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RE: Institute Report No. 11kL2

January 28, 1948

Dr, A. S. Hazzard, Director
Institute for Fisheries Research
University Museums Annex

Ann Arbor, Michigan

Dear Dr. Hazzard:

I wish to acknowledge receipt of Institute Report No. 1142 entitled
"Observations on Certain Waters of the Muskegon River Drainage, with
Particular Reference to the Annual Transfer of Adult Yellow Pikeperch
to These Waters from the River Below Newaygo Dam", which Paul H.

. Eschmeyer of your staff has prepared and a copy of which has been

turned over to J. T. Wilkinson, Regional Supervisor at Paris.

I feel that Mr. Eschmeyer has performed a valuable service in assembling
the available information relative to this walleye fishing in the
Muskegon River. I know it represents many houre of work, and it will
serve as a most useful reference in connection with future studies that
we have promised to carry on in order to fill in some of the gaps or
questions that still remain unanswered.

I am rather surprised at the low oxygen values found in the deeper
waters of several of the impoundments, especially since a relatively
good current is maintained at all seasons of the year.

I am also interested in the factor which would seem to indicate that the
walleyed pike transferred over the dam do not continue to grow or im-

prove. I suppose we might say that they don't appear content in these

waters and apparently would congregate en masse down river perhaps in

Lake Michigan if it were not for the dams. To this degree, their

behavior seems to be quite different from that of the walleye population

in Lake Gogebic or even in Houghton Lake at the source of the Muskegon River,

The results obtained by anglers in Hess and Brooks lakes do not seem to
Justify continuing transfers to those lakes, and I believe this should

be considered in planning the distribution program this coming spring unless
Mr. Eschmeyer feels disposed to experiment another year with some tagged fish.

In the section devoted to the Muskegon impoundments I find no reference to
the dam near Michaelson built by the Game Division a few years ago in con-
nection with the so-called Muskegon flooding project or to the dam above
this which controls the level of Houghton Lake. I mention this simply as
it may be an oversight not to have included a reference to them.

I will be glad to discuss the future research program with you as I think
this should be actively carried on until we get better answers to some of
the questions that have been raised.

Very truly yours,

F. A. Westerman
FAW:vb FISH DIVISION

ce: J. T, Wilkinson
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Observations on Certain Waters of the HMuskegon River Drainage, with
Particular-Reference to the Annual Transfer of Adult Yellow Pike-
perch to these Waters from the River Below Newaygo Dem.

ABSTRACT

Five power dams cross the main branch of the Muskegon River between
Newaygo, which is 38 miles upstream from the mouth of the river, and Big
Rapids, a stream distance of L6 miles above Newaygo. Yellow pikeperch
and other game fish congregate below Newaygo Dam each spring during their
spawning migration. Starting in 1923, varying numbers of these have been
caught in dipnets and moved to upstream impoundments and lakes in an
operation known as the "Newaygo transfer." This transfer is opposed by
persons and groups in downstreem areas, particularly those interested
in Muskegon Leke, and favored by those primarily concerned in upstream
fisheries, partieularly in Newaygo County.

Total cateh below Newaygo Dam since 1928 has been 197,551 game fish,
of which 96.l percent were yellow pikeperch. Annual catches have ranged
from 1,69 (1928) to 43,088 (1933). Size of catches at Newaygo and the
catech of pikeperch by commercial fishermen in southern Lake Michigen have
very similar trends for the period from 1929 to 1943.

In 1947, twelve nets used for eapturing fish below the Newaygo Dam
covered one-third of one percent of the area of river bottom between the
two extremities of the netting area.

Pikeperch transferred during 1947 averaged 21.6 inches in length
and their ages ranged from 3 to 10 years. Growth rate of transferred
fish far exceeded the state average for inland waters, and females showed
a materially faster rate of growth than males.

Seventy-nine percent of the adult pikeperch transferred from the
Musgkegon River since 1933 have been stocked in six upstream impound-
ments. The remainder has been distributed among 19 lakes in the draine
age; sinte 1943 to seven lakes more immediately connected with the
Muskegon River.

The Department of Conservation and the Consumers Power Company share
the cost of the transfer. Average annual cost of the transfer to the
Department for the past five years has been $8,8,63, or about $0.16 per
fish transferred. Average cost per fish to Consumers Power Company hes
been about $0.11.

The five impoundments in the main stream of the Muskegon (Newaygo,
Croton, Hardy, Rogers, and Big Rapids) have suitable spawning facilities
for pikepereh, and native populations are known to be established in at
least the first three named, Game fish in the impoundments are growing
at a rate faster than the state average for the species concerned.
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Hess and Brooks lakes are shallow, weedy lakes just south of Newaygo,
in which considerable numbers of pikeperch have been stocked in recent
years., Bluegills are the dominant species present. All geme fish are
seriously stunted in growth. This stunting has occurred in the face of
‘almost annual plantings of yellow pikeperch, and native populations of
northern pike, largemouth bess, and longnose gars.

Kimball, Pickerel, Emerald and Sylvan lakes are other waters near
Newaygo which have frequently been stocked with adult pikeperch. Chemical
and thermal stratification oecurs in each, and the last three named are
suitable for trout. Growth rete of geme fish present exceeds the state
average for the species concerned. *

Returns from 250 gemefish of % species tagged before transfer in
1932 amounted to only 2 percent, possibly due to poor tagging methods.
In 1947, a total of 1,750 jaw-tagged yellow pikeperch were stocked in
five upstream impoundments and four lakes near Newaygo. A total of 221
of these (12-1/2 percent) were reported caught by November 15, 1947.
Sixty percent of the fish recaptured in impoundments were caught in the
same waters in whieh they were stocked. Numbers of tagged fish known to
have passed through the various power dams are as follows: Newaygo, 12;
Croton, 8; Hardy, 11; Rogers, Lj2; and Big Rapids, 5. All fish passing
through Hardy Dam had to pass through power developing units of the dam,
since no water was spilled there during 1947. Twelve pikeperch (5.l per=
cent of the totel recoveries) returned to Muskegon Lake (3) or Lake
Michigan (9).

Returns from lakes near Newaygo averaged 12,5 percent, but ranged
from %2 percent in Pickerel Lake to only 5 and 3 percent in Brooks and
Hess Lakes, respectively.

The largest numbers of tag returns were received during July and
August. Only six tagged pikeperch caught had moved upstream from the
point of release. A large percentage of the tagged fish taken in the
impoundments were caught immediately above the power dams.

Twenty-one counties, 6 states and Washington, D. C, were among the
residences claimed by persons catching tagged fish.

Twenty-four tagged and 2, untagged pikeperch were held in a hatehery
pond. Observation after three months disclosed no significant difference
in growth or mortality rate between the two groups.

The facts at hand to date indicate that the transfer has had no harme
ful effects on the sport fishery either above or below Newaygo Dam, and
that it is of some benefit to the upper waters. Further information is
required before a definite conclusion can be reached as to the exact
effects of the transfer. Unless and until future study reveals facts which
void the general conclusions reached in this report, it is recommended that
the transfer of pikeperch at Newaygo be continued as a regular annual
operation of the Department of Conservation.
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I, Introduction

The Muskegon River is located in the west-central portion of the
lower peninsula of Michigan. It has its origin in Houghton Lake,
Rosecmmon County, and flows in a southwesterly direction over a wind-

*.
ing, nearly 200-mile course” to southern Lake Michigan. It enters

Q/Divided smong seven counties as follews: Houghton, 1llj; Missaukee, 15;

Clare, 30; Osceola, 30; Mecosta, 36; Newaygo, Li6; Muskegon, 26.

the lake by way of Muskegon Lake, which is loocated near the city of
Muskegon. The drainage basin of 2,663 square miles covers portions of
nine counties. There is a drop in elevation of 620 feet between source

and mouth,.
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From the standpoint of both power development and recreational
use, the ¥uskegon is among Michigan's most important waterways. Fiwe
power dams have been ereeted in the Lb-mile stretch of stream between
Big Rapids and Newaygo, and a sixth is located in its principal tribu-
tary, the Little Muskegon River, near the village of Morley. The sport
fishery in the Muskegon ranks with the best which Michigan has to offer.
Thousands of residents and tourists alike annually fish its waters for
the trout, yellow pikeperch, smallmouth bass, and other game fish for
which the stream has become 8o widely known. Hunting, treapping, boating,
hiking, pionicking, and camping are among the other recreational pure
suits for which the river and its immediate shores offer unusual oppor=-
tunities. Certain portions of itl are famed for their inspiring scemnie
beauty.

It is obvious that one of these major uses of a waterway, power
development, must necessarily exert a wide influence on recreation in
its various forms and especially ‘on fishing., Upon the erection of a
dam, the change from stream to lake conditions freguently destroys the
habitat for same species of fish (and many other animels end plants
as well), while it greatly improves conditions for others, which were
possibly not even present before impoundment. Modern power dams are
nearly always very effective barriers to upstream migration of fish,
while downstream movement may be sharply restricted.

All power dams now in the Muskegon have been in place for at least
fifteen years. Consegquently, few angleri any longer lament the loss to
the impoundments of stretches of trout or bass stream which may have at
one time been favorite fishing grounds. Fisheries involving pre-

daminantly lake speciss are enjoyed in the backwaters of the dams, while
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stream fishermen direet their attention to Mmflooded areas above and
below the ponds. However, the effect of the dams as barriers to fish
movement, and the proper management of game fish whose movements are
thus restrioted, continues to constitute a problem of very considerable
magnitude, involving conflicting views of large numbers of fishermen.
It is essentially certain aspects of this problem with whish this

paper deals.

Each spring large numbers of yellow pikepereh and, to a much ;muller
extent, certain other game fish assend the Muskegon on their annual
spawning migration. Many thousands of fish congregate in the section
of stream belew the Newaygo Dam, which is the farthest downstream of
the several power dams in the river. For a period of over twenty years,
varying numbers (generally rumning into the thousands) of game fish have
been transferred by mechanical means from this area of seasecnal concen-
tration to various points in the stream above and to certain connecting
waters located in its drainage. This annual conveyance of fish around
the dem has become generally known as the "Newaygo Transfer.”

Almost since the year of its inception, the transfer ha.§ been a
source of argument and sometimes bitter controversy between interested
individuals and organized groups primerily econcerned in the river or con-
necting waters above Newaygo Dam, on the one hand, and those interested
in the fishery below this point, partisularly in Musekegon Lake, on the
other.

Essentially, the downstreaminterests contend that the numbers in-
volved in the transfer are of sufficient magnitude to deplete the game
fish population of the lower river and to have a seriously detrimental

offest on the quality of the sport fishery in Muskegon Leke., Fish
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moved around the dams are thought to be unable to return to the areas
which they would normally frequent, leaving fewer fish available to
domstream anglers than would be the case if the transfer did not take
place, Halting of the transfer has been repeatedly requested by various
individuals and groups. The most recent formal request was directed
to the Conservation Commission under date of February 13, 1947. It
reports that a motion for the diseontinuation of thevtransfer for a
period of five years, beginning in 19,7, was passed wanimously by
the Muskegon Conservation Club Board of Directors, Muskegon County Boat
Livery Association, City Government of Muskegon, Muskegon Heights City
Govermment, North Muskegon "City Governmment, and Muskegon County Board
of Supervisors., It further states that this should be econsidered as ‘o.
researeh and experimental measure to determine whether or not the trans-
fer has any direect bearing on the fishing in Muskegon Lake.

Individuals and groups from Newaygo County have always strongly .
favored the continustion of the transfer and have opposed the placing
of limitations on the nuabers of fish moved to upstream sreas and con-
necting waters. Their contention is that, since the barrier at Newaygo
provents the migration of fish up the river, upstream areas do not
obtain the share of fish to which they are entitled, unless these are
mechanically moved to points above the dams. They believe that fishing
in the waters above the dam is materially improved by the annual transe
fer. It is further asserted that the spring netting of game fish belew
the dam removes only a very small percentage of the migrating fish, with
the implicatien that the number taken is insufficient to significantly
affect the fishing in downstream areas. The opinion has been repeatedly

voiced that downstream movement through the power dams can and does ococur,
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thus permitting ultimate completion of the normal migratory movements

of the species concerned. Persons holding the views favoring the trans-
fer are fully aware of the opposition of those located downstream. Nany
letters and petitions have been received during the past fifteen years,
expressing anxiety over the possible interruption of the transfer, or
wrging its continuation.

The problem is at once seen to involve a number of intricate bio-
logical and sociological ramifications. To suppose that one might
immediately and with ease effeet a solution equally agreeable to all
individuals on both sides of such a controversial issue is to borrow
from the hallucinatory delusiens of the demented. To effect a sound
solution, based at least in part on scientific faet, the answers to
several specifie questions would be extremely desirable. The faot that
the answers may not now be at hand should not dissuade us fram recog-
nizing that the questions exist. Among the more important of these are
the following:

1., Do the yelléw pikepereh migrating up the Muskegon River originate
in Muskegon Lake, thus forming part and parcel of the fishery there, or
do they come essentially from Lake Michigan, thus providing (one would
judge, in a demooratic state) an equal claim to both upstresm and down-
stream residents?

2. What percentage of the migreting fish reaching Newaygo Dam are
removed during the average transfer? Is the number sufficient to cause
depletion of the pikeperch fishery in downstreem areas?

3+ Are sufficient numbers of the transferred game fish taken by
anglers in upstreem waters to justify the transfer econcmically, and do
such fish make a significant contribution to the upstream fishing?

L. Are physical, chemical and biological conditions in the upstream
waters such that the transfer is desirable, and required, to provide
good fishing?

5. Are game fish ceapable of returning downstream through the power

dams to the points of origin of their upstreem migration, or are they
permanently lost to these points?
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6. If such fish are capable of moving downstream, do native fish,
hateched and reared in upstream areas, also move through the dams and
thus eontribute to the dowmstream fisheries?

During past years and particulerly during the past summer, the
Institute has collected information having a bearing on some of the
above questions, This is presented in the following pages. Various
aspects of the transfer are discussed, observations on conditions in
upstream waters are briefiy sumnmarized, and the movements of marked

fish in these waters during the 1947 fishing season are analyzed in

deteil.

I1, The Newaygo Iransfer
A, History -- The transfer of game fish around Newaygo Dem to

various upstream waters was first undertaken in 19236'. In that year,

VFrom an article in the Grand Rapids Press, April 2, 1932,

through the efforts of the Fremont, Grant and Newaygo chapers of the
Izaak Walton League, permission for the transfer was obtained froam the
Department of Conservetion. The operation was conducted on a very
limited scale by two individuals., Others assisted in the work in the
several following years until 1528 when the Depariment began ectively
supervising the work and trensporting the fish eaught. The operation
has been ocarried on annually without interruption since that time.
Since its earliest beginning, the netting has been done by private
individuals using large dipnets, lifted by hand-operated winches. The

netting is done mostly at night.
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Various plens for payment of the dipnetters have been followed
during the peried of the transfer. Prior to 1928, there is no record
of such payment having been made, and certain individuals apparently
undertook the work purely in the interest of improving fishing. In
1928, the Conservation Department and the Newaygo Chamber of Commerce
shared equally the cost of the operation, paying netters 30 cents each
for rainbow trout, yellow pikeperch and a few bass. Since 1928, the
Consumers Power Company, which operates the Newaygo Dam and otheré
above it, has taken an active interest in the work. During recent years
they have provided the funds for payment of the netters, while during
.the earlier years of the operation they reportedly bore a portion of
the transportetion cost as well, In 1932, netters were paid 20 cents
each for the first 10 fish caught, and 15 cents for the balance of each
day's eateh. In 1933, a plan for payment was agreed upon which has
remained materially unchanged sinoce that time. As it has been practiced,
the Consumers Power Company pays 20 cents per fish for a&ll fish netted
and transferred, up to a maximum of 3,750 (or §750.00). If over 3,750
fish are caught in a given season, this same aﬁount is divided among
the netters in proportion to the number of fish caught by each. For
some time a premium was placed on game fish other tham yellow pike-
perch and they were paid for at a higher rate, but this providion was
dropped in 19ll. |

Suckers which are taken each year during the netting have been
disposed of in various ways in past years. Prior to 1933 they were
turned over to some person in the Newaygo Area responsible for welfare

work, for distribution. Fram 1934 to 1943, they were bought fram the
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netters by some local business esteablishment (Mr. Ed Hemning's Sport
Shop, during most of those years), and resold to the public., Since 194l
they have been sold direectly to the publiec by Department of Conserva-
tion personnel supervising the operation, and the entire proceeds have
been distributed among the netters in proportion to the number of suckers
taken by each.

In 1934 and from 1936 to 1941, the transfer work was materially
aided by labor, and in some cases supervisory persomnel, provided by
the Civilian Conservation Corps (M.E.C.W.) of the U, S, Forest Service.

Throughout its duration, personnel of the Field Administration
Division of the Department has assisted with the supervision of the
transfer, in addition to enforcement of the regulations associated
with the operation. At the beginning of the netting peried each year,

a permit is issued to each netter for taking game fish within preseribed
regulations governing the speeies which may be teken, location of the
nets, hours of netting, method of handling the fish, and so on. Law
enforcement has presented a problem almost since the beginning of the
transfer. Pikeperch sales were made by certain dipnetters in 1934 and
several arrests resulted. As recently as 1943, a live box containing
296 pikeperch was stolen and towed downstream for two miles by three
local business men, who were later apprehended while sacking the fish.
Seventeen others were arrested during this same year for cemplicity

in game fish sales.

In 194} the regulations which are at present in effect were drawn
up by fishermen, residents of Newaygo and representatives of the
Department of Conservetion (State Fish Hatchery, Paris, March 20)e. The

transfer has proceeded without major violaticns sinee that time, due
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in part perhaps to the provision which strietly limits the distribution

of the netters along the river. In most previous years, netters chose

their own locations., Nets were in operation over an extended area below

the dam, meking adequate supervision difficult. Pertinent excerpts fram

the 1647 regulations are as follows:

REGULATIONS GOVERNING USE OF DIP NETS

UNDER PERMIT IN MUSKEGON RIVER AT NEWAYGO

l., OFFICIALS IN CHARGE

All netting operations shall be by special permit and in
accordance with the established rules and regulations and under
the instruetion and direction of Distriet Conservation Supervisor
Karl Kidder of Baldwin. Supervisor Kidder will be represented
locally by Conservation Offiecers, who will issue permits and main-
tain his office on the state-owned river property during the time
netting is in progress. '

The determination of the period of netting and the colleection,
planting and payment for game fish will be under the jurisdiection
of Regional Fisheries Supervisor J. T. Wilkinson, State Fish
Hatchery, Peris, Michigan.

2, WHO MAY OBTAIN PERMITS

A permit will be issued to not more than two persecns of 17
years or more of age, whose name end address will appear in the
permit, Permit will allow the use of one dip net for taking game
fish and suckers for the Michigan Department of Conservation.

Not more than one permit shall be issued to any one or two
persons.

3. LOCATION OF NETS

Nets may be fished only on that portion of the north bank of
the Muskegon River at Newaygo downstream from the lower bridge in
the area marked by flags or posts set upon the stream bank,

The issue of a permit by the Department of Conservetion for
use of & net in this area shall not be comstrued as authority for
trespass upon privately-owned property in the area. Persons
desiring locations on such privately-owned property shall complete
the necessary arrangement with the owners.

Permits for use of a net to be set on state-owned land in the
area shall be sufficient authority for use of such land.
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Any dispute between net owners as to location and operation
of nets shall be amicably settled between them, otherwise the
conservation officer in charge of the operations shall determine
the right of each and his decision shall be final.

lis REQUIREMENTS FOR PERMIT

(a) Applicant for permit shall be 17 years or more of age.

(b) Appliocant will have selected a looation and established
his mnet,

(o) Applicant will have provided a live box having a hinged
cover with hasp for locking and of a sufficient size and
80 located that fish can be held and handled in good con-
dition.

These requirements must be approved by the officer in eharge
before permit will be issued.

5 WHERE PERMITS ARE OBTAINED

Applications for permits will be made to conservation officers
in eharge of netting operetions at Conservation Headquarters on the
north bank of the Muskegon River, below the lower bridge in Newaygo,
Michigan.

6. OPERATION OF NETS

Hetting will be permitted only between the hours of 7:00 pem.
and 8:00 a.m., Eastern Standard Time, from the deeclared opening
date which will be announced by the officer 'in charge and as
determined by the regional fisheriles supervisor.

Fishing will be permitted during these hours each night until
10,000 walleyed pike are taken or for a perioed of 15 nights from
the start of the fishing operations, whichever somes first., How-
ever, if the number of fish taken during the 1l5-day periocd falls
short of the desired number because of the low volume of water
end restricted fishing, the regional fisheries supervisor masy in
his discretion authorize a reasonsble extension to the fishing
period and will so inform the officer in charge.

All game fish and suckers taken under authority of a permit
shall be carefully handled and deposited in the owner's live box.

Sturgeon shell be immediately released alive to the river but
the length and weight should be estimated and the time of capture
should be reported to the officer in charge.

Live boxes shall be locked except when net is in eperation
and key to box shall be deposited with the officer in eharge at
the eonclusion of each day's fishing for retention by him until
fishing is again resumed.

No net shall be operated by any person excepting the person
or persons named in the permit or unless such person is present
and in attendance when sueh net is opereted by any other person.
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T+ PAIMENT FOR FISH TAKEN

The Depariment of Conservation will each day remove all fish
frem each live box and will issue a receipt to the owner thereof
for all fish in good condition. Duplicates of such receipts will
be the basis of the record furnished the Consumers Power Company
who will pay each fisherman for the number of game fish taken.

Payment for the game fish will be made by the Consumers Power
Company upon the conclusion of the operations at the rate of 20 cents
for each walleyed pike, rainbow trout and northern pike, or if the
total eatech of such fish execeeds 3750 then the sum of $750 will
be apportioned among all fishermen upon the basis of the number
of game fish each will have delivered. BRainbow trout and other
geme fish will count as one fish in the computation of the payment.

Suckers when removed fram the live box will be delivered to
the officer in charge of the operations and held for public sale
by him at his headquarters from 7:00 p.m. to 8:00 pem. daily,
Eastern Standard Time. DFPrices charged for suckers shall not be
less then 10 eents nor more than 25 cents each, depending upon
size. The officer in charge will keep a record of all suckers
received each day fram each fisherman, number of suckers sold eaeh
day and the total value of the daily sales., Upon conclusiocn of
the fishing operations the total receipts, without any deduction
for handling charges, shall be apportioned among the fishermen in
accordance with the number of suckers received fram each and a
complete record of the receipts and disbursements shall be sub-
mitted to the distriet fisheries supervisor.

8. RESPONSIBILITY OF MICHIGAN DEPARTMENT OF CONSERVATION

The Department of Conservation assumes responsibility only
for the employees and state property engaged in supervising the
fishing operations and in the transfer of fish. It does not assume
responsibility for the nets, live boxes, or other property of
fishermen to whom permits are issued or for personal injuries of
persons engaging in fishing under authority of the permits.

By: DEPARTMENT OF CONSERVATION
FISH DIVISION
LANSING, MICHIGAN

April 3, 1947

Be Fish;gngear and Technigue.-~ Although regulations governing the work

have been altered from time to time, and the numbers of fish transferred
from year to year has varied greatly, the actual mechanics of the trans-
fer « the procurement of the fish and their transportation to other

waters - has remained practically unchanged since the date of 1its origin
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over 20 years ago. The equipment used and the methods employed are
illustrated in the photographs below (Figunés 1-9). The figures

were prepared by Wme Cristanelli of the Imstitute Staff, from kodachrome
transparencies taken by the writer in April, 1947.

Figure 1 shows a downstream view of the river in the area where
netting is done (trees and ground are covered with smow). A dipnet
used in the netting is shown at the right in the picture. The entire
apparatus is better shown in Figure 2. The net in this photograph is
10-1/2 feet square. It consists of a steel frame which supports a rather
deep bag. The bag is made of heavy metting of about 3/li-ineh mesh. The
,Pet frame is supported at each corner by wires of equal length which
extend to a ccmmon point above the center of the net. Here they are
Joined to a cable or heavy rope. This passes through a pulley which is
firmly attached to the upper end of a sturdy, angling pole of about
30 feet in length, anchored to the bank and supported near its middle,
as shown, The cable or rope suspending the net leads féam the pulley
to a hand-operated winch, anchored near the center of the supporting
pole, by means of which the operator raises or lowers the net. A wire
attached to the upstream side of the net frame leads to thse outer end
of a pole extended horizontally from the shore, near the surface of the
water, and 10 to 15 or more feet upstream from the net (foreground,
Pigure 1). This»arrangomsnt proevents the net from being swept downe
stream when it is lowered into the water. A live box (shown just beneath
and beyond the eperator's pier in Figure 2), a long-handled scap for
removing fish taken in the net, and gemerally a small shanty for shelter
during ineclement weather or during slack fishing periods, campletss

the equipment of the average operator.
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In op;ration, the net is lowered into the river in such a manner
that the net frame and net rest on the bottam. It is left for a period
varying from less than a minute to & mueh longer time, depending on
the numbers of fish being taken at the time, and the inclinations of the
operator. In lifting the net, the operator turns the wineh, 1lifting
the net vertically out of the water at a moderate, steady speed. If
fish are taken in the lift, a long-handled net is extended into the
net (Figure 3) , the fish is secured (Figure L), and transferred to a
livebox (Figure 5). ‘

In the transfer of the fish on the following day, they are counted
as they are removed fram the livehox (Figure é) and each fisherman is
credited with the number of fish which he has taken during the night. The
pikepereh ar; placed in the aerated tank of a planting unit (Figure 7)
and transported to the point where they are to be stocked. Here the
vehicle is parked near the shore, the fish are placed in a scap net and
carried to the“ water (Figure 8), where they are released (Figure 9) and
the operation is complete.

C. Catch Records.--The numbers of game fish and suckers taken by dip-

netters during the period extending from 1928 teo i9l~+7 are summarized

in Table I, The record ig fnirly canplete for yellow pikeperch and
trout during this period, but totals of other game fish and suckers are
incamplete for the early years of the transfer., The table shows a total
oatoh of 197,551 game fish, 13,317 suckers and 1), sturgeons during the
20-year period eovered. Of the game fish, 190,542 (96.4 percent) were
yellow pikeperch and 6, 539 were trout (nearly all rainbows). Northern
pike, bass, perch and rock bass are represented by much smeller numbers,
and only during some years of the transfer. Not shown in the records are

"s few" stone rollers and three large smelt reported in 1937. Oceasicnal
















species and numbers of fish teken in dipnets fram 1928 to 1947.
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Table I.--A summary of the Newaygo transfer in the Muskegon River, showing

Yollow

Northern

Q/Mostly rainbow trout. Occasional brook and brown trout

\%Ba.ss were not identified as to species in annual reports

@Data for suckers lacking for some years. The 1947 total is approximate.

Year  pikepersh  TroutV pike Bass® Perch  Rock bass  Sturgeon  Suckersd
1928 Lé9 Log coe ces oo coe cos cos
1929' 3,680 1,02, AN ees cee een 3 ceo
1930 8,327 1,712 cos cos . coe oo ves
1931 1,547 291 ces cos oo oee ceo .es
1932 3,151 791 cee cos ore eee 2 2,148
1933 143,088 819 coo ces coe cve 3 ves
1931, 2,284 Lé5 coo cee cee coe 1 ces
1935 2l,241 230 ces cee cos cee cee 2,226
1936 6,676 69 .es ves ves oee coo ces
1937 6,931 128 13 coe eee cor 3 1,100
1938 7,020 193 5 . ces ces ces 2,250
1939 6,3L5 127 27 2 cee coe ces 1,037
1940 2,61 112 ol ¥ U 1,0l
191 12,460 L3 31 65 30 ces cee 86l
1942 12,1469 57 cos ces cee cos ces Lo
1943 13,186 22 oo .ee .ee ces oes L87
9Lk 3,318 9 10 con ces oo cos 202
1945 789 10 coe cee cos eoe coe 591
1946 L, 380 12 1 1 .ee ces cos 686
197 5,5L0 6 3 ces oo 1 2 263
ErE; L

_ Totel 390552 6,539 18l 11l 171 1 1l 13,317
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sea lampreys taken during the netting are also unrecorded. A 21.7-inch
specimen taken on April 19, 1947 was the first lamprey reported in the
state for the season, which had begun its spawning migration.

