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The e.grioulturiat a..--id the ailvioulturist have long etndiod the natural 

production of areas on which they worked and experimented, and more lately 

in the practice of game mena.gem.ent the census or the animals in riven 

e.reas has become rather oomnon praotiee. However, it is mily within the 

la.st ten years that fisheries biolor:;ists of the United states have realized 

the necessity of learni.."lf. something concerning the :f'ieh populations ot 

natural waters. In the proper iriana,remont o.f' sport fishine it would be oost 

helpful to know with some nccu.re.cy how many wild fish different types ot 

natural waters normally support• This paper presents various methods which 

have been used in attemptinf to determine fish populations, so,e of the 

results obtained, and short diacusoiona on the limitations of tho va.riou• 

methods• 

There are two ways or obtaininr estiluates of fish populations. One 

method iG to directly count every individual in a r,iven body of' water. The 

other way is to take a random sa.,;ple of the fish population from a measured 

representative portion of the lake or stream and cowpute the total popula

tion from the results of tho s1:.mpling, 1.e., in an indiroot manner. 



Ve'thods of stream c ensua ----------
one direct method of determining the spawninr; population of a stream 

is by the use of a weir. or counting rack which blocks the stream. Fish 

are individually counted as they r:-ove one way or another. This mct}·od has 

bee:;. widely used on the Pe.oit'ic coast where they have determined the spawn

ing population of numerous salmon streams• This method 1e feasible only 

where the fish population has marked migratory tendencies. 

Another direct method or stream census is to completely drain the 

stream bed by mean.a of a by-pass che..nnel. census by drnina-Ge wn.s performed 

on a mall New York stream by 'Embody (1929) in 1928. All fish lert stre...'llded 

in the scattered pools were collected and counted• The stream e.verae;ed 

7 .3 fec·t in width end was 1 1002 feet long, and 0,168 acres in area. From 

this area 7. 7 pounds of f'isb , .. ere removed. seventy per cont of this weir.,ht 

was rnade up of coarse fiah (minnows and suckers), while 30 per cant of the 

W0itht was made up of rainbow and brown trout. 

This mrumer of' eonductint a. etre8ln census is necessarily limited to 

small streams where the il'mn.ediate topography permits easy by•pa&B d.raine.r,e. 

The use o.f dynamite as an indirect method of oansusing stre8lll8 has 

been ateomptad, but it is probably the least eff'ective or the :metl-ods which 

have been tried. A section of the ati-ea:m is blocked off at each end vii.th 

nets. and a charge of the explosive laid and set off' electrically. 'theo

retically, all fish in the enclosed area of the stream should be killed or 

stunned by the charge, enabling the investigator to capture and count them, 

What actually happens is thiea the water in the section enclosed by nets 

is thrown high into the air. while the stream above continues to flow into 

the sample seetion as this occurs. When the water in the air falls back 

into the stream, the resulthg; mass of water almost always s·trains the nets 

to the breaking point• or the excessive debris caused by the explosion cloee 

the nets till the stream :£'lows over and nround the lower net. In either case 

efforts to obtain all fish killed or stu..uned are ne;.:ated. Other disadve.:nta;::es 
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e.re the oost of the explosives, ru1d a certain ru:iount of danger attendant 

with their use. It is also not well established at just what distances 

8%plosives kill or stun the fish in underwater operation•• 

Lehman (1935) writes that census by means of electricity has been 

practic.sd. on certain German trout streams. t,eotiona as long a.a 12.000 

:f'eet :x 40 feet (ave. width) have been studied• althoug.h the details are 

not mentioned. This electtical method is perhaps the latest development 

in determining fish populations, and when information on the procedure be

comes more P'.Einerally available, :might becoz.1-e a ver--.1 usable teclmique in 

censusing streams. 

An indirect :method .for eenausing streams whioh has been used in both 

:Miehir,an and New York: streams is that of seining a measured sample seotion 

of stream and eornputinr: the population in fish per :mile by direct propor

tions. The details of the field procedure used in this method were described 

by Greeley ( 1933), who has since used the :method in a number 0£ N• York 

streams. 

censusing; b~1 m.ea.."'ls of swnplc seotion s·ei.11inc is eonduoted as follows: 

On the day preceding the actual seining the net stakes are set by sledge 

hammer. This precaution is taken in order that any fish readily disturbed 

:may he.ve a chance to resume their nonnal positions in tho area to be seined. 

