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Abstract 

One addition might be made to the abstract given at the beginning of 

the report. 

The population study on Fife Lake gave figures on the survival of 

hatchery plantings of smallmouth bass fingerlings. During 1946 to 1948, 

a total of 25,709 smallmouth finger lings were planted in the lake. The:se 

were fin-clipped for later recognition. During the netting in 1950, 198 

smallmoutl! bass over 6 inches long were collected, of which 16 were 

survivors from the marked plantings. Allowing for error because of fin

regeneration (the amount was determined by control lots of fish), the 

following computations were made: Number of "adult 11 smallmouth in the lale 

in 1950 was 7,264 of which 654 (or g:/o) were survivors of the hatchery 

plantings. These 654 bass represent a survival of 2 1/2 percent of the 

25,709 fish planted in 1946 to 1948. 
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A POPillATION STUDY OF FISH IN SUGARLOAF IAKE, WASHTENAW COUNTY 

A special study is being made of fish and fishing in Sugarloaf Lake. 

A five-year experiment of liberalized fishing regulations was begun in 

1946. The first of an anticipated series of population estimates by netting 

was made in October and November of 1948. ~ The population study was 

repeated in the spring of 1949 and again in the spring of 1950. Between 

the start of the experiment on regulations in March, 1946, and the time 

of the first population study, fishermen had two seasons of ice fishing 

during winter and three seasons of open-water fishing during spring to 

fall. 

Under the experimental regulations there were no closed seasons on 

panfish; bass fishing was permitted from June 25 to December 31; the open 

season for northern pike was May 15 to March 15; and the usual size and 

creel limits on all species, as for non-trout inland lakes, remained in 

effect. A 6-inch legal size limit on panfish, in effect on Sugarloaf 

Lake as well as on a state-wide basis, was discontinued by legislative 

act effective September 23, 1949. 

Vrmportant contributions to this study, in 1948, were made by the late 

Henry E. Predmore; Jr. 
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The pux:pose of making the :population study has been to aid in 

evaluating the results of the liberalized-fishing experiment. A creel 

census of the fishing is giving data on total catch and fishing quality. 

The population study is designed to show the numbers of fish present in 

the lake. Together, the two studies should reveal the rate of exploitation 

by fishing. 

Lake Features 

Sugarloaf Lake is located in sections 31 and 32 of T. 1 S., R. 3 E., 

Washtenaw County. Tb.e lake lies within the Waterloo Recreation Area, a 

large area of state-ovmed land being managed by the Conservation Department 

as a multi-purpose project. Government mmershi:p of the area was originally 

Federal, but ownership was transferred recently to the State. There are 

some privately owned lands within the Area boundaries. 

The lake has an area of 180 acres. It is relatively shallow, with most 

of the area less than 5 feet deep. The maximum depth is 20 feet. (Figure 1.) 

Much of the bottom supports a 11.~.sh growth of chara and in late summer 

pondweeds are thick in :parts of the lake.· The southeast shoals contain 

mostly bulrushes in water depths of one to two feet, and there are :patches 

of this vegetation on the north and northeast shoals. Bottom materials 

vary from muck to sand and rubble. Hara. bottom extends from the southeast 

shore northward to the northeast shore. Most of the soft bottom is found 

along the western shore. 

Approximately 80 cottages occupy most of the suitable, privately owned 

frontage lots. Part of the western shore is swampy. A :public fishing site on 

the southwest shore and a boat livery provide :public access. Fishing 

pressure is fairly heavy. Most of the SUL.~.er angling is by local residents. 

The majority of non-local anglers fish in the wintertime. 
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Fish Population Estimate, Fall of 1948 

Equipment and Procedure 

Trap nets of two sizes were used in this study. (A) A three-foot 

net; single pot 31 wide, 3' deep, and 61 long, 11/2.n mesh (in some nets) 

and 2 1/211 mesh (in other nets) (all mesh sizes here given as stretched), 

,J12 thread seine twine; wings plus hearts 12' x 3' with 3" mesh; lead 100' 

x 3 1 with 311 mesh; #9 thread seine twine elsewhere than in pot; without 

spreader. (B) A six-foot trap net; with double pots, each pot 6' wide, 

4 1 deep, and 81 long, the back pot with mesh 2 1/211 stretched, the front 

pot with 3rr mesh, both pots of #15 thread seine twine; wings plus hearts 

20' x 4 1 with 4" mesh; lead 150 1 to 165 1 x 4 1 with 4n mesh; #12 thread seine 

twine elsewhere than in pots; net rigged with single spreader. 

A high-sided, 16-foot dinghy, with seats removed, was used in setting 

and lifting nets. A 5-h.p. outboard motor powered the boat and assisted 

in tightening nets. 

The field work was done by a three-man crew: Messrs. G. F. Myers, 

R. C. Barber and D. F. Thom.as. T,,.10 men could lift the nets, but the marking 

and releasing operations ·were made easier with a third man. 

The technique of the :i;opulation stv.a.y was to capture fish by nets, mark 

them by fin-clipping for later recognition, release them to the lake, and 

then continue the netting until a large number of recaptures (of marked 

fish) had been included in the total catch. The marked and unmarked fish 

were recorded separately, and the data were used to calculate, by proportion, 

the total number of fish in the lake. This method (the Petersen Method) 

has been used many times by fisheries workers generally, but it involves 

certain assumptions on fish movements which are not yet proven or com;pletely 

understood. Principally, one must assume a random distribution and/or 

susceptibility to netting among marked and unmarked fish (Ricker, 1948). 
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The use of a single point of release for marked fish is of special 

significance. 

To better understand the sources of bias in the method, a large number 

of netting stations were established; also, the lake was arbitrarily 

divided into two halves (east and west), and the fish from the two halves 

were marked differently so as to give a check on the amount of movement 

of fish throughout the lake. There were 15 stations in each half of the 

lake (Fig •. 1): 8 A-stations :ph1.S 7 B-stations in the west half, and 7 A

stations plus 8 B-stations in the east half. Three-foot trap nets were 

fished at stations in the A series., and six-foot nets at B-stations. 

Generally, a given net was set at a station for three nights, and 

fish were collected on three successive days. The net was then reset 

at the next unoccupied station in sequence, i.e., A-1 west, A-1 east, 

A-2 west, A-2 east, etc. An orderly aequence was planned which involved 

starting an A-net and a B-net, in different halves of the lals:::e, on the 

first day of the netting period; followed by starting another pair on 

the second day and another on the third; :followed by moving the first 

two nets on the fourth day, and so on. It was then possible to alternate 

the two types of nets between the two halves of the lake so that there 

were constantly 3 nets in each half of the lake, and also in each half 

the combinations of two large nets plus one small one and two small nets 

plus one large one were alternated on every consecutive second day. This 

planned sequence was followed closely, except for some irregularity at 

the start (Table 5). A central release station for marked fish was 

established by marker near the center of the lake, on the dividing line 

(Fig. lb). 



Table 5 
Schedule of operating trap nets in Sugarloaf Lake, fall of 1948 

A= three-foot trap nets, B= six-foot trap nets. Stations numbered 1 to 7 or 8 in west half (W) or east half (E) of the lake, 
see Figure 1. B-3WN and B-3WS refer to north ana. south pots at B-3W. X= days when nets were fished. O= days when nets . 
were in water but were not fishing. Nets set at one station over 3 nights were moved on the l~th day. 

Net and 
station 

A-lW 
A-2W 
A-3W 
A-4W 
A-5W 
A-6W 
A-7W 
A-8w 
B-lW 
B-2W 
B-3W 
B-4W 
B-5W 
B--6W 
B-7W 
B-3WN 
B-3WS 

A-1.E 
A-2E 
A-3E 
A-4E 
A-5E 
A-6E 
A-7E 
B-lE 
B-2E 
B-3E 
B-4E 
B-5.E 
B-i5E 
B-7E 
B-8E 

October 
20 21 22 23 21~ 25 26 27 28 29 30 31 

X X X X 
X X X X 

X X X X 

X X X X 
X X X X 

X X X X 
X 

X X X X 

X X X X 

X X X X 
X X X X 

X X X 
X X 

X X X X 

X X X X 

X X X X 
X X X X 

X X X 
X X 

X X X X 
X X X X 

X X X X 
X X X X 

X 

November 
1 2 3 4 5 6 7 8 9 10 11 12 13 l~- 15 16 17 18 19 20 21 22 23 24 

X X X X X O X X X X X X X X X X X X 

XXXXX X 

XXX 

xxxx 
XXXXX XX OX XX XX XX XX XX X 

xxxxxx 

X 

xx 
XX XX X 

xx X 

xx X 

xxxxxx 

X 
xx 

xxxx 
X X 

XXX xxxx X 

X X 
X X 

XXX 

xxxx 
xxxx 

X 0 X X X X X X X X X 

X 0 X X X X X X X 0 X 

X 0 X X X X X X X 0 X 

X O X X X X X X X X X 
X X X X X X X X X X 

X 0 y~ X X X X X X X X 
X 0 X X X X X X X X X 

X X X 

X X X 

X X X 

X X X 
X X X 

X X X 
X X X 

.L. 
¾./1 

I' 
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At most stations the orientation of the net was with the lead 

extending from the pot towards the nearest shore. Exceptions to this 

usual procea_ure occurred when strong winds interfered with the operat:Lon. 

Since the lake is uniformly very shallow (mostly 3 to 10 feet), except 

for one spot where the water is 20 feet deep, the netting was done entirely 

in shallow water. 

Using three trap nets of each type, netting was started on October 

20, and by :November 5 to 8 one round of the 30 netting stations had 

been completed (a net set for three days at each station). For the re

mainder of the netting period, through November 24, nine trap nets (4 three

foot, and 5 six-foot) were fished quite contir::uov.sly,princi~pally at stations 

A-lW, A-SW, B-3W, B-7W, A-6E, A-7E, B-4E, and B-5E. During the late-season 

netting at station B-'3W, two pots were fished at opposite ends of one lead; 

and these two pots are recorded as separate nets in Table 1, i.e., B-3WN 

i=i.nn "R= .,..)_,,,,1R ( .,.,o .... +-h ~.,.,.:i SO""",,_\ ____ ...., ,_ \.:..J. .I. VJ.J. O,LLU. Lt.l.J.LL/ • 

Records on fish were kept separately for each net station. All fish 

taken by nets were fin..,clipped:, transported to the central release point 

and. liberated; recaptures were not marked a second time ana. were liberated 

also at the common release station. Initial captures in the west half of 

the lake ·were marked by removal of the distal one-half of the soft dorsal 

fin ( of spiny-rayed species) or the distal half of the posterior half of 

the dorsal fin (of soft-rayeo. species). Fish caught in the east half of 

the lake were marked oy removal of the entire soft dorsal (of spiny-rayed 

fish) or the entire posterior half of the soft dorsal (of soft-rayed fish). 

Thus all recaptured fish could be distinguished as to which half of the 

lake was their initial location of capture. There is no basis for 

suspecting that fin-regenerat:i.on during the 35-day netting :period might 

have interfered with recognHion of marked fish. Individual length 
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measurements and combined (lot) weights were taken on a generous sample 

of fish from the lake. There was no observed mortality of any of the 

fish netted and released. The fact that the work was done while water 

temperatures (records were taken) were cool mts a favorable factor. 

Computations~ 

The method used here to calculate total fish population from the 

netting and recapture records, as stated above, is based on a simple idea: 

A known number of marked fish are released in the lake. Then a sample of 

fish is again collected. The rela,tive numbers of marked and unmarked fish 

in this sample, and the total number of marked fish known to be present, 

are used to compute the total number of u.~marked fish present, hence the 

total. The method is based on the assumption that there will be proportionate 

distribution of marked fish throughout the population of unmarked fish, from 

which the subsequent sample is dra'W'!l; or else that there is a random 

distribution over the lake of numerous collection stations which would 

compensate for a failure on the part of marked fish to migrate extensively. 

The method would be completely worthless if the fish showed a strong homing 

tendency for their original net site, and if, in addition; netting Yes done 

at relatively few stations. 

The total population could be co~puted by a simple, 4-item formula, 

.if it were possible to collect very large numbers of fish in a short time, 

say several thousand fish in 3 or 4 days. But equipment and personne 1 are 

usu.ally limited to several nets and a three- or four-man crew, and collection 

of adequate numbers of fish ordinarily has been foui1d to involve a period 

of several weeks. Therefore mathematical methods have been developed to 

handle data on rather small daily numbers of fish, and to average such 

~ Assistance in laboratory analysis of the records was given by some 

members of the field crew and by R. N. Schafer and K. E. Christensen. 
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data, collected during an extended period, into a composite calculation of 

the total :f)O:pulatiou. At least two mathematical ap"9roaches to this 

procedure have been used. 