RNumbers of pikeperch taken per year range fram only L4569 in 1928 to
43,088 in 1933, Trout range in number from 1,712 in 1930 to only 6 in
1947. A more complete analysis of the catches of yellow pikeperch is
shown in Table II, For the years from 1933 to 1940 and fram 1942 to
1947, daily e@tohes during the period of the transfer are recorded.

The number of individuals partieipating in the netting are sheown for
each year, together with the estimated "net days" (one dipnet fished
for one night) and the average catch per net day;

The length of the dipmetting periods (further summerized in Table III)
has varied from a high of 33 days imn 1933 to only 8 days in 1942, It
has been started as early as March 26 (1933) and as late as Aprilly (1947).
The operation was terminated by April 8 in 1942, but held over as long as
April 28 during 1934 and 1936,

The number of dipmetters participating in the transfer has ranged
from 8 in 1945 to 37 in 1933. (Correspondence for the year reports L8
for 19?(2, not shown in the table). The average for the period from
1933 to 1947 is between 21 and 22,

The estimate of the number of net days fished each year is based
on the assumption that all of the netters began dipping on the first
day of the season and continued until the last day. This has not in
-.general been true, since during most years a few netters are late in
gotting underway, and ooessionaliy same quit before the operation is
officially terminated. However, it is a common observation that most

netters are interested in the work and are anxious to begin at once, and
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below Newaygo Dem in the Muskegon River, 1928-1947.

April

" Table II.--A daily record of catches of yellow pikepsrch by means of dipnets

B S S S,

-29;.

April

Total number Number of

Estimated Estimated average

Yoar 26 27 28 29 30 31| 1 2 3 L 6 7 8 10 11 12 13 1, 15 16 17 18 19 20 21 22 , 23 25 26 27 28  for year dipnets net days catch per net day
1628Y vee eer e een ee eeel e eee aes 169
1029V see vee ses eee  eee see]| ses see eee cee  ess  ese  ese  mes  ses  aes  ses  sss  eese  see  ses  ees 3,680
1930% vee ee vee eee eee see] see ses see ees eee eee ees e ees vee e eee e eee ere ese eee ese ese see meesse eee eee eveeeeeee eee 8,327
19317 c0t tee eee e eee ase| eee ves  eee  mee  ses  ees  ses  ses  ees  ees ce  eee  ses  eee 1,547
19339 vt cee cee eee see ees]| cee ees eee cer eee aee 3,151
1933 2 6 17 2, 75 24| 338 345 297 1,333 540 1,928 899 1,926 2,162 2,150 1,643 1,561 1,118 3,059 2,618 3,177 3,882 3,235 2,77k 2,799 1,81 307 @ 2,113 264 36l 8h 243 ... 43,088 37 1,221 353
1903li eee eoe ses oee oces sse| see ees 76' 196 228 69 559 720 977 | 1,637 1,033 1,170 1,057 1,150 Lo3 1,018 1,966 1,152 1,811 1,758 1,635 635 666 1,045 1,701 708 569 345 2l 28l 35’?/ 910 267
1935 eee cos oee see see ees| 85 208 739 1,179 1,208 1,072 1,157 1,202 1,680 1,734 2,067 1,7h4 1,875 1,372 1,211 872 1,040 915 899 581 565 3488 204 155 39 2,21 33 858 283
1936 cee see coe see sse ses| see eas see 36 i 98  eee e L8B4 590 664 6L sh2 380 Ll T7ho L.h;j i, 286 360 187 193 110 6,676 23 L, 161
1937 see eoe soe ses  ses see| see ees 56 175 179 20k 123 266 351 L5  L23 566 607 835 L8y sL5 Lo 287 269 272 17k 180 100 ces  aes 6,931 21 L 157
1938 eue eoe see oes eee eee| eoe L39 LEB 365 558 51 475 393 L3 310 503 579 600 L55 420 225 116 61 55 29 15 i 8 5 eee 7,020 31 713 98
1939  ves see ese ese see eee| ees 75 180 22 113 198 272 263 250 309 370 257 338 177 303 163 269 307 Loe 300 235 625  L20o U2 135 vee  eee. eee  6,3L5 280 672 ol,
1940 eee see ese see ees ees]| eee 15 21 ln 53 ol 110 98 122 | 10 150 111 9 125 175 222 220 158 1L U2 103 163 173 ... ... 2,6l 28 572 L6
1M1V coe vee eee eoe see ses| ses see eee oo | cee  ees  ees 12,1460 27
1942 eee oee oee ees osee eee| LhO 1093 1301 1,L69 1,646 1,926 2,117 2,087 12,469 23 184 678
1943 e eee see eee ses eeel ses ses see 111 178 185 = 392 9145 2,032 2,659 1,715 988 1,566 1,989 126 13,186 23 276 L78
19L see see eoe sse ses see] ses eee see 195 105 138 110 222 243 347 324, 311 182 190 190 273 196 7 157 128 cee  eee  ee 3,318 10 170 20
10LU5 coe ses see see ses ses| see see see 195 128 80 Lo L5 6L 79 67 L3 30 eee  ses  ese  ses  ese  see  see  see  ses 789 8 80 10
1946 ees eee ese 17h 201 270{ 251 390 36L 3L6 337 Lal, 337 317 375; 255 188 161 ... 1,380 11 165 27
1OL7 cee eee cee see see see| ses ees ees eee 274, 527 705 586 593  L68 505  LL8 héu 378 227 365 5,540 12 R " 38

pa—

\]’/No daily cateh

¥ Yo daily eatch
April 20

\B/Number of dipnetters estimated, not included in determination of average number

records available

records available. About 75 percent of the fish were taken between April 5 and%
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Table IlX.--Duration of dipnetting periods at Newaygo Dam in the

Muskegon River, 1933 - 1940 and 1942 - 19L7.

: End of Days of largest
_ Beginning netting Days of catches during
Year of netting period netting netting period
1933 Merch 26 April 27 33 April 16 - 18"
193l April 3 April 28 26 April 19 - 21
1535 April 1 April 25 . 25 ~ April 11 - 13
1936 April 1 April 28 15 April 15 - 17
1937 April 3 April 23 21 April 12 - 1l
1938 April 2 April 24 23 April 11 - 13
1939 April 2 ~ April 25 2l April 18 - 20
1940 April 2 April 23 22 ‘ April 15 - 17
191;2 April 1 April 8 8 April 6 - 8
1943 April 5 April 16 12 April 10 - 12
194 April 6 April 22 ‘ 17 April 12 - 14
1945 April L April 13 10 April L - 6
1946 April 29 April 12 15 April 2 - L

1947 April 1y ~ April 25 12 April 16 - 18
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likewlse remn:in on the job until the emnd of the transfer period. Any
variations whiech may osceur probably enter the picture about as much dur-
ing any one year as another (witl; some possible exceptions), so that the
figures shown are believed to constitute a fair eriterien 6f the com-
parable amount of effort expended during the various years in taking the
number of fish shown in the totals. This effort varied frem an esti-
mated 80 net days in 1945 to over 1,200 in 1933, Estimated average catch
per net day varied from a low of 10 in the former year to as many as
678 in 19/2. Checks made during the 1947 season, on April 15 and 16,
showed that nearly all netters began work at 7300 pem. (the official
starting time) @d continued throughout the night (or at least retained
the keys to their live boxes) wntil between 6340 and 7:00 a.m., about
an hour before the offieial quitting time. General observations on
later days seemed to indicate that these hours held pretty well throughe
out the season. The suggestion is that the average net day, at least
dwring 1947, was between 11 and 12 hours in length. If about the same
hours prevailed during 1942 (not unlikely), an average cateh of well
over 50 fish per hour per net was made during the very heavy "rim" of
that year. A ﬁ

The date limits and length in days of the dipnetting periods during
the years of the transfer are summarized in Table III. Duration of the
period and size of the catech were not specifically limited prior to
1936, During that year, in response to complaints of Muskegon County
fishermen concerning tﬁe poor fishing in Muskegon Lake, a limit of 10,000
pikepereh or a period of operation of mot to exceed 15 days was agreed
upon for the 1936 season. The 15-day limit was disearded in subsequenf

years, but the total of 10,000 has been used more or less &s & guide
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and has been exceeded on only three occasions (1941, 1942, and 1943)
sinece that time, in each case by relatively small margins. The aver
agé netting period for the years for whieh data are available has been
about 19 days. The "peak periods”™ 6f the run (the three-day period
during each season wﬁen more fi;h were taken than during anj other
period of three contiguous days) are also shown in Table III. The faot
that a peak exists in the spawning run, that is, that the number of
pikeperch congregated in the area below the dam inereases over a peried |
of days watil it reaches a maximum{ and then subsides, has been noted

by loecal residents for many yearse These maxima of abundance are more
clearly shown by reference to Table IV, whish groups the catches in

terms of 3-day periods, dating from the beginning of the netting. Nearly
all seasons show such a peak, or the totals for short periods of netting
in recent years indicates that a peak has or is about to ocecur. It has
been the aim of field persomnel in charge of the dipnetting to "hit the
peak of the rua," in order to obtain maximum numbers of fish inka mini-
mum amount of tiﬁe, and at smallest cost per fish. By and large, the

- peaks appear to have been oovered. In 1942, the quota for the year was
filled just as the peak was being reached. During several other years
peniks of abundance are less clearly shown. The course of four netting
seasons (1933, 1935, 1937 and 19h3) is illustrated graphically in

Figure 10. The short period of operation in 1943 provides a less com-
plete curve than for the other years, but a peak is nevertheless indi-
catede It should perhaps be repeated that low points in the surve for
the first one or two days of the season and possibly for an equal period
toward the end of the operation may be scmewhat accentuated by the

deereased number of netters at these times. However, the principal
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Table IV.=-=A record of catches of yellow pikeperch by means of dipnets below

Newaygo Dem in the Muskegon River, summarized by three-day intervals.

Days after begimning of nett

st

in eriod
2 T P

Year 1.3 L6 7-9 10-12 15-15 16-18 19-21 31-33  Total
1933 25 123 980 3,801 L,987 5,35L 7,095 10,294 7,054 2,68L 691 L3,088
193 500 1,348 3,647 3,377 3,387 L,721 2,936 3,L5h 9l ... ... 2,28l
1935 1,032 3,59 L,039 5,545 L,L58 2,827 2,045 707 3% ... ... 24,20
1936 175 ees 1,738 1,586 1,627 1,060  L90 ces ees cee  ees 6,676
1937 410 593 1,199 2,008 1,139 828  LSL  ees ees cer e 6,931
1938 1,272 1,547 1,116 1,682 1,100 232 58 13V ees cer een 7,020
1939  Lg7 583 82 965 6L3 978 1,160 697  ees 6,345
1940 77 257 %60 354 520 Lo  Los 1739 eee ces cos 2,641
1942 2,92 5,041 L,50L¥  eee eee ees eee cee  ees .ee e 12,1469
1943 L7 3,369 5,362 3,981  eee ees  eee ces e ese  eee 13,186
194, L38 575 982 562  L76  28%Y ... cee  eee cee ees 3,318
1945 103 158 189 399  .ee eee eee eee  eee  eee  ees 789
1946 645 1,005 1,097 1,029 604 ... ces oes oo eoe ceo L,380
1947 1,506 1,647 L,lA7 970  eee e cee cee  eee coe  eee 5,540

Grand total 160,908
v

Total for 2 days only

Q;Total for 1 day only
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Figure 10
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‘portions of thé curves are not so affected, with a relatively eonsﬁ&ﬁt
number of netters being the rule. |

The wide variation in catch during the different years of the
Newayge transfer is very apparent in Tables I, II, and IV (above).
Analysis of the tables shows that the variation eamnot be attributed
entirely to length of the netting season, number of dipnetters, or
degree of suecess in hitting the peak of the runm.

The sizes of annuel catches have in the past been frequently at-
tributed at least in part to water flow. Thus, for the highly success-

ful year of 1942, we can glean from eorrespondencéV that the season was

‘&Rebert J. Fortney to M. J. DeBoer, April 6, 1942

Moharecterized by high water which is colored, making an ideal situation
for eaﬁehing fish," while in 194l;, when fewer fish were taken, there was
an appreciable depth or flow of water for only a 3-day period during the

transfer, Ice was present on Hardy and Croton Ponds during the latter

yoar almost to the end of the operation, and very little water was allowed

4o spill.

In an attempf.te determine the effeet of water flow on cateh, Mr.
John T, Van Norman, in cooperation with the Consumers Power Campany,

conducted some tests involving variation in the rate of flow through

Newé.ygo Dam, between April 12 and April 20, 193‘?&. Water was periedically

$’John T. Van Norman, "Water Flow Experimentation," 1937 (ms).

raised and lowered over this period and catehes of pikeperch and trout

during high- and low-water intervals were oompared. Numbers of fish
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caught did not fluctuate beyond the numbers whioch might be expected in
the normal course of variations in a spawning run so that the results
did not support the theory that heavy runs were caused by high water,

Although verious facters may enter inte the picture, & clue to a con-
tributing cause of the evident variation in numbers may be obtained frem
an inspection of Table V, some of the data for which were provided by
Dr. Ralph Hile, of the U, S. Fish and Wildlife Service. The table shows
the pronounced variation in abundance of yellow pikepegch in the waters
of southern Lake Michigan from 1929 to 1946, as judged by catches of com-
mercial fishermen. Numbers of fish (in thousands) taken in the Muskegon
River transfer during this period are also shown. The same data are
presented graphically in Figure 1ll. An inspection of the table and graph
shows that the basie trends in the abundance of yellow pikeperch in
southern Lake Michigan and as indicated by transfer operations in the
Muskegon River are very similar for the l5-year period between 1929 and
19,;3. The figures given are not exaetly comparable, since the Leake
Michigan data cover the entire season's cateh in each case, while the
figures for the Muskegon more often than not cover only a part of the
period when fish congregate below the dem.

The date frem 1929 to 1943 openly suggest that the populations in
the stream and in Lake Michigan are either part of the same population
or are closely related populations showing characteristicelly similar
trends in their eycle of abundance frem year to year,

A very marked deviation from the pattern set by earlier data is
shown for the period fram 194l to 1946. Earlier trends would have justi-
fied the prediction of a substantially larger catch in the Muskegon
during the latter period than actually oceurred. The faet that the

number of nets used during the past several years was about half or less
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Table Ve.--Production (thousands of pounds) and abundance (expressed as percentage
of the 1929 - 1943 mean) of yellow pikeperch in the State of Michigan
waters of Lake Michigen, from Arcadis south to the Indiana Line, 1929 -
19&6,\t/cmnpared with cateh of this species (in thousands) below

Newaygo Dam in the Muskegon River,

- Lake Michigan Muskegon River
Year Production Abundance catch
1929 2 8l L
1930 o o 8
1931 T - 53 ' 2
1932 10 66 3
1933 Lé 203 L3
1934 L6 211 24
1935 37 135 2l
1936 38 107 7
1937 16 .78 7
1938 10 65 7
1939 9 , 59 é
1940 10 69 3
1941 16 98 12
1942 12 106 12
1943 11 | 72 13
1944 30 95 3
1945 30 152 1
1946 L3 127 L
1947 ooe " ooe 6

‘&Da'ba supplied by Dr. Ralph Hile, U. S, Fish and Wildlife Service
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Figure 11

PRODUCTION (THOUS ;mosP

(£
(4] (]

RCH IL LAKE MICH-
>
o

POUNDS) AND CATCH
ELOW NEWAYGO DAM.
'S

B
w
o

OF
IKE
ER
W
o

N
()

OF YELLOW
N
o

)

HOUSANDS
o

T

(

IGAN, AND IN THE MUSKEGON RIV
o

(8]

I

A COMPARISON OF PRODUCTION (THOUSANDS OF
POUNDS) OF YELLOW PIKEPERCH IN SOUTHERN LAKE

MICHIGAN AND THE CATCH(THOUSANDS)OF THIS SPECIES

BELOW NEWAYGO DAM, MUSKEGON RIVER 1929-1946

LAKE MICHIGAN
----- MUSKEGON RIVER

L i 1 ! | | 1 1 1 l ( 1 | ! 1 1 ~~

1929 1930 1931 1932 1933 1934 1935 1936 1937 1938 1939 1940 1941 1942

1943 1944 1945
YEAR

1946

Zrp e e e




31

than half of the number used in earlier years would without doubt con-
tribute to the catch of smaller numbers of fish. However s oven doubling
or tripling the 194k - 1946 figures would not substantially alter the
wide diserepancy in the catches in the two waters. There ere no data
ﬁt hand which would indicate the reason for this pronounced change in
the trends of the catches. A search for the cause would probably be
incomplete, however, if the netting regulations governing the werk at
Newaygo were not considered. In 19l); the netters were for the first
time in the history of the operation confined to about & 1/i-mile
length of stream along the north shore of the river. The same was true
in subsequent years. It seems quite possible that confinement of the
netters to a limited area may have had the effect of making the ecateh
less representative of the nunbers of fish in the stream than was the
eage in earlier years. Observations made by Mr. R. B. Quigg of the

U. S. Forest Service from April 9 to April 25, 1936 perhaps lend scme
support to this possibility. The studies were made at night, and ap-
parently water was suffieciently clear during that year to allow direot

observation of the fish in the stream. Quigg reports‘&i;hat a large

\‘/Quigg, R. B., "Notes of Boat Trips Made on Muskegon River during the

Pike Rum," 1935 (ms).

percent of the fish seemed to stay toward the center of the stream
rather than eclose to shore. This is a very general observation, but
suggests that areas of concentration may occur. Very probably certain
arees within reach of shore-based dipnets are more used by the pikeperch

than other areas, depending on bottam types, flow of water, depth and other
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factors. Inability of netters to net areas of possibly greater fish
abundance may have substantially redueced the ecatoh per net.

D. The 1947 Newaygo Transfer.--During the 1947 season, the progress

of the dipnetting below Newaygo Dam was followed in scmewhat greater
detail than in previous yeare, The ‘handling of considerable numbers

of fish in connestion with a tagging program undertaken there (discussed
below) provided an opportunity to obtain certain information of interest
which was not obtained in earlier years.

The dipnetting season of 1947 was much delayed due to the extreme
lateness of the season and the failure of pikeperch to appear below the
dam in appreciable numbers until mid-April. Netting was begun on the
night of April 13, the latest opening date in the history of the trans-
fer. The last night on which nets were used was on April 24th. The
12 days of fishing with 12 nets yelded 5,540 pikeperch, or an average
of around %8 per net day. These figures are considerably smaller than
the average for the period fram 1933 to 1947, which wes 21.6 nets and
2%6 pikeperch per net day. There was a greater —fluetuation in daily
catch than in most previous seasons, and the peak of the run was not
sharply pronounced.

Throughout the 197 transfer, the river was high and the water
roiled. Weather was moderately severe for the season of the year, and
a snowfall occurred during the operation. Temperatures of the air and
water compared fairly well, however, with those taken in 1936 and 194k,
+the only other two seasons for which reeords are quite somplete. Tempera-
tures for these three years are shown in Table VI. The readings were
mede by various Department persomnel engaged in the supervision of the

transfer.
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Teble VI.--A record of temperatures in degrees Fahrenheit during netting pericds

in the Muskegon River below Newaygo Dam, 1936, 1oLl and 19L7.

(111223) (1(%9&-1.) (3-5 a.m.) 191(‘%-9 ) (25 pem.)

April Air Water Air VWater Air Water Air Water Air Water
6 36 36
7 L8 36
8 38 3L L5 37
9 Lo 35 52 39
10 L7 38 Ly 36 ces  eee
11 ses  eee k2 38
12 38 38
13 W 39 b 38 L2 37
1 6L 1 ho 36 36 38 ko 38 56 Lo
15 50 la 32 36 33 36 39 38 50 Lo
16 38 I 32 36 32 Do 3L, 38 L Lo
17 38 L2 54 Lo 36 38 Lo 38 50 Lo
18 L L2 56 Lo 28 36 3L, 38 3, Lo
19 L6 L2 L3 38 36 37 3L, 38 38 Lo
20 L8 L2 55 Lo 32 38 36 38 W i
21 36 Lo W, Lo ke 38 38 39 52 L2
22 L ln 55 L2 52 L4 L2 Lo 5 b3
23 55 la Lo L2 55 g 60 Lk
2k 5 L3 Lo L2 L8 2 60 L6
25 - 63 L3 L3 L2
26 55 L6

&
L[4
[ 2
*
L
L ]
L]
L]

27 62
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The water temperature records show a range between 39 and L6 degrees F,
during the principal netting season of 1936, 36 to 42 degrees during 1ghl,,
and 36 to L6 during 1947. A number of spent female pikeperch were taken
on April 1l and 15 during the latter year, together with ripe fish, Spawn-
ing was apparently ;!'ell underway and the peak of the daily catches for
the season had already passed, while water temperatures never exceeded
Lo ‘degre‘es Fahrenheit. This also appears to have been true in 194}, al-
though water temperatures may have exceeded LO degrees during the after-
noons of scme days during the period from April 6 - 18. In 1936 tempera-
tures ran scmewhat higher, and the apperent peak of the migration occurred
while water temperatures (taken daily at noon) were L1 to L2 degrees.

It is probable that fram the standpoint of temperature, spawning of yellow
pikeperch, during the three years covered by the table, began when river
water reached & maximum daily water temperature of between 37 and 39 degrees
(or lower), and reached its height at temperatures ranging from about 38 to
L2 degrees.

Certain detailed observations were made of the nets in use on April 15,
two days after the beginning of the operation. Twelve nets were set up
on that dates The farthest upstream of these was located on the north
shore of the river, direectly beneath the so-called "lower street bridge"
in Newaygo, which orosses the river approximately tfaree-quarters of a
mile below Newaygo Dam. The farthest downstream net was located 1,078
feet below this point, a short distance west of the west boundary eof the
publie fishing site loeated in that area. Nets were spaced at irregular
intervals along the streteh of river bank betweemn these extremities,
Distances between nets varied fram 15 to 525 feet, with an average inter-
val of 90 feet., Outside dimensions of individuel nets (all were approxi-

mately sguare) ranged frem 7 feet, 8 inches to 10-1/2 feet, covering areas
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when set ranging frem 59 to 110 square feet (average, 86 square feet).
Distance fram the Inner edge of the net to the shore varied from 9 té
23 feet among the various nets (average, 15 feet), and this same edge
of the net was suspended over water varying from 5 to 6 feet in depth
and averaging 5.5 feet. Rubble and gravel, insofar as could be deter-
mined, constituted the predominant bottom types beneath all nets.

The river at the lower street bridge was 260 feet in width on the
date of the above observations. The width of the stream does not appear
to change materially in the immediate area downstream. Within the 1,078«
foot linear distance of river where nets were in operatiom, the river
thus covers an area of around 280,280 square feet. All 12 nets, when
placed in position, covered a total of 1,034 square feet of river
bottom, or slightly over 1/3 of one percent (0.37 percent) of the river
bottom within the upstream and downstream limits which were being fished,
Bottom types are similar throughout the area concernedj current appeared
to.be about equally swift throughout the period in the area involvedj
and river depths there do not vary greatly.

The netting during 1947 began when the run was apparently fully
underway, and ondéd while it was still very much in progress. This is
rather unfortunate from the standpoint ¢;f analysis of certain of the
date obtained deeling with the spawning population, as they do not cover
the biologically interesting periods of inerease and decline at the be-
ginning and end of the run, respectively. However, the material provides
some points of interest concerning the mideportion of the run, and these
are included at this point,.

In connection with a tegging experiment carried on at Newaygo frem

April 14 to April 25, 1,750 pikeperch were measured to the nearest 1/10 inch
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end the sex of‘all but 19 (omitted by'error) was determined. The results
are shown in Table VII, and are further summarized in Table VIII.

Table VII, which shows the lengths, by 2-inch groups of the males
and females measured during each day of the work, demonstrates no par-
ticularly significent echanges in the size of fish composing the spawn-
ing population as the season progressed. Among the males, the size
group including fish between the lengths of 19 to 21 inches was repre-
sented by the largest numbers almost throughout the transfer period.

The 17 teo 19-inch group was slightly better represented on April 15,

16, 18 and 21, but the mergin over ﬁumbers‘of the 19 to 2l-ineh group
was slight on three of these days. The latter group composed 37 percent
of the total males for the period of operation. Among the female pike-
perch, the group messuring 25 te 25 inches was daminent throughout most
of the period and constituted 34.7 percent of the total number of femmnles
measurede.

The data on sex and size sth no significent trends in the represen-
tation of any partiéular size group during the period. In the interest
of guarding against too close judgment of slight variations on any given
day, it should be noted that some selectivity ocourred in the selection
of the fish for measurement which tended to slightly favor the represen-
tation of larger fish in the total in some instances. In removing fish
from erowded live boxes, it was noted that larger fish were generally
caught first, while smeller fish frequently escaped capture until most of
the larger fish had been removed. On some oceasions it happened that
tagging was interrupted at the end of a working day while a live box was
only pertially emptied. This would tend to increase the representation

of larger fish in the total, Although operating largely to increase the




Table VII.--Daily record of yellow pikeperch tagged at Newaygo Dam in the Muskegon .

River, showing size groups and seﬁg’

ril

Aoril

April

22

Length, inches Numberm?ercent fumberEPercent NumberléPercent ‘ Number17Percent —TﬁmberlSPercent Nmberlgéercent ifmberaopercent Nmberang’rcent Number _ Percent \ _ﬁumberaaPereent Tfumberapereent Numbergs}?ercen'b Totals g?iif:izercent
Males | » -
13.0-1L.9 3 346 2 347 2 L5 7 5e2 ’ 2 Le2 5 10.4 1 2.3 1 241 I 8.0 . 2 6.1 1 2.l 2 L.6 32 1.8
15,0-16,9 21 25,3 7 12,7 3 6.8 28 20,6 é 12,8 2 L2 6 m.é 7 1.6 16.0 2 6.1 3 7.1 2 L.6 95 141
17.0-18.9 18 21,7 19 3L4e5 16 36.k 3l 25.0 ; 1k 20,8 5 10.1 7 16.3% 18  37.5 13 26,0 5 154 9 21y 10 23.3 168  25.0
19.0=20.9 30 36.1 18 3247 15 3L.1 50 36.8 13 27.7 22 L5.8 19 Lij.2 8 16.6 19 38,0 15 L5.5 19 1_;5._2. 22 51.2 250 27,2
21,0-22.9 11 13.3 7 12,7 8 18.2 15 11,0 "2 25.5 10 20.8 9 20.9 | 13 27.1 L 8.0 8 2.2 7 1647 5 11,6 109 16,2
23,0-2l1.9 2 3.7 1 0.7 L 8.y 1 2.3 1 2.1 1 2,0 1 340 2 1.8 2 L7 15 2.2
25,0-26.9 1 0.7 ﬁ 1 2.0 1 24 3 0e5
Totals 83 coe 55 ces L o 136 oo g :

- Al L8 b3 .. L8 50 3 L2 13 672
Fomaloes ‘ ?
17.0-18.9 oo coo coo 3 Sels 1 0.7 2 3.8 1 0.5 2 1.9 1 2.0 1 1,0° 1 1.5 1 1.8 1 1.9 1, 1.3
19.0-2049 12 10.3L 8 11.8 5 849 17 12.2 2 3.9 11 Sely 5 L9 2 3.9 6 6.1 -5 7.6 6 10.7 6 11,6 85 8.0
21.,0-22.9 35 30.2 2l 3543 13 23.2 L6 33.1 3 1L 26.9 56 27.7 30 29,1 13 25.5 31 31.6 20 30.3 21 3745 9 17.3 312 29.5
23,0-244.9 33 28.4 23 33.8 19 3349 L6 33.1 k 13 25.0 77 38.1 38 36.9 18 35,3 38 38.8 22 33,3 22 39,3 19 36,5 268 . 21,7
25402649 28 2.1 10 U7 15 26.8 2l 17.3 : 17 32,7 b 22.8 23 22,3 17 33.3 19 19.4 17 25.8 5 849 13 2540 23l 22.1
27.0-28.9 8 6.9 3 L.l 1 1.8 3 2.2 3 | 5.8 10 5.0 L 3.9 3 3.1 1 1.5 1 1.8 L 7.7 ln 2.9
29.0-30.9 _eee 2 PN ! 1.9 1 0.5 1 1.0 5 0.5
Totals 116 coo 68 coo 56 oo 139 oos : _

.52 202 103 51 98 66 56 22 1,059

i
v/Nineteen unsexed fish are not ineluded in these totals.
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Table VIII.--Summary of average lengths and sex of yellow pikeperch tagged at

Newaygo Dam in the

Muskegon River, 1947.

