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The exrioculturisgt and the silviculturist have long studied the netural
production of areas on which they worked and experimented, and more lately
in the practice of game menagezent the oensue of the animals in given
areas hag become rather common practice, However, it is only within the
last ten years that {fisheriss biologlsts of the Unilted States have realized
the necessity of lesrnin; something concerning the fish populations of
natural waters, In the proper menacement of sport fishing it would be nost
helpful to know with some accuracy how many wild figh differemt types of
natural waters normally support, This paper presents verious methods which
have boen used in attempting to determine fish populations, sore of the
rosults obtained, and short discussions on the limitations of the various
methoda,e

There are two weys of obtainins estimetes of fish populations, One
method is to directly count every individual in & given body of water, The
other way is to take o randoz seiiple of the fish population from a measured
representative portion of the lake or strzam and compute the total populs

tion from the results of the sempling, i.0., in an indirect nanrer,
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¥ethods g_i: Stresm Census

One direct method of determining the spasming population of a stream
is by the use of a weir, or counting rack which blocks the stream. Fish
are individually counted as they move ome way or another, This metlod has
bee: widely used on the Pecific coast where they have determined the spewne
ing population of mumerous salmon streams, This methwod is feasible only
where the I'ish population has merked migratory tendenciese

Another direct method of stream cemsus is to corpletely drain the
stream bed by means of a by~-pass channel., Census by drainsge wes performed
on a small Hew York stream by Zmbody (1929) in 1928, All fish left strended
in the scattersd pools were collected and coumted. The stream averaged
7e3 fect in width and was 1,002 feet long, and 0,168 ecres in areas From
this area 7,7 pounds of fish were removed. Seventy per cont of this welight
wes made up of coarss fish (minnows end suckers), while 30 per cent of the
welpght wes made up of rainbow and brown trout,

This marmer of conductings a stresm census is necessarily limited to
small streams where the immediate topegraphy permites easy byepsss drainage,
The use of dynamite as an indirect method of ocensusing streams hes
been atfompted, but it is probably the least effective of the metlods which

have been tried, A section of the stream is blocked off at each emnd with
nets, and a charge of the explosive laid and set off electrically, Thoow
retically, all fish in the enclosed area of the siream should be killed or
stunned by the charge, enabling the investigator to cepture and count them,
What actually happens is thiss the water in the section enclossed by nets

is thrown high into the air, whilse the stream above continues to flow into
the sample section es this occurs, When the water in the air falls back
into the stream, the resulti g mass of water almost always strains the nets
to the btreaking point, or the excessive debris caused by the explesion clogs
the nets till the stream ilows over and around the lowsr net, In sither case

efforts to obtain all fish killed or stumned are nerated, Other disadvantsres
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are the cost of the explosives, and a certein amount of danger attendent
with their use, It is also not well established at just what distances
explosives kill or stun the fish in underwater operations,

Lehman (1935) writes that census by means of electricity has beem
practiced on certain Cerman trout streams, Seotions as long as 12,000
foet x 40 feet (ave, width) have been studied, although the deteils are
not mentioneds This electitical method is perhaps the latest development
in determining fiash populations, and when information on the procedure be=
cormes more panerally available, micht become & very usable technique in
censusingz stresmae

An indirect method for cemgusing stresms which has been used in both
¥ichiran and Hew York streems is that of seining s moasured sawmpls section
of stream aend computing the populetion in fish per mile by direct proporw
tions, The details of the field procedure ussd in this method were desecribved
by Greeley (13833}, who has since used the method in & number of Rew York
streams,

censusing by meens of sanple seotion seining is conducted as follows:
On the day preceding the actual seining the net stakes are set by sledge
hemwer, This precantion iz teken in order that any fish readily disturbed
mey have & chance to reswme their normal positions in the area to be seined,
On the following morning woven wire netting is first strung ecross the
stream to support the 1/4" mesh blocking nets, As scon &s the blocking
nets are in place seining begins, and continues until no fish can te captured
in the enclosed ares, The length of the section, average width of the
section, and number of fish of the various species captured in the section
are recorded, rom these date the population per umit area or unit length
of the stream mpy te cormputed,

A strea: census of the Little Maristee River, Lake County, ¥ichiyan

was conducted on Aupust 18, 1936, in the mermer described above, A total
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of 601 fish was Talen {rom a section of the stream measuring 160.4 foet
lony and havisg an averape width of 3044 fects All but six of these fish
were trout, The total {ish population per mile of strem: mey then be
estimated at 19,784, the total trout population per nile of stream at
19,588, The total fish per aore of stream is approximately 5,835; the
total trout populastion per acre of stream is approximetely 5,777, These
results are sumrarized in Table 1,

The data on which these results are based were obtained Ly a cooperate
ive project set up by the Institute for Fisheries Research amd the Manistee
Purchase Unit of the U, S. Forest Service,