One approach has bee.n credited to unpublished work of D. E. T'.nompson 

of Illinois (Krumholz; 1944). It was described mathematically by Schnabel 

( 1938), employed by Krunib.olz (2J2.. cit.) 7 and has been used by W. R. Crowe 

and outlined by him (1947) in Institute for Fisheries Research Methods 

Memorandum No. 3 (mimeographed). A second approach has been outlined by 

Schumacher and Eschmeyer (1943). Both approaches have been used on the 

records for Sugarloaf Lake, but mostly only the results obtained by the 

Schumach.er method (Schumacher and Eschmeyer, op. cit.) are recorded. 

The present study is concerned only with 11 legal-size" fish, the 

limits being set at 14 inches for pike and 6 inches for bluegills, perch, 

crappies, other pan.fish, bullheads; dogfish and largemouth bass. Very 

few !lsublegal" fish were caught by the trap nets. The daily catch of each 

species in all nets was tabulated, with separate records for recaptv.res 

and for fish which were captured for the first time (Table 6). 

Application of the Schun1acher method in calculating the total 

population of each species is illustrate-d by the data for bluegills 

(Table 7). The followir..g formulae are involved: 



I. 
I 

I 

I 
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P (total population) = ~{n2 {m + u)J 
E(nm) • 

'"" s2 (variance) 1 I l 2 
= L~ i m k-1 t(m + 

\ 
f 

u)} 
1 
p 

.. 
q 

l; (nm)/ 
.:, 

= 1 ~ m2 
q m 

7 ry "12 f Lr {nm) i t 
k-1 + uj q 

L ~[n (m + uj ,f 
J 

r.,,,,,. 
(standard. error) y p s Ue = p l ~ (nm) ,l 

ii 

·= E h2 (m + u)] / 82 
~(nm) 

\/ 
'E[YJ.2 (m + u)] r~ (nm)_} 2 

in which: 

u = "!lumber of fish caught each day, not including marked recaptures. 

n = accumulating daily total of number of fish initially caught (then marked 
and released), minus the number of markect fish removed from the lake 
population (fishing and all other morte.lit;r), at the beginning of the 
day in question. Stated more simply, n is the number of' marked live 
fish present in the lake at the beginning of a particular day. 

m = number of marked fish recaptured on the particular day. 

5.,_ f th d · 1 l f k d k . ..,J- sum o L-e ai y va ues or ..:. ays. 

k = the number of da5.ly items of n2 (m + u), i.e., the number of days, 
after the first, on which fish were caught. 

The standard error of each estimate, computed by the above formulae, gives 

an indication of the degree of accuracy of the estimate. There is 68 percent 

:probability that the true population figure is within the range of plus or 

minus one standard error. 

The population estimates and their standard errors for 11 legal-size 11 

fish are given in Table 8, where a summation gives an estimate of total 

:,population for all species. In this table, numbers of fish are also converted 



-10-

Table 6 

Daily tabulation of number of fish of' 11 legaln size~initial captures (u) and recaptures (m) 
listed separately, by species, all nets combinect, Sugarloaf Lake, fall of 1948. 

Date Bluegill Large- Rock Pumpkin- Bullb.ea~Black Bow'f'in Northern Gar Warmouth Total 
Oct. - mouth bass seed Crap:p:e pike pike 
Nov. bass 

u m u m u m u m u. m u m u m u m U ID U Ill u m ------------------
21 
22 
23 
24 
25 

27 
28 r 

29 
30 
31 
1 
2 
3 
4 
5 
6 
7 .. 
8 
9 
10 
11 
12 

61 
35 
30 
17 
24 
35 1 
52 
86 3 
53 
40 
31 2 
40 1 
49 
62 3 
67 3 
80 2 
46 
35 1 
23 
55 6 
32 5 
24 3 

13 26 3 
14 14 l 
15 8 
16 24 2 
17 10 
18 2 l 
19 3 3 
'20 5 · 1 
21 14 2 
22 9 l 
23 4 2 
24 8 

Total 1113 46 

2 1 
2 3 

2 
2 2 
2 4 
5 15 
4 4 
7 4 
18 1 
11 1 2 
8 1 
6 2 
2 1 
4 1 
5 1 
5 5 
4 3 
1 8 
2 2 
10 1 4 
5 1 
1 2 

1 5 
3 

3 
4 l 2 
3 l 2 
6 1 

9 1 

1 

l 
1 
1 

136 5 82 3 

1 
2 
1 
1 
1 
2 
9 
5 
8 
3 
3 
2 
1 
2 l 
2 
6 

·2 

l 1 
2 
2 

1 

2 

1 

60 2 

18 
25 
32 
11 
20 
23 
24 
23 

9 
22 
20 
12 
12 
14 
12 
13 
14 
10 
12 
20 
6 
4 

10 
4 
l 
3 
6 
-4 
3 
3 

13 
2 
2 
2 

16 l 
9 4 

2 6 4 
3 8 
3 9 1 2 
8 13 l 2 
14 8 l 3 
10 20 2 
15 22 3 2 
9 14 3 l 
9 3 1 5 
2 7 6 1 
6 3 2 2 
12 2 1 
8 6 3 5 
17 2 2 2 
11 7 2 
15 2 5 
11 2 l l 
29 10 2 
20 8 3 · 2 
8 6 1 2 

18 
10 
4. 
4 
19 
7 
12 
6 
26 
6 
3 
7 

334 

5 1 8 
5 3 1 
2 2 1 
4 4 3 
3 2 
2 4 
l 2 
3 2 
4 4 
4 1 
2 

1 

1 2 
2 
2 
5 3 
11 1 
l 
1 

218 61 80 6 

1 
1 
1 
2 
1 
l 
1 
l 
l 
2 

r 

l 

1 

2 

1 
l 

1 

1 

19 2 

l 

4 

2 

3 
4 
4 
3 
2 
2 
2 

18 1 
2 
1 l 2 

l 

1 

1 

2 
1 

2 
3 

1 

22 1 !fl O 

105 0 
81 O 
78 2 
43 3 
66 4 

100 10 
109 15 
149 15 
117 18 

97 13 
73 12 
89 9 
72 8 I 

87 19 I 

99 14 1 

113 21 
76 13 
61 16 I 

43 13 ' 
102 38 

56 29 
40 12 
0 0 
59 22 
28 14 
16 6 
42 12 
28 24 
20 13 I 

22 17 
18 12 
53 35 I 

17 8 I 

11 5 I 
10 8 I 

2180 460, 

~ Part;ally arbitrary limits set at 14 inches for northern pike and 6 inches for all other 
spE;?c1es. 

~ Mo~tly yellow ·bullhead, but few brown bullhead included. 
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Table 7 

Population estimation of' legal-size bluegills, Sugarloaf Lake, fall of 1948, 
following the method of Schumacher and Eschmeyer (1943). 

Date 

October 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 

November 
1 
2 
3 
4 
c:: 
,J 

6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 

Totals 

n 

61 
96 

126 
143 
167 
202 
254 
340 
393 
433 

464 
504 
553 
615 
682 
762 
808 
843 
866 
921 
953 

977 
1,003 
1,017 
1,025 
1,049 
1,059 
1,061 
1,073 
1,078 
1,092 
1,101 
1,105 

P= E(n2 (m+u)] z (nm) 

(je = P t Ps2 
E(nm) 

k = 33 

= 

m 

.. 

l 

3 

2 

l 

3 
3 
2 

l 

6 
5 
3 

3 
1 

2 

l 
3 
l 
2 
l 
2 

m+u 

61 
35 
30 
17 
24 
36 
52 
89 
53 
40 
33 

41 
49 
65 
70 
82 
46 
36 
23 
61 
37 
27 

29 
15 

8 
26 
10 

3 
15 

6 
16 
10 

466,589. 64-0 
37,344 

2 n (m+u) 

130,235 
276,480 
269,892 
490,776 

1,004,004 
2,121,808 
5,741,924 
6,126,800 
6,177,960 
6,187,137 

8;827,136 
12,446,784 
19,877,585 
26,475,750 
38,140,168 
26,709,624 
23,503,104 
16,344,927 
45,747,316 
31,384,917 
24,521,643 

27,681,341 
15,090,135 
8,274,312 

27,316,250 
11,004,010 

3,364,443 
16,885,815 
6,907,974 

18,593,344 
11,924,640 
7,273,206 
9,768,200 

466,589,b40 

nm 

0 
0 
0 
0 

167 
0 

762 
0 
0 

866 

464 
0 

1,659 
1,845 
1,364 

0 
808 

0 
5,196 
4,605 
2,859 

2,931 
1,003 

0 
2,050 

0 
1,059 
3,183 
1,073 
2,156 
1,092 
2,202 

0 
37,344 

o.o 
o.o 
o.o 
0.0 
0.027778 
o.o 
0.1011211-
0.0 
o.o 
0.121212 

0.024390 
o.o 
0.138462 
0.128571 
0.048780 
o.o 
0.027778 
o.o 
o. 590164 
0.675676 
0.333333 

0.310345 
0.066667 
o.o 
0.153846 
o.o 
0.333333 
0.600000 
0.166667 
0.250000 
0.100000 
0.666667 
0.0 
4.86h793 

-----;--~ (nm)l= ..J:_ h.864793 - ~37~44) 2 J = 0.05862: 1 32 L 4vb,,89,o4o 

732.4358 
37,344 = 12,49~ = 
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to pou..~ds of fish, and pounds of fish per acre, based on data on average 

weights of fish handled during the netting operations (Table 9). 

In the bottom line of Table 8 are given the estimates of total popu

lation obtained by the Schnabel rnethod. The Schnabel method gave regularly 

somewhat higher (but not greatly different) estimates than the Schumacher 

formula,. 

The question arises as to the relative accuracy of two procedures 

which might be used in calculating the total population of fish of all species 

in a lake. One method is to compute estimates for each species separately 

and obtain a total by addition. A second method would be to add the daily 

totals of fish caught, and then make a single computation of population 

for all species combined (e.g., applying the method of Table 7 to the 

daily totals for all fish given in Table 6). The second procedure gave 

a population estimate for total 11 1.egal-size'' fish of' 6397 ± 344. This 

is considerably less than the total (17,648) obtained by ad.o.ition of 

separate estimates for S}?ecies. T:O.e reason for ·t;he lower, and erroneous, 

estimate by the lumping method is that undue weight is given to the high 

recapture figures for species (specifically the bullheads) which showed 

a high p2rcenta,;c of recaptures. The cause of error is readily under-

stood by working out the computations of a simple example (See Crow~, 

1947). Some species are more readily captured in nets than are others 

(See Table 11), and it is therefore essential that population estimates 

be computed for each species se:pa.rately. 

For certain species, so few individuals were collected_ {reflecting 

rarity) that the data do not give useful estimates of :populations, or 

at least one would_ be reluctant to place much confidence in the figures. 

This was true to varyb.g degrees for the warmouth (no recaptures), gar 

pike, northern :p:Lke, bowfin, pumpkinseed, rock bass, and largemouth 

bass. In fact, rather :precise estimates were obtained only for the 



Table 8 

Computed estimates (by Schumacher method) of total /numbers of "legal-size" fis~ by species, Sugarloaf Lake, fall of 191-1-8,. 
with standard error and probability range of estimates, and with population numbers converted to total pounds ana. pounds-pe;r- ·. 

acre!i/ from average weights. 

Bluegill 

Total number 12,494 

St. error l, 71.~9 

Range: Max. 14,243 
Mi.n. 10,745 

Total pounds 3,286 

Max. 3,746 
Min. 2,826 

Pounds/acre 18.3 

Max. 20.8 
Min. 15.7 

Total population 
(Schnabel method) 13,702 

"¢"Warmouth not included. 

~ Lake area equals 180 acres. 

Large
mouth 
bass 

1,718 

416 

2,134 
1,302 

2,215 

2,751 
1,678 

12.3 

15.3 
9.3 

1,847 

Rock 
bass 

972 

704 

1,676 
268 

316 

545 
87 

1.8 

3.0 
0.5 

1,656 

Pumpkin
seed 

775 

420 

1,195 
355 

222 

343 
102 

1.2 

1.9 
o.6 

864 

Bull
hea<19 

1543 

18 

561 
525 

350 

362 
339 

1.9 

2.0 
1.9 

537 

Black Bowfin 
Crappie 

511 1~78 

l~J. 143 

552 621 
470 335 

187 1,940 

202 2,521 
172 1,360 

1.0 10.8 

1.1 14.o 
1.0 7 .6 

527 563 

V,,Brown bullhead and yellow bullhead collectively, mostly the latter. 