Date Meles Females Both sexes
R e P i T
BTN 83 18.6 116 21.0 200 20.0
15 55 19.0 68 23.1 12l 21,3
16 bk 19.0 56 . 23.5 101 21.5
17 136 18.7 139 23,2 275 21,0
18 L7 19.1 52 24,0 100 21.6
19 148 19.7 202 23.8 250 23,0
20 L3 19.); 103 23.5 150 22,2
21 L8 19.0 51 23,7 100 21.)4
22 50 18,7 98 23.5 150 21,9
23 23 19.6 66 23.44 100 22,2
2k L2 19.7 56 22,9 100 21.5
25 L3 19.5 52 23.7 100 21.9
672 19.1 1,059 23,2 1,750 21,6

\%/Nineteen fish of unknown sex ineludéd in this total
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number of femeles over the (smaller) males in the total (61.2 percent
in this sample as campared to 57.7 percent in @ random sample--see
below), séme dégrée of selectivity favoring larger size groups of a
given sex may elso have been exerted.

Table VIII shows the average lengths (based on measurements to
the nearest 1/10-inch) of the two sexes as the season progressed. Males
ranged in average length fram 18.6 to 19,7 inches and this figure equaled
19,1 inches for the period. Daily éverages of females were between
21 and 24 inches, while the average for the period was 2%.2. Both sexes
taken together averaged from 20 to 23 inches in length, and the grand
average for the whole period was 21,6 inches. Again, no significant
shanges are shown in average size of either or both sexes with the
progress of the season. o

The length of yellow pikeperch in relation to age in the spawning
population is shown in Table VIII-A, The figures are based on scale
samples taken from 125 pikeperch during the course of the transfer,
Judging by the sample, age groups III to X iere included in the spawning
population. Probably several older age groups were present in small
numbers. Camparison of Tables VIII and VIII-A suggests that the spawning
run was probably dominated in numbers by 5- and 6-year-old males and
6=, 7- and 8-year-old females. Males of these year classes averaged
18.8 and 20.0 inches respectively, while the average length of 672 males
handled during the transfer was 19.l1 inches. Females of'the age of
6 years averaged 22,6 inches, those 7 years o0ld, 23.3 inches, and those
8 years old averaged 25 inches in length. The average length of 1,059
femnles measured during the transfer was 23.2 inches. The sample of fish
from which the data in Table VIII-A are derived were taken at random, and

present further evidence that the above-named age groups dominated the
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Table VIII<A,««Growth rate of yellew pikeperch taken in the Muskegon River

below Newaygo Dam, April 1947.

Sex III v \i VI VII VIIE IX X
Males 15.7(3)°  18.1(7)  18.8(11) 20.0(17) 21.8(k)  24.5(1)
Females cen 19.5(3) 20.8(9) 22.6(21) 23.3(22) 25.0(19) 26.4(8) 27.5(1)
Combined

sexes 15.7(3) 18.5(10) 19.7(20) 21.5(38) 23.1(26) 25.0(19) 26.4(8) 27.5(1)
Tentative ‘ .

state averase, 3.1‘. 11[..6 15' 5 1608 17.6 18.2 19.2 PPy

inland waters
(combined sexes
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spawning run. A comparison of tables VII and VITI-A suggests a fairly
strong representation of %-year-old mies among the spawners, but very
fow, if any, females of that age. Foureyear-old and 7-year-old males
may have been about equally represented in the total. Females outside
of the three dominant age groups mentioned were few in number, with
older fish showing up in somewhat larger numbers them those younger than
the dominant groupse. A considerably faster growth is shown by females
than by males in the semple taken. The tentative state average for
lengthe of yellow pikeperch at various ages (combined sexes) in inland
- waters is given in Table VIII-A, for comparison with the Muskegon
River fish. The latter are seen to grow at a far faster rate than the
average for inland waters. Although no figures are available pertaine
ing to growth rate of yellow pikepéréh from southern lake Michigan,
rapid growth, as well as a materially faster rate of growth of females
than males, has been demonstrated for certain other Great Lakes waters.

Eight pikeperch collected by an Institute survey party in August of

were distributed among five age groups
and provide insufficient data upon which to base the average growth |
rate of even any one age group in the population as & whole. Age
groups, total length in inches, and numbers of specimens in each group
were as followss II, 13.1 (2); III, 4.3 (2); IV, 16.6 (1); VI, 17.0
(1); VII, 15.7 (1)s The few specimens examined showed a growth rate
which is for the most part somewhere between the state average and the
average for Muskegon River fish. A larger midsummer colleetion (with
the hope of further sampling the resident pepulatioﬂ, in additien to

a collection of scale samples from pikeperch in southern Lake Michigan,
might provide worthwhile date upon which to base an inference as %o the

sourece of the pikeperch whieh migrate up the Muskegon River each spring,
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The proportional representation of the two sexes during the 1947
season, based on a total of 1,298 pikeperch exemined at random, is
shown in Table IX. (Sex is readily determined during the spawning
season. Slight pressure on the posterior portion of the abdomen of
sexually mature males causes milt to be extended fram the vent (Figure 12),
and they can thus be unmistakably distinguished from females). Included
in the totals are only fish taken from live boxes which were completely
emptied, and in whiech all oocupants were sexed. The assumption made is
that fish taken by dipnetters are taken at random. No check was made to
determine whether this occurs, but it does not appear that the gear used
would be seleetive in this regard. Although females taken in the daily
samples constituted up to nearly 75 percent of the cateh, and down to as
low as 39 percent (on suceessive days!), the average ratio for the period
was about four males to six females. Daily tote;ls do net deviate fram
this general average with sufficient consistenscy to permit the recognition
of significeant basic trends or changes in the representation of the sexes
as the season progresses, Although the average figure is thought to be
near to & true value, the daily totals are probably based on numbers of
fish which are insufficiently large to permit serious conclusions. Thus
an attempted explanation of the daily variations in ratio does not seem
required, and none is offered here,

The condition, with regard to development of the ovaries, of 964
femnle pikeperch examined between April 16 and April 25 is shown in
Table X, About 2/3 (66.5 percent) of the females examined were ripe"
(extruded eggs freely upon the exertion of slight abdominal pressure) »
making it quite apparent that spawning was actively oceurring in the
immediate area where netting was done., Thirty percent of the fish were

"sreen" (had not yet begun spawning, as revealed by widely distended
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Table IX,--A gmﬁpnrison of numbers of mals and female yei!.lpw pikeperch occurring

below Newaygo Dam in the Muskegon River, April 1947.

Number Males Females
Date sexed Number __ Percent Number __ Percent
April
1L 153 5 68 Ll 85 5546
15 119 51 - k2.9 68 57.1
16 81 “ 3L Le.0 L7 58.0
17 252 129 51,2 123 k8.8
18 65 32 Lg.2 33 50.8
19 U9 38 25.5 111 The5
20 L6 28 60.9 18 39.1
2l 89 L5 50.6 L Lo.ly
22 95 33 3.7 é2 65.3
23 8l; 30 35.7 5L 6l.3
2ly 9% L k2.7 55 573
25 69 20 29,0 L9 _71.0

1,298 59 h2.3 7h9 577
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Table X,--Condition of ovaries of femele yellow pikepereh examined below

Newaygo Dam in the Muskegon River, April 1947.

Number :
Date exsmined . “Wabor: Torsert—Tiamhar - Fersat—Wamber Parcet
April
16 ok 53 6l 38 ho 3 3.2
17 ~ up 88 62.9 K 28,5 12 8.6
18 , 91 56 61.5 28 30.8 7 7.7
19 202 106 . 52,5 93 46,0 3 1.5
20 103 7 TL.9 26 25.2 3 2.9
21 s B 6k 20 3.2 3 L
22 98 % 5.5 23 23.5 1 1.0
25 & K T34 15 235 2 34
2 5 55 9.5 2 35 0 0
25 51 k7 92,2 L 7.8 () 0

96l 641 66.5 289 30,0 3k 3.5
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abdomens and failure to release eggs when pressure was applied). The
remaining 3.5 pereent were "spent" (recognized by lean, flat abdmens
and failure to extrude eggs‘in any quantity upon the application of
pressure)., Green females comstituted L# percent of the 202 females ex-
amined on April 19 (just past the peak of the spawning migration, as
judged by daily catch records for the season). In general, they de-
creased in numbers from this point on, appearing in mueh reduced numbers
in the totals for April 2l and 25, while the number of ripe Pemales
inereased proportionately. Reduction in numbers of green females would
logieally indicate the approach of the end of the spawning season. By
April 2 and 25, virtually all femeles remaining in the area were actively
engaged in spawning. Spent females were few in number throughout the
period, suggesting that female pikeperch leave the area very soon after
the discharge of sexual products has been completed; otherwise their
numbers should have increased steadily with the progress of the season.
The time required for a female to release its eggs is not known, but an
extended period is not necessary. Eggs throughout the ovaries appear
to ripen suddenly and simultaneously, when a certain stage in develop-
ment is reached. On the morning of April 21, 13 green females were
carefully chosen for egg eounts, the selection involving the exertiom
of severe pressure on the abdomens to make certain that no eggs had been
extruded, By mid-afternoon, upon removal from a live box in which they
were held, two of these had begun passing eggs very freely. Upon dis-
section, the eontents of both ovaries were found to consist of an
entirely unoonsolidated, fluid mass of eggs, all of which appeared %o
be equally ready for discharge. Puncture of an ovary wall resulted in

an wrestricted flow of eggs which continued at steady rate (with the ovary
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lying on a flat surface) until a large proportion of the contents had
poured forth, and pressure within the ovary had become ccmpletely dis-
sipated.

E. Stocking Records.--A discussion of the Newaygo transfer would scarcely

be complete without some mention of the ultimate disposal of the thou-
sands of geme fish which have been caught. Stoocking reeords for adult
yellow pikepereh taken during the transfers of the past 20 years are
showmn in Table XI. Adults of this species have been planted in each of
the six Muskegon‘impoundments end in a total of 19 lakes during the
years for which there are records. During the past 10 yearg distribu-
tion has been restricted to the impoundments and nine lakes of the
drainage, in the vicinity of Newaygo. In the.15 years for which records
are complete, 137,977 pikeperch (78.8 percent of the total) have been
planted in the Muskegon impoundments and 37,018 (21.2 percent) have been
stocked in neighboring lakes. Newaygo, Hardy and Croton Ponds, in that
order, have received the largest shares of fish among the impoundmenté,
while among the lakes, the high totals are for Hess, Pieckerel, Emereld
and Fremont Lakes, respectively., During 1947, 75.4 percent of the
pikepersh were placed in the impoundments and the remasinder in nearby
lakes.

There are slight differences in the totals listed in Teble XI,
as compared to cateh records listed in Table II, Seme of the older
catch records were taken from various sources, and are apparently some-
what incomplete. Im certain other years, occasional mortality has
occurred. In 1947, & fish were used for seientific purposes (experi-
ments to determine the effect on growth and mortality of tagging and
for égg counts).

Fe. Cost Rseords.--?he ocost of the Newaygo transfer has vearied within

rather wide limits during different years, changing with economic
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Table XI,--Stocking records for yellow pikeperch taken by means of dipnets.

below Newaygo Dem in the Muskegon River, 1928-1947. %,
Newaygo Croton Hardy Rogers Big Rapids Little Mﬁskegon ?éﬂess Brooks Kimball Pickerel Fmerald Sylvan Fremont Robinson Half Moon  Lake Billts  Clear Gull Long . Crystal  Secord Chippewal ‘ Loslanau
Yoar Pond Pond Pond Pond Pond or Morley Lake Lake Lake Lake Lake Lake Lake Lake _Lake Missaukes  Lake Lake Leke  Lake  Lake Lake Lake Bmery Leke Loke Totals
1928 cee ces .o ! 19
1929 cee e . 3,680
1930 oo 8,327
1931 1,517
1933 11,005 8,400 1L,205 771 2,768 see 2,378 3,545 513 Lo 10l 150 L2 Loly 30 b5,L32
1934  L,897 3,981 5,76 2,001 1,588 71,332 599 875 1,321 395 Loo L8é oo 23,621
1935 3,212 5,710 4,819 2,216 1,610 909 R 1,12l 12 581 1,109 829 Lol 23L 337 3U3 348 oo 2l,,22l
1936 1,012 955 1,095 990 737 5ho 250 27k .ee 200 200 223 200 6,676
1937 1,691 1,057 932 788 722 627 322 ol 70 21, 251 6,916
1938 1,279 1,202 1,09k 569 278 316 20 e 298 278 374 180 28l eee 37k 7,066
1939 1,247 1,267 551 797 279 134 31), 177 189 273 221 281 278 199 con coo see oee oes 135 coe oos ooe . ... 6,3L2
1940 519 490 93 | 10 11L 160 ; 98 202 12 110 110 150 122 158 coe coe cos oo oo 73 coo ose oo . ... 2,641
1941 L,L27 2,893 1,537 1,27 65 57 752 39 12,160
1942 3,271 3,029 1,323 1,218 coo . 316 E;- 755 706 135 coo Lol oes 751 INC coe coe cee coo vos coe cos coo cos . . 12,171
1943 5,136 2,034 1,992 1,221 317 183 'ﬁ"; 29 307 ceo 326 670 319 332 ces cee cee cee ooe oo cee cen coe coe . .. 13,186
19LL 820 698 623 Loé 222 22l ‘ 195 127 3,315
195 é52 eee ces Lo L3 L5 coe 789
946 1,125 1,053 930 673 250 60 60 82 67 80 11,380
o7 a6 65l - L6 177 o . 250 166 176 207 5,176
Totals 40,733 31,623 35,512 114,180 9,062 3,867 8,321 1,717 2,12 6,920 5,178 1,76k 3,666 1,515 1,07k 1,038 1,86 193 o8 582 Lh2 Lol 305 223 200 192,169
. /
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eonditions, length of the netting season, number of fish trensferred,
and the amount of assistance rendered by the U, S. Forest Service
(CeCsC. labor). By and large, the shorter the season, the less has been
the expense, although increases in the numbers of fish handled have
tended to decrease the cost per fish. Since 1933, the cost to the
Consumers Power Company has been $750 per year, except during the 3
years (1940, 194l and 1945) when ﬁhe catch did not attain a total of
3,750 game fish.

An analysis of the costs for the lL.year peried from 1943 to 1947
is shown in Table XIXI. Average costs teo the Conservation Department
for these years have amounted to $141.69 for supervision, §257.62 for
labor, $203.79 for patrolmen, $73.48 for travel expenses, #léh.BO for
moter vehicle operaticn, and $9.75 for miscellaneous items. The aver-
" age annual cost for the perio& has been $8h8.63. During this time
27,213 yellow pikeperch have been transferred at an average cost (if
the few other game fish are ignored), of about $0.16 per fish. This
amount has varied from slightly wnder $0.06 in i9h3 to over ten times
this amownt in 1945, when less than 806 fish were handled. These
figureg are tabulated in Table XIII., Cost to the Consumers Power Come
pany has varied from about $0.06 in 1943 to $0.20 during the two years
in the period when relativeiy few fish were faken. Total average cost
for each fish transferred has ranged from $0.11 to $0.8% at the 1947 rate
of recovery of marked fish (discussed below) at leaét one out of eight
of the transferred fish reasched engler's ereels during the first season
of fishing following the tramsfer. If it is assumed that this recovery
rate has been relatively constant during the period concerned, the
returns to anglers from the fish planted have been about as shown in

column seven of Table XIII. The resulting cost to the Department per
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Table XII.--A summery of the cost to the Conservetion Department of the Newaygo transfer, 1943-1947

=50

1943 1944 19L5 1946 19L7
Supervision
(Fish end Field Admini-
stration Divions) $ 8431 $ 255.06 $ 77.10 $107.99 $ 184.00
Labor : | | | |
(Clerieal, drivers,
assistants) 286.74 285,76 176,64 25L..2 284.55
Patrolmen 175.00 287.0L 109.3L 217.06 230,50
Travel expenses
Motor vehicles 144,00 175.40 85,00 162,70 254,40
Miscellaneous
(Maintenance, postage,
telephone fees, ets.) 8.00 13,00 6.00 12,00 oo
Total $751.53 $1,1.0,08 $500.39 $829.96 $1,021.45

1
Cost analyses by Mr, J., T. Wilkinson, Regional Fisheries Supervisor, Paris, Michigan.
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Table XIII.--A summary of costs of the Newaygo transfer, on a wnit basis, 19431947

“Estimated cost | _ , B
to Department per . Toteal estimated
fish ereeled - cost per fish

Probable re-

Total eost of coveries during Total estimated

transfer to Cost per fish Total average first fishing during the ; caught during the cost, assuming
Department of Number of fish Cost per fish to Consumers cost per fish season first fishing =~ | first fishing eventual 25 per-
Year Conservation transfer?ed to Department Power , transferred (12.5 percent) season isfetaon ' cent reggvery
1943 $ 75153 13,186 0,06 $0.06 $0.11 1,648 $0.L6 0,91 $0.L6
9l 1,140.08 3,318 0.3k 0.20 0.5k K5 2.75 | L35 2.18
1945 500439 789 063 0420 0.83 2 5.05 8.3L ah..17
1946 829.96 L,380 0.19 0.17 0.36 54,8 1,51 2.88 144
1947 1,021.45 | 5,5L0 0,18 0.14 0432 692 1.48 256 1.28
Totals $4,243 41 - 27,213 o.ié 0l11 0.27 3,102 1.25 2,15 1,08

g meag A

R
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fish caught by anglers during the first season after transfer has
ranged from $0.46 in 1943 to $5.05 in 1945, and the total cost (in-
eluding fnnd§ provided by Con;\mers Power) has been between §0.91
and $8.34. It is not yet known what mumbers of fish are cauéht during
the jea.rs following a given transfer. It is reasonable, however, to
assume that some fish are teken for a period of severel years, within
the Muskegon drainage or in Lake Michigan, It is very doubtful,
however, if the sum of the numbers caught during subsequent years
ever equals the number caught during the first season after transfer,
Hence halving the cost per creeled fish taken during the first year
provides a minimum figure for the cost of eaeh transferred fish even-
tually taken by anglers. For the Department, these sosts would range
from §0.23 to $2.53.

cemparablé figures for other transfer operetions are lacking.
However, estimated costs (about 1945) to the Department of each legal-
sized trout planted in Michigan streams which is eventuelly ereeled is

ik
between $0.80 (breok and rainbow trout) and §1.60 (brown trent).\/

\t/ Westermsn, F. A., and Hazzard, A. S., "For Better Fishing," Michigan

Conservation, Nos. 7, 8, 9 and 10, 19)45.

III., General observations on physical, chemical and biological con-
ditions in the Muskegon River impoundments and in six Newaygo
County lakes.

A, The Muskegon impoundments
Newaygo Pond is the farthest downstream of the series of im-
poundments in the Muskegon River. It is the result of e dam located

in Sectien 19, T12N, R12W, Newaygo County, within the city limits of
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Newaygo, and epproximately 38 miles above the mouth of the Muskegon
River, at Lake Michigan. Highway M-37 erosses the river immediately
east of the dam. A portiom of the impoundment, as well as the dam end
the highway bridge are shown in Figure 13. The dam is 17 feet in height
and was erected before 1900. It is reported to have been purchased frumA
a cement campany by Consumers Power Company in 1923, and has been used
by the latter organization for power development sinee that time. It
was reconstructed soon after purchase. Except for a partial washout in
1943, it has been in operation without interruptibn since that time.

A ehute~type fish ladder is present, but it is not known to be functiocnal
insofar as game fish migration is concerned.

The impoundment is shallow as compared to sévaral of the others in
the series, as might be judged by the height of the dam. It is re-
stricted on each side by steep wvalley banks, and its width at most points
does not greatly exceed the width of the river ochannel. There is a
distance of over 12 miles between Newaygo Dam and the next dam upstream,
but only about 1/3 of the distance between the two dams is inoluded in
the impounded area.

Croton Dam is located in Seetion 18, T12N, R11W, near the wvillage
of Croton and only a few hundred yards below the confluence of the
Muskegon and its prineipal tributary, the Little Muskegon River. The
structure is 42 feet in height and was built in 1907 by Consumers Power.
There is a fish ladder present, but its value in facilitating fish
migration is very doubtful.

The impoundment resulting from the presence of Croton Dam is cone
siderably larger than that produced by Newaygo Dam. The backwater is
divided inté two distinet ponds, connected by a ;keep, narrow channel

passing beneath a road bridge. The larger of the ponds extends northward







wbbe

up the main stream to Hardy Dam, whieh is 5 miles upstream., It is up
to a half mile in width and reaches a depth of about LO feet. The
smaller pondix‘bends wp the Little Muskegon for about 1-1/2 miles.

Hardy Dam, the largest earth-filled dam in the world, is the
newest of the Muskegon River dems. It is 100 feet in height and was
built in 1931. It is located in Seotion 28 of T15N, R11W, Newaygo
County, about 2 miles south of the village of Big Prairie. It impounds
water upstroam for a distance of over ten miles, into the southwestera
portion of Mecosta County., The pond has a depth considerably greater
than 100 feet at some points, and is up to a mile in width.

Rogers Dam is located 19 miles upstream from Hardy Dam. It is in
Section 11, TN, R1OW, Mecosta County, six miles south of the eity of
Big Rapids, Highway U.S-131 passes just west of the dam and parallels
the west shore of the impoundment for & short distance. The dam has a
height of 4O feet and was built im 1905. Although it impounds water
upstream for a distance of several milss, the pond does not much exceed
& quarter of a mile in width and L0 feet in depth.

Big Repids Dam is located within the city limits of Big Rapides, It
is the same height as Newaygo Dam (17 feet), and was built in 1911,

These five dems, Newaygo, Croton, Hardy, Rogers and Big Rapi&s
constitute the major dams in the drainage. A sixth, smaller dem is
located on the Little Muskegen River. It is in Section 30, T13N, ROW
of Mecosta County, near the village of Morley, and impounds an area of
water of small size (well under 100 acres). The remains of a dam are
located near the village of Leota, for upstream on the Muskegon, at a
point about 30 miles below Houghton Lake. It has not been used for many
years, and as early as 1932 was not considered an obstacle to fish move-

ment exeept during perieds of low water,
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The area surrounding the Muskegon impoundments is for the most part
wooded, with rolling topography and essentially sand and clay soils.
All ponds bear extensive scars of past erosion. In Rogers and Newaygo
Ponds the once eroded areas are largely covered with wvegetation. In
Croton and%ardy Ponds, however, barren, eroded banks rise almost verti-
cally from;the water's edge to heights of 30 feet or more. Some of these
(in Groton‘rl;ond) are shown in Figure llj. Much of the shoreline of the
lower reaches of Hardy Pond is lined with such eroding ocliffs, and in
Croton Pond, which is almost 25 years older than Hardy, it is only the
less precipitous banks which have acquired a cover of vegetation.
Severe rains, spring run-off and the wash of waves during storms con-
tribute to the quantities of silt and sand poured into the ponds.
Aquatic vegetation has little oppertunity to become established in the
loose, shifting bottom soils below these precipices, with the result
that plants arse scarce or absent in most such areas. The barren, eroded
banks materially detraect from the scenic beauty of the impoundments,
and are a source of annoyance to the esthetic sense of all but the ine
sensitive among those who view them.

Resort developmént along impounded portions of the Muskegon by
and large, is not extensive. The number of cottages along the shores
of any one pond probably does not exceed a hundred (excluding villages),
and is considerably smaller than this in the case of several of the
backwaters. Several boat liveries are distributed among the impound-
nents. |

Temperature and chemical conditions in the ponds vary with their
respective depths, Although the impoundments have a number of characteris-
ties of lakes, the flow of a considerable volume of water through each

causes same differences between the two types of waters. Certain observa-

tions made during September, 1947, are summarized in Table XIV.
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+ Teble XIV,--Temperatures, dissolved oxygen, and alkalinity of water in four Muskegon
River impoundments, September, 1947.
Depth
~ of water Water Temperature, Oxygen Methyl
at station Date depth, degrees parts per orange
Location of stetion in feet 1947 feet Fahrenheit million alkalinity
Newaygo Pond
200 feet above dam 12 September 10 Surface Thel eee 131
10 738 T3 135
Croton Pond
800 feet above dam 33 September 9 Surface 759 cvs 128
7 7)4-.5 LA N 4 LN 2
10 7201 LN ] sv o
13 70'2 5.6 see
16 68.7 3.5 eoe
20 66.6 0.7 oo
2l 6L.8 1.7 oo
27 6L.0
« 30 61.5 0.0 Ll
Hardy Pond
1,000 feet above dam 115 September 11 Surface 75.4 vee 133
20 The3 240 vee
| 20 T2.7 1.7 oee
} Lo 71.2
| )-].3 69.8 oee e
50 68.0 0.2 eoe
58 67.3 ece see
66 66,0 0.2 coe
70 65,
79 6202 ' ) ese LX)
82 61.9 (XN} ese
85 61.2 LX X es e
90 60.6 oec e LA N ]
99 57.6 . 0.0 133
Rogers Pond
1,000 feet above dam 35 September 11 Surface 76.3 ces 147
15 7203 (XX on e
18 71. cee XX}
21 71.2 coe ces
21‘. 69.8 )..Loo [ X N ]
27 6901 eece oo
30 67.6 eeoe LX)

33 66.L, 0.k 154
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As might be expected, Newaygo Dam probably has an ample supply of
dissolved oxygen to support fish throughout its shallow depth. Its
methyl orange alkelinity (alkalinity resulting from dissolved minerals
and certain buffer salts, a oriterier:;hardness of the water) ranges
frem 131 to 135 parts per million, indicating that the water is quite
hard, Temperatures on September 10 were about the same at the surface
as at a depth of 10 feet,

The oxygen distribution in Croton Pond during the summer months
is such as to be definitely restricting to fish movementis. The amount
of oxygen ordinarily considered as being requ.{ned to sustain fish life
(three to four parts per million) is present only in about the upper
16 feet of water, and fades rapidly below this point. This is consis-
tent with the observations of a nulber of local residents who have
noticed that bait minnows lowered into deep water during the summer
die very quickiy. The thermocline (an area of rapidly deereasing teme
perature with inocrease in depth), often present in deep lakes during
the summer, is very weakly developed in Croton Pond, On the date of the
water analysis, temperatures from surface to bottom apéroached a rather
even temperature gradient, ranging from about 76 degrees F. at the sur-
face to 61.5 degrees near the bottom. It should be noted that if con-
ditions near the spillway are similar to those at the point at which the
analyses were made (800 feet above the dam), fish would be unable to move
downstream during summér months, even though water is spilled from the
bottom of the spillway, because of the low oxygen levels at that depth.

