loealization of pike~
perch spawning beds in Lake Gogebic. In certain other waters, exposure
may have no particuler importance,

Pikeperch are not known to spawn in the Slate River, although a
section of stream several hundred yards in length, about one mile above

its flooded mouth, hes a gravel and rubble bottom end is accessible to the



Fig. 9.

Sheepherders Island, Thousand Island
Lake, Gogebio County. Pikeperch
spawn along the shore of this and
similar islands in the lake.
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fish. Gill nets set in the river at various points during the spawning
seasons of 1941 and 1947 produced no sexually mature pikeperch; observetion
with a spotlight in 1947 revealed none; ean extensive search for eggs
throughout the length of the stream from Judson Falls to the lske in May,
1948, was without result; and s number of local residents who have been
questioned have no lkmowledge of a pikeperch spawning run ever having oc-
curred there. Green females (those with developing eggs which are not yet
ripe) are occasionally taken from the Slete River bridge, about one-quarter
mile upstream from the lake, during late April or early May, and a trap net
set across the mouth of the stream took 7 green females and 21 ripe males
during the period from April 29 to Mey 8, 1947. These catches are probably
not an indicatiomn that spawning was ocourring near by, however, as milt

can be expressed from males by the application of slight pressure on the
belly for a considerable period before spawning actually ococurs. The 21
males teken in early May, 1947, were tagged (method described hereafter)
and released at the point of capture. Of these, one tagged on April 30

and another marked on May 2 were recovered in trap nets set near Six Mile
Bay, well within the principal spawning grounds, on May 14 and May 12
respectively. Ripe females have not been observed in the streanm at any
tinme.

Spawning runs are not kmown in Merriweathsr Creek or other smeller
inlet streams. Movement of fish up Trout Brook is prevented by a dam near
its mouth. |

In view of reports (Cobb, 1923; MacDonald, 1924; Adems and Hankinson,
1928) that pikeperch mey enter streams during some yoears, although remain-
ing in the lake during othsrs, it is of ocourse possible that spawning oc-

ours in the Slate River and other inlet streams during some seasons. If
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80, its ooocurrence has not been observed.

Certain observations suggest that a limited amount of spawning may
occur in the outlet of the lake. Richard Bohland, who operated a weir at
a point about 500 feet above the dam (one-half mile downstream from the
lake) in 1940, reported observing (unpublished) from 75 to 100 pikeperach
in the area immediately above the weir on Mey 5. Smaller numbers were
seen on May 7, 8 and 9, Weir records show that betwsen April 21 ahd May
18, 15 pikeperch passed upstream and 47 went downstream through the weir
(Carbine and Shetter, 1945), There was more movement of pikeperch in this
period than in any comperable period during the operation (April 14 to
November 10). The pikeperch were tagged before release. Four which were
marked during this period of greatest activity were later recovered by
anglers in Leke Gogebic, and seven were iaken in the outlet abovs or below
the dam. The fish which wers tagged averaged 17 inches in length, and
sexually mature fish of both sexss were included. The movement through
the welr wes very probably related to spawning activity and it thus ap-
poars likely that some Lake Gogebic pikeperch spawned in the outlet in
1940. On May 8, 1948, the writer found small numbers of eyed eggs in the
outlet, at a point about 100 yards below the dam. The origin of the fish
producing the eggs is not kmown, but it may have been Lake Gogebic,

To summarize, the principal spawning grounds of Pikeperch in Lake
Gogebic extend for about 10 miles along the leeward east shore of the lake.
The bottom consists of a mixture of gravel, rubble and boulders, with a
substratum of sand and fine gravel. It is kept cleanly washed by wave
action, a factor which may influence its selection as a spawning ground in
preference to less exposed areas with similar bottom types. Lake Gogebio
pikeperch are not beliewved to spawn}in the inlet streams, but smell numbers

probably spawn in the outlet.



Spawning behavior

Several workers have described the spawning of yellow pikeperch, but
most of the statements have applied to the behavior of the fish under
stream conditions.

Reighard (1890) belisved that when the female lays the eggs in water,
the male no doubt follows immediately after and ejects the milt onto or
near the eggs. Goode (1903) wrote that no nest is prepared by the fish,
and that the eggs are dropped directly on the bottom in from 3 to 10 feet
of water,

The female discharges her spawn in shoal watsers, the male following
and emitting milt in proximity to the eggs, according to the fish manual
of the U. S. Commission of Fish and Fisheries (1903) and Leach (1927),
Bean (1913) stated that in spawning the larger female is attended by sever=-
el males. She rushes up toward the surface but doesn't come out of the
water. The males dart about her with fluttering motions, discharging milt
while the female discharges the eggs. After this act the female drops
back to the bottom, followed by the males., Miles (1915) probably did not
himself observe the behavior which he descoribed. He reported that the
female swims through the grass, emitting her spawn in passing. She is
followed at a distance of from § to 25 feet by one or two males, who de-
liver the milt and fertilize the eggs. Cobb (1923) found pikeperch spawn-
ing just below swift rapids. Females came to the foot of the swift water
and waited until they "became massed in from the accumulation of numbers.™
Then they would rush up into the current, come to the surface, and break
water. As they broke, they threw part of their eggs. Then they dropped
slowly down to clearer water, remained there for a minute or two, and

finally came up again. In some cases they were accompanied by a male and
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in some ocases not.

Hankinson (Adems and Hankinson, 1928) obaserved the spawning act near
the mouth of Soriba Creek, et Constantia, just below a weir crossing the
stream, on April 22, 1920. The observations were made in bright sunlight,
at 2300 pem. He said: "From two to five or six males would gather about
a single female near the bottom, and then the whole group would rise to
near the surface, all making vigorous body movements and agitating the sur-
face. They then would descend as if exhausted. It is probable that eggs
and sperm were emitted during this ascent of the compact company but nothing
was seen, Surface disturbances similar to those made by the fish ohserved
wore frequent further down stream from the weir, and it is likely that
these too indicated spawning acts.™

Dr. Jan Metzelaar, in a partially completed (unpublished) report on
the pikeperch fisheries of Saginaw Bay, stated that during the first week
in April one year, a commercial fisherman, Mr. Lee Lounsbery, saw some
pikeperch spawning under the ice in shallow water, and it was noticed that
up to nine males accompanied e single femsale.

Pikeperch arrived on the spawning shoals immediately after the breakup
of the ice in the spring at Lake Gogebiec. Usually they occurred in small
numbers at first, followed by rapidly increasing numbers as the water
warmed,

Since spawning of pikeperch occourred almost exclusively at night,
most activity of fish on the shoals was observed with an automobile spote
light powered by a storage battery carried in the rowboat from which the
observations were made. The eyes of pikeperch reflect light to appear as
bright orange-red globes (see frontispiece), thus greatly facilitating the

location of fish on the shoals. Unfortunately, detailed observations of
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spawnlng behavior were nearly always prevemted by the fact that pikeperch
were disturbed by light, a reaction also observed by Derbaock (1947). With
& few exceptions, the fish headed for deep water immediately when a light
was directed at them.

Although small numbers of pikeperch were sometimes seen on the shoals
during the deytime, particularly near the height of the season, diurnal
spawning was a rare occurrence at Lake Gogebic. It was observed by the
writer on only two occasions, both on April 29, 1942,

At 1330 p,m. on that date the lake was calm, the air temperature was
61 degrees F. and the water temperature on the shoals was 56 degrees F.

At a point near the center of the east shore of the lake, a group of from
35 to 40 pikeperch was observed. The fish were spread out along an area
of shoreline sbout 25 feet in length, and they were within about 10 feet
from shore. The water was 8 inches deep or less in the area which they
occupied. There was little activity when the fish were first seen, since
they were either motionless or were swimming very slowly. Within a few
minutes one of their number (presumably a female) made a sudden forward
movement. Immediately four of the others (presumably males) approached
the first end the group swam sbout over the shoals with great vigor, mil=-
ling ebout and splashing, with dorsal fins and backs frequently protruding
from the shallow water. After from 15 to 20 seconds of such activity,
they became quiet again and continued swimming leisurely, as before. Sev-
eral observations were made, and from 4 to 10 fish at a time were observed
to participate in the action., Not all the fish in the group took part
each time, but they appeared to be divided into several smaller groups,
which participated alternately or at least separately in the more vigorous

manifestations of spawning behavior just desoribed.
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A second group of pikeperch was observed at 4:30 p.m. on the same date
at a point about three miles to the south. This aggregation oconsisted of
11 fish, presumably males, spaced evenly over an area of shoal sbout 15
feet long end 8 to 10 feet wide, which was more or less enclesed by boulders.
The fish were nearly stationary when first observed, until a larger, slight-
ly darker pikeperch (presumably e female) entered the shoal from deeper
water. Immediately 7 of the presumed males gathered about the newcomer and
the group began swimming sbout over the shoal. The males followed immedi-
ately behind and beside her, in a manner such that their snouts wers even
with her soft dorsal fin. Repeatedly one of the males spurted forward in
an attempt to get fully alongside her. Vigorous action followed, with
muach milling end splashing of the whole group. The other partiocipants re-
tained their approximate positions bensath or behind the female and even
above her where water depth permitted. It is probeble that all fish in
the group were discharging spawn. After several seconds, the female left
the shoal for somewhat deeper water, apart from the group. The males dis-
persed over the shoal originally occupied, swimming slowly over the area
Just covered with the female. This was done methodically and with apparent
purposefulness. The fish tilted over to one side from time to time as
though they might still be discharging milt. Whether or not this was oo-
ourring is not known. After a few minutes had elapsed, either the same
or a different female entered the group, and the aotivity was repeated.
Several observations were made of apparent spawning which did not differ
materially from that desoribed, but during omne a flexure appeared in the
body of the female at the vent. She was almost certainly extruding eggs,
but these could not be seen. Later examination of the ares revealed large
numbers of clear eggs, some of which may have resulted from the activity

observed,
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A considerable amount of splashing, reminiscent of the sound of spawn-
ing carp, could sometimes be heard at many places along the shoreline on
quiet nights, partioularly during the height of the spawning season. This
suggested that milling about in shallow water by groups consisting of a
female and several males commonly occurred. However, on other nights near
the peak of the spawning season, little or no splashing was heard. Chance
observations at night suggested that there was a considerable variation in
spawning behavior. Such observations were confined to the rare occasions,
usually near the height of the season, when the actions of some spawning
fish were followed with a light for a few seconds before they became
alarmed and dispersed.

On the night of May 1, 1940, a spawning act was observed in which the
participants did not appear to be broadcasting their spawn. Two pikeperch,
one sbout 16 inches long and the other about 18 inches in length were ob-
served in a gravel-bottomed opening bordered by three submerged boulders
which formed a rough triangle. The water in the opening was found by later
measurement to be 4 inches deep and to have a temperature of 47 degrees F,
When first observed the two fish were lying parallel facing out toward the
lake., They were wi.fhin an inch of eaoh other, end a barely perceptible
movement of the fins was noted. Suddenly and simulteneously, each fish
tilted slightly, so that their vents were olosely adjacent, Fanning with
the caudal fins became more vigorous, and a slight quivering of the abdomen
of one fish was observed. The action lasted for only a few ssconds, after
which the fish resumed their original position, became alarmed, and left for
deeper water, i
A second observation made during the same night involved a group of

five fish, swimming abreast in about two feet of water over a stony bottom.



The group stopped its &l ow forward progress over a small area of coarse
gravel between two large boulders. Members of the group became approxime-
ated to the point of touching for a few seconds. They then became alarmed
by the light and dispersed to deep water.

A third observation involved only two fish, swimming quietly in water
about two feet in depth. Imnediately after they were first seen with the
light, each turned slightly toward the other, as 'in the first observation
of spawning behavior involving two fish desoribed above, in a manner such
that the vents of the fish were near the vertex of an angle made by the
short axes of their bodies. There was a quickening of fin action for a
few seconds, after which the upright position was again resumed., At this
moment the fish appeared to become suddenly aware of the light and fled.

Extensive spawning occurred on the calm night of May 4, 1948. Three
separate groups of fish were observed, each composed of an undetermined
number of individuals (between 6 and 12) milling about in a oircle with a
dismeter of from three to six feet, next to shore, or beside a large
boulder. Movement within the groups was vigorous, and was accompanied by
much splashing. These closely grouped, milling fish were undisturbed by
the light for several seconds, and were undoubtedly 3pawning.

Exoept when specific spawning acts were in progress, the majority of
the fish on the shoals, as seen with a light at night, were close to Shore,
on or near the bottom in water less than two feet deep. Nearly all active
ity was confined to water depths of less than three feet, although a few
Plkepersh eggs were colleocted in four feet of water. Most fish seen showed
1ittle activity, but moved about very slowly, or lay motionless, singly, in
pairs, or in loosely aggregated groups of from 3 to 15 or more individuals

(Fig. 10). Such groups were more readily identifiable early or late in the
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spawning season than at the peak of the season, at which time uniformly
large numbers of fish were often present over considereble areas, without
recognigable division into smaller groups. On April 28, 1941, before the
probable peak of the spawning season for that year, the individuals in

40 random groups were counted as they swam toward deep water when a light
was turned in their direction. The average number of fish per group was
6.7, with 7 being the number most commonly observed. The sex ratio within
such groups is not known. In many or most cases they probably consisted
entirely of males, since groups occur both early and late in the spawning
season, when few if any females would be expected to be present (judging
by e study of the sex ratio of pikeperch occurring on the spawning beds,
discussed below).

The frontispiece and Figures 10 to 15 show the disposition of pike-
perch over the spawning beds, as revealed by flash photographs taken at
night* during the height of the spawning season. The frontispiece shows
& number of fish (probably all males, at least in the foreground) dispersed
over the shoals in typicai fashion. Figures 11 to 13 were taken from a
single point on shore, at 15-minute intervals, and again show the pattern-
less distribution of males (presumably) over the shoals. Figure 14 shows
several goodesized fish (foreground) which may be forming a spawning group.
The five fish in the foreground of Figure 15 are almost certainly spawning

or about to spawmn. At least one or more females are believed to be present

*The photographs were taken from vantage points on shore, somewhat
elsvated above the water. A Dollina II (35 mm.) camera, Type A kodachrome
film, large sige flash bulbs (Mazda Nos. 21 or 50), and an open flash were
used. Since pikeperch are disturbed by light, it was necessary to take
the photographs without knowing their composition at the time of exposure,



Fige 10. A group of five pikeperch on the
spawning beds, Lake Gogebic,
May, 1942.

Fige 11. Pikeperch congregated on the spawn-
ing beds, Lake Gogebie, 9330 Pen.,
May 18, 1947.
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Fig. 12. Pikeperch congregated on the spawn-
ing beds, Lake Gogebic, 9345 p.m.,
May 18, 1947. Photographed from
same point as Fig. 1l.

LTI NP

.

Fig. 13. Pikeperch ocongregated on spawning
grounds, Lake Gogebic, 10:00 p.m.,
Mey 18, 1947. Photographed from
same point as in Figs. 11 and 12,



Fige 14. Pikeperch congregated on spawning
grounds at Lake Gogebic, May 4,
1948.

Fié._ 15. Pike;;':;;i’l on spamning grounds at
Lake Gogebio, May 4, 1948. The
group in the foreground may be

spawning or about to begin spawm-
ing.
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in the group. The orientation is confusing, since in the spawning whioch
has been observed, as described above, the participants were all headed in
the same direction. Possibly the photograph was teken at the moment when
males were moving from several direotions toward a female. No splashing
hed ocourred at this spot before the photograph was teken, but repeated
disturbances were heard near by in both directions.

Pikeperch have also been observed congregated on the spawning grounds
in shallow water, and eggs have been collected, at Cisoco Lake, Gogebio
County; at Indian Lake, Schooleraft County, and at Big Portage Leake,
Jackson County. It is interesting to note that in Big Portage Lake the
bottom type in the spawning area oconsists of marl concretions with diamet-
ors of one inch and less. In all three waters the fish had the same pat-
ternless distribution on the shoals as observed at Lake Gogebic. Many
fish were observed at Indian and Cisco lakes, but few were seen at Big
Portege Lake, which has a relatively small pikeperch population.

The relationship between the negative phototropism of this species,
as displayed normelly in spewning end in various other festures of behavior,
with the structure of the eyes provides an interesting subject for ocon-
Jecture. Concerning the structure of the pikeperch eye, Moore (1944)
stated, "The entire pigment epithelium is packed with guanine; and since
the cells of this leyer are very large, the space afforded for the rods in
the light-adapted condition is so meager that meny rods are forced to re-
main close to the externel limiting membrane. The possibility of dezzle-
ment is evident." He considered it likely that it is the development and
growing efficiency of the tapetum which causes pikeperch, toward the middle
and end of their first summer of life, to retreat to deeper water and to

shady places to escape the dazeling rays of the summer sun.
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The sensitivity of pikeperch to light is clearly shown by certain
observations made at Lake Gogebic,

Reaction to a spotlight at night has already been referred to (above)
and has also been noted by Derback (1947). When e light is thrown on fish,
particularly from the side, their reeaction is immediate. Blind attempts
to escape often result in glencing collisions with rocks or other obstacles,
and ococasionally a fish neerly beaches itself in its efforts to flee. At
other times the fish appear much less frightened, but seem to "feel®" their
way emong the rocks by trial and error, often stopping when an unlighted
spot, such as the shadow of & boulder, is found. A bright light is not
required to cause dispersal, the light from a so-called "pen-light" being
sufficient to Qause en immediate movement out of renge. The disturbance
following brief exposure to light is of short duration, at least during
the helght of the spawning season. On May 4, 1948, e boat was moved along
the shoal at slow trolling speed (perhaps two miles per hour) about 20
feet from shore. As a spotlight was thrown on the congregated fish, they
immediately headed for deep water - many in great haste. However, when the
light was directed back from the stern of the boat, to the area just cover-
ed, it was observed thet within two or three bost lengths of the stern,
fish were again well up on the shoals, near shore, in what appeared to be
about the same numbers as hed occurred there prior to the disturbance., A
photo flash bulb likewise causes en immediate reaction, but the fish return
quickly to the area.

On the date on which diurnal spawning was observed, April 29, 1942,
shoal-water temperatures had risen to 56 degrees F. (10 or more degrees
above the minimum at which spawning occurs) within a week after the ice

cover broke up. Quite possibly this sudden warming of the water produced
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an urgenocy to spawn sufficiently intense to overcome the restricting effect
of daylight. Ome group of spawning fish was observed from shore and the
other from a boat anchored just outside the spawning shoal. In both cases
the fish appeared quite unaware of the presence of the observer, even
though some movement occurred, end it was not until the boat moved within
a few feet of the nearest fish in the group that they beceme alermed.
Although most fish retreated to deep water during the day, small
numbers of fish were occesionally found within the limit of visibility of
the observer during the spawning season. On May 7, 1942, ebout 100 pike=-
perch were observed along sbout two miles of shoreline near the center of
the spawning grounds. They occurred singly, lying on the bottom, in from
3.5 to 5 feet of water, just off the spawning area. All were oriented with
their heeds toward the shoals. They were for the mosat part motionless, but
fled to deep water when the boeat closely epproached them., Their uniformly
large size (estimated as 20 inches or more) and widely distended ebdomens
suggested that they were femeles. No fish were collected for examination,
however. Similar observetions were made on May 12, 1948, when about 50
pikeperch were seen along sbout & mile of shoreline. All were lying motion-
less, with their heads toward shore, as before. Seversal single pikeperch
were seen well up on the shoal, near shore, and in one instance two fish
were observed, side by side, ebout six inches apart, lying under only ebout
one foot of water. In general, the fish appeared unable to detect the
presence of the boat until it was almost fully over them. One pikeperch,
only slightly less wary than meny others, was struck with the blade of an
oer. The spscimen was a nearly spent male, 18,5 inches long. Some of the
fish were smaller, and two were seen to bear tags, suggestive evidence that

they also were males (p. 62). Presumably meny of the fish which were seen



41
on this date were msles. Probably each sex sometimes exhibits this behav-
ior at Lake Gogebic and when both venture onto the shoals, diurnal apawning
ocours.

Pikeperch lying motionless off the spawning beds during the day, as
above described, were observed also by Stanley Lisvense (oral communieation)
st Big Portage Lake, Jackson County, in April, 1946.

The observations made during daylight hours suggest that pikeperch
may bs hampered by poor vision during the day (dezzlement). Their bshavior
in lying off the spawming beds in the manner deseribed pormits one to
suppose that the urge to spawn and the negative response to light are in
oonflioct, and that the daszling effeot of daylight may usually be sufficient
to ﬁnep them in water deeper then that ordinarily used for spawning. Bensley
(1915) made the observation that piksperch bite in early morning and at
sundown in clear waters, but in dark inland waters they may be taken at
any time of the day, although batter when the light is not intense. Nevin
(1918) noted that in soms lakes pikeperch will not taks the bait until
after nightfall. Several authors h ave observed that the Pikeperch seeks
deep water during the hot summsr months (when sunlight is most intense),
and that it leaves the shallower portions of streams during this time of year.
It seems probable thet light intensity has & marked influence upon pikeperch
behavior.

Observations during the spawning season of 1948 suggest that accidents
may ocoasionally oecur among pikeperch, possibly associated with the vigor-~
ous milling ebout whioch sometimes accompenies-spawning. On May 9, the bedy
of & pikeperch which had apparently been dead for several days was found
firmly wedged betwesn two boulders, at a wateor depth of about omne foot. On

May 12, a second fish, still alive, was observed to be trapped among the
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rocks. It was lying on its side, firmly wedged between and beneath two
boulders in water two feet deep. It was held almost immobile and undoubt-
edly would have perished. Upon collection it was found to be an 18.9=inch
ripe female. Probably such accidents are unusuel, for other instences were
not observed during the several years of study at Lake Gogebic.

In summary, spawning females usually broadcast their eggs at mnight,
in water which is three feet or less in depth, over a stony bottom, in the
company of one or more meles. Spawning may be quiet end leisurely or mey
be accompanied by vigorous milling and splashing. Males congregated on the
spawning beds have a patternless distribution and are nearly motionless or
swim slowly over the shoals. Pikeperch are negetively phototropic, a
reaction probably related to the structure of their eyes. This response is
believed to account for their nocturnal spawning habits and to explain their
avoidance of shallow areas (streams or lake shoals) except at night or during

the spawning migretion.

Progress of the spawming season in terms of numbers of

pikeperch on the spawning grounds

Observation of spawning behavior of pikeperch is sharply restricted
by the weather, since details are completely distorted by even gentle wave
action. However, the presence of fish on the shoels can still be noted
even at long range because of the sharply defined reflection from their
tapeta lucida. The eyes are clearly visible although the remainder of the
fish cannot be seen (Fig. 16). Light to moderate wave action does not
greatly interfere with counts of fish numbers when these are made with a
spotlight. For good observation the eyes of thé observer should be close

to the beam of light. The dispersal of the reflected light from a direct



Fig. 16.

The eyes of yellow pikeperch, as seen
on the spawning grounds with a spot-~
1light, Lake Gogebic, May, 1942,
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line to the light source is not wide.

To study the progress of the spawning season, e few counts of numbers
of fish present on the spawning grounds were made in 1941 and in 1948, and
more extensive observations were made in 1942 and in 1947.

During 1941 the peak of the spawning season probably occurred during

the first week in May in Lake Gogebic. The ice left the lake on April 16,
The first observations were made on April 25, when from 45 to 50 pikeperch
were seen along about 300 yards of shoreline examined near station B,
Figure 18. On April 28, elong 1.5 miles of shoreline extending north from
station A (Fig. 18), 137 groups of pikeperch were seen, which averaged
(judging by a count of 40 groups) 6.7 fish per group, or a total of 918,
Those which were not assembled into groups of three or more individuals
were not counted, however, so the total number present was much larger.
On May l,.1,862 pikeperch were counted in approximately a mile of shoreline
extending north from station B (Fig. 18). By the time the next counts were
mede, on May 14, & sharp diminution of numbers had occurred (based on gen-
eral observations - no counts were made), end a few fish were still present
on May 19.

Air and weter temperatures teken during the 1941 season are shown in
Table 2. Some fish ocourred on the shoals at a water temperature of 39
degrees. Shoal temperatures ranged from 46 to 50 degrees during the fol-
lowing week.

In 1942 and in 1947, attempts were made to estimate the numbers of
pikeperch on the shoals along the east shore of the lake throughout the
season, In 1942 ten areas of shoreline, each 500 feet in length, were
marked out at regular intervels within the kmown spawning grounds, and in

1947 eleven such areas were selected. The extremities of each sample area,



Table 2. Air and water temperatures during the pikeperch
Spawning season, Lake Gogebiec, 1941.

Date Time Dezrees Fahrenheit
Air Water
April 25 11:00 p.m. 33 39
28 8:30 p.m. 59 46
29 1:00 a.m. 49 48
29 7:00 pemn. 54 48
29 12:00 midnight 50 48
30 7T:30 p.m. o s 50
May 1 7:30 a.m, e 47
1 7:30 p.m. 56 47
10 2:00 pa.mn. ses 55
14 7300 p.m. 63 55
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or counting station, were marked with lettered or numbered white muslin
flegs, about two feet squere (Fig. 17). 1In both years, the first stetion
was located at the southern extremity of the spewning area (Fig. 18).
Distances between stations (approximately 5,000 feet) were measured by
timed runs with an outbeard motor (1942) or by pacing over the ioce before
she breek-up (1947). The southern stetions, at least, were nearly identi-
cal during the two years, as was observed when fragments of the markers
for 1942 were encountered during the measurement of counting areas in 1947.
The approximate locations of the stetions in 1947 is shown in Figure 18,
If it is assumed that the principal spawniag grounds were about equal in
extent during the two years, which seems likaly, the stations constituted
& linear sample of 9.1 percent in 1942 end 10 percent in 1947 (considering
e 55,000 foot spawning area). Seventeen hundred feet of shoreline near
Six Mile Bey were excluded, since the aree is not known to be used by
spawning pikeperch except in very small numbers (p. 21 ).