The limitetions of the sample seining method are several, In certain
types of streams, and et certain times of theo ysar, the retaining nets may
clog with debris loosened by seining or carried naturally by the strean,
This can be offset by having suffioient manepower to pick the retaining
nets clean,

Also, it is not alweys possible to choose sectione representative of
all conditions in the stream which are seinsble, A fairly accurate estimate
of the population should be obtainable by seining from three to ten semple
sections conteining different bottam habitate and everaging the results
gsc obtained,

In many stroams it is not slways possible to obtein every fish in the
sample section, espoeially where berks asre deeply undercut or old root
channels provide meens of escape, S5treams which are filled with larpe
bouldera or rlacial rock cannot be censused by the seining methed with any
dezree of successs The {ish hide under and between the rocks making it ine
possible to selne them cut, Fortunately there are few streams of this
type in Vichiran. Depth of weter is also a limiting factor in censusing
streerms, since 1t is not possible to seine effectively in swift current

where the water is much more thean waist deep.



Table 1

Stream Census Little Manlstee River, Aurust 18, 1936,
Showing Actual Fish Count of Sample Seotion,

taloulasted Mumber Per Mile mnd Per Acre.

Trout Other Fish
Reinbow Brook BRBrown uddler Sucker Total
Actual Count 478 27 . 80 4 2 601
Calculated Wumber Per Mile 15,736 889 2,963 132 64 19,784
Caloulated Number Per Acre 4,641 262 874 39 19 5,836

Length of seotion « 160,4 f'te (00304 miles)
Ava, Wildth of section = 30,6 £,

Area of Section - 4908,24 8qe. £t. (0,103 acres)
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Another indirect method of determining populations of fish in stresms
is to mark a sufficiently large number of fish by removal of two or more
fins or by attaching a tage. If the total number of marked and unmarked
fish later removed {rom a given length of stream are known, an estimate
of the total populsticn of that portion of the stream may be vasily calculated.

This procedure for stream cemsus has been applied to the North FRrauch
of the Au gable River in Crawford County, Michigan, where trout were marked
by the jaw-tag method (Shetter, 193b), Recoveries were obtained through
seining operations. In November, 1935, 483 untag;:ed brook trout and 69 tagged
brock trout were recovered from various points in one and three-quarter niles
of stream, Two thousand four hunmdred thirty-seven tagged brook trout were
in the Horth Branch at the time of seining if it is assumed there was no
mortality to tapgred fish or loss of tags,.

The population estimete is ocalculated as followss Number of brook trout
(size ranze 4"=10" total length) in 1,75 miles of streem 3 2,437 x 3§§.= 17,059
total populatione The number of brook trout per mile is then approximetely
9,7003 the number per acre approximately 700,

The limitations of the marking method for stream census lie chiefly
in the manner in which information on recoveries are obtained. Unless the
stream can be reedily seined, it is necessary to rely upon tag returns from
fishermene In this ocase, an intensive creel census is nocessary. No matter
what recovery method is used, the number of ummaried fish ceught mst be
Imown as well as the mmber of marked fish, Also publicity concerning the
exporiment, both through newspaper accounts and by streameside posters, is
then a vital part of the program,

Merking fish by fineciipping is less expensive then attaching tars,
but the informetion secured from tiis metiicd ig useble only in mass ex-
periments, since fish marked by fin=clipping cannot be distinguished from
cne snothers, The more detailed data resulting from fish murked with

serially numbered tage justify their use in many experimentse
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nerensration of oclipped fins may Le considered as & minor limitation,
since the work of Davidson (1934) end others has demonstrated that fin
regenerstion is neglicible and easily recognizable, Loss of tapgs over a
period of 7 monthe to a year has been recently demonstrsted to also be
regligible (Shetter, ¥S).

In view of the various limitations of the methods discussed for es-
timating stream populations, censuses made by means of seining semple soctions
of streams or by setting up tegring experiments with an accurate means of
obtaining recoveries will probably rive the best results with the fewest

reporcussions from the fishing publics

ﬂethodsigzlLake Census

¥ethods used to estimate fish populations in lakes are slightly dife
ferent from census methods in stresms, JSample seinings cannot be used
since the mumber and species often vary with the vertical habitats not
touched by a seine,

Eschmeyer (¥S) hes poisoned and dynemited small lskes up to 11 ecres
in size on the Pigeon River State Forest and collscted all dead fish, obe
taining a direct count in this mammer,

Lxplosives alone have proved suscessful in isoleted ocases, The nost
successful instance is reported in the Fisheries Service Pulletin Fo, 260
for January 4, 1937, which deseribes the complete elimination of carp
from a 35 acre New Mexico lake by the use of 1100 quarts of nitroglycerin,