From the standpoint of temperature and dissolved oxygen, conditions
at Hardy Pond are scmewhat similar to thoss at Croton. In late summer,

oxygen supply diminishes below depths of about 20 feet, and insufficient
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oxygen is present at a depth of 30 feet to mmintain fish, During
the summer there is & fairly uniform temperature gradient fram surface
to bottam. Temperatures ranged from 75.L degrees Fahrenheit at the
surface to 57.6 degrees at 99 feet, on the day of the examination.

Rogers Pond exhibits oconditions not materially different from Hardy
and Croton., It has a temperature gradient from surface to bottom, and
a deficiency of oxygen in the deeper parts of the pond. A somewhat
higher content of dissolved minerals and buffer salts is revealed by
the higher methyl orange alkalinity in this pond. |

No records are available for Big Rapids Pond. In an impoundment
of its size and depth, conditions probably parallel those behind Newaygo
Dam, with little veriation in temperature or disselved oxygem at dif-
ferent depths at any given time, ‘

Detailed observations of biological eonditions in the impoundments,
outside of studies of the fish present in each, were not made during
1947. In general, large numbers of orayfish were observed in portions
of each impoundment, and meny fish of forage size were collected during
the seining of shereward areas. Vegetation is varied in abundance
among the impoundments, with Hardy Pond having somewhat fewer plants than

the other waters. This would be expeeted, since it is the newest of
the reservoirs., Although some localized areas already have considerable
numbers of #quatie plants, an inerease in other areas cean probably be
expocted as the reservoir increases in age. Croton Pond appears to
offer an example in this regard, An extensive, shallow shoal in the
principal impoundment, along the east shore and just north of the con-
fluenece of the two impoundments (main stream and the Little Muskegon),
wag seined by members of the Institute Staff on July of 1935 and again

in 1947. In the former year, vegetation was listed as "scarce," while
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in the latter year, the entire shoal was 8sc thickly covered with sube
merged pondweeds, coonteil, stonewort and other plants that seining was
very diffieult. :Unless water fluctuation was considerably more severe
in the former year than i# the latter, a substantial increase of vegeta-
tion during the intervening period seems to be indicateds Croton Pond,
in general, has adequate cover in the form of aquatic plants, altheugh
areas lying directly bemeath actively eroding banks continue to be
relatively barren. Vegetation in Newaygo Pond is eof moderate abundance.
Rogers Pond has dense beds of submerged vegetation on both sides of the
main river chamnnel. Some of these are over a hundred feet in width and
extend across wmbroken areas of & half nmile or more in length. Large
numbers of young geme fish and mimnows frequent these heavily vegetated
' arease

The species of fish kmown to be present in the four major impound-
ments are listed in Table.XY. The entries are based on collections made
by members of the Institute staff and by other Fish Division personnel
in 1926, 1928, 1929, 193k, 1935 aﬁd 1947 A very general estimate of
the abundance of the various species is given, based (by inspeetion) on
their representation in the wvarious collections and on general creel
census reports.

Ten species of game fish have been colleeted in each of the waters
except Hardy Pond. Pumpkinseeds have not been collected by the Institute
in the latter weter, although they undoubtedly oecur in small numbers.
Other species common to all ponds are rainbow trout, northern pike,
yellow perch, yellow pikeperch, smallmouth bass, largemouth bess, blue-
gills, rock bass and black crappies. Of the coarse species, only white

" suckers and various species of redhorse are known to be found in all

pondse Thirteen speeies of forage fish have been collected in Newaygo
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Table XV.~-A record of species of fish collected in four Muskegon River impoundments,
with estimetes of their abundance:£/

Newaygo Pond Croton Pond Hardy Pond Rogers Pond
General abundance

Geme fishes

Rainbow trout occasional occasional rare occasional

Northern pike conmon occasional rare common

Yellow pereh conmon abundant abundant common

Yellow pikeperch comnon abundant abundant rere

Smellmouth bass comuon common occasional cammon

Largemouth bass rare rare rare abundant

Bluegill occasional common rare common

Pumpkinseed rare rare oo common-

Rock hass common abundent common abundant

Black erappie occasional common common common

Coarse fishes

White sucker abundant common common common

Redhorse (various spp.) abundent common ¢common common

Hog sucker rare rare s cee

Black bullhead comnon cee cos P

Brown bullhead see rare ess cee

Obnoxious fishes

Bowfin rare ese ses eve

Carp cos eoe rare 0o

Forage f'ishes

Blacknose shiner rare ves cee see

Blackchin shiner abundant X X xR

Mimie shiner abundant common occasional eve

Sand shiner rare common con occeasional
- Cormmen shiner common common occasional eose

Rosyface shiner occasional rere S coe

Bluntnose minnow abundant common ¢ ommon common

Logperch occasional common common occasional

Johnny darter occasional common occasional oceasional

Blacksided darter occasional rare cee common

Creek chub common occasional rare ess

Hornyhead chub cammon- rare cee eee

Brook stiekleback abundant oee cee eve

Stone roller ces eee eee rare

Brook silversides cee rare PN cee

4

Based on occurrence in Institute collections and in general

creel census reports,
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Pond, while somewhat fewer species have been taken in upstream areas,
Doubtless extensive seining would provide further records for the upper
impoundments as well, It is of some interest in passing to note the
difference in seining results on the area of shoal mentioned above,
where vegetation was reported as "scarce" on July 25, 1935, and as
"abundant™ on July 29, 1947. On the former daﬁe, 2+1/2 hours of sein-
ing with a 1l00-feot bag seoine preduced four species of game fish, three
of ecoarse fishes, and one forage species, Water temperature was 84,2 de-
grees Fahrenheit, On July é9, 1947, four hours of seining yielded nine
species of game fish, four ooarse fish, and eight forage species. Water
temperature was 74 degrees. On both occasions, seining was doné during
thé afternoon. Although other factors may have been involved, the dif-
ference in the amount of wvegetation present om the shoal no doubt con-
tributed heavily to the differences in cateh on #he two dates.

Suitable spawning facilities for all game fish listed are present
in some portions of each impoundment. Young—of-thé—year of yellow pike-
perch were taken in Newaygo, Hardy and Croton Ponds. They were especially
common in Ne'ayge_Pond, where up to 25 were taken in a single haul with
a 25-foot bag seine. No young pikeperch or perch were collected in
Rogers Dam. Possibly these species frequent the upper portions of the
impoundment, where seining was much less extensive than in areas nearer
the dam.,

Gill nets were set in each of the four major impoundments during
the summer of 1947, with the aim of obtaining a series of scale samples
from yellow éikepereh in each pond. Sucecess was varied. In Newaygo Pond,
15 net days (one gill net, 125 feet long, set for 2, hours) of fishing
between July 23 and July 26 yielded only a single game fish (e 5-1/2-inch

peroh), 6 white suckers and 7 redhorse., Few game fish appear to frequent
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the principal portion of the impoundment during mid-summer, Eighteen
net days of fishing in Croton Pond between July 28 and August 2 pro=-
duced 31 pikeperch, 12 perch, 8 rock bass, 2 rainbow trout, 1 small-
mouth bass, 1 bluegill, 8 redhorse and 1 white sucker. Ian 23 net days
in Hardy Pond between August L and August 7, the catch included 62
pikeperch, 21 perch, 6 rock bass, 1 rainbow trout, and 16 redhorse. A
typical day's cateh in gill nets im this pond is shown in Figure 15,

The fish were taken in overnight gill net sets between August l; and 5,
1947; included in the picture are 17 pikeperch, 3 yellow perch (middle
right), 1 rock bass, L redhorse, and 1 white sucker (extending off the
picture, in the foreground)e. Thirty-one net days in Rogers Pond yielded
1 pikeperch, 21 rock bass, 10 perch, L smallmouth bass, 5 black erappie,
3 northern pike, 3 bluegills, 1 largemouth bass, 3 yellow bullheads,

8 redhorse and 2 suckers, The efficiency of gill nets varies somewhat
with the species of fish eoneerned, and the ocatshes are not direct
eriteria of the proportional abundance of the various species, Nets
were not set at random with respect to habitat, but with a view toward
obtaining as many pikeperch as possible. This would tend to decrease
the propertion of certain other species in the cateh.

The general ecreel cemsus in Michigan is based on creel reports col-
lected by conservation offlcers in the course of their contacts with
fishermen in the various waters of the state., A summary of their re-
ports for three Muskegon impoundments and for the Muskegon River in
Mecosta County (essentially above Rogers and Big Rapids Dems) is shown
in Table XVI, The amount of fishing censused during some years, although
making a definite contribution to the state-wide creel eensus on all
waters, is insufficient to provide an accurate estimate of quality of

fishing in the specific water concerned, However, the proportions of the
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Table XVI,--Summaty of general creel census records for four Muskegon River

impoundments, 1928 - 19&7.%/

Number Legal Catch .. Large- Suckers Catfish
of Hours fish per Brown Rainbow Brook Northern Yellow Yellow Smallmouth mouth Pumpkine- and and
Year anglers fished ocaught hour trout trout trout pike perch pikeperch . bass bass sesd Bluegill Rock bass Crappie redhorse bullheads Bowfin

Newaygo Pond

1928 L 26, 177 ees eee vee

26 L X N L RN 4 L LN LA N 2

0 w 9 9 s0 " o0 LR R J
1929 1 h‘o ]J-|- 5050 XX see ses ose eee XY XK XY h 7 X XX se e see
19h1 h- ’ 38.0 20 0053 X ot XX es e 18 eve ’ eve X 1 o XX XX X XX

~3 W

TOtal 9 6800 80 1018 o;o LX) X 26 18 seo (XX see 13 16 LK) ’ es @ L X [ XX

Croton Pond

1931 10 2305 21 0089 (XX oo cen 6 (XX ]J.]. 1 eee LX) soe cee cee ess [ XX ece
1932 9 hh'o 29 0066 es e ece XX 1 2 10 8 eoe eee 8 (XX ‘eoe LX) s 0o eve
1936 52 18200 27 0015 es e s 00 eos eece 11 13 eose * eoce ese esee 2 1 oee ooe (XX}
1937 25 71.0 39 0s55  ove ses coe e 2 1 10 cor ooe cos 2l cos coo oen coo
1938 5 10.0 5 0.50 LN ] LI [N N ] *s00 3 2 X X ] [ X ] [ XN ] L X N ] o0 e LA N J e 0 [ XN ] LA N J
1939 21 8500 hl O-hg ese . os e eos sve 30 XX} 2 1 [ XX (XY 8 ooe [N} eee (X N ]
19141 39 15305 71 GoLI»é ece eee YR} see h? b. l.]. (XY oo Xy 10 6 X (XX ] cee
o, 21 340 19 0656  eus L 3 3 9

1947 370 1,312.5 502 0638  eus oy coo 3 237 22 1 L 15 159 5 7 cee ces

L

Total 552 1,9L3.5 754 0639 e ceo cos 12 336 50 2 L 23 212 12 7 oo oo

Ehrdz Pond

1932 3 13.5 9 067  ose e coe
1936 11 42,0 10 0.2h ... cee cee
1937 15 51,0 16 031  ..s .ee cee
1938 12 60.5 22 0036  u.s e coe
19h2 hl 120,0 b2 0035 Xy Xy eee ece 37
19h3 16 h0.8 v ah 0.83 cee ese oo XX 30
lghh 2 709 es e 0000 LXK} eee (AR J (A K] L eese (X R 4 LA N4 oo e o0 0 eoe e . oo eceo e
l9h5 12 33.5 1h 0.h2 sve one ove ese . 13 1 voe see soe eoe see oo A oo oo
19h6 35 11&05 hB 0.h2 [ XX ] [ XX (XX} eos h2 5 (XX ] LA A LR s e ee o 1 e QOO oo
19b7 52 152.5 61 0.&0 XX oo X (XX h2 19 : eee XX XX XX ' seoe LA oo L 0=

LN ) LN J LA N J oo LR ) oo LN N ] LN L N ] L AN J

LN ] [ X X 1 [ XX} LN ) [ X ] [ XN ) [ XN ] LY XY (XX ]
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various speocies in the cateh, taken as an average for the period covered,
is probably scmewhat representative of their aetual proportions in
fishermen's cateches during this time. It is interesting to note that
the yellow per&h is the outstanding pan fish in each of these waters,
followed by rock bass, bluegills, and erappies. Yellow pikeperch have

a definite margin in the catch among the larger geme fish in each pond
during most seasons asz well as in the average for the various periods
covered. Smallmouth bass are next (except in{tha few records for Newaygo
Pond) while northern pike rank third. Largemouth bass and pumpkinseeds
;re relatively unimportant in the catch. The records as a whole permit
the generalization that fishing during recent years has been about
equally good in Croton and Hardy Ponds, ranging between .4 and .5 fish
per hour, A better figure is given fer Meeosta County waters, but hers
the total ineludes a eansiderable-numbef of suckers, not generally
desired by fishermem. The game fish catoh for the past four ysars in
this seection of the Muskegon, based on 800 hours of fishing census,

has been slightly less than one-half fish per hour,.

The rate of growth of game fish in the four prineipal Muskegon
reservoirs is shown in Table XVII, Tentative state averages for the
various species are included in the table for comparison. The princi-
pal disclosure of the table is that, by and large, game fish in the
impoundments are growing at a samewhat faster rate than the average faér
these speeies in other waters of ‘the state. Growth of yellow pikeperch,
judging by the fcw speezmens available for the age groups concerfled, is
slightly behlnd the state average for the first two years of life in
Newaygo, and for the first year in Croton and Hardy., After this a
faster rate is maintained, and legal size (14 ineches) is reached during

the fourth year. It is of interest toc note that in the ease of Creton
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“ Table XVI¥,--Rate of growth of game fish in four Muskegon River impoundments, 19147.\1/

Age grouﬁ% (Roman num
11

erals) and average total length in inches

Species and pond TI1 iv Vit
Yellow pikeperch

Newaygo ) 805(14)\9 907(3) 1).3-00(6) 1600(2) eoe sse ees

Croton 7.7(1) 12.5(3) 13.6(17)  15.1(9) 19.9(5)  20.9(2) 25.2(3)

Hardy 7.9(5) 13.0(4) 13.8(LL) 16.9(3) 17.7(2)

Rogors eee XY cee l‘-‘.os(l) eece eee ece
State average 8.4 11,5 13.4 1.6 15.5 16.8 17.6
Yellow perch

Nmygo 5.5(1) eee cee eee see Xy cee

Croton 5.3(10) XY 901(2) 0o Xy see ece

Hardy 6.1(1) 506(1) 1000(5) 1001(7) ese Xy 13014.(2)

Rogers ese eee 8.7(7) 902(2) 1001(1) XX ece
State average Ll.ol 5.8 . 705 8.5 XX 10.)4-
Rock bass

Hmygo eve 509(1) 601(3) 801(1) cee see cee

Croton Xy eee 6.1(L|.) 705(5) eee 10.1(1) cen

Hardy 3.5(1) Xy 702(1) 801(3) 905(1) ec e XX

ROgQI‘S eoce h.2(6) 600()4) 606(6) 707(2) e Xy
State average 342 L3 5e2 6.2 763 79 oo
Smallmouth bass

Newaygo XX 1007(2) XY XX Xy ecs ese

Croton coe eve 1102(1) see cee Xy coo

Rogers 5.)4.(1) 100)-.].(1) 11.0(3) Xy cee cee eee
State average 5¢9 9.0 11.2 eee Iy see cer
Bluesill

Croton Xy xx 800(1) oecs o e XY

Rogers XX 6.0(3) coe see soe see cee
State average cee L|-03 5014 eve ese eee een
Black ecrappie

Rogers }4.)4.(5) coe eee ece eos ceoe ese
Largemouth bass

Rogers voe ece 1207(1) XX Xy ece e
Rainbow trout

xx 1501(2) see Xy cee eoe cee

VAgo determinations by Dr. Wm. C. Beckman
Roman numerals indicate number of annuli on

scales. Mose specimens were colleected during

August and have added a portion of the following year's growth.

\E/Figure in parentheses show number of speci-
mens on Which average length is based.
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Pond, in particular, growth of pikepereh is near the state average for
the first four years, and far exceeds it in the four older age groups.
The obvious inference is that the older fish originated from the Newaygo
transfer, The thirty fish in fhe first four age groups were taken in
gill nets, together with one large tagged fish. The other larger fish
were taken by fishermen in the immediate vieinity of the powerhouse where
these larger transferred fish appear to congregate.

Most of the fish taken in Hardy Reservoir weres taken in the general
vicinity of the intake structure for the dam., It is interesting to note
the outstanding dominance of 3e-year old fish in this area., It appears
to be samewhat out of proportion to both the younger and older age
groups, and may possibly signify a markedly greater survival of this
one-year class as compared to the others. However, the taking of large
numbers of pikeperch "not quite big enough to keep™ has been a source of
inquiry and complaint by anglers for at least the past tem years, and
the situation dees not appear to change materially from year to year.
Table XVIII demonstrates that stunted growth is not responsible for this
eondition. The determination of whether three-year-o0ld fish are dominant
in the reservoir each year or during most years and if so, whether these
die in large numbers, pass downstream through the dam and proceed toward
Lake Michigan, or are lost to the impoundment in some other way is a
matter of considerable importance to the pikepereh fishery in this par-
ticular impoundment.

Yellow perch grow faster than the state average for the species in
all of the impoundments, and the same may be sald for rock bass. Both
species appear to reach legal size at least a full year before the average
for the species in the state., Other species are poorly represented in

the catches, and averages are based on only a few individumls. Insofar
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Brooks lakes, Newaygo County, Michigan.

Table XVIII.--Temperatures, dissolved oxygen, and alkalinity of water in Hess and

Depth Tempera- Oxygen,
of water Water . turse, parts Methyl
at station depth, degrees per orange
Location of station in feet Date feet Fahrenheit million alkalinity
Hess Lake
Mo . v
jor depression, 27 August 5, 1940 Surface 7840 740 108
near center of lake 10 78.0 e ees
15 78.0 XX one
20 TheO L.8 113
26 68.0 1.3 118
Near major depres- 20 September 16, 1947 Surface 69,3 voe 85
sion at center of 18 68,7 7.6 86
lake
Brooks Lake
Near center of lake 12 August 15, 193§%, Surface 78.0 8.2 109
5 7800 see see
10 T7.0 746 113
Depression near east 13 September 10, 1947 Surface 78.4 cee oly
end of lake 5 78014. ese e e
6 78. see sse
9 78.1 XX esee
12 7he8 Te6 95

P:‘

\$<Analysis by A. G. Horn, U. S.

Forest ':Service.
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as can be determined by the available data, there are no problems of
stunted growth associated with the game fish populations in the Muskegon
River impoundments.

B. The South Newaygo Lakes.-~Hess and Brooks Lakes are located just

southeast of the city limits of Newaygo, and are frequently referred to
locally as the "south lakes." Both have been liberally stosked with
adult pikeperch from below Newaygo Dem during the past 10 to 15 years
(See Table XI), They are conmected by a small stream and ere in many
respects similar waters, so they are considered together here., Contour
maps of both lekes were made by personnel of the Manistee National
Forest, in 1940,

Hess lLake is the larger of the two lakes, with an area of 1,125
acres and a shoreline 7 miles in length. It covers portions of
Sestions 21, 32 and 33 in T12N, R12W, and of Sectiens L and 5, T1lN,
R12W, in Newaygo County. The basin of the lake is samewhat elongate
end irregular in shape, with & maximum length of about 2-1/); miles and
- & wadth which reaches 1-3/8 miles at the widest point. Although the
basin is for the most part shallow, there are three distinet depres-
sions which have water depths of 25 feet or more. Two of these are near
the center of the lake, about 1ﬂ4 mile apart and separated by a long,
narrow bar over which the water is less than 10 feet deep. The third
depression is loecated in the extreme western end of the lake. TFour small
inlets enter the lake frem the south and east, The lorgest of these is
known as Wheeler Drain. It is about 5 miles in length and enters the
southeast corner of the lake, The outlet of the lake is about 10 feet
across and up to 18 inches deep at the point where it leaves the lake.
However, the volume of water flowing through it in September, 1947, was

very esmall, Several past attempts to dam the outlet at the point where
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it leaves the lake have been unsuccessful, end the remnants of the
makeshift structures exert no effeect on water level or fish movement at
the present time. Bottam scil in Hess Lake is varied, with sand, muck,
pulpy and fibrous peat oceurring, together with small amowmts of marl,

Brooks Lake is loeated in Seetions 27, 28, 29 and 3%, T12N, R1ZW,
Newaygo County, about 1/l mile northeast of Hess Lake. It is & smaller
lake (293 acres) and has a more irregular shoreline (5. miles in length).
The basin has a maximum dimension of about one mile. The shoreline is
flooded as the result ofva 3-1/2-foot dem aeross the outlet, located
near the northwest corner of the lake. Its orly inlet is the outlet of
Hess Lake, whieh enters fram the scuth. The basin is shallow, with two
principal depressions. One of these is loeated in the northwest end of
the lake and is 22 feet deep. A small area of 19 feet in depth is
located in the northeast portion of the lake. Bottom soils consist of
pulpy and fibrous peat, muck, and sand. The outlet of Brooks Lake is
crossed by a dam about 3.1/2 feet high located at the shore of the
lake, The streeam flows in a westerly direotion, entering the Muskegon
at a point just above the lower street bridge in Newaygo, & distance of
3-1/2 miles fram Brooks Lake., An almost perpendicular falls of over
10 feet in height occurs along its course, effectively preventing up-
stream migration.

The country surrounding Hess and Broocks lakes is wooded, with sand
and elay soils and a rolling topography. Recreational use of the waters
is moderately heavy. Over 150 cottages lime the south, west and north
shores of Hess Lake, while about 50 are located in the vicinity of
Brooks Lake. There are several boat liveries on each, and fishing
pressure is moderately heavy. Both lakes have a public fishing site,

owned by the state, which insures public access to these waters,
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A brief summary of temperatures, dissolved oxygen, and methyl
orange alkalinity in the south Newaygo lakes is given in Table XVIII.
Water analyses in 1939 and 1940 were made by Mr. A. G. Horn, of the
U. S. Forest Service, Hess Lake was found te have a thermoceline in
1940, beginning at about the 20-foot level. In 1947, the major depres-
sion in the lake was not located, and an analysis was made in water
20 feet in depth. No significant decrease in oxygen or material dif-
ference in temperature was found between surface and bottam. The 1940
analysis suggests that chemical and thermal stratification oceurs dure
ing at least same years in at least one of the three depressions in the
lake, However, the deep water portions of the lake are so restrieted
in area that the significance of such stratification to the lake as &
whole is very slight; Brooks Lake showed no meaningful difference in
dissolved oxygen between surface and bottom at the time the water
analyses wore made, A rather unexpected drop in temperature betweemn
the 9 and 12 foot levels was observed in 1947. Readings of methyl
orange alkalinity varied between 85 and 118 in Hess Lake and 94 and
113 in Brooks Lake., Fairly hard water is indieated, and & good pro-
ductivity might be predicted on the basis of these observations.

Both Hess and Brooks Lake have an abundance of aquatic vegeta=
tion. The dam in the outlet of the latter lake provides sufficient
depth to keep a large proportion of the surface open, but submerged
plants ére present in large numbers and cover large areas. Hess Lake
is literally choked with vegetation throughout the summer months, and
the main body of the lake is practically inaccessible from same sections
of shoreline, A number of inquiries concerning the problems presented
by the vegetation have been received during the past several years from

persons interested in the lake., The water offers a good site for research
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dealing with aquatic plant control. A rich variety of species is pre-
sent, large numbers of people would benefit fram any positive results
achieved, and there is present a problem involving a seriously stunted
fish population which may be the result, in part, of the overabundance
of cover 1ln the lake.

A reeord of the species of fish present in Hess and Brooks Lakes
is shown in Table XIX, Abundance is estimated on the basis of collec-
tions made in 1926, 1935 and 1947, and on creel census records. Small-
mouth bass were collected in Hess lLake only inm 1925 (one small specimen)
and yellow pikeperch are known only from oreel census and planting
records., Bluegills are extremely abundant, and northern pike and yellow
perch are common in beoth lakes. Other specises present are largemouth
bass, pumpkinseeds, crappies and (in Hess Lake), rock bass., Bullheads
are present in both lakes, as are longnose gars. A number of very large
carp were reported speared near the Hess Lake outlet early in 1947,
during their spawning season. Several forage species are found in each
water, among which brook silversides are particularly abundant.

Gill netting in Hess lake on Septenber 3 and L, 1947, yielded, in
8 net days (ome gill net set for 2 hours), 1l bluegills, 1l Hhck crappies,
11 perch, 6 pumpkinseeds, 1 northern pike, 30 brown bullheads, 3 yellow
bullheads, 7 golden shiners and 9 longnose gar., Five net days in Brooks
Lake (September L=5) produced 16 bluegills, 13 yellow perch, 2 black
orappies, 1 pumpkinseed, 3 northern pike, 1 yellow bullhead and 1 long-
nose gare

General creel census records for the peried frem 1930 to 1946 are
given in Table XX. A high predominance of bluegills among the fish caught
is indieated, with perch a very poor seeond. Pumpkinseeds, black erappies

and ( in Hess Lake) rock bass and bullheads are also recorded. Northern




Table XIX.~-A record of species of fish collected in Hess and Brooks lakes, Newayge County,
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with estimates of their abundance.

Hess Lake Brooks Lake
Game fishes
Northern pike Common Common
Yellow pereh Common Commoen
Yellow pikeperch Occasional Occasional
Smallmouth bass Rare Rare
Jargemouth bass Common Occasional
Bluegill Abundant Abundant
Pumpkinseed Common Occasional
Roek bass Qccasional e
Black crappie Common Oceasional
Coarse fishes
Lake chubsucker Rare ces
Brown bullhead Abundant see
Yellow bullhead Occasional Occasional
Obnoxious fishes
Longnose gar Common Occasional
Bowfin Rere es e
Forage fishes
Blackehin shiner Common. Common
Sand shiner eos Rare
Golden shiner Common eee
Pugnose shiner Rare see
Bluntnose minnow Occasional Oceasional
Bigmouth shiner cee Occasional
Creek chub Rare ceo
Banded killifish Rare oo
Johnny darter Rare ese
Iowa darter Ocecasional eoe
Brook silversides Abundant Abundant
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pike lead the larger game fish in numbers, followed by largemouth bass
and (in Hess Lake) introduced pikeperch. On the average, the cateh of
fish has slightly exeeeded one per hour, but fish taken have doubtless
been of small size, comsisting mostly of bluegills just over 6 inches in
length. An intensive creel census conducted at Hess Lake during the
winter of 1933193l showed a predominance of perch in the eatch at that
time. A census of 4,890 hours of hook and line fishing showed a total
catoh of 2,111 fish, including 1,402 perch, 58 pikeperch, 398 morthern
pike, 236 blaeck erappie, 12 bluegills, 1 bullhead, 2 reck bass and

2 bowrin ¥

‘eVEschmeyer, R, W., "Analysis of oreel census, winter of 19333, Con=
ducted on Hess Lake by Camp Newaygo, 107-S, M.E.C.W.," Institute for

Fisheries Research Report No. 265, Jenuery L, 193l (ms).