In meking counts on the semple areas, a boat was propelled by rowing
(1942) or by an outboard motor operated at trolling speed (1947) along the
counting station, about 15 to 20 feet from shore. The besm of a spotlight
was directed toward the shoal, and the fish were counted as they began
swimming toward deeper water;

To determine whether there was & nightly peak of sbundance of fish on
the shoals which might have an important bearing on the accuracy of a count
requiring several hours to complete, hourly counts were made at e heavily
used station (near I, Fig. 18) from 8:00 p.m. until 4300 a.m. on the night
of May 7, 1942, These counts (Table 3) show some fluctuation, slthough the
numbers are reasonably constant between the hours of 10:00 Pem, and 4:00 a.m,

(average 239; extremes plus 14 percent and minus 8 percent). Except on



Fig. 17.

Counting station used at Lake
Gogebic in 1942, The marker at the
far end of the station can be seen
to the left of the flag in the
foreground.
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Fig. 18, Map of Lake Gogebic showing loocations of
counting stations used for estimating
numbers of pikeperch on the spawming beds.
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Table 3. Counts of pikeperch along a 500-foot section
of shoreline (near station I) on lJay 7, 1942.

Hour Number of pikeperch counted

8:00 p.m. 0]
9:00 p.m, 110
10:00 pem. 247
11:00 pem. 232
12:00 midnight 219
1:00 a.m. 234
2:00 a.m, 273
5:00 a.m. 247

4:00 a.m, 222
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May 5, 1942, when the census was begun at 9:15 p.m., counts were made be-
tween the hours of 10:00 p.m. and 2:00 a.m. during both years.

In a brief test of the accuracy of the counting procedure as outlined,
fish present at four stations were counted on May 16, 1947, by two obmerve
ers (Table 4). The results show reasonably good agreement. Counts tabu-
lated for both years (Tables 5 and 6) were made by myself.

Meny of the emmmerations were incomplete. Lake Gogebic is well knowm
for the suddenness and violence of its squalls, particularly in spring,
end the counts were repeatedly interrupted before completion. The need
for devoting some of the quiet evenings to other observations also restricte-
ed the time which could be devoted to the census. As a result, the stations
nearest the laboratory (which was located at the mouth of the Slate River,
at the south end of the lake) were more often included in incomplete counts
thean were others. This had the effect of reducing some of the estimates,
since, by and large, fewer pikeperch occupied these shoels than those
nearer the center of the spawning grounds. Nevertheless, the counts show
generel seasonal irends with respect to spawning intemsity, and fairly
well define the limits of the period of pikeperch concentration on the
shoals in Laké Gogebic during the two years.

The counts and estimetes made during 1942 and 1947 are shown in
Tebles 5 and 6 respectively, and the results are compared graphically in
Figure 19: ’

In 1942, pikeperch began congregating on the shoals in small numbers
within a day after the ice left Lake Gogebic (April 22). Water temperature
on the shoels was 40 degrees F. By April 25, much larger numbers were
present (water temperature 45 degrees F.), and by May 5, the apparent peak

of the season was reached, with an estimated 22,000 fish on the spawning



Table 4. A comparison of counts by different observers of pikeperch
on spawning shoals at Lake Gogebiec, lay 16, 1947.
Station Visiting Observer Number of fish counted
Other obsarvers Eschmeyer
G Flaten 185 185
J31 Crowe 200 192
I Cooper 106 92
J Bailey 348 343




Teble 5. Estimated numbers of yellow pikeperch present on spawning
grounds in Lake Gogebic, 1942,

Numbers of fish on sample areas

Station Apr. 23 Apr. 29 HMay 1 May 5 May 7 May 9 May 12 1lay 22

A 1l 53 cee 91 con 38 16 1
B 2 195 con 87 cne 86 38 2
C o ee 189 ces 187 cee 106 19 5
E o o 0 e & @ * ¢ @ 66 L 72 ll 2
P e ceon 95 353 cve 164 70 3
G cae ces 3 251 211 ces 26 1
i cee e 143 221 142 cee 23 6
I cee ces 273 330 273 cee 43 3
J PR LI 206 177 179 * 0 47 5
K a8 L 198 2'4:9 128 e v 54: 5

Total

number

counted 3 437 518 2,012 933 466 347 33

Percent

of spawn-

inz aresa

samplsd 1.82 2473 5.46 9,09 4,55 4.55 S5.09 9,09

Estimated

total num-

bers of

pikeperch 165 16,007 16,813 22,134 20,505 10,242 3,817 363
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Fige. 19. Estimated numbers of pikeperch present on ;
the spawning beds at Lake Gogebic in 1942
and in 1947. .
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beds. Shoal temperatures during the night ranged from 46 degrees to 48
degrees F. A decrease in numbers ocourred by May 7, end the meximum
number had been halved by May 9. There was a further reduction by Mey 12,
A few pikeperch were still present on May 22, when the lest count was made.
Most of these occurred as single fish. Water temperature on the shoels on
this dete was 50 degrees F.

In 1947, unseasonebly cold weather persisted into early May, and the
ice cover did not leave until May 6. On the evening of this date, counts
were made along all open stetions. Ice floes covered stations A and B,
about two-thirds of station C and about one-third of stetion I (Fig. 18).
Shoal water temperature was 34 degrees F,, and the eir temperature wes
29 degrees F. Pikeperch were present in large numbers along the entire
open shoreline. One station (J) showed the highest number of pikeperch
(417) ocounted at any station during the two spawning seasons. An estimate
of over 19,000 fish wes obtained.

On the following night, May 7, pikeperch numbers had decreesed to less
than half the ﬁumbers seen on the previous evening. Water temperature wa§
36 degrees F., and the air 28 degrees F. The reason for the decline is
not explained. A ocontributing faotor may have been the high winds which
occurred throughout the day on that date. 1In certain areas along the north
shore, the soil has a considerable clay content, and extensive wave action
brings about erosion, with a consequent roiling of the water out to a
distance of 50 to 100 feet or more. Such roiliness was very evident along
much of the shoreline on May 7, and may have contributed to the decline in
numbers on the spawning beds. On May 1, 1942, a similar situation prevailed
at station G (or 5) for that year, where only 3 pikeperch were counted, fol-

lowed by counts of over 200 on May § and 7. A portion of the shore at this
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station with an eroding oclay bank which is reached by waves during windy
weather 18 shown in Figure 20. A decrease in numbers would possibly also
heve been expected at station E, which is also bounded by a cley bank, but
a substantiel inorease in numbers of pikeperch was observed instead.
Whether or not the water was roily at this point on the night of Mey 7 was
not recorded, but this station is better protected from prevailing winds
than is station 5. In any event, pikeperch at Lake Gogebic apparently
avoid certain areas at ocertain times during the spawning season, and do
not appear in the expected numbers.

Partial counts of the stations on May 9 and May 13 show a gradual in-
crease in numbers, with the peek of the spawning season ocourring about
May 16 when, as in 1942, an estimated 22,000 fish were present. The incom-
pleteness of the data probably does not permit as clearcut a definition of
a peak as the graph (Fig. 19) shows, but the maximum numbers for the season
undoubtedly occurred within the period from May 13 to 18. Following this
there wes a rapid decline in numbers, although a few fish were doubtless
still present on the spawning beds during the first several deys in Junme.
No counts were made after Mey 30.

The graph for 1942 (Fig. 19) probably shows fairly well the progress
of the spawning season during yeears when the ice leaves Leke Gogebic during
the second or third week in April (as it is reported by local residents to
do frequently). The graph for 1947 probably depicts an unusual ocondition
brought on by the tardiness of the spring break-up.

Whether or not pikeperch congregated under the ice before it left in
1947 is not known, but it seems likely. A report by Metzelaar of fish
spewning under the ice has already been mentioned (p. 29 ). Derback (1947)

found pikeperch spawning in tributary streams before the ice had left the



Fig. 20.

Eroding bank along east shore of
Lake Gogebic (see text for dis-
cussion).
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lake from which they originated. If the fish at Lake Gogebic did congre-
gate on the shoals under the ice, it is doubtful whether they spawned since
on May 8, 1947, two days after the ice left the lake, trap net catches on
the spawning grounds consisted of 99 percent males (p. 62),

Disregarding the early abundance of pikeperch at break-up time in 1947,
both graphs show increasing numbers of fish present as the season progresses
until a period of maximum numbers is reached, after which a steady decline
occurs. The decrease in numbers after the peak is reached is more rapid
than the inorease in numbers up to that maximug, even though a few fish re-
main for a week or more after most have left.

Inclement weather repeatedly interfered with observations in 1948, and
little new informetion was obtained. Onmn the night of May 4, large numbers
of pikeperch were observed on the shoals, and much splashing was ooccurring
along the spawning beds. Near-maximum numbers mey have been present. By
lay 8, when observations were again made, the numbers of fish present had
decreased markedly, snd the peak of the season had apparently passed.
Nevertheless, as has been mentioned (p. 40), fish were seen near the spawn-
ing beds during the day, on May 12, and a ripe female was collected. XNo
doubt pikeperch were still present on the shoals in small numbers after the
opening of the fishing season (May 15).

Three tagged males were spearsd on May 8, 1948, within 100 yards of
the point where they were tagged on May 10, 1947. In a water such as Lake
Gogebic, which has only a single major spawning ares, pikeperch no doubt
return year aftef year. In certain other waters they appear to returmn to
the seame general areas even if there is a choice of spawning grounds. Eddy
and Surber (1947) mentioned a large female taken in the Upper Mississippi

River, above Wolf Lake, Minnesota, which was caught at about the same
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location on several successive seasons., Stoudt (1939) found that 90 per-
cent of the fish recovered during the 1938 spawning run in Lake Winnibi-
goshish, Minnesota, had returned to the same location where they were
tagged during the run of 1937. The remainder had changed spawning grounds.

Pikeperch spawning seasons as reported by other workers in various
localities extend from late March to early June, but always include a
portion of April or May. Among the spawning seasons given by various
writers are the following: late March to late May (U.S. Commission of
Fisheries, 1903; Leach, 1927); late March and April (Raney and Lachner,
1942); April (Smith, 1892; Hinks, 1943); April and May (Evermann and Lat-
imer, 1910; Eddy and Surber, 1947); April, May and June (Bean, 1903); May
(Derback, 1947); and May and June (Dymond, 1926; Bajkov, 1930),

To summarize, during most years small numbers of pikeperch appear
on the shoals soon after the ice leaves Lake Gogebic, reach a peak of
ebundance during the first week of May, when water temperatures range be-
tween 45 degrees and 50 degrees F,, and then decline in numbers. In 1947,
when the break-up of the ise occurred at least two weeks later than normal-
ly, large numbers of pikeperch were present on the evening of the date of
the breakeup, when water temperature was 34 degrees F. In 1942 and in 1947
estimates based on counts of sample areas indicated that over 22,000 pike-
perch (probably mostly males) were present on the shoals at the peak of the
spawning season. A few fish (presumably males) are found on the shoals for

two weeks or more after the season's pesak,



Sex ratio on the spawning grounds

Adams and Hankinson (1928) reported that there were about four times
as many males as female pikeperch taken in trap nets near the mouth of
Soriba Creek, Oneida Lake, near the height of the spawning season. Schne-

berger (1938, 1939, and 1940) found that of pikeperch taken in nets during
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the spewning run in the Wolf River, Wisoonsin, males constituted 93 percent

(April 1 to 9, 1938), 74 percent (March 30 to April 19, 1939) and 78 per-
cent (April 5 to 21, 1940) of the catch. Eddy end Surber (1947) found two
males to one female during the course of a season's run (two to three

weeks) at the Bemidji, Minnesota, station, and they indieated that this

proportion is in agreement with the records kept at other similar stations.

Derback (1947) reported a ratio of four males to one femsle in a tributary
of Heming Leke, Manitoba.

An opportunity to handle and sex considerable numbers of fish was
provided by an extensive tagging program undertaken during the spring of
1947 at Lake Gogebic. The sex of mature pikeperch is determined during
the spawning season by applying pressure to the abdomen and noting the
sexual products forced from the genital aperture (Schneberger, 1938).
Males are immediately recognizable when ebdominael pressure is exerted,
since milt flows from the genital aperture (Fig. 21). Females are recog=-
nized by their widely distended abdomens (if green), by the loss of eggs
when light pressure is exerted (if ripe), or by their lean appearance,
collapsed abdomens, and often by the expression of only a few eggs when
heavy abdominal pressure is applied (if spent). Eggs cannot always be
produced from fish which are obviously spent females. Immature females
moré thar 14 inches in length in Lake Gogebic are usually reocognizable as

such merely because they do not release milt, although they are not always



Fig. 21.

Midventral view of male pikeperoch,
showing milt released from genital
aperture when slight pressure is
exerted on abdomen. Lake Gogebio,
May 5, 1947.
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distinguished from spent females of small size. No immature males were
encountered on the speawning grounds, and only two immature females (deter-
mined by dissection) occurred, both late in the season (May 23).

In capturing the fish for examinstion and tagging, commercial fish
nets known to the trade as "small subs" were used. These are trap nets
with 300-foot leads, wings, a heart, and a double trap into which the fish
are directed and held (Fig. 22). Fish are removed by means of a dipnet
after the trap has been partly lifted and brought alongside the boat
(Fig. 23).

Three trap nets were set along the spawning grounds. One (No. 2)
was just inside Six Mile Bay, another (No. 4) was placed at a point 0.5
mile south of this point, and a third (No. 3) was located Q.5 mile north
of the Bay (Fig. 24). The composition by sex of the pikeperch from each
net 1ift is shown in Table 7.

A total of 4,317 fish was examined during the period from May 9 to
May 27. Of these, 3,841, or 89 percent, were males. The percentage of
males present varisd constantly with the progress of the spawning season.
A sample of 525 pikeperch taken from a net set on May 8 and lifted on
ay 9, three days after the ice left Leke Gogebic, showed 99 percent males.
On May 10, this figure was 95.5 percent, and by May 11 it had deoreased to
80.9 percent. In net No. 2, a steady decrease in the proportion of males
occurred up to May 15, when 71.9 perocent of the catch consisted of this
sex. Net No. 3 had been collapsed on May 10 and was not thought to be
fishing. However, on May 14, when it was reopened, it was found that a
large number of pikepersh had been trapped in the forward areas of the net,
The results with regard to sex ratio are thus somewhat obscured, as fish

taken at any time between May 10 and May 14 are included. The net was
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Fig. 22. Pikeperch in a trap net set at the
spawning grounds, Lake Gogebic,
May, 1947.

Fig; 23. Renibvﬁrg‘ Pikeperch from trap net,
Lake Gogebio, May, 1947, -
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Fig. 24. M=ap of Lake Gogebic showing locationm
of trap mnets (May, 1947).
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Table 7. Sex composition of mature pikeperch taken in trap nets
on the spawning grounds near Six llile Bay, Lake fogebic,
Yay 8-27, 1947. -

Date et Fish Number Percentage Humber females
Lic. caught sexed Liales IFemsles per 100 males

ay 8-90 2 695 525 99.0 1.0 1

9-10 3 1,566 623 95.5 4,5 5

9-11 2 838 430 80,9 19.1 24

11-12 2 594 51¢ 78.8 2l.2 27

12-14% 2 264 164 75.0 25.0 33

10-14 3 1,543 372 89.0 11.0 12

14-15 2 586 545 715 28.1 39

15-16 2 68 67 79.1 20.9 26

16 xill nets 1353 133 100.0 oo 0

16-18 4 268 268 100.0 ces 0

18-20 4 284 284 100.0 coe 0

20-23 4 357 357 * 100.0 ces 0

23=25 4 13 13 100.0 e 0

25-27 4 15 15 100.0 o)

Totals 7,224 4,315 89.0 11.0 12

*Two immature females also caught, not included.
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removed on the latter date.

The maximum proportion of females on the spawning grounds coinocides
fairly well with the peak of the spawning season, as determined by counts
on the spawning beds (Fig. 19). A sample of 67 fish sexed on May 16, how-
over, showed a slight increase in the number of males, to 79.1 percent.
The small catoh of fish in net No. 2 on this date suggested that pikeperch
had discontinued using this area in numbers, and it was moved to net statiom
No. 4 (Fig. 24).

Gill nets set near station H and I (Fig. 18) during a portion of the
night of May 18 yielded 133 pikeperch, all of which were males. The nets
were sot parallel to the shore, 15 to 20 feet out, and the fish loocated
between the nets and the shore were then driven into them.

Net No. 4 yielded no sexually mature female pikeperch during the per-
iod from May 16 to May 27. This sudden and decided inorease in the pro-
portion of males is not easily explained, since on May 16 12 of the fish
in net No. 2 were females and of these 8 were either ripe or green (i.e.,
were still spawning, or had not begun). Fish were still present in large
numbers at near-by station C (Fig. 18_), as revealed by counts on the area
on the night of May 18 (Table 6), when 172 fish were enumerated within the
500=-foot counting plot. Either females frequented this area much less than
that near net station No. 2, or else there was a sharp reduction in the
number of females after May 16 and none of the few which remained were
caught in net No. 4.

The trep net data show that males were the first to arrive on the
spawning grounds in numbers, that an increasing number of females oocurred
until & maximum of 28 percent of the total was reached, and that a sharp

diminution in numbers of females occurred after this time. Males remained
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on the area for a number of days after females had left.

That females are the first to leave the spawning grounds, and that
males remain, is further indicated by trap net catches at the mouth of the
Slate River and in the adjacent bay (net station Nos. 1 and 5, Fig. 24)
about three miles south of the spawning grounds. The catches in these nets
are summarized in Table 8.

Net No. 1, at the mouth of the Slate River, took only one mature male
pikeperch between May 10 and May 18. The fish was diseased (Fig. 25) end
may not have spawned. All others, insofar as could be determined, were
spent females or immature fish. This is based on the assumption that milt
could be expressed from all males by abdominal pressure during this period,
an assumption which seems valid, sinoe milt was roleased readily by meles
handled through May 27. A sample of 10 fish whioh did not produce milt
when pressure was applied, during this period, was found upon dissection
to consist entirely of immature females, Sixty-seven of the 151 females
taken were definitely recognizable as spent, since a few eggs (often only
one or two) were forced from each of them. Others showed the lean ap-
pearance and flaccid abdomens of spent females, but eggs could not be ob-
tained. Females were dominant in numbers in the nets set at the south end
of the lake through May 22. However, the number of immature females in-
cluded in the totals is not known.

Of 73 mature pikeperch taken by englers (35) or in gill nets (38)
betwsen May 23 and August 26, 1947i:or 50 percent, were females. Each of
the three samples which made up this total oconsisted of about equal numbers
of fish of each sex. Although the results are based on a total which is
too small to be conclusive, a 50:50 ratio of the sexes among the mature

fish in the lake is suggestsd.



Table 8. BSex composition of pikeperch taken in trep nets at the
south end of Lake Gogebie, April 29 - ifay 24, 1947.
Date Net Fish Number Percenteage Number females
No. caught sexed linles Females rer 100 meles
April 29 -
Lay 8 1 50 50 42.0 58.0 138
ey 8=10 1 14 14 - 100.0 o
10-13 1 68 68 oo 100.0 cee
13-186 1 T3 73 1.4% 98.6 coe
16-18 1 7 7 cee 100.0 cee
18-19 1 22 22 2247 773 340
19-20 1,5 194 194 19.6 80.4 411
20-22 1,5 164 164 39.0 61.0 156
22=24 1,5 178 174 54.0 46,0 85
Totals 770 766 29.1 709 243

*One diseased male.

68



Fig. 25.

Diseased adult male pikeperch taken
in a net at the mouth of the Slate
River, Lake Gogeblio, May 16, 1947
(see text for discussion).
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The condition of the ovaries of 455 pikeperch taken in trap nets on
the spawning beds is shown in Table 9. The data show that females in each
of the three classes of condition (green, ripe, and spent) were present
throughout the period when females were taken (except on May 9). Green
females were most abundant early in the season, on May 10 and 11; ripe
females were most numerous on May 12 and 14 (disregarding the small sampleos
on May 9 an:i 16); and spent females were more common om the spawning beds
after May 12 than before that time, and constituted over one~half the catch
of females on May 15. The data suggest that females came to the vieinity
of the shoals before they were fully ready to spawn, although usually half
or more of the fish present were in spawning ocondition. The significance
of the gradual inocrease of spent females with the progress of the season
is not clear. It may mean that some females remained mear the spawning
grounds after spawning, thus becoming more numerous as a group as the season
progressed.

In Burt Lake, Cheboygan County, a sample of 346 pikeperch removed from
trap nets on April 29 and 30, 1948, was examined. Of these fish, 259
(74.9 percent) were males and 87 (25.1 percent) were females. Of the
females, 30 percent were green, 22 percent were ripe, 38 percent were spent,
and 10 percent were immature. The percentege of ripe fish is markedly
smaller than that observed on the spawning grounds et Lake Gogebic. The
fish examined at Burt Lake may have entered the nets green and ripened
there, since the nets had not been tended for from two to seven deays. The
catches appear to offer no elinching evidence that spawning was oocurring
in the immediate vicinity, for males and green and spent femsales may have
been merely pessing through the areas, enroute to and from the spawning

grounds,.



Table 9. Condition of ovaries of yellow pikeperch taken near
Six-Mile Bay, Lake Gogebic, May 9 - 16, 1947.

iet Yo. Date Number Condition (percentage)
examined Green Ripe Spent
2 llay 9 5 20.4 80,0 P
3 10 28 42,9 50.0 7«1
2 11 82 52.4 43,9 3¢7
2 12 110 18.2 72.7 9.1
2 14 37 13.5 56.8 29.7
3 14 35 8.6 54.2 3742
2 15 148 11.6 377 50.7
2 16 12 16.7 50.0 33.3

Totals 455 22,6 5l.7 25.7
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In summary, male pikeperch composed 89 percent of the eatéh in trap: mats

set on the spawning grounds at Lake Gogebic from May & to May 27, 1947.
Females attained their maximum numbers (28 percent of the catch) near the
peak of the spaming season. All mature fish caught after May 16 were

males. In contrast, the sexes were about equally represented among fish
taken by angling and in gill nets during the summer months. The sex ratios
in trap net catches on the spawning grounds and in those at a point three
miles away indicated that females preceded the males in leaving the spawn-

ing grounds.

Movement of pikeperch during and immedistely following

the spawning season

That pikeperch concentrate in large numbers and that they are easily
taken in nets during the spawning season is well known. Bean (1910) quoted
the foreman of the Oneida, New York, hatohery as saying that nearly 100,000
pikeperch were caught in the vicinity of Seriba Creek during the 1909 spawn-
ing season. Adams and Hankinson (1928) reported that for a two-year period,
enough pikeperch were taken on about cne-third of a mile of shoal to 6b1:a.i.n
1900 quarts of eggs, and that im 1927, seventeen trap nets placed in four
to eight feet of water a short distance from the mouth of Seriba Creek, se-
cured an average of 2,000 fish daily during the height of the season.
Butler (1937) wrote that from 15 to 20 thousand plkeperch were taken each
year during the spawning run from a single pound net near the mouth of
Swan Creek, Manitoba. Eddy and Surber (1947) reported a single night's
catch with ‘. one pound net of 356,000 adult fish, some weighing 12 to 14
pounds. The fish were taken in the Rat Root River, Minnesota, one of the

many tributaries of Rainey Leke up whish pikeperch migrate to spawm.
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The fact that pikeperch move very extensively along the spawning
grounds at Lake Gogebiec, partioularlyhearly in the season, is shown by the
fact that a single over-night catch in a trap net (met No. 3, May 9-10,
1947) yielded 1566 pikeperch. Three sets in another area produced over
500 fish per night.

In order to study the movement of pikeperch during and after the
spawning season, 3,364 males and 428 females were tagged and released at
the place of capture. The manner of capture and removal has been described
(p. 65 , Figs, 22 and 23). After removal, the fish were placed in a tub of
water in the boat, in groups of from 8 to 20 (Fig. 26). After measurement
to the nearest one-~tenth inch, and determination of sex, a No. 3 monel
metal strap teag was fastened securely to the jaw. Two pairs of long=-nosed
pliers were used in the operation (Fig. 27). For fish under 19 inches in
length the tag was placed around the lower jaw (Fig. 28) and on larger fish
the tag was placed around the maxillary and premaxillary (Fig. 29). The
lower jew of fish over about 19 inches in length is too large for conven-
isnt appliéation of the No. 3 tag, and at about this length, the width of
the maxillary becomes sufficient to prevent the tag from slipping beackward
off the bone. The fish were handled by one person weearing canvas gloves,
as suggested by Stoudt (1938); a second applied the tag, and a third re-
corded. When fish were available in numbers and little time was consumed
in removal of fish from the net, about 100 fish per hour were marked by this
crew.

A total of 184 tagged pikeperch was recovered ln the nets on the spawn-~
ing grounds during the netting period (May 10 to 23). One hundred fifteen
of these were taken in the same nets in which they were originally captured.

A large recovery might be expected at the place of release, since fish were



Fig. 26. Plkeperch which have been removed
from a net and placed in a tub in
preparation for tagging, Lake
Gogebio, 1947.

Fig. 27. Demonstration of method used for
tagging pikeperch at Lake Gogebis,
1947,
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Fig. 28,

Fig. 29.

Position 1ln which tags were placed on
pikeperch under 19 inches in length,
Lake Gogebio, 1947.

Position in which tags were placed on
pikeperch 19 inches or more in length,
Lake Gogebis, 1947.
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tagged and returned to the water at the net, and many of these may have
reentered the trap immediately. However, 47 of the group were recaptured
after an interval during which the net bad been lifted at least once, and
all fish removed. These recaptures are summarized in Teble 10. Five fish
were recovered at an interval of 3 days; 14 after 4 days; 13 after 5; 11
after 6; and 4 were recovered after a week. All fish were males. Seven
days was the maximum period that a net was set at a given spot on the
spawning grounds, with the exception of No. 4, which was set for 11 days,
but which was not functioning properly for the last four days of this per-
iod.

The returns occurring in the mnet of capture indicate that some of the
pikeperch revisited or passed identical arsas along the shoreline on more
than one occaslon during the season, or remained in a restrioted area for
a number of dayse.

