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ABSTRACT 

From four different lots of marked fish held for at least 18 months 

for observations on fin regeneration, it was determined that the following 

percentages of the marked fish would likely be recognizable (regeneration 

0-50 percent of fin area) in the future: 

1944 mark - dorsal and adipose fins clipped - 90.4 percent; 

1945 mark right pectoral fin clipped 

1946 mark - left pectoral fin clipped 

1947 mark - right pelvic fin clipped 

96.5 percent; 

- 89.8 percent; 

- 64.l percent. 

Observations on fin regeneration also suggested that the numbers of 

marked fish svxviving in mortality-growth experiments under observation 

at the same time should be adjusted 1.:q;rwf!..rd, as it can be demonstrated 

that from 0.2 percent to 20.8 percent of the suxvivors of the regeneration 

er.9eriments had fully regenerated fins at the various examinations. 

The comparative mortality between equal numbers of normal and marked 

lake trout fingerlings held under identical conditions was tentatively con

clutled to be of insignificant proportions for the 1944, 1945 and 1947 ~arks. 

However, on ~he basis of chi-square tests for departure of normal:marked 

fish from a 1:1 ratio removal of the left pectoral fin appears to have 

resulted in a 16.1 percent increase in instantaneous mortality among the 

1946 group. 



Comparison of the growth between marked and unmarked lake trout 

fingerlings held in the same ponds suggests that normal fish and marked 

fish grew at the same rate in both length and weight, and that it was 

not likely that marking influenced growth. 

Field studies on the effects of fish predation on COlllJ?arative mor

tality between normal and marked fish were completed duxing 1949, but 

the data still remain to be treated statistically. One clear-cut result 

of the experiment indicates that mortality among either marked or normal 

fish is considerably less where underwater cover is available. 
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COMPIBTION OF CONTROL EXPERIMENTS ON LA.KE TROUT FIN-CLIPPING OPERA'I'IOHS 

WITH A SUMMARY OF TEE RESULTS TO DATE 

By David S. Shetter 

INTRODUCTION 

When the large-scale marking experiments involving the planting of 

fin-clipped fingerling lake trout were initiated in 1944 on Lake Michigan 

waters, coincident control experiments also were begun to determine pos

sible regeneration of fins and the comparative mortality and growth bet-ween 

normal lake trout fingerlings and fingerlings bearing the various marks 

used. A random sample of the fish marked in 1944, 1945, and 1946 for 

Lake Michigan, and in 1947 for Lake Huron was saved for observations on 

fin regenera:tion, mortality and growth. The experimental :fish were marked 

at the U. S. Fish and Wildlife Station at Charlevoix, Michigan in Se::9tember 

of each j~ar and then transferred by tank truck to the State Fish Hatchery 

of the Michigan Department of Conser.ration at Marquette, Michigan. Since 

it appears that these experiments have served their purpose, they w~re 

terminated in October, 1949. This report will summarize the results of the 

experiments. 

General Experimental Plan 

Each year as the fish were marked, a sample of fin clipped fish were 

taken from each trough of marked fish by scapping t:~p the requisite nu.mber 
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to make up 1,000 marked fish Jlfor the :mortality-grovrth experiments (i.e. -

if there were 20 troughs of fish 50 were drawn from each trough). Samples 

were taken from the head, middle and lower ends of the troughs in an attempt 

to ootain a random sample for determination of average length. A similar 

procedure was used to draw the unmarked stock for the experi1nent. 

'6// 
For observations on regeneration of fins., 500 marked fish each yee:r 

were dra,m from the stock of clipped fish, following the procedure outlined 

above. 

After 1944, total lengths of all experimental fish were measured indi

vidually in millimeters, and weights obtained by groups in pounds. In 1944, 

20 percent of the regeneration group and 25 percent of the mortality-growth 

experiment were measured when these ex-_periments were set 1..1.p. 

After marking in September, each lot of fish was transferred to :Marquette 

where they were held in covered troughs in a heated huilding and ·were 

placed in outside ponds in late March or Aprj_l, the mortali ty-grovrth experi-

ment and the regeneration experiment being segregated in separate :ponds. 

Exam.ine.tions of the experimental fish were conducted semi-an..11.ually 

each year in March and October through 1949, and cou."lts and measurements 

on certain groups also were obtained in May of 1942, and 1949. At each 

examination, all ex-.Qerimental fish were sortea., co1.u1ted, measured_ ina.ivid.-

ually and. 1-reig:rced j_n groups. Daily mortality records for the various ex-

perimental g-..coups were kept by the staff of the Marquette Hatchery. At 

the marking and at all subsequent examinations ·when the experimental fish 

were meas urea., they were anesthetized with ether, usin.g a 1/4 ou..nce of ether 

:per quart of water. 

J/ 
Except in 1944, when 2,007 marked and 2,000 unmarked fish were used. 

In March, 1945 it was obvious thj_s number was too large for the 1,ond facilities 
at Marquette and the experiment was reducea. to 1,005 in each gr01.1p. 

-8 Except in 191~4, when 1,003 were used, and later reduced to 500 in March, 
1945. The original m.m1ber was too great for the available pond space consia_ering 
the ex-periments to be held in the future. 
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Results of observations on fin regeneration 

It :might have been desirable to hold all e.x;periments for longer periods 

of time, but the needs for pond space for trout production made it almost 

mandatory that the numbers of experimental ponds be kept at a minimum. There-

fore when it appeared that there was nothing further to be learned from an 

experimental group, such fish were released in landlocked inla...YJ.d lakes of 

Michigan. The regeneration experiments on the various marks were observed 

over the following periods: 

1944 - dorsal-adipose clip - September, 1944 - March, 1946 

1945 - right pectoral clip - September, 1945 - March, 1947 

1946 - left pectoral clip - September, 1946 - March, 1948 

1947 - right pelvic clip - September, 1947 - October, 1949. 