The rate of growth of game fish in Hess and Brocks Lakes is sum-
marized in Table XXI. State averages for the apeéias concerned are alse
shown. A comparison of the two permits the clear generalirzation that all
game fish in Hess and Brooks Lakes for which adequate data are available
are growing at a rate less than thé average for the species in the state,
and that growth of species common to the two lakes is somewhat slower
in Hess lLaks than in Brooks., The only exceptions, judging by Table XXI,
are three-year-old perch in Brooks Lake, which appear to slightly exceed
the average, and one-year-old perch in Hess Lake. The one pumpkinseed
frem the férmer water &also exceeds the state average, but examination of
& single scale does not provide data applicable to the population as a
whole, Bluegills in Hess Lake are seriously stunted in growthe Out of

19 bluegills collected, none was of legal size (6 inches), In the
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Table XXI.~-Rate of growth of game fish in Hess and Brooks lakes, 19)47.6/

Age ou‘%/(Roman numerals) and average total lemgth in inches
52‘3%?‘ 1 v v

Species and Lake I 111 ] ~ V1 ViI
Bluegill

Hess Lake esve 3.‘4(2)@ h.l(2) 5.0(11) 5.6(2) 5.8(2) XX

Brooks Lake [T XX . 501(1) 5.6(12) 6.0(1) coe XX
State average ces L3 5.4 6.6 Te3 77 coe
Yellow perch

Hess Lake N h.8(9) XX 601(1) 6.6(8) 706(1) eece XX}

Brooks Lake oo eece 6.5(12) 7.2(1) X eece ooe
State average hol eece 6.!.[» 705 805 es e eve
Black crappie

Heas Lake eee 14,06(5) 6.3(1) 601].(1) 70&(“) 801(1) 8.8(1)

‘Broeks Lake X s 7.0(1) 7.1(1) 'XX) se e see
State average cos 5.9 860 9.0 . 9.9 10,7 11,3
Pumpkinseed

Hess Lake ese 3.6().].) L].o6(3) 5.).].(6) L’.os(l) ese XX

Brooks Lake eos eee 6.1(1) X eee . see oo e
State average ese J-tol h,og 5.7 602 oo XX
Rock bass
- Hess Lake Xy )4-02(3) ) soe coo ese xXx
State average e L|-05 eee eee Xy} soe see
Largemouth bass

Hess Lake hoE(l) 509(1) XX eoe Xy} Xy eee
State average 6.1 807 soe XX ese oce see

Age determinations by Dr. Wm, C, Beckman
‘e'Roms.n numerals show number of annulli on scales.

\3/ Collections were made in early September. Figures in parentheses indicate number of
speeimens on which average length is based.




average Michigan water, bluegills attain legal size early in the

fourth year of life, while in Hess it is probably often not attained
until the sixth or seventh year. In Brooks lake the stunted condition
is somewhat less severe, although the growth of the species is at least
8 year behind the state average in this water as well, Yellow perch,
black erappie, pumpkinseeds and largemouth bass are also, omn the whole,
well behind state averages for the species. It is apparent that Hess
Lake, and to & less extent Brooks, gre overpopulated with panfish. An
over-abundance of fish of small sizgs, with insufficient food for the
numbers present, an excess of thick ecover which provides excellent es-
capement for small fish, and failure of any disease or predators to
effectively reduce the numbers of undersized fish, are inter-related
faetors contributing to the presence of stunted populations. It is
interesting to note that stunting of such large numbers of fish has
oceurred in the face of an average annual introduction of nearly 300
adult pikeperch per year for the past ten years in Hess Lake, and about
175 in the smaller Brooks Lake., There are already native populations
of northern pike, longnose gar, and largemouth bass, all of which are
essentially piscivorous.

Ce The North Newaygo Lakes.--A chain of four lakes, Kimball, Pickerel,

Emerald and Sylvan located about two miles north of Newaygo and just

wost of Highway M-37 are often referred to locally as the "north lakes.”
They are connected by short stretches of stream which are passable by

row boats, and are in many respects somewhat similar., Detailed surveys

of the lakes have not been made, but certain observations made essentially

during 1947 are reported here,




Kimball Lake is the westernmost of the chain of four lakes. It is
located in Seotion 2 of T12N, R12W, in Newaygo County. The basin is
somewhat irregular in outline., It has an area of around 200 acres and
a maximum depth of about 4O feet (both figures are estimates). Bottom
types include marl and sand, with muck present in some areas. The
single inlet, from Long (Ryerson) Lake snters from the northwest. The
lake dreains through a short stretech of open stream, about 15 to 20 feet
in width, whiech leaves its southeast corner and enters the southwest
end of Pickerel Lake. Vegetation is of moderate abundance. About 20
cottages and 3 boat liveries are located on the lake, and fishing pres-
sure is moderately heavy.

Pickerel Lake is the largest of the north Newaygo lakes, with an
area which probably exceeds LOO acres. It is loecated almost entirely
in Seetion 1 of T12N, R1%W., The basin is irregular in shape and has
a maximum length of about & mile., There are two prineipal depressionms,
separated by shallow water., One of these, with a depth of over LO feet,
is located near the west end and the other, with a depth of over 60
feet, is in the eastern portion of the lake., Bottom typesare princi-
pally merl and sand. The drop-off is steep in some areas, but extensive
shallows with dense vegetation are present. Stonewort is very abundant,
together with sultmerged pondweeds, coontail, and water milfoil. Around
100 cottages and L boat liveries are located at the lake. Fishing
pressure is moderately heavy.

Emerald Lake is about one-quarter mile east of Pickerel Lake, and
is located in Seotien 6, T12N, R12W, Sylven Leks is to the immediate
northeast, The two lakes are very close together and are connected by

a channel of same depth passing under a road bridge. Both are around a
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hundred aecres in area or less, and are typiedl marl lakes, with the
very distinct green color of such waters. They were worked by a cement
company many years ago, and traees of the excavations still exist.
Sylvan Lake is over 60 feet in depth and Emerald exceeds 4O feet at ons
point, Bottom soils are almost exclusively marl, and objeets lying in
the water are heavily emerusted with the substance. Drop-offs are for
the most part steep, .ngetation is sparse, and where present in sub-
merged forms is likewise heavily encrusted with caleium carbonate.

As has been mentioned above, Kimball Lake drains into Pickerel Lake,
The latter has an outlet flowing about due east from its eastern end. At
a point about one-quarter mile below the lake, the outlet joins the out-
let of Emerald Lake mear the latter lake, and the resulting stream flows
eastward as a branch of Penoysr Creek. Penoyer Creek empties into the
Muskegon just below Newaygo Dam, a stream distance of about Li=1/2 miles
from the confluence of the two outlets. Within about one-quarter mile
of the Junction of the outlets, the common outlet is crossed by a low
dam, erseted through the efforts of preperty owners on the lake, It is
a wellebuilt structwre and serves to maintain constant lake levels in each
of the four lakes of the chain., A second small dam crosses Penoyer Creek
near its mouth, and water passes through an industrial plant before
entering the river, largsly through an iron pipe raised well above the
usual level of the water in the Muskegon River., Upstream migration of
fish from the main stream probably does not take place.

Observations of the temperatures, dissolved oxygen, and methyl
orange alkalinity of water in the north Newaygo lakes is shown in Table IXXII.
All four of the lakes show a typical thermoeline; with a decrease in dis-

solved oxygen at warious levels below the top of the thermoeline, The water
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" Table XXII.--Temperatures, dissolved oxygen and alkalinity of water in the north

Newaygo lakes, Newaygo County.

Depth of ‘ Tempera- Oxygen,
water at Water ture, parts Methyl
station : depth, degrees per orange
. Location of station in feet Date feet Fahrenheit million alkalinitz;‘
Pickerel Lake
Depression in southe L8 September 12, 1947 Surface 777 eve 105
west portion of lake 15 76.8 ooo coe
18 75.2 oee oee
21 67.1 (XX} soe
2, 60.6 5.0 ceo
30 51.8 0.0 coe
33 )49.8 oo (X X
36 )49.1 (XX (X X
L5 k7.8 0.0 135
Kimball Lake
Near center of lake 34.5 September 12, 1947 Surface 72.3 coso 115
12 7 08 XX XX
15 The7 4.8 oee
16.5 XX h.o} XX
18 66.9 0.2 .oe
21 59.0 0.2 coe
2L|- 550)4 (XX} (X X
27 51.6 ee e oo
33 Lo.é6 0.0 146
Fmerald Lake
1
Approximate center L6 August 29, 19hiv/ Surface T2 8.7 121
of lake 5 72 ceoe XX
10 71 coe PN
15 71 eoe ooe
20 71 seo e 0
25 67 10.5 153
50 67 (X ¥ (XX
35 65 2.2 168
hﬁ 6}.]. os e [ XX
L5 6L 0.l 187
Approximate center
of lake 32 September 15, 1947 Surface 75.2 ose 113
15 7302 (XX oe e
18 7 05 see (X X
21 69,1
27 5645 oce cee
30 Slie 7.6 139
L 0+ Augast 2, 19hﬁg/ Surfaoce 79 "Be9 - - 116
20 66 ses  eee
25 57 6.2 152
30 1 )1.. [ X X ]
35 9 3 155
}.lﬂ )46 eece XX
' 0.1 1
60 )-l)-l» XX oee
West central por- 61 September 15, 1947 Surface The7 oee 110
tion of lake | 15 The5
18 7)4‘5 LXK P eee
21 70.9 KXY " eee
20 53,1 10.2
33 50°5 oo XY}
36 )-%Boh- see see
39 ,47'1 oee e e
h-o sen hoé oo
L5 L5.3 1.1
60 Llih 0.0 163

1
\ Analysis by "Cleveland and Middlebrook," U, S. Forest Service (7).

o :
v Analysis by A. G, Horn, U. S. Forest Service.
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in three of the lakes, Piekerel, Emerald and Sylvan, is suitable for
trout from the standpoint of temperature and dissolved oxygen during
the summer, Kimball Lake is not suitable for cold water species, since
water of sultable temperature has insufficient oxygen to support fish,
Methyl orange alkalinities for all four lakes are high, indicating hard
water.

A record of the species of fish in the north lakes is shown in
Table XXIIX., Estimates of abundance are indiecated, based on the fre-
quency of occurrence of the species in Institute ocollections, and in
oreel census records. Collections were made in 1926, 1934, 1941 and
1945. In addition to the speeies shown, yellow pikeperch are kmown to
be present frem past planting records, as well as from oreel census
records, although the species has not been collscted by nettinge. Due
to the wide comnections between the fowr lakes, it can probably be as-
suned that all species occurring in one lake probably cceur in the others
at least in amall numbers or at certain times of the year. Nine species
of game fish collected in Pickerel Lake ineclude northern pike, yellow
perch, largemouth bass, green sunfish, bluegills, pumpkinseeds, rock
bass, orappies and mud pickerel. Of these, mud pickerel and green
sunfish have not been collected in Kimball Lake. A few smallmouth bass
have occurred in ereel census records from the latter water, as well as
from Sylvan Lake. By and large, although the species present are
about the same in all four 1akes,'game fish are fewer in number in
Emerald and Sylvan Lakes than in the other two lakes of the shain. Fore
age fish are also fewer in number in the latter water. The generally low

population of game fish in these two lakes is probably eclosely related to

the deé%h of submerged aquatic vegetation or other suitable cover there,

e
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Table XXIIX.-=-A record of species of fish collected in the north Newayge lakes,

Newaygo County, with estimetes of their abundance.

Pickerel Lake Kimball Lake Emereld Leke Sylvan Lake
Game fishes General abundance
Mud pickerel Rare ces cee css
Northern pike Common Occasional Rare Rare
Yellow perch Common Abundent Rare Rare
Smaellmouth bess ces Rare eoe Rare
Largemouth bass Abundant Abundant Common Occesioneal
Green sunfish Common cee Rare Common
Bluegill Abundant Abundant Rare Ocoasionel
Pumpkinseed Common Common ces voe
Rock bass Common Oceasional Common Cormon
Black crappie Oceasional Oceasional Rare Ococasional
Coarse fishes
White sucker coe Rare ee e PP
Yellow bullhead Common Occasional Ocecasional ese
Forage fighes
Blackehin shiner Abundant Abundent soe ooe
Blacknose shiner Oceasional Oceasional voe ese
Golden shiner Common Occasional v coe
Bluntnose minnow Common Abundant Occasional Oceasional
Mudminnow Rare oo eee see
Banded killifish Common Common oo ooe
Johnny darter Common Rare Common Occasional
Iowe darter Common Rare Common Common
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together with probable low productivity of the almost pure marl sub-
stratus,

Near mid-September, 19,7, five net days (one gill net, 125 feet
long, set for 2l hours) in Pickerel Lake yielded 32 bluegills, 20 yellow
pereh, & northern pike, 6 roek bass, 2 black erappies, 1 pumpkinseed,

1 largemouth bess and 7 yellow bullheads. A similer emount of netting

in Kimball Lake produced 82 perch, 24 bluegills, 10 roek bass, 5 blaek
erappie, L northern pike, 3 largemouth bass, 3 yellow bullheads, 1 sucker
and 2 golden shiners, Im 1-1/2 net days at Emerald Lake, the catch was
L rock bass, 1 northern pike and 1 bluegill. In Sylvan Lake the yield
fbr & similer period was 18 rock bess, 3 bluegills, 3 green sunfish,

1 black erappie, 1 northern pike, and 1 yellow perch.

General creel census records for the chain of four lakes, for the
period fram 1941 to 1947, are tabulated in Table XXIV. Bluegills have
domina#ed the recorded catch in each of these waters during the period,
with perch, rock bass, crappies and pumpkinseeds also occurring in same
numbers in certain of the lakes. The hours of fishing censused during
each season have been rather few. By and large, the reports showed
better than average fishing throughout most of the period in eaeh lake,
with the exception of Emerald lake, where reports are too few in number
to permit any conclusions.

The rate of growth of geme fish in the north Neweyge lakes is
shown in Table XXV, A very distinct contrast from the situation in
the south lakes, discussed above, is indicated.b The data presented
demonstrate that, by and large, rate of growth of game fish in the
north Newaygo lakes is equal to or exceeds the average for these species

throughout the state. Perch grow considerably faster than the average,
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) 1
Table XXIV.--Summary of general oreel census records for the north Newaygo Lakes, Newaygo County, 1932-1947.L—

Number Legeal i Small- Large-
of Hours fish Cateh . DNorthern Yellow Yellow mouth mouth Pumpkin- Blue- Rock
Year anglers  fished ocaught per hour pike perch pikeperch bass bass seed gill bass Crappie Sucker

Piockerel Lake

19‘4-1 5 10.5 u" h.19 [ X N ] 5 [ X N J LN N ] [ X N ] [N X ) ‘-‘-1 [ X N o0 0 o000
19‘.‘2 16 37.2 27 0073 1 10 Ceee (XX ] LN ] 7 9 oo eo oo
1914.3 17 l|2.3 109 ) 2058 (XX 7 eve (XK ] e e h. 97 es o 1l L XN ]
19,4,4 27 65.0 71 1.09 (XX ] 8 LN A e 1 2 50 10 (X X (XX}
19)45 25 5805 313» 0058 oo L X 1 L XX oo oo 31 2 ev e L X X
1946 37 69.5 76 1,09 3 8 1 51 13

19).[.7 j 3.5 12 3.145 XX XK XX XX XX XX 12 XX XX (XX
Total 132 286.5 373 1. 30 L} 36 2 e 1 13 391 12 m (XX

Kimball Lake |
1932 2 8.0 13 1063 (XX 3 XX eee eee ose 10 XX} (XX oo
1933 1 300 15 5000 (XX} oo 2 eve oo 2 8 3 XX e

193l 38 153.0 26l 1.73 3 L7 56 5 2 12 111 28 eoe coo
1935 9 3300 26 0079 LR ] 2 L]. eve (X R eee 20 o0 (XN (X322
1936 39 12L.5 L39 3453 1 56 2 5 10 1 261 1 89 coo
1937 3 12.0 55 h.hz [ X N ] e 0 [ A X J [N X ) LN LN J 53 [ X X 4 Q00 LA N J
1939 16 39.0 33 0085 e ese (XX ] (X ] (XX 2 31 L XN ose (XX

19h2 2 1.0 e 0000 [ X X ] o0 o0 L X N J o0 [ 2N ] LR N ] L X N ] LN [ X N J
19)43 9 7.5 21 2.80 eoe l LN LK soo (XN} 19 oo 1 oo
1944 L 9.0 19 2,11 3 16 ces
19,-..5 15 36.0 7 169& L N ] [ X N [ X X ] [N N o8 [ XX ] 7 [ X X ] [N N o0 0
191.“6 9 2)4,.0 29 1021 [ XN ) eoss eos e oo (XX} o0 29 LN [ XX ) eoe
191.[.7 2 105 2 1.33 [l (XXJ s 00 * 00 (XK o0 2 (X XJ 00 L

Totel 149 L51.5 921 2.0l n 112 6l 10 12 30 567 32 90 voo

Emereald Lake

,, 9 23.0 h,O : 107h 1 XX coe Xy} XX e 26 11 Xy XX
. ‘ 2 6.5 2 0.51 1 LA N ] o0 [N X J 1 [ X X ] LR N J L2 N J [ XN ] . [ X N J
3 5.5 2 0036 oo eee xx} A X ] XX L XY 2 oee (YN} ‘ oo

9 18.2 22 1.21 L XN ] i [ XX 3 [ X X} [ XX ]  000 ., [ X X J 7 [ XX ] 15 X X

3 : 900 . eee 0000 eoe eoe see eee | eee XX} coe o0 eee oo

. 1 e 205 } see 0.06 oce xx see eee & v eee .. ese eoe see XXt oee

5 o 10,0 s 12 1.20 eve LI- (XX (XX LX) " eee XX XX 1l eee

Total 32 7447 78 1,04 2 L 1 2 35 18 16 ces

Sylven Lake

193)4. 7 2900 ! hh 1052 XX 2 2 5 XX} X X) 33 )-I. (XX oo

1935 3 6.0 LN 4 0.00 [ XX J L X ] [ X X ) LN [ XN ] L ) L X ] L N J [ X X J L J
‘ 1936 h 6.0 2 0.33 L XN ] oe e [ X N J 1 LN J o0 e ...’ 1 L XN J [ X X J

1937 h 2)-[..0 6 0025 XX Xyl 2 . ewe e eer h oo e see oo e
. 1939 11 3000 68 2027 ese eve X WY eoe XX ese 28 eee )4.0 ee e
| 19)40 LI. 10,0 30 3.00 eee soe eee XX eee " eee 30 eee™ eoe ec o
| 19‘4.1 3 h.O 6 1050 XX} Xy} cee LX) eee oo 6 eee eee cee
‘ 191‘2 . 10 16.5 1% 6.& L X X J LEN ] (AN ] oo 9 o0 e L X N J 3 [N X} 103 [ A N

19).]1.[. 6 1500 12 0,80 1 10 1 ese eoe ece Xy} eoe cee LX)
— 19LI.6 8 10.0 e2 2.20 XXx) XX [ XX (X X) XX XX 22 [ XX XX XX

Total 60 150 oﬁ 2% : 1097 1 12 5 h XX XX 126 5 1)43 [ XX

1
‘ |~ Summeries prepared by Mr. K. G. Fukeno. Records for 1947 are ineomplete.
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Table XXV.-~Rate of growth of geme fish in the north Newaygo lakes, 1947 .%I

Age srouﬁz(_liman numerals) and average length in inches
I v

Species and lake I 1Y 111 IV VI Jffl’r
Yellow pereh

Pickerel lLake XX 6.&(9? 801(8) 100)4(2) 1105(1) o Y

Kimball Lake oes 6.8(2) 8.8(L6) 9.7(33) cee ces .o

Sylvan Lake oo 607(1) coe cee ese ese ece
State average A see 508 . 60)4 705 8.5 X eee
Bluegill

Pickerel Lake ece )4.02(11) 505()4) 6.6(3) XX cee soe

Kimball Lake xxs ).Lol(B) 6.0(7) 7.)4-()4.) XY} Xy} XX

sylm Lake oo xrx ece 605(1) cee ece XX

Emerald Lake XX Xy eee 5.5(1) X xx ces
State average sse )4-03 5.)4- 6.6 Xy cee Y
Black erappie

Pickerel Lake ese 7.3(2) eee ese XX eee ede

Kimball Lake XX 6.7(2) 8.0(3) xx eoe coe eoe

Sylv&n Lake ho?(l) vee XY sse X e Xy
State average ece 569 8.0 cee X see soe
Rock bass

Pickerel Lake eeco XX 508(1) 700(3) 708(2) X X) X

Kimball Lake 309(1) XX XX 6.6()4.) 7.8(1) PPS cee

Sylvan Lake XX Ll-o].(s) h05(5) 6.6(3) X Xx) see

Emerald Lake eoe coe - 503(2) se e 703(1) oo eoe
State average 3.2 h.3 502 602 703 T i oo
Largemouth bass

Pickerel Lake ees eee 11014(1) ese eoe eoe 2o

Kimball Lake 7.6(3) oo e see vee eeo see ceoe
State average ol see 10.0 e s ese eee

: vkgs determinations by Dr. Wm. C., Beckman

‘&Reman numerals show number of annuli on scales.  Collections were made during September.

\? Figures in parenthesis show number of specimens on which average length is based.




reaching legal size (6 inches) late in their first or early in their
second year of life. Bluegilis appear to grow at about an average rate
(to slightly above average) in age groups where suffieient numbers of
specimens are present to provide an average figure which is likely to
be representative of the group. The same is true of black erappies and
rock bass, elthough two- and three-year-old rock bass in Sylvan Lake
are somewhat behind state averages. Largemouth bass are too few in
number to permit conclusions, although the few individuals sempled
showed & good rate of growth. Pickerel and Kimball Lakes are, in
general, productive, hard water lakes typical of many in southern Michi-
gan. Vegetation covers most of the declivities and shallows but is not
preéent in too great abundance., A good balance at present appears te
be mainteined between predators and forage species. Sylvan and Emerald
lakes are much less produstive. For the relatively fewer numbers of
game fish present, growth appears to be slower than in Kimball and
Pickerel Lakes, although the rate does not fall seriously behind the
state average for any of the species concerned. The effeet on growth
rate of other species of the plantings of adult yellow pikeperch made
in the chain during the past 15 years is a subject for interesting con-

jecture, upon which we have no definite evidence at the present time.

IV. Results of a tagging experiment condueted in certsin waters of the
Muskegon River Drainage during 1947.
A, Introduotion.
Marking of fish by some means or other, as by fin-clipping or
by attachment of tags at any one of several parts of the body, is a

welleestablished and much-used method for studying fish movement. The
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use of a numbered tag manufactured from a nonerusting metal (usuaslly
monel) permits recognition of a fish throughout the périod of its life

span following tagging. Its movement between the time of release and

reeapture ean thus be ascertained, and infermation concerning its grewth

is often obtained as well.

The fate of game fish which are moved to upstream waters during the
Newaygo transfer has been a matter of speculation for meny years. Many
anglers have claimed that fish are never able to return to their original

habitat once they are transferred., Others claim with equal vigor that

most of the fish return to downstream areas or to Lake Michigan within
a short peried. It is believed by some that the transfer materially
improves pikeperch fighing in the waters which are stocked, while others
doubt its value in this respect. Reliable observations concerning these
metters have never been reported.

In the interest of obtaining information about the fate of trans-
ferred fish, the Institute first conducted & marking experiment in

1952.\5’ Mr. C. J. Hyland, then employed by the Conservation Department,

\t/ﬁubbs, Carl L., "Results of Tagging Experiments em Muskegon River,

1932," Institute for Fisheries Research Report No. 195, Mareh 7,

1933 (ms).

tagged 250 game fish between April 3 amnd April 22 of that year, whieh
were distributed among four upstream impoundments., The total ineluded
172 yellew pikeperch ranging from 10 to 36 inches in length and averag-
ing 18.8 inches; 65 rainbow trout, 10-1/l4 to 32 inches long (average

2.1 inches); and 13 northern pike with an average length of 22.9 inches.
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The tags used were No. 3 strap tags (such as those shown in the top
half of Figure 16, below), fastened to the gill covers of the fish. The
returns from the tagging experiment were disappointingly small. Nearly
a year after tagging (March 7, 1933), only five reports of recaptures
hed been submitted by anglers. Iwo of these were trout and three were
pikeperche Of the latter, cne had passed through Rogers Dam and the
other two remainegl in the ponds in which they had been released (Croton
and Hardy, respeof}ively). The report on the work suggests that poor
cooperation in re;porting tags, or unsatisfactory attachment of the tags,
mey have been responsible for the low (2 pereent) return. The attach-
ment of tags on gill covers of these species has lost favor in Michigan
during recent years, and its reliability has been questioned. Several
of these factores and others may have contributed to the smell retwrn in
the 1932 experiment,

To meet a long-standing need for further evidence on the movements
of yellew pikeperch trensferred to upstream waters from the river below
Newaygo Dam, a more extensive tagging program was undertaken in the
spring of 1947. Between April 1l and April 25, a total of 1,750 tags
were placed on yellow pikeperch before they were stocked in upstream

impoundments and certain lekes in the Newaygo a.rea.‘e/

\’/Mr. Clarence Taube and Mr. Floyd Simonis, of the institute staff,
assisted with the tagging. Mr. Leland Anderson, of the staff, and Mr.
and Mrs. Fred Stanley, Newaygo, assisted with the work fer a portion

of the period during whiech tagging was done,

Bs Technique,-~-Iwo sizes of tags were used in the marking of trans-

ferred pikeperch, a No. 3 strap tag (used in most of Michigan's fish
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marking studies) and a "Haseco" livestock ear tag (menufactured by the
Netional Band end Tag Company). The tags used are shown in Figure 16.
The smaller tag, shown im the top half of the photograph, is slightly
over one-~half inch long when in position on the fish. It is about ome-
eighth inch in width and has a weight of very slightly over one-half
graﬁx. The larger tag, shown in the lower half of the figure is slightly
over an imch leng, has e width of 5/16 inches and an average weight of
3-1/3 grams. The latter tag wes, m general, used on fish of large
size (over 20 inches) and was faste;;d around the lower jaw of the fish,
piercing the gular membrene. A tag of this type is shown in place in
Figure 17. The smaller size tag was placed on fish under 20 inches in
length, in the same position as the larger tage The width of the dentary
bone in pikeperch makes use of the small tag on the lower jaw very dif-
ficult in large fish. By way of an experiment, and particularly after
the supply of large tags was exhausted, a considerable number of the fish
tagged were marked on the upper jaw, with the tag passing around the
maxillary and premaxillary bones, as shown in Figure 18. Nearly all
fish so marked were over 20 inches in length. In fish of large size,
the distel ends of the maxillary bones are sufficiently wide to prevent
the tag from being foreced off in a backward direection, as might con«
ceivably ocour in amaller fish, Several large fish tagged in the upper
jaw which were examined efter & period of several months, were observed
to have the tag pusheyd snugly up against the widened end of the maxillary,
where it was being held firmly in place.