Sixty-nine pikeperch were recaptured in a net on the spawning grounds
other than that where they had been caught when tagged. A summary of these
recaptures is shown in Table 11. Twelve fish were caught at a distance of
1 mile from the point of tagging (moved from net No. 3 to No. 4, Fig. 24),
whereas the remainder had moved a minimum distance of 0,5 mile. Of these
23 moved from No. 3 to No. 2, 14 from No. 2 to No. 3, and 20 from No. 2 to
No. 4., Movement from net No. 4 to nets No. 2 and & could not be observed,
because the latter nets were removed before net No. 4 was set.

Only two females were included emong these recoveriss. They moved from
net No. 2 to net No. 3 at intervals of 2 and 3 days respectively., Eleven
other females were recovered, but in the same nets at which they were tagged
and in the first 1ift following tagging.

In addition to the trep net recoveries, three fish were recaptured on



Table 10. Tagged yellow pikeperch recovered in the same net at which
tagged (after an intervening 1lift of the net) on the
spavming grounds at Lake Gogebic, May 12 - 23, 1947,

et XNo. Date Number recovered Days out
2 May 12 4 3
2 14 7 5
2 . 14 1 3
2 15 11 6
2 15 12 4
2 16 3 7
2 16 1 5
2 16 1 4
2 16 1 7
4 23 5 5
4 23 1 4

Total 47



Table 11. Ifarked yellow pikeperch recovered in a trap net other
than that at which taggzed on spawning grounds at Lake
Gogebic, May 10 - 23, 1947.

Tagged Recovery Minimum
distance Days

Date liet Mo, Date Net No., Number recovered travelled out

lay 10 3 lay 11 2 1 0.5 1
10 3 12 2 5 0.5 2
9 2 14 3 8 0.5 5
11 2 14 3 2 0.5 3
12 2 14 3 4 0.5 2
10 3 14 2 6 0.5 4
10 3 15 2 8 0.5 5
10 3 16 2 2 0.5 6
14 3 18 2 1 0.5 2
9 2 18 4 2 0.5 9
10 3 18 4 2 1.0 8
11 2 18 4 1 0.5 7
14 3 18 4 1 1.0 4
14 2 18 4 1 0.5 4
9 2 20 4 1 0.5 11
10 3 20 4 2 1.0 10
11 2. 20 4 3 0.5 9
12 2 20 4 2 0.5 8
14 3 20 4 2 1.0 6
15 2 20 4 1 0.5 5
10 3 23 4 5 1.0 13
11 2 23 4 5 0.5 12
12 2 23 4 4 0.5 11
Total 69
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May 16 in gill nets set at a point near station G (Fig. 18) after moving
about two miles from the point of tagging. Two tagged on May 12 at net No.
2 were recovered by anglers; one on May 19, near shore, at station K, after
moving ebout five miles from the point of tagging; the other on May 17 at
station J, slightly over four miles from the net where released.

Of the 116 pikeperch recovered from nets other than those at whiech
they were tagged, or in the same net after en intervening lift snd removal
of fish had occurred, 31 were recovered after an interval of one week or
more. One wes recovered after a l=day interval, 10 after 2 days, 7 after
S days, 22 after 4 days, 30 after 5 days, 15 after 6 deys, 5 after 7, 4
efter 8, 5 after 9, 2 after 10, 5 after 11, 5 after 12, and 5 were recov-
ered efter an interval.of 13 days.

A wide dispersel of pikeperch in the lake following spawning is shown
by recoveries of tegged fish mede by anglers between the opening date of
the fishing season (Mey 15) and June 15. These recoveries are shown in
Figure 30,

Further evidence of widespread movement after spawning is indicated
by teg recoveries in nets at the south end of the lake. The recapture of
ummarked spent females (which had very probably been on the spawning grounds),
at the mouth of the Slate River, is discussed ebove (p.67 )« Two females
tagged at net No. 2 on Mey 11 and 12, were recovered in net No. 5§ on May 20;
eight females from net No. 2 and one from No. 3 were reteken in No. 5 on
Mey 22; and five from No., 2, one from No. 3, end one from No., 4 were ree
captured in net No. 5 on May 24.

Pikeperch have also been observed to distribute themselves throughout
Lake Winnibigoshish, Minmesota, within e short time after spawning (Stoudt,

1939; Stoudt end Eddy, 1939).



Fig. 30.

Dispersal of pikeperch from the
spawning beds in Lake Gogebic as
revealed by returns from anglers,
May 15 to Jume 15, 1947. Each
cirocle represents one recovery,
The number inside the circle in-
dicates the number of the net at
which the fish was tagged.
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In brief, male pikeperch exhibited no established territoriality, but
showed a general movement in both directions along the spawnling beds at
Lake Gogebic in 1947. This was for distances of up to 5 miles and covered

e period of as meany as 13 days. Pikeperch dispersed widely in the lake

after the spawning season.

Sige distribution of pikeperch on the spawning beds in 1947

In conmection with the study at Lake Gogebic, 3,791 pikeperch were
measured on the spawning grounds between May 9 end May 27, 1947. Average
total lengths of fish teken during the period are given for each sex in
Teble 12,

Male pikeperch renged from 12.2 to 22.1 inches in length, end averaged
16.9 inches for the period. The length of fish taken before the probeble
peak of the spawning season, May 16, usually averaged less than for the
season, whereas those teken between Mey 18 and May 27 werse consistently
larger than the season average. Sexually mature males caught at a distance
of three miles from the spawning beds (net Nos. 1 and 5) after Mey 19 were
of smeller average size (Teble 13) than those being taken on the spewning
beds at the same time, endé averaged consistently smaller than the male
pikeperch meeasured on the spawning beds. The date indiocete that on the
average smell males left the spawning area before the large fish.

Female pikeperch taken on the spawning grounds renged from 15.4 to
28.8 inches in length, and averaged 18.8 jnches. Except for the few fish
taken on May 9, females averaged larger up to May 12 than after that deate.
The average size of females teken at points away from the spawning grounds
(net Nos. 1 and 5) was below that for those teken on the grounds. These

deta are probably not significent, however, because of the occurrence of



Teble 12. Average total lengths of 3,721 yellow pikeperch
measured and tagged near Six-llile Bay, Lake
Gorebic, Lay 9 - 27, 1947.

liales Females
Date Number Average total length Number Averare total length

llay 9 520 16.3 5 18.€
10 5956 17.1 28 19.5
11 354 16.7 66 19.8
12 390 16.7 107 19.1
14 365 16.¢ 68 18.3
15 323 16.3 142 18.3
16 40 16.2 12 18.2
18 257 17.4 cos oo
20 262 17.3 cee cos
23 258 17.6 veo cae
25 13 17.5 cee P
27 6 19.1 coe

Totel 3,363 16.9 428 18.8



Table

13. Average total lengths of 683 yellow pikeperch
messured at the south end of Lake Gogebic,
April 29 - llay 24, 1947.

Males Females
Date Number Averspze total length Number Average total length
April 29 -
liay 8 21 l16.1 29 17.3
ilay 10 oo cee 13 18.2
13 oo e 67 17.7
16 cos coe 70 18.2
18 vos coe 7 17.6
19 5 16.5 16 17.6
20 34 16.1 144 18.3
22 54 16.3 96 17.5
24 76 16.1 51 i8.2
Total 190 16.2 493 17.9
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some immeture females in the catch at the south end of the lake.

The size frequencies of pikeperch measured end tegged near Six Mile
Bey (net Nos. 2, 3 end 4) are shown in Table 14. Meales ranging from 15
to 18.9 inches in length composed over 80 percent of the catch for the
period, whereas females from 17 to 19.9 inches long constituted about 64
percent of the total number of females teken. At the south end of the
lske, meles in the 156 and 16 inoch cleasses composed 58 percent of the total
males, while the 15, 16, 17 end 18 inch groups contributed about equally
to the two-thirds of the total catch of femmles which they aggregated
(Teble 15).

In Burt Leke, Cheboygan County, 222 mature meles measured on April
29 and 30, 1948, averaged 17.4 jnches in totel length, end 70 mature females
gveraged 19.4 inches.

Stoudt (1939) found that 543 males in Little Cut Foot Sioux Leke, Minn-
esota, everaged 16.0 inoches jin stendard length; 20 femsles from Dixon Lake
averaged 16.0 inches and 2,075 males avereged 14.9 inches.* Measurements
of 11,611 male and 6,254 femele spawning pikeperch from 15 localities in
Minnesote showed the average lengths to be 15.0 to 20.2 inches and 16.5 to

24.2 inches respectively (Smith, 1943).

*Using the factor given by Carlender and Smith (1945), these lengths
are equivelent to total lengths of 18.4, 18.4, and 17.2 inches respect-
jvely. (Total length equals stendard lengthiXl.153).



Teble 14. Size frequencies of 3,791 yellow pikeperch tagged
near Six-liile Bay, Leke Gogebic, lMay 9 - 27, 1947.

Males Females
Total length Number Percentage of Number Percentage of
inches total males total females
12.0 - 12.9 5 0.2 cee e
15,0 = 13.°© 55 1.6 oo P
14.0 - 14.9 299 8.9 cos e
15.0 - 15.9 657 19.5 6 1.4
16.0 = 16.9 599 17.8 48 11.2
17.0 - 17.9 809 24.1 86 20.1
1.0 - 1l&.° 671 20.0 112 26.2
19.0 - 18.© 217 6.4 75 17.5
20.0 - 20.¢ 41 1.2 49 11.5
21.0 - 21.9 9 0.3 34 7.9
22.0 - 22.9 1 0.03 11 2.6
23.0 - 23.9 voe oo 3 0.7
24.0 - 24.¢° oo o 1 0,2
25.0 = 25.°9 oo ces 2 0.5
28.0 - 28.9 e cue 1 0.2

Totel 3,363 428



Table 15. Size frequencies of 683 yellow pikeperch measured at
the south end of Lake Gogebic, April 29 - iiay 24, 1947.

liales FFemales
Total length Humber Percentage of Humber Percentage of
inches total males total females
15,0 = 13.° 2 1.1 1 0.2
14,0 - 14.° 29 15.2 19 3.9
15.0 - 15.9 60 31l.6 82 16.6
16,0 - 16.9 50 26.3 81 16.4
17.0 - 17.9 24 12.6 82 16.6
18.0 - 18.9 22 11.8 79 16.0
15.0 = 1¢.9 2 1.1 57 11.6
20,0 - 20.9 coe ceo 48 9.7
21.0 - 21.°9 1 0.5 23 4.7
22.0 - 22.8 cos coe 16 3.3
23,0 = 23.9 oo e 2 0.4
24.0 - 24.° oo cee 1 0.2
25.0 - 25.9 P oo cee SN
26,0 - 26.9 oo cse 1 0.2
27.0 - 27.9 . oo 1 0.2

Total 190 493
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Spécies essociated with pikeperch on the spawning grounds

No fish of species other than pikeperch have been seen (other than
in nets) on the spawning grounds during the four seasons of observation
et Lake Gogebic.

The trap netting near Six Mile Bay during the 1947 spawning season
resulted in the capture of 7,226 pikeperch between May 8 and May 27. Omnly
18 fish of other species (less tham 0.25 percent of all fish) were teaken.
These included 7 northern pike, 5 yellow perch, 1 rook bass, 3 burbot, end
2 white suckers. Although this constitutes a remarkeble dominance of a
species on its spawning grounds, it should be added that the piocture is
not greatly different in October, except for the presence of white suckers.
Many of these were on spawning runs up inlet streams during the pikeperch
spewning season. Two of the trap nets were set agein in October, along the
east shore, sbout one mile south of Trout Brook (slightly more than one
mile from the south end of the pikeperoch spawning, grounds). Twelve net
deys (one net dey ®= one trap net set for approximately 24 hours) yielded
565 pikeperch, 4 northern pike, 4 smellmouth bass, 3 yellow perch, 1 rock
bass, snd 96 white suckers. The dominence of pikeperch along the west
shore was much less pronounced. In 15 net days of fishing during the per-
iod from October 13 to 20, 57 pikeperch, 41 northern pike, 2 yellow perch,

5 smallmouth bass, 2 rock bass, and 1 burbot were taken.

Identification of sex and development of the reproductive orgens

Thet the identification of sex of pikeperch is sometimes perplexing
has been recognigzed by several workers. Deason (1933) mentioned the dif-

ficulty of sex determination in immature jpdividuels. Cerlender (1945)
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jndicated that the recognition of sex of pikeperch in summer is difficult,
end Eddy and Surber (1947) commented on the uncerteinty in determining the
sex of pikeperch less than 13 or 14 inohes in length, even during the spawn-
ing season.

On the other hend, Adams and Henkinson (1928) reported thet femeles in
Seribs Creek, New York, could be distinguished reedily by the indistinctness
of the white on the tip of the lower lobe of the caudal fin. Bean (1913)
steted that the femsle cen be distinguished on the spewning beds by her
larger size and by the fact that she is attended by several males.

Exsmination of Lake Gogebic pikeperch has revealed no externel char-
acteristic by which the sex of plkeperch cen be determined throughout the
year. No sexual difference he.s been observed in the distinctness of the
white on the lower lobe of the caudal fin. Sige is not & valid criterion,
except perhaps in very large fish. Although females in a given population
usually are larger than males, the largest in a group of spawning fish is
not necesserily s female, although this is likely. In this connection
Eddy and Surber (1947) mede the curious statement that the length of males
rarely exceeds 15 inches in length (presumably standard length) when, in a
study made in 1937 at Leke Winnibigoshish (stoudt, 1939), with which the
senior author was femiliar (Stoudt and Eddy, 1939), 2,618 mele pikeperch
averaged 15.1 inoches in standard length.

By dissection the sex of pikeperch cen bé distinguished with facility
during eny season of the yeaf. Although ability to recognige sex improves
quickly with the experience of the worker, little difficulty is emcountered
if both sexes are present for comperison in a given collection.

The gonads of pikeperch lie close to the ventral walil of the air blad-

der end often extend nearly as far forward as its anterior end. The right
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and left members are free for most of their length; but are united poster-
jorly, just anterior to the genital aperture.

In female pikeperch from 2 to 3 inochea in length, the ovaries are small
end little develcped. Under magnification they are seen to possess an
sbundance of large melanophores throughout their length , so that their
locetion is first revealed by the presence of a doubles row of large meleno-
phores lying along the ventral surface of the air bladder. By the time the
fish are from 4.5 to 5 inches in length the overies are merkedly increased
in size. They are often flattened dorso-ventrally end opaque (if preserved),
or more cylindrical and trensparent (if fresh). Melenophores are either
scattered over much of the surface of the organs or (more often) are con=-
fined to & rather narrow dorsal band along each side of the mesovearium.
Pigment persists in adult females, although it is usually oonfined to a
few scattered melsnophores loceted far enteriorly and dorsally on the
organs.

Immeture females of larger sizes have trensparent overies (opaque
after preserve:bion) which are more or less cylindricel in form. Transverse
blood vessels are present throughout their length, and these become in-
creasingly conspicuous, with increase in size of the fish, until maturity
is reached. The anterior end of the ovary is often broadly roumded, or
comes to a blunt point (Fig. 3l1). |

In mature, spent females the ovaries consist of a pair of elongate,
thin-welled sacs, collapsed against the alr bladder (Fig. 32). Often they
have a light bluish-red coloration, and transverse blood vessels are clearly
evident. Small round yellowish-white spots are often scattered irregulerly
sbout the ovary. These are residual eggs vhich have come to lie against

the inside of the ovary wall, Other eggs occur in the lumen, or are buried



Fig. 31. Immature female pikeperch, showing
ovaries. Length, 12.6 inoches; weight,
11 ounoces. Lake Gogebie, August 23,
1947.

F.ig. 32. Spent female pikeperch, showing
ovaries. Length, 15.6 inches; weight,
18 ounces. Lake Gogebio, May 22, 1947.
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jn the fleshy ijnterior. They are easily exposed by a longitudinal dise

section of the ovary (Fig. 33). Some egzs are round, turgid, and transe

jucent, whereas resorption of others has begun and they are white, often

soft, and no longer round. The eggs which come to lie free in the lumen
may persist in the organs for months. The dissection of 12 ovaries in
mid-Sugust at Lake Gogebic revealed & few residual eggs in L of the
specimens (Fige. 3l4)e Several of the dozen fish dissected were of small
size and may have been maturing for the first time, so that residual eggs
would not be expected. The incidence of such eg.s as late as August is
not known, but thelr presence offers an opportunity to check the sex of

at least soms mature females throughout the year. Females at leake

Gozebic may be recognized at a glance at any time after mid-August by

the presence of small eggs which are visiblse through the ovary walle

The ovaries steadily increase in size after August until, by early

spring, they cause the abdomen to become much distended and occupy a large

portion of the body cavity (Fig. 35)e
In mele pikeperch from 2 to 3 inches in length the testes appear &as

fine white threads, markedly smaller in cross section than the ovaries of

fish of similar size, and with 1ittle or no pigmentation. When melano-

phores occur they are few and are nearly always restricted to the antero-

dorsal portion of the gonade

Testes of immature males are mach smaller in cross section than are

ovaries of immature females, They are elongate and of about equal diameter

throughout their length, lacking the bluntly tapered anterior ends which

nearly all ovaries possesSe Trensverse blood vessels, 8O characteristic of

ovaries, are scarcely evident (Fige 36)e

The testes of spent males are much smaller than are ovaries of females
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Fige. 33. Dissection of spent ovary, showing
residual eggs. Length of fish, 19.3
inches. Lake Gogebic, May 19, 1947.

~

Fig. 34. Dissection of a pikeperch ovary, show-
ing developing eggs and residual eggs
from previous spewning season (lower
left portion of ovary). Length, 17.2
inches; weight, 30.5 ounces. Leake
Gogebis, August 23, 1947.
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Fig. 35. Female yellow pikeperch, showing

ovaries. Length, 19.1 inches; weight,
2 pounds, 11 ounces. Lake Gogebie,
May 2, 1947

Fig. 36. Immature male yellow plkeperch.
Length, 9.6 inches; weight, 4 ounces.
Lake Gogebic, October 22, 1947.
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" of similar size. They are greyish-white (not greatly different in color
from mesenteric fat), snd have a smooth, glossy appearance (Fig. 37).
Anteriorly they are sharply tepered, in contrast to ovaries.

Little change tekes place in the male reproductive orgemns in July
end August, but by mid=October a remarkable increase in size has taken
place (Fig. 38). The testes are probably larger at this time than during
the spawning season. They are milky-white , glossy, soft in texture, and
eesily torn when removed from the fish. In preserved specimens the inter-
jor of the testes has a soft, doughy texture and, if broken, is observed to
have & striated struecture. The striations run from near the center of the
orgen toward the periphery.

In Leke Gogebic in October, 1947, the reproductive organs of males and
femsles attained sbout the seme size and weight for fish of about equal
length (Fig. 39; Teble 16).

During the spawning season the testes are large and milky-white (Fig.
40) although neither larger nor whiter than in October. Their texture is
firmer them during the late fall, and pressure on the abdomen causes milt
to exude or to spurt from the genital aperture (Fig. 21). The milt of some
males is exhausted during the spawning season, whereas some fish retain a
large portion of it - or at least this ocourred at Leke Gogeblc in 1947.
All meles handled at Lake Gogebic released milt in quantity throughout
the period thet nets were set (to May 27), although it seemed more viscous
late in the period then earlier. The gonads of seversl males which were
dissected during late May were mot recognizably different from those shown
in Figure 40,

In general, testes are more ocompact, tougher and "stringier" than

overies. The female organs open readily into a lumen when dissected,



Fige. 37. Spent male pikeperch, showing testes.
Length, 15.4 inches; weight, 22 ounces.
Lake Gogebic, July 9, 1947.

Fig. 38. Mature male pikeperch, showing testes.
Length, 15.8 inches; weight, 19 ounoces,
Lake Gogebic, Ootober 22, 1947.
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Fige. 39.

Fige. 40.

Reproductive orgens of mature male

pikeperch (above) end female (velow)

taken from Lake Gogebio on October

22, 1947.

Males Length, 17.5 inches; weight,
32 ounoces.

Females Length, 17.2 inches; weight,
28 ounces.

Mature male pikeperch during the
spawing season. Length, 15.6 inches;

weight, 23 ounces. Lake Gogebio, May
6, 1947.
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whereas it is difficult to locate the lumen of testes. The location of

the longitudinal blood vessel in the gonads is of some help in recognition
of sex of meture fish. In ovaries, the vessel always occurs at the surfeace
of the orgen, whereas in testes it lies in a dorsal groove. The groove is
shallow in spent fish, but becomes increasingly deep with approsching matur-
ity until by October the b1ood vessel comes to lie at the bottom of a groove
which sometimes extends almost to the center of the testis.

The exasmination of femele pikeperch in various stagses of development
reveals that one ovary is usually longer then the other. Of 60 females
(immature end mature) examined at randam, the right ovary wes longer in
29, the left in 9, and the ovaries of 12 were of approximately equal length.
Testes ere more often of equal length, although in these organs, also, one
is sometimes longer than the other.

The development of the reproductive organs with the progress of the
season can be traced in Table 16, which shows the proportion of the total
body ieight of pikeperch contributed by the ovaries or the testes. In
determining the values shown, the fish were weighed at the time of col-
lection, and the gonads were preserved in 10 percent formslin. Later the
organs were weighed and examined after-surface moisture had been removed
by blotting and exposure to the air. The woights are not claimed to be
highly accurate because of the variable amount of moisture occurring inside
the various gonads. Fully developed ovaries from 46 fish weighed both in
the field and after preservation averaged 5.1 percent heavier in the field
then after formelin fixation. Thus, the averages given are known to be
somewhat low. In other stages of develepment no weights were obteained of
goneds in the fresh condition, so there are no figures for comperison.

The data in Teble 16 show that the ovaries of immature females averaged
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0.3 percent of the total weight throughout the period when collections
were made. In 12 mature females collected in August this percentage was
0.7, whereas in 22 fish examined in mid=October the ovaries made up an
average of 4.7 percent of the body weight,

The gonads comprised an average of 16.3 percent of the weight of 31
pikeperch collected in Lake Gogebiec just before spawning, in May, 1947.

In 11 large pikeperch taken from the Muskegon River, in April, 1947, the
overies averaged 24.1 percent of the body weight and in Seginaw Bay this
percentage was 27.8. Considering the weight of the ovaries in a fresh
condition, the last three percenteges nemed were 17.3 (renge 11.2 to 23.9)
in Leke Gogebic, 25.2 (range 17.6 to 31.0) for the Muskegon River, and
27.9 (range 25.1 to 32.8) in Saginaw Bay.

Whether the difference in the proportion of the body weight made up
by fully developed ovaries at the three localities can be attributed to
increasing size slone is not lmown. In 13 Lake Gogebic fish 19 inches in
length or over, the average proportion of the body weight composed by the
ovaries just before spawning was 17.4 percent (preserved), whereas in 18
fish under 19 inches in length this percentage wes 15.5.

In spent mature fish taken in May, immediately after spewning, the
ovaries averaged 1.4 percent of the body weight. This deoreased to an
average of 0.7 by early July, or about the same percentege as that observed
in August (above).

The weights of reproductive organs of males compared to the weight of
the fish are also shown in Table 16. Only two immature males, 12.6 and
13.2 inches in length, taken in October, were included in the study. Thelr
gonads constituted 0,06 percent and 0.1 percent, respectively, of their

body weight. In 15 males collected in August, the weight of the gonads was
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equal to 0.2 percent of the body weight. Between August and October, their
average weight increased tremendously (over 2,000 percent, judging by the
averages of the specimens examined), to reach 4.3 percent of the body welight,.
This was only slightly less than the proportion of the body weight made up
by the ovaries of females at this season (4.7 percent). From this point on,
the testes showed little or mno weight incremsnt, whereas the ovaries con=-
tinued a steady increase. Unfortunately no winter collections are availeable
to tra&e these developments.

Few testes were preserved in May, but three teken before and imnnedi-
ately after the spawning season hed an average weight equal to three perceant
of the weight of the fish. By late June resorption or loss of milt had not
been entirely completed in some fish, since some gonads were still somewhatl
enlarged. A collection of ten averaged 0.4 percent of the weight of the
fish from which they were taken., By July this figure was reduced to 0.2
percent, the same figure which was found in the August collection of males
(above).

Curious anomalies occur occasionally among pikeperch ovaries. Denoe
(1938) has described a case of hermaphroditism in which each ovary had
attached to its anterior end a knob-like sac containing spormatozoa.

In the Muskegon River, a much deformed ovary was removed from a 21l.6-
inch pikeperch, collected on April 25, 1947 (Fige. 41). In eddition to
being distorted in shape, it was adnate to the swim bladder at three points.
One small section of the ovary (inset in figure) was completely independent
of the remainder, and was ettached separately to the air bladder. Eggs
developed in this isolated ssection had no access either to the overy or to
the body oavity. Disseoction revealed a central core composed of a brownish

to orange mass composed of remnants of eggs from one or more prsvious
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'Fig. 41. An anomaly in the ovary of a pike-
perch collected in the Muskegon River,
April 25, 1947 (see text for disoussion).
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seasons, and around this core was a thick peripheral layer of eggs of
normal size and appearance, not different from those in the remainder of
the ovary. The pouch contained 2,842 eggs of the year, and the entire
ovary contained an estimated 126,200 eggs, & figure possibly not below
average for a fish of its size in the Muskegon River. The reason for the
apnomaly is not known. It may have resulted from the rupture of the ovary
earlier in the 1ife of the fish as the result of an injury or it may have
been congenital.

In summary, ovaries of pikeperch are morse heavily pigmented (in small
fish), larger in size, and more bluntly tepering anteriorly than are testaes,
Ovaries of immature females are transparent and more or less cylindrical.
They have many transverse blood vessels, whereas these are scarcely evident
in testes. The dorsal blood vessel of ovaries lies at the surface; that of
testes is located in a groove. Eggs are visible through the ovary wall of
mature females by mid=-August; residual eggs from the previous spring mey
also be present at this time. By mid-October, ovaries and testes of adult
fish are of mbout equal size and weight. Just before spawning, ovaries
averazed from 17.3 percent of the body weight (in fish from Leke Gogebie)
to 27.9 percent (in large fish from Saginaw Bay). In August, this percent-
ags was about 0.,7. Testes of three males taken just before and during the
spawning season averaged 3.0 percent of the body weight; in August this

percentage was 0.2.