On tho following :morning woven wire netting is first strung a.orosa the 

stream to support the l/4" mesh blookine nets. Ae soon as the blocking 

nets are in place seininc berins, e.nd continues until no .fish can be captured 

in the enclosed area. The length of the section. average width of the 

section, and number of fish of the various speeiea captured in the section 

are reoorded. 7rom these data the pop11lation per unit area or unit length 

of the stream rr:ay be computed. 

A stream census of the Little Mar-.istee River, Lake County, Jlichi;san 

was conducted on Aue:ust 18, 1936, in the lll&Zll1er described above. A total 



of 601 fish vro.s taken i'ro:rn a section of the stream :mee.s,;ring 160.4 feet 

lonr: and havi·::.1~: an averar,e width of 30.4 feet. All but six of theae fish 

were trout. The total fish population per mile of strear: may then be 

esti.J:oated at 19 • 784., the total trout population per nile of stream. at 

19,588. The total fish per acre of stream is approximately 5•835J the 

total trout population per aero or stream is approximately 5,777. These 

results are StlI!lrr.o.rized in Table 1. 

The data on which theoe results are based were obtained by a cooperat

ive project oet up by the Institute tor Fisheries Reseo.rch and the Manistee 

Purchase Unit of the u. s. Forest Service. 

The limitations of the sa:rnple sei.."'linr, method are several. In certain 

types of streams, and at certain timoa of the year, the retaining nets "J!JD.Y 

clog with debris loosened by seining or carried naturally by the stN8l'lle 

This can be offset by having eu.fi'ioiant man-power to pick the retaining 

nets elem. 

Also, it ia not always possible to choose sections reprosentative or 
all conditions in the stream which are seinable. A fairly accurate estimate 

or the population should be obtainable by seining frcnn three to ten sample 

sections oontaininc different bottom habitats and averaginr, the result• 

so obtained. 

In many streoms it is not always possible to obtain every .fish in the 

sa~le section, especially where banks are deeply undercut or oltl root 

channels provide :means of escape. stromns which are filled with larce 

boulders or clacial rook cannot be censused ty the ae1uin0 method with any 

derree of success. The fish hide under e.nd between the roeke making it im

possible to seine there out. Fortunately there are few streams of ttda 

type in 1riohif!an.• repth of Wllter is also n limitinf~ factor in censusing 

streBl",.s• since it is not possible to seine affectively in swift current 

where the water is aioh nore than waist deep. 



Table 1 

stream census Uttle Jl.a:n1stee River• Aucust 18, 1936• 

Showing Actual Fish Count of Sample Beotion• 

Calculated Number Per Mile and Per Acre. 

Trout other Fish 
Rainbow Brook 

Actual Count 478 27 

calculated Number Per Uile 15,136 889 

ca.loule.ted Number Per Acre 4.641 262 

Length of s80'tion. 160.4 rt. (0.0304 miles} 

Ave. Width of" section - 30.6 tt. 

BrO'ffll 

90 

2.963 

874 

Area of Secticm • 4908.24 84• ft. (o.103 acres) 

Muddler sucker 

4: I 

132 " 39 19 

Total 

,601 

19.784 

s.836 
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Another indirect :method of: detennininc. populations of fish in streruns 

is to mark a sufficiently larr.e number of' fish by removal of two or more 

tins or by e.tta.ching a tag. If' the total number of :marked and umna.rked . 
fish later removed from a given length of stream are known. an estimate 

of' the total population of that portion of ·the stream may be oaaily calculated. 

This procedure for stream census has been applied to the North Branch 

of the Au sable River 1n Crawford County, Jn'iehigan, where trout were marked 

by the jaw-tag method (Shetter, l93lt,). Reooveriea were obtained through 

seining operations. In November, 1935 • 483 untaf~Ged brook trout and 69 tagged 

brook trout we,·e recovered :f'ron various points in one and three-quarter miles 

of stream. TWO thousand tour hundred thirty-seven tar;ged brook trout were 

in the !forth Branch at the time of' seining if it is assumed there was no 

mortality to tagged fish or loss of' tags. 