The fish population of Lake Jesse, a 45 acre Yova Scotian lake, was
estimated by Smith (1935) after the waters of the lake had been treated
with copper sulphate (C;SO4. 8Hgd) by towing bags of crystals of the
copper compound behind row boatse Enough copper sulphato was used bo
bring the concentration to 3,06 p.peme From detailed counts of the dead

fish on one=eleventh of the shore line, the fish population of Lake Jesse

was estimeted at 33,025 individuals, made up rostly of yellow perch
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(Peroa flavescens), killifish (Fundulus diasphenes), and white perch (Morone

americana), The estimated standing orop of fish wes 19,8 pounds of fish
per acres

The use of these rather severe direct methods are limited by both cost
an¢ public opinion to small lakes having little or no value for fishing,

In the use of poison or explosives it is alsoc questionable whether all the
fish killed in deep water come to the surfece end are included in the sount,
If either dynemite or poison eare to be used in the future, nore experimental
work on the proper methods of applicetion will be necessary,

Fisheries workers should taks adventage of mortalities resulting from
pollution, natural oxygen depletion or extreme high water terperstures,
Population estimstes from such occurrences can be made by counting the
number of dead fish in several measured sanple plots of shoreline or lake
bottome The amount of shorsline or lske bottom covered with dead fish
should alsc be measured tc give an accurste total result, Hogzard and
Esclmeyer (MS) report such a count made in e southern kiichigen leke by the
Institute for Fisheries Research in which the entire fish population died
under the ice from suffocation. The fish population of this lake was
conservatively estimated at approximately 1,125 fish per acre of an everage
size of 6 inches (total length),

A valid objeotion to censuses based on such accidemtal killings 1e
thet fish whieh die and fell to the bottom in decp water may be onitted
from the calculationse Since sueh killi s are infrequent and are usually
accidental, they do not constitute & true census method, FKevertheless
valuable results may be secured by taking advantares of such mortelities.

As in stresma, the indirect method of tegging or merking lake fish
will provide a meens of estimating the fish npopulstion of the lake., The
genoral method is the same as for streems, An adequate number of fish are

rarked and e careful record of the number of individuals marked and all
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attendant data are recorded, Recovery of marked fish may Le made in any
manner, s0 long &s the number of marked and ummerked {ish recovered during
the same period is tallied,

The Institute for Fisheries Nesearch, at ihe invitation of Dr. }iles D.
Pirnie, Director of the Xsllogg Bird Sanctuary, has set up a tegging experiment
on Wintergreen Lake, Michipgan., Conditions for an accurate count of tagped
and unteagpged fish caught are ideal, since sll fishormen are required to re=
port their catches, and fishing ls by permission onlys From returns obtained

during 1936, calculstions on the larze~mouth bass (Aplites salmoides) and

bluegill (Helioperce machroshira) populetions of Winterpreen Lake have been

mode, It was estimeted thet there were a total of 15,366 legal (6" total
length) bluegills in Wintergreen Lake, or epproximately 770 per acre, By
similar calculations the legal (10¥ total length) large-mouth bass populee
tion wes estimeted at 3,519 for the lake, or approximately 175 per acre.
These population estimates were calculated in the same manner as used on
the North Branch of the Au Sable,

The limitetions of the marking method for estimating leke fish populs-
tions are also the same as for streams. There must be some means of checking
on the number of unmerked fish caught @z well &s the marked fisghs 0m large
lakes an intensive creel census program in conjunction with the tagsing exe
periments 1s necessary, If fish are to be recaptured by methods other thsn
fishing, the size of the fish tagred end possible habitata of the fish must
influence the cholce of pear to be used,

Fxperiments similar to that conducted in Wintergreen Lake, but on a
mach larper scale, have been operatod by the Illinois Hatural History survey
on southern Illinols lakess Their results, however, are as yet unpublished,

The best allearound methods cof cemsusing lakes of those so fer mentioned
seem to be Yo take advantage of occasional mortalities or to estimate

populeations by means of marking experimentse
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Summary

l. The use of draining, welrs, dynamiting, electricity, seining
sections of a stream, and of merking as methods of estimating populations
of stream fish were discussed,

2. Seining sections of & stream, or marking are the methods of
stream census whish are most likely to rive setisfactory results in view
of the limitations of the other procedures. Itesulis obtained in Michipgan
streame Ly both methods were presentede Tho electrical meth:od may have
excellent possibilitles,

3. The use of poison, explosivee, and of merking as methods of
estimating lake fish populetions were disocussed, Results obtained by nmesans
of marking were presented, It was pointed out that studies on lakes which
had suffered natural mortalities mipht yleld valusble data on fish popula-
tions of such lakes, Results of such a study were presentad,

4, Txcept on emall lekes (10 sores or less) of little walue to
publie fishing whore dynamite or poison may be used successfully, marking
experiments probably would be the most accurate method of censusing the

fish populetion of a lake,
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