'1 No data on average weight for Gar pike. 

~ Totals in this table are derived by adding the values computed for individual species. 

:Northern 
pike 

80 

40 

120 
40 

107 

160 
53 

o.6 

0.9 
0.3 

100 

Gar-& TotaM' 
pike 

77 17,648 

50 ... , 
127 •• 

27 .. 
8,623 

. . . . . . .. 

.. 47.9 

. . . . .. 

98 19,894 

I 
I-' 

1..,0 
I 
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Table 9 

Average weight of 11 legal-size 11 fish, by species, from Sugarloaf Lake, fall of 
1948, based on aggregate weighing of samples of each species collected during 

the population study. 

Species 

Bluegill 

Largemouth bass 

Rock bass 

Pumpkinseed 

Bullhead~ 

Black crappie 

Bowfin 

Northern pike 

Longnose gar 

Warmouth 

• 

Number 
weighed 

475 

79 

10 

27 

223 

106 

16 

3 

. . 
7 

Average Average 
weight:ozs. weig..11t: lbs. 

4.21 0.263 

20.62 1.289 

5.20 0.325 

4.59 0.287 

10.32 o.645 

5.86 0.366 

64.94 4.059 

21.33 1.333 

.. . . 
6.29 0.393 

~ Ameiurus nebulous and A. natalis, not differentiated; mostly the latter. 
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bluegill, bullhead (2 species collectively) and black crappie. But the 

latter are among the more abundant and more important species {:particularly 

the bluegill), and the other species are of relatively less consequence. 

A greater number of returns on largemouth bass would have been especially 

helpful. 

The high frequency of recapture of bullheads was outstanding, which 

is explainable by the well-knmm habit of these fish to nhole upa · in 

objects which afford cover--in this instance, the trap nets. A strong 

'homing11 tendency by the bullheads would_ be another possibility, except 

that analysis of recovery records (below) did not show.that such a tendency 

was operating. Carlander and Lewis (1948) have noted. a habit of the black 

bullhead which interfered with a similax population estimate, in a small 

pond in Iowa; an erroneously small estimate was caused by a. large portion 

of the bullhead population being inactive in the bottom mud. That this 

was a major factor on Sugarloaf Lake seems highly improbably, in view of 

the results of three population estimates described in this report. The 

separate estimates (543, 374 and 992) have a significant degree of 

uniformity, and the estimates were made in early fall or late spring when 

fish generally are active. 

Since the validity of the mark-and_-recapture procedure depends upon 

the marked fish being redistributed at random, or, as an alternative, 

upon a ranc3-om. a_istribution of collecting stations, we mig..i'lt be satisfied 

if only one of the conditions were met. However, a precise knowledge of 

both problems is neea_ed, and if neither condition is met, the estimate is 

biased. If, for example, individual fish were mostly non-migratory and 

became established in some ecological niche in the lake with a very 

limited geographical range of movement, and if t~1is were coupled with 
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a strong homing instinct on the part of the fish to return to the point 

of first capture, then one would be estimating mostly only the populations"' 

close to the netting stations, i.e., fish whose restricted. movements were 

intercepted by the collecting gear; an additional increment, probably 

small, would be represented by captures of fish en route from release 

station to 11home. 11 A substantial part of the :population might be fovnd 

in the areas (interstices) between the effective !!fields!! of the netting 

stations, and such fish ,rould not be included in the estimate. 

T:he operation at Sugarloaf Lake was designed to circumvent some of 

these difficulties and to give a quantitative measure of others. The 

employment of netting stations and the rotation pattern of netting were 

for the :purpose of getting random distribution of collections over the lake 

and at closely spaced geographical locations. Marking fish differently 

from the two halves of the lake and noting the origins of subsequent 

recoveries gave a u1easure of the homing tendency. It might have been 

ideal to mark fish at each of the 30 stations distinctively, but this 

seemed impractical because of the large number of stations, and unjustified 

in view of what might be learned by marking separately for the two halves 

of the lake only. 

An analysis of markings and recaptures, according to the two halves 

of the lake, is sum.rn.arized in Tables 10 and 11. Of 2,180 fish marked and 

released, 1,199 were originally caught in the west half of the lake, 981 

in the east half. From the 1,199 fish marked in the west, there were 181 

(15.1 %) recoveries in the west and 96 (8.0 %) recoveries in the east; 

and from the 981 fish marked in the east, there were 112 (11.4 %) 
recoveries in the west and 70 (7.1 %) recoveries in the east. Thus a 

significant preponderance of west recaptures was matched by a significant 

excess of east departures. A Chi-square test on the ratios 181:96 and 
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Ta,ble 10 

'J:labulation of numbers of 11 legal-size 11 fish recovered in the "West 11 and 11Eastn halves of Sugar
loaf Lake (fall of 1948) according to the half of the lake (E = east; W = west) where originally 

they were caught and marked. 

S-pecieW 
Recoverea_ 
Marked 

Oct. 21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 

Nov. 1. 

Totals 

2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 

Bluegill 
West East 
E W E W 

3 
l 

1 

1 

1 1 

3 2 
5 

1 2 

1 2 
1 

1 1 

1 
1 l 
1 

2 
1 
2 

13 23 

2 

2 
1 

2 

1 

1 

1 

5 5 

Bullhead 
West East 
E W E W 

1 1 
1 1 1 

2 1 
3 2 
2 6 

6 
1 3 
2 4 
2 6 

1 
1 

2 3 
1 2 
2 8 
6 2 

4 
4 

9 15 
3 8 
3 3 

7 
1 6 
3 2 

2 
1 2 

3 
4 2 
2 2 
2 9 
1 2 

1 
1 

2 3 
3 4 
1 4 
3 4 

3 
11 

3 4 
2 3 
3 
2 

,, 
b 

3 2 
1 4 

2 11 2 
2 4 

2 
1 
4 
1 
1 
1 
2 
1 

5 6 
3 2 
13 11 
1 4 
l 2 
3 4 

78 138 36 82 

Black Crappie 
West East 
E ,I E W 

1 

1 
1 l 
1 

1 

l 

1 
1 

2 

1 
2 
1 

3 1 
l 1 

3 1 
1 

1 

1 
1 

2 
2 1 
3 

3 1 
1 
1 
2 
2 
1 

1 

2 
2 
1 
2 

1 
l 

1 1 

17 10 27 6 

Largemouth bass 
West East 
E W E W 

1 

l 

2 

1 
1 

2 

1 

0 1 

Rock bass 
West East 
E W E W 

l 

1 

l 

1 0 0 2 

~ Figures for other species are: Pumpkinseea., 1 west recovery of a west release and 1 east 
recovery of an east release. Bowfin, 6 west recoveries of west releases. Northern pike, 
1 west recovery of an east release and 1 east recovery of Em east release. Gar pike, 1 
west recoyery of a west release. Warmouth, no recovery. 
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Table 11 

Analysis of m.arkings and recoveries of fish according to half of the lake, seasonal totals, 
Sugarloaf Lake, fall of 1948 • 

.Species Marking 
Ralf of Number 

lake marked 

Bluegill West 619 
494 East 

Largemouth West 
bass East. 

Rock bass West 

Pumpkin
seed 

Bullhead 

Black 
Crappie 

Bmrfin 

Northern 
Pike 

Gar pike 

Warmouth 

East 

West 
East 

West 
East 

West 
East 

West 
East 

West 
East 

West 
East 

West 
East 

79 
57 

46 
36 

35 
25 

68 
12 

8 
11 

21 
1 

27 
14 

All species West 1,199 
East 98j. 

West & East 2,180 

Number recovered 
West East 
half half 

23 
13 

2 
2 

l 

1 

138 
78 

10 

,,. 
t) 

l 

1 

181 
112 
293 

5 
5 

1 

2 

l 

82 
36 

6 
27 

1 

. . 

96 
70 

166 

Percent recovered 
West 
half 

3.7 
2.6 

3.5 

2.8 

2.9 

59.7 
43.8 

15.4 
11.l 

8.8 

9.1 

4.8 

. . 
15.1 
11.4 
13.J.1-

East 
half 

o.8 
1.0 

l.3 

4.3 

•• 
4.o 

20.2 

. . 

8.o 
7.1 
7.6 

Number recovered 
Same Opposite 
half half 

23 
5 

2 

l 
1 

10 
27 

6 .. 
.. 
1 

1 

.. 
181 
70 

251 

5 
13 

1 
2 

2 
1 

17 

1 

•• 

96 
112 
208 
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112:70 a.oes not show a high a.eg-.l'ee of significe.nce in difference--x2 = 0.69; 

P = 12 :percent probability of d.iff'erence. There was a strong tendency 

among both lots of fish to travel from the release station to the west half, 

but the data show that t}1is must have been caused. b:,r something other than 

a homing tendency. By inference, t1:J.en: we conclucle that the fish returning 

to the ·we-st l:.alf were not necessarily returning to the original home 

ground. Or perhaps it would be safer to conclude that the a.eg,-ree of an 

effective homing insti::J.c0 on the part of the 11west' fish was represented 

by the extent to which the west:east ratio of 11west 1' fish exceeded the 

west:east ratio of "eastn fish; or 181/96 - 112/70 = 3.8 percent. This 

figure (3.8 %) might be termed a "homing index," and it could be applied 

as a. correction index to the populationc~timate. However the above Chi-

square test shows that this difference lacks significance, and therefore 

there is no point in making the small correction to the :population estimate 

which would be involved. 

The whole procedure of record.ing east and west i~ecoveries separately 

has served to demonstrate that the primary assumption of the method was 

quite valid (with no more than a small degree of bias), namely that the 

marked fish redistributed themselves over the lake without regard to 

their home territory; so that they and the 1.1-,.rimarked fish were eg_ually 

subject to capture by the subsequent netting. It must be recognized that 

this behavior might change considerably with the season. 

Estimate, Spring o! 1949 

A repeat of' the :population estimate on S"Uc,c-arloaf Lake was mad~ during 

the spring of 1949. This appeared o.esirable as a check on the results of 

the :previous fall, since it was suspected that seasonal differences in fish 

movements might give variable results in the two studies. Also, the initial 
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population estimates on the principal game species in the lake were re

latively low as compared. to annual removal 'by fishermen ancl. as cotu.l)ared 

to expectations of population size based on winterkill studies on southern 

Michigan lakes. 

The f'ield personnel included K. E. Proshek, D. E. Parsons and R. F. 

Stinauer. The netting :period was April 20 to May 22. Nets used were the 

sa.me as in 1948. T'ne three-toot trap nets were designated in the A-series, 

the six-foot nets in the B-ser:i.es. These nets -were fished on a.n orderly 

schedule {See Table 12) at five A-stations and five B-stations in both 

west and ea.st halves of the lake (Ftg. le). Fish were marked by fin

clipping, the entire anal fin on fish caught in the ea.st half of the lake, 

the distal half of the anal fin on fish caught in the west halt'. Marked 

fi~h were immediately transported to, and released at a common release 

station (Fig. le). Recaptures· (f'ish :previously n1arked, liberated, then 

captured again) ,rer-e not marked a second time, ai1d were rele~sed at the 

common release ste;tion. 

In two ways the procedure of 1949 was somewhat different from that 

.of 1948. In 1948, "legal length limits" were put on pike a.t 14 inches 

and all other species arbitrarily at 6 inches, and population estimates 

dealt merely vith fish of "legal" size; there were insignificant numbers 

of II sub-legal II f'ish. In 1949 all fish caught in the nets were handled 

collectively, so that the population estimates included some fish of 

11sub-legal11 size. However, individual length measurements were recorded 

on large numbers of fish in random samples o:f' the trap net catches, from 

which :percentages of "sub-legal11 and 11legaln fish were determined., a.nd the 

population estimates were adjusted accordingly to conform with the 1948 

fig-ures. Secondly, in 1949, there was quite a mortality among marked fish 

in the lake dur!ng the period of netting, and there was some removal of 
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Table 12 

Schedule of operating trap nets, Sugarloaf Lake, spring of 1949 

A = 3-foot traps, B ::: 6-foot traps. Net stations numbered 1-5 for each type of net in west (w) and east (E) halves of the 
lake. Nets were set over 3 nights, movea_ on the 4th day. 

