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The first instance of marking fish for experimental purposes 

was recorded by Izaak Wal ton in "The Compleat Angler" ( 16!,J) • 

According to Walton, Sir Francis Bacon, studied the age and 

homing instincts of salmon "by tying a riband, or some known tape 

or thread, in the tail of some young Salmona which have been 

taken in weirs as they have swimmed towards the salt waterJ and 

then by taking part of them again, with the known mark, at the 

same place, at their return from the sea, which is uaually about 

six months after." From this method, there has evolved the use 

of button, strap, and belly tags as means of identii'ication. 

Calderwood {1902) 1ndioated that Fra~er marked salmon in 

1829 by removing the adipose fin. Fin-clipping as a means of 

marking fish has been employed extensively in studies ot salmon, 
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trout and other fresh water f' ish, mostly, however, in determining 

migration, growth and survival ot plantings. 

Recently, David H. Thompson or the Illinois Natural History 

Survey used fin-clipping as one of the procedures in making an 

estimate of the population of black crappies (Pomoxis nigro-maculatua 

Le Sueur)) in Lake Senachwine, a backwater of the Illinois River, 

near Henry, Illinois. It is unfortunate that the reaul ts of these 

experiments and a description of the technique used have not been 

published. Underhill (1941) used the same formula aa Thompson, 

in determining the size of a breeding population of chub suckers, 

but marked the fish by removing two or three adjoining scales from 

the side. 

Methods 

The method ot obtaining i;he data for the population estim.a.te, 

a.a devised by Thompson, was modified slightly in our Michigan work. 

During the first part of the check on this method the anal fin was 

clipped. Later the le.ft pectoral, instead of the anal i"in we.a re• 

moved. The tins were cut about one-eighth inch from the fleah to 

mimimize infection and because the mark waa intended to last only 

£or the duration of' the experiment. All fish ta.ken in the neta eaob 

day were weighed, measured, marked and returned i;o the water at a 

central station, indicated by a buoy, (Thompson did not release 

the fish at a central station) thereby providing equal opportunity 

for the dispersal ot marked tiah in all directiona • Marked fish 
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which were subsequently taken in nets were recorded as returns and 

again released at the central station. Those marked fish whioh 

died in the nets were recorded as returns and then subtracted from 

the total number of marked fish in the lake. Any marked fiah which 

were found dead in the lake were not counted as returns but were 

subtracted from the number of marked fish. A complete eircui~ cf 

the shoreline in quest of dead fish was made twice each day. No 

fish were marked during the last ten days of net operation. 

Four different sizes of fyke nets, which are designated by 

letters on the map (Fir,11re 1) and in the text, were used in the 

fish population study ot the north basin of Twin Lakea 

A), a special fyke net, developed in Wisconsin for trapping small 

fish, equipped with two galvani&ed pipe frames five feet wide and 

four feet deep at the front (Figure 2). The first such frame had 

a vertical center bar tor attachment of the lead. The other four 

hoops were wooden and each had a diameter of four feet. The le&d 

was 150 feet long and four feet deep. The entire net a.nd lead 

was hung with three-eighths-inch square mesh and treated with cop­

per oleate. 

B), a large tarred fyke with a front hoop diameter of tour feet 

hung with one-inch square mesh netting. Net B was equipped with 

wings twenty feet long and four feet deep of one and one-half-inch 

square mesh. A lead one hundred feet long and four feet deep with 

two-inch square mesh was used with this net. 

c), a small tarred tyke of one-inch square mesh with a three-foot 

front opening, with twenty-foot wings of one e.nd one-half-inch 

square mesh. A fifty-foot lead was used with this net. 
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D), a small tyke with a three-toot front opening equipped with 

twenty-foot wings. No lead was used with this net. The entire 

net was hung with three-eighths-inch square netting and treated 

with copper oleate. 