In the tagging operation, pikeperch were removed fram the live
boxes of the netters and placed in a metal tub, in lots of 10 or 20,

depending upon size. Each was then measured to the nearest 1/10 inch
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(Figure 19) and sexed. These data were recorded, together with the con-
dition of the ovaries in the case of females (all males were ripe, shed-
ding quantities of milt upon the slightest touch). One worker then
grasped the fish by the head and nape, holding its body snugly up against
his side and beneath the arm (Figure 17). The mouth of the fish wes
held open with the index finger of one hand., (Although the yellow pike-
‘perch has very formidable dentition, it was found that an ordinary cloth
work glove, preferably with the index finger reinforeed with adhesive
tape, offers suffieient protection teo avoid injury). With the jaws thus
held open, a second worker applied the tag,’ntilizing two pairs of
sharp-nosed pliers in holding and clinching it. (Automobile pliers were
found to be sqméﬁhat more satisfactory for the large tags). After tag-
ging, the fish were placed in a second tub of water and later removed

to a live box to await transfer to an upstream area.

In general, work progressed rather slowly. Fish were removed from
live boxes, hauled up the river bank in small lots, tagged and later
returned to a live box. Changes in tagging station were required, as the
supply of fish in each live box became exhausted. The larger fish
struggled formidably, and time was consumed in getting them measured
and in position for tagging. Etherization was attempted, but the need
for constantly guarding against over-anesthetization while at the same
time having a sufficiently strong solution to be effective, together
with the reduction in the number of fish which could be’héndled in a
given lot, appeared to void the advantage of easier handling offered by
the stunned fish. A tagging rate as high as 50 per hour occurred ine
frequently and never over a'prolonged period. The meximum number tagged

per day by the three-man erew was 275.
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The tagged fish, along with others taken by the netters, were
stocked in the five impoundments of the main stream of the river (Newaygo,
Croton, Hardy, Rogers, and Big Rapids) and in four lakes near Newé.ygo
(Hess, Brooks, Pickerel and Fmerald). Points of access to the various
waters were posted with signs (Pigure 20), requesting that fishermen
send in records of tag numbers, lengths, and da.tos‘and locations of
capture of any tagged fish caught.

C. Controls.--In order to determine whether there might be é. signifi-
eant morfality of tagged fish over and above wmtagged fish handled in
the transfer, a group of 4B fish, one-half of whioch was tagged and the
other half wntagged, was held in a hatechery pond for observation.
Detailed data concerning these fish are shown in Table XXVI, Eight of
the group of 2l tagged fish were tagged with large jaw tags, eight with
small jaw tags, and the remaindef with maxillary (upper jaw) tags. The
numbered fish averaged 20.3 inches in leﬁgth end the untagged 20,2
inohes.‘ The tagged series was divided into 12 males and 12 females while
the unmarked group ccnsisted of 1l females and 10 males, All fish were
placed in Pond No. 19 at Lydell Hatchery, Comstock Park, on April 18.
This pond has an area of 0.92 acres and is up to L or 5 feet in depth
when filled,

On April 21, 3,009 lo-month-old sucker#, averaging 3.9 inches in
length, were stocked in the pond for forage. This total was augmented
on May 17 by 82,000 advanced sucker frye.

Employees at the Lydell Hatchery observed the pond for mortality
at frequent intervals, One untagged dead fish was removed on April 29,
and another on May 27. A badly decomposed pikeperch which had probably

borne a tag was removed on May 17, and No. 35 was found dead on May 27.




FISHERMEN!

TAGGED WALLEYES
ARE PRESENT IN THESE
WATERS

PLEASE REPORT
ANY TAGGED FISH CAUGHT TO:

FISHERIES DIVISION
Num( OR DEPARTMENT OF CONSERVATION
LANSING, MICHIGAN

THE FOLLOWING INFORMATION IS DESIRED: TAG NUM-
BER, DATE CAUGHT, LOCATION IN LAKE WHERE CAUGHT,
AND LENGTH OF FISH.

YOUR COOPERATION WILL INCREASE OUR KNOWLEDGE
OF THE GROWTH AND MOVEMENTS OF THIS SPECIES
AND HELP TO IMPROVE FISHING.

! MICHIGAN DEPARTMENT OF CONSERVATION
| INSTITUTE FOR FISHERIES RESEARCH

| Dt
i
i

Figure 20.--8ign used for posting waters in which tagged pikeperch
(walleyes) were stocked. Signs were cardboard, 1l inches

by 11 inches,
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Table XXVI s--Data pertaining to yellow pikeperch controls held at Lydell Hatchery, 1947.

A. Tagged fish

April 18 July 22 ) November 10
Tag “Total length ~Type | Total length Gain in length Standard length  Total length Gain in length __ Weight Condition of Lympho-
number (inches) Sex Condition tag (inches) (inches) (inches) (inehes) (Since April 18) Pounds Ounces caudel fin eystis
576 22,1 F a J 21.8 ~0.3 18.6 21.7 -0y 2 12 frayed cee
577 21.8 M R J 21,7 -0.1  ees
578 22,6 F G J 22.) -0.2 | 19.2 21.9 =0.7 2 11 frayed present
579 22,0 M R J 21.5 =0.44 “ese . coe
580 22.4 F R J 21,8 -0.6 b
581 22,3 F G J 21.9 =0}, .19.0 22.0 -0.3 2 9 frayed eee
582 21,0 M R J 20.7 ~0,3 17.7 20.9 -0.1 3 6 frayed s
583 21.9 M R J 21.5 =0 | . 18 20.6 -1.3 2 5 frayed
20 16.6 M R j 16.8 0.2 . P 15.0 17.7 1.1 1 13 frayed “re
21 19.7 M R 3 19,6 «0.1 | 1647 19.9 -0.2 . ceo cee vee
22 19.9 M R j 1.7 -0.2 17.4 20,1 0.5 2 10 normal oo
27 1641 ¥ R j 16.1 0.0 14.8 17.1 1.3 1 11 normal present
28 19.0 M R 3 18,7 =043 ! oo
29 1G.8 F G 3 19,6 ‘ =02 - 17.7 _ 21.0 1.2 3 2 frayed present
3), 12,7 N R 3 13,0 0.3 ‘ 12,2 1.5 1.8 1 2 normal
35 15.3 M R Jj cee cos see cos eve cos ves cee
23 22,1 M R n 22,0 -0,1 19.4 23.0 0.9 L 1 normal
2l 23.8 F R m cos ons : eoo oos eee cos oes e vos
25 21.0 F ¢ m 20.5 ~0.5 ',
26 21,1 F R n 20.7 =01 | 18.2 21,3 0.2 2 1l normal
30 21.6 F R n 21.2 -0l ves
31 20.3 F G » . 20.0 =0,3 17.7 20.9 - 49.6 2 12 normal present
32 22,5 F e n . |
33 19.6 F e » 19.2 0.4 17.5 20,2 0.6 2 12 frayed
Averags  20.30 e 20.02 -0.2l | 17.30 20.23 0435 2 10

%/in this column, "J" indicates a large jaw tag, "j", a smell jaw tag, and "m" a tag across the '
maxillary and premaxillary in the upper jaw. |
L o _

e
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Table XXVI,--Data pertaining to yellow pikeperch controls held at Lydell Hatchery, 1947.

B, Untagged fish l,

20,20 co o LYY 19093 l7g28 20.19 2 11 ) ;00 eve

April 18 | July2e | November 10 i .
Total length T Total length  Standard lemgth  Total length “Weight — Condition of  Lympho-

(inches) Sex Condition | (inches) (inches) (inches) Pounds Ounces caudal fin oystis
18.3 M R 1l 1.0 1645 1 7.5 normal present
22.6 M R 15.3 a2 16,6 1 7 normal .re
21-7 M R 15.5 ‘ U ly 16.9 1 6 normal present
20,2 M R 17.1 | 14.8 16.9 1 7 frayed eoe
21.} u R " 18.3 16.6 19.; 2 6 normal
15.4 M R 19.1 164 , 19.6 2 3 normal oo
19.2 M R 19.1 17.6 20.1 2 10 frayed .
13,7 M R 19.1 17.6 20.7 3 3 normal ve <, |
4.5 M R 19.9 18.1 21,1 .3 3.5 frayed preiéi;t
17.4 M R 20,0 18.1 21.4 3 1 normal i
23.4 F G 20.3 18.5 21,5 L 1 frayed present
22,3 F R 20.4 18.8 21.9 3 9 frayed  eee
21.3 F R 20.7 1847 21.9 s
233 F R '21.2 19.3 22.6 3 13 | normal con

- 21,5 F R 21.3 19,2 22,6 3 5 ‘frayed
23.5 F R 21,5 ' 19.9 23,3 3 10 frayed present
20.5 F G 21.6 coe
19.1 F G 22,1
20.1 F R 22,7 ces
21,1 F . R 22,8 ‘ cee
21.L F R 22.8 cos ..; 5 '{
20.2 F s 23.2
19.7 F ‘R

|
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On July 22, the pond was lowered and the pikeperch were removed

. by seining, for ebservation. Twenty-two untagged and 21 tagged fish,

as indicated in Table XXVI, were removed, measured, and returned to

- the pond. The table shows that 18 of the tagged fish (individually

recognizable) had become redused in total length, two had gained slightly,
and the length of one had remained unchanged. Average length of the
taggoed survivors was 20,02 inches, while tﬁat of the untagged fish was
19.93, indicating an average loss of 0.28 inches in the former and

0427 inches in the latter. | The averaée loss as determined fram sum-
mation of épecifie gains and losses of each tagged fish was 0.2l inches.
This figure is more accurate than the othér average given, since the
size of the fish which died during the experiment would have & consider-
able bearing on the average size of the survivors, and might easily
obscure individual losses or gains in length,

The midsummer inspeetion, brought on by the curiosity of the
writer conecerning the fate of the controls and its bearing on each of
two sizeable pikeperch tagging experiments then underway, probably
caused some mortality. The pond‘refilled more Slowly than was ex-
pected, and fish were replaced in the pond while the water wa£ still
shallow, very roiled, and warmer by over ten degrees than that to which
the fish had been accustomed. By August 6, six untagged pikepereh and
three tagged fish (numbers 580, 25, and one other) had been found dead.
Two additional tagged fish (numbers 577 and 30) were removed in late
August (mortality probably not eaused by the July handling). Two fish
(Nos. 583 and 578) dropped a distance of two feet during the July
handling, and which struggled for several seconds on the dry ground,

were later found to have survived.,
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All fish were removed fram the pond and measured again on Novem-
ber 10. The data teken are shown in Table XXVI. Fifteen tagged and
16 untegged fish survived. Exeept foi' one tagged fish which was not
recovered, all dead fish had been observed by employees at the hatehery.
By November 10, average gain in length of tagged fish, based en indi-
vidual measurements, was 0.35 inches. Nine showed a gain in length
during the summer and the lengths of six continued to be less than when
the fish were first placed in the pemd in April.

Weights of the surviving tagged and untagged fish are given in
the table, Although most of the lengths among the marked fish do not
have exact opposites among the untagged fish, for comparison there is
a general indication that untagged fish are heavier than tagged fish
of the same size,

Among the survivors in November, eight tagged fish and seven un-
tagged fish showed severely frayed caudal fins., Lymphocystis, & virus
disecase characterized by tumorous outgrowths on the fins and body,
occurred about equally in both groups. The disease was not observed
among fish selected for controls in April although it was very much in
evidenee‘anong pikeperech in the Muskegon River, and was not noticed in
July. One of the untagged control fish observed in November was severely
afflicted with the disease.

Loss of condition, gaunt, lean form, was very evident among some
fish, both tagged and untagged, in July, but was much less oftem ob-
served in November among the controls. Such loss was also observed
during July among both tegged end large untagged pikeperch (probably
also originating frem the transfer) in the upstream impoundments, and
appears to occur even in the presence of an abundance of food, and the

cause is not well umderstood,
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The most important revelation of the control experiment is that
there was probably no significant mortality as & result of tagging. Thus
returns to anglers of tagged pikeperch should be represemtative of the
returns of all fish moved in the Newaygo transfer during 1947.

An uwnexpected development in the control experiment was the find-
ing of 1l young pikepereh in the eontrol pond in November. Natural
reproduction had evidently occurred, with spawning probably taking place
very soon after the introduction of the fish in April,: -It may have
occurred on & small section of the bottam where scattered gravel is
exposed, or near the intake pipe where both a sand bottom and a steady
flow of water ocour. Judging by the usual spawning hebitat chesen by
pikeperoh, reproduction would not have been expected. Its ocourrence
in the pond possibly lends eredence to oceasional reports of young pike-
perch oceurring (always in very small numbers) in waters into which ripe
adults have been introduced, but in which reproduction would scarcely
be expected to ocour. The young pikepersh found in the pond averaged

9¢8 inches in length and 4.7 ounces in weight.

D. Notes on the recoveries of tagged pikeperch by anglers and movements

of this species in the Muskegon drainage.--The first tag return received

after the transfer was for a pikeperch which had been caught on April 26,
just 12 days after stocking at a point just below Croton Dam. From that
time on, letters reporting tagged fish began reaching the Institute in
increasing numbers until the end of July, when the number subsided some
whet. A reeord of the date of tagging, size of the fish, and distance
traveled between the time of release and recapture was sent to the
fishermen when addresses were knowne. Dr. William C, Beckman achwledged

many of the letters during the summer, while the writer was in the field.
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A total of 221 tagged pikeperch had been reported by November 15, giving
& return of overﬁ12-1/2 percent on the 1,750 fish tagged.

Data regardiﬁg the recoveries, both at the time of release and as
reported by anglers aé the time of reecaptwre, are shown in the various
sections of Table XXVII, Each section of the table deals with the
tagged fish stocked in the specific water named, The length, sex, con-
dition (if a female) and location of release is shown, together with the
date and loeation of recovery, length of the fish as reported by the
angler, and the county (if a resident) or state of residence of the
fisherman.

The summary shown in TableAXXNIII‘is derived from an analysis of
the data in Table XXVII., £ coneise picture is given of the more im-
portant results of the tagging study during the first fishing season
following transfer. A return of 165 pikeporeh, or 12 percent of the
tagged fish stocked im the impoundments, and a 12,6 pereent retwrn
(47 fish) of those planted in the Newaygo lakes is indicated. Recovery
information om nine other tag returns is incomplete.

Largest retwrns among fish stocked in the impoundments were from
those stoecked in Big Rapids and Hardy Ponds, with returns of 20.8 and
18.5 percent respectively. Croton showed a 12,6 percent return and
Rogers and Newaygo 9.6 and 8 percent respectively. Sixty percent of
the fish recaptured in the impoundments were caught in the same water
in which they had been stockeds. For the Newaygo lakes this figure was
55 percent., Over 85 percent of the recoveries of tagged fish stocked in
Croton and Hardy Ponds were made in these same ponds, although Rogers
Pond appears to have retained only 12.5 percent of its fish. All re-

coveries of tagged fish stoeked in Big Rapids Pond were made at points
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Table XXVI¥--Tabulation of returns from tagged yellow pikeperoh stocked in certain waters of the Muskegon River

drainage, 1947.

A, Tag returns from yellow pikeperch stooked in Newaygo Pond, Newayég County

Release ﬁecovggy
of

Tag Condition, Type Date of Days Miles Reported Gain in Residence,angler
number Length Sex if female tag release | Location Date out traveled 1length length (State or count )

17 16 8 M 3 Ap;gl Newaygo May ? 10+ 3 ees ees  Newaygo

97 2L.3 F R m 20 Newaygo July 13 8l ces ooe ess Montcalm
107 18.9 M J 20 Newaygo July 10 81 | 12 oes coe cee
138 25.2 F R m 20 Muskegon Lake July 12 83 L7 ves ves  Muskegon
b 2Li.9 F R m 20 Newaygo September 22 155 oee 22,3 -2,6 Kent
Li31 21.6 F cee J 1L Muskegon Lake July 10 87 Lk 23,0 l.4 Muskegon
L32 19.0 M J 1 Leke Michigan June 12 59 50 cos vee Muskegon
L3l 25,4, F eee J U,  |Xalamazoo River August 15 123 92 23,5 -1.9 Ottawa
L,38 26.7 F cos J 1, Saugatuck July ? 77+ 90 oo cee Allegan
L53 245 F ces J U Lake Michigan  August 12 120 90 2L.0 0,5 Van Buren
L6o 22,5 M J VY Newaygo May 6 22 eoe oo eee Muskegon

Lob12 18,6 M 3 1 Newaygo April 26 12 0 coo «ee Kent
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B, Tag returns fram yellow pikeperch stoocked in Croton Pond, Newaygo County

Relegse Recovery
) Hesidence
Tag Condition, Type Date . Days Miles Reported Gain in of angler
number Length Sex if female tag Released Location Date out traveled length length (stats or county]
50. 19.3 M 3 AP;;l Croton September 2l 158 1 19.5 0.2 Indiana
5% 19.5 X 3 19 | Croton . July 31 103 1 19.2 ~043 Kent
327 22,0 F ™ J hins Laks Michigan June 12 59 51 eoe ..o Muskegon
347 217 F ? J 1, |Croton October 7 176 1 20,0 -1.7 Kent
355 22.3 ﬁli«,‘ J 1, |Newaygo July 12 89 13.1/2 22,0 0.3 Kent
373 20,0 M ' J U, |croton August 17 125 3/h 20,0 0.0 Ohio
386 22,7 F ? J 14 Croton July 26 105 1/2 23.0 0.3 Kent i
391 20,7 X J il Saugatuck July ? 7+ 91 Allegan
68l 23.8 M J 19 Croton July 13 85 1 2Ll 0.3 Wayne -
702 20,9 M J 19 Croton September 20 154 1 19,0 =1,9 Florida
704 2309 F G J 19 Muskegon Lake July 2 yn h.B-l/E oo ves Muskegon
705 22.1 F G J 19 Croton August ? 103+ 1 . cee o ces
712 25.6 F G J 19 Croton July 17 » 72+ 3/L 26.3 0.7 Kent :
718 22,7 F R J 19 Newaygo July 27 99 12-1/2 22,5 =0.2 Kent f'
721 20,8 F R J 19 [Croton July 28 100 1/2 20,8 0.0 Kent
722 20.1;: F R J 19 Croton May ? 11+ cee 21,0 0.6
i Z?ﬁ_ 248 F R o J 19 Croton September 10 i 1 21,3 0.5  Newaygo |
. 733 22,7 TF - Croton July 13 _ 8 3/, 22.8 0.1 Ohio :
7% 2502 Croton July 9 ey 1 25.3 0.1  Ingham !
7;7 . 25,3. "Crotor'x ; -, Auguat 2 | 105 1 ‘- e - ;.. . Muskegon
7‘41 T 1croten ww June 5 ‘ ‘Lu7‘ 1 56.0 "7'6.'3‘J“":“‘Newnygo- 9
L2 Lake Michigan June 18 60 51 vee coe Muskegon i
L6 Crotan August L 107 Up 1 .ee  Indiana '
7155 Croton August 16 117 1 21,0 0.2 Berrien
752 25,2 F R J 19 |cCroton August 9 112 1 25.0 -0,2 Kent:
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2hé M n 25 |Croton October 19 177 Up -1/ ... Kent
22.8 A v_I‘" R m 25 |Crotom June 1 36+ 2-1/l, 22.0 -0,8 Kent _
226 F _: m 25 [Croten ’ mly2s . g 2a/2 220 0.6 om
¢ 1078 --"_2632 ,j': 1-" ‘m 25 Croten suly 29 %5 2al/h 256 0.6 TWashtenaw
;290 1§1 " ) 3 és Cr‘oton‘v October 18 176‘ 2-1/2 19,0 -0.1 Kent
1295 26,0 F R n 25 [Croton July 2 90 2-1/2 27.0 1.0 Ohio
1301 18,7 M J 25 . Croton July 22 88 é-1/2 23.8 5.1 Newaygo
1304 23.3 ? m 25 Crotan July 12 78 2-1/2 23,0 ~0.3 Kent
1307 19.1 M 3 25 |Croton June 23 59 2.1/2  20.0 0.9 Kent
~ 1310 180 u 3 25 |Croton . June 28 6L 2-1/2 17.5 -0.6 Kent
131l 20,6 M m 25 |Croton August 2 99 2.1/2  20.5 «0,1 Kent
132l 27.2 " F. R m 25 {Croton July 26 92 2.1/2 - 27.0 -0.2 Kent
1331 18.9 S 3 25 Croton August 10 107 2-1/& 19,0 0.1 Ohio
1335 19.6 M 3 25 Croton July 21 87 2-1/2 18,5 «l.1 St. ‘Joseph
1342 26,9 F m 25 Croton July 3 &9 2.1/2  27.5 0.6 Kent
1347 20,9 M 3 25 |Crotan July 28 9l 2-1/2 22,0 1.1 Ohio
1349 20,1 M m 25 Croton July L 70 2-1/2 21,0 0.9 Kent
1356 19.9 M 3 25 Croton July 18 8l 2-1/2  19.0 =09 Kent
1358 16.5 K 3 25 |Croton June 22 58 2-1/2  16.5 0.0
_ 27669 8.4, M 3 14 |Croton June 28 75 1-3/4 18,0 -0.4 Kent
Lgre1 18,7 X n 16 Croton May 31 L5 1 20,0 1.3 Ionia
L9737 18,5 M 3 16 Saugatuck August 1 106 91 18.5 0.0 Ottawa
(- LTl 22y F R. m 16  |Croton July 25 100 1 22,0 ~0uly Kent
r":__L‘;grnd‘k ?h;é F R m 16 Croton September 23 160 1 2L.0 «0.6 Ohio
LoT23 19.5 M m 16 Saugatuck July ? 75+ 91 Allegan
. e i
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Cs Tag returns from yellow pikeperch stocked in Hardy Pond, Newaygo County

|

Release Recovery —
Residence
Tag Condition, Type Date Days Miles Reported Gain in of angler
number Length Sex if female +tag released Location Date out traveled length length (state or county)
3 21,6 F ‘R m Agléll Hardy June 21 6l 1.1/2 Ionie
7 18,8 M m 18 Hardy June 18 61 1-1/2 Kent
8 21,0 M m 18 Herdy August ? 104+ 1-1/2 22,0 1.0 Montcalm
272 19.5 M 3 22 Croton July 17 86 6-1/2 19,5 Kent
277 16,6 M j 22 Herdy August 9 109 1-1/2 Allegan
Loly 20,7 F J 1 Croton September 26 165 6-3/1L 21,0 6.3 Indiane
Los 22,6 F "R J 1l Hardy June 29 76 1 ' 22,5 =0,1 Kent
Lo7 23,5 F J 1L Hardy May ? 16+ 1.1/2 . ... Ingham
Lo9 2.y F J 1 Hardy October 12 181 22,0 =04 Ingham
Lo 23, F J 1L Hardy July 7 8L 1-1/2 23,0 0.4 Illinois
L1 25,1 F J 1 Croton July 3 80 6-3/1 25,0 0.1 Kent
L23 2h.0 F 'R J 1k Hardy July 27 104 Up 9-1/2 23,5  =0.5 Kent
L30 19.4, M J i Hardy October ? 169+ 1 Ottaws
551 22,0 F R J 18 Hardy July L 77 Up 1/2 22,0  l,0 Kent
550 23,0 M J 18 Hardy June 12 55 Up 2;1/2 23,5 045 Kent
555 2.2 M J 18 Hardy August 23 127 Up 1/2 21,0 =0,2 Kent
558 25,5 F .G J 18 Hardy | August 18 122 1.1/2 24,5 <1.0  Indiens
50 23 F R J 8 }ggxf_qy August ? 104+ 1-1/2 26,5 2.2 Kent
562 22,5 F ‘g s 18 |marey July 2l 9 1.1/2 Kent
56h @0 F "R . J 18 ”’Hnrdy ~ July 28 p 101 T 1.1/2 21,0 -1.0 Ohio
ssah' 5.3 R e I 18 Hardy ~ June 20 63 1/2 26,0 0.7  Kent
569 eh.7 F ‘R J 18 Hardy September ? 135+ 1-1/2 27.0 2.3 Tuscola
571 25,6 F R J 18 Hardy September 21 156 1-1/2 coo Ingham
573 26,5 F R J 18 |Hardy ' August 3 107 1-1/2 26,5 0.0 Kent
966 25.1 F "R J 22 Hardy August 30 134 1-1/2 25.0  <0.1 Indiane
975 2L, F R J 22 Hardy June 13 52 1 eoo ces Kent
979 23,6 F R | J 22 Herdy September 2, 155 1-1/2 23.0 0.6 Cass
982 2345 F LG d 22 Hardy August 10 110 1.1/2 2.0 0.5 Kent
987 2.1 F ‘R J 22 Hardy June 30 69 1-1/2 Kent
1000 20,1 M J 22 Croton August 1 101 63/l 19.8 =03 Kent
2768l 16 M 3 1, Hardy October 5 174 17.0 0.6 Ingham
27687 19,4, M 3 1, Hardy July 29 106 1-1/2 18,0 -1l.ly Newaygo
27698 15,5 M 3 V11 jHardy September 8 147 1-1/2 15,8 0.3 Indiane
L9957 19.7 M 18 Croton July 17 90 6 19.5 0,2 Kent
119968 23, F R m 18 Hardy July 29 102 1-1/2 23,0 0Lt Newaygo
L9979 20,2 M m 18 Hardy Ootober 12 177 25,0 4.8 Inghem
L9998 22.5 M n 18 Hardy August ? 10L+ 1-1/2 22.3 =0,2 Kent
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D, Tag returns from yellow pikeperch stocked in Rogers Pond, Mecoste County

Release : Recovery -
Residence
Tag Contlition, Type Date Days Miles Reported Gain in of angler
nunbegk Length Sex if female tag released Location Date out traveled length length (state or county)
163 22,6 F R m Agiil Hardy June 7 L7 20-1/2 cos coen Washtenaw
173 21,3 F R ‘m 21 Hardy July 5 75 22 eeo  Midland
186  22.5 F R: m 21 Croton July 25 95 2l-1/1, 23.0 0¢5 Newaygo
206 25,3 F R; m 21 Hardy September 20 152 22-1/2 ... ees  Kent
218 25,5 F R n 21 Hardy August 2 103 23 Newaygo
219 23,9 F G m 21 Hardy June ? Lo+ 22 23.8 «0,1 Kent
227 19,3 M 3 21 Hardy August 13 11 23 ces vee  Indiana
238 18.3 M 3 21 Hardy July 26 96 23 18.0 -0.3' Kent
295 19,5 ? 3 2l Hardy October ? 159+ 16 19.0 <0.5 Inghem
301 17.6 M 3 2l Hardy August 19 117 21 17.5 -0.1  Iowa
31 22,8 F R m 2l Hardy July 29 96 21 23,0 0.2 Newaygo
315 23,6 F R m = Hardy July 30 97 21 - 2440 0.4  Washington, D.C.
832 23,5 F R J 20 Rogers “July 3 yin L ooe cos Mecosta
833 26,1 F R J 20 Hardy August 30 132 23 26.5 0.4  Indiana
8Lo 2.6 F R J 20 Hardy July 26 97 23 27.0 2.li  Kent
883 21,7 F R dJ 21 Hardy August 10 111 22 21,3 O.L Saginaw
901 22.3 F R 20 Rogers 7L L coe cos NMecosta
908 2.2 F & J 22 Hardy 100 20u8/k Kent g
23.8 F k & J 22 Hardy -Ootober ? 161+ 16
- i ,_ IR Jnly o o m
25 23.%; July 1 0 2
937 20.5 M J 22 Croton June 1l 53 él
al3 20.5 M J 22 Rogers October ? 161+ 7-1/2 21.0 045 Indiana .
953 20,1 M J 22 Croton July 11 80 26 18.0 -2.1  Kent
963 23,5 F R J 21 Hardy July L yn 22 ess  Washtenaw
140 23 M J 24 Hardy . o ?ufe 6 L3 20-1/2 ... ves  Kent
111 22,9 F R J 2l Hardy May 11 17 16 23,2 043 Kent
1151 25,6 F R J 2l Hardy " June 16 5% 18 26,0 Ouy  Montcalm
1191 - 20,9 F R J 2l, ‘Hardy August 6 L 19 20,8 -0.1  Kent
8356 24,0 F S n 17 Hardy August 19 12l 23 2.0 0.0  Iowa
8371 19,7 M 3 17 Hardy June ? IS W/ ees  Mecosta
837L, 22,0 M 3 17 Hardy September 20 156 22.1/2 22,0 0,0 Kent
8379 16,6 M 3 17 Hardy October ? 166+ 18 1.0 -2.6 Ingham
8381 23.0 F m 17 Hardy October 10 176 5+ 22,0 ~1,0 Montcalm
8386 22,8 F 33 m 17 Hardy July 30 104 23 23,0 0.2  Washington, D.C.
8389 25,1 F “G nm 17 Hardy July 29 103 L1/l 245 0.6  Mecosta
L9665 20,1 M 3 16 Hardy July 28 103 23 21.0 0.9 Ohio
49676 25,7 F G m 16 Hardy August 1l 120 23 25,0 -0.7  Kent
L9680  18.L M j 16 Croton October 7 176 281/, 17,0  -l.4  Kenmt
49692 25,1 . F R n 16 Rogers July 11 86> . o m‘ '
Lig6g5 ‘20'.6 M | n 16 Hardy - August 2 108 23 21.'0 0.4  Kent
9.1 ¥ 16 Hardy Rugust 9 15 23 Alleg'an.'~
”ﬂ23.0 F TR nm 16 Hhrdy Juﬁéf@lfﬁv 66 23 cos cee Vtioﬁit
23,0 F R m 16 Croton October 3 170 28 22.0 -1.0 Newaygo
2.8 F R m 16 Hardy May 30 o 23 ve.  Kemt
217 M n 17 Rogers August 3 108 L 23,5 1.8  Kent
20,7 E G m 17 Hardy July 20 Ol w22 £1.0 0.3 . KKepbs
20.1 M m 17 Hardy July 22 96 19 Ohio
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B TagAroturns from yellow pikeperch stocked i
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n Big Rapids Pond, Mecosta County