Fecunditx_g£ Eikezerch

Several estimates have been made of the number of eggs produced by
pikeperch. Some ars based on counts of eggs in the ovaries and others on

the numbers of eggs produced in spawn-taking operations. Among the accounts
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appearing in the literature are the followings

Cheney (1897) stated that the fish (in spawn taking) average about
150,000 eggs, but if the run is of good=-sized fish, they may furnish
200,000 each. He added that M. Be. Hill took 609,176 eggs from one Lake
ontario fish, which, after stripping, weighed 135 pounds. Bean (1903)
said that a single female has been estimated to contain from 200,000 to
300,000 eggs. These figures were repeated by Evermenn and Clark (1920).
According to the fish manual of the U. S. Commission of Fish and Fisheries
(1903) and Leach (1927), about 90,000 would be a fair average production
for two pound fish from Lake Erie. Thus 45,000 eggs per pound of fish
would approximate the true figure. Miles (1915) stated that the average
spawn is about 30,000 to 40,000 per pound of fish, and Henshall (1919)
reported that the eggs average 50,000 to the female. At the Oneida
hatchery, the average number of eggs per fish was determined to be betwsen
50,000 and 60,000 (Adams and Hankinson, 1928),

Smith (1941) showed that the number of eggs produced by pikeperch may
vary with locality or rate of growth. In four pikeberoh from Norris
Reservoir, ranging from 25 to 33 inches in length and from 6 to 13 pounds
in weight, he calculated the nunber of eggs per fish as being between
77,500 and 171,300, or from 12,916 to 14,876 eggzs per pound of fish.

Hinks (1943) reported an egg production of 45,000 per pound of body
weight., Carlander (1945) estimated (by water displacement) an egg pro-
duction which inoreased from 35,000 to 137,000 as the size of fish increased
from 343 to 556 mm. in standard length Cquivalent to 15.6 to 25.2 inches
in total lengti). He found an everage of 50 eggs per gram of body weight
(22,700 per pound). Eddy end Surber (1947) gzave an account of a l2-pound

female teken in the upper Mississippi River, sbove Wolf Lake, Minnesotsa,
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which produced 388,000 eggs from which 270,000 fry were hatched., They
reported the average production per female at Bemidji spawning station as
49,614, and stated that average ovary counts indicate thet there are about
26,000 eggs per pound of fish. Individual variation was reported high,
with the number of eggs from 3~ to 3.5-pound females varying from 72,000
to 111,000.
To determine the fecundity of pikeperch at Lake Gogebic, a total of
34 ovaries was preserved during and before the spawning season. Four were
collected from the trap net at the mouth of the Slate River, between May 3
and May 7, 1947; three were taken in Lake Gogebic in late October; and the
remainder were collected on the spawning grounds between May 1l and Mey 15
of that year. These fish ranged from 16.0 to 22.7 inches in total length.
In addition to the collections at Lake Gogebic, 11 green females,
ranging from 19.3 to 28.0 inches in length were collected from the luskegon
River on April 21, 1947. Five large fish, reanging from 28.0 to 31.2 inches
in length and from 10 pounds, 2 ounces to 13 pounds, 4 ounces in weight,
were obtained from commercial fishermen at Seginaw Beay on April 28, 1947,
through the efforts of Conservation Officer A. J. Neering, Plgeon, Michigan.
In collecting pikeperch for ovary counts, it was assumed that if the
abdomen was widely distended, and that if heavy pressure anterior to the
vent produced no eggs at all, the fish had not spawned, and was thus suit-
able for use in the egg productien study. That this assumption may be
correct is suggested by the collection made in the Muskegon River on April
12. Thirteen fish were originally included emong those selected for egg
counts. They were placed in a live box, held for several hours, and then
transfaerred by tank truck to a hatchery, for dissection. Although thé

fish had shown no sign of ripening at the time they were selected, two of
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these were releasing eggs fresly upon arrival at the hatchery. The contents
of the ovaries of both fish consisted of a fluid mass of eggs. Upon removal
from the fish and lateral puncture of the ovary wall, the contents poured out
of the opening until the pressure within had become quite completely dis-
sipated. It seems apparent that in pikeperch the eggs ripen within a short
period of time once & certain point in development is reached and all of -
the eggs are prepared for spawning simulteneously. This conclusion is
substantiated by comparison of egg production based on spawn-taking oper-
ations and that based on ovary counts. These methods reveal no consistent
diserepancies in estimates which could be attributed to circumstances in-
volving the release of only a portion of the eggs when pikeperch are strip-
ped.

Because of the high fecundity of the pikeperch the time required to
determine egg production by actual count is prohlbitive, and some method
of sampling is desirabls. The weight-method was used. As employed it
involved teking the weight of the complete ovary and then the weight and
count of transverse discs of varying widths. Direct computation then gave

the estimated count. To test the accuracy of this method complete ocounts

were tabulated for aix specimens after the estimated counts had been com-
puted. In order to determine whether or not samples from diverse sectioms
of the ovaries would result in different estimates, from one to six samples
wors taken from various loci (Fig. 42). Sample No. 1 was taken in the
portion of the left ovary anterior +o the vent; No. 2 was teken from the
middle of the left ovary; and No. 3 was talen from e point near the anterior
end of the organ. Sample Nos. 4, 5 and 6 were taken at the same points,
respectively, in the right ovary. Weights of both the ovaries and the

samples were obtained to the nearest 0.0l grem on a chemical balance after




Figo 42,

Ovaries of a yellow pikeperch,

divided into sample portioms upon
which estimates of total egg numbers
wore based. The seoctions shown in
transverse view were the samples used.

106
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surface moisture had been removed by blotting followed by several minutes
exposure to the air.

The results of the counts and estimates made are shown in Teble 17T.
Weights of the samples ranged from 3.0 percent to 9.8 percent of the total
weight of the ovariss. Errors in estimate ranged from minus 9.4 percent to
plus 4.4 percent; the average error of the estimates for the 27 observations
was minus 0.86 percent. Samples 2 and 5, taken from the middleé of the ov-
aries, gave soméwhat better results than the other areas, with a range of
from plus 4.4 percent to minus 5.1 percent, and an average error of minus
0.38 percent. Therefore, the samples for the remainder of the study were
taken as transverse discs from the middle of the right ovary and ranged
from 2.7 percent to 5.7 percent (average - 3.9 percent) of the total weight.

The results of the counts and calculations are shown in Table 18, The
specimens are segregated as to source, a division which serves also to
divide them roughly into size groups, since the Muskegon River fish collect-
ad were intermediate in size between those from Leke Gogebic and those from
Saginaw Bay.

In Lake Gogebic, 34 pikeperch ranging in total length from 16.0 to
22.7 inches yielded from about 37,000 to nearly 155,000 eggs per fish,
Fluctuation in number of eggs per female was great in each size oclass. In
the 20-inch group it was particularly large, the estimate for the heaviest
producer (of five specimens) being more than twice that of the fish with
the fewest eggs. The estimated totals were 151,579 and 71,270 respectively.
The estimated average production of eggs per pound of fish was reasonably
uniform, fluctuating between the limits of 26,010 and 30,472. As a grand
total for the 34 specimens from Lake Gogebic, 88.8 pounds of fish yielded

an estimated 2,531,086 eggs, or an average of 28,503 per pound of fish.
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In the collection of fish from the Muskegon River, a pronounced and
stable inorease in egg production was observed. Although the production of
three fish between 19.3 and 21,5 inches in length was reasonably close to
that for fish of similar sige in Lake Gogebie, it jumped to over 43,000 eggzs
per pound in the 23-inch olass, and remained near this figure among the
larger sige classes. This figure was close to that attained by fish from
Saginaw Bay, five of which produced nearly as many eggs (or an estimated
total of 2,479,169) as the 34 fish from Lake Gogebic, at the rate of 41,667
eggs per pound of fish.

The egg counts are plotted in Figure 43. A curve has been drawn by
inspection, to indicate average production, but it is not certain that
counts from collections in three localities may properly be shown on the
same graph. There are insufficient data in various size groups from each
locality to warrant a conclusion that Great Lakes fish (from Lake Michigen,
via the Muskegon River, and Saginaw Bay) produce larger numbers of eggs
per pound than do those of the same size in Lake Gogebic., The fact that
the three fish from the Muskegon system, averaging 20.3 inches in length,
had an egg production comparable to that of Lake Gogebic fish 1is also in-
suffieient evidence to conclude that increased production is based on site
alone, The data strongly suggest that either locality or inoreasing size
(over about 23 inches in length or 6 pounds in weight) are associated with
an increase in egg production of sbout 50 percent per pound of fish.

Estimetes of egg production in pikeperch appearing in the literature
have not, insofar es is known, taken into consideration the number of eggs
remaining in the ovary after spawning has been completed (except insofar as
these have not been included in estimates based on spawn-taking). In view

of the wide variation in the number of eggs present in the ovaries of fish



Fig. 43. Egg production of yellow pikeperch
in Michigan (see text for discussion).
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;of equal lsngth or weight, and the relatively few eggs retained in the
.;ovaries after spawning, it is of little importance that they be considered
i in any practical epproach to problems of egg production. However, their

! occurrence in small numbers has already been noted (Fig. 33).

The examination of the spent ovaries of 29 pikeperch collected at Lake
Gogebic between May 16 and August 26, 1947, reveal that the resorption of
egzzs may be either a rapid or a slow process, probably depending in part on
the location of the eggs within the ovary after spawning has been completed.

The promptness with which resorption begins to occur cannot be judged
accurately from the specimens at hand because of the uncertainty as to the
date or dates that & given fish spawned. Fish collected for counts of
residual egzgs were not taken at the spawning beds because there was no as-
surence that these fish, although they appeared spent, were entirely
through spawning. The seven specimens taken in May were collected after
the fish had left the spawning beds and traveled at least three miles, to
the south end of thg lake, Notes on the counts made in ovaries of these
fish, as wsll as certain others collected later in the season are brought
together in Table 19. It was soon realized, as the ovaries were being ex-
amined, that thé counts might not be complete because some eggs, even in
two fish oocourring in the earliest collections, appeared only as tiny
orange or whitish flecks in the ovarien tissue, and one could soarcely
avoid being oonvinced that resorption of some eggs had proceeded to & point
where they could no longer be distinguished.

Over 800 eggs, in various stages of resorption, were found in one ovary
of a fish collected on May 16, in addition to 15 eggs, which showed no sign
of such action, lyihg loose in the lumen. The resorption was far advanced

in some eggs and it appeared that an undetermined nmumber already had been
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Teble 19. Notes on the number and nature of residusl eggs
in ovaries of spent pikeperch, Lake Gogebic, 1947.

Date Total Weight, Number Remarks
length pounds of eggs
May 22 15.6 1.1 239 All but 21 normel in appearsance;

ebsorption not far advanced.

20 16.6 1.4 97 Very few eggs in advenced state of
resorption.

20 17.9 2.3 116 Plus meny eggs in advenced stages of
resorption.

19 19.3 2.4 74 No evidence of advanced resorption.

17 19.5 2.6 146 Count is for one ovary only; believed
to.be nearly complete.

20 19.7 2.3 165 No evidence of advanced resorption.

16 19.7 2.1 831 Count is for one ovary only; the other

is similar. 12=15 unresorbed eggs in
lumen of each ovary; remainder buried
in ovarian tissue and partly resorbed.

June 16.1 1.4 200 Count is for one ovary only; many in
advenced state of resorption.
23~26 i6.1 1.3 66 Plus meny partly resorbed.
16.7 1.5 16 Free in lumen:; others nearly resorbed.
16.8 1.5 64 No evidence of resorption noted.
17.0 1.5 35 Plus many in various stages of resorption.
17.0 1.5 112 Mostly eggs buried in ovarian tissue, but
no advenced resorption.
17.2 1.8 57 None showing advenced resorption.
18.0 1.9 60 Eggs hard and well-formed.
18.1 1.8 "fow" Plus many nearly resorbed.
18.1 2.0 9 Plus meny nearly resorbed.
18,2 2.0 38 Unresorbed.
18,3 1.9 86 Plus many nearly resorbed.
18.7 2.0 43 Plus some nearly resorbed.
19.8 2.6 78 Plus meny nearly resorbed.
22.1 4,1 51 Unresorbed.
July 9 18.1 1.9 19 Plus many nearly resorbed, buried in
ovarian tissue.

9 18.6 2.1 256 Eggs counted barely recognizable as such,
nearly resorbed and appearing as dis-
colored spots in ovarian tissue.

August 17.3 1.9 " Pew" Located near the vent.
17.3 1.7 15 (Approximately) in one overy (see Fige.
20~26 in text).
18,2 2.1 10 Located near the vent.
19.5 2.5 ' 7

No residual eggs in other specimens examined.
October

14-22 No residual eggs seen in 22 specimens examined.
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completely resorbed. The second ovary closely resembled the first, although
counts were not made. It mey be assumed that approximately 1600 residual
eggs had been jeft in the ovaries. This was by far the lergest number

found in any ovary examined. At an average production of 28,500 eggs per
pound of fish, as determined for Lake Gogebic, this fish mey have developed
about 70,000 eggs in its overies. The residual eggs thus emount to about
2.2 percent of the total. 1Im other fish examined, this percentege was far
smaller.

The resorption evident in the overies discussed above had presumably
teken place within a period of 8 days or less, since spawning hed scarcely
begun by May 8 (p. 58)s This suggests that the process may begin immediste=-
1y after spawning has taken plece, or perheps even before it hes been com-—
pleted., Conceivably some eggs might be trapped in the ovary es it contracted
while spawning progressed, and would begin being resorbed before the last
eggs had been deposited by the fish. In any event, the resorption of some
eggs, especially those buried in the ovarian tissue, is quilte rapid, whereas
others, lying free in the lumen, may persist for months (see below).

Counts mede in five overies in May are believed to be quite complete.
In other words, resorption was mnot sufficiently advenced to lead one to
believe that some eggs had alreedy disappeared. Assuming en average pro-
duction of eggs per pound of fish in each of the specimens, the percentage
of the total production retained in the overies amounted to 0.6 percent,
0.2, 0.1, 0.2 and 0.3 percent, or en everage of sbout 0.3 percent for the
group. The figures suggest that in most Lake Gogebic pikeperch, the resid-
ual eggs present after spewning amount to less than one percent of the total
production.

Overies taken after lMay sre not considered suitable for determination
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of number of unspawned eggs because of resorption (see remarks in Table 19).

Egg counts in late June and early July show that moderate numbers of
eggs remained in the ovaries, ranging from very few to possibly 400 or moree.
The average number was lower thean that ococurring in May, es is revealed by
inspection of Table 19, Some egzs remained in the ovaries at least until
lete August, as hes been mentioned earlier (p. 91; Fig. 34), but they were
few in number and probebly did not occur in all fish which spawned during
the preceding spring. New eggs were being formed in the ovary, end the
remnants were hardened, distorted in shepse, end dark oresnge or brown in
color. In two of the ovaries examined the residusl eggs occurred at the
junction of the two overies in the immediate vieinity of tﬁe vent. Whether
they are finally resorbed, or are expelled, is not known, although the
first elternative seems the more likely. It does not appear that pressure
could be brought to bear to move them out of the ovary. This is partic-
ularly true in the case of one of the other ovaries, in whioch the eggs
were located far forward. In any event, the eggs of the previous spring
are believed to be gone from the ovaries by late October, for an examination
of 22 specimens et this time revealed no trace of residuel eggs.

To summarize, there is a wide variation in egg produétion among fish
of similer sige. In Lake Gogebic, fish renging from 16.0 to 22,7 inoches
in length yielded an average of 28,503 eggs per pound of fish. For lerger

fish from the Muskegon River end Saginew Bay, the sverage production wes

over 41,000 eggs per pound of fish. Residusl eggs averaged 0.3 percent of
the total estimated egg production in & out of 6 Lake Gogebic pikeperch
exemined after the spawning season. They decreased in number with the
progress of the swmer, and none was observed in femesles collected in

October.
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Pikeperch eggs on the spawning grounds

As is well known, pikeperch generally broadcast their eggs and exer-
cise no parental cere. The eggs ordinarily lie loose upon the substratum,
end live adhesive or adhering eggs have been seen infrequently at Lake
Gogebic. Reigherd (1890) steted that when first laid the eggs are very
edhesive, end added (1893 e) that for the first hour or two the eggs ad-
here to one enother and to the vessel which contains them. He regarded
adhesion as due to the action of water on the outer egg membrane, which
behaves in this respect like other mucous bodies. He further indicated
(1893 b) that adhesion is at first slight, but that after one-helf hour it
becomes so great that the egg is likely to burst if removed. Water then
hardens the external egg membrane and it loses 1ts adhesive qualities.
Reighard's findings suggest that the reason for the few observations of
adherent eggs at Lake Gogebie is due to the fact that most collections were
made several hours after spewning had occurred. When egg collections were
made immedietely after spawning acts were observed, no adhesive eggs were
seen., However, they were not sought specifically.

On April 30, 1941, an attempt was made to determine the number of
eges deposited on a portion of the speawning beds overnight. The rubble

and coarse gravel were carefully removed from an area along the shoreline

on which & number of pikeperch had been seen during the previous night. A
substratum of fine gravel and send was exposed. Over this was spread a
length of cheesecloth which covered an area of 28 inches by 82 inches. The
rubble was carefully replaced, so that the cheesecloth was concealed. Water
covered the plot at depths of from 2 to 6 inches. On May 1, after a calm

night had intervened, the rubble was carefully removed, plece by plece.
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fMeny pikeperch eggs were found to be present, lying loosely among the stones

'which had covered the cloth. None was adhesive. A count revealed a total
}of 9,050 eggse These had been deposited at some time between 73130 p.m.

;and 5:00 a.m., which were the hours when the net was laid down and lifted,
;respectively. Water temperatures on the shoals ranged from L7 degrees Fe
Eto 50 degrees F, during the night.

| The percentage of fertility was not determined for this sample, but
:repeated attempts were made at later dates to obtain & collection which
%might be used for this purpose - all proved fruitless. Twenty plots, each
?two square yards in area, were laid out in 19,42, and 10 in 1947, but no
%satisfactory sample of eggs was collected. Providence was indifferent about
.émaking jdentical the spawning areas chosen for the pikeperch by the writer for any
fgiven night, and those chosen by the pikeperch themselves. Plots left for
Elonger periods were frequently torn up or buried by fine gravel and sand
’gduring periods of severe wind. Also, dead eggs from other arcas were washed
j in upon the plots, and the value of collections was obscured.

Samples of eggs collected with a scap net on the spawning grounds as

| described earlier (p. 21), contained four classes of eggs (Fig. LL4) which

| could be readily differentiated. All four were found within about a week

i after spawning began, and werse present in large numbers after the peak of

| the spawning season arrived.

Vieble eggs are easily recognized since they are hyaline, turgid, and

the developing embryo can be clearly seene

Egg shells, though more difficult to detect than entire eggs, are often
present, It is probable that some of these arise from causes other than the
escape of an embryo at the time of hatching. They have been found on the

spawning beds before hatchiﬁg is believed to have occurred and when viable
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Fig. 44. Pikeperch eggs occurring on the
spaming grounds at Lake Gogebiloc,
May 21, 1947. Upper right: dead,
heavily-fungused eggs. Lower
rights infertile and dead eggs
whioh have not yet been attacked
by fungus. Lower left: egg shells,
resulting from hatching and from
unknown causes. Upper left:
hyaline viable egzgs.
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eggs collected at the same time were not in advanced stages of development.
Those which result from hetching end those resulting from unknown causes are
difficult to differentiate.

Deed and infertile eggs are opague and appeer as various shades of
white and gray. They have not reached the fungused stage described below,
end thus are probably of more recent deposition.

Eggs which have been deed for some time are covered by & thick mat of
fungus. They are essentially white in color end are often misshapen and
soft. Frequently, particularly after mid-spawning-season, such eggs are
attached to each other in groups of fram e few to several hundred. These
then adhere as a layer over the unexposed surfaces of rocks. The presence
of a pikeperch spawning area can often be detected by examining the under-
sides of rocks; if fungused eggs are present, viable eggs can usually be
collected near-=bye.

To obtain data on egg fertility, several samples of eggs were secured
by pessing a scap net through a previously roiled aree, as described earlier.
Whether or not the method results in the collection of unrepresentetive
numbers of any of the four classes of eggs present is not ¥nown, and the
method has not been adequately tested. The specific gravity of viable
eggs is close to that of water, however, and one is led to believe that
vigorous disturbance of the bottom followed by immediaste use of the scap
net should collect living and dead eggs which are lying loose on the bottom
in proportion to their abundance on the area sampled. Some fungused eggs,
however, adhere tightly to the rocks, snd are not subject to such sempling.
Waves are constantly washing eggs about - particularly dead ones = and
whether a given sample is taken in a spot where such eggs are present in

either sbove-average or below-average mmbers is largely a matter of chance.




120

There arises the problem of whether egg shells should be considered as
vieble or dead, since they may originaete from either type of egg. As is
shown below, a high degree of variability exists in the percentage of
fertility emong eggs looceted in sdjacent sample areas, and the percentage
changes likewise with the progress of the season. A large number of egg
collections, made during calm nights by spreading cheesecloth or screen eas
described earlier, end held until wviability een be determined, seems ocalled
for to ascertein accuretely the percentage of fertility in naturally spawn=-
ed egzs. This has not been done, but the available data on other colleoct-
jons are presemted with the hope that they may be evaluated by the reader
in the light of the sbove remarks.

| A semple of 3,781 eggs was collected south of Six Mile Bey (near
station “C, Fige. 18), at Leke Gogebic, on May 21, 1947, in water from 12 to
18 inches deep. Of these, 2,191 (58 percent) were dead (either fungused,
white, or gray); 289 (7.6 percent) were shells; and 1,301 (34.4 percent)
were viable. In & second semple of 10,712 eggs collected on May 25, at
Six Mile Bay, near station E, 4,344 (41.5 percent) were dead; 480 (4.5 per-
cent) were shells, and 5,888 (55.0 percent) were vieble. If shells are not

divided, but are considered with the dead eggs, the combined samples from

Lake Gogebic show an average viebility of 50 percent.

A semple of 1,945 eggs from Cisco Leke, Gogebic County, collected on
May 21, 1947, revealed 1,462 (75.2 percent) dead eggs, 157 (8.1 percent)
shells end 326 (16.7 percent) viable eggs.

A collection of 279 eggs was made at Big Portege Leake, Jackson County,
on April 10, 1946, Of these, 77 (27.6 percent) were dead and the remainder
(72.4 percent) were viable. No fungused eggs were seen. This collection

was brought into the laboratory and placed in a test tube filled with lake
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water. Bubbles from an air outlet in the tube agitated the eggs and aerated
the water, and an improvised water jacket on the outside of the tube kept
the contents at a temperature of 62 degrees F, The eggs began hatching by
the afternoon of April 15. A total of 194 (69.5 percent of the sample and
96.0 percent of the viable eggs) hatched.

An examination of the shoreline of Cisco and Thousand Island Lakes,
Gogebic County, on May 14, 1948, revealed a large number of eyed eggs and
very few which were dead. Dr. E. W. Roelofs, formerly & member of the staff
of the Institute for Fisheries Research, reported (unpublished) that pike-
parch eggs were found along the shoreline of Gulliver Lake, Schooloraft
County, on April 21, 1942. On another visit, on May 5, he found a much smal-
ler number of eggs, but all were eyed, and no infertile egzs were found.
Twenty=-Lour eggs placed in a two-quart jar hatched within a period of two
hours. The observations at the Gogebic County lakes and Gulliver Lake
suggest that in at least some lakes, under certain situations, many of the
dead egzs originally present on the spawning beds are destroyed or are re-
moved befors hatching of viable eggs, or at least before hatching is com~
plested. Thus proportionally fewer dead eggs are likely to occur on the beds
late in the season than earlier, and counts made late in the ssason give a
distorted picture of natural fertility.

That some lots of eggs may have a markedly lower fertility (or viabil-
ity) than others is indicated by observations at Lake Gogebic on May 9 and
12, 1948, Unusual concentrations of dead eggs, adhering to the substratum,
were noted. The areas of such concentrations were from 2 to 4 feet across.
Along 150 linear feet of shoreline in the Six Mile Bay area, where the in-
cidence of such groups was exceptionally high, no less than 80 clusters of

dead eggs were observed. They wers found in water renging from 3 to 19
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inches in depth, which averaged 8.5 jnches. All eggs adhered to the stony
bottom. In & given group the eggs were of the same color and apparently in
the same stage of decay, although the decomposition varied among groups. In
the more recently deposited groups, eggs were marked by only a single white
spot; in others the entire egg had become milky white (Figs. 45 and 46);
and still others had already become fungused (Fig. 47). Based on partial
oounts, several of the areas contained in excess of 5,000 eggs each. Cursory
inspection of a sam?le of an estimated 20,000 eggzs taken from these areas
revealed only 8 which were viable, and these may have been included accident-
ally from outside the group which was being examined, Between the areas of
concent ration of dead eggzs the percentage of viable eggzs was estimated at
about 50.

The appearance of the groups of eggs, particularly with regard to their
restricted distribution and stage of decay strongly suggested that the eggs
in each group had been deposited at the same time by a single female, or by

a single group of spawning fish. In view of the large number of aggregations

of dead eggs, a general broadcasting of eggs, as seen in the observation of
spawning during daylz.grb hours (p.30 ) possibly occurs less commonly than
spawning involving only & minimum of movement elong the breeding area, such
as the movement of the group in concentric circles (p. 33. It should be
noted thet the concentrations of dead eggs, beihg white, were conspicuous,
whereas similar aggregations of viable eggs would be difficult to locate.
The reason for this unusual egg morta_lity,l not otherwise obssrved by
the writer, is not known. It is not certain that the eggs were infertile,
as they may have died from unknown causes after fertiligation. Cobb (1923)
reported that females which sometimes "throw' their eggs at the surface of

8 stream are not always accompanied by males. This would seem unlikely in
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Fig. 45. Dead pikeperch eggs on the spauning
' grounds at Lake Gogebic, May 12,
1948.

Fig. 46. Dead pikeperch eggs adhering to stones
which wers removed from the spawming
beds at Lake Gogebio, May 12, 1948.



Fig. 47.

