’ Original: Fish Division ¢
ce: U.S., Fish & Wildlife Srw
: ’ Education -~ Game
£ ol ' o o Tnstitute for Fisheries

A\ e E Research

PN ey SR . D. 5. Shetter

' ’ R. S. Marks

J. T, ¥Wilkinson
Report Ho. 124L J. A, Scully

Februvary 10, 1950

COMPLETION OF CONTROL EXPERIMENTS ON LAKE TROUT FIN-CLIPPING OPERATIONS

WITH A SUMMARY OF THE RESULTS TO DATE
By David S. Shetter

ABSTRACT

From four different lots of marked fish held for st least 18 months
for observations on fin regeneration, it was determined that the following
percentages of the marked fish would likely be recognizsble (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 - 95.5 percent;
194E mark - left pectoral fin clipped - 89.8 percent;
1947 mark - right pelwvic fin clipped - 64,1 percent.

Observations on fin regeneration also suggested that the numbers of

marked fish surviving in mortality-growth experiments under observation

at the same time should be adjusted upward, as it can be demonstrated

that from 0.2 percent to 20.8 percent of the survivors of the regeneration
experiments 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-
cluded to be of insignificant proportions for the 1G4l, 1045 and 1947 marks.
However, on the basis of chi-square tests Tor departure of normal:marked
fish from a 1l:1 ratio removal of the left pectoral fin appears to have
resulted in & 16.1 percent increase in instantaneous mortality among the

19L& 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 comparative mor-
tality between normal and merked fish were completed during 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 vhere underwater cover is available.
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COMPLETION OF COWTIROL EXPERIMENTS ON LAKE TROUT FIN-CLIPPING OPERATIONS
WITH A SUMMARY OF THE RESULTS TO DATE

v David S. Shetter
INTRODUCTION

Vhen the large-scale marking experiments invelving 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 gnd the comparsetive mortality and growth belween
normal lake trout fingerlings and fingerlings bearing the various marks
used. A random sample of the fish warked in 1944, 1945, and 1946 for
v Lake Mighigan, and in 1947 for Lake Huron was saved for observations on
fin regeneration, mortality and growth. The experimental fish were marked
at the U. S. Fish and Wildlife Station at Charlevoix, Michigan in September
of each year and then transferred by tank truck to the State Fish Hatchery
of the Michigan Department of Conservation at Marguette, Michigan. Since
it appears that these experiments heve served their purpose, they were
terminated in October, 194Q. This report will swmarize the results of the
experiments.

General Experimental Plan

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

tvaken from each trough of marked fish by scapping up thne requisite numper
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to meke up 1,000 merked fish ” for the mortality-growth experiments (i.e. -

f there were 20 troughs of fish 50 were drawvn from each trough). Samples

e

were taken from the head, middle and lower ends of the troughs in an attempt
to obtain a random sample for determination of average length., A similar
procedure was vsed to draw the unmarked stock for the sxperiment.

p

For observations on regeneration of fins, 500 marked fish each vesar
vere dravn from the stock of clipped fish, following the procedure outlined
above.

After 194L, total lengths of all experimental fish vere measured indi-
vidually in millimeters, and weights obtzined by groups in pounds. In 19hkL,
20 percent of the regeneration group and 25 percent of the mortality-growth
experiment were measured when these experiments were set up.

After marking in Septewber, each lot of fish was transferred to Msrquette
where they were held in covered troughs in a heated bullding =nd were
placed in outside ponds in late March or April, the wmortality-growth sxperi-

ment and the regererstion experirent being segregatecd in separate ponds.
Exeminations of the experimentsl fish were conducted semi-annually
each year in March and Cciober through 1949, and counts and weasurements
on certein groups also were obtained in May of 194€ and 1940, At each
exanination, all experimental fish were sorted, counted, measured individ-
vally and weighed in groups. Daily mortality records for the various ex-
perimental groups were kept by the staff of the Merquette Hatchery. At
he marking and a2t all subsequent examinations when the experiwmental fish

were measured, they were anesthetized with ether, using a l/k ounce of ether

per gquart of wvater.