Net 
Station 

A-lW 
A-2W 
A-3W 
A-4W 
A-5W 

B-lW 
B-2W 
B-3W 
B-4W 
B-5W 

A-lE 
A-2E 
A-3E 
A-4E 
A-5E 

B-l'E 
B-2E 
B-3E 
:S-4E 
B-5E 

April 
20 21 22 23 24 25 26 27 28 29 30 

X X X X 
X X X X 

X X X X 
X X 

X X X X X X X 

X X X X 

X X X X 

X X X X X 

X X X X 

X X X X 

X X X X 

X X X X 

X X 

X X X X X X X 
X X X X 

X X X X 

X X X X X 

X X X X 

~------------~---- ----

1 2 3 1~ 5 6 7 8 9 10 1112 

X X X X 

xx X X 

X X 

xx 
xx XX 

X xxxx 
XX XX X X X X 

X '.X XX X 

X XX X XX X 

X XXX X X X 

xxx X 

X X X X 

X X 

X X 

X X xx 

X X xx X 

X X X X X X X X 

X XX X X 

XX X X X X X 

XX xx X X X 

Me,y 
13 14 15 16 17 18 19 20 21 22 

X X 

X X X X 

X X X X 

X X X X 

X X X X 

X X X X X X X 

X X X X 

X X X X X 

X X 

X X X X 

X X X X 

X X X X 

X X X X 

X X X X X X X 

X X X X 

X X X X X 

I 
ro 
l--' 
I 



. , 
1:110 censt1s 

effeots of hi6her water temperatures e.nd decreased post-winter vitalit-.:r 

aggreve.ted by handlin.:;. Or, the nettil'.'16 mar not have been e ve:n a 

contributing fa.ctor; spring ty of fish in J..0.kes is a oormnon 

phenomenon. De.ily records were kept of :marked fish found dead on the 

lake, or in anglers' creels, as well as of e:ny u.,.'1m;,1.rked a;."1d marked fish 

found. dead in the nets. 

removed from ·l:;he lake. 

All fish taken in the netting operations (includL1g fish ,nhich 

di,sd while in the 1.ni tir:1.l captures in J,:;he 

.:;if the initial captures (ex.oept; for a f€1',V which died or were sacrificed 

sex determination in age ar:d grm'r!:;h st:,1dies) were marked and released 

(Table J.4) • 

present in the lake at th,.c: begin.:'1:i.r:..g of any given day; t:he :number 

( tabular d s..ta not included in this report) on the lake or in the nets or 

to give !: for the follovling day• 

Schu.macher method; for the purpose of c :n.'l.parison; Bnd the p:::-ob~,ble 

obtained (Table 15). The estimates for to-bal populat:~,:n1s• first based 

on "'. ' J.1Sll 
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Table 13 

Daily catch of fish by trflp nets, Sugarloaf La.ke, S]?ring of 1949. 
Initial captures (u) and recaptures of marked fish (m) • 

Date, Bluegill Largemouth Rock Pumpkin- Bullhead~ Black Bowfin Northe_rn~ ~ Warmouth Perch GBT 

bass bass seed crappie pike :pike 

April-May u m u m u m u m u m u m u m u m u m u tU u m 

21 Aprn 11 1 9 3 
22 78 2 1 8 13 4 2 9 
23 63 l.~ 6 3 10 2 13 li. 1 8 1 

24 167 i:; 3 9 19 2 17 3 4 1 2 1 
,/ 

25 141 2 3 17 12 1 2 l 5 
26 72 1 2 3 6 14 1 17 1 1 1 5 3 
27 611- 6 2 10 9 4 27 1 2 3 12 
28 114 2 3 12 9 2 44 8 1 1 11 

29 es 3 
, 

2 3 lt- 16 5 14 .J.. 

30 71~ 2 4 4 4 5 3 6 6 15 l 

1 May 38 2 !~ 6 2 6 6 1 1 4 
2 30 1 3 1 6 4 1 1 3 1 1 2 

rb 3 29 3 2 5 J.2 l 4 1 2 2 4 1 
4 40 5 1 3 1 2 5 l 10 7 1 9 

w 
I 

5 52 7 ~ ]. 2 l~ 1 2 1. 11 13 1 14 _, 

6 61 5 3 2 0 3 11 12 4 2 13 1 {) 

7 189 20 3 1 3 1 30 3 12 4. 2 10 4 1 12 
8 153 19 7 3 43 3 9 7 5 5 5 2 l 21 2 
Q 14-7 21 3 1 1 20 2 10 i; 5 9 6 1 37 1 .., _, 

10 188 22 3 1 33 3 9 ::::· 14 19 8 1 12 4 1 ) 

11 50 5 1 3 15 4 3 [\ 3 16 9 4 
,, 

1 1 0 

12 89 14 3 4 13 5 2 i; 
,/ l 7 

I l 1 5 2 
13 65 18 l 4 5 5 3 4 2 2 l 10 1 
14 81 18 2 5 3 1 3 4 l 2 4 2 14 3 
15 106 21 1 1 l 15 3 5 4- 1 7 3 1 25 5 
16 119 17 4 1 2 f:3 3 r:; ]. 

,-
5 2 1 16 1 _, 0 2 rr 69 J.l+ 3 2 11 3 1 2 l~ 1 1 11 4 

18 89 14 2 2 7 4 3 1 7 4 1 7 l 
19 31 7 3 l l 2 2 2 2. 5 3 2 1 4 
20 30 10 2 2 1 1 l 2 1 3 2 2 
21 21 ~- 1 1 1 6 2 2 1 2 3 1 1 
22 10 2 2 1 1 l 

Total 2,559 252 79 8 :68 8 301~ 1~5 202 69 -- - 108 76 21 29 4 9 0 313 31 8 0 

1------_ - -- - --- - -
1 · ~ Mosbly y natnl:l.n# 

------ ---- ---
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. Table 11~ 

Number of fish marked and released, from west {W) and east (E) halves of Sugarloaf Lake, spring of 1949. 

Species Bluegi.11 Bullhead Black We\rmouth Pumpkin- Bowfin Largemouth Rock Pike Perch Gar 
Half of lake c:rapp:l.e seed bass 

w E w E w E w· 1~ .• , w E w E w B w E vI E w E w :E 

April 21 6 5 2 7 1 2 1 
22 53 25 7 6 2 2 5 4 6 2 2 1 2 
23 11 52 2 8 13 3 5 2 1 2 2 2 4 3 1 1 1 
24 65 102 12 7 8 9 1 '7 2 2 1 5 1 2 2 2 2 I 

25 25 116 9 8 2 10 3 2 l 2 1 2 
26 3J+ 38 4. 10 10 7 3 2 6 1 1 1 2 3 1 
27 2e 36 5 4 26 1 5 7 J+ 6 1 1 3 3 1 1 3 
2e 61 53 6 3 27 17 8 3 5 7 1 1 l 2 1 l 
29 66 22 2 1 14 2 5 9 2 2 1 1 
30 52, 16 1 4 6 7 8 3 l 4 1 3 

May 1 27 11 2 J+ 4 2 1 3 1 4. 1 1 1 1 
2. 14 16 3 l 1 2 6 1 1 2 1 
3 7 22 3 1 1 1 3 3 9 2 5 2 
4 25 15 4 1 6 4 5 4 2 1 1 1 2 
5 36 16 1 l 10 .1 14 3 1 1 1 2 2 I 

[\) 

6 20 41 2 Q 2 9 4 5 3 2 2 l 2 2 ., 
+="" .l . .,, 
I 

7 74 115 1 1 l 6 6 12 18 2 2 2 1 3 
8 63 90 1 4 1 4 17 21 22 2 3 2 5 3 1 _, 

9 65 82 4 1 J.li- 23 8 12 5 1 3 1 1 
10 64 124 4 5 10 4 7 5 19 14 5 3 3 1 
11 18 32 2 1 l 5 10 5 2 7 1 1 2 1 
12 20 61 1 4 1 3 10 1 1 3 1 
1~ 21 44 3 7 3 2 2 1 2 2 1 
14 33 46 l 3 1 8 6 1 1 3 l l 2 2 
15 37 69 1 17 8 6 9 2 1 1 1 1 
16 35 84 10 6 4 3 2 3 3 1 1 1 1 1 
17 26 43 1 2 5 6 6 5 4 3 2 1 1 
18 29 60 2 1 1 4 2 4 2 2 2 2 
19 23 7 2 1 3 2 1 2 3 2 1 
20 12 17 1 2 2 1· 2 
21 2 19 2 1 6 2 1 l. 
22 

Totals l,Oh6 1, l.~79 76 e3 149 80 155 156 142 161 35 40 39 39 31 36 111- 11 q 3 3 6 

-- -- ----------------------------



Table 15 

Computed estimates of fish populat :i.onst Sugarloaf Lake, 

Blue- Large- Rock I'urn-pkin- Bul~~ Black 
gill mouth bass seed head Crappie 

bass 

"Legal-'-size" plus 11 sub-legal" 

Total population 

Schnabe 1 method 1:3,768 406 317 1,096 379 326 
Schumacher method 12,949 367 277 1,013 374 302 

11Legal-size 11 only 
Schumacher methoa_ 

liJtunber 11, 6!+1 367 232 883 37~- 302 
St. errorV 613 7J..1. 36 123 40 16 
Range: Max. 12,254 1~41 268 1,006 1~14 318 

Min. 11,028 293 196 760 33L~ 286 

Total pmmds 2,957 663 9~- 237 272 125 
Max:' 3,113 796 108 270 301 131 
Min. 2,801 529 79 204 243 118 

~ Pounds /acre . 16.4 3.7 0.5 1.3 1.5 0.7 
Max. 17.3 4.4 o.6 .1.5 1.7 0.7 
Min. 15.6 2.9 o.4 1.1 1.3 0.7 

*No recoveries of gar p:i.ke ana. perch; hence these species are not included. 

2 
~Brown bullhead and yellow bullhead collectively, mostly the latter. 

spring of 1949. 

Bow- Northern 
f'in pike 

176 9'.5 
1[33 119 

1n3 119 
32 68 

215 187 
151 51 

625 292 
734 459 
516 125 

3 ~ .,,, 1.6 
~-.1 2.5 
2.9 0.7 

Warmouth 

1,699 
1,570 

1,430 
202 

1,632 
1,228 

41~8 
511 
381~ 

2.5 
2.8 
2.1 

Total~ 
:po_pulat ion 

113,262 
17,154 

15,531 

5,713 

31.7 

I 
[\) 
\Jl 

I 

~ Standard error was computed for the ent:i.re catch of "legal-size II fish plus the few :f:ish of "sub-legal" size--cf., Table 14. 
This slight irregularity in method presumably had no important effect on the results. 

~ Lake area is 180 acres. 

~ Obtained by summation of values for individual species. 

'---------------------------------------------------------~----- - -· 
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fish only by applying the percentages on fish of 11 legal11 size in large 

samples of trap-net catches {tabular data not included here). Population 

figures are converted to total poundages {Table 15) by applying data 

on a~erage weight for each species (Table 16). These average weights 

invohre a few fish of sub-legal size, but the error involved on this 

account is of little significance. 

Where fish from the east and west halves of the lake were marked 

a_istinctively, the data afford another check, this time for spring, of 

the tendency on the part of marked fish when released to return to their 

original half of the le,ke. All recoYery records were tabulated according 

to the half of the lake where t:r...ey were first caught and marlr,.ed and the 

half of the lake where they ·were recovered. An analysis of these recovery 

data ('Ilable 17) becomes quite involved. For two species, the bluegill 

arrd pumpkinseed, there was a marked tendency for reca?tures to occur in 

the same half where the fish were first ma.r~..ed. For example, of 1,066 

bluegills marked in the "west, ll 74 were recoYered in the west and 46 in 

the east. T"h.e degree of departure of the 74:46 ratio from a 46:46 

ratio represents the amount by which redistribution of the marked fish 

differed from equ~lity. That is, an excess of 74 - 46 = 28 out of 120 

bluegills (23%) represented a homing tendency. These 28 fish (excess) 

were caught in the home half of the lake, not necessarily at the home 

net station. Only by the degree that the fish returned to the original site 

site, and were not therefore redistributed at random, ere the essential 

assumptions of the method invalidated. In this instance we know the 

maximum possible extent of the error to be 23 percent, but because of 

the design of the ex-periment the minimal limit of the error is not knmm-

it may be anything under 23 percent. To continue to use the 1'westfl blue

gills as an example, the population estimate is subject to correction 

to the extent of a maximum of' 23 percent. 
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Weights of fish in random samples from trap net catches, population study, Sugarloaf' Lake, 
spring of 1949, "legal-sizeri and "su.b-legaln fish combined. 