Release Recovery
Residence
Tag . Condition, Type Date of Days Miles Reported Gain in of angler
number Length Sex if female tag release | Location Date out  traveled length length (state or county)
- April e ' _ N
121 23,6 F coo J 15 Hardy October 7 175 29-1/2 23.0 -0,6 Clinton :
12249 1908 F eve J 15 Croton July 7 81 3)4. ese eee Ohio ‘
1250 2l.2 F oee J 15 Hardy September 23 161 29-1/2 21,0 <0,2 Indiana
L9626 18,1 Mo 3 15 Hardy July 23 99 29-1/2 e ess Ohio
L9653 19.7 M 3 15 Hardy July 25 101  29-1/2 ceo ees  Ohio
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_F, Tag returns fram yellow pikeperch stocked in Pickerel Lake, Newaygo County

Relessge Recovery _
Residence
Tag Condition, Type Date of Days Miles Reported Gain in of angler
number Length Sex if female tag release| Location Date out traveled length length (state or county)
L2 20.3 M J Apiél Pickerel June 1 L7 0 ees ces Ohio
L7 243 F g 15 | Pickerel August 5 112 0 2.0 =03 Manistee
L85 23.0 F J 15 Pickerel August 9 116 0 23.5 0.5 Florids
Lkss 24,8 F J 15 | Kimball Lake September 23 161 1/2 25.0 0.2 Newaygo
L8g 2}.0 F cee J 15 ? Penoyer Creek July 13 89 1 “eee ves Newaygo
ug‘é’w pw g L g 15 | Kimball Lake July 2l 100 1/2 21,0 <0,2 Illinois
Lo5 2L4.9 F J 15 Pickerel October 25 193 0 26,0 1.1 Indiena
1201 2,8 F J 15 Kimball October 6 17hL 1/2 2L.0 -0.8 Indiena
1203 22,6 M J 15 | Pickerel October ? 168+ 0 22,0 =0.6 Ohio
1209  21.7 F J 15 Kimball July 24 100 1/2 24,0 2.3 Muskegon
L9613 194, M 3 15 | Kimball June 20 - 66 1/2 20.3 0.9 Kent
Lo61l, 16,7 M 3 15 Pickerel August 6 U, 0 17.0 0.3 Kent
Lo61s 16,5 M 3 15 Kimball July 15 91 1/2 16,5 0.0 Newaygo
L9618 18, M 3 15 | Emerald July 2l, 100 1/2 18.0 -0.L Kent
Lobe2 20,7 M 3 15 | Kimball September 2 140 1/2 21,0 0.3 Newaygo
Loéel, 16,3 M 3 15 r\ Kimball July 29 W 1/ 155 0.8  Newaygo
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G. Tag returns frem yellow pikeperch stocked in Hmerald Lake, Newaygo County

Release Recovery
. Residence
Tag Condition, Type Date of Days Miles Reported Gain in of angler
number Length Sex 1if female ta release Location Date out traveled length length (state or ommgl)_
58l 20,9 M J Agxg'il Emerald September ? 134+ 0 coe vee Eent
585 2é.o F R - J 19 Sylvan June ? L2+ 1/2 vee eoe Kent
592 27.2 F G J 19  Emerald August' 3 106 0 ese cee Kent
595 22,6 F R J 19  Emerald June 30 72 0 Indiana
605 20.7 F G - J 19 Emerald September ?  13l4+ 0 oo Kent
- 615 '3%5%-_;;,‘,“' - d 19 Emérald July 14 | 86 0 22,5 0.6  Kent
23.7 ) RF - s J 19 Emerald August '9 112 0 246 ° 0¢3  Eent
632 27 2 F G ) 19 ﬁnérai‘dv e August 3 106 0 ooe see Kent
633 23,4, F R J 19 Pickerel July 7 79 1/2 cos Indiens
651 22,0 F R J 19 Emerald September ? 134+ (o] ove cos Kent
655  25.6 F R J 19  Emerald June 26 68 0 25.5 <0.1  Saginaw
670 23,6 F G J 19 Emerald July 24 127 ] 23,5 0.1  Kent
672 273 F G J 19 Emerald August ? 10%+ 0 273 0.0 Kent
1211 23.8 F ace J 15 Emerald June 29 75 0 2.0 0.2 Kent
1212 25.0 F cee J 15 Sylvan August 9 116 1/2 25.5 0.5  Kent
1223 25,6 F J 15 Pickerel August 1 107 1/2 25.4 -0.2  Newaygo
1229 '22.6 F J 15 Sylven July 13 89 1/2 20,0 2,6  Kent
1230 20,6 F J 15 Sylvan July 27 103 1/2 22,5 1.9 Kent
1231 24,3 F oSe J 15 Pickerel July 23 99 1/2 25.5 1,2 Illinois
1237 21,6 M J 15 Kimball October 12 180 1 21,0 «0.6  Kent !
1240 25,7 F J 15 Enerald July 21 97 0 25,0 «0.7  Kent j
L9631 15,8 M 3 15  Emerald August 19 126 0 ees  Missouri
Loblhé 184 M 3 15 Kimball October 9 177 1 18.0 <Ocly  Indians
LoélT 17.5 M 3 15 Emerald August 16 123 0 17.5 0.0  Newaygo

_
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Table XXVII(Continued)

H, Tag returns from yellow pikeperch stocked in Hess lLake, Newaygo County

-

Release _ Recovery
- . , Residence
Tag Condition, Type Date of Days Miles Reported Gain in of angler
__number Length Sex if female +tag release |Location Date out traveled length length (state or county)
April

Lg766 22,8 F R m 17 Hess July ? ThL+ 0 ese .oe Newaygo

L9800 w17 M m 17  |Brooks July 20 9l 1/2 20,0  =1.7 Geneses
| LosLs 19.8 M J 17 Hess August 30 135 0 22,0 2.2 Cass

N Al
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Table XXVIX Continued)

I. Tag returns from yellow pikeperch stocked in Brooks lLake, Newaygo County

Releage : —Recovery :
. Residence
Tag Condition, Type Date ; : Days Miles Reported Gain ia of anglers v
number Length Sex if female tag released | Location Date out traveled length length (state or county)
~Epril T ‘

530 21,6 F R J 17 Brooks August 15 120 0 21.0 =0.6 Kent

535 2045 F G J 17 Brooks July 12 86 0 20.5 0.0 Kent
L9933 18.3 M J 17 Brooks August 18 123 0 18.0 0.3 Newaygo
hggg; 15.3 M 3 17 "S. Br. Muskegod' July 9 83 «ee 18.0 2.7 Allegan
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Table XXVIX (Continued)

Jo Incomplete reports of tagged fish taken in the Muskegon River

Release A ' Recovery )
Residence -
Tag Condition, Type Date : Days Miles Reported Gain in of angler
number Length Sex if female +tag released| Location Date out  traveled length length (state or county)
1015 v xx ese see Y Hardy June 18 Xy Xy cee en e Ionia
see Xy Xy see eee cee Croton August 10 e XX 21.0 XY Kent
oo cee XX eer (XX} eoe Hardy July ? X xx o;g eve _Ken‘b
eoe see oo cee X ese Ha.rdy October ) es e e cos Ingha.m
XX Xy XX XY XX see Croton 0ctober7 s e XX co e Kent
251Y 13,1 M 3 22 Hardy (from . October 5 166 e 16,0 2,9  Ingham
Rogers )@/
9174/ 26.5 F R J 22 Hardy (from October L 165 vee 26,6 0.1 Ingham i
Rogers .
972%/ 23.2 F R J 22 Hardy (from October L4 165 ves 2L.0 0.8 Ingham
Hardy
276854/ 19.0 M b 1y | Hardy(from October 5 174 ves vee oo Ingham
Hardy)\e/

1
V/ Detailed deta received too late for inclusion in tables in this report. Included in other tables as "incomplete."

% Indicates place of relsase of fish
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TablﬁXVIII.--Summary of recoveries of marked yellow pikeperch, Muskegon River
drainage, 1947.
Recoveries
Where stocked Elsewhere
Number Total Total Percent of Percent of

Water tagged number percent Number recoveries Number recoveries
Newaygo Pond 150 12 8.0 6 50,0 6 50.0
Croton Pond 501 63 12,6 55 87.3 8 12,7
Hardy Pond 200 37 18.5 32 86.5 5 13.5
Rogers Pond 500 Lus 9.6 6 12,5 L2 87.5
Big Rapids Pond 2l 5 20.8 0 0.0 5 100.0
Total for

impoundments 1,375 165 12.0 99 60.0 é6 Lo.o
Pickerel Lake 50 16 32,0 6 37.5 10 62.5
Emerald Lake 150 24 16,0 15 62.5 9 375
Hess Lake 100 3 3.0 2 66,7 1 3343
Brooks Lake 75 L 53 3 75.0 1 25.0
Total for lakes 375 L7 12.5 26 5540 21 L5.0
Incomplete data eve 9 oo ces coe eee PN
Grend total 1,750 221 12,6 125 59.0 87 1.0
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in the stream below this imponndment; and in the ecase at Newaygo Pond
ha;f the recoveries were from this impoundment and the remainder were fram
points downstream.

With regard to the important matter of the passage of fish through
the various dems, an analysis of Table XXVII shows that the numbers of
tagged fish which were recovered after passing through each of the various
dams were as follows: Newaygo, 12; Croton, 83 Hardy, 11; Rogers, L2; and
Big Rapide, 5. Only 2 tagged fish were stoeked above Big Rapiés Den,
while numbers whichwere stocked at points ebove the other dems are much
larger., (See Table XXVIII). One fish was recovered after passing
through three dams (Big Repids, Rogers and Hardy). Four pessed through
Big Repids and Rogers, and five through Rogers and Hardy. None are
known to have gome through both Croton and Hardy, but six went through
both Croton and Newaygo; together with six which were stocked just below
Croton Dam, theseAwent on %o Muskegén Lake (three) and to Leke Michigen
(nine).

Movements of tagged pikeperch in the river are graphically shown

in figures 21, 22 and 23:5/ Figure 21 shows the approximate locations

- .
N Drafted by Wm. Cristanelli

of stoeking and recovéry of tagged pikeperch planted in Big Repids and
Rogers Ponds, Figure 22 gives the same information for Hardy Pond, and

Figure 23 for those in Croton and Newaygo Ponds.
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~ It has been shawﬁ¢>;£at pikeperch move from & point one mile beleow

¥

eyes, Stizostedion v. vitreum (Mitehill) in Houghton Lake and the

arbine, W, F., and Applegate, Vernon C., "Recaptures of Tagged Wall-

Muskegon River, Roscammon County, Michigen," Copeia, 1942, No. 2,

PPe g7 - 100,

»

Houghton Lake to Big Rapid; Dam. The movements of the speeies in the
lower Muskegon, as described above, camplete tﬁe proof that it would be
poseible for & pikeperch to migrete from Houghton Laké.to Lake_Miehigan,
although no individuel fish has been known to do so.

The observations of movement of transferred fish as described above
make it'possible and of considerable interest to outline the probable
fate of the 4,129 pikepereh which were stocked above the five dams
during the 1947 Newaygo transfer. This is attempted in Table XXIX.
Figures in the table are based on the assuﬁption that tegged and un-
tagged fish were taken by anglers with equal facility and in numbers
exactly proportional to their respective representation among the
trensferred fish., Whether or not this was true is of courese not definitely
kmown, although the assumption is believed to be entirely logical., It is
further assumed that opportunity for and inclination toward movement
through the dams were equal fer marked and unmarked fish. A third as-
sumption is that mortality among tagged and untagged fish is equal, a
supposition well borné out by the control experiment at the Lydell |
Hatchery (discussed above). Mortality figures are not kmown, and are
not considered in the tables All totals shown are reducible by a small

" percentage, logically equal for all figures, to allow for mortelity.
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Tablfxlx +-=Probable (estimated) movements during the first fishing season of L;,129 yellow pikeperch stocked
in Muskegon River impoundments in 1947.
Number remaining in _ Probable numbers moving to:
Location where Number weter where stocked Newaygo _ Croton Hardy _Lake Michigan
stocked stocked Number Percent umber Percent Number Percent Number Percent | Number Percent
Newaygo Pond Lo 205 50,0 cee cee cee cee vee cee 205 50,0
Croton Pond 1,85, 1,619 87.3 59 342 oo cos 176 9.5
Hardy Pond 572 L95 | 86.5 77 13.5
Rogers Pond 1,116 140 12,5 Ceee 116 10.L4 860 77.1
Big Repids Pond 177 0 0.0 oee 35 20,0 U2 80.0
Totals 4,129 2,59 59.6 59 1 228 5.5 |1,002 . 243 381 9.2
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A total of 19 tagged fish (1.4 percent of the totel planted in the im-
poundments) were recovered dead, as tabulated in Table XXX. The reports
of dead fish by anglers and others are probably not eemplete, however,
and the pereentage is thought to be slightly higher thean this figure
would indicate, On the other hand, it is almost undoubtedly lower than
the 10.lL percent mortality figures which the controls would indicate

(as of July 22). The controls were probably insufficient in number to
give a reliable estimate of mortality to all transferred fish. At the
low water temperatures during and after the transfer, fish killed during
the transfer would be expected teo float for a period of several days.
Any mortality of consequence would heve undoubtedly been observed and
reported by Consumers Power employees who remove debris which collects
near intekes to the turbines, at frequent intervals. Although, as
mentioned above, the figure is not definitely known, & guess of L or

5 percent might be advanced as being fairly well in line with actuality.

The figures in Table XXIX show that of the 1,129 fish stocked,
2,459, or about 60 percent, probably remained in the water in which
they were planted, while the remainder migrated through one or more
dems., A total of about a thousand reached Hardy Pond from upstream
areas and remained there, 228 left upstream areas to reside in Croton
Pond, and 59 took up residence in Neweygo Pond. One hundred seventy-
six from Croton and 205 from Neweygo Reservoir, went all the way back
to Muskegon Lake or to Lake Michigan.

The tagging results show unmistakably that any of the power dems
on the Muskegon can be negotiated by large adult fish wishing te move
downstream, Although no single fish is known to have passed through all
five dams, there is no cause for belief that this could not or does not

occur. Big Rapids, Rogers, and Newaygo dams apparently offer little im
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Table XXX .--Tagged fish found dead after stocking in the Muskegon River.

Release Release
Tag Condition, Type Date
number Length Sex if female tag released Location
April

193 22,9 F G m 21 Rogers
21 ié o7 M / 3 21 Rogers
317 22.0 F ] m 2l Rogers
692 2L.8 F G J 19 Croton
828 2.8 M J 20 Rogers
8Ll 25.0 F G J 20 Rogers
8L7 22,2 F ¢ J 20 Rogers
871 20.); ? J 21 Rogers
882 21.2 F G J 21 Rogers
898 21,3 F J 22 Rogers
900 22.44 F G J 22 Rogers
911 2l.0 M J 22 Hardy

1135 2543 F G J 23 Croton

1152 27.0 F G J 2l Rogers
1178 21.5 F G J 2l Rogers

12,8 20,5 F oo J 15 Big Rapids

1250 23,2 F G m 2l Rogers

8399 21,7 M m 17 Rogers

LA N ]

LN 4

Rogers
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the way of an obstacle to downstream migration during at least some
portion of the year. Croten and Hardy dams appear to be eonsiderably
more difficult to negotiate. This is quite understandable in the case
of the la:tter, since water has been spilled througﬁ it on only rare
occasions sinee its eonstruction, and none was passed during 1947. All

fish passing through this dam had to go through the power deveioping

units of the dam. It is presumed that if this ocecurs in the case of

Hardy Dam, it mey also occur among the other dams. Reports of mangled
fish being found below the various ‘dams, received from time to time,
suggest that not all fish are successful in negotiating the structures
unharmed. The most recent report reached the Institute in the form of
a letter from Mr. J. T. Wilkinson,'Regional Fisheries Supervisor at |
Paris, to Dr. L. N, Allison, Pathologist of the Fish Division, under
date of May 29, 1947. It quotes in part a letter written by Conserva-
tion Officer Alger Cline fe the Field Administration Division's Distriet
Supervisor at Baldwin, Mr, Karl Kidder. A portion of the letter is
regquoted here in turn:

"I have made an investigetion regarding the dead walleyes which
have been found below the dam at Hardy Pond.

"] feel sure that these fish were killed in the wheel at the
power house. I talked with several people who say that this always
happens when there is & period of extreme high water.

"While there is no proof they think that the grates are removed
at this time so as to be cleaned and this lets the fish get to the
wheels."

Whéther transferred and other fish moved through the dam at this or
at other times is not kmown, and the dates when the fish passed through
the spillweys or turbines of other dems ean only be surmised. Table XXXI

gives some indication of the periods during which spillways ef some of
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Table XXXI ,-~Foot hours-\l/of water passing through spillways of certeain

Muskegon River dams from April 1 to August 31, 1947.

Neweygo Croton Hardy Rogers Big Rapids
April 8,761 %,LL7 coo 3,7l 8,349
May 7,273 1,632 oo 1,867 L,811
June 2,001 .;. coo eee L7
July 231 ‘oo .ee ecs tes
August 256 coe vos coe 1L

1
\/ One gate open a distance of 1 foot for one hour.
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the dams may have been negotiated. It shows in foot hours (to the nearest
foot hour - one gate open for a distance of 1 foot for 1 hour) the amount
of water spilled during and sinee the 1947 transfer, up to the end of
August. The figures were provided by Mr. B, A, Wood, of Consumers Power
Company. Spilling teqk place beneath the spillway gates, exeept in the
case of Croton Dam, ﬁhere the amounts of water spilled above and below
the gates was about equal. These figures suggest that possibly most
movement through spillways took place during May, after pikeperch were
completely through spawning and while they were attempting their cus-
tomary downstream mgreation following the release of sexual products.
The dates on which the first tagged fish were caught whieh had passed
through the various dems gives some further information concerning the
same point., The first fish knmown to have passed through Big Rapids Dam
was oaught on July 5. (This pikeperch had also negotiated Rogers Dam).
May 11 was the first record for a fish which had moved threugh Rogers
Dam and July % was the first record in the case of Hardy Dame. One fish
had run both Croton and Newaygo Dams and reached Lake Michigan by June 12
and another had done the same by Jume 18,

Among the Neweygo Lekes in which fish were stocked, the best
retu;ns were from Pickerel Lake (%2 percent) and poorest from Hess
(3 percent)., Returns were good from Emerald Lake (16 percent) and poor
from Brooks (slightly over 5 percent). Over 60 percent of the fish
stoeked in Pickerel Lake apparently moved to other waters in the chain,
while Emerald Lake retained the majority of its fish., It lost 3 tagged
fish to Pickerel Lake and received one in return. The general conclusions
are that utilization of stocked pikeperch is heavy in the north Newaygo

lakes, .but that these contribute little to the Hess and Brooks Lake fisheries.
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Pikeperch are able to negotiate the stream connecting Brooks and Hess
Lakes and apparently move freely about among the north lakes, (Pickerel,
Kimball, Emerald and Sylvan). Nome, or virtually none, appear to get
back to the Muskegon River during the first seaseon after transfer.

The figures given in Table XXXII result from summarizing some of
the results shown in other form in Table XXVII. They indicate that
during the first fishing seeson, fish were at large for an average of
somewhat over three months in both the impoundments and lakes before
they were captured by anglers. The periods in days were slightly longer
than those shown in the table. Some anglers did not give dates of
capture in their reports of tagged fish caught. In these eases the time
between release and recapture was computed as of the first day of the
month during which the fish was caught,

Stream distemces traveled by fish in the river varied from O to 92
miles and averaged 17.9 miles. The fish traveling the greatest distance
swam from & point just below Croton Dam through Newaygo Dam to the
nouth of the Muskegon and scutiward in Lake Michigen to the Kalamazoo
River, where it was captured about 2 miles east of Douglas. The trip
required 123 days. The most rapid movement recorded was by a fish which
traveled down 50 miles of river to Lake Michigan {and en unknown number
of miles in the lake--the location of ecapture in the lake was not re-
ported) in a period of 59 days. This record may have been bettered by
several others, however, which reached Saugatuck (about 90 miles) in &
period of somewhere between 77 to 108 days (exact dates of capture were
not reported by the fishermen). The fact that five of the nine fish
which reached Leke  Michigan were taken in the immediate vieinity of

Saugatuck suggests that considerable numbers of pikeperch which migrated
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XXXIY
Table e==Period between time of release and recapture, and distances traveled
for yellow pikeperch in the Muskegon River drainage, 1947.
Days between tag- Distance traveled
_ging and recapture ___in miles
Nudiber Number
Water of records Average of records Average
Newaygo Pond 12 76 9 L7.5
Croton Pond 63 95 61 8.9
Hardy Pond 37 107 3l 2.4
Rogers Pond L8 101 L8 18,5
Big Rapids Ppnd 5 123 5 30.4
Totals for
impoundments _ 165 9 157 17.9
Pickerel Lake 16 117 16 0.3
Emerald Lake 2l 108 2, 0.2
Hess Lake 3 101 3 0.2
Broocks Lake L 103 3 0.0
Totals for lakes L7 110 L6 0.25
Totals, ’

all waters 212 101 203 " 13,9
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up the Muskegon in the spring of 1947 apparently frequented the mouth
of the Kalamazoo River during‘the summer .

It is of interest to note that only six pikeperch were caught in
the river whieh had moved upstréam from the point at which they were
stockeds Distances traveled upstream were small, although one fish in
Hardy Pond was recovered 9-1/2 miles above the point of release.

It is a matter of common knowledge that pikeperch in the impoundments
tend to congregate just above the grates guarding the intake structures
of the dams, This may be more true of transferred than of native fish,
although both are caught in some numbers. A substantial percentage of
the tagged fish caught in Croton Pond during 1947 were teken by anglers
fishing from the boom (or from boats anchored near by) which intercepts
debris floating toward the grates. The boom at Croton is shown in
Figure 25. Dozens of fishermen were observed fishing from this struc-
ture on some days during July, 1947. Rogers Dam has a similar boom
(Figure 26), but angling success was much less pronounced there than
at Croton (possibly because most transferred fish apparently moved
downstream very soon after transfer)., Hardy Dam has a different type
of inteke strueture (Figure 27). Anglers are familiar with the rewards
derived from fishing in the general vicinity of this structure, and gill
nets set neer it in August took better catches of pikeperch than those
set elsewhere in the pond. Newaygo Dam has & narrow raceway leading
from the impoundmemt to the power house, and fishermen line the shores
near the grates whem pikeperch are biting. Consumers Power has erected.
signs warning of the danger of fishing in these areas but the public is
not prevented from doing so.

The reason for the concentration of pikeperch near the grates is

not known, but it seams to be obviously associated with their inelination
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to move downstream. The fact that many native fish of sub-legal size
are taken in these areas, coupled with our knowledge of the movements
of ce}-tain tagged fish through the power turbines, suggests that at
loast same of the former also migrate downstream.

The month of reeovery of the tagged fish which figured in the 19L47
Newaygo transfer is summarized in Table XXXIII. It shows that almost
LO percent of the fish recovered were taken during July, nearly 22 per-
cent in August, and 1l percent in June, The faet that pikeperch are
seldom teken in any numbers in other waters during the hot summer months
lends particular interest to these results.

A further study of Table XXVII reveals .tha‘t the anglers participating

in the harvest of the fish transferred in 1947 came from a wide geo-
graphic area., Twenty-one Michigan counties, 6 states and Washington
D. G, were represented. Ninety of the reports received were submitted
by Kent County fishermen, 20 were from Newaygo, and 15 from Imgham, Other
counties represented are Muskegon (8), Allegan (6), Montealm (L),
Ottawa (L), Ionia (4), Mecosta (L), Washtenaw (3), ‘Saginaw (2), Ccass (2),
Wayne (2) and Van Burem, Clinton, Manistee, Genesee, Berrien, St. Joseph,
Tuscola and Midland (1 each). Most outstate anglers came fram Ohio (18),
and Indiana (17)., Others were from Illinois (3), Florida (2), Iowa (2),
Washington D, C., (2) and Missouri (1).

Measurements turned in by fishermen were apparently of widely
varying accuracy, and are considered insufficiently reliable to warrant
statistical treatment. Judged by the measurements reported, 79 fish
showed a loss in length and 73 an increase, That some fish did show a
loss in length was indicated by the controls (discussed above) as well

as by several careful measurements of tagged fish in the impoundments
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XXXI1¥
Table +===Summary of reports of tagged yellow pike-
perch taken in the Muskegon River in 1947,
showing month of recovery.
Number of Percent
Month recoveries of total
April 1 0.5
¥May 7 3.2
June 31 4.0
July 88 39.8
August L8 , 21.7
September 20 9.0
October 26 . 11.8
Total 221 100.0
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made by the writer during July. The loss is believed to be almost en-
tirely due to the fraying and breakage of distal ends of the caudal fins
during and immedietely following the handling associated with the trans-
fer. The soft dorsal and sometimes the spiny dorsal likewise exhibit
this effee£ to greater or less degree.