Fungused pikeperch eggs on the
spawming grounds at Lake Gogebiloc,
May 12, 1948 (see text for dis-
cussion).
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Leke Gogebic, in view of the predominance of males on the spawning beds
throughout the 1947 season. For the present the causes underlying the oo-
currence at Lake Gogebiec remain unexplained, end it is merely recorded that
in this instance, large groups of eggs, lald at about the same time within a
small area suffered a complete or nearly complete mortality.

With regard to the observations of others on pikeperch egg fertility,
it may be noted that in hatcheries in the Great Lekes region about 45 percent
of yellow pikeperch sggs hatch (Van Oosten, 1937). Fertility percentages
given for individual batohes of hatchery eggs by various writers range from
10 to 90 percent. Viability in netural waters has not been reported by
others. Bean (1903) and Goode (1903) said merely that in a state of nature
only a small percentage of the eggs are hatched and that the greater pro=-
portion are driven onto the lake shores by storms or are devoursed by fish
on the spawning beds. Davis (1949) stated that exemination of eggs deposited
on the spawning grounds revealed that a large percentage of eggs (no further
data) had been fertilized.

Observations made at Lake Gogsbic indicate that dead eggs are commonly
moved and sometimes transported for considerable distances by waves and
ocurrents, elthough windrows of eggs heve not been seen. On April 27, 1942,
only a few days after spawning is thought to have begun, & severe storm
arose while the writer was near the middle of the spawning area, along the
east shore. During the storm, a small-meshed scap, 8 inches by 11 inches in
size, was held just below the surface of the water, near shore, and the
crest of a wave was allowed to wash through it. Inspection revealed that it
contained three pikeperch eggs. The procedure was repeated 41 times. Om
36 of these, pikeperch eggs were collected, ranging from 1 to 7 in number,

and averaging 2.4 per 'dip.' Both translucent (viable?) eggs and opaque
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pgss Were present, the latter predominating. On May 1, a very slight wave

E ction was sufficient to bring large numbers of pikeperch eggs into suspen-

lsion, Nearly all of these were dead. It appeared that dead eggs were more

;aadily moved by waves than were viable ones. lLarge numbers of dead eggs

S vero observed in the northeast end of Six Mile Bay on May 22. Spawning is
?ot believed to have occurred in the immediate vicinity and the presence of
wave-washed debris with the eggs suggested the nature of their origin. Only

;dead eggs were found. That the occurrence of such eggs in this area is not

uncommon is suggested by an observation in late May, 19,7, when the same

l condition prevailed.
It is of interest to note that wind in unusual instances acts to

idestroy small numbers of pikeperch eggse During nights when there is cone

} siderable wind, waves sometimes wash spawning pikeperch over or near the

gtops of boulders which are exposed during calm weather and between wave

;crests. Occasionally eggs are washed jnto contact with these surfaces, &ap=

iparently et the moment of oviposition, and become firmly sttached there.

l On the night of May 1, 1942, pikeperch were congregated in large numbers

t near shore. Waves washing onto the shoals moved them sidewise several

inches to a foot or more, but they gently coasted with the wave and

| continued swimming leisurely along in their usual manner. On the following

L day recently deposited pikeperch eggs wero found adhering to portions of

t rocks which were above the surface of the water. Seventeen eggs were count- !

B od on the exposed portion of one such rock, and 27 on another. All

i adhered strongly to the rock surface. No change in water level had

i occurred just prior to the observations, and the rocks had not been moved

out of position. This occurrence appears not to be common, and was not

observed in 1947 or in 19L48.
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As has been mentioned above (p. 87), few fish are associated with
pikeperch on the spawning grounds during the spswning season, and no loss
of eggs by predation was observed at Lake Gogebic. Although pikeperch
exeroise no parental care as such, the preclivity of some males to linger
on the spawning beds in Lake Gogebie for a period of many days after the
peak of the spawning season probably serves to protect the area during the
period of ooccupancy. It is expeoted that potential egg predators (@ege,
forege fishes) would avoild areas frequented by even a few pikeperch moving
slong the spawning ares. During the day, pikeperch which frequent the
shoals st night probably lie in deeper water, just off the beds, so that
spproach to the shoals is potentially cut off during this period as well.
Most if not all of the eggs are hatched by the time the last few males leave
the spawning beds at Lake Gogebie.

In other waters, freedom from predators is mot alweys characteristio
of conditions preveiling on the spawning beds. Bean (1903) stated that
szzs may be devoursd by fish on the spawning grounds and added (1912) the
observation that a spawning stream st Constantlas, New York, was filled with
small perch and minnows which fed on pikepereh eggs and fry. He believed
that the percentage which escaped these depredations was small. Goode
(1903) mentionsd the destructive inroads of sturgeon, catfish and suckers
upon the pikeperch spawning beds. Cole (1905) sdvanced the dubious hypothe-
sis that carp might easily affeect pikeperch in cases where the aggs are
attached to water plents. Cobb (1923) olaimed that pikeperch eggs are
eaten by suckers at night, although he gave no evidence of this other than
the disappesrance of accumulations of eggs and the presence of suskers in
the sres. Adsms and Hankinson (1928) referred to an sbundance of small fish

in Oneida Lake which ate pikeperch eggs.
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Pikeperch eggs are not deposited at all under some situationse. Esch=-
meyer (1942) observed that many pikeperch did not spawn in 1940 under cone
ditions which appeared to be favorable. WNumerous females examined in Norris
Reservoir in June and July were still carrying meture eggse. Derbeck (1947)
reported that streamemigrant pikeperch'which encountered cold weather during
the spawning season returned to the lake and did not resappear at the spawn=
jing grounds in tributary streams. Subsequent fishing in the lake in June
yielded some females which were resorbing their eggse.

In summery, soon after spawning begins at Lake Gogebic, four types of
eggs arse recognizable on the spawning grounds: viable egys containing embrye
os; egg shells; opaque white or gray dead eggs; and fungused eggs. Percent-
ages of viability in egg collections made in three jakes during the spawning
season ranged from 17 to 72 end averaged 50 for two samplss from Lake Gogebic,
Waves and currents transport pikeper;h eggs for considerable distances.

Loas of eggs by predation is believed to be of negligible importance in the

economy of Leke Gogebic pikeperche.

Bohavior, growth, and food during the first sumnmer gz_life

The time required for hatching of yellow pikeperch eggs has besn ob=
served to be 7 days at 57 degrees F., 18 to 20 days at 4,8 degrees F., and
28 days at LO degrees Fe (v, S. Commission of Fish end Fisheries, 1903,
and Leach, 1927).

Fmbryos move freely in the egg shell and can be seen moving about for
a period of several days before hatching. At the time of hatching the tail
and body are fresed first and the fish swims about for a time with the head

enveloped in the egg membranes. Considerable effort is sometimes required
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for the fish to complete its release from the shell. Among eight fish which
were collected as eyed eggs at Lake Gogebic and placed in a quart jar for
observation, from one to seven minutes was required to effect such escape.
After loss of the shell, the fish comes to the gsurface of the water, becomes
quiet, and sinks. It may rest quietly for a time and then repeats this
activity. Ryder (188%) reported that the pectoral fim with its supporting
reys and the median f£in folds are present at the time of hatching, an ob-
sepvation made also by Reighard (1890) and Fish (1932).

The movements of pikeperoh immediately after hatching and for a period
thereafter are not well known. Cheney (1897) believed that after hatohing
the brood remains together for the first season if not destroyed, making &
solid, compact mass during the first two weeks. Bajkov (1930) said that
the fry usually school inm comparatively shallow places. Dymond (1928)
reported that young pikeperseh ocecur on & sandy bottonm, associated with tes-
gellated darters, perch, and young comnon suckers. Adams and Hankinson
(1928) frequently took young pikeperch one to two inches in lenmgth, but they
were not found in numbers at any one place. Those collected were from shal-
low water, over clean rocky or sandy bottom, and seomed to belong to &
rather definite fish association which contained tessellated darters, zebrsa
darters, oyprinids, and, usually, barred killifish, young perch, and white
suckers. Greelsy (1929) seined young at numerous locelities along lake
shores esnd in the Niagara River, end found them more common in sheltered
areas then in exposed places. Raney and Lachner (1942) found young pikeperch
in water from a few inches to two feet in depth during the first two weeks
in July. By the first week in August it was necessary to seine in weed beds
in about four feet of water to take them., Movement toward deeper water con-

tinued with the progress of the sumer and the fish were teken in from 10
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to 12 feet of water during September and October.

At Lake Gogebic, pikeperch were observed hatching on Mey 21, 1942,

On the spawning beds, movements of the fry were difficult to observe be-
ceuse of their very smell size. OCne was observed to spiral up from the
bottom, reach the surfece film, end then drop down. Extensive search was
made in protected areas nesar shore, but no fry were seen. One was observed
ebout 20 feet from shore, swimming vigorously just below the surface. Four
which hed hatched in a jar were released at a point ebout 3 feet from shore,
in water 8 inches deep. Ome headed out toward open water immediately end
two swam ebout in circles for e few moments and then headed outward and
were soon lost from view, The fourth settled to the bottom near shore and
was loste.

Repeated attempts to collect fry in the open water of the lake and
near shore on later dates were unsuccessful.

To further study the habits of pikeperch after hatching, observations
were made at Drayton Plainms, Michigen, where an estimated 200,000 fry were
stocked in & 7.8=-acre rearing pond on April 30, 1946. They had hatched on
the previous day.

On Mey 1, thirteen pikeperch fry were collected in the upper 2 feet of
weter, in the deepest portion of the pond, where water depth ranged from
3.5 to 4 feset. In meking the collectioms, & fine-meshed scap, 14 inches by
14 inches, wes pulled through the water at various points and at different
depths, and then inspected for the presence of the tiny fry. Although con-
siderable effort was expended in the atteépt, no pikeperch were collected
along the shoreline or in the shellow half of the pond (about 1 foot in
depth), or near the water supply inlet at this end of the pond.

It was observed that pikeperch fry being held in the hatchery for
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trensport were positively phototropic, e fact long familiar to fishe-cultur-
1sts (Buck, 1911). On May 5, e sealed beam light was pleced at e height of
sbout 10 feet ebove the surface of the deep water of the pond, and direocted
into it. Fry began entering the illuminated aree immediately after dark
and as meny as 75 at & time were counted during the course of two hours of
observetion. A light used in a similar menner on May 8 wes much less effect-
ive in corcentreting fry.

In addition to that on May 1, fry collections were made at the pond on
May 5, 8, 11, 15, 22, 30, end June 5 and 12. Collections made after May 15
were made with a common sense seine. Sixty pikeperch teken on June 5 aver-
aged 0.8 inch in length.

On May 8 pikeperch fry appeared to be concentrated in water from one
to two feet deep, near the shore toward which a steady wind wes blowing.
Attempts to collect fry near shore on the other dates were either unsuccess-
ful or were markedly less productive than similer efforts in the deepest
part of the pond. On May 30, for example, about 50 fry were taken in a single
haul through deep water, whereas seine hauls at many points near shore end
in the shallow half of the pond yielded not over one pikeperch per haul.

In the light of observations at the hatchery pond, repeated attempts

were mede to collect pikeperch fry at Leke Gogebic in 1947. On June 2,

three fry were collected near the surfece, within 20 feet from shore. A
spotlight directed at the water from a boat, es well as a submerged light,
failed to attract fry when used at various points out in the open water.

One fish entered the illuminated aree when the light was brought near shore.
Cn June 6, sn extensive search along about 50 feet of shoreline where eggs
had been sbundent earlier, in late May, revealed only two eyed eggs. Hatch-

ing appeered to have been pretty well completed. Fine-mesh nets with
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diemeters of one foot and three feet wers towed by & boat squipped with ean
outboard motor in an attempt to take fry. However, planton (plrticulurly
Dnghnia) wes so abundant that the nets soon became clogged.

On June 8, a collsction of fry (mot pikeperch) was made in the open
water of the lake, with a long-~handled dipnet. In this method of collection,
the fish were located individually, by sight, from a boat, in perfectly calm
weather and bright sunlight, and the net was then plunged down at them.
Young of persh, burbot and ciscoes weras the only fish taken. Similar col-
lections made in the opsn water in June of 1941 and of 1947 were found to
consist entirely of yellow perch.

The studies at Lake Gogebic and at Dreayton Plains hatchery indicate that
pikspsrch fry do not remain near shore after hatching. Although not sub-
stantiatsd by collections in Lake Gogebis, the suggestion is made that the
fry move into the open water of the lake shortly after hatching and lead
a pelagic existence until = length of an inch or mors is attained. Under
the artifieisl conditions ocourring in a holding tank at Drayton FPlains,
it was observed that the fry sought neither the surface nor the bottom, but
remained sbout 6 to 18 inches below the surface. In the rearing pond,
they were taken most frequently in the open weter, neither at the surface
nor at ths bottom. Presumably the tiny translucent fish have a better
opportunity to survive umnder thess circumstences than near shore, where
small predators (e.g., minnows) sre concentrsted. Flankton organisms,
which constitute the chief food at this stage in life, are readily available
in the open water. In this conneetion Su rber (1929) related that there is
no question of the success of plantings of pikeperch fry carried to deep
water, but when dumped in still water along shore, they serve merely as s

mesal for shiners. A pelagic existence and dispersal throughout Lake Gogebic
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would also explain their wide distribution, without regard to the location
of the spawning beds, when they rsturn to the shoals in late June or esarly
Julye.

In 1941, pikeperch were first seen in shosl areas on June 25, when two
fish, averaging 1.6 inches in length, were taken just south of Six Mile Bay.
They were closely sssoclated with perch fry which on this date avareged 1.2
inches in length. Two fish were collected on July 8, and on July 10 a col-
lectlon of 20 young pikeperch was meds. These were found in a small cove,
about 200 feet wide at the mouth and extending back from the lake for about
250 feet. This area has a sandy bottom, and was covered with water 2 to
6 inches d;ep. Several small schools of young perch were observed, each
sccompenied by one to five pikeperch. Thess seamed to be participating
membars of the perch schools, and appssred to be feeding sctively with them.
They did not come to the surfaca, as perch sometimes did, but remained oclose
to the bottom. They could be distinguishe & readily from pesroch by their larger
size, lighter color, mors translucent bodiss, and the absence of cross bands
of the perch. When a school fled pursuit, ths pikeperch werse frequently at or
near the head of the group, possibly being faster as a result of their lerger
sizs. Each seine haul produced 1 te 4 pikeperch and 10 to 40 poroh; No
other speclss was sesn.

On this seme dats, a rather closely grouped school of 14 pikoperch was
observed in about 18 inches of water near a dock at the mouth of the Slate
River, three miles from the near end of the spawning grounds. There were
no perch in the school, although some were near-by. The young pikeperch
wers moving about in sparse vegetation and remained fairly clese together,
always reassembling when the school broke into two or three smaller group®

for a short time. The school remained within about 26 feet of the spot at
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whioh it was originally seen for a period of several hours. In the seme
generel vieinity there was a school of about 15 to 20 perch, eccompanied by
4 pikeperch which showed no disposition to move to the adjacent school of
pikeperch. Thus, both pure and mixed schools occurred, at least during
early summer. The July 10 collection of pikeperch averaged 2.6 inches in
length, whereas 43 perch teken on July 8 and 10 averaged only 1.6 inches.

On August 2, 1941, a haul with a 40-foot seine in about three feet of
water, along a sand bar near the mouth of the Slate River, yielded 37 pike-
perch associsted with young smallmouth bass, perch snd suckers, yearling
perch, and adult common shiners. The pikeperch averesged 4.l inches in total
length, whereas 34 young perch averaged 2.3 inches in length.

Between October 16 and 21, a collection of 10 young pikeperch was made
with a 3/4-inch (bar measure) gill net set in from 4 to 6 feet of water over
a seandy bottom with sparse vegetation. Six of the 10 fish had been ettacked
by larger fish while they were in the net, and 3 adult pikeperch and 3 adult
northern pike were ceught by the teeth as they attempted to secure the smaller
fish (perch and pikeperch). This collection was probasbly selective for large
young, since small specimens were undoubtedly able to pess through the net.
The ten fish averaged 6.2 inches in length and 1.1 ounces in wéight.

Collections of young pikeperch were made at intervals during the
summer of 1947. After repeated futile attempts (June 12, 27, 28; July 2),
the first collection was made on July 7, in the jdentical shallow, sendy
cove where young pikeperch were teken in 1941. Twenty were taken. Most of
these occurred individually, elthough several were again seen with schools of
perch. One young pikeperch drew my attention because it was swimming upside
down. It returned to a normel position from time to time, but was unable to

maintein it, turning over onto its back repeatedly, thus ceusing the fish to
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move forward through the water in a spiral. Closer observation revealed the
red gills shining through the brenchiostegel membranes, suggesting that the
mouth was open. The fish was colleoted and found to be 28 mm. long. In its
mouth end throet was & small sucker, 22 mm. in length. Cursory examination
of other fish in the collection reveasled thet some small pikeperch hed suc-
ceeded in swallowing sucker fry of similer size.

Several additional young pikeperch were taken in the cove on July 8.
On July 9, 10 were taken just north of the mouth of the Slate River, over &
berren, sendy bottom et depths ranging to four feet. These were associated
with yearling pikeperch sand with yearling perch.

Thirty-seven young pikeperch taken between July 7 and July 9 averaged
1.2 inches in length; and 27 young perch teken with them averaged 1.0 inch-
es (Fige 48)e

Twenty-five pikeperch collected by L. R. Anderson and A. K. Adams at
the same locelity on July 25 avereged 2.3 inches in length. Pikeperch were
no longer frequenting this barren esrea on August 8, but 14 (average length
3.3 inches) were collected in a dense bed of submerged pondweeds near=by, in
weter to three feet in depth, over a sandy bottom. Young'pikeperch were

taken in the same location from August 18 to 22, Porty-four specimens

averaged 3,9 inches in length. A considerable amount of effort was expended

in getting this sample of fish, which leads to the observation that goung
pikeperch have not been collected in large numbers at Lake Gogebic at any
time. Compared to young~of-the-year perch, they are soarce in areas where
collections have been made. On the basis of such collections alone one
might wonder how such & large population of plkeperch is maintained in the
leke. Their scarcity may be due in pert to the fact that not all young

pikeperch frequent the shallow areas, but may occur in much deeper weter.



T

Living young yellow pikeperch (left)
and yellow perch colleoted at Lake
Gogebic, July 7, 1947. Note the
lighter ocolor, groeater translucency,
and absence of vertiocal bars in the
pikeperch. The scale is in mm.
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Thet this is true is shown by the accidental capturs of two young pikeperch
by entanglement of the canine teeth in lerge mesh gill nets in August. One
of these, 3.3 inches long, was teaken near the float line of a 6~foot gill net
sst about 300 yards from shore, in water 24 feet desp, on August 18. A
second, 3.1 inches long, was taken on August 21, near the lead line of a
net set in 32 feet of water, also sbout 300 yards from shore. The stomachs
of both contained only Dephnia.

On October 16, 13 pikeperch were collected. The fish were diffiocult to
loocats, and only s few were taken at & given location, generally in water as
much as four feet in depth, over a sandy bottom. Deeper areas were not sampled.

The growth of pikeperch in Laks Gogeble during the first summer of 1ife
jn 1941 snd in 1947 is summarized in Teble 20. It is of interest to note
thet during 1947 growth was consistently behind the growth observed in 1941.
Possibly the late spring of 1947, resulting in delayed heatching, was a factor
of significance in this connection. However, growth was probably about the
same in 1946 as in 1947, for 21 year=-old fish collected on June 20, 1947,
before any spring growth had occurred, averaged only 4.8 inches in length,
or only O.1 ineh larger thean the October 16 eollection of young-of-the-year

figsh. The growing season had probably been virtually complated by late

Octobsr, so the two figures are compareble. Growth during the first yesar of
1ife in Lake Gogebic in 1947 s j1lustrated in Figurs 49 by preserved spec-
imens from the various collections. By the end of the first year of life,
young=-of-the-ysar can no longer be distinguished with certainty on the basis
of length alone becauss soms yearlings ars smaller than the largest young
figh.

The data presented for growth of young pikeperch compares intersstingly

with that of Raney and Lachner (1942) from Oneida Lake (Fig. §0). In this
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Teble 20. The growth of yellow pikeperch during the first summer of
life in Lake Gogebic, 1941 and 1947.

Date of Number Total length Average Increment in
collection of Range Average, Average, weight, total length
specimens mm., inches grams per week (mm.)
1941
June 25 2 36=-40 38 1.5 0.5 coe
July 8 2 45-54 50 2.0 1.2 PN
July 10 21 56=76 66 2.6 245 13.1
August 2 37 91-116 103 4,1 10.0 11.2
Oct. 16=-21 10 146-172 157 6.2 32.3 4,8
1947
July 7=9 37 25-42 31 1.2 0.3 N
July 25 25 46-75 59 2.3 1.9 11.5
Auzust 8 14 65-96 85 343 6.0 13.0
August
18-22 44 70-123 99 3.9 9,0 8.2
Sept. 19 1 118 116 4,6 13.9 sse
October 16 13 92-176 120 4.7 15.2 2.6




1 2 2 + 5 6

Growth of young yellow pikeperch in
Lake Gogebic in 1947. Speocimens
represent average sizes in ocolleotions
made on the dates showm.
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Fi.g. 50.

Growth of young yellow pikeperch in
Lake Gogebioc, 1941 and 1947, and in
Oneida Lake, 1940, The ocurve fer
Oneida Lake is based on dats published
by Raney and Lachner (1942),
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water, pikeperch attained an average length of'135 mn. (about 5.3 inches)

by October 24, 1940, a sigze which is smaller than that in Lake Gogebic in
1941, but larger than that for 1947 (and probably also 1946). However,
average weekly increment throughout the summer in Lake Gogebic in 1947 weas
greater than that for Oneida Leake (6.2 and 5.3 mm. respectively). Thirty-
geven fish taken from Lake Gogebic on July 7 to 9 averaged only 31 mm. in
length, whereas a collection of 104 fish at Oneida Lake on July 2, 1940,
averaged 48,2 mm. Average weekly increments were substantially greater at
Leke Gogebic than at Oneida Leke during the following several weeks, and by
August 20, 44 Gogebie pikeperch averaged 99 mm. in length, and 46 which were
collected at Oneide Lake on August 16 averaged the seame. From this time
until October 24, however, the Oneida Lake fish had a greater average weekly
inerement than that which accrued to Lake Gogebic pikeperch during about the
seme period. Comparison of the 1940 year class from Oneida Lake and the

1947 year class in Lake Gogebic shows the rate gf_growth to be faster in

Leke Gogebic, but a longer growing season in Oneida Lake permitted the fish
there to realize early and late season advantages, and thus to reach a greater
size in the fall.

The early growth of pikeperch has been given less detailed consideration

by a number of other workers. Bean (1903) conjectured that the rate of

growth must be rapid, and reported that in July, 1888, examples from 4 to 6
inches long were taken, some of which seemed to be young of the year.

Forbes (1903) collected a pikeperch in the I1linois River in June, 1870,
which wae 2 inches long, and another in Juns, 1878, 2.5 inches long, which
were probably young-of-the-year. Ademstone (1922) caloulated the growth of
yellow pikeperch which were collected in Lake Erie to be 103 mm. in standerd

length (roughly 4.7 inches total length), based on the study of 25 large
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specimense. Deason (1933), also dealing with Lake Erie pikeperch, calculated
the average standard length of 1,430 specimens at the end of the first year
to be 91 mm. standard length (about 4.1 inches total length). Hart (1928)
found that four specimens from Lake Nipigon had attained an average length
of 123 mm. {about 5.6 inches total length) at the end of one year. Greeley
(1929) noted that four specimens taken on July 26 from the Niagara River

wore from 1-7/8 to 2-1/8 inches long. Eschmaye::€152f§sstudied pikeperch
collected from Norris Reservoir in 1938, 1939, and 1940, and calcoulated total
lengths at the end of the first year ranging from 7.5 to 8.6 inches (96
specimens) among the various collections. He also took 14 young fish from
sinkholes which aversged 10,5 inches in length, or well over twice that in
Lake Gogebic in 1947. Schloemer and Lorch (1942) caloulated the averagse
standard length of pikeperch from Trout Leke, Wisconsin, at the end of the
first year of life as 114 mm., or 5.3 inches in total length (429 specimens).
Average calculated standard lengths at the end of the first year of life
among fish from 39 populations in Wisconsin renged from 86 to 117 mm. These
had an unweizhted average standard length of 117 mm., or 5.4 inches in total
length. Eddy and Carlander (1942) calculated an average standard length of
94 mm. (about 4.3 inches total length) at the end of the first year of 1life
for 6,601 pikeperch from 81 Minnesota lakes and rivers. Carlander (1945)

found an average calculated standard length at the end of the first year of

life of 143 millimeters (about 6.4 inches, total length) in 2,898 pikeperch
from Lake of the Woods.

The length of young pikeperch at Leks Gogeblc near the end of the first
year of life in 1947 (and 1946) is observed to be less than the calculated or
measured lengths in several of the other populations studied, but appears to

be greater than that in Leke Erie, 7 of the 39 populations studied by Schloemer
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and Lorch, and the fish studied by Eddy and Carlander in Minnesota. The
four specimens collected by Greeley in the Niagara River were also smaller
than those occurring at Lake Gogebiec at about the same time of the year.
The probable inaccuracy of the October collections in 1941, a8 a result of
their collection in a gill net which took only the larger fish, prevents
comparison with that year. The available data suggest that growth in other
waters corresponds more closely with that in Lake Gogebic for 1941 than for
1947 (or for 1946).

The food of young pikeperch has been studied by a number of workers.
Among the accounts dealing with food of pikeperch during the first year of
life are the following:

Forbes (1880; 1903) examined stomachs of two pikeperch, 2 and 2.5 inches
long, from the Illinois River. One contained a small fish and the other a
few Entomostraca. Pearse (1921) studied 5 specimens from Lake Geneva, Wis-
consin, colleected on July 25, which averaged 52 mm. in standard lsngth.
These had eaten 30 percent fish, 13 percent ochironomid pupase, 52 percent

Daphnia, end 3 pesrcent Cyclops. Leptodora also ococurred (0.4 percent).