Species Number weig.h.ed Total weight:ounces Average weight:01xnces Average weight:pounds 

Bluegill 1,036 4,209 4.06 0.254 

Largemouth bass 60 1,734 28.90 1.806 

Rock bass 19 123 6.47 o.4o4 

Pump kinseed 63 270 4.29 0.268 

Bullhead 112 1,304 11.64 0.728 

Black crappie 173 1,142 6.60 o.412 

Bowfin 29 l, 585 · 54.66, 3.416 

Pike 23 903 39.26 2.454 

Warmouth 106 530 5.00 0.313 

Perch 1 6 6.oo 0.375 

Gar 6 310 51.67 3.229 



I 
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Table 17 

Analysis of markings and recoveries of fish accora.L.1g to west and east halves o:f the lake, 
seasonal totals, Sugarloaf Lake, spring of 1949, population study by trap netti:c.g. 

Specie~ Ralf of Number Nu..>nber recovered Percent recovered 
lake marked west east west 

r.:.alf 

Bluegill 

Bullhead 

Black crappie 

vJarmouth 

Pum:pkinseed 

Bow:fin 

Largemouth bass 

Rock bass 

Northern :pike 

Totals 

west 
east 

west 
east 

west 
east 

west 
east 

west 
east 

west 
east 

west 
east 

west 
east 

west 
east 

1,066 
1,479 

76 
' 83 

149 
80 

155 
156 

142 
161 

35 
40 

39 
39 

31 
36 

14 
11 

west 1,707 
east 2,085 

west & east 3,792 

half :b...alf 

74 
51 

15 
15 

10 
5 

14 
2 

6 
3 

1 
1 

3 
2 

2 

209 
123 
332 

1~6 
81 

20 
19 

29 
11 

10 
6 

3 
26 

5 
7 

1 
5 

1 
2 

2 

6.9 
3.4 

19.7 
18.1 

56.4 
55.0 

6.5 
3.2 

9.9 
1.2 

17.1 
7.5 
,..., t:. 
c,_. L' 

2.6 

9.7 
5.6 

14.3 
o.o 

117 12.~ 
157 5.9 
274 8.8 

-V No recoveries from 9 markea_ gar pike or 7 me.rked perch. 

~Percentage totals are "basea. on numerical totals. 

east 
half 

4.3 
5.5 

19.5 
13.6 

6.5 
3.8 

2.1 
16.1 

2.6 
12.8 

3.2 
5.6 

14.3 
o.o 

6.9 
7.5 
7.2 

Number recovered 
same opposite 
half half 

74 
81 

1 c:; -.,; 

19 

84 
11 

10 
6 

14 
26 

6 
7 

l 
5 

3 
2 

2 

209 
157 
366 

46 
51 

20 
15 

29 
41~ 

10 
5 

3 
2 

5 
3 

l 
1 

1 
2 

2 

117 
123 
240 
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Similarly the r:east 11 bluegills showed a homing tendency of 31/132 = 

23 percent, all bluegills 58/252 = 23 :percent, all pumpkinseeds 35/45 = 

73 :percent (this number ,;rould be of much importance, except that the spectes 

is relatively not abundant), and all fish 126/606 = 21 percent. In the 

case of bullheads there was little evidence of bias in recaptures, while 

with the black crappie a strong homing bias of the 1\restn fish was 

matched by a strong tendency toward departures by the neast n fish. 

For most of the more common species (except 9umpkinseeds), and for 

all fish collectively, this study of redistribution of me..rked fish has 

been quite reassuring to the mark-recover method. It is indicated that 

limits of error of the population estimates, resulting from non-random 

distribution of marked fish, are something in the neighborhood of 25 :percent 

(a maximum figure), or likely much less than 25 percent because the non

random distribution would be partially co~nsated by the extensive 

pattern of netting stations. With this degree of accuracy (or inaccuracy, 

depending ti;pon point of view), the estimates still have much significance 

to the fishing e)g)eriments which are in progress. 

Estimate, spring of 1950 

The spring population estimat~in 1950 was based on netting 

operations during the :period April 18 to June 1, inclv$1ve. The field 

personnel included Messrs. John J. Minel (Manual Worker C), Rudolph F. 

Stinauer (Fisheries Research Technician A), and Jocn H. Claridge (Fisher:res 

Biologist I) as leader. The same trap nets were used, and again the lake 

w.s divided into east and west halves in a systematic netting schedule 

(Table 18) in which one 3-foot net and tvro 6-f'oot nets were in operation 

continuously in each of the two halves of the lake. For stations A-1 

to A-5 and B-1 to B-5, two and four complete rounds, respectively, of the 
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stations were made; then during the final ten days of the netting :period, 

the nets were fished at stations (A-6 to A-10 and B-6 to B-10, west and 

east) closer to the lake shore line than where the bulk of the netting was 

done, to give better coverage of the lake surface (Fig. 1). In Figure 1 

each heavy line is a..ra,m to scale to show the length of' the trap net :plus 

lead. Thus, the extent to which the pattern of net s;ym.1:::ols extends over 

the lake surface (in Fig. l) represents the extent to which fish movement 

was su:tject to interception by these net leads, keeping in mind that only 

six nets were in operation in the lake at any one time. 

All fish captured a.uring this netting period for the first time were 

marked by fin clipping and then immediately released at the central 

station (Fig. 1). Fish captured in the west half of the lake had the 

right pelvic fin removed; fish captured in the west half had the left 

:pelvic fin removed. 

This study was concerned o::1ly with northern pike of lengths greater 

than 14 inches and all other species of lengths greater than 6 inches. 

Fish smaller than these lengths taken by the netting operations were 

merely releasea_ nearby. Daily records were kept for each net of the 

number of 71 legal-size 11 and nsub-legal" fish taken, keeping separate 

records on initial captvTes and recaptures. Records on recaptures in

cluded also the ide:o.tity of the clipped fin--in other words, the half of 

the lake -where the fish WI.ts first captured. The marking by fin clipping 

1\-ras continued from the beginning on April 18 through May 28 and in

cluded only a portion of the fish caught on May 29. Marking was :c.ot 

done during the final four days of the netting period (May 29-June·l)J 

on the theory that there would reniain too little time for these fish 

to be redistributed in the lake so that they would. be subject to 

recapture. 



Table 18 

Schedule of operating trap nets, Sugarloaf Lake, spring of 1950. A= 3-ft. nets; B = 6-ft. nets. w = west half of lake, 
E = east half. 

Station April May June 
17 18 19 20 21 22 23 24 25 26 27 28 'tJ 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 l 

A-lW X X X 
,, 
~~. xx xx X X X X 

A-2W X X X X xx X X 

A-3W X X X X X X X X 

A-4W X X X 0 X X X X X 

A-1:;vl X XXX X X X X 

B-lW X X X X X X X X X XXX X X X X X X X X 

B-2W X X X X X 0 XXX X X X X X X X X 

B-3W X X X X xxxx X X X X X X X X 

B-4W X X X X X X 0 X X XXX X X X X X X XX 

B-5W X X X X XXX X X X X X X X X X 

A-lE X X X X X xx X X X X X 

A-2E X X X X XX X X 

A-3E X X X X X X X X 

A-4E X X X 0 X X X X X 

A-5E XX X X X X X X 

B-lE X X :x X X X X X xxxx X X X X X X X X 

B-2E 0 
I 

X X X X X XX X X X :x X X X X X L0 

B-3E X X X X xxxx X X 
t--' 

X X X X X X I 

B-4E X X X X X X 0 xx X xx X X X X X X xx 
B-5E X X X X xxxx X X X X X X X X 

A-6W X X X X 

A-7W X X X X 

A-SW X X X X 

A-9W X X XX 

A-lOW X X xx 
B-6W X X X X 

B-7W X X X X 

B-8W X X X X 
B-9W X X X X 
B-lOW X X X X 
A-bE X X X X 
A-7E X X X X 
A-8E X X X X 
A-9E 

X X X X 
A-lOE 

X X X X 
B-oE :x X X X 
B-7E X X X X 
B-8E 
B-9E 

X X X X 

B-lOE X X X X 

X X X X 

~Nets were 1n positton but not i'ishing during the period of April 20 to June 1. ,/ 

-~- ----
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A certain nunfber of newly caught fish were found to be dead in the 

nets, and a few live :fish from the nets were removed from the lake for 

special study; such fish, then, were not marked and returned to the lake. 

A daily record was kept of this removal of unmarked fish from the lake. 

Daily, during the netting operation, the entire shore line was cruised 

for a record of any fin-clipped fish which might have died, and a moderate 

number were found. This mortality :probably was :partly the result of 

netting operations, but to a considerable extent it was likely the result 

of low vitality of fish after the winter. During the course of the 

netting operations, a moderate amou..nt of sport fishing was done on the 

lake. A special creel census of this fishing by the regular census clerk 

and by the netting crew gave a record of the numbers of fin-clipped fish 

and unmarked fish removed by fishermen. 

During the period April 17 to 28, maximum daily water temperatures 

varied between 46°·and 52°F. while maximu..11 tem;peratures were between 40° 

and 66°; from May 1 to 15, water temperatures were 48° to 63° with air 

temperatures from 51° to 78°; and from May 16 to June 1, maximum water 

temperatures were 63° to 73° with air temperatures of 55° to 78°. These 

rather cool water tem:peratures were favorable for the handling of fish 

without undue mortality. 

The mathematical estimates (Table 20) of population, by the Schumacher 

method, are based upon daily tabulations of initial captures (including 

dead fish), daily recaptures, and daily removal of marked fish from the 

lake by the various mortality causses--each species separately. The 

daily accumulative total of the number of fish marked and released, minus 

the daily totals on marked fish removed from the lake by all factors of 

mortality, represents a step in the procedure of estimation. 

In the accompanying Table 19 initial captures are identified by the 

letter ,::::, recaptures by ~; the accumulating daily totals of marked fish 

present in the lake by !!• 



Table 19 

Daily catch~ of fish by trap nets, Sugarloaf Lake, spring of 1950. Initial captures ( u) and recaptures of marked fish (tn); 

Date BluegUl Largemouth Rock Pum,pkin- Bullhead Black Northern Warmouth Perch Bowfin Total 
April- bass bass seed crappie p:i.ke 
June u m u m u m u m u m u m u m u m u m u m u m 

18 3 2 2 7 10 2~-
19 7 4 1 1 2 2 4 59 80 
20 80 10 18 9 9 12 4 3 1 3 149 
21 132 1 9 1 14 3 29 11 l 8 1 3 5 5 219 4 
22 142 1 10 23 2 31 3 10 1 12 6 1 4 241 5 
23 109 2 7 29 3 10 30 2 2 3 6 1 6 1 4 204 11 
24 119 2 21 1 17 5 9 39 3 4 3 2 1 10 4 2 227 15 
25 67 4 7 11 4 l 21 8 l~ 2 5 1 1 7 128 15 
26 61 2 5 14 1 34 7 1 1 4 7 11- 131 10 
27 43 1 1 15 1 1 19 6 3 2 1 1 29 1 114 10 
28 79 2 1 9 2 2 19 9 4 2 4 1 1 5 12)-1- 16 

2 75 9 6 1 28 5 11 23 19 1 2 13 10 2 5 173 37 
3 59 6 2 17 5 0 1 16 8 3 2 7 2 18 1 16 2 148 25 u 
4 88 7 5 1 16 4- 2 21 12 10 14- 4 20 1 7 1 173 40 
5 165 9 10 14 6 5 20 8 19 14 2 31 1 '5 1 3 272 41 

I 6 202 111. 10 2 7 11- 14 16 13 4 5 4 9 4 6 276 38 C,.l 
v.i 

7 181 11 6 1 6 10 14 5 1 1 9 1 2 / 

236 18 I 0 
B 1611- 24 5 4 1 15 29 11 2 2 2 8 1 2 4 235 39 
9 144 19 2 ~- 1 8 2 36 17 2 3 1 4 15 1 3 7 222 47 

10 138 27 2 1 11 2 11- 1 29 27 2 3 2 1 10 1 7 206 62 
11 101 25 4 7 l 7 18 13 2 1 1 12 6 1 3 159 >-1-3 
12 126 14 '.), 4 1 / 2 14 29 ·l 4 2 27 1 3 166 51 .., 0 

13 64 14 1 4 2 6 1 13 13 l 3 2 24 3 2 2 118 37 
14 105 24 4 10 4 10 2 4- 8 4 13 1 5 2 153 43 
15 59 12 3 2 5 6 6 1 /' 

11 7 32 4 7 2 120 43 0 

16 52 14 6 2 12 2 2 1 13 6 1 4 2 1 12 2 3 1 1 1 104 34 
17 57 19 2 2 12 4 3 2 8 11 1 2 1 19 7 2 1 3 1 109 48 
18 80 29 4 1 6 

,.. 
4 3 8 11 2 1 32 5 2 ':) 4 141 Go 0 

J 
19 76 27 2 1 11 3 12 3 

/' 4 1 4 1 13 3 4 1 4 1 130 4-7 0 

20 87 21 2 5 3 1 10 3 13 2 2 19 4 10 1 /' 2 147 39 0 
21 50 28 3 2 7 2 10 5 1 5 17 1 1 7 3 96 46 
22 72 1+2 5 4. 2 1 4 1 14 10 2 3 10 3 1 9 120 63 
23 71 22 7 l+ 4 1 10 3 5 9 2 24 3 3 124 41+ 24 121 35 6 11 3 

n 2 12 10 32 7 10 5 200 62 0 

25 193 1+8 4- 2 
,- ,-

9 2 7 10 2 26 2 1 () 4 0 l, 
0 253 7'7 26 192 47 l ? r, 

5 5 1 9, 10 1 19 4 1 5 4 240 J () 

27 lOL~ 42 1 -:, 11 7 G 3 16 9 l 19 7 1 11 6 170 77 
J 

28 8B 27 3 1 6 2 5 l+ 12 18 1 46 13 6 10 4 177 69, 
29 95 lo 3 

,.-
4 e. 3 17 lo 3 .28 8 6 0 

1- 9 '"'( 172. 60 30 171 37 1 1 5 5 4 2 17 17 1 6 26 10 1 19 12 245. 90 31 114 27 4 1 1+ 1 
,-

1 9 
(', b u 5 19 7 1 11 4 168 54 , 26 4 2 1 2 2 10 10 2 1 .L 

9 1 1 7 2 58 22 
Total 4,159 717 190 lH 402 107 261 11-8 675 398 103 116 95 18 647 101 231 15 209 56 6,972 1,617 

'lfThe total catch included 15 gars (including both longnose and spotted gar) but no recaptures. 