The population estiJnate is calculated as i'olloV1s1 Number of brook trout 

(size ra.~ge 4"-10" total length) in 1.75 miles of streem: 2.437 x 483: 17,059 
,rr 

total population. The number of brook trout per mile is then approxiloo.tely 

9, 700 J the number per acre approximately 700. 

The limitations of the marking method for stream census lie chiefly 

in the manner in whioh information on recoveries are obtained. Unlesa the 

stream can be readily seined, it is necessary to rely upon tac; returns from 

fishermen. In this case, o.n intensive creel census is necessary. No matter 

what recovery raethod is used, the number of' unmarked fish caught nurt be 

known as well as the number of marked fish. .Also pu.blici ty ooncerni:ng the 

experiment.- both throug,h newspaper accounts a....'1rl by stream-side posters, is 

then a vital part of the program. 

Marking fish by fin-elippine is less expensive than attaching tar.a, 

but the information secured from this mettod is usable only in mass ex

periments, since f'ish l!ltlrked by fin-clipping cannot be distinguished from 

one another. The more detailed data resulting from f'ish :mnrked with 

serially numbered tags justify their use in many experilnenta. 



Ret:enere.tion of clipped fins may be considered as a minor ULlitation, 

since th.a work of Davidson (1934) and others has demcmstrated that fin 

regeneration is negligible ll!ld easily recognizable. Loss of tar,s over a 

period of 7 months to a year has been recently d«lilOnstrated to also be 

negligible (Shetter• US) • 

In view of the various limitations of the methods discussed for es

timatinG stream populations, censuses made by means of seininr, senple sections 

of streams or by setting up taerinr experiments with an accurate :means of 

obtaining recoveries will probably rive the best results with the fewest 

reperoussiona from the fishing pul)lic. 

Method.a of Le.ke census -----
Methods used to estimate fish populations in lakes are sli(~htly dif'• 

ferent from census methods in stre&lUle sample seinings cannot be used 

since the number and species of'ten very with the vertical habitats not 

touched by a seine. 

Esohmeyer (u.,o:;) has poisoned and dynmrdted small lakes up to 11 acres 

in size on the Pi~eon River State Forest and collected all dead fish• ob

taini.~g a direct oount in this manner. 

Explosives alone have proved euocessful in isolated oases. The most 

successful instance is reported in the Fisheries Service Bulletin No. 260 

for January 4, 1937. which deacribee the complete elimination of carp 

from a 35 acre New Mexico lake by the use of 1100 quarts of nitror;lycerin. 

The fish population of Lake Jesse. a 45 acre llova ricotian lake, wu 

estimated by SnJ.th {1935) after the waters of the lake had bee..11 troated 

with copper sulphate ( CuSG.fr • .(JfzO) by towing bags of orystala of the 

copper compound behind raff boats. Enough copper sulphate was used 1:Jo 

bring the concentration to s.06 p.p.m. From detailed oounta of the dead 

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

was estimated at 33.025 individuala• made up r.-ostly of yellow perch 



(Perea !'lavescena). killif'iah (FUndulus diaphenes). and white perch (Morone 

or..ericana) • The esti.Jne.ted standing crop of fish was 19 .s pounda of fieh 

per acre. 

The use of these rather severe direct methods are limited by both coat 

and public opinion to small la.lees having little or no value fer fishing. 

In the use ot poison or explosives it is also questionable whether all the 

fish killed in deep water come to the sur.faoe and are included in the count. 

If either dynamite or poison are to be used in tho f\rture. ?iiOre experimental 

work on the proper methods of application will be neceasary. 

Fisheries workera ahould take advantage of mortalities resulting from 

pollg.tion• natural oxygen depletion or extreme high 'trater temperatures. 