For the purpose of determining the efficiency of the mark, a number of 

:marked fish were held each year separately and examined at intervals to 

determine the extent of regeneration. These fish were examined ina_ividually 

at the time of measurement and graded visually as having no regeneration, 

1/4 regeneration, 1/2 regeneration, 3/4 regeneration, or full regeneration 

(the latter probably complete misses or faulty removal in the clipping 

-!- • ) opera.,ion. Grading was a_one ·with frequent reference to unmarked fish 

of the same size, and the estimated grade applied regardless of what portion 

of the fin was regenerated. Al.most all of the regeneration grading was done 

by the author. The regeneration controls were held for at least 18 months, 

by which time the process of regeneration apyears to have reached a level 

of negligible increase. When the percentage of recognizable specirrens remained 

more or less constant in two consecutive examinations that group of regeneration 

control fish w"ere planted out in order to utilize pond space for on-coming 

experiments. The general growth history of the various Fegeneration experi-

ments is given in Table 1. 

__J 
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Table 1. Summary of growth in length and weight of regeneration ex.f)er2-ments. Average 
lengths are given in millimeters, average weig_.h.ts are given in grams. Numbers 
in parentheses ind:Lcate numbers of survivors at each examination. 

1941.i- 1945 1946 1947 
Average Average Average Average Average Average Average Average 

Date of examination leng'th weight length v."eight length weight length weight 

S~ptember, 1944 73.5 3.2(1,003) 

Ivlarch, 1945 J/ 93.7 4.8(500) 

September, 1945 82,5 4.7(499) 

October, 19!.i,5 167.4 Q9 6(2~~) ...; •' .,l.,i 

March, 1946 188.5 53.1(251) 107.5 9.1(L~~) 

September, 1946 82.2 4.1(500) 

October, 1946 175.2 39.0(328) 

March, 1947 191.7 50.3(294) 107.6 8.6(488) 

September, 1947 71~- 3 2.9(500) 

October, 1947 165.7 29.5(259) 

March, 1948 192.3 57.7(175) 98.4 6.8(483) 
_:.,~ /. ,.,--

October, 1948 182.4 51. 7(405) 

March, 1949 200.5 58.1(390) 

October, 1949 246.9 J21.1(234) 

Y See footnote 2 on :9age 2. 
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1944 mark - dorsal and adipose fins clipped (Table 2) 

In this experiment, 13 months elapsed between marking and the first 

examination to classify extent of regeneration (in October, 1945), when 

254 of the 255 survivors were checked. Five hundred marli-..ed fish had been 

chosen at random in March of the same year because the pond was considered 

overcrowded. 

As the 1944 :mark involved two fins, there were 25 possible combina

tions of regeneration observable. Table 1 lists the results of the exami

nations on the dorsal-adipose mark, and it Will be seen that 17 combinations 

were observed. In the table, the nine most easily_recognized combinations 

are starred, and these 231 fish constitute 90.9 percent of the total ex

amined in October, 1945. It is felt that marked fish with no greater 

regeneration than is represented in these groups will be identifiable in 

the future by anglers, commercial fishermen, and fisheries investigators. 

This saw~ group was examined and graded again in March, 1946, and 251 

fish were present. Of this number 227, or 90.4 percent of the total sur

vivors,had 1/2 or less regeneration. Since there had been little change 

in the amount of regeneration observed on these two examinations, this 

control experiment was discontinued. 

1945 mark - right pectoral fin clipped (Table 3) 

Four hundred ninety-nine (499) right pectoral-clipped lake trout 

fingerlings were set aside in September, 1945 from the fall marking for 

observation. This group, and all su:bsequent regeneration groups were ex

amined at an earlier date in their growth history than were the 1944 fish. 

The data on the regeneration among the control fish for 1945 are given in 

Table 3, which shows the percentage of the surviving fish in each of the 

five arbitrary classes. 
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Table 2. 
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Sun:rrnary of observations on fin regenerati_on among 1944 dorsal-ad.i:pose cli::;,ii:;ed 
le.ke trout fi.ngerlings held at Marq_uette Hatchery. Ini tj_ated September, 1944 
·with 1,003 marked fish of avere.ge size 73.5 millimeters, 3.2 5-rams. 
(See also Table 6) 

Regener at ion 
of 

Dorsal 

None 

1/4 

1/2 

3/4 

Full 

Totals 

, 

Adipose 

None 
1 /h. 
1 1/2 

I 

3/4 
Full 

None 
7 14 --'-i 
1/2 
3/4 

Full 

I'ifone 
1/4 

I, 

1/2 
3/4 

Full 

None 
1/4 
7 /, 
-f2 
:i il• -'I,-

Full 

1Yone 
1/4 
l /2 I 
'J 14, 
.JI 

Full 

October 5, 1945 
Humber 
of fish 
with com
bination 

121 
21 

2 
---, 
) 

2 

38 
24 

4 
2 

5 
10 

6 

3 
3 
1 

4 

5 

Percentage 
of total 
present wj_tl1 
combination 

1~7 .6 
8.2 
o.8 
1.2 
o.8 

14.9 
9.4 
1.7 
0 ,0, 

0.0 

1 f'\ 
J...~ 

3,9 
2.4 
0.0 
0.0 

1.2 
1.2 
o.4 
0.0 
0.0 

1.7 
0.0 
0.0 
0.0 
1.9 

100.0 

& One fish escaped, not grad.eel or measured. 