Table 20 

Computed estimates of populatlons of "lrJgal-size 11 fl.sh, by Schuma,cher method, Sue;arloaf Lake, 
spring of' 1950. 

Population Bluegill Largemouth Rock Pum:pkinseea Bullhee,d~ Black :Northern Warmouth Perch Bowfin Totals~ 
bass bass crappie :pike 

Number 14,012 518 997 825 992 126 271 2,389 1,615 433 22,178 

st. error 6cY( 33 62 6[3 l~ 3 9 63 127 371 29 .. 
Range: Max. 11~,699 551 1,059 893 1,035 135 334 2,516 1,986 462 .. 

Min. 13,325 485 935 757 949 117 208 2,262 1,244 1~04 .. 
Total pounds 3,f\18 660 378 229 619 75 644 772 3e3 1,231 C,809 

Max. 4,005 703 l~Ol 248 61~6 n1 793 813 471 1,314 .. 
Min. 3,631 618 354 210 592 70 494 731 295 1,149 .. 

Pounds/acre 21.2 3.7 2.1 1.3 3 .1+ o.4 3.6 4.3 2.1 6.8 1+8.9 
' 

Max. 22.2 3.9 2.2 1.4 3.6 o.4 4.4 4.5 2.6 7.3 ~I .. I 

Min. 20.2 3.4 2.0 1.2 3.3 o.4 2.7 4.1 1.6 6.4 .. 

t 

~Including brown and yellow bullheads, mostly the latter. 

~Obtained by summation of values for ind1vidual species. 



the netting operations, f'ish were rr .. easured for length, only 

to the extent of determining wheti:..e:r were above or below the 14-inch 

a.nd. 6-inch limits. Virtua.lly all of the L:,itial captures, dt:r:i.ng the ;parioi 

:from April 18 to May 29, ,.;ere weighed.. Weighing was d.one on a pan balance, 

accurate to the nearest; ounce.. Fish of each spectes were -weighed separately, 

but, in nurr.erous :i.n.st.ances, several individ.uals of a given species were 

weighed collectively. All of the ·weight data w-ere totaled and averaged to 

give a grand avera,ge weight for each species (Table 21). Total numbers of 

fish in the population were converted to total weights and average weight 

per acre for each species (Table 20). 

The record of recoveries of marked fish, according to the half of 

the lake where they wre first caught and marl:r.ed, a.re sum1narized in Table 

22. The results, in general, are somewhat different from those obtained 

in the spring of 194-9, for the fish in 1950 showed a somewhat greater 

tendency to return to their home-half of the lake. The total ?11:,'mlb.er of 

fish which were marked v.'US 6,249, of which 3,136 vere marked in the vest 

half and 3,133 were marked in the east half. Of those marked in the vest, 

a total of 790 were recaptiired, and o~ those marked in the east the 

recaptures totaled 827, the two results being quite comparable. The 

homing inst&nct was exhibited more strongly by the bluegill, which v.'US the 

most abundant species in the lake and provided the bulk of the records 

in the present study. Of 343 recaptures which had been marked in ·the 

west half, 183 were recovered in the west half, and 160 :tn the east; while 

of 374 recaptures which had been marked in the ea.st hall' 137 were recovered. 

in the -r;est but 237 were recovered 1n the east. In this instance, the 

ea.st nreca:ptures 11 exhibited the homing tendency more strongly than d:i.d the 

west ~ecaptures.tt Another rather striking instance is represented by the 

bul~s where, among fish marked in the west, 139 were recovered in t~e 
~ . . . . 

west while only 84 1-rere recovered in tri.e east. The bullheads marked in 

the east likewise showed a greater (but less · striking) rate o:f recovery 



Table 21 

Weights of i:legal-size 11 fish in random samples from trap net catches, :population study, Sugar
loaf Lake, spring of 1950. 

Species~ Humber weighed Total we j_ght: Average weight: Average weight: 
ounces ounces pounds 

Bluegill 3,270 14,241 4.35 0.27 

Largemouth bass 155 3,165 20.4 1.28 

Rock bass 353 2,141 6.07 0.38 

Pumpkinseect 209 929 4.44 0.28 

Yellow bullhead 240 1,989 8.29 0.52 

Brmm bullhead 132 1,952 14.8 0.93 

All bullhead~ 544 5,437 9.99 0.62 

Black crappie 93 889 9.56 0.60 

Northern pike 72 2,735 38.0 2.38 

Warmouth 537 2,778 5.17 0.32 

Perch 211 800 3.79 0.24 

Boi>rfin 146 6,639 45.5 2.84 

7 

'7"' Total trap net collections also included 3 Longnose gar, 6 Spotted gar, 13 Chubsuckers, and 
11 Mud pickerel. 

o/Includes 172 bullheaa_s spp., both browns and yellows. 
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Table 22 

Analysis of markings and recoveries of fish according to east and west halves of the lake, 
seasonal totals, Sugarloaf Lake, spring of 1950, population study by trap netting. 

Species 'V Half of Number Number recovereu Percent recovered Number recoverea. 
lake marked west east west east same opposite 

half half half half half half 

Bluegill west 1,897 183 160 9.6 8.4 183 160 
east 1,845 137 237 7.4 12.8 237 137 

Largemouth bass west 93 21 2 22.6 2.2 21 2 
east 83 8 10 9.6 12.0 10 8 

Rock bass west 154 18 27 11.7 17.5 18 27 
east 232 17 45 7-3 19.4 45 17 

Pumpkinseed west 122 18 2 14.8 1.6 18 2 
east 116 9 19 7.8 16.4 19 9 

Bullhead west 325 po ..,.,, 84 42.8 25.8 139 84 
east 254 80 95 31.5 37.4 95 Bo 

Black crappie west 49 38 12 77.6 24.5 38 12 
east 53 33 33 62.3 62.3 33 33 

Northern pike west 68 p ~· 2 11.8 2.9 8 2 
east 21 6 2 28.6 9.5 2 /' 

0 

Warmouth west 302 20 21 6.6 7.0 20 21 
east 264 18 42 6.8 15.9 42 18 

Perch west 34 2 4 5.9 11.8 2 4 
east 184 4 5 2.2 2.7 5 l~ 

Eowfin west 92 18 11 19.6 12.0 18 11 
east 61 '7 20 11.5 32.8 20 7 I 

All species west 3,136 465 325 14.8 10.4 465 325 
east 3,113 319 508 10.2 16.3 508 319 

west & east 6,249 724 833 12.5 13.3 973 644 

'¥No recoveries from 9 marked gar pike. 
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in the east. This rather pronounced tendency towards the home-half of 

the lake also tended to hold among those species where the numbers of 

records are rather low, so that the accUtF:Qlated total for all species 

combined, as illustrated in the two right-hand columns of Table 22 is very 

striking; for, of 1,617 recoveries, 973 were fish recovered in the same 

half of the lake where they had been marked, while the remaining 61:.4 were 

fish recovered :i.n the opposite half from where they were marked. T'.ae 

difference might be used as a rather crude correction factor to be applied 

to the population estimates. This correction factor would approximate 

50 percent. It must be understood that a correction factor of this amocr,t 

would be the theoretical maximum which should be applied. The true 

correction factor might logically be something considerably less than this 

figure, for the tendency of the fish to return to the same half of the 

.le,ke where they were marked does not necessar:i.ly mean that fish must have 

returned rather quickly to the particular netting station where they 

were first captured. In spite of the rather large error (possibly as 

great as 50 percent) which might be involved in the present popuiation 

estimates, the population figures still have a great deal of significance 

because they are not very large in relation to the estimated annual 

catches of fish by anglers (Cooper and Christensen, 1951). 

One of the potential sources of error in the :population estimate arises 

from the possibility that restricted fish migration might result in a 

small effective nfield11 around each net station. If such 11fields 11 do 

not overlap, the interstices would contain fish which would not be 

included in the total estimate. The error would be minimized to the 

extent that marked fish after release are redistributed proportionately 

among 11field 11 and interstitial areas; but the studies made thus far have 

shmm an appreciable tendency for uhoming" to the half of the lake where 
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marked, which is interpreted to mean some homing tendency for the original 

trap-net "field. 11 Thus there is a definite probability that a systematic 

error is present, which results from the "fieldn effect. One approach 

to estimating this error is provided by a comparison of the three population 

estimates on Sugarloaf Lake. The estimate of 1949 was based on netting 

at 20 separate stations; of 1948 on 30 stations; and of 1950 on 40 stations. 

The sequence of netting at the various stations was not completely comparable 

during the three years, but sufficiently so to allow a comparison. If the 

"field" :factor had a big effect of error, one would expect proportionately 

higher population figures for years when the greater number of stations 

were employea_. Corresponding to the 20, 30 and 40 stations, the population 

estimates (Schumacher method) for 1949, 1948 and 1950, respectively were 

15,531, 17,648 and 22,178 11 legal-size" fish. Complete confidence should 

not be put in this comparison, because of the possibility that the act-..,.a,l 

population would tend to vary some in numbers from year to year. But, 

significantly, the estimate increased with an increase in number of stations. 

To indulge in a little speculative arithmetic, netting at 4 1/2 acres per 

trap net, as compared to 9 acres per net, resulted in an increase of 29 

percent in the estimate; and if this rate of correction is extrapolated 

to the theoretical limit, the population estimate amounts to something 

less than 30 thousand fish. The basis for this prediction is not exact, 

but it does serve to show that the estimate of 22_,000 represents a major 

portio~ of the total fish population. 

It can be assumed safely that progressively more importan.ce will be 

attached to such fish-population estimates in the future and. therefore 

it is essential that a study of the procedure be continued. What is 

neea_ed is a more critical study of the sizeable error which is due to 
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non-ra.ndom redistribution., and to determine . the appropriate correction; 

also, to determine the size of the effective "field'' covered by a. trap

net station, and therefore the .number of netting stations needed for 

complete coverage on a lake of a. given size. This will involve further 

population estimates similar to those 'Which a.re here described for Sugar

loaf Lake, but in which the fish from each separate netting station a.re 

marked distinctively. 

A POPUI.ATION STUDY OF FISH IN FIFE LA.KE, GRAND TRAVERSE COUNTY 

During the sum.mer of 1950 a population estimate of fish in Fife Lake, 

Grand Traverse County was made by the mark-and-recapture method based on 

trap-net collections. The purpose ot this study has been twofold--to learn 

the size of the populations of various game species in comparison with 

the anglers' catch; and to determine the :s:urvival of smallmouth bass in 

the lake from hatchery plantings. An intensive creel census has been 

taken on Fife Lake during the :pa.st five yea.rs to evaluate the effects 

of no closed season on bluegills and sunfish and to record the contribution 

of these marked bass to the fisherman catch. 

The marked :plantings of bass made in Fife Lake well= as f ollovs: 

Date 

October, 1946 -------
Bovember, 1947 -------
October, 1948 --------

N1.un.ber 

9,848 
5,861 

10,000 

Average 
length 

3.4" 
2.75n 
3.29" 

Age 

4 mo. 
6 mo. 
5 mo. 