Clemens and others (1923) found only fish remeins in three young, 53 to 68

millimeters in length, collected at Leke Nipigon, Ontario, between July 20

and August 4. In three fish from the same water, 1-3/8 to 1=7/8 inches long
taken July 31, Clemens et al (1924) found mostly micro-crustaceans (Daphnia,

Cyclops, Bosmina, and Episohura), e few chironomid larvee and pupae, and

the remains of three fish, In Big Sandy Lake, Minnesota, Kidd (1927) found
that Entomostraca together with some algae were the chief foods of pikeperch
l%-to 9 inches in length. Gammarus and small fish were found in those over
two inches in length., Adams and Hankinson (1928) reported that 6 fish from

Oneida Lake, 1 to 2 inches long, contained unidentifiable fish remains, and
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that one of these had 9 small fry in its stomach. Sibley (1929) found only
fry of Catostomidae in nine specimens ranging from 31 to 54 mm. in standard
length collected in New York. Surber (1930) found fish in each of ten
specimens ranging from 43 to 75 mm. in length from a slough in the upper
Mississippi River. In addition, he found Entomostraca in 9, Daphnia in 2,
copepods in 3, and ostracods in 2. Rimsky~Korsakoff (1930) found only fish
(yellow perch and Johnny darters) in 32 specimens, 45-70 mn. in standard
length, from the Lake Champlain drainage in New York. Bajkov (1930) reported
that for the first month fry are plankton feeders (main items: planktonic
Crustacea), but shortly after this begin to feed on different imsect larvae
and small fish., Sibley and Rimsky=-Korsakoff (1931) found that six young,

55 to 95 mm. in standard length, from the St. Regis and Salmon Rivers, New
York, had eaten only Johnny darters. Nurnberger (1930) examined 54 fish from
Bigz Sandy Lake, Minnesota, ranging from 52 to 380 mm. in standard length,

and found, in the stomachs of 28 of these whioch contained food, 54 fish, 30

insects, and a mass of Potamogeton. Insects were eaten when the fish were

75 mm. in length. Ewers (1933) examined 111 Stizostedion stomachs taken

from western Lake Erie between June 27 and September 29, 1929. The fish
averaged 59.3 mm. in length, end ranged from 24 to 190 mm. She found 64.6
percent Entomostraca (by volume), 4 percent insects, end 27.3 percent fish.
Raney and Lachmer (1942) examined 620 stomachs of young taken in Oneida
Leke from July 2 to October 24, 1940. These ranged in total length from
about 1.3 to nearly 7 inches. Food was present in 495 of the stomachs.

In contrast to Ewer's study, just mentioned, fish wers by far the most
important item of diet in Oneida Lake, equaling 92.9 percent of the total
volume, with Johnny darters, pumpkinseeds, snd yellow perch contributing

heavily to this total. The remaining food was made up of invertebrates,
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particularly insects (3.7 percent) and crustaceans (2.7 percent). Smith

and Moyle (1945) examined 945 stomachs of pikeperch which ranged from 6.5
to 214 mm. in length, and from 10 to 223 days in age, taken from rearing

ponds in Minnesota. The stomachs of 818 contained food. Of thesse, 13.3

percent contained fish, 38.2 percent copepods, 40.1 percent cladocerans,

60.6 percent insects, 1.8 percent rotifers, l.1 percent nauplii, amd 1.1

percent miscellaneous items.

The results of stomach enalyses of young pikeperch collected at Lake
Gogebic in 1941 show that fish are a very important item of diet. In this
respect they resemble Oneide Lake pikeperch and differ from those in Lake
Erie studied by Ewers and those in the hetchery ponds in Minnesota discus-
sed above.

The contents of the stomachs of 55 young pikeperch collected from Lake
Gogebic in 1941 are summarized in Table 21. An additional 17 stomachs which
were examined were empty. Fish constituted the most important item of diet
in all collections except that of October 16 to 21. Five out of six stom=-
achs collectad between these dates werse crammed with Leptodora. One con=-
tained the remains of a fish and two included small mayfly nymphs. For
the combined collsctions, fish constituted about 73 percent of the total
food in volume, and oocurred in 48 out of 55 (76.4 percent) of the stomachs
examined. TInsects (chironomid pupae, mayfly nymphs, terrestrial Hemiptera,
and unidentified remains) made up 2.4 percent of the total volume and oo-
surred in 12 (21.8 peroent) of the stomachs containing food. Cladocera
(almost entirely Legtodora) made up the remainder, equaling 24.4 percent of
the total volume, but occurring in only § (s.1 percent) of the stomachs.
Yellow perch were the only fish positively jdentified in the stomachs, and

made up about 58 percent of the total volume of food. They occurred in the
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collections of Jume 24, July 10, and August 2, as shown in the table. Un-
jdentified fish (very probably largely perch) occurred in one or more spec-
jmens from each collection. Fry of white suckers were not observed in this
series of stomachs, but were an item of importance in the diet of small fry
collected in early July, 1947, as has been mentioned ebove., Analyses of
food in stomechs of pikeperch collected during that year are incomplete, and
are not discussed here.

In summary, yellow pikeperch leeve shoreward areas soon after hatching,
and probably lead a pelagic existence until they are ebout an inch or more
in length. At Lake Gogebic, they returm to the shoals in late June or
early July. At this time they may be participating members of perch schools,
or may form schools of their own. After early August, pikeperch were usually
found in arees sheltered by vegetation or in deep water rather than on the
barren sendy shoals which they occupied earlier. In 1946 and in 1947, pike-
perch attained lengths of 4.8 and 4.7 inches, respectively, near the end of
the first growing season. This is a smaller size than that attained by the
species in most outstate waters which have been studied. Food of young
pikeperch in Lake Gogebic is composed mostly of fish, particularly yellow

perch.
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Pert II. OBSERVATIONS ON THE LIFE HISTORY OF YELLOW PIKEFERCH

IN THE MUSKEGON RIVER WITH SPECIAL REFERENCE TO MIGRATION

Introduction

The Muskegon River is located in the west-central portion of the Lower
Peninsula of Michigan. It has its origin in Higgins and Houghton lekes,
Roscommon County, and flows in a southwesterly direction for a distance of
227 miles, until it enters Lake Michigen near Muskegon, by way of Muskegon
Lake. The drainasge basin is long and narrow, with a length of 121 miles,
an average width of about 22 miles, and an area of 2,663 square miles (U. S.
War Department, 1931). It has a gently rolling topography; has a soil con-
sisting largely of sand and clay; is covered with second-growth timber; and
is sparsely populated. Banks of the river valley are from 50 to 150 feet
hizh in many areas, and are much eroded. For its lower 100 miles the river
averages from 200 to 250 feet in width and about 5 feet in depth. There is
a fall of 559 feet from Houghton Lake to the mouth, or an average of about
2.5 feset per mile. The greatest rate of fall, 4.4 feet per mile, ocours in
the 73 miles of stream above the village of Newaygzo, which is situated 39
miles upstream from the river mouth. Within the section of greatest fall
sere located five power dams, owned and operated by Consumers Power Companye.

The dam nearest the mouth of the Muskegon is loocated at Newaygo. It
has a head of 17.5 feet and creates an impoundment about four miles long.
Croton Dem, 13.4 miles above Newaygzo, has a developed head of 40 feel, and
backs up water to the foot of Hardy Dem, 6.9 miles upstresm. Hardy is the

largest of the Muskegon dams, It has a 100-foot head and creates an
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impoundment which is neerly a mile wide and over 100 feet in depth, and
which reaches upstream for 25 miles, to the foot of Rogers Dam. The latter
structure has e head of 40 feet and impounds water for about 8 miles. Big
Rapids Dam is 16 feet high, and is located 11.3 miles above Rogers Dam.

The present dams at Newaygo and Big Rapids occupy sites which have been
used for pewer development since the early lumbering days and were built in
1900 and 1925 respsctively. The other structures are concrets and earth=-
£i11 dams which were constructed in 1900 (Rogers), 1807 (Croton) and 1931
(Herdy)s The location of these dams in the Muskegon River is shown in
Fizure 5l.

Each spring large numbers of yellow pikeperch and a few game fish of
otﬁer species ascend the Muskegon River on their annual spawning migration
until they emncounter Newaygo Dam, an impassable barrier (Fig. 52)« The
fish congregate in the section of stream below the obstacle and remain in
the vicinity in some numbers for a period of several weeks. Each year for
the past 26 years varying numbers (usually thousands) of geme fish have been
captured below the dam and transferred from this area of seasonal concentrat-
ion to various points in the stream sbove and to certain other waters in the
drainage. This annual conveyance of fish around the dam is known as the
"Newaygo transfer.”

Almost since the year of its inception the transfer has been a source
of spirited controversy between individuals and groups concerned with the
river or its connecting waters above Newaygo Dam and those interested in
the fishery below - particularly in Muskegon Lake. The differing points of
view led to & study of the problem by the Department of Conservation's
Institute for Fisheries Research in 1947 and in 1948. It is in connection

with this inquiry that the data here presented were obtained.
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Fige 51. Mep of central Michigan, showing
location of power dams on the Muskegon
River. In agoending sequence these
are Newaygo, Croton, Hardy, Rogers and

Big Repids.

Fig. 52. A view of Newaygo Dem, Muskegon River,
during a period of low water, August,

1947.
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The Newaygo Transfer

The trensfer of game fish around Newaygo Dam was begun in 1923 by =
group of sportsmen, with the permission of the Department of Conservation.
1n 1928 The Department began active supervision of the work and transfer of
the fish caught. It has besn carried on as an annual function of the De-
partment*s Fish Division since that time.

Throughout the history of the Newaygo transfer the capture of fish
below the dam has been acoomplished by the use of large dipnets operated
by winches. Private individuals own and man the nets, end are paid for
their services by the Consumers Power Company in proportion to the number
of game fish caught by each.

The Muskegon River is about 260 feet wide in the section where dipnetting
has been done during recent years (Fig. 53). The gear used (Fig. 54) con-
sists of a steel frame to which a shallow bag of one-inch netting is attached.
The frame is supported at each corner by wires of equal length, which extend
to & common point above the conter of the net. Here they are joined to a
rope, which passes through & pulley attached to the outer end of an angling
pole which is anchored to the bank. The rope which suspends the net leads
to a wineh, loeated near the center of the pole. A wire attached to the
upstream side of the net is anchored at a point 10 or 15 feet upstrean
(Fig. 53, foreground) to prevent the net from being swept downsiream as it
is lowered into the water. A live box (mnear the operator's pier in Fig. 54),
e long~handled scap net, end & small shelter for use during inclement
westher or during slack fishing periods, complete the equipment.

In operation, the net is lowered into thé river so that the net frame

rests on the bottom. It is left for a period varying from less than a minute
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Fige. 53. Dowmstream view of the Muskegomn River
at Newaygo. A dipnet is showmn at the
right center.

Fig. 54. Dipnst used for taking geme fish
during the Newaygo transfer of 1947.
This net is 10.5 feet square.
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to much longer, depending upon the inclination of the operator. It is
1ifted out of the water vertically, at a moderate, steady speed. If fish
are taken, a long-handled net is extended into the dipnet, the fish are
secured (Fig. 55) and transferred to a live box (Fige 56). In the transfer,
the fish are counted as they are removed from the live box (Fig. 57), and
are placed in an aerated tank truck end transported to an upstream area for
stocking (Fig. 58).

The numbers of game fish and suckers taken in dipnets during the period
from 1928 to 1948 are summarized in Table 22, which is compiled from annual
reports submitted by supervisors in charge of the work. The record is
probably complete for yellow pikeperch and trout, but totals for other game
fish and suckers are incomplete for the earlier years of the tranafer.

During the past 21 years, 202,294 geme fish, 14,020 white suckers, and

14 sturgeon, Acipenser fulvescens Rafinesque, have been caught, Of the game

fish, 195,276 (96.5 percent) were yellow pikeperch and 6,545 (3.2 percent)
were trout., The trout were not differentiated by species. Nearly all were

reinbow trout, Salmo gairdnerii irideus Gibbons, but a few brook trout,

Salvelinus fontinalis fontinalis (Mitchill) and brown trout, Salmo trutta

fario Linnaeus, were included. Northern pike, largemouth and smallmouth
bass (combined in the records) and yellow perch were represented by much
smaller numbers and only during some years of the transfer. Not shown in
the table are a few "stone-rollers"” (probebly hog suckers, EZEentelium

nizricans (LeSueur)); three large smelt, Osmerus mordax (Mitehill), reported

in 1937; one rock bass caught in 1947, and an occasional sea lamprey,

Petromyzon merinmis Linnsaeus.

Pikeperch completely dominated the game fish catch during eech year of

the transfer. It has been the aim of supervisors to have the netting period
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Fig. 56. Removing & y;ilow pikeperch from a
dipnet during the Newaygo transfer
of 1947.

Fig. 56. Transferring a large yellow pikeperch
from the dipnet to a live box during

the 1947 Newaygo transfer.



Fig. 57.

Figo 58.

Removing pikeperech from live box
for transfer to upstreem waters
during the 1947 Newaygo transfer.

Pikeperch removed from aerated tank
truck and about to be planted in
Rogers Pond, Muskegon River impound-
ment, April, 1947.

155
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Teble 22. Summary of numbers and species of fish caught in dipnets in
the Muskegon River during the Newaygo transfer, 1928 - 1948.

Year Yellow Trout® Northern Bass*+ TYellow Sturgeon White
pikeperch pike perch suckerss+s
1928 469 409 oS oo oe® oe o [ X X
1929 3,680 1,024 ese owe LY N 3 eee
1930 8,327 1.712 [ X N ] oed [ B X J oo e® o000
1931 1,5*7 291 oe® L B N J [ 3N J [ R 3 J | X X 4
1932 3,151 791 eon cos eoe 2 2,148
1953 43,088 819 LN J eed [ XN J 3 o9
1934 24’284 465 [ X 3 ) ’.' LA N J 1 [ X X J
1935 24,241 230 (XX ] oo e LN ] [ X R 2, 226

1936 6,676 69 ece eoe eve cse e
1937 6,931 128 13 ece oo 3 1,100

1938 7,020 193 5 .os R eee 2,250
1939 6,345 127 27 2 . ess 1,087
1940 2,641 112 94 46 141 cos 1,044
1941 12,460 43 31 65 30 ces 864
1942 12,469 57 . ces cee cos 49
1943 13’186 52 [ R N J oe® [ X N ] oe 0 487
1944 3,318 9 10 cos oee . 202
1945 789 10 ove ceo coo O 591
1946 4,380 12 1 1 N cos 686
1947 5,540 6 3 ces . 2 263
1948 4,734 6 3 cos cee cse 703
Totals 195,276 6,545 187 114 171 14 14,020

sMostly raimbow trout; occasional brook and brown trout.
*sNot identified to species in snnual reports.
++sData lacking or incomplete for some years.
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jneclude the peak of the plkeperch run, in order to secure maximum numbers
of fish with a minimum expenditure of time and expense, Choice of the start-
ing date has been based on weather conditions, stream temperatures, records
of previous years, or local opinion. Some years a few nets were operated
as test nets prior to the principal netting period, to aid in prediocting
the probable period of greatest concentration. A tebulation of the catches
during consecutive three-day intervals, in terms of percentage of the year's
cateh, for the various years of the transfer (Table 23) shows that the peak
of the run was included in the metting season during most years. In.1936
the peak may have passed before the netting season got underway (only test
nets were set during the first three days and none during the following
three days). In 1942 netting was probably terminated before the peak was
reached and in 1945 the peak may have occurred before netting began. The
course of four representative netting periods is shown in Figure 59.
Scheneberger (1939 and 1940) published catch records for nets set durling
the 1939 and the 1940 pikeperch spawning runs in the Wolf River, Wisconsin.
In both years meximum daily catches ocourred during the period from April
15 to 17. This is three days earlier than the 1939 peak, but coincides with
the 1940 peak in the Muskegon River. Together with dates which he geve for
the pikeperch runs in the Wolf River in the years 1934 to 1937, the data
indicate & simulteneous occurrence of pikeperch runs in the two streams,
His catch records for 1933 in the Fox River below Eureka Dem showed that
most fish were teken from April 13 to 15, 1933, or threé deys shead of the
pesk in the Muskegon River for that year.
A tabuletion of the dates of netting during the years of the transfer
(Table 24) delimits the principesl portion of the pikeperch spewning season

in the Muskegon River. The dipnetting begen as early es March 26 (1933)
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Fige 59. Catch of yellow pikeperch im the
Muskegon River below Newaygo Dam
during four years of the Newaygo
transfer.
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Teble 28. Duration of dipmetting periods in the Muskegon
River below Newaygo Dam.

Year Netting dates Dates of Days of

largest catoh netting
1933 Msrch 26 - April 27 April 16 - 18 33
1934 April 3 - April 28 19 - 21 26
| 1935 April 1 - April 25 11 - 13 25
1936 April 14 - April 28 16 = 17 15
1937 April 3 - April 23 12 - 14 21
1938 April 2 - April 24 11 - 13 23
1939 April 2 - April 25 18 - 20 24
1940 April 2 - April 23 15 - 17 22
1942 April 1 - April 8 6 - 8 8
1943 April 5 - April 16 10 - 12 12
1944 April 6 - April 22 12 - 14 17
19456 April 4 - April 13 4 - 6 10
1946 Maroh 29 - April 12 2- 4 156
1947 April 14 - April 25 16 - 18 12

1948 April 8 - April 22 11 - 13 15
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and g5 late as April 14 (1936, 1947). The operation wes terminated by
April 8, 1842, but was held over as late as April 28 in 1934 and 1936. The
peek three-dey period of the run began as eerly as April 2 (1946) and as
late as April 19 (1934). For the 15 yeers for which there are adequate
records, the average period begen on April 4, lested for 18 deys, ended on
April 21, end reached its peak from April 12 to 14.

The amnuel caetch of pikeperch in dipnets below Newaygo Dam hes varied
from only 469 in 1928 to 43,088 in 1933 (Teble 22). The reasons for the
wide range in the number of fish taken from year to year are obscured by
the presence of many variebles which cannot be evaluated accurately. The
length of the netting seasom during the period ranged from 8 to 33 days.

The number of nets in use heas veried from 37 in 1933 to only 8 in 1945,

end a1l of the nets were not in use throughout the periocd of netting; hence,
the dete cemnot be satisfactorily reduced to catch per unit of fishing ef=-
fort. Ability and interest of the netters hes been varieble. Length of the
netting season and total numbers of fish teken were unrestricted prior to
1936, but since that time there has been & limit of about 10,000 geme fish
or 15 days of netting. Attempts by supervisors to have the middle of the
netting season coincide with the peek of the spawning run have not been
equally successful. Prior to ebout 1944 netting wes done throughout the day
and night and et eny point in the river within about e mile from the dam,
wherees in recent years it has been restricted to nights only and to e se-
lected section of streem. Stream flow esnd wat er temperatufes havetvaried
from yesr to year. Cobb (1923), MacDonald (1924) and Adams end Henkinson
(1928) reported that pikeperch mey lay their eggs in lekes if prevented by
weether or other causes from entering streems, or fish may spawn snywhere

neer the mouths of streams where depth and other conditions are satisfectorye.




162

HadDonald added that pikeperch do not enter streams at ell during some
seasons, or do so only imn small numbers. Derback (1947) found that & sudden
period of cold weather ocaused pikeperch to return to the lake after they had
entered tributary streams to spawn, end observed that they did not returm,
but resorbed their eggse.

The cateh of yellow pikeperch by commercisl fishermen in southern Leke
Michigen end out of the port of Muskegon, the teke in dipnets below Newaygo
Dam, and landings by anglers in the section of the Muskegon River below
Newaygo Dam and in Muskegon Lake, &are compared in Table 25 and are shown
grephically in Figure 60. Correlation among the various catches appears
to be present during some years but during others there is little or no
reletionship between the numbers of fish teken by the various methods end
in the different localities. Further discussion, which an examination of
the graph provokes, is deemed unwise beceuse of the meny variables and un-
certeinties inherent in the data (as discussed above). No interpretation
of the snnusl varistions in the catches at Newaygo Dem is here sttempted.

In summary, e totel of over 195,000 pikeperch has been caught in dip-
nets operated in the Muskegon River below Newanygo Dam during the spring
spavning migrations of the past 21 years. Annual catches have fluctuated
widely sbout the meen of 9,300. As sn average, the netting hes continued
for an 18-day period (April 4 to 21) and the largest ceatches have been made

from April 12 to 1l4.

Pikeperch spewning runs of 1947 and 1948

During the 1947 and 1948 spewning runs, the progress of the dipnetting
below Newaygo Dam was followed in greater deteil than during other years.

The handling of large numbers of fish in conmection with & tagging study
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Fig. 60. Annual production of pikeperch in
southern Lake Michigen and from the
port of Muskegon (thousands of pounds),
catoh in dipmets below Newnygo Dam
(thousands), snd catoh per hour by
fishermen in the Muskegon River below

Newaygo Dam and in Muskegon Lake
(combined).
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provided an opportunity to obtain date which are not aveilable for earlier
yearse.

Water temperatures in the Muskegon River were recorded each day at
about 3z00 p.m., 2nd at sbout 3:00 a.m. by Department personnel supervising
the Newaygo transfers of 1947 and 1948. Daily water temperatures were also
recorded in 1936 (2t noon) and in 1544 (at 10:00 a.m.). The maximum abund-
ance of fish in the netting area, as indicated by the daily catch, occurred
at water temperatures of 40 degrees to 42 degrees F. in 1936, 38 degrees F.
in 1944, 40 degrees F. in 1947, end 44 degrees F. in 1948 (Teble 26). Imn
1547 there was no clearly defined pesk as during most years of the tramsfer,
Spewning was underway and the largest catches for the season were made be-
fore the maximum daily water temperéture exceeded 40 degrees F. This mey
have been true also in 1944, slthough water tempseratures possibly exceeded
40 degrees F. during the afternoons of some deays during the season., Haxi-
mum daily water temperstures renged from 39 degrees to 42 degrees F. during
most of the 1936 season and were fairly constant at 44 degrees F. throughout
nearly all of the 1948 netting period. Temperatures teken at about 3:00 a.m.
everaged 2.6 degrees F. less than the reedings shown in Table 26 in 1947,
and 4.4 degrees F. less than the afternoon reedings in 1948.

Spawning (as evidenced by the capture of meny ripe females) ocourred
throughout the netting periods of these two years. Since breeding is
usuelly nooturnal, it is presumed that spawning occurred here, but et temper-
etures below the mexima shown for 1947 and for 1948. Spawning probably
began when water temperatures renged from about 38 degrees to 40 degrees F.
(except perhaps in 1948) and reached a peak at between 38 degrees end 44
degrees F. This tempersture is lower than that at which the peak of the

spawning period occurs at Lake Gogebic (p.55 ), snd lower than that reported
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Table 26. A record of water temperatures in degrees Fahrenheit and
daily cetch of pikeperch during four netting seasons in
the Muskegon River below Newaygo Dam.

Date 1936 1944 1947 1948
Water Catch Water Cetch Water Catch Water Catch
April <temperature temperature temperature temperature
6 ' N X J [ N X ] 36 195 [ X X ] *oee LN X ] o8 e
7 ee® [ X N 3 36 105 I X N | oe® 45 [ X X J
8 34 36 37 138 eve ess 43 260
9 35 41 39 110 PR cee 44 359
10 38 98 36 222 ces ceeo 44 444
11 soe ees 38 243 see ece 44 - 595
12‘ oo s aee 58 347 [ X N J oe e 44 538
13 39 cos 38 324 oo eve 44 542
14 4] 484 36 - 811 40 274 44 5569
15 41 590 36 182 40 527 44 363
16 4) 664 38 190 40 705 44 292
17 42 664 40 190 40 586 46 246
18 42 542 40 273 40 593 46 195
19 42 380 38 196 40 468 47 166
20 42 444 40 7 41 505 45 89
21 40 740 40 157 42 448 45 44
22 41 443 42 128 43 464 eve 51
23 41 414 [ X X ] [ X N 2 % 375 [ X B L X N 1}
24 43 286 [ N X ) [ X N J 46 227 (X X ] [ X N ]
25 43 360 ese eve eve 366 e eew
26 46 187 e e [ X B J oe e L X N J [ X % ] [ X X ]
27 45 193 208 [ K N ] [ X X ] [ X X J [ X N J L X N J
28 [ X X ] 110 [ X X ] LN N oe P oe® [ X N J LR N J
Totals 6,676 3,318 5,540 4,743%

*Total includes nine fish of other specios; not identified in the daily
catches.
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by Cobb (1923), who stated that the best spawning temperature is from 45
degrees to 50 degrees F., and preferably between 46 degrees snd 48 degrees F,
The dete are in substential agreement with those of Eddy and Surber (1947),
who found that the spawning run starts when water temperatures range from
38 degrees to 44 degrees F, Derback (1947) found that spawning ocecurred
ot & stream temperature of 43 degrees F.

A tagging experiment carried on in connection with the Newaygo trans-
fer provided an opportunity for measuring and sexing over 1700 pikeperch in
1947 end in 1948.