March 13, 1946 
Number Percentage 
of fish of total 
1~"1-th co-rn.
b inat ion 

129 
16 

l 

3 

40 
18 

l 

1 

12 
'7 
l 

3 
2 

3 
3 

4 
l 

7 

251 

:present with 
combi11atio:::1 

51.4 
6.4 
o.4 
0.0 
1.2 

15.8 
7.2 
o.4 
0.0 
o.4 

4.8 
2.8 
1.2 
0.8 
0.0 

1.2 
1.2 
0.0 
0.0 
0.0 

1.6 
o.4 
0.0 
0.0 
2.8 

100.0 



Date of 
examination 

March 1946 

October 1946 

March 1947 
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Table 3. Summary of observations on 1945 {right pectoral clip} 
regeneration experiment. Initiated September, 1945, 
with 499 marked fish of average size 82.5 millimeters, 
4.7 grams. 

Average 
Number (and percent of total surviving) total Range in 

Number length total with indicated amount of regeneration 
surviving (millimeters) lengths 0 1/4 1/2 3 4 full 

492 107.5 84-130 474 12 3 2 1 
(96.4) (2.4) (o.6) (0.4) (0.2) 

328 175.2 105-218 257 47 11 6 7 
(78.4) (14.3) (3.4) (1.8) (2.1) 

294 191.7 145-234 233 4o 11 7 3 
(79.2} (13.6) (3.7) (2.3) (1.2) 
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In March, 1946, 96.4 :percent were classified as having no regeneration, 

and 0.6 percent as showing various amounts for 3/4 to full regeneration. 

By October, 1946, only 328 fish were present, and of this nmnber 315, or 

96.1 percent, were noted to have 1/2 or less regeneration. The proportion 

of survivors having no regeneration was reduced to 78.4 percent. At the 

March, 1947 inspection 294 survivors were present and the pattern of re

generation observed among these fish was very similar to that noted in 

October, 1946. The percentage of fish alive with 1/2 or less regeneration 

was 96.5 percent. This experiwent was then discontinued. 

1946 mark - left pectoral fin clipped (Table 4) 

The control experiment on this mark also utilized 500 fish drawn 

from the September, 1946 marking operations. On inspection in March, 1947 

there were 488 survivors classified as follows: No regeneration, 69.4 

perc;ent; 1/4 regeneration, 24.l percent; 1/2 regeneration, 3.8 percent; 

3/4 regeneration, 1.6 percent, and full regeneration, 1.1 percent. The 

easily recognizable classes (1/2 or less regeneration) contained 97.3 

percent of the survivors. 

By October, 1947, there were 259 survivors, of which 90.9 percent 

had 1/2 or less regeneration. In March of 1948, examination of the 175 

survivors to that date were found to have 89.8 percent with 1/2 or less 

regeneration, and the ex-peri~ent was concluded. 

1947 mark - right pelvic fin clipped (Table 5) 

From 500 fish with the above mark segregated in September, 1947, 

there were 483 survivors at the March, 1948 examination. The following 

percentages of regeneration were observed: No regeneration, 10.8 percent; 

1/4 regeneration, 43. 7 percent; 1/2 regeneration, 30.9 percent; 3/4 

regeneration, 13.2 percent, and full regeneration, 1.4 percent. 



Date of 
examination 

March 1911-7 

October 1911-7 

March 1948 
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Table 4. Summary of observations on the 1946 (left pectoral clip) 
regeneration experiment. Initiated September, 1911-6 with 
500 marked fish of average size 82.2 millimeters, 4.1 grams. 

Average 
Number (and percent of total surviving) total Range in 

Number length total with indicated amount of regeneration 
surviving (millimeters) lengths 0 1/4 1/2 3/4 full 

488 107.6 87-134 339 118 19 8 4 
(69.4) (24.1) (3.8) (1.6) (1.1) 

259 165.7 122-210 106 87 40 15 11 
(40.9) (33.8) (15.4) (5.7) (4.2) 

175 192.3 148-284 76 53 28 9 9 
(43.5) (30.3) (16.0) (5.1) (5.1) 



Date of 
examination 

March 1~ 

October 1948 

March 1949 

October 1949 
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Table 5. Summary of observations on 1947 (right pelvic clip) regeneration 
experiment. Initiated September, 1947, with 500 marked fish of 
average size 74.3 millimeters, 2.9 grams. 

Average 
Number (and percent of total surviving) total Range in 

Number length total with indicated amount of regeneration 
Surviving (millimeters) lengths 0 174 172 3/4 full 

483 98.4 83-117 52 211 149 64 7 
(10.8) (43.7) (30.9) (13.2) (1.4) 

4o5 182.4 138-232 35 117. lll 77 65 
(8.6) (28.9) (27 .4) (19.0) (16.1) 

390 200.5 135-254 42 94 98 75 81 
(10.8) (24.1) (25.1) (19.2) (20.8) 

234 246.9 175-305 11 78 61 45 39 
(4.7) (33.3) (26.1) (19.2) (16.7) 
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The percentage of the survivors among the readily recognizable classes 

(1/2 fin reformation or less) amounted to 85.4 percent. 

In October, 1948, inspection of 405 right pelvic-marked suxvivors 

sho~d that the percentage of fish with 1/2 or less regeneration had 

diminished to 64.9 percent. In March, 1949, 390 survivors were present 

and of this number, only 60.0 percent were in the three :most easily 

distinguished classes. Since these experimental fish had exhibited a 

noticeable decline in the percentage of easily recognizable fish they 

were held until the October, 1949 examinations. At that time there were 

234 specirr~ns surviving, of which 64.l percent in the groups showed 

1/2 regeneration or less. 