Description of the lake where the check waa made 

Twin Lake which consists of two basins, is located in T. 25N., 

R. 2E., Seotion 25, about eight miles south and two miles west 

of Mio, Michigan. The north basin, which was used for the experi­

ment, is about seven and three-quarters acres in extent and has a 

maximum depth of thirty-tive teet (Figure l). It has a tairly 

definite sandy shoreline and the deeper parts of the bottom e.re 

covered with pulpy peat. The slope ot the basin ie rather steep 

except at the south end. Many trees which ha.ve fallen into the 

water or were dropped there in lumbering have become watersoaked 

and are found nearly everywhere a.long the shoreline. These dead­

heads restricted the setting of nets to some extent and made seining 

impracticable. Aquatic plants were .fairly abundant in the shallow 

areu. 

The south basin (10.l acres), somewhat larger than the north 

basin, has a maximum depth of forty .feet. The shoreline is more 

irregular than tha.t of the north basin but the bottom types of the 

two depressions a.re quite similar. There are :many deadheads around 

the shore of the south basin also but the aquatic vegetation was 

not as abundant as in the north basin. 

The Huron National 1''orest kindly provided Civilian Conservation 

Corps labor, under the direction of Mr. Gif.ford Adame, to construct 

a barrier dam between the two basins during March and April. 1941. 



An eight-foot opening, was lett in the middle of the dam to allow 

free passage ot the tish from one basin to the other prior to the 

poisoning. The central opening of the dam waa tilled in on Auguat 28. 

Procedure 

The nets we-re set in the locations indicated in Figure l. All 

seta were made with the lead running diagonally from the shore. 

The nets were moved and reset as .follows, the original set waa made 

on July 29 (A1, Bl, Cl, and D1 on the map)J the second set was made 

on August 6 (A2, etc.), allowing the nets to dry before resettings 

the second change was ma.de on August 13 (A3, etc•) again allowing 

the nets to -dry before resetting. An additional ohange we.a made 

with net Don August 20. 

The number of fish caught, the number of fish marked and the 

number of returns are shawn in Table I. These data furnished the 

material for an estimate of the population of the fish over 45 m.illi• 

meters in total length. P'iah ot a smaller size passed 1:-.hJ'ougb the 

meshes of the nets and therefore could not be included 1n the popu• 

lation estimate. 

The mathematics of the method of making an estimate of the 

total fish population whioh Thompson used has been described by 

Schnabel (1938) aa formula (2). It can be proved algebraically 

that this formula gives yields which are high but correction for 

this error is too laborious to be considered practicable. The 

.formula (modified from Schnabel) is P • &• A.B in which ! is the 
LaC 
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population, ,A is the number of fish examined on any one day,.!! is 

the nwnber of marked fiah in the lake and.£ is the number of returns. 

Invastigatior1s which involve the use of marked fish in netting 

operations are subject to certain uncontrollable errors. Some of 

the more frequent possible errors are: 1) fish marked during the 

experiment may die or may be caught by anglersJ 2) the gear may 

be so selective as to limit the size of the fish te.k:enJ J) the 

duration of the experiruent may be so limited as to give misinfor­

mation; and 4) 1£ the investigation is extended over a considerable 

time, small fish will grow to a. size large enough to be taken by 

the nets, and there may be some undiscovered natural mortality_. 

The opening in the middle of the dam between the two basins 

allowed fish to pass freely from either basin to the other .. Ob­

servations at various times during the investigation showed ihat 

fish actually passed both out of and into the north basin and it 

is assumed that the movement was approximately equal and did not 

have any marked effect on the population estimate. 

An intensive creel census. during which the entire catch of 

each fisherman was examined at the end of the day's .fishing, was 

in operation on both basins of Twin Lake during the entire summer. 

The census clerk was instructed to take added precaution in checking 

the fish in order that accurate records of any fish marked during 

the experL~ent taken by anglers might be accounted for in the 

compilation of the population data. Inasmuch as no marked fish were 

recorded in the anglers' catches, there was no loss by this means. 

No allowance was made in the population estimate for unmarked fish 
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caught by anglers or for unmarked fish found dead in the lake. 