Clipped fin 

Right pectoral 
Left pectoral 
1ei't pelvic 

Fife Lake is located almost entirely in Grand Traverse County, but 

a thin slice of the east end of'the lake is in Kalkaska County, The lake 

is in T. 25 N., R. 8, 9 w., Sections 18, 11, 12, 13 and 14. Its area is 

575 acres. The maximum depth ·is 55 feet, with a major depression in the 

east half and a minor depression of 45 feet in the west half; 67 :percent 

of the la.lc..e area has water depths of less than 20 feet, and the remaining 

33 percent is over 20 feet deep. Practically all net sets-:were 

made between the 20- and 25-foot contours. Limited water analysis da~ 
' 
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obtained by an Institute s-urvey party on June 22, 1936, givesa fairly 

reliable indication that the lake is subject to a considerable oxygen 

depletion in deep water during the summer stagnation period. Thus it 

can be inferred that the bulk of the fish population of the lake during 

sunnnertime (with perch partly excepted because of their k.~ow~ ability to 

descend into oxygen-poor water for short periods) is to be found in water 

less than approximately 25 feet deep in Fife Lake. 

The field party consisted of Messrs. John H. Claridge (party leader), 

Rudolph F. Stinauer e,ncl Henry J. Vondett. The netting period was from 

June 16 to July 19, 1950. Trap nets of two sizes, 6-foot and 3-foot 

were used, including several nets of each type. A detailed description 

of these nets is given earlier in ti.1is report. 

Sixty, serially numbered, net stations (11-70) were distributed over 

the lake in a systematic pattern, avoiding the central area of depths 

ov-ar 20 feet, half in the east half of the lake and half in the west. In 

addition, the distrfoution was equalized among the four quarters of the 

lake area. 'r::"lis systematic :pattern was applied to stations for 3-foot 

nets and 6-foot nets separately. On Figure 2, symbols representing nets 

are drawn to scale to show length of trap net plus lead; the 3-foot nets 

had 100-foot leads, and the 6-foot nets had 15c ..... to 165-foot leads. The 

schedule of dates for netting at the various stations was also systematized 

(Table 23) according to type of net, portion of the lakz, and even- versus 

odd-nurabered stations, with only slight (and presumably unimportant) 

irregularity. This pattern and. the schea_ule of netting operations were 

designed. to give extensive and rana.om collecting in the initial capture 

of fish and in the recapture of marked fish as they became rea_istributed 

from two central release stations. Each net was fished at a particular 

station over 3 nights, and fish were removed after each of the 3 
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overnight periods. The netting schedule was continuous from June 16 to 

July 19, except that fish in nets were not processed on July 2 and July 

12 which meant that these two days were merely ignored in the netting 

schedule. 

Only fish of 11 legal sizer: are concerned in this report, including 

northern pike over 14 inches and all other species over 6 inches. The 

fact that f inch~:!'l ::.s far below the legal-size limit on -bass and walleyes 

is of little consequence, because very few indivia_uals of these species 

of' sizes less than the trv.e legal limit were taken. Records were kept, 

for each species, each day, and each netting station separately, and the 

data were tabulated and analyzed separately for even- and odd-numbered 

stations and for the two halves of the lake, according to where fish were 

either first captured or recaptured. A separate release station was 

established. in each of the two halves of the lake (Fig. 2) at which all 

fish CB,ught and marked in the respective half were released. Because 

of the plan to tabulate markings and recoveries separately for even- and 

odd-numbered stations and for the two halves of the lake, as an approach 

to an understanding of the degree to which marked fish redistribute 

themselves at random over the lake, an involved system of marking by 

fin-clipping was used (in this system, smallmouth bass were treated 

differently from other species to avoid confusion with fin-clipped hatchery 

smallm.outh bass :planted_ in the lake during 1946 to 19L~8), as follows: 

Species 

bass 

All other 
species 

East half 

Odd 
sta ions 

so I., 

dorsal 

Left 
pectoral 

Right 
pectoral 

West half 

SOL'-' 

anal 

Left 
pelvic 

Right 
pelvic 
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Fish initially caught at any one station were marked, as indice.ted above, 

and liberated at the release station for the half of the lake where 

captured, Recaptm·es of fish previously marked by fin clipping during the 

present study were also liberated at the release station corresponding 

to the half of the lake where recaptured. 

A majority of all 11 legal-sizel! fish taken by netting were weighed, 

usually by lumping several individuals of a given species. The practice 

was followed of always weighing fish except on days where very rough wave 

action interfered seriously. Thus, data on average weights for the 

several species are based on large and representative samples. 

It was planned to make daily examinations of most of the lake surface 

and shore line to tabulate fish mec,rtality, since a moderate amount of 

mortality seems to occur on numerous lakes in the spring, and some 

mortality resulting from the operation of trap nets might logically be 

expected. Because _pressure of' other work interf4ered somewhat witl1 this 

activity, such mortality counts were made on only slightly more than 

half of the days during the netting period. It might be expected that 

fishes on the lake surface or shore not counted on one particular day 

would be available for count on the following day. On the other hand, 

it is well know-n that dead fish on a lake may be quickly removed by 

scavengers, or they may settle to the bottom, or for perhaps other 

reasons complete counts on extensive fish mortalities are virtue,lly 

impossible. Thus any mortality figures in this report woula_ be subjact 

to some revision, with an upward correction. 

From the trap netting done at 60 stations on Fife Lake, a total 

of 5,641 fish were caught, marked and released, and 309 (5.5 percent) of 

these marked fish were recaptured (Table 24). An analysis of these 

initial captures and of the recaptvxes has been made according to half 



Type of 
trap net 

Six-foot 

Table 23 

Schedule of operating trap nets in Fife Lake, summer of 1950 

Lake Net station Date (June-July)'V 
quarter serial 16 17 18 19 20 21 22 23 211- 25 26 27 28 29 30 1 3 4 5 6 7 8 9 10 11 13 14 15 16 17 18 19 

NE 

SE 

:NW 

number 

11 
12 
13 
111-
15 
16 

X X X X 
X X X X 

X X X X 

X X X X 
X X XX 

xxxx 
XX XX 

X X X X 17 
18 
19 
20 

X X X X 

41 
42 
43 
4>~-
45 
46 

X X X X 
X X X X 

X X X X 
X X X X 

X XX X 

xxxx 
XX X X 

X X X X 

X X X X 

47 
48 
49 
50 

X X X: X 
X X X 

21 X X X X 
22 X X X X 
23 X X X X 
24 X X X X 
25 X XX X 
26 XX XX 
27 XX X X 

213 X X X X 

I 
-I=" ,-r:, 
I 

29 X X X X 

30 --------;:;;;;----~~-------:-:------------------------------------...:x~~x~_2x~_ 
SW 31 X X X X 

Three-foot NE 

SE 

NW 

SW 

32 X X X X 
33 X X X X 

34 
35 

36 
37 
38 
39 
40 

54 
56 
58 
59 
60 
51 
52 
53 
55 
57 
61 
62 
63 
65 
67 
64 
66 
6D 
69 
70 

X X JC X 

X X XX 

xxxx 
xxxx 

X X X X 
X X X X 

x _x x~J 

X X X X 
xxxx 

XX X X 

X X X X 
X X X X 

X X X X 
X X X X 

X X X X 
X X X X 

XX XX. 

_X XX X 
X X X X 

X X X X 
X X X X 

xxxx 
X X X X 

xxxx 
X X X X 

X X X X 
' X X X X 

.... 1.,. v Nets in operati.on, but fish not; processed, on July 2 and 12. 
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of the lake and station number where the marki"D.g anc:t recaptures were 

accomplishea_ (Table 25). This analysis is significant in connection 

with two important qFestions: (1) the extent to which marke.d. fish were 

reca:ptllred in the:i..r honi.e half of the lake, anct (2) the extent to which 

t½.ey were recaptured at the home station. The latter would be reflected 

by a summary of the returns to even-numbered versti.s oa.a-nu:mbered stations, 

for if all fish showed a strong tena.ency to return to their home station, 

ther-, by lumping, one would find tli..at fish marked at even-nurrfbered stations 

would be recaptured mostly at even-numbered stations, and_ the same for 

odd-munberea_ stations. The percentage figures (top section of Table 25) 

show that there was a strong tendency for fish to be recaptured in the 

same half of t:b..e lake where they were ma.rl,;:ed, but not a strong tendency 

for them. to be recaptured in their home-t:'Pe of station (even-numbered or 

odd-numbered). For example, note that, for all fish marked at 11wes·t-oo.c!1 

statior1s, 2.92 percent were recaptured at west-odd stations, 2.12 percent 

were recovered at west-even stations, 0.85 percent at east-odd stations 

ar..cJ_ 0.61 percent at eas·t-even stations. In connection with measuring the 

degree to which these fish return to their home station, one should 

consider the nature of the netting schedule, in that each net remained in 

one location for 3 nights only, and ·was not retu.rned to that station 

thereafter. Th.is allowed a. maximum of 2 days for recaptures: at home 

stations to occur, after which there would be no opportunity for a strong 

homing instinct to interfere with the provision of random redistribution 

which is an essential pa.rt of the popt:.lation estimate. Or, more precisely, 

the effect of a strong homing instinct after a trap net had been removed_ 

from a particular station would tenet to com:i;ensate for that bias which 

resulted from a strong homing instinct being effective during the first 

2 days. 
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Table 24 

Recaptures of m..arked fish, grand totals, Fife Lake, Sum.mer of 1950 

Species Number Nurn.ber Percent 
marked recaptured recaptured 

Bluegill 2,773 70 2.5 

Rock bass 517 29 5.6 

Punrp kinseed 727 24 3.3 

Black crappie 680 25 3.7 

Walleye "7 I I 2 2.6 

Srr:a.llmouth bass 198 30 15.2 

Largemouth bass 302 26 8.6 

Pike 58 1 1.7 

Bullhead sp. 224 93 41.5 

Vfaite sucker 72 8 11.l 

Perch 13 l 7.7 

All species 5,641 309 5.5 
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Te.ble 

Analysis of recaptures of marked fish, weight;ed as to distances between release stations 
and points of recapture, Fife Lake, surn.iner of 1950. 

Group 

Percentage of 
marked. fish 
recaptured, 
all species 

Average distance 
between release 
station and trap
net stations (15 
each category), 
in hu.~dredths of 
mile (from Fig. l) 

Migration index, 
after correction 
for o.i.stance, 
all species 

Migration index; 
bluegill only 

Migration index, 
bullhead only 

Marked 

West, odd 

West, even 

East, odd 

East, even 

West 

East 

West, oa.a.,. 

West, even 

East, oda. 

East, even 

West, odd 

West, even 

East, odd 

East, even 

West, ode. 

West, even 

East, odd 

East, even 

West, 
oa.d 

1.19 

30 

68 

88 

82 

35 

81 

66 

13 

35 

632 

Recaptured 
West, East,, 
even odd 

2.18 

1.07 

0.52 

0.93 

32 

69 

70 

34 

36 

64 

7 

0 

13 

0 

241 

390 

642 

o.48 

1.78 

2.12 

68 

30 

39 

33 

53 

64 

16 

439 

332 

383 

488 

East: 
even 

0.16 

L43 

1.44 

66 

28 

11 

94 

40 

62~ 

0 

13 

34 

71 

1,127 

477 

7 
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Another important consideration is that the percentage of recovery 

which would logically be expected at various stations would be a function 

of the average distance between stations of release and recapture. For 

example, fishes released at the east station, and subsequently wandering 

at random, would be more apt to be recaptured at east stations than 

at west, because netting stations in the east half almost COTI',pletely 

surrot1.t."1.d the east release station,and the se,me holds for the west half. 