Discussion of Regeneration Experiments 

On the basis of the observations on fin regeneration among the 

various marks listed above it is obvious that some adjustments should 

be made in future calculations involving the numbers of recognizable 

marked fish available from any marking. Table 6 summarizes the end re

sults noted for the four different marks after it appeared that the 

amount of regeneration had ceased to increase. In the last column of 

the table will be found the upper and lower limits of the observed per

centages of survivors having 1/2 or less regeneration, according to 

Snedecor, (1948, Table 1.1, p.5)fwho lists the possible limits for 

observed percentages from samples of variou~ sizes. The theory behind 

the table is that the limits given will take in 99 percent of all sample 

ratios observed; or, stated in another way, there is only one chance in 

one hundred that an observed sample will lie outside the limits entered 

in the Table 4. 

JI Snedecor, George W. Statistical Methods (4th edition), Iowa State 
College Press, Ames, Iowa. 1948. 485 pp. 

__J 



Year and 
month of 
marking 

Sept. 1944 

Sept. 1945 

Sept. 1946 

Sept. 1947 
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Table 6. Summary ot pertinent statistics on percentage ot regeneration of 
1944, 1945, 1946, and 1947 marks used on lake trout tingerlings. 

Number ot Percentage of Range in percent 
survivors survivors showi~ showing 1/2 
at last 1/2 regeneration over 1/2 regeneration 

Mark used check or less regeneration (from Snedecor) 

Dorsal-adipose 251 90.4 9.6 84-94 

Right pectoral 294 96.5 3.5 91-98 

Lett pectoral 175 89.8 10.2 84-94 

Right pelvic 234 64.1 35.9 52-68 
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The data in Table 6 would indicate that between 84 and 94 percent 

of the 1944 dorsal-adipose-marked survivors are recognizable and between 

91 and 98 percent of the 1945 right pectoral-marked lake trout fingerlings 

surviving have 1/2 or less regeneration. The survivors bearing the 1946 

mark (left pectoral fin clipped) may be said to contain between 84 and 94 

percent with 1/2 or less regeneration. It would appear then that the fin

clip combinations used on the Lake Michigan plantings were applied with 

reasonable efficiency, as approximately 90 percent or more of the survivors 

were noted to be carrying marks that could be recognized with ease. 

Such was not the situation for the right pelvic mark applied to the 

1947 plantings of lake trout fingerlings in Lake Huron. In this experiment 

only 64.1 percent of the survivors were adjudged to be in those classes 

with 1/2 or less regeneration (confidence limits 56-72 percent from 

Snedecor (1948), in the manner previously described). Tb~re appear to be 

two reasons for the comparative inefficiency in the application of this F..ark 

which are as follows: (a) the time schedule for the 1947 marking and 

planting operation was such that too few tecr=~icians had to mark too many 

fish in too short a time; (b) the size, s}:,..ape, and visibility of the pelvic 

fins on lake trout fingerlings of the lengths handled made it difficult to 

determine whether or not a cleai.'1. operation was performed. 

Slater (1949) ¥'studying fin regeneration in king salmon fingerlings, 
: 

was able to demonstrate slight statistical correlation between quality of 

pelvic marks and length of fish. He felt that the correlation noted was not 

due to the greater regenerative capacity of small fish, but was result of 

difficult~- in seeing and removing small, trans:parent fins in e, clean manner. 

Y Slater, Daniel W. Re-forrr.a.tio,_1 of excised f::.ns of king salmon fingerlings 
and its effects on recognition of marked adults. Transactions Am. Fish. Soc., 
Vol. 47 (1947) pp. 132-140. 1949. 
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Armstrong (1949), JI working with marked lake trout fingerlings has 

reported that for the dorsal-adipose mark approxtmately 95 percent of 487 

survivors of 500 marked fish at the end of 10 months observation had 1/2 

or less regeneration, which is in general agreement with the results noted 

here. 

The observed results noted for the regeneration experiments have an 

important bearing on the interpretation of the data obtained from the ex

perirr~nts concerned with comparative mortality. For example, it was found 

that various percentages of marked fish in the regeneration experiments 

were missed entirely in the clipping operation, or their fins regenerated 

completely. Since both experimental groups were drawn at random from the 

stock of marked fish, it seems reasonable to assume that the percentage 

of completely regenerated fins should be the same among the marked fish 

of the mortali ty-gravrt.h control experiments as was found in the regeneration 

control group for the year and mark. 

To illustrate with an example from the data, consider the regeneration 

group and the mortality-growth experimental fish from 1944 at the March, 

1946 examination. There were 251 regeneration control fish alive, of which 

7 or 2.8 percent were fully regenerated or missed in the original operation. 

T'nis observation suggests that of the 660 mortality-growth experiment fish 

present, the 296 fish classed as :marked represent only 97.2 percent of the 

:marked fish alive and present, and that actually there were 305 marked fish 
296 

among the 660 counted ( 0. 972 ) • Thus the corrected data for this particu-

lar examination would be 355 unmarked fish, 305 marked fish • 

.5/ 
v Armstrong, George C. Mortality, rate of growth, and fin regeneration 

of marked and unmarked lake trout fingerlings at the Provincial Fish Hatchery, 
Port Arthur, Ontario. Trans. Am. Fish. Soc., Vol. 47 (1947) pp. 129-131. 1949. 
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wor +' " t '"' · · · ' · 1 · • .o · · , .,_ vfle ua es or exam:.na1:1ons wnere -CD.e percem:;ages 0.1. ·t;o-ca.i. regeneration 

could. be a.:p:plied to the comranion mortality-grmrch e;-qier:Lments, the mortality 

data has been corrected by the observed percentages o:f regeneration for 

those dates. However, the regeneration exper:Lments were not held as long 

as the morta.li ty experiments, and after the regeneration experiments were 

discarded, the last percentage of regeneration observed. was applied. to any 

further otserve,tions on mortality, inasmuch as it was the best rneasure 

available. Ead pond space been available it would have been desirable to 

have held all the regeneration experiments e,s long as the T11ortality-growth 

experiments, and to have checkec .. them simultaneously. 