The nets used were very selective. Neta A and D caught 

many small fish but only a few large ones. On the other hand., 

nets B and C could not retain f'ish as small as A anct D but caught 

a.bout 8o per cent or all fish taken during the study. Net B, 

although the mesh size we.a considerably larger than that ot ~t A, 

caught more fish than the combined catohes of the other three 

neta. It has been suggested by Van Ooaten (1935') that fishes may 

react negatively to darkneaa and therefore a.void an impounding net 

darkened by small meshes. the data from the t' ish ta.ken in all nets 

were lumped together with the assumption that the dit'ferenoes in 

the catohea ot' the individual nets would oounuract eaoh other and 

would give a fairly reliable estimate of the population. 

On August 29, 1941, the wa.ters of the north basin ot Twit!. .!.a,lce 

were treated with powdered derris root (5% rotenone). The powder 

was mixed into a thin suspension and pour~d over the surface waters 

in the wake of an outboard motor .following the technique developed 

by the Michigan Institute for Fisheriee Research (Esohmeyer# 19.37J 

Greenbank, 1941). In addition to the derris applied to the surface 

waters, a new method of introducing the chemical into the deeper 

waters was tried with satisfaetory results. The apparatus con­

sisted of a ten-inch runnel attaohed by the small end to a tive­

eightha-inch garden hose. Two ten-pound sash weights 'Hre used 

to keep this end of the hose well under water. A fifteen-gallon 

drum titted with a tive-eightha-inoh spigot was set in the middle 



of the boat a.nd the hose attached. The drum was tilled with & 

suspension of derris and the boat was moved over the deeper parts 

of the lake. The suction caused by the inverted tunnel and the 

forward motion of the boat pulled the suspension out ot the drum 

into the deep water. The process ot dispersion in deep water was 

rather slow due to the small diam.eter of the hose and the relatively 

great BJ11.0unt of friction. A hose three-fourths to one inch in 

diaaeter would be more satisfactory than the one used in the ex• 

perim.ent. 

The water temperature at the surface was 70° F. at 8:45 A.M. 

when the application ot derris was begun and distressed tish were 

seen rising at various points within fifteen minutes. Two-thirds 

of the denis was applied to the surface and one-third was put into 

the deeper water. The application of the derris was completed by 

12:4,5 P.M. 

Individual lengths. YIJ.!.ghts and scale samples were taken from 

all the largemouth bla.ck bass, l!!Y:2, salmoides (Laoepede) recovered 

and from representative samples of bluegills, Lepomia3. macrochirus 

Rafinesque, pumpkinaeeds. Lepomis gibbosua (Linnaeus) and bluegill x 

pumpkinseed hybrids. The~e were the only kinds of fish present in 

the lake. The remaining fish were counted and weighed. A complete 

pick-up of all dea.d fish was continued for ten days following the 

poisoning. Table II shows the numbers and weights of the fiah 

recovered. 
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Discussion 

Table III gives the numbers and percentages of the fishes of 

different size groups taken during the netting and poisoning opera• 

tiona. The figures for netting operations are the ar,gregate catohea 

of all four nets. It ia evident that the neta were selective since 

moat of the fish taken were more than 100 millimeters in total length. 

Estimates of the populations of the individual species and the 

numbers of eaoh ta.ken during the poisoning are given in Table rv. 

The numbers ot fish ta.ken during the poiaoniug do not corrobara.te 

the individual population estimates in any case. Had the neta been 

fished tor a longer time and had special effort been made to catch 

only one species, the individual estimates would probably have been 

much closer. The investigation was intended tor a total popula­

tion estimate or only those fishes over forty•five millimeters in 

total length. 