Also, the possibilities for recapture must be a_ependent upon time (and 

distance) to quite an extent because the netting :period was relatively 

short (1 month). If, then, the percentage figures on recapture ( from 

the upper part of Table 25) are multiplied by the average distance between 

the :pe,rticular release station and all trap net stations in the corresponding 

half of the lake, the results are a series of figures, listed in Table 25 

as nmigration index, 11 which seem to provide the best available index of 

homing instinct ex.i'-Jj_bitea_ by these fish. Individual distances between 

net station and release station were measured. on the map of Figure 2, and 

were averaged to the :o.earest hundredth of a mile. The values representing 

return to the home-series of stations are underlined, while other values 

are not underlined. Th.ese migration indices, give:1 in 'E:l,ole 25 for all 

species collectively and for bluegills and bullheads separately, show how 

significantly, or insignificantly, the random redistribution of marked 

fish might have been interfered with because of a homing instinct. For 

example, for all species marked. at west-odd stations, the migration index 

for recapture at west-odd stations was es, for west-even 70, for east-odd 

39, and for eN,t-even 11. Continuing further with the index figures forall 

species, there are 4 -v-alu.es (u.n.derlined in Ts,ble 25) representing fish 

which returned to their home-series stations, namely, 88, 34, 53, and 

46. The average of these 4 values is 60, whereas the average of the 12 
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remaining values is 54. The difference, 6 or about 10 percent, represents 

the d.egree to which a homing instinct was re:nected by all species 

collectively. A glance at the correspona_tng figures for bluegills only 

shows results somewhat more erratic, with a high homing-value for west

odd fish, balanced ty a low corresponding valt-ie for west-even fish, and 

with the 4 homing-values (underlinect in Ta1)1e 25) averaging 32 as compared 

to an average of 25 for the 12 remaining values. On this basis, the 

tendency for homing among the bluegills was somewhat stronger than for 

all species collectively, amounting to something in the neighborhood of 

20 percent •. Corresponding values for the bullhead show a reversal in 

result., wHh a pronounced tendency for bullheads to be captured at other 

than their home station, the average of 4 homing-ve,lues being 420 as 

com:parea_ to an average of 481 for the 12 other values. The general 

conclusion to be made from this analysis is that there was no more than 

a small tendency for marked :fish to be recaptured at their home station, 

which means that they were recaptured at other stations, and their 

redistribution must have been at random over the lake, or at random over 

sufficiently large port.tons of the lake to satisfy the assumptions of 

the present method. 

Estimates of the populations of "legal-sizen fish of different species 

have been made by the Schumacher method (Schumacher and Eschmeyer, 1943). 

For this procea_ure, daily tabulations were made, for each species separately., 

of initial captu.res (~) e,nd recaptures (~) for all nets combined (Table 

26). To .addition, the method involved daily tabulations of initially 

captured fish which were not s1..1bsequently marked and released (for various 

reasons) ana_ of marked fish found dead in the lake (data tabulated, but 

omitted here), from which a d.aily tabulation was made of' the m.:unber of liv

ing, marked fish which were known to be present in the lake at the beginning 
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Table 26 

Daily tabula.t:lon of 11 legal-size 1~fish among initial captures (u) am1 recaptures (m) of marked fish, all nets combinecl, Fife· 
lake, summer of 1950. 

Date,e, Bluegill Hock PUllll) kinseed. Black Smallmouth Largemouth Bullhead.~ Walleye l)ike Perch White 
bass crap:pi.e bass bass Sucker 

u m u m u m u m u m u m u m u m u m u m u m 

June 17 37 35 10 1 2 2 
18 30 1 22 1 31 3 13 ~( 1 2 l 
19 20 22 34 21 l 4 10 9 1 2 2 
20 611, 22 J+5 2 47 1 5 20 13 2 1 1 5 
21 35 21 1 17 40 3 13 15 1 6 2 2 
22 20 11 2 21 l 27 3 3 6 4 1 2 1 
23 33 l 17 25 l 21 4 ) 8 6 1 2 1 2 
2J+ 94 17 17 2 31 2 4 'T 5 3 3 1 l 
25 108 12 2 17 12 2 (' 1 13 6 2 4 5 7 6 1 0 

26 250 2 22 47 1 19 12 12 15 13 4 3 5 
27 141~ 1+ 22 31 2 25 2i- 1 61 l~ 18 5 27 5 1 1 4 >) 

I 28 58 2 24- 24, 8 1 2 3 18 2 15 2 4 2 4 '-n 
0 29 48 l 13 3 17 1 10 3 l 15 1 5 4- 3 5 I 

30 911, 3 11 23 1 19 9 11 2 10 4 2 1 5 
July 1 60 11 12 l 29 2 11 1 1 1 4 2 l 4 

3 107 2 9 l 22 31 17 1 6 1. 9 6 4 3 1 
l~ 30 1 15 1 15 1 36 1 1 5 1 9 2 1 1 n 

C. 

5 137 3 c; 1 32 3 2 11 2 6 1 8 3 6 / 

6 98 2 31 3 29 7 11 4 1 7 7 2 
7 23L~ 3 3B 3 lJ-1 2 111, 1 8 1 5 8 4 4 
n 273 14 29 1 23 15 11 2 8 1 

,-
2 3 1 0 0 

9 278 11 20 1 20 18 5 2 7 1 2 5 1 2 l 
10 78 6 7 2 13 8 1 2 1 8 1 2 3 1 
11 16 l 8 13 1 2 1 1 1 2 1 1 1 3 
13 62 3 25 22 2 9 12 3 9 1 2 2 2 2 2 
14 102 11 2 33 27 1 1 2 5 1 4. 5 1 1 2 3 l 
15 P,1 2 9 29 2 13 1 4 2 2 1 13 5 4 3 
16 119 3 10 1 36 1 18 1 2 9 '7 7 3 1 I 
17 1+6 1 5 2 14 li-0 4 3 6 3 10 5 1 5 1 1 
18 22 3 11 l 10 70 1 10 2 5 7 1 4 
19 27 1 6 1 23 76 3 3 23 2 1 3 2 1 1 1 

Totals 2,805 70 519 29 746 24 699 25 200 30 307 26 224 93 80 2 65 1 16 1 73 8 
~ 11 legal-size;! means over 11~'1 for pike and over 6 11 for all other species. t Nets not f1shed on July 2 and 12. 

Bullheads were approx:i.mately Soi;b Ameiurus nebulosus plus a few A. melas and A. natalis. I 

_J 



Table 27 

C0It1puted estimates of populations of 11 legal-size 11 fisho/by Schumacher method, Fi:fe Lake, summer 

Population Bluegi.11 Rock Pumpkinseed Black Smallmoutll Largemouth BullheadV White Totals~ 
bass crappie bass bass Sucker 

Nvmber 56,511 4,845 14,186 13,673 7,264 1,789 424 364 99,056 

St. error 6,776 947 3,305 4,571 3,639 237 34 110 •• 

Range: Max. 63,287 5, 79'2 17,491 1B,2J+4 10,903 2,026 458 471~ .. 
Min. 49,735 3,s9e 10,881 9,102 3,625 1,552 390 254 .. 

Total pounds 13,563 1,163 3,405 7,247 7,191 2,326 356 619 35,870 

Max. 15,189 1,390 4,198 9,669 10, 791+ 2,634 385 806 • • 
Min. 11,936 936 2,611 4,824 3,589 2,018 32.B 1~32 . . 

Pouna_s / acre~ 23.6 2.0 5.9 12.6 12.5 4.o o.6 1.1 62.3 

Max. 26.4 2.4 '7 .3 16.8 18.B 4.6 0.7 1.4 . . 
Min. 20.8 1.6 4.5 8.4 6.~? 3.5 o.6 o.8 .. 

'1, The walleye, pike and perch are not included because recaptures were too few to warrant estimations. 

~ Approximately Boojr, Ameiurus nebulosus plus a few -!!• melas and A. nataHs. 

~ Totals are derived by summation of estimates for individual species. 

L 
V Lake area is 575 acres. 

of 1950. 

I 
\Jl 
!-' 
I 
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Table 28 

Weights of lllegal-size 1~ fish in random samples from trap net catches, :pop1J.lation study, Fife 
Lake, surmn.er of 1950. 

Species Nu:rncer weig..h.ed Total weight: Average weight: Average weight: 
ou..n.ces ounces pounds 

Bluegill 1,979 7,451 3 77 a • I 0.24 

Rock bass 317 1,227 3.87 0.24 

Pumpkinseed 440 1,682 3.e2 0.24 

Black crappie 412 3,507 8.51 0.53 

Smallmouth bass 121 1,922 15.9 0.99 

Largemouth bass 14-5 2,972 20.5 1.3 

Bullhead~ 137 1,845 13.5 o.84 

Walleye 32 2,050 64.l 4.o 

Pike 33 1,160 35.2 2.2 

Percl1 11 131 11.9 0.74 

W'.nite sucker 1+9 1,307 26.7 1.7 

~ Over 14 inches for pike and over 6 inches for all other species. 

~Bullheads ia.entified as f'..CY/o Ameilirus nebulosus, plus :few A. n:elas and A. natalis. 



of each day. The formulae and :procedure used in computing populations 

are given earlier 111 this re·port. 

The calculated f'igures for each species (Table 27) give by summation 

a population f'1g1Jre for "legal-sizen fish of 99,056, of wh:'Lch 56,511 were 

bluegills. Pumpkinseeds, black cra:ppies, smallmouth bass and rock bass 

made up the bulk of the remainder. rihe acc'.)m:pan.ying fig1.i.res on standard 

errc.ir show the range in which the true :population figures would be expected. 

to lie with 68 percent chance probability. Fish mull.bers a1"'e converted 

to total weight in pounds and po1.mds per acre (Table 27), from. data on 

average weights of fish (Table 28). The total population of' "legal-size" 

:fish (mostly game specj_es) per acre was thus calculated to be 172 fish, 

weighing 62.3 pounds. 

Prior to, and during the course of the field work on Fif'e Lake 

(Jime 16 to July 19), there was a considerable mortal:l.ty of fish there, 

affecting both sub-legal and legal-size fish. The extent of the moi~tality 

wa.s som.ewb.at in :proportion to the known relati"'re abundance of the different 

species. Samples of fish were examined by the .field party, but there 

was no obvious cause of death evid:ent or. the gills or external :parts. 

Such late s:pring and early sucuner mortalities of fish a.re fairly 

common for Michigan lakes generally, and as to cause, we can do no 

better than to suggest low over-winter vitality, :perhaps associated with 

rapid spring changes in chemis'l;ry and temperature of lake water. 

The field :party,, i.n examinations of the lake surface and shore line o::: 

somewhat over half of the da.ys of the netting per:_ca. counted a tot.al of 

746 dead fish of which 392 were 1.m.marked ( i.e., not fin-clipped during the 

present study) fish of lagal size, 181 were unmarked f:Lsh of sub-legal 
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size and 173 were marked fish of "legal· size. 11 Adjusting for the fact 

that mortality counts were made on only about half of the days, the 

total mortality is calculated at 1,500 fish and this is to be regarded 

still as a very minimum figure for reasons discussed above. Some 

indication that the netting and marking operations aggravated the 

mortality to a marked degree is given by the results: of 565 11 legal-sizet1 

fish.enumerated in the mortality cou_~ts, 31 percent were fish fin clipped 

during the present field work; in contrast, the ratio of fin-clipped to 

unmarked legal-size fish in the lake as a whole approximated 6 percent 

at the time {5,641 / 99,056, from Table 24 and 27). However, it should 

be emphasized that netting ·was still not the major cause of the mortality, 

since 69 percent of the dead fish en11merated had not been handled by 

the netting party. 

Survival of Ha~chery smallmouth bass 

During the netting operation in 1950 a total of 198 srr£llmouth 

bass, over 6 inches in length, were collected. Included were 16 survivors 

from hatchery :plantings made in 1946 to 1948. It ·would be expected that 

practically all of the surviving smallmouth bass from the 3 hatchery 

plantings (1946, 1947, 1948) should have been at least 6 inches long by 

the summer of 1950, even though one assumed only a fair rate of growth. 

The netting crew examined all smallmouth bass closely for such survivors. 

The 16 fish includea. 5 with the right :pectoral clipped, 5 with the left 

pectoral, and. 6 with the left pelvic. In using the total n:umber of these 

recoveries (16) to compute the survival of hatchery bass up to the summer 

of 1950, a correction would need to be maa.e for the extent to which clipped 

fins might have been completely regenerated and therefore the fish 

unrecognizable as to origin by an experienced. fisheries worker. Several 
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lots of fin-clipped smallmouth bass have been held at state hatcheries 

since 1946, for various periods, as a check on the degree of clipped

fin regenerB,tion. Based on information to date from these control fish, 

a correction factor of 10 percent m:i.ght be 8,pplied. Applying the correction., 

we add two to the total of 16, making 18 recoverie.s (9 percent) of 

hatchery bass out of the 198 smallm.outh bass which were collected ('I1able 

24). This figu.re of 9 percent may then be taken to represent the pro

portion of the population of srri.allm.outl1. bass (over 611 ) in Fife Lake 

which were survivors from the he,tchery plantings of 1946 to 1942,. Ii!ine 

perce~T'~ of tl.e 7,264 bass (Table 27) in the population gives an estimate 

of 654 survivors (2 1/2 percent) from the 25,709 fingerlings planted 

in 1946 to 1948. 
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