In the section follm·r:t.ng., which discusses mortality, the observed. data 

will be corrected in the manner just described. 

Observations on corn:parati ve m.ortali ty between norm.al 

and fin-clipped lake trout fingerlings 

For each mark used an eq_ual nillll.ber of marked and normal fish of a:pproxi-

mately the same average size were set aside to be confined together to 

a_etermine any differences in survj_val between marked fj_sh and normal fish. 

This group also served to compare the average gro,rth between marked ana_ 

normal fj_sh. The two components differed only in that one-half were marked, 

one-half were unmarked. The ex.1,erimental groups for the varj_ous years were 

kept together for the duration of the experiments, and all factors causing 

mortalities should in theory, at least, have operated eQually on marked and 

normal fish. 

If marking had no effect on the mortality of marked fish, then markeo_ 

fish in the various experiments should survive in numbers approximately 

equal to their normal counterparts; or in other words, i:f marking is not a 



-16-

factor in mortality, the survivors of both groups should occur in the same 

1:1 ratio that was established at the initiation of the experiments. 

The problem consists of determining whether the data on the comparative 

mortality de11arts significantly from a 1:1 ratio. W11erever it does, rD.ark

ing can be said to be a cause of additional mortality. However, since it 

has been demonstrated. in the previous section that various percentages of 

the marked fish surviving completely regenerate their marks and are not 

recognizable as marked fish, the comparative mortality data logically 

should be adjusted to take this fact into account. The changes that occur 

when this correction for complete regeneration are made are sho-W:'l in 

Table 7, which lists the observed data and the corrected data for the ex

periments on the four different ·marks. ~foe corrected data may then be 

tested for significa..~ce by applying the chi-square test as outlined by 

Snedecor (1948, p.26). The unadjus·Ged values so obtained are not deemed 

to be significant unless they exceed 3.841 according to Snedecor (1948, 

:p.22). If significant values are fouii.d it suggests that marking has in

creased the mortality of the marked fish. 

Dorsal-adipose mark, 1944 

The chi-square values obtained from the various examinations have 

been used as criteria in evaluating the effect of the mark on the mor

tality of marked fish. In the 1944 experiment, between September, 1944 

and March, 1945, marking had no effect on mortality, as more markea_ fish 

were alive than normal fish. However, from March, 1945 to March, 1946, 

marking apparently was a significant factor in the mortality of marked fish, 

as chj_-square values of 4. 373 and 3. 794 were noted. From Marc:i.1, 1946 

through M.ay, 1949, apparently marking was not a factor in mortality, as 

chi-square values ranging bet-ween 1.220 and 2.167 were noted.. 



Table 7. 
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Numbers of normal (N) and marked (M) lake trout fingerlings surviving at various 
dates from the :mortality-growth control experiments i>f' 194-11,, 1945, 1946 and 1947, 
and the calculated distribution of the survivors wen corrected by known amounts 
of total fin regeneration. 

19411,-dorsal-adipose fl945-rigb.t pectoralil946-le:f't pectoral 1947-rigb.t pelvic 
mark I. :mark mark :mark 

Observe\,,Calculate Observed Calculated10bserved Calculated!Observed Calculated 
N M N M N M N M N M N M i N M N M 

Number i~ Sept. 
in year 000-2007 2000-2007 1000-1000 1000-1000 1000-1000 1000-1000 1000-1000 1000-1000 
Alive in , 
March 1945 ¢' ~398-lli-47 1398-lli-47 

October, 1945 407- 336 400- 3Jt.3 
(1.9) (4.37) 

March, 1946 36lt-- 296 355- 305 
(2.8) (3. 79) 

October, 1946 325- 273 317- 281 
(2.8) (2.17) 

March, 1947 317- 262 309- 270 
(2.8) (2.63) 

October, 1947 278- 228 271- 235 
(2.8) (2.56) 

March, 1948 254- 218 248- 224 
(2.8) (1.22) 

May, 1948 ••• . .. 
October, 1948 239- 200 233- 206 

(2.8) (1.66) 

March, 1949 235- 198 229- 204 
(2.8) (1.44) 

May, 19491228- 189 223.: 194 
(2.8) (2.02) 

October, 1949 ••• ... 

949- 978 941- 986 
(0.2) (1.05) 

900- 86o 882- 878 
(2.l) (0.01) 

875- 837 865- 84-7 
(1.2) (0.19) 

615- 599 6oS--6C;6 
(i.2) (0.00) 

492 -472 486- 478 
(l.2) (0.07) 

429- 378 424- 383 
(1.1!) (2.08) 

V Fin regeneration not checked in March, 1945. 

935- 945 924- 956 
(1.1) (0.55) 

475- 396 458- 413 
(4.2) (2.33) 

349- 289 333- 305 953- 965 939- 979 
(5.1) (3.92) (1.4) 

. .. . . . . .. . .. 
267- 196 257- 206 877- 794 725- 946 

(5.1) (5.62) (16.1) 

240- 171 231- 180 837- 810 
'""'' (5.1) (6.32) (20.8) 

. . . . .. ... • •• 

212- 150 204- 158 621- 564 508- 677 
(5.1) (5.88) (16.7) 

~· Under "observed, Mn in parentheses is given known percentage of complete fin regeneration, 
see Tables 2, 3, 4, 5, last columns. 