Population estimates fl-om such ooourrenoea can be made by counting the 

number or dead fish in several measured ae.r.,plo plots of' shoreline or lake 

bottom. The a."nount of shoreline or lake bottom covered with dead fish 

should also be measured to give an accurate total rcm1lt. Hazzard and 

Eschmeyer (MS) report such a count made in a southern Uichir:;an lake by the 

Inatitute tor Fisheries Research in which the entire fish population died 

unde:r the ice t'rom suffocation• The fish population of this lake wu 

conservatiTely estimated at approximately 1.,12-5 .fish per acre ot an a.vera.ge 

size of 6 inchea (total length). 

A valid objeotion to ce:nsuaee baaed on suoh accidental killing& 1a 

·that fish which die and tall to the bottom in deep water may be ox,ut.ted 

from the calculations. Since such killbr;s are infrequent and are usually 

accidental., they do not constitute a true census method. Nevertheleaa 

valuable results may be secured by taldn.i": advantages or such mortalities. 

As in atNIW18., the indirect method of tagging or marking lake :f'iah 

will provide a means of estimatinff the fish population of the lake. The 

renoral method ia the sae as tor streams. An adequate number of' fiah are 

marked and a careful record of' the number ot individual a uarked and all 
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attendant data are recorded• Recovery or marked fia.11 may be made in any 

manner. so long as the number of r..arked and umaarked fish recovoroo during 

the same period is tallied. 

The Institute for Fisheries nesearch. at the invitation of Dr. Miles D. 

Pirnie. Director of the Kellogg Bird Sanctuary, hae set up a tagging experiment 

on Wintergreen Lake. Michigan. Conditions for an accurate count of t&.{;ged 

and untagged fiah caught are ideal. since all f'ishonnen are required to re

port their catches. end fishing is by pemission only. From returns obtained 

during 1936, calculations on the larg,e-:rnouth bass {Aplites aallnoidea) and 

bluegill (nelioEerca machroohira) populations of Wintergreen Lake have been 

made. It was estimated that there were a total 0£ 15.366 legal {6" total 

length) bluegills in \"iintergrecm Lake, or e.pproxbraately- 710 per ac:re. By 

aimile.r calculations the legal (1011 total length) large-r:.-0uth bass populQ,,,, 

tion was estimated. at 3.519 for the lake. or approximately 175 per acre. 

These population estimates were calculated in the as.me mann•r 118 used an 

the North Bnmch o~ the Au sable. 

The limitations of the markillf; niethod for estimating lake fish popula

tions are also the same as tor streams. There rust be sorne mea:ris ot oheoldng 

on the number of unmarked fish caught u well as the marked fish. Chl large 

lakes an intensive creel census program in conjunction with the t&.er,ing ex

p0riments is necessary. It fish are to be recaptured by methods other than 

fishing, the size of the :fish tagged and possible habitats of the :t"iah mst 

influence the choice of ~ear to be used. 

Experiment a similar to that conducted in Wintergreen Lake• but on a 

much larger scale, have been opcra:t;od by the Illinois Natural History survey 

on southern Illinois lakes. Their results, however. are as yet unpublished. 

The beat all-around methods cf censusing lakes of those so :far mentioned 

seem to be to take ad.V8:!ltage 0£ occasional mortal.i-tiea or to estime.te 

populations by means of mar-kine experiments. 
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l. The use of draining, weirs, dynarniting, electricity, seining 

sections of a stream., and of :me.rld...YJ.g as methods of estimating populationa 

ot stream fish were discussed. 

2. seining sections of a stream, or marking; a.re the :methods ot 

etream census which are most likely to give satisfactory results in view 

of the limitations of the other procedures. Results obtained in Michigan 

streams by both rnethoda were presented. Tho electrical metl·,od may have 

excellent possibilities. 

3. The use of' poison. explosives. and of marking as :methods ot 

estimating lake fish populationa were disoussed. Results obtained by mean.a 

ot marki.Dg were presented. It 1ffl8 pointed out that studies on la.kea which 

had suffered natural mortalities might yield valuable data on fillh popula

tions ot suoh la.kea. Results of such a study were presented. 

4e ~cept on small lakes (10 aorea or less) of little value to 

public fishing whore dynsmi te or poison :rnay be used euooess:f'ully • marking 

experiments probably would be the most accurate metbod of' censusing the 

fish population of a lake. 
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