E. An analysis of tag returns in relation to size and location of tag,

and to size, sex and condition of the pikeperech tagged.--With the hope

of comparing the effectiveness of the tagging, with regard to size and
location of the tag, Table XXIV was compiled., The size and position of
tags used have been discussed above. The table includes the tag numbers
(deleted from copies of this report sent outside the Comservation Depart-
ment) used in the study, and the number and percent of returns from the
various groups of tags in eaeh of the various waters,

Without discussing in great detail the results for individual
waters which may be observed directly fram the table, it should perheps
be mentioned that there was & slightly higher percent (1) of returns
from the large size tags placed in the lower jaw than from the smailer
tage placed in either the upper (10.6 percent returns) or the lower
(10 percent) jaw. The very large size of the larger tags practically
preéludes the possibility of their being over-looked by anglers, and
this may have been a factor in the results., The advantage of the larger
tag is not, however, sufficient to be of partieular significance. In
two out of four waters where pikepereh bearing all three types of tags
were stocked, the large jaw tag is superseded by the upper jaw tag in
the returns. However, the larger tag produeed better returns in six

out of eight waters than the small tag used as a jaw tag. The small
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jaw tag in turn gave better results than the maxillary tag in three
out of five waters. Small numbers of fish stocked in some of these
waters and large numbers stocked in others give a varying importence
to these cemparisons, however,

In three instances, an attempt was made to compare the maxillary
type of tag with the jaw tag (both sizes considered together)., Fifty
fish were marked with the former and 50 with the latter, and the entire
hundred stocked in the seme water on the same date (Newaygo Pond,

April 20; Hardy Pond, April 18; and Rogers Pond, April 21), Combined
\ returns showed 15 returms from the maxillary tags as against 17 from
Jaw tags. |

The obvious conclusion from the results discussed in the preeeding
paragraphs of this seetion is that the three types of tags (large lower
jaw, small upper jaw and small lower jaw), as used in this study, are

.about equally satisfactory for marking yellow pikeperech.

Table XXXIV also breaks down the tag returns on the basis of indi-
vidual plants of fish., Some variations in returns from different‘plants

in the same waters is seen to have occurred. Percentage differences,
especially when the size of the samples are considered, are too small,
however, to show that the wvariations might have been due to differential
mortality in the various plants. This is rather unlikely anyhow, since
all fish were in about the same condition and were handled in the same
way and at comparable water temperatures. Any significance which might
be attached to the téndency toward a decreasing return with progress
of the planting period in Rogers, Hardy and Newaygo Ponds, is voided by

the results in Croton Pond, whieh show a reverse trend.
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Tnblem.--am analysis of tag retwrms fram yellow pikeperch, with reference to size H
"‘" type, and looation of tags, and to individual plants, in the Muskegon
River drainage, 1947. (See text for discussion). '
. Stocking "Small® tags b "Suall tags "Large" tags All tags
Miles Upper jaw - Lower jaw ._Lower jaw Number of
above Number . Number Percent - umber Number Percent Number Number Percent fish stocked * Returns
Water Date dam Tag numbers tagged returns returns !’ 7V kagged returns returns tagged returns returns on given date Number Percent
™ ;
April
Newaygo W 12 L3171 ) 5! 6
Pond L9, 60l.119,612 9 1 50 7 4.0
20 12 73=152 3 0 2
802-820 ? ? - 20 0 100 S 5.0
Subtotals 50 3 6.0 3 7.7 61, é 9,8 150 12 8.0
Croton U 1 326-336
Pond 338.5376 ¢
BZS 0 73 )
33,7 :
33,7h8-33,7L9 .
27 ,660+27,683, 1 100 7 Te
16 1 19,712-h9 761)) 1
19,652 1k 51 5 9.8
19 1 Ls-62 ™ ’
6465 .
67
0=72 .2 .
6;5-7800 126 18 150 20 13.3
23 2.5 278293 0
1,056-1,139 8l 12 100 12 12.0
25 2.5 1,259-1,358 67 10 33 9 100 19 19.0
Subtotals 10l U 13,5 11l 13 114 283 36 12.7 501 63 12,6
Bardy 1, 1.5 ﬁ-&;o | 30 8
Pond 27,68L-27,700 .
1491601‘149’603 20 ' 3 50 11 22.0
18 1.5 1-19 ,
' h9.9h9—h9.9633
L9, 966-50,000 50 6 19 1 va ‘o
sl 7R 21 11 100 k2 1o,




Hardy
Pond

ko130
27,684-27,700
L9, 601-4,9,603

1-19
L9, 9h9-h9.9633
Ll-9 ’ 966‘50 » 000

1,051-1,055

50

“ gubbotals

200

Rogers
Pond .

20

21

h9.661-h9,672}
L9,67h-L3,711

83558400 }
19,86L-49,917
153156

821-865
867

157-158
160-239
871-888

21,0-267
692-9083
910-96l

20l-297

299-325
1,2511,25
1,11,0-1,200

28

72

50

13

ey

18

72

61

....so'"

100

50

100

100

100

9.0

9.0

8.0

Subtotals

163

21

12.9

Tl

97

17

8.6

500

9.6

Big Rapids
Pond

15

1,241-1,250
Ly,6262,9,628
L9,638
Lo, Ly

L9, 651
49,653-19,660

10

20.8

Subtotals

10 -

3

30.0

20.8

L

Pickerel Lake

15

ly72-500
1,201-1,209
h9.613-h9.616}
L9, 618-L9,625

12

38

10

50

16

32.0

e

1A

[Na s}

28

10

26.3

50

16

32.0
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b4 4 .
Piokerel Lake 15 L724500
. 1,201-1,209
b,9.615-h9,616}
Lg,618-L9,625
Subtotals
‘Emerald 15 1,210-1,22), }
Lake . 1,226-1,240
L9,629-49,637 ) .
L9, 639-L9,643
49, 645-49,650
19 36-L),
58467l
Subtotals i
N o ", ‘-‘f@f&“j’u‘ ) R
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In order to determine whether a pikeperch of a given size or sex
showed a higher probability of return, the figures shown in Table XXXV
were tabulated. Of 210 returns on which there are eamplete data, 80
were males and 130 were females. Males showed & 1l.9 pereent return
and females one of 12.3 percent. Sex of pikeperch was not of impore
tance, in this partisular séudy, in influeneing rate of return. About
the same is true of the size of fish at the time of tagging. Although
males in the 2l-inch length gfoup (23.0 - 24,9 inches) show a high
return percent, the number of males of that length which were tagged
(15) is insufficient to give reliable results. The smallest length
group is not‘represented by returns, but here again a relatively small
number of fish is invelved. Some of these were not of legal size and
were possibly not reported by anglers who caught them. There is a rather
heavily veiled tendency for larger sizes of fish of each sex to be
better represented in the returns than fish of smaller size, but, by
and large, in this study, the prospects of getting a return were about
equally good from pikeperch of either sex or of any size (within the
length limits shown in Table XXXV).

Teble XXXVI represents aﬁ attempt to demonstrate whether or not
eondition of the female, with régard to stage of development of the
ovaries, has ap influence on survival and the probability of an ultimate
returﬁ of the tage Ripe females showed a siightly higher percent of
return than green or spent fish. However, the latter are very poorly
represented in the total number tagged, and their departure from the
average is not significant. Ripe females appear to show a slightly

better retﬁrn than green fish, judging by the data given. However, the

difference in returns among the three is insufficient to justify seleetion

of femanles showing any particular condition in future tagging programs.
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e-=~An analysis of tag returns in relation to size and sex of yellow

pikeperch stocked in waters of the Muskegon River drainage, 1947

Males

Femsales

Combined sexebg/y

Number Number Percent Number Number Percent | Number Number  Percent

Size group tagged returns returns tagged returns returns tagged returns returns _
13149 32 0 0.0 32 0 0.0
15-16.9 95 1 11.6 95 11 11.6
17-18.9 168 17 10.1 1k 0 0.0 182 17 943
19-20.9 250 36 .4 85 9 10.6 335 L5 13.k
21-22.9 | 109 12 11,0 312 37 11.9 21 b9 11.6
23.201.9 15 L 26.7 368 L6 12.5 383 50 13.1
25-26.9 3 0.0 234 33 1.1 237 33 13.9
27-28.9 .o e cer L1 5 12,2 1 5 12,2
29+30.9 5 0 0 5 0 0.0 ,j
Totals 672 80 11.9 | 1,059 130 12,3 [1,731 210 12,1 =1

4

Unsexed fish not included
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Table XXXVI.--Tag returns in relation to condition of female yellow pike-

perch stocked in the Muskegon River Drainage, 19L47.

Number Number Percent
Condition tagged returns returns
Green 21 21 : 8.7
Ripe 607 : 75 12.4
Spent 32 3 9.L
Total 880 99 1145
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No particuler difference between the sexes with regard to migration
is indicated by the relatively small amount of data evailable., Four
males end 8 femalesreached Muskegon Lake or Lake Michigan, and‘8 males

and 11 females moved downstream a distance of over 25 miles.

V. Discussion

In the introduction of this paper, it is indicated that power dams
in the Muskegon River, in their function as barriers to upstream migra-
tion of game fish, give riseto a complex and highly controversial fish
menagement problem. It is further stated that, in order to effect a
sound solufion, the answers to several pertinent questions (page 5)
would be very desirable, At this point it seems logical that these
qﬁestions should be re-inspected, in the light of the data which have
been presented in the foregoingipages, to ascertain what progress, if
any, has been made toward their se;ution. They are repeeted here in
abbreviated form, and briefly discussed.

le Do yellow pikeperch which migrete up the Muskegon River each
spring originate in Muskegon Lake, or in Lake Michigan?

To obtain a direet answer to this question, it would be necessary
to tag substantial numbers of pikeperch in Lake Michigan and in Muskegon
Lake during mid-summer (to insure marking of native populations in eaech
weter). A reecord of all recoveries of tagged fish below Newaygo Dam
during the following spring should eclearly show the origin of the fish
which migrate up the Muskegon. However, the procurement of the numbers
of fish required would meet with certain difficulties. The Institute
is not at present equipped to operate nets in Great Lakes waters, and the
location of ereas frequented by pikeperch would probably be difficult,
Purchase from commercial fishermen might be the more practiecable method

of securing fish for tagging. At a cost of around $0.25 per pound
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(pikeperch had a value of $0.18 to $0.2L per pound from 1Lk to 1946),
an expenditure of around $LO0.00 woﬁld be required for the fish alone,
sinee a minimum of 500 fiéh would be required to conduet the study.
Judging by the netting results of an Institute survey party at Muskegon
Lake in 1936 (discussed below), the collection of adequate numbers of
pikeperch for marking, from Muskegen Lake; would require & lgng period
of time and much effert, and might not be possible at all.

In the absence of direct evidence of the origin of transferred fish
the summery of available information presented below permits a strong
inference concerning the origin of the transferred fish.

:a). Nine out of 12 tagged fish released in the Muskegon impound-
ments and recovered below Newaygo Dam have been ceught in Lake Michigan,
and five of these have been taken in the vieinity of the mouth of the
Kalemazoo River, near Saugatuck. The indication is that the fish ere
far-ranging, and that the majority of the fish passing downstream return
to Lake Michigan.

b). The growth rate pattern of pikeperch transferred at Newaygo
in 1947 is very similar to that shown by this species in Great Lekes
waters which have been studied and higher then the average for inland
lakes.

e)o Gill nets set in Muskegon Leke in 1936 for a periocd of about
2y net days (one net day = 125 feet of net set for 24 hours) produced
only four yellow pikeperch. Nearly 7,000 of this species were taken at
Newaygo during the following spring by 21 dipnetters. Considering the
inefficiency of dipnet operation, a Muskegon‘Lake pikeperch population
capable of providiﬁg such a catch at Newaygo should have produced a much

higher yield of pikeperch in the gill nets set at Muskegon Lake during

the summer of the preceding year.
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d). General ereel census records for the Muskegon River below
Newaygo Dam and in Muskegon Lake are summarized in Table XXXVII. There
is no tendency toward an inverse relationship between quality of fishing
in these areas and the numbers of fish transferred at Newaygo. This is
shown graphiecelly in Figure 28. 1In 1932, fishing quality for pikeperch
was good, and the number of pikeperch transferred was small (3,151)., In
1933, when eabout 43,000 pikeperch were transferred, fishing continued
very good in the downstream areas. If these transferred fish had origi-
nated in Muskegon Lake, it is expected that depletion of its fishery
woulg have been significant and possibly drastic. By and lerge, the
available data show a direet rather than an inverse relationship betwsen
fishing in Muskegon Lake (and in the stream below Newaygo Dam) and num-
bers of fish transferred at Newaygo.

e). Total catches by dipnetters in the Muskegon River and commer-
cial production of pikeperch in Lake Miehigan show markedly similar
trends for the 15-year period frem 1929 to 1943, suggesting, as mentioned
earlier, that the fish are either part of the same population or of
related populations showing similar trends in their cycles of abundance.
It is interesting to note in this regard that the pikeperech catch from
the port of Muskegon closely follows the trends of southern Lake Michigan
as a whole, for the peried fram 1937 to 1943, but not for 1935 and 1936,
or 194l; to 19li6. TFigures for this port, for fish takem within a radius
of 50 miles of the mouth of.the Muskegon River for the period from
19%5 %o 19L6 are shown in Table XXXVIII, The cetch during this period
fluetuated within rather narrow limits and ranged frem 11,237 pounds in
1937 to 6,071 pounds in 1942, withL an average of about 8,000 pounds.

i The reasons for the failure of the Muskegon cammereial catch to reflect
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A COMPARISON OF TRENDS IN THE CATCH OF YELLOW PIKEPERCH
. IN DIPNETS BELOW NEWAYGO DAM AND CATCH PER HOUR OF

Z god THIS SPECIES IN MUSKEGON LAKE,AND THE MUSKEGON RIVER,
§ MUSKEGON COUNTY, COMBINED.
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Table XXXVIiI.--Sumary of general creel census records for the Muskegon River below |
i
Newaygo Dam and for Muskegon Lake, 1928 - 1947, » E
Number Legal Cateh ' éellow jmalls lLarge- Suckers gzzfiSh
of Hours fish per Brown Rainbow Brook Northern Yellow ike- pouth  mouth Pumpkin- . Rock . angh bullheads Car
Year anglers  fished caught hour trout trout trout pike perch Sauger |Berch {ass _bass seed Bluegill bass Crappie redhorse P
Muskegon River, Newaygo County (Downstream from Newaygo Dam) _  2 l/
1928 1 002 1 A 5000 se e 1 ss @ LN L XS eee ;.Fo'o es e coeo eee LR 4 ev e oee eoe oo :::
1929 Ll. 20.0 18 0090 se e eve see Ll- XX} e oe ‘:' 3 11 eec e oce so e 'R X e e ooe ®eo .
1932 2 . 6.0 2 0033 oo 1 (XN eos ceos pee t 1 eso eee see eve eee eoo LR ] ::: .
1933 8 33.0 21 0.624. L] XX} ces LR oo oee 16 : 5 L XN LN} oo XX o-i OUé e vee
193l %3 110.0 25 0023 oes ces cee eee . eee |l 17 3 ces coo 1 1 S
1935 203 6%.5 68 0.10 5 13 eoe (XX 1l ese |’ )43 5 l XX} see oo XX XX ee e o
1936 18).‘. 732.8 152 0.21 21 37 6 é ees see |+ T9 3 oo e cee coe xx ..é ::: "
1937 67 19)4-'2 72 0.57 3 7 coe 5 soe see 1&8 Ll- ece see e oo e oo ces
1938 11 6)4—00 30 001'-7 (XX ese oo oo 20 eee 17 10 Py eeo e (XN ] XX (XX XX X X] o o
1939 ‘vb LI. 500 2 OQLI-O eee 2 . oo s ese oo (X X3 5_... .. eee soe LN X ' e e ev e ses "L .. e
19’.]-0 39 1m.8 20 0017 7 3 see oee LR NS (XX 'v‘l 2 LR X ] ).l. e (] LR LA e . vee
19)4-1 . 16 13105 19 0.1)-" ee e coe - ee e eeoe oee oee ,k 19 eeoe coee 'R eeoe ess o e es e : .
19’.‘2 18 h205 6 001)4 XX oce oo XY LI. ooo‘t*’:‘... e doe oo sen e 2 eeoe se e
19)-].3 7 16.6 6 0038 o0 (XX} (XX ] os o (XX see 6 es e dee es e oo oo (R ] see ::: .
191“.'. 16 &.‘..0 )42 0.50 [ X N ] ®*00 7 LN N h ..._ 7 21_‘, [ X ] L 3 [N ] ®ew oe o s e s e
19).].5 2 600 2 0.33 2 oo XX oo XY} XX} sen XX ese es e eee XX ee e XX " o
19)46 7 31.‘..5 12 0‘55 (XX (XX [ XX) 3 XXl (XX 9 cee oo e s 22 ki AR
Totsl 622  2,282.0  L98 0.22 38 6l 13 18 29 eee 260 55 5 .es 1 1 3 1 2o e
Muskegon River, Muskegon County
1932 5 23.0 25 1.09 PP co e cee 2 1 eee-— - 15 6 1l XX X X ee e ose ::: :::
1933 28 83.5 127 1.52 o0 e [N ) *e o LR N ) : LA N ov e 127 CRC 2 LN N ] L 4 LN [N ] LR N es o . . ves
193}.]. 50 171.5 211 1.23 s e ‘ee e L XY 10 ev e l ) 19 10 [ X X ) se o e oo eee .31 e '1 ot
1935 59 25908 193 0.7)4. eve eee csee 12 ese oo 1140 9 (LR oo o s ).L eet . e oo
1956 12 Ll605 30 0065 oo ceoe eoe 5 5 LN T ).]. 11 1 oo bl eee et ces - oo
19h5 8 20.0 6 0.30 [ X N 2 LR N J L XN J LX N ) 2 : L N J ! 1 LN ] os s 2 1 LA 2 ose .7.. S . .
19}4-6 h }400 0 0.00 sece XX XX XX XX ese  eee XX XX L S i oA A
Total 166 608.3 592 0e97 _ oes e “es 29 8 O vk 36 2 2 1 aee 22 " = 2
- Muskegon lake White Muskel-
bass lunge

1933 175 722.5 785 . 1.09 o L .. 10 22 cee L|27 7 19 66 18;4 ‘ 50 eoe see se e et e
1934 306 1,368.5 2,67k 1.95 1 2 oo 13 62l eee 891 57 L9 131 115 335 11 .es 38 3

1935 705  2,785.5 6,393 2430 soe oot oo 17 1,615 eee 134 70 118 107 1,568 1,779 796 I 12% -
1936 580  2,331.5 2,698 1,16 2 ces ces 29 988 3 170 . 95 93 198 255 561 280 oes o
1957 38 1%2.0 93 0.70 oot 7 50 coe L 22 10 .
1942 9 2.5 190 0,78  een cee cer 9 1 cos 30 1 1 coo 21 17 ore oo T

19]414 37 118.0 111 00914 cee .o o 1 20 es e 15 3 T 58 see lLi- os e cee :::
« 19)45 112 ha‘_.o 1’123 2.)42 ceo coe P ee e 1’072 PN 5 cos . 6 . see 25 5 io cce ::: .
1946 308 835,5 1,048 125  eee .o cee 7 657 ees 12 13 3 90 197 5Ly 1 g e 3 oo

- 0ly . s Gh2.0 3,084 327 3 e aes 16 2,67 ae 21 eus 8 15 us 13

5 ,
Tabulation by Mr. K. G. Fukano, of the Institute staff,

LIIlIIIl-IIIIIlllIlllIIlII-I-I-------------—-
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Table XXXVI¥T,--Annual catch of yellow pikeperch by commerecial fishermen

¥

at the port of Muskegon, Michigan, 1935 - 1946.

Moot
1935 8,6L0
1936 ~ 8,112
1937 11,237 | :
1938 6,081 ?
1939 7,771

1940 6,92l
190 10,149
19,2 6,071
193 6,778
190, 7,768
105 9,706 &
1916 6,363 | }
Total 95,900 ’

4

From date campiled by Mr. A. B. Cook, Fish Division, Michigan Depart-

ment of Conservation.
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the general abundance of pikeperch in southern Leke Michigan as a

whole, before and after the period from 1937 to 1943, is not immediately
appafent, and no explanation is here attempted. Future trends in the
catches will be followed with interest.

During the course of a publie hearing held at Fremont, Michigan,
on December 5, 1947, it was stated that the best pikeperch fishing at
Muskegon leake occurred while the ice cover is present, and while the
fish are presumably moving through this water, enroute from Lake Michi-
gan to the river above. By and large, it seemed generally agreed that
the bulk of the fish transferred at Newaygo come from Leke Michigen, and
for the most part econtributed to the Muskegon Lake fishery only while
pessing through this lake on their migratery runs. In view of these
observations by representatives of Muskegon Lake sportsmen, it does
not appear that the souree of the fish transferred at Newaygo Dam is a
matter of serious eontention. Taken together with the data summarized
above, whieh appeer to point strongly toward Lake Michigan as the origin
of the fish, further research bearing on this matter does not seem to be
required st the present time.

2. What percentage of migrating pikeperch are removed during the
transfer, and is this number sufficient to deplete the fishery in down-
stream areas?

The percentage of pikeperch migrating to the Newaygo area which are
removed during any one of the various transfers is not known. The tag-
ging of a large number of pikeperch (at least 500) in Muskegon Lake or
upstream from the lake, in February or early Mareh, would provide good
information on this point., The percentage of the total number of tagged
fish recovered by dipnets at Newaygo would theﬁ indicate directly the

approximate percentage of sPawners'migrating above Muskegon Lake which



-1l

are teken during the transfer. The approximate total numbers of pike-
perch moving upstream, a matter of great biolegical interest, could then
also be estimated.

In the sabsence of direet evidence at present, certain information
bearing on this question is summarized here.

a). During 1947, the 12 dipnets used, if fished simultaneously,
would have covered an area of about one-third of one percent of the
total area of the river bottom between the extremities being fished.
This is not considered sufficient to take a significant proportion of
the pikeperch congregated in the area. Although it is probably true
that fish mill about and cover considerable areas during their spawn-
ing activities, the probability of eny given fish being caught in the
nets is extremely small.

b). Mr. R. B. Quigg, then of the U, S, Forest Service, concluded
by direet cbservation in 1936 (paper cited above) that fish tended to
conecentrate toward the center of the stream, rather than near shore.
This would place the bulk of the fish ascending the stream out of reach
of dipnets operated fraom shore.

e)e The number of fish congregated below Newaygo Dam, at least
during some years, is so large that the snagging of pikeperch by means
of bare hooks dragged through the water is & widely used method of
fishing among those fishermen who are without respect for fishing regu-
lations. Over twenty arrests occurred in the area in 1947 alone. For
such fishing to be attractive, tremendous numbers of pikeperch must have
been present in the area, and the 5,540 taken in dipnets ecould hardly

have a significant effect on fishing quality in dewnstream areas.
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d). As stated above, the numbers of fish annually transferred at
Newaygo and numbers caught each year by anglers below this point show
no recognizable tendency toward an inverse relationship. It cannot be
demonstrated that the trensfer during any year has directly affected
fishing quality in downstream areas.

The informetion at hend at present indicates that the numbers of
pikepereh transferred at Newaygo are smpall in comparison to the total
numbers migrating up the river and that they are insufficient to have a
significant effect on the Muskegon Lake fishery.

3¢ Is the transfer justified finaneially, and do transferred fish
contribute significantly to the upstream fisheries?

a)e The average cost of transferring an adult‘pikspereh during the
past five years has been $0.16 to the Department and $0.11 to Consumers
Power, In relation to the cost of rearing pikeperch to legal size, or
obtaining them by any other method, this figure is not exvessive,

b). Returns ffom transferred fish during 1947 were slightly over
12-1/2 percent during the first fishing season. The number of tagged
fish caught which have not been reported is not known, although it is
certain that some anglers failed to report captures of tagged fish. For
yellow pikeperch, the results show a good return and a high degree of
exploitation of the transferred fishe To determine the total effect of
the transfer on upstream waters, another tagging program ecoupled with an
intensive creel census would be required, to show the relationship be-
tween native and transferred fish in the angler's catch. To date there
is little information on this point, General creel census records taken
by conservation officers at Hardy Pond during 19,7 showed only one tagged

fish among L9 legal pikeperch ineluded in the totals. Of over 90 fish
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taken by nets in Hardy and Croton Ponds, onlj one was tagged. However,
only a small proportion of these were of legal size. One angler present
at the December public hearing stated that 85 percenf of the legal pike=
perch which he had taken at Hardy Pond during 1947 were tagged. Esti-
mates by boet liverymen of percentages of tagged fish among catches of
pikeperch in Croton and Hardy Ponds during the latter portion of July
ranged from about 25 to LO percent. |

Judging ﬁy the number of tag returns, and by the writer's general
observations in the fisld during the summer of 1947, the transfer is
meking & significant contribution to the fisheries of Croton and Hardy
\ Ponds, and the north Newaygo lakes. The fact that the fish are held,
at least tempdrarily, above the dams responsible for thess impoundmentsé?
serves to concentrate them and thus make them wvulnerable to anglers., s
Areas of concentration are also reported by some aﬁglers at the north
Newaygo lakes. Transferred pikeperch enter the catch most heavily in
- July and August, when warm-water fishing in general tends to be poorer 5
than during other months of the year, é“

Most transferred fish leave Big Rapids and Rogers Ponds after
stocking, before being captured, and only about one-half of the fisb
remain in Newaygo Pond during the first season after transfer. However,
stocking is probably justified in these ponds, since it gives anglers
who prefqr these waters a sporting chance tot ake the much &esired large
pikeperch before they go downstream, Further stocking of pikeperch in
Brooks and Hess lakes is hardly justified, in view of the small returns
to the anglers fishing these waters.,

L. Is the transfer to upstream waters desirable, and required, to
provide good fishing?



-1L-

Insufficient date are at hand to show definitely whether present
fishing quality can be maintained without the transfer. The impound-
ments are suitable habitats for pikeperch, and growth of the native
population of this species is above average, showing that introduced
pikeperch do not induce overpopulation of the ponds and stunting of the
fish present.

Croton end Hardy Ponds (particularly the latter) showed an unusual
predominance of sub-legal pikeperch of 3 years of age, and concentra-
tions of these ocecurred in the immediate vieinity of the dams. Scattered
past reports by anglers suggest that this condition has persisted for a
number of years. If such fish pass downstream to Lake Michigan before
reaching sexual maturity, it is highly probable that the Newaygo transfer
is necessary in order to maintain a fishery for this species in these
waters, under present legal restrictions with regard to size limit.

5. Are game fish able to return downstream to their point of origin?

Yes, Each power dam in the main stream of the Muskegon has been
negotiated successfully by pikeperch of large size. Croton and Hardy
dams provide the ehief obstacles to downstream migration, but the other
dams offer very little resistance to such movement.

6. Do pikeperch native to the impoundments move downstream?

The econcentration of sub-legal fish near power dams, with mafked
reduction in numbers of‘older fish in the ponds suggests this, but
definite information is lacking. The tagging of 500 pikeperch, ranging
from 10 to 1l inches in length, in Hardy Dam, is strongly recommended,
to determine whether such movement takes place, and to what extent. If
.movement to Lake WMichigan occurs, future netting below Newaygo Dam, if

it is continued, may reveal some very interesting information concerning
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the "homing" tendencies (a tendenoywobserved in some speciss, for adult
fish‘to retﬁrn to the stream in which they were hatched, for spawning)
of this species. The presence or absence of this tendeney in pikeperch
has not been adequately studied and might have a very considerable
significance in its proper management.

In conclusion, the facts at hand to date indicate that the transfer
has had no harmful effects on the sport fishery either above or below
Newaygo Dam, and that it is of some benefit to upstream waters. Further
information (as indicated at various points in this report) is required
before a definite conclusion ean be reached as to the complete effects
of the transfer., TUnless and until future, more exacting study reveis |
facts which void some of the key inferences derived from indireet evi-
dence assembled in this report, it is recommended that the transfer of .
pikeperch at Newaygo be continued as a regular annuel operation of the
Department of Conservetion,

INSTITUTE FOR FISHERIES RESEARCH

Paul H. Eschmeyer
Assistant Fisheries Biologist

Approved 12/1,/L7 by: A. S. Hazzard
Typed by: S, E. Putman
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