2/ In parentheses under 0 ca.lculated" are given chi-square values for corrected distribution. 
*/ 
v Here an obvious and unexplainable discrepancy occurs. Observed data used for want of a 

better figure. There is a suggestion that not all experimental fish were gotten from. the pond 
in October, 1948, or there were some unexplainable additions af'ter that date. 
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R . ht + 1 1 19h, ~, 1ig pecvora marK, _ 

Reference to Table 7 will show that the chi-square values obtained 

for the corrected ooservations on comparative 'ff.1.ortality were consiste:itly 

so small aa to be insignifj_cant through the entire course of the ex:._oeriment. 

Chi-sqt:are values ranged between 0.003 s,na. 2.083. The right pectoral mark 

appears no<:; to have affected_ the mortality of tr.ce fish so rn.arkea .• 

Left pectoral mark, 1946 

Tr2.e rernova.l of this fin ha.a_ er1tire1:y~ d.ifferent 1?es-o~lts tb.a.n tl1e 

clippin.g of trie compa:r._ioi-1 fin OD. the otl1er sia_e. 

the first ;year suggest that during this :period t:t,e mark had no effect on 

the mortality of the marked fish {values of 0.55 and 2.33 for the corrected 

Ob ee,~-·i:i·l--' ons) ,Cl -. IJ --~vJ...• • 

After October,19t~7, however chi-square calculations in-iicate that 

significantly greater numbers of marked fish died than norme,l fish (chi 

square ranges 3.92-6.33). 

Why the removal of the left pectoral fi'J. shoulc. l1ave a, more deleterious 

effect 0~1 the survival of mar};:ed. fish than tl'-e right :;;;ectoral fi:2 UL-

ex.9la:::.ne,ble at :present. 

Right~lvic mark, 1947 

Chi-square values were not calculatea_ on the correc"ceil observaticms 

for this ex:perir1terit inasTa.uch E.s ·wb.en the IJercentages of con1plet.e re[;ene:r-·s .. -

tion ·were applied to the 1947 experiment OE corrr_para-::.ive nortali t: J calcu-

lated 11L1rn.bers of marl~ed fisl1 pr•esent exceeCLea_ the ca,lculB,tea~ nvl!10ers of 

pelvic fin was not a factor the mortality of E"iarked fish in tl1.is 

Some rathe:r gluing and unexplainable discrepancies occur ir1 the 

data for this year's ex;;erime:c.t in the October., 1948 and/or the March, 1949 

L__ 
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observations. However, observed and calculated data in a,11 other examine,t:1-ons 

followect t~1e trends of the other experiments. 

Of the four marks testea_, it 111.ay be tentatively concluc1ed that the 

dors1:d and adipose mark., the right pectoral mark, ana_ the right pelvic mark 

have not had any effect on the rn.ortali ty of the lake trout finger lings 

which these m.arks have been applied. The left pectoral mark, although not 

affecting mortality of fish on which this fin was removed. during t:1e first 

year after ma,rking, ap:pare 0'.ltly was the ca.use of significant m.ortalities 

after that time. 'I'he increase in instantaneous mortality caused by this 

mark may be measu.red in a manner suggested by Ricker (1949) ana_ using the 

tables in Ricker (1948, pp. 98-101), assur~ing the corrected results of the 

last observation in October, 1949 to 1:e the best meas1,,1.re of mortality. 'J:he 

corrected data indicate that 20.4 percent of the normal fish survived as 

compared with 15. 8 :percent of the u1arkea_ fish. Corresponding instantaneous 

mortality rates, as determined from Ricker' s table, are 1. 589 and 1. 845. 

The difference., 0.256, d:Lvided by the value observed for the normal fish, 

(1,589) suggests that marking increased the instantaneous mortality 16.1 

percent, or about 1/6. 

In an attempt to throw further light on the problem, the data f'or the 

four e1c£eriments were tested by another method outlined for chi-square 

tests by Snedecor (1948, :p.206). This test should indicate whether the 

probability of death is independent of the year of marking. The a_ata were 

treated as follows: the corrected observed results for each year's mark 

were grou:ped and tabulated at the end of 5., 13, 18 and 25 months, and 

chi-square calculated for each tabulation. 

The results of these tabulations were inconclusive sin~e at 5 and 

18 months, chi-square values obts,inea_ were so small as to be insignificant, 
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whereas the chi-square values noted for the 13- and 25-month tabulations 

were so large as to indicate some dependence on the probability of survival 

and the mark used. 

Observations on comparative growth of normal and marked fish 

1944 - dorsal end adipose fins clipped 

For the 1944 dorsal-adipose-mark control experiment on gTowth (Table 8), 

which was held under observation for 4 years and 8 months, the U.11.lliarked 

controls grew in average total length from 74.6 to 451.4 millimeters; 

:marked fish g,Tew in average total length from 73.5 to 455.4 millimeters. 

The greatest difference noted in average size at any examination was in 

March, 1948, when the normal fish were of an average length of 370.0 milli

meters and the marked fish were of an average total length of 361.6, or 

8.4 millimeters less. At all other examinations the differences in average 

total lengths ranged between 0.1 and 3.8 millimeters in favor of normal fish. 