Among mele pikeperch caught in dipnets in 1947, the sige group which
jnecluded fish between 19.0 and 20.9 inches in length composed 37 percent of
the males (Teble 27). This group wes represented by the largest numbers
during 8 of the 12 days of netting. Among femsles, the group measuring
from 23.0 to 24.9 inches was dominant throughout most of the period and
constitut;d about 35 percent of the females examined. No significant
seagonal trend in size is indicated. The slight day=to-day variations are
probably meaningless, since some selectivity occurred in the choice of fish
for measurement which slightly favored the representation of large fish on
some days. In removing fish from orowded live boxes, it was noted that
larger fish were generally caught first, Smaller fish frequently esoeped
capture until most of the larger fi sh had been removed, and, on some 0C~=
casions tagging was interrupted when a live box was only partly emptied.
Although having the effect of incoreasing the number of females over the
smaller meles in the total (61.2 percent in these semples, es compared to
57.7 percent in a random semple - see below), selectivity favoring the
larger size groups may have been exerted. In 1947 males averaged 19.1 inch-

es and the deily averages ranged from 18.6 to 19.7 inches. Females averaged
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Table 27. Size frequencies (in terms of percentage of the

catch) of yellow pikeperch taken in the Muskegon
River below Newaygo Dem, 1947.

linles
Total April
length, 14-15 16=17  18=-1§  20=-21  22-23  24-25  Average.

inches
13.0’14.9 3.6 500 7.4 2.2 7.2 3.5 4.8
15.0=16.2 20.3 17.2 8.4 14.3 12.0 5.9 14.1
17.0-18.9 26.8 . 2708 20.0 27.4 2107 22.4 25.0
19.0"20.9 34.8 5601 36.8 29.7 41.0 48.2 3702
21 00-22‘9 13.0 1208 23.2 2402 14.5 14.1 1602
23.0’24.9 105 006 4.2 2‘2 2.4 4.7 2.2
25.0‘26.9 ese 005 [ XX ] see loz 1.2 0.5
No. of fish 138 180 95 91 83 85 672
Average

Females
Total April
length, 1415  16-17  18=19  20-21  22-23  24-25  Average

inches
17.0-18,9 ose 2.1 1.2 2.0 1.2 1.8 1.5
19.0-20,9 10.9 11.3 5.1 4,5 6.7 11.1 8.0
2100.22.9 52.1 30.5 2706 27.9 31.1 27.8 29.5
23.0-24.9 50.4 53.2 3504 36.4 36.6 38.0 3407
25.0-26,.9 20.6 20.0 24.8 26.0 22.0 16.7 22,1
27 «.O=28.9 6.0 2.1 5.1 2.6 2.4 4.6 3¢9
2900.3009 oee 1.0 0.8 0.6 seoe eve 0.5
No. of fish 184 195 254 154 164 108 1,069
Average

length 21.8 23.3 23.8 23.6 23.5 23.3 23.3
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23,2 inches and the daily mean length varied from 21.0 to 24,0 inches.

In 1948, data similar to those obtained in 1947 were secured (Table
28), but they were divided into two perts, the first covering the principal
portion of the run (April 8 to 13) end the second covering the period of
decline (April 17 to 22). Meles in the size class ranging from 19.0 to 20.9
inches again furnished & larger portion of that sex in the run than eny other
size group. Between April 9 and April 13 males from 19.0 to 22,9 inches in
length dominated, but dﬁring the period of decline fish of smaller sige were
preponderant. A total of 241 males measured from April 8 to 13 averaged
19,4 inches in length, and 242 examined from April 17 to 22 averaged only
18.8 inches. These resulﬁs ere in contrest to the findings in Lake Gogebic
in 1947, where large males were dominant in the catches on the spawning
beds during the period of decline (p.8 1.

In the Mnskago; River run of 1948, as in 1947, femasles ranging from
23.0 to 24.9 inches in length were more abundant than other size cl#sses.
Like the males, the larger fish (23.0 to 26.9) were strongly represented
during the peak of the run, but lost their dominance to smaller fish during
the period of decline. The average length of 832 femeles teken from April
8 to 13 was 23.9 inches; wherees 425 fish sempled from April 17 to 22 had
e mean length of 21.9 inches. Thus females, as well as males, were smaller
in average size during the period of decline of the run than during its
peak.

Femsles constituted 58 percent of a random semple of 1,298 pikeperch
examined during the 1947 netting season (Table 29). The daily catch com=-
prised from 29 to 75 percent femeles, but no seasonal trend is evident.
Females were better represented in 1948 when they‘made up 72 percent of &

season's semple of 1,740 fish, and composed from 54 to 89 percent of the
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Table 28. Size frequencies (in terms of percentage of
the catch) of yellow pikeperch taken in the
Muskegon River below Newaygo Dam, 1948.

Males
Total April April
length, 8=9 10«11 12-13 Average 17«18 19=20 21-22 Average Grand
inches 8-13 17=-22 average
13.0-14,.9 l.4 4.7 ess 2.1 5.5 2.2 oo 3.7 2.9
156.0=16.9 20.2 1546 13.2 17.8 28,3 24.4 24,0 26.5 22.2
17.0-18,.9 21.6 12.5 15.8 18.3 24.4 25.86 24,0 24.8 21.5
19.0-20,.9 29.5 40.6 28,9 32.4 25.2 25.6 20.0 24.8 28.6
21,0-22,.9 23.0 26.6 39.5 26.5 15.0 17.8 24,0 16.9 21.7
23.0=24.9 4.3 ceco 2.6 2.9 1.6 4.4 8.0 Se3 3.1
Number of
fish 139 64 38 241 127 90 25 242 483
Average
length 19.2 19.3 20.1 19.4 18.4 18,8 19.1 18.6 19,0
Females
Total April April
length 8-9 10-11 12-13 Average 17-18 19=-20 21-22 Average Grand
inches 8-13 17=22 average
1500-1609 [ X X ) 0.3 004 002 008 0.9 e 0.7 0.4
17 .0-18 .9 4.3 3.7 2.2 3.4 1402 17.2 11 .1 14.6 7‘21
19,0-20,9 12.5 5.7 10.6 9.0 19.1 27.6 34.9 23.7 14.0
21.0=22,9 197 17.7 16.0 17.7 25.68 22.4 333 25.9 20.4
23.0-24.9 29.3 34.3 372 34.0 21.6 19.8 12.7 19.8 29.2
25,0-26.9 25,5 29.4 27.0 27.6 16.3 T8 6.4 12.5 22.5
27,0-28.9 8.2 8.3 6.2 7.6 2.4 4.3 soe 2.6 5.9
29.0-30.9 005 006 0.4 °.5 L N N ) *e 1.6 0.2 0‘4
Number of
fish 208 350 274 832 246 116 63 425 1,257
Average

length 23.7 24.1 23.8 2349 22.2 21.6 21.4 21,9 23.2
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deily catch. Although no dg.ily total showed as many males as females, males
were reletively better represented before the peak end during the decline of
the run then during the period of maximum numbers (April 11 to 13). At the
peek of the run the cetch exceeded 500 fish on each of four days. For the
three of these for which there are date femsales constituted 88 percent of
the catch. In the period of decline this percentage was 62.

The semples in 1947 and in 1948 were taken within the seme section of
river, with the same type of gear, end by essentially the same personnel.

A difference in the sex ratio of pikeperch during the two years is indicated
by the data. This difference is accentuated if only the peak periods of the
runs are comparede.

In studies of sex ratio on the spawning beds in other waters, males
have always outnumbered femeles. This was true in Oneida Lake, New York,
(Adams end Henkinson, 1928); in Wolf River, Minnesota, (Schneberger, 1938,
1939 and 1940); in streams in Minnesote (Eddy and Surber, 1947); in a streem
in Manitoba (Derbeck, 1947); and in Leke Gogebic (p. 62). A predominance of
meles wes also noted in Burt Lake (p. 70), @& population which was not believed
to be on the spawning grounds. It appears, therefore, that the sex ratio in
the Muskegon River in 1947 and 1948 was very unusual, A number of possible
explenations may account for it.

The catch may not represent a rendom sample of the fish present in the

river due to selective action of the dipnets. As has been mentioned above,

these are 1ifted from the bottaom with e steady upwerd pull. Since the net-
ting occurs in total darkmess, pikeperch are probebly less likely to sound
for the bottom of the net in their attempts to escape than might be true
during daylight hourse. Undoubtedly many fish escape the net as it is being

lifted. Manifestly femeles, burdened with a quantity of eggs often equal
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to one=fourth of their weight (p. 99) are less active then males, whose
reproductive organs probably averege less then 5 persent of their weight.

The expected result is a selective pressure favoring a ﬁigh catch of females,
Other types of gear were not used in the Muskegon River near the dem in 1947
or in 1948, but a trap net was set from March 28 to April 1 in Muskegon Lake,
near the point at which the river enters the lske. Of 22 pikeperch taken,

16 (73 percent) were males. This figure agrees more closely with the findings
in other waterse.

A second possibility for the unbelanced sex ratio is thatit is truly
represenrtative of the migrating population which has been intercepted by the
barrier at this locelity. This might be expleained by some unknown factor,
for example, a greeater longevity of females, such as was found to exist in
Lake of +the Woods (Cearlander, 1945). The collection from Muskegon Lake
mentioned sbove offers evidence to weaken but not necessarily to refute this
explenation. That small sample was teken late in the run, and may not have
been representative of the population as a whole,

A third possibility is that the presence of a barrier (Newaygo Dam)
affects the sexes differently. Possibly a higher proportion of females re-
mein ix the vicinity of the dem, wherees most males return downstream after

encountering the barrier.

It is clear theat further study is necessary before an explanation for
the unbealenced sex ratios can be accepted.

The condition of the ovaries was recorded for 964 pikeperch in 1947
end 1, 257 examined in 1948 (Teble 30). 1In 1947, ebout two-thirds of the
fennle s were ripe, 30 percent were green, and 3.5 percent were spent.
Green females ranged from 46 percent of the totel on April 19 to only 3.5

percerrt on April 24. Despite minor fluctuations, the number of green females

L
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decreased and the number of ripe females increased with the progress of the
season. OSpent females were few in number throughout the period. 1In 1948,
51 percent of the females taken were green, 44 percent were ripe and the
remsinder was spent. Green females exceeded ripe femsles in number early
in the netting period, but later no consistent trends with respect to con-
dition of the ovaries were noted. Spent fish again comprised only a small
percentage of the catch. This suggests that spent females leave the aree
promptly after spawninge. Hoﬁever, there is the possibility that spent fe-
males, because of their greater maneuverability, escape more easily then
heavy fish. Early downstream movement is further indicated, however, by a
report of angling results at a point in the river jmmediately upstream from
vuskegon Leke. On April 17, 1948, an angler was observed with a spent
female pikeperch. He reported that his party had teken 4 on April 12, 17
on the following deay, and occasional fish on subseguent dafes. All were
said to be spent females of large size. On the other hand, two mature
females were taken within 3 miles from Newaygo Dam on May 20 and May 24
which had been tagged on April 21 and released below the dam.

Reports by Scohneberger (1939 end 1940) also jndicated a smell percent-
age of spent femeles in net cateches in the Wolf River, Wisconsin. Of the
femsles teken from March 31 %o April 19, 1939, 64 percent were green, 31
percent were ripe, and 5 percent were spent. From April 5 to 21, 1940, these
percentages were 42 (green), 46 (ripe), and 12 (spent).

In an attempt to determine the extent of the pikeperch spawming beds
in the Muskegon River, eggs were collected at various points in the river
below Neweyzo Dam on April 23 and 24, 1948, when the spawning season was
nearly over. Collections were made with a long-handled net, which consisted

of a rigid rectangular frame, 12 inches by 16 inches, made from one-guarter=
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inch steel, to which a brass soreen, 5 inoches deep, Wwas securely attached.
In making the collections the boat was pointed upstream, and run with an
outboard motor at a speed equal to that of the stream, so that the boat was
motionless. The net was forced vertically into the stream end the bottom
was agitated with the rigid cross=bar at the bottom of the net frame. Eggs
brought into suspension were carried into it by the current, which also
served to hold the eggs in the net while it was being lifted. Collections
were made near mid-stream.

Eggs of yellow pikeperch were found throughout the section of river
extending from Newaygo Dam to = point 16 miles downstreaa. Although the
method of collection was scarcely quentitative, eggs appearsed to be about
equally abundant for about five miles below the dam. Each "plunge" with
the net was successful in taking eggs, with an average yield of about 10 to
15 eggs per attempt. Below this point, eggs wers mach diminished in number.
At some stations (established at about one-half mile intervals in the river)
several efforts were regquired to obtain ezgzs, and only infrequently were
more than six teken in a dip. Diminution in numbers continued to a point
16 miles below the dam, and no eggs Wwere found in a number of collection
attenpts made in the next mile of stream., The bottom here is sandy with

only scattered amounts of gravel of small size and is presumsbly less suit-

able for spawning than upstream areas. Exsminations were not made between
8 point 17 miles below Newaygo Demm and the mouth of the river.

It is not known whether or not a1l fish reach the dam before spawninge.
Tf the dams were not present, one may conjecture that many pikeperch would
spawn somewhere between & point about 2.5 miles below Newaygo Dam and Rogers
Dam, a section of river which has an average drop of 4,6 feet per mils,

whereas the lower section of stream, down to Muskegon Lake has a drop of anly
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about 1.7 feet per mile.* Several writers (Bensley, 1915; Eddy and Surber,
1947; and Derback, 1947) mentioned fast wabter, riffles, or rapids in their
statements concerning pikeperch spaming grounds, and the writer has col=-
lected pikeperch eggs in fast water below dams in several streams in Michi-
zan (see below). Cobb (1923) reported that sgg-bearing females will not
ascend above the first swift water in any numbers, wheresas malas pess over
rapids to a large oxtent. However, current in the Muskegon River, even in
the section of greatest fall, is probebly not as swift as that described by
Cobb.

Possibly rate of fall is not a fector of great importance in the
Muskezon River, however, since apparently many fish spewn in areas down-
stream from this section of greatest fall, even though a 2.5-mile stretech
of it is esvailable to them. FPresumably some eggs may be carried or rolled
dovmstrean for some distance, but it is unlikely that they would be moved
along several miles of the stony bottom before lodging. Conceivably crowd=
ing may force a spread of the spawning in the section of stream below the
dem. The number of fish present is large. In 1947, the 12 dipnets in use
which took 5,540 pikeperch in 12 nights of netting were scattered along
1,078 feet of one bank of the river. ¥Yhen all were set, they covsred an
area of 1,034 square feet, or 0.37 percent of the river bottom within the

and downstream
upstreamAlimits of the section of stream within which they wers located.
Snagging, by means of pulling an unbaited treble gang hook along the bottom
was a very productive method of taking fish during the spawning season until

1948, when the section of stream within one-half mile of the dam was closed

*By interpolation from a profile map (U. S. Wer Department, 1931)
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to fishing during the month of April.

Sestions of stream below dams are favored arsas for pikeperch spawning.
Bensley (1915) reported thelr prefsrence for streams below waterfalls. In
Michigzan, viable eggzs have been collected in streams immediately below dams
not only in the Muskegon River, but also in the Cisco Branch of the Ontonagon
River, below Cisco Lake, Gogebic County (May 3, 1947); the West Branch of the
Ontonagon River, below Lake Gogebiec, Ontonagon County (May 8, 1948); the out-
1ot of Independence Lake, Marquette County (¥May 2, 1948); and below Alverno
Dam in the Black River, Cheboygan County (April 28, 1948).

To summarize, maximum catches (for three-day intervals) of pikeperch
in dipnets below Newaygo Dam occurred at water temperatures ranging from
38 degrees to 44 degrees F. during four years of observation. In 1947,
mele pikeperch averaged 19.1 inches in length; in 1948 this mean was 19.0.
The mean length of females was 23,3 inehes in 1947 and 23.2 inches in 1948.
Females comprised 58 percent of the total fish caught in 1947 and 72 per-
cent of the total in 1948; sex ratios fluctusted widely from day to day
during both years. Green, ripe and spent females were present in the catch
throughout the mnetting periods of 1947 and of 1948, but spent fish comprised
only & small percentage of the total. Pikeperch egzgs wers collected
throughout the section of river from Newaygo Dam to a point 16 miles down=
stream, but were concentrated in the area of stream located within 5 miles

from the dam.
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Movement of tegged yellow pikeperch in the Muskegon River

in 1947 and in 1948

I EP—  ———— I —————

The fate of game fish which are transferred to upstream waters during
the Newaygo transfer has been a metter for speculation by anglers and inter-
ested individuels for many yearse. During the transfer of 1932 C. J. Hyland
tagged 250 geme fish which were distributed among four upstream impoundments.
In the total were included 172 pikeperch ranging from 10 to 36 inches in
length (average, 18.8 jnches), 65 rainbow trout with an average length of
24.4 inches, and 13 northern pike with a mean length of 22.9 inches, Number
3 strap tegs were used, fastened to the gill covers. Returns were disap-
pointing. Only five recaptures have been reported by anglers. Two of these
were of trout and three of pikeperch. Of the latter, one had passed through
Bigz Rapids and Rogers Dems and the other two were saught in the ponds in
which they were released (Croton and Hardy) .

More extensive tagging programs Wers undertaken in 1947 and in 1948.
During eeach of these years 1,375 jaw-tagged pikeperch were distributed among
the five major upstream impoundments.

Two sizes of tags (Fig.6l) were used in the marking of pikeperch in

1947, a No. 3 strap tag, as used at Lake Gogebic (p.73), and & "Hasoco™

livestock ear tag, manufactured by the National Band and Tag Company. The
No. 3 tag is slightly over 0.5 inch long when in position on the fish, 1/8
inch in width, end has a weight of approximately 0.5 gram. The larger tag
(Fig. 62) is slightly over oms inch long, 5/16 jneh wide, and has an average
weight of about 3-1/5 grams. This tag is epparently similar to the one used
by Stoudt (1939). The large tags wore attached to the lower jaw of 652

large pikeperch, whereas the smaller tags were used on the upper or lower

gk
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Fig. 61. Two sizes of strap tags used in the
marking of yellow pikeperch during
the Newaygo transfer of 1947.
(Photograph by William Cristenelli).

Fig. 62, A large strap tag in plece on the
lower jaw of & large pikeperch,
Muskegon River, April, 1947.



181

jew, as 8t Lake Gogebic (Figs. 28 and 29). 1In 1948 only the No. 3 tag was
used. It was ettached to the upper jaw of all fish marked.

of the 1,375 pikeperch relsased in the impoundments of the lﬁusicegon
River in 1947, 216 (15.7 percent) were recovered by April 15, 1948, and an
additional 12 (0.9 percent) were teken between that date and October 15,
1948. The ssme number of fish released in the same impoundments (but dis-

~

tributed differently) in 1948 yielded a return of 232 (16.9 percent) by b
October 15, 1948.

Recoveries from 150 tagged pikepsrch released just below Croton Dam in
1947 mmbered 18 (12 psrcent) during the first year (Fig. 63). Two fish
were recovered in the river above the Newaygo impoundment and 4 were ca.ught
in or near the raceway leading to the powerhouse. One was caught by dip-
netters below Newaygo Dam during the 1948 transfer and another was taken at
the same point by an sngler on April 11. These 2 fish had no doubt returned
upstream to spawn. Another, probably also on its spawning migration, was
taken ebout 12 miles above Muskegon Leke, on March 27. Two fish were re-
covered in Muskegon Lake, 4 were caught by commercial fishermen in Lake
Michigan near Muskegon, 2 were taken near the mouth of the Kalamazoo River,
93 miles by closest water distance from the place of release, on August 15.

During 1948 there was a return by October 15 of 9.3 percent from 300

fish stocked at a poimt about 11 miles above Newaygo Dam. Six were recovered

at the dem, 5 at various points in the river below the dam, 4 in Huskegon
Leke, and 13 in Lake Michigan (Fig. 64). Of the fish reaching the larger
lake, 11 wers caught within a 2-mile radius of Muskegon (50 to 52 miles
from the place of release), 1 was caught near the mouth of the Grand River
(62 miles away), and the other was teken in southern Lake Michigan, 2 miles

west of the village of Bridgmen, after having traveled a minimum of 137



Looations of release (April, 1947) and
of recovery (to April 15, 1948) of tagged
yellew pikeperch stocked in the Muskegon
River below Croton Dem and in Crotom Pomd.
Numbers inside the rectangles end circles
in this and succeeding figures indicate:
the number of pikeperch released and re-
covered, respectively, st the looations
shown.
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Fig. 64.

Locations of relesse (April, 1948) and
of recovery (to Ootober 15, 1948) of
tagged yellow pikeperch stocked in the
Muskegon River below Croton Dam and im
Croton Pond.
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miles in 142 days. This is the greatest distance kmown to have been traveled
by & pikeperch tagged in the Muskegon River.

Sixteen percent of the 501 pikeperch released in Croton Pond in 1947
were recovered during the first year. Of the 80 fish caught, 62 were taken
in the pond within 0.5 mile of the dem, and only 3 were taken upstream from
the place of release (Fig. 63). Two of these had moved downstream for one
mile, and upstream for an equal distance into the impoundment in the Little
Muskegon River created by Croton Dem. Of the 14 fish passing downstream
through the dam, 2 were caught above Newaygo Dam, 4 were recaptured by dip-
netters during the 1948 trensfer, 1 was taken in Muskegon Leke, and 7 had
reached Lake Michigan., Of the latter, 4 were taken near Muskegon and 3
were caught near the mouth of the Kalamazoo River, about 92 miles from the
place of release.

of 300 fish stocked in Croton Pond in 1948, only two are known to have
escaped through or over the dam. These were caught at Newaygo Dam (Fig. 64).
Of the 62 caught in the pond, only 3 were caught upstream from the plece of
release. One was caught just below Hardy Dam, and 2 had gone a short dis-
tance up the Little Muskegon River impoundment before they were recaptured.
As during 1947, most fish were caught within & relatively short distence

from the dam, snd 39 were caught at or near the grates protecting the

entrance to the power turbines,

Of 200 tagged pikeperch planted in Hardy Pond in 1947, there were 53
returns (26.5 percent) during the first year. Fort&-six were caught in
Hardy Pond (Fig. 65). Six of these hed moved upstream from the place of
release, 4 were caught near it, and 36 were teken neer the dam, sbout one
mile downstream. Of the remainder, 5 were caught above Croton Dem and 2

' negotiated each of the 3 dems downstream from the place of releasse (Hardy,



Fig. 65.

Locations of release (April, 1947)

and of recovery (to April 15, 1948)

of tagged yellow pikeperch stocked
in Hardy Pond.
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Fig. 66. Locations of release (April, 1948)
and of recovery (to October 15, 1948)

of tagged yellow pikeperch stocked in
Herdy Pond.
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Fig. 67. Looatioms of release (April, 1947)
end of recovery (to April 15, 1948)
of tagged yellow pikeperch stocked
in Rogers and Big Rapids ponds.
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Fig. 68. Locations of releass (April, 1948)
and of recovery (to October 15, 1948)
of tagged yellow pikeperch stocked im
Rogers and Big Rapids ponds.
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the recoveries were from the same impoundments in which the fish were re-=
leased, whereas in 1948 this percentage was 65. The remeinder had moved
to areas downstream and had passed through one or more power dems.

A sumery of the numbers of fisk which have been recovered after pas-
sing through the various dems is given in Teble 32, Results are included
for lMorley Dam, o l2-foot berrier crossing the Little Muskegon River at a
point about 21 miles upstreem from Croton Dam. Out of 100 pikeperch stocked
in the pond sbove this structure, 11 were recaptured near the place of re-
lease, and 1 was caught just above Croton Dem.

Pikeperch which pessed through more than one dam between the time of
release and recapture (included in the summary in Teble 32) are as followss
12 pessed through Big Rapids and Rogers dams; 1 through Big Rapids, Rogers,
and Hardy; 6 through Rogers and Hardy; 2 through Hardy, Croton end Newnygo;
end 18 through Croton end Neweygo. Fish tagged in 1947 which were recovered
jn 1948 are included in the teble. They are discussed in further detail
below (p.194).

The data prove that fish of lerge size are able to negotiete each of
the power dams in the main streem of the Muskegon. Cearbine and Applegate
(1946) reported that three pikeperch tagged et & weir in the Muskegon River,
one mile below Houghton Leke, were recovered in the immediate vicinity of
(ebove end below) Big Repids Dam, e distence of ebout 130 miles. It is thus
apperent that a pikeperch could migrate from Houghton Leke to Lake Michigen,
although none is known to have done SO.

One is impressed by the jnexoreble proclivity of the pikeperch intro-
duced into the Muskegon impoundments to move downstream. Of the 448 recover-
jes during the 18-month study, only 28 were recaptured gt a distance of a

mile or more sbove the place of release. In each impoundment, e high




192

Table 32. Numbers of tagged pikeperch recovered
after negotiating dams in the Muskegon
River, 1947 and 1948.

Dam pessed Tagged April, 1947 Tagged April, 1948 Totals
1947* 1948x** 1948**
Newaygo 26 8 22 56
Croton 16 7 2 25
Hardy 13 ece 4 17
Rogers 59 1l 28 88
Big Rapids 5 eoe 33 38
Morley ecee ese 1l 1l

=April, 1947, to April 15, 1948
*+April 15, 1948, to October 15, 1948
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proportion of the fish were taken within a short distence from the dam. 1In
Newaygo, Croton, end Rogers dams, e lerge proportion of the fish caught
each year were taken by dangling baited hooks within a few yards of the
grates through which water passes to enter the turbines of the dems. A
favorite fishing place at Croton Dem is from the boom which protects the
grates fram logs and floating debris (Fig. 89). Twenty-five or more persons
were seen gathered on the boom on several occesions, fishing iIm the area
below it, and boats wers often anchored nesr-by. A similar boom, elso much
used by fishermen, is present at Rogers Dem. At Newaygo Dem fishermen
concentrate their efforts near the lower end of & narrow raceway leading
to the powerhousse. Thraughout the impoundments it seems apparent that the
fish were striving to complete their normel migration back to Leke Michigen.
The data in Tsbles 31 and 32 show that the power dams in the Muskegon
are either not negotiated with equal ease by fish, or that the degree of
compulsion to migrate through them veries. One would expect that Hardy
Dam would be the most difficult of the structures to pass successfully.
It is not only the highest of the berriers, but no water was spilled during
1947 and 1948, so that fish escaping from the impoundment had to pass
through the turbines. Although fish probably pass through the power develop=-
ing units of the other dems as well, water is sometimes spilled over or
through these barriers. It mey be pertinent, however, that Hardy Pond is
the largest snd deepest of the impoundments and that it is only in this
reservoir that any apprecieble numbers of tagged fish were caught in the
areas upstreem from the immediete vicinity of the dem (Figs. 65 to 68).
Conceivebly the better habitat provided in this reservoir 1s responsible for
the relatively few fish moving downstreem through the dam. The almost equel-

ly smell percentage of escapement from Croton Dam is not so easily expleined.
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Fig. 69, Powerhouse at Croton Dam, Muskegon
River, showing boom which protects
intake channel, and from which many
tagged pikeperch were caught in
1947 and in 1948.
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The impoundment ranks second in size and depth emong the five impoundments,
end thus might be more etbtractive to pikeperch than the remaining three.
However, unususl numbers of fish taken in Croton Pond were caught near the
dem, as mentioned above, suggesting that they might be attempting to move
through the structure. Furthermore, esn interpretation of percentage of
escapement based on size and depth of the impoundment does not explein the
failure of fish to pass through the 12-fcot Morley Dam. Perhaps unrecog-

pized differences in the construction of the various dams, or unappreciated
physical or biological conditions, are important facbors in determining the
spmount of escapement from the impoundments.

of the tagged fish plented in the impoundments in 1947, there were only
12 returns (0.9 percent) betwsen April 15 and October 15, 1948; 9 of these
had descended at least to Muskegon Lake. Two which had been stocked in
Newaygo Pond were caught in Leke Michigen, 1 near Muskegon and the other
near the mouth of the Kalemazoo River. Seven out of 8 recoveries from fish
which were stocked in Croton Fond were teken in downstream areas: 1 above
Newsygo Dam, 1 at a point 4 miles below the dem (during the 1948 spewning
run), 1 in luskegon Leke, and the remainder in Lake Michigen. Two of the
latter were caught neer Muskegon, 1 was teken 7 miles north of Muskegon,
and enother was caught 2 miles upstream from the mouth of the St. Joseph
River (on July 10), 132 miles from the place of release. of fish plented
in 1947, 2 were recaptured in Hardy Pond efter April 15, 1948: 1 had been
stocked in Rogers Pond, the other in Hardye.