The total population as estiJnated from the netting operations 

was 9,698 fish a.a com.pared with 9,6o5 taken in the poisoning. There 

is no way of knowing how oom.plete the recovery of poisoned i'ish was 

inasmuch aa many fiah, particularly small ones, may sink at onee to 

the bottom and disinteGJ"ate there. Fortunately the preferred habitat 

ot 8Jaall fish is along shore so that recovery of a large percentage is 

possible if care is taken. Some dead fish are eaten by reptiles, 

pirds and mammals. In this investigation 86 per cent ot all marked 

fish assumed to be alive in the lake were recovered in the poisoning. 

Prior to the poisoning some of the marked fish might have escaped 

through the open channel into tho south basin and some marked .fish 



might have died without being reoovere4. The total population ot 

fish more than 4S millimeters in total Hngth as estimated 1n Table 

I ia only one per ~nt higher than that tound in the poisoning. 

The estimate from netting operatione was very close to that 

found by poisoning in this first check on the tin-clipping metho4 

tor estimating ti1h populationa. Further atudiee ot this type are 

needed to definitely prove the ace-ure.oy of the method. At the 

present time the supply or rotenone•oontaining roots haa been draa­

tioally curtailed due to the war and no suitable substitute has been 

found. other cheeks or this method will be carried on when condition.a 

permit. 

INSTITUTE FOR FISHERIES RESEARCH 

By Louis A. Krumholz 

Report approved by: A. S. Hazzard 

Report typed by: Mary ManvJ.lle 



Date 
July JO 
July Jl 
August l 
August 2 
August 4 
August 5 
August 6 
August 7 
August 8 
Auguet 9 
August 11 
August 12 
August l3 
August 14 
August 15 
Allgu,t 16 
August lts 
August 19 
August 20 
August 21 
August 22 
August 23 

A 
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TABLE I 

DATA AND ESTIMATE OF THE TOTAL POPULATION OF FISH OVER 

45 MILLIMETERS IN LENGTH OF NORTH Bl~IN, TWIN LAKE, 

OSCODA COUNTY, .MICHIGAN., JULY 29 • AUGUST 23, 1941 

B 

}lumber ot Number ot Dumber ot :Number of Product Sum Number 
fish tiah marked marked ot ot 

0 

Sum Estimated 
ot 

examined marked dead fiah fish in lake A • B Product• RetUJlJ18 Return, Pofulation 

SJ 53 
5S 53 53 2915 291, a 2 1458 
67 64 106 7102 10017 3 $ 200.3 
59 . 55 170 10030 20047 2 1 2864 
85 15 3 22$ 1912$ .39172 6 13 ,)Ol.3 
94 '79 297 27918 67090 .3 16 419) 
53 50 J76 19928 87018 l 17 5119 

11$ 109 15 426 48990 136008 5 22 6182 
59 $6 3 520 Jo680 166668 4 26 6411 
53 49 13 513 .30.371 1970S9 4 JO 6S67 
53 !a6 51 609 32277 i2~n.36 s 35 . 6SSa 
68 63 1 6o4 41074 2·1o4lo 2 3.7 7308 
4,$ 41 2 666 29970 300380 4 ~ 

. 
7326 

38 37 705 26790 327170 41 7960 
4$ 742 33390 J6o.%0 J Li4 8\,9$ 
28 742 20776 ,3813.)6 J.i4 8667 
40 l 741 29640 410976 2 46 8934 
20 741 14,820 425796 46 92$6 
.)0 741 22230 448026 5 51 878$ 
27 741 20007 46803.3 1 52 9001 
42' 741 Jll22 4991;,.$ 1 53 9418 
20 741 14820 51397S 53 9698 
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TABLE II 