1945 - right pectoral fin clipped 

The right pectoral-mark control experiment of 19J+5 concerning com

parative growth was observed for a period of 2 years and 8 months. In 

this time, normal fish grew from an average total length of 81. 9 to 294. 6 

millimeters, while the :marked lake trout fingerlings increased in average 

size from 81.5 to 298.1 millin~ters. The differences in average total 

length oetween norm.al and marked fish at any examination were very minutely 

in favor of the :.1ormal fish, ranging from O .1 to O. 4 millimeters, except 

at the May, 1948 check when marked fish were 3.5 millimeters larger in 

average size. 

1946 - left pectoral fin clipped 

The growth control experim.ent on the 1946 (left pectoral) mark was 

held for 3 years and 1 month. The unmarked fish grew from 80.6 to 343.9 
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Summary of average total length and number of survivors observed at the 
various examinations of the normal and marked lake trout fingerlings 
confined under identical conditions in 1944, 1945, 1946 a.nd 1947. Total 
lengths are given in millimeters, number of survivors appear in parentheses. 

1944 1945 
Dorsal- Right Le:f't 

Date of examination Normal adipose Normal pectoral Normal pectoral Normal 
Right 
pelvic 

September, 1944 

March, 

September, 1945 

October, 1945 

March, 1946 

September, 1946 

October, 1946 

March, 

September, 1947 

October, 1947 

March, 

May, 1948 

October, 1948 

March, 1949 

May, 1949 

October, 1949 

74.6 73.5 
(2000) (2007) 

93.4 93.6 
(1005) (1®5) 

164.9 
(407) 

185.4 
(364) 

162.4 
(336) 

184.3 
(296) 

261.0 256.2 
(325) (273) 

274.9 272.1 
(317) (262) 

... 
81.9 81.5 

(1000) (1000) 

. . . . .. 
1o6.4 105.6 
(949) (978) 

169.4 
(900) 

169.2 
(860) 

185.3 185.2 
(875) 1. (837) 

, 340.3 
' (278) 

337 .8 : 245.4 
(228) . (615) 

245.3 
(599) 

370.0 
(254) 

422.0 
(239) 

438.9 
(235) 
451.4 
(228) 

. . . 

361. 6 ! 277. 9 277. 8 
(218) (492) (472) 

421.9 
(200) 

437.8 
(198) 
455.4 
(189) 

294,.6 
(429) 

298.1 
(378) 
... 

. . . 

... 

. \ ~ . 

80.6 81.9 
(1000) (1000) 

103.5 
(935) 

162.5 
· (475) 

192.2 
(349) 

104.3 
(945) 

161.2 
(396) 

191.8 
(289) 

! 258.8 256.6 
: (267) (196) 

! 284.6 286.1 
i (240) (171) 
; 
i ! ••• 

( 343.9 
l (2J2) 

... 
335.3 
(150) 

. .. 

... 

73.1 
(1000) 

97.5 
(953) 

173.8 
(877) 

194.3 
(837) 

235.7 
• (621) 

..... 

. .. 

73.8 
(1000) 

97.8 
(965) 

... 
174.8 
(794) 

194.8 
(810) 

236.6 
(564) 

J It was apparent at this date that this group was too large. The actual number of survivors 
was 1,398 normal, 1,447 marked. The experiment was reduced to 1,005 each and measurements taken 
on the latter number. 

Note: If chi-square• can be used to test significance of.differences in average growth then there 
is no signific;p.nt difference between any group of marked fish and normal fish. See values for 
chi square: x., 0.03 ~= O.o4 x2. 0.19 ~ 0.0001 
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millimeters in average total length while the marked counterparts were 

increasing in average size from 81.9 to only 335.3 millimeters. The dif-

ferences in average size between norm.al and marked fish at any examinations 

of this group rangecL between 0.3 and 8.6 millimeters. 

1947 - right pelvic fin clipped 

Measurements on the 1947 grovrth control experiment (right pelvic 

fin removed) at four intervals over 2 years and 1 month indicate that 

normal fish increased from 73.1 to 235.7 millimeters in average size, 

while the marked fish grew from. 73.8 to 236.6 millimeters in average size. 

At all times the marked fish in this e::..'})eriment were from O. 3 to 1. 0 

:millimeters larger in average size. 

The data on com:parati ve growth of marked. and unmarked fish have not 

been treated statistically because of the voluminous am.aunt of tabulation 

that would be involved and because the differences were so slight. In-

spection J'> J' 1 .. , OJ.. c.ne 111a.:ceria,.1.. in Ta-ble 8 greatest dj_fference 

in average length between any group of' fin-clipped and normal fish was 

8.6 millimeters in favor of normal fish on one occasion. Nu:m.erous other 

instances will ·be noted where the average lengths of both marked. and u.11-

marked fish dif'ferea.. by 1. 5 millimeters or less (dotfbtless within the range 

of error in m.easu.rement). In three of the four marks tested (1944, 1945, 

fish 1-rere or slightly- greate1"t a.verage length tl1an tl1e 

w.11r1arked. f-tsl1 a·t~ the la.st e:.x.an1ina--c:_011. i\.ll these observaJtions co11J.b5-rJ.ed 

s11.ggest that tl1e average size of Ooth m.ar.1:ceo. and u.rrme.rlred fis:1 b.as not Geen 

significantly diffe:cent., and. provid.es evidence that the re11:0val of the ve.ri-

ou_s fins or fir;. com'oina .. tions l1as not s,ffecteCi. the gi~oi:~rth of 1n.ark.ed. fi.sb. in. 

the various periods of o-bservation. 