Bxcept in 19hh, when 2,007 marked and 2,000 unmarked fish were used.
In March, 1045 it was obvious this number was too large for the pornd facilities
at Marquette and the experiment was reduced to 1,005 in each group.

g Except in 194k, when 1,003 were used, and later reduced to 500 in March,
1945, The original anumber was too great for the available pond space considering
the experiments to be held in the future.
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Results of observations on fin regeneration

It might have been desirable %o hold all experiments 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 inland lzskes of
Michigan, The regeneration experiments on the various marks were observed
over the follo&ing pericds:

194k - dorsal-adipose clip - September, 194k - March, 1946

16k45 right pectoral clip - Septemwber, 1945 - March, 1947

1046 -~ left pectoral clip

September, 1946 - March, 1948

right pelvic clip - September, 1947 - Ociober, 1949,

‘_l
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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 regeneraticn. These fish were examined individually
at the time of measurement and graded visually as having no regenerstion,

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

(the latter probably complete misses or faulty removal in the clipping
operation). Grading was done with frequent reference to unmarked fish

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

of the fin was regenerated. Almost all of the regenerstion grading was done
by the author. The regeneration controls were held for at least 18 months,

by which time the process of regeneratiocn sppears to have resched a level

of negligible increase. When the percentage of recognizable specimens remained
more or less ccnstant in two consecutive examinations that group of regeneration
control fish were planted out in order ® utilize pond space for on-coning
experiments. The general growth history of the various pegeneration experi-

ments is given in Table 1,



,né we 1g1u of regeneration e*p riments. Averagze
in graws. Numbers

e 1. Summary of growth in lengty
lengths ere given in millim
in parentheses indicate nw

10hk 1945 | 1045 10k

Average  Aversge  Average Aversze  Average  Averasge « Av £ e
Date of examination length welght length welght length welght length welight
September, 1oLk 73.5  3.2(1,0032)
derch, 1945 17 93.7  L.8(500)
September, 1O45 e ves &25 L, 7(ko3)
October, 1945 167.4 0 29.5(255) o ven
March, 1945 188.5 s53.1(251) 107.5  9.1(k92)

March, 1947 191.7 50.3(204%) 107.5 8.5(488)
Septeuwber, 1947 .. . 75,2 2,9(500)
October, 1947 185.7 29.5(259 cen R

(
.7(175) 98k 5.8(h4E83)
oko | 18,4 51.7(405)
200.5 58.1(390)

245.9 121.1(23%4)




19kl 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, 19h5), vhen
25h of the 255 survivors were checked. Five hundred marked fish had been
chosen at random in March of the same year because the pond was considered
overcrowded.

As the 194h 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. Tt is felt that marked fish with no greater
regeneration than is represented in these grouvps will be identifiable in
the future by anglers, commercial fishermen, and fisheries investigators.

This same group was examined and graded again in March, 1645, 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 subsequent regeneration groups were ex-
amined at an earlier date in their growth history than were the 194L fish.
The data on the regeneraztion among the control fish for 1945 are given in
Table 3, which shows the percentage of the surviving fish in each of the

five arbitrery classes,



ST

Table 2.

Summary of observetions on fin regenersat
Tingerlings held at Marquette
7
i

lzke trout T Hatchery. Initiated September,
with 1,003 marked fish of average size 72.5 millimeters, 3.2 grams.
(See zlso Table &)
October 5, 1945 Merch 13, 1946
Regeneration Humber Percentage Number Percentege
of of fish of total of fish of total
with com- rresent with with com~ cresent with
Dorsal Adipcse bination combination bination combination
Tone Hone 121 47.6 129 51.4
/b 21 8.2 16 5.k
1/2 2 0.8 1 0.4
3/k 3 1.2 ... 0.0
Full 2 0.8 3 1.2
1/4 Tone 38 1.9 Lo 15.
1/k 2l 9.k 18 .
1/2 L 1.7 1 .
3/h 2 0.8 - .
Full - 0.0 1

O O+ N+ GO O

[@JxesR \vINesRus) O FMo W

1/2 None 5 1.9 12
1/4 10 3.9 7 .
1/2 6 2.4 3 .
3/k e 0.0 2 )
Full ... 0.0 e .
3/L None 3 1.2 3 1.2
1/4 3 1.2 3 1.2
1/2 1 0.k4 e 0.0
3/ . 0.0 cen 0.0
Full - 0.0 ... 0.0
Full Tione b 1.7 L 1.6
1/b e 0.0 1 0.4
1/2 . 0.0 - 0.0
3/k - 0.0 ... 0.0
Full 5 1.9 7 2.8
Totels e o5 & 100.0 251 100.0

-
A 2
¥ One fish escaped, not graded or ueasured.