HUMBER AND WEIGKT IH POUNDS BY SPECIES OF FISHES HAVING A TOTAL LENGTH GREAT THAli 

Date 

August 29 

August JO 

Auguat .31 

September 1 

September 2 

September 3 

September 4 

September S 

September 6 

September 7 

Totals 

4> MILLIMETERS RECOVERED FROM THE NORTH BASIN OF TWIB LAKE, FOLLOl'llNG 

TREAT~ft WITH DERRIS..-

Largemouth Baas Bluegill Pumpkinaeed Bluegill x Pumpkinaeed 
Hybrida 

NW!lz•[ Weight Number Weight Number Weight Number Weight 

107 Jl.,56 .3470 247.25 155 11.6.3 8.3 13.38 

20 J.88 1320 $4 • .31 so 3.25 17 2.00 

~ 5.63 .)002 99.56 94 6.$6 .34 5.19 

3 o.88 6J8 38.88 lO o.as 5 1.25 

l O.Jl 374 21.7, 6 o • .$0 5 1.31 

J 0.56 76 6.6) 2 0.25 

l 0.12 1'6 4.00 1 0.12 

.3.3 2.12 

11 0.1s 

11 0.94 1 0.12 

1.,9 2.3.31 2J.l.) 

All i'i■h 

Number Weight 

3815 J0J.82 

1407 63.44 

.3154 116.94 

6$6 41.89 

.386 2.3.87 

83 7.44 

48 4.24 

33 2.12 

11 0.1s 

12 1.06 

.Y In addition there were 1773 miscellaneous fry less than 45 mm. long having a total weight ot 

11.88 pounda. 
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TABLE III 

NUMBER JUID PERCENTAGES 01" FISHt.;S OF DIFFERENT SIZES 

TAKEN BY NETTI:JG AJ:ID POISONING, NORTH BASIN, 

TYiIN LAKE• OSCODA COUNTY, MICHIGAN 

Ni't;,\iAt J!d\lO#mt 
Total Length Jlea.n Length Number Number 
Millimeter• Inches of Fiah Percentage ot Fiah Percentage 

Bluegill• 
o-so 1.6 15 2.3 87 6.7 

,1-100 3.1 91 14.7 274 21.1 
101-150 5.0 235 35.8 614 47.3 
151-200 6.7 287 l.iJ.6 286 22.1 
201-250 8.2 22 3.3 .36 2.8 
2,Sl-JOO 10-4 2 0.3 

Pumpkinseeds 
o-so 1.3 l 0-4 6 2.s 

.$1-100 .3 .1 19 7.5 121 .38., 
101-150 s.o 177 70.2 141 ~-9 
151-200 6.5 54 21.4 .38 12.1 
201-250 8.4 l oJ.i, 6 1.9 

Largemouth 
Black Basa 

51-100 2.9 3 12.0 21 11.5 
101-150 4.5 5 20.0 26 14-4 
151-200 6.6 13 52.0 38 20.9 
201-250 9.0 4 16.0 82 45.0 
2,Sl-300 10.5 ll 6.o 
301-350 13.2 4 2.2 

Bluegill x 
Pumpkinseed 

Hybrid.a 
51-100 3.1 3 3.2 12 9.0 

101-150 5-4 23 24.a 19 14.2 
1.51-200 6.7 67 72.0 99 73.8 
201-250 8.1 4 J.O 

All Fish 
o-,o 1.6 16 1.5 95 4.9 

51-100 .3.1 122 11.9 428 22.2 
101-150 5.0 ~ 42.8 Boo 41.5 
151-200 6.7 421 41.0 461 2.3.9 
201-250 8.9 27 2.6 128 6.7 
251-300 10.5 2 0.2 11 o.6 
301-350 13.2 4 0.2 

Totals 1026 1927 
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TABLE IV 

ESTDIATES OF POPULATIONS OF INDIVIDUAL KINDS AND THE 

NUMBERS OF EACH RECOVERED DURING THE POISONING, 

NORTH BASIB TWDi LAKE, OSCODA COUffY. MICHIGAH • 

(OILY FISH OVER 4$ MILLIMETERS INC~) 

. Eatima.ted 
Speoiea Population 

Largemouth black baas Sl 
Bluegill• 16, 8.32 

Pumpkinaeeda 1,360 

Bluegill x pumpkinaeed 
hybrid.a 837 

Totals 19,080 

F1Jh Recovered 
During Poiaoning 

159 

8,983 

.319 

9,6oS 
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