The growth data for the un:markeo_ fish listed_ in Ta,ble ,3 are :portrayed 

in graph:Lcal form in Figure 1. Since the marked fish differed onl:y slightly 



c/'l 
0:: 
w 
t-
w 
~ 
_J 
_J -
~ 

z 
I 
t-
~ 
z 
w 
_J 

_J 
<{ 
t-
0 
t-
w 
~ 
<{ 
0:: 
w 
~ 

450 

400 

350 

300 

250 

200 

150 

100 

FIG. I GROWTH OF THE UNMARKED LAKE TROUT 
FINGERLINGS IN THE MORTALITY-GROWTH 
CONTROL EXPERIMENTS, MARQUETTE 
HATCHERY, MARQUETTE,MICHIGAN. 

· 1945 

· 1944 

1946 

· 1947 

5 oL-9L__~-1.3 ___ 9~1Lo-,--'-3--~9~1~0.-~3--~9~1~0.-----'-3-5.L___~10~-L3_5J.__~10~-__J 

1944 1945 1946 1947 1948 !949 
YEAR AND MONTH OF EXAMINATION 



-24-
trom the 'UDJIISrked lake trout on.ly the growth cu:rve for the 'tlD.'IIILrked fish 

is given. It is of interest to note that the curves for the four different 

,ears are very similar in slope despite the varying numbers present at any 

one time or s'1l'Viving to the last exa.minaticms. 

Armstrong (1911-9) ccm;pared the growth of the survivors from. 500 dorsal

adipose-clipped lake trout fingerlings and 500 nor:mal lake trout fingerlings 

held between A'UgUt, 1947 and June, 1948 at the Provincial Fish Hatchery 

at Port Arthur, Ontario. He also found no difference bet.en the growth 

of clipped and unclipped trout. 

The data on average weight increases of normal and :marked lake trout 

hel.4 for various periods of time are summarized in Table 9. Inspection of 

this table suggests that there is little if any dif:f'erence in the average 

veigats of :marked and normal fish hel.4 under identical con41tions for the 

same length ·of time. In all years except 1911-6., marked fish grew at slightly 

faster rates than did. nor-.l fish, as Judged by the average wights of the 

survivors at the conclusion of the eJC;periments. It is tentatively concluded 

that marking bas no effect · on growth in weight. 

The effect of predation by fish on comparative mortality of 

normal and marked lake trout fingerlings 

This study, suggested by Dr. W. E. Rick.er., was initiated in October, 

1948 and the field work carried to completion in October., 1949. One large

scale experiment involving 4.,ooo normal lake trout fingerlings and. 4.,000 

:marked lake trout fingerlings (1.,000 each. with the four marks previously used) 

held in the presence of adult brook, brow., rainbow and lake trout was set up. 

Two smaller eJC,Periments., involving the holding of 500 normal and 500 marked 

fish in the presence of adult brook and lake trout, one lot in an open pond., 

tbe other in a pond with underwater cover., also were conducted. ~ usual 

sorting data and. length and weight measurements were obtained at intervals 

during 1911-9, as well as one week after the initiation of the small-scale 

eJC,Peri.ments. 



-25 .. ,. 

Table 9. Summary of comparison of growth in weight of normal a.nd marked lake trout 
finger lings for the four mortality-growth control experiments. Average 
weight in grams for the indicated numbers of survivors is given. Survivors 
are indicated in parentheses. 

19411,-dorsal-adipose 1945-right pectoral 1946-left pectoral 1947-right pelvic 
mark mark mark mark 

Date of examination normal marked normal marked normal marked normal marked 
September, 19411, I 3.4 3.1 

(2000) (2007) 

March, 1945V 5.0 5.1 
(1005) (1005) 

September, 1945 4.8 4.6 
(1000) (1000) 

October, 1945 38.0 35.8 ... 
(4o7) (336) 

· March, 1946 48.5 52.2 not taken 
(364) (296) 

September, 1946 . . . ... 4.o 4.o 
(1000) (1000) 

October, 1946 139.3 136.1 38.1 37.6 ... . .. 
. (325) (273) (900) (860) 

March, 1947 · 154.2 149.7 43.7 43.9 7.3 7.3 
(317) (262) (875) (837) (935) (945) 

September, 1947 . . . . .. ... 2.9 2.9 
(1000) (1000) 

October, 1947 326.6 322.1 121.6 l21.l 33.7 32.3 
(278) (228) (615) (599) (475) (396) 

March, 1948 425.5 402.8 : 171.0 172.8 54.4 54.4 6.7 6.4 
(254) (218) (492) (472) (349) (289) (953) (965) 

May, 1948 . . . . 217. 7 
. (429) 

220.9 . . . ... 
(378) 

, 

October, 1948 626.0 639.6 141.5 142.4 43.5 42.6 
(239) (200) (267) (196) -.~. (877) (794) 

March, 1949 721.2 725.8 1191.0 192.3 54.o 55.3 
(235) (198) (24o) (171) (837) (810) 

May, 1949 816.5 830.1 . . . . . . ... 
(228) (189) 

October, 1949 ... 329.3 319.3 100.2 101.6 
(212) (150) (621) (564) 

b See footnote 1 on Table 8. 

L_ 
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Statistical analysis of the results of the tabulations have not yet 

been corr.wleted. However, it can be stated that the presence of un.d.erwater 

cover in the form of crossed tree limbs and boulders increased the survival 

of both normal and marked fish in the presence of predators very noticeably. 

The analysis of these experiments -will be re1)orted on as soon as they are 

conr_pletea_. 

All e:l\..'}_)erimental fish remaining at the Marquette Hatchery were planted 

in Gold.en Lake, Iron County :Ln November, 1949. 

INSTITlfl'E FOR FISBERIES R~SR.~RCE 
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