The cause for the small return during 1948 from the 1947 tegging is
not known. Natural mortality among the lerge fish transferred to a new
environment is probably high. The number of tags lost is not kmownm, but 1is

believed to be small, Smaller fish tegged by e similer method end releeased




196

in the Ihland Waterway, Emmet and Cheboygan counties, yielced returns which
extended over & seven year period (Teble 34). The number of fish which are
destroyed while attempting to megotiate the structures is also unkmown.
Reports of mangled fish below the dams, received by the Department of Con=-
sofvetion from time to time, indicate that not all fish are successful in
negotiating the structurese.

of 3,000 native pikeperch tegged in 1837 in Leke Winnibigoshish, Minn-
esota, there was a return of sbout 13 percent during that year, 5 percent in
1938, 3.5 percent in 1939, and 1 percent in 1940 (Eddy end Surber, 1947).
The fish introduced in the Muskegon impoundments showed & higher returm
during the first yeer, but present indications are that returns in succeed-
ing years will be very small.

Some indication of the mature of the downstream migration of Muskegon
pikeperch was obtained by an enalysis of recoveries of fish which were
tagged at the time of the 1948 Newmygo transfer and released in the river
at the point of tagging, slightly over 0.5 mile below Neweygo Dem (Teble 33).

The speed with which pikeperch return to Leke Michigan veries greatly.
The first tagged fish recovered in Lake Michigan wes taken near Muskegon on
May 20, whereas another was ceught only 25 miles beiow Newaygo Dem on May
24. Both were ripe femeles at the time of tagging, on April 17 and April
21, respectivelye. There were no returns from the river after June 1 (except
for one fish which was teken near the mouth in August), suggesting that by
this time most fish had left the river and had returned either to Muskegon
Lake or to Leke Michigean. Reports indicate good fishing for pikeperch in
the river during May, but few adults are teken here in the summer. These
date agree with the findings of Eddy end Surber (1947) who reported that the

adults stay in the headwaters for from 3 to 6 weeks after spawming and then
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Teble 33. Recoveries from 292 tagged yellow pikeperch
released 0.5 mile below Newaygo Danm, Muskegon
River, April 17 to 22, 1948.

Date Days Minimum Miles Place of capture
of out miles per
capture travelled day

April 20 2 2 1.0 2.5 miles below Newaygo Dam.
April 24 ’ 6 1l 0.2 1.5 miles below Newaygo Dam.
May 20 29 2 0.1 2.5 miles below Newaygo Dam.
May 18 31 31 1.0 2 miles above Muskegon Lake.
Uay 20 33 40 1.2 Leke Michigan, near Muskegon.
May 24 33 1 0.0 2.5 miles below Newaygo Dam.
May 31 39 116 3.0 St. Joseph River, near mouth.
June 1 44 32 0.7 1 mile above Muskegon Lake.
June 12 55 81 1.5 Kalamegoo River, near New Richmond.
June 16 56 76 l.4 Kelamazoo River, near mouth.
June 16 60 40 0.7 Lake Michigan, near Muskegon.
June 24 68 40 0.6 Lake Michigen, near Muskegon.
July 3 77 40 0.5 Lake Michigan, near Muskegon.
July 9 79 34 0.4 Muskegon Lake.
July 7 81 40 0.5 Lake Michigan, near Muskegon.
July 8 81 34 0.4 Muskegon Lake.
July 10 84 34 0.4 Muskegon Leake.
July 12 86 51 0.6 Grand River, near mouth.
July 15 88 51 0.6 Grand River, near mouth.
July 18 91 34 0.4 Muskegon Lake.
July 23 96 76 0.8 Kalamazoo River, near mouth.
August 1 105 46 0.4 Lake Michigan, north of Muskegon.
August 3 107 40 0.4 Lake Michigan, near Muskegon.
August 16 120 114 1.0 St. Joseph River, near mouth.
August 21 126 31 0.3 2 miles above Muskegon Lake.
September 10 145 40 0.3 Lake Michigan, near Muskegon.
September 19 151 40 0.3 Lake Michigan, near Muskegon.
September 19 154 40 0.3 Lake Michigan, near Muskegon.
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return to the main body of water.

One fish releesed below Newaygzo Dsm wes recovered at a point near the
mouth of the St. Joseph River on kay 21, It hed covered a minimum distence
of 116 miles within 39 days, for an averege rate of travel of 3 miles per
day. This is the fastest novement recorded for pikeperch tagzed in the
¥uskegon River.

Of the 28 recoveries (9.6 percent) from the 292 fish released below
the dam, 7 were taken in various portions of the river, 4 were caught in
¥uskezon Lake, 9§ were trapped by commercial fishermen within a two-mile
radius of Muskegon andé the remainder had moved to other areas in Lake Nich-
jgan. One had traveled 6 miles north along the shore of the lake, 2 were
teken neer the mouth of the Grend River (51 miles from the plece of release),
3 were caught at or nesr the mouth of the Kalamezoo River (76 to 81 miles
eway), and 2 were taken within 2 miles from the mouth of the St. Joseph
River, after moving from 114 to 116 miles.

Considering the avereage of all fish recaptured, the pikeperch released
below Neweygo Dem hed moved from this point to their point of recapture at
the rete of O.& mile per daye Five had treveled at the rate of 1 mile per
day Or more.

Since, &s noted above, Kewaygo Dam offers relatively little resistance

to downstream migration of f£ish, additicnal informetion concerning the speed

of migretion cen be glesned from & study of recaptures of tegged fish re-
lessed in this impoundment. In 1947, 10 fish for which both dates and
locations of capture are known also moved from the place of release to the
place of recapture at an average rete of 0.6 mile per day. (Fish caught
during the spring of 1948, which were obviously returning on the upstream

migration are not included in this average.) In 1948, 26 fish planted
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between Newaygo eand Croton Dams moved to their place of recapture at the
rete of 0.5 mile per day. Five moved at the rate of 1 mile per day or more.

The sverage rate of downstream migretion of pikeperch in the Muskegon
River after the spawning season in 1947 and in 1948 probably exceeded 0.5
mile per day since this is a minimum figure., Many fish were not yet through
spawning at the time of tagging, so probably did not begin moving to the
place of capture immedistely; undoubtedly others were not caught on the date
of their arrival at the plece of capturse. The fact that the peak of the
spevning season oceurred on April 11 to 14, and that most pikeperch had
apparently left the stream by early June, would suggest that the 39~nile
trip down the river was made at & rate of about a mile a day or more.

The locetion of recapture of fish tagged in the Muskegon River reveals
thet many fish which spawn in this stresm probably originate from southern
Lake Michigen. After returning to the leke, many frequent the mouths of
the Muskegon, Grend, Kalsmegoo end St. Joseph Rivers. Some either remsain
ir Muskegon Leke throughout the summer, or range between it and Lake Mich-
igen during this period.

In summary, there was a return during the first year of 15.7 percent

from 1,375 tagged pikeperch released in the Muskegon River impoundments in

1947, eand an additional return of 0.9 percent by October 15, 1948. The
release of the seme number of marked fish in 1948 yielded a return of 16.9
percent by October 15. Returns from fish stocked in the various reservoirs
renged from 9.3 percent (Newaygo Pond, 1947) to 2645 percent (Hardy Pond,
1947). Only 6 percent of all fish recaptured were taken at points upstream
from the place of release. Downstream movements were for distances as great
a8 137 miles and involved the passing of as meny &s 3 power dsms. In 1947,

43 percent of the fish recaptured had passed through one or more of the
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structures; in 1948 this percentage was 35. Returns from tagged pikeperch
released below Newaygo Dam in 1948 indicated that most fish had left the
Muskegon River by early June. Fifty-nine percent of the recoveries from
this planting were from Leke Michigan. MNost of these were taken near the

mouths of the Muskegon, Grand, Kelemazoo and St. Joseph rivers.

Migration gz_pikeperch.ig_inland lekes

In comnection with the 1947 Newaygo transfer, tagged pikeperch were
stocked in the north and south Newaygo lekes. The north Newaygo lakes
consist of four small (83 to 318 acres), broadly connected, deep (maxime of
from 49 to 73 feet) bodies of water with part or nearly all of their bottoms
composed of marl, They drain into the Muskegon River vie & small stream,
Penoyer Creek. The south Newaygo lekes are composed of two shal low bodies
of weter (26 feet meximum depth), Hese and Brooks lekes., These lakes have
areas of 1,125 acres and 293 acres respectively and are in large part choked
with vegetation. They are connected and drain into the Muskegon River vie
e smell stream, Brooks Creek.

of 200 tagged pikeperch roleased in the north Newaygzo lakes in 1947,

45 (22.5 percent) were recovered. The recaptures reveal that the fish moved
about freely among the four bodies of water during the course of the season,
with some recaptures ocourring in eech (Fige. 70)«

of 175 pikeperch released in the south Newaygo lakes, only 12 (6.9 per=-
cent) were recovered. One traveled from Hess to Brooks Lake, whereas the
others were recovered in the same lake in which released (Fig. 70)

No fish is kmown to have returned to the Muskegon River after being

stocked in either the north or south Newmygo lekes.




Fige 70. Locations of release (April, 1947)

and of recovery (to April 15, 1948)
of tagged yellow pikeperch stocked
in the Newaygo lekes.
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In Cheboygan County a dam blocks the Cheboygan River near its mouth
and prevents upstream migration of pikepereh from Leke Huron. An operation
Ynowr. as the "Cheboygan trensfer," similar to the Newaygo transfer, has
been carried on for over 20 years. Fish are caught in trap nets by com=
mercial fishermen, under supervision of the Department of Conservation.
They are transferred to the various upstreanm lakes and their connecting
streams which together compose the "Inlsnd Waterway System” (Fig. 71).

In connection with the Cheboygen transfer, 213 pikepsrch were tagged
in 1931, but only 3 recoveries were obtained. 1In 1932, a total of 2,154
was tagged and 29 recoveries were secured (Sshetter, 1937). Tags used in
both studies were attached to the gill covers. It was observed that in
general fish dispersed in all directions from &l points of rslease. Onme
fish merely transferred over the dam continued its upstream migration as
for as Crooked Lake, whereas another was later recaptured in Lake Huron.
Cne fish transferred to Crooked Lake was recaptured in the nets below Che-
boyzen Dem before the transfer operation had been completed (Michigan
Conservetion, 1932). The longest irterval betwsen the time of tegging and
recovery was 193 days.

In 1942, 568 pikeperch averaging 14,2 inches in total length were jaw-

tagged by D. S. Shetter and H. R. Crowe during the Cheboygen trensfer, and
were distributed among 6 locations in the various parts of the inland weter-
way. Records of plantings and the recoveries which were made from 1942 to
1948 ere shown in Table 34 and in Figure 71l. During the period, 59 (10.4
percent) of the fish were recovered by anglers.

Of 82 pikeperch stocked one~quarter mile above Cheboygan Dam and 72
plented four miles above this barrier, there were only 5 recoveries. Most

fish in these plantings probably returned to Leke Huron. Poor recovery of .
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Figo 71l.

Loostions of release (April, 1942)
and of recovery (to October 15, 1948)
of tagged yellow pikeperch stocked in
the Inlend Waterway System, Emmet and
Cheboygan counties,
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tagged fish would be expected in this larger water, since only 4 out of
198 pikeperch of similar size tagged in Saginaw Bay in 1942 were subseguently
recovered.

A good share of the remainder of the fish transferred in 1942 spparently
remained in the Inlend Waterway System and contributed to the fishery for a
period of several yesars. Of 19 recoveries from 72 fish stocked in Bleck
Lake, 11 were caught in the lake, 7 at points dewnstream, and 1 about 12
miles upstream in the Bleck River. Of 87 fish released in Mullet Lake,
only 1 was recovered in this water, 1 in the Black River, and 6 in or near
Burt Lake. Five of 82 fish stocked in Burt Lake were csught there, and
6 moved teo upstream waters. Of 109 figh stecked in Crooked Lake, 13 were
eaught in or near the leke, 1 was taken in Round Lake, and another was
receptured in Pickerel lake.

The average interval between release and recapture for the 59 fish
reportsd was almost 2 years and the average distance between the place of
reloase and of recapturs was 5.8 miles (Table 34).

Tagged pikeperch transferred to the Inland Waterway System did not
show the proclivity to return to the lake of their origin which was exhibited
by fish plented in the Muskegon River impoundments. Although they had
relatively sasy access to Laks Huron via broad connecting waters, many of
the fish remained in the inleand lakes and stresms and contributed to the
fighery there for a period of seven years.

On April 28 anéd 29, 1948, 300 native pikeperch were tagged in Burt
Lake. By October 165, 19 of these had been recaptured by anglers. Fourteen
wore teken in Burt Lake, 1 in Pickersl lake, 1l in the Indian River, and 3
in the Sturgeon River. One of the latter had traveled 8 miles upstream.

Returns during future years may verify the indieation that the movement of
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pikeperch native to Burt Lake is as extensive as that of fish introduced
from lLake Huronmn.

The movements of marked pikeperch in the Muskegon River, the Newaygo
lakes, and the Inland Waterway System show that the pikeperch is a wide-
renging species. This has also been demonstrated by other workers. Stoudt
(1939) said that pikeperch rsnge extensively and distribute themselves over
the entire lake after spawning. Doan (1942) obtained & return of 1.8 per-
eent from 1,248 pikeperch tagged in Lake Erie. Most of these had moved from
16 to 32 miles between the time of relsase and recapture, and one traveled
from South Baas'Island, in western Lake Erie, to Irving, New York, a distence
of about 200 miles. Eddy and Surber (1947) stated thet the pikepsrch is a
great traveler, and that tagged specimens have been caught within a few

months at distances of 70 to 100 miles from the place of tagging.
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SUMMARY

l. Lake Gogebic is a large, shallow lake locatsd in the westerm part
of the Upper Peminsula of Michizan. It has soft, brown water which 1is
neutral in reaction, has little aquatic vegetation, and has a stony shore=-
line.

2., Yellow piksperch now strongly predominate in a fish population
which contains few forage species. Formerly the lake was dominated by
smallmouth bass and later by northerm pike.,

3. The principal spawning grounds of yellow pikeperch in Lake Gogebile
extend almost without interruption for a distance of over 10 miles along
the leewnrd east shore of the lake. The bottom in this area is composed of
a mixture of gravel, rubble, and boulders, with & substratum of sand and
fine gravel.

4, Little-used spawning grounds occur along the north shore of the
lake, among submerzed rocks forming the riprap for a railroad grade. Some
fish probably spawn in the outlet, but none are believed to spawn in inlet
streams.

5. Areas with a bottom composed only of sand are rejected by spawning
pikeperch in Lake Gogebic and in two other Gogebic County lakes studied.

6. Areas of shoreline in Lake Gogebic with a bottom type similar to
that of the principal spawning grounds are not frequented by spawning
pikeperch, possibly due to less favorable exposure, resulting in a less
cleanly washed bottom. Exposure is not significant in four other lakes

examined.

7. Spawning females usually broadcast their eggs at night in water
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which is three feet or less in depth, in the company of one or more males.
Spawning may be quiet and leisurely or may be accompanied by vigorous
milling end splashing about. Rarely, spawning occurs during the day. Male
pilkeperch congregated on the spawning grounds have a patternless distribut-
ion and are nearly motionless'or swim slowly about over the shoals.

8. Pikeperch are negatively phototropic, & reaction probably related
to +the structure of their eyes. This response is believed to account for
their nocturnal spawning habits and to explain their avoidance of shallow
areas (streams or lake shoals) except at night or during the spawning
m3 gration.

9, During years with average weether conditions, small numbers of
pikeperch appear on the shoals soon after the ice leaves Lake Gogebic, reach
a peak of sbundance during about the first week in May when water temper-
atures renge between 45 degrees to 50 degrees F., and then decline in numbers.

10. In 1947, when the break=-up of the ice occurred about two weeks
later then usual, an estimated 19,000 pikeperch were on the shoals on the
ni zht of the date of the break-up. Shoal water temperature was 34 degrees F.

11, Counts on representative samples of shoreline in 1942 and in 1947
indicated a maximum of 22,000 pikeperch (probably mostly meles) on the shoals
during the peak of the spawning season.

12, In 1942 and in 1947, the decrease in numbers after the peak of the
spawning season was reached was more rapid than the increase in numbers up
to that maximum, although a few fish remained for two weeks or more after
the season's peak.

13. Msle pikeperch composed 89 percent of the catch in trap nets set
on the spawning grounds at Lake Gogebic from May 8 to May 27, 1947, The

percentage of males varied from day to day, the lowest proportion occurring
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near the height of the spawning season (May 15), when males comprised 72

percent of the catch, No mature female pikeperch were taken after May 16,

14e In 1947, trep net catches showed that males were the first to
arrive on the spawning grounds in numbers end that they remained on the
area for a number of days after the females had left,

15, Green, ripe, and spent females were present on the spawning beds
throughout the period when females were netted in 1947. Green fish were
most numerous early in the season and the highest proportion of ripe females
was taken just before the peak of the spawning season.

16, Spawning male pikeperch exhibited no established territoriality,
but showed & general movement in both directions along the spawning beds
in Lake Gogebic in 19,7. Movement was for distances as great as 5 miles
and recaptures were at intervals as great as 13 days. Pikeperch dispersed
widely in Leke Gogebic following aggregation on the spawning groundse.

17. Adult msle pikeperch measured at the spawning grounds at Lake
Gogebic in 1947 renged from 12.2 to 22.1 inches in length and averaged 16.9
inches. Mature females ranged from 15.L to 28.8 inches and had & mean
length of 18.8 inches,

18, Small males left the spewning grounds before the large fish,
whereas females taken in the nets averaged larger before May 12 than after
that time.

19. TYellow pikeperch comprised 99.8 percent of all fish taeken in trap
nets on the spawning grounds at Lake Gogebic between May 8 and May 27, 19,7,

20. As compared to testes of pikeperch, ovaries are more heavily
pigmented (in small fish), more bluntly tepering anteriorly, more transparent,
and have more conspicuous transverse venation. The dorsal blood vessel of

the testes of mature males is loceted in a groove, whereas in ovaries it is
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at the surface.

21. Developing eggs are visible through the ovary wall of most mature
females by mid=August at Lake Gogebic. Residual eggs are also present in
some ovaries at this time, although these were not observed in specimens
collected in October,

22, By mid=-October ovaries and testes are of about equal size and
weight, ranging from 3.1 to 7.9 percent and from 3.2 to 5.7 percent,
respectively, of the body weight.

23. In Lake Gogebic females, the ovaries averaged 0.7 percent of the
body weight in August. Just before spawning, ovaries averaged from 17.3
percent of the body weight (31 fish from Lake Gogebic) to 27.9 percent (5
large fish from Saginaw Bay).

24, In males, the testes averaged 0.2 percent of the body weight in
August. In three males collected before and during the spawning season at
Lake Gogebic this figure was 3.0 percent.

25. There is 8 wide variation in egg production among females of
similar size. Estimstes of egg production made by the weight method
showed that in Lake Gogebic fish ranging from 16.0 to 22.7 inches in length
yielded an average of 28,503 eggs per pound of fish. For fish of larger
size from the Muskegon River and from Saginaw Bay, the averages were 41,188
and 41,667, respectively. Maximum egg production noted wes 615,166 in the
ovaries of a 3l-inch, l3-pound=4=ounce specimen from Saginew Bay.

26. Residual eggs eaveraged 0,3 percent of the total estimated egg
production in five of six Lake Gogebic pikeperch examined after spawning.

27. Soon after spawning begins at Lake Gogebic there are recognizable
on the spawning grounds: viable eggs containing embryos; egg shellg; opaque

white or gray dead eggs; and fungused eggs.

\
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28. Viability percentages of eggs in collections made in thres lakss
during the spawning season ranged from 17 to 72 and averaged 50 for two
samples from Lake Gogebic., There is wide local variation in percentage of
viability of eggs on the spawning grounds; the percentage varies also with
progress of the season,

29, Loss of eggs by predation is believed to be of negligible importance in
the economy of Lake Gogebic pikeperch.

20. Young pikeperch leave shoreward areas after hatching and probably
lead & pelagic existence until they are about an inch or more in length,
re-entering the shoals in late June or early July.

31. Young pikeperch may be participating members of schools of yesllow
perch, or may form schools of their own. After early August they are
usually found in areas sheltered by vegetation or in deep water, rather than
on the shallow, barren, sandy shoals which they occupy earlier,

32, Pikeperch in Lake Gogebic attained a length of 4.8 and L.7 inches
near the end of the first season of growth in 1946 and in 19,7, respectively,
This is a smeller size than that atteined by the species in most localities
investigated.

33, Food of young pikeperch in Lake Gogebic is composed mostly of fish,
particularly yellow perch.

3&, The Muskegon River is located in woest-central Michigan and connects
Houghton lake with Lake Michigan., Power dams ranging from 16 feet to 100
feet in height cross the river at five points be#ween the villages of Newaygo
and Big Rapids. Newaygo Dam, the farthest downstream, is 39 miles above the
mouth of the river. The others, in ascending sequence, are Croton, Hardy,
Rogers, and Big Rapids damse.

35, In the spring large numbers of pikeperch and, to & lesser extent,
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other species ascend the Muskegon River on their annual spawning migration
and congregate in the section of st ream bslow Neweygo Dam.

36. Annually, since 1923, a portion of the fish congregated below the
dam has been eaught in dipnets and transferred to upstream impoundments or
%o other waters of the Muskegon River drainage. This operation is known as
the "Newaygo transfer”.

37. More then 195,000 pikepsrch have been transferred during the
past 21 yearas. Amnusl catches have fluctuated from lsss than 500 to over
40,000 and averaged 9,300 for the period.

38, On the average, the netting season below Newaygzo Dam has lasted
for 18 days (April 4 to April 21) and the largest catches have besen made
from April 12 to 14.

39. Maximum catches (for three-day intervals) of pikeperch im dipnets
below Newaygo Dam oocurrsd at water temperatures of 36 degrees Fe to 44
degrees F. during four years of observation.

40. In 1947, male pikeperch ranged from 13.1 to 26.7 inches in length
and averaged 19.1 inches; in 1948 these figures were 14.2, 24.9 and 19.0,
respectively. The range in length of females was from 17.7 to 30.7 in
1947, and averaged 23.3 inches. In 1947 tho mean length was 23.2 inches,
with a rangs of from 15.8 to 30.4 inches.

41, In 1948, fish of sach sex were of larger average size during the
peak of the run than during its decline; no such seasonal variation was
noted in 1947.

42, Femsles comprised 58 percent of the catch in 1947 and 72 percent in
1948. The daeily peroentages fluotuated widely.

43, Green, ripes, and spent femmles were present in the scatch through-

out the netting periods of 1947 and of 1948, but spent fish never constituted
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a large percentage of the daily total. It 1is belisved that femalss move
dowvmstream soon after spmwning.

44, Pikeperch egzs were collected throughout the section of river
from Newaygzo Dam to a point 16 miles downstream. They were most sbundant
in the area within five miles from the dam.

45. There was a return during the first year of 15.7 percent from
1,375 tagged pikeperch released in the Muskegon River impoundments in April,
1947, and an additional return of 0.9 percent by October 15, 1948. There
was a return of 16.9 percent by October 15 from the same number of fish
released in the impoundments in April, 1948.

46, Returns from pikeperch stocked in the various reservoirs ranged
from 9,3 percent (Newaygo Pond, 1947) to 26.5 percent (Hardy Pond, 1947).

47, Only 6 percent of all fish recaptured were taken at points up=-
stream from the place of release. Downstream movements were for distances &s
great as 137 miles and involved the passing of as many as 3 power dams. In
1947, 43 percent of the fish recaptured hed passed through one or more of
the Muskegon River dams ~nd in 1948 this percentage was 35. Each of the
dams was successfully negotiated by some fish. Since no water was spilled
at Hardy Dam during the period, this clearly involved movement through the
turbines.

48. Returns from 292 pikeperch released below Newaygo Dam in 1948
indicated that most pikeperch had left the Muskegon River by early June.
Fifty-nine percent of the recoveries from this planting were taken in Lake
Michizan, mostly near the mouths of the Muske gon, Grand, Kalamazoo, and
St. Joseph rivers.

49, Planting of tagged fish in the north Newaygo lakes yielded a

return of 22,5 percent during the first year following release and revealed
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that fish moved freely among the four broadly connected waters. Plantings
in the shallow, weed-choked south Newaygo lakes produced a return of only

7 percent; little movement between the two lakes was demonstrated. No fish
from either the north or south Newayzo lskes is known to have returned to
the Muskegon River. Both groups of lakes are connected with the river by
snall streams.

50. There were 59 recoveries (10.4 percent), over a span of seven
fishing seasom from 568 marked yellow pikeperch stocked in the various
weters of the Inland Waterway System, Emmet and Cheboygan counties, in
April, 1942. Extemsive movement among the connected waters was shown, but,
in contrast to dcbservations in the Muskegon River, no marked proclivity to

move dovmstream toward their place of origin (Lake Huron) was noted.
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