Table 3. Summary of observations on 19%5 (right pectoral clip)
regeneration experiment. Initiated September, 1945,
with 499 marked fish of average size 82.5 millimeters,
4,7 grams.
Average
total Range in Number (and percent of total surviving)
Date of Number length total with indicated amount of regeneration
exsmination swviving (millimeters) lengths 0 1/k 1/2 3/4 full
March 1646 492 107.5 84-130 b7k 12 3 2 1
(96.4) (2.4) (0.6) (0.%) (0.2)
October 1946 328 175.2 105-218 257 L7 11 6 T
(78.4) (14.3) (3.4) (1.8) (2.1)
March 1947 204 191.7 145-234 233 40 11 T

3
(19.2) (13.6) (3.7) (2.3) (1.2)
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In March, 1945, 96.L4 vercent were classified as having no regenersbion,
and 0.5 percent ss showing various smounts for 3/# to full regenersiion.
By October, 194&, only 3285 fish were present, and of this number 315, or
95.1 Derceﬁt, were noted to have lf2 or less regeneratlon. The zroportion
of survivors having no regeneration was reduced to 78.Y4 percent. At the
March, 1647 inspection 294 survivors were present and the pattern of re-
generation observed among these fish was very similar to that noted in
October, 10L5. The percentage of fish alive with 1’2 or less regeneration

was 95.5 percent. This e xperiment was then discontinued.

1945 mark - left pectoral fin clipped (Table L)

The control experiment on this mark also utilized 500 fish drawn
from the September, 1946 marking cperations. On inspection in March, 1947
there were 488 survivors classified as follows: No regeneration, £9.4
percent; 1/k regeneration, 24.1 percent; 1/2 regenerastion, 3.8 percent;

\

3/4 regenerstion, 1.6 percent, and full regenerstion, 1.1 percent. The
easily recognizsble classes (1/2 or less regeneration) contained 97.3
percent of the survivors.

By'Octobef, 1947, there were 259 survivors, of which 90.9 percent
had 1/2 or less regeneration. In March of 1948, exanination of the 175
survivors to that date were found to have 89.8 percent with 1/2 or less
regeneration, and the experiment was concluded.

1947 mark - right pelvic fin clipped (Table 5)

From 500 fish with the sbove mark segregated in Septewber, 1947,
there were 483 survivors at the lMarch, 1948 examination. The following
percentages of regeneration were observed: No regeneration, 10.8 percent;
1/4 regenerstion, 43.7 percent; 1/2 regeneration, 30.9 percent; 3/h

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



Taeble k. Summary of observations on the 1946 (left pectoral clip)
regeneration experiment. Initiated September, 1946 with
500 marked fish of average size 82.2 millimeters, 4.1 grams.
Average
total Range in Number (and percent of total surviving)
Date of Number length total with indicated amount of regeneration
examination surviving (millimeters) lengths 0 1/k 1/2 3/h full
March 1947 488  107.6 87-13+ 339 118 19 8 b
| (69.4) (24.1) (3.8) (1.6) (1.1)
October 1947 259 165.7 122-210 106 87 ko 15 11
: (40.9) (33.8) (15.4) (5.7) (.2)
March 1948 175 192.3 148-284 76

53 28 9 9
(¥3.5) (30.3) (16.0) (5.1) (5.1)




-10-

Teble 5. Summary of observations on 1947 (right pelvic clip) regeneration
experiment. Initiated September, 19%7, with 500 marked fish of
average size Th.3 millimeters, 2.9 grams.

Average

. total Range in Number (and percent of total surviving)
Date of Number length total with indicaeted amount of regeneration
examination  surviving  (millimeters)  lengths ) 1/4 1/2 3/4 full
March 1948 483 98.4 83-117 52 211 149 64 T
(10.8) (¥3.7) (30.9) (13.2) (1.%)
October 1948 405 182.4 138-232 35 117 111 7 65
7 (8.6) (28.9) (27.%) (19.0) (16.1)
March 1949 390 200.5 135-25k 42 ok 98 75 81
(10.8) (2k.1) (25.1) (19.2) (20.8)

October 1949 234 246.9 175-305 11 78 61 45 39
(.7)  (33.3) (26.1) (19.2) (16.7)
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The percentage of the survivers among the readily recognizable classes
(1/2 fin reformation or less) esmounted to 85.4 percent.

In Octover, 1948, inspection of 405 right pelvic-marked survivors
showéd that the percentage of fish with l/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

3]

distinguished classes. Since these experimental fish had exhibited a
noticeable decline in the percéntage of easily recognizable fish they
were held until the October, 1949 examinstions. At that time there were
234 specimens surviving, of which 64.1 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
e made in future calculations involving the numbers of recognizable
marked fish availeble from any marking. Table & surmmarizes the end re-
sults noted for the four different warks after it appezred 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)§3’;fho lists the possible limits for
observed percentages from samples of various sizes. The theory behind
the table is that the limits given will take in 99 percent of 21l 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 L,

7 Snedecor, George W. Statistical Methods (kth edition), Iowa State
College Press, Ames, Jowa, 1948. 485 pp.
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Table 6. Sumsry of pertinent statistics on percentage of regeneration of
194k, 1945, 1946, and 1947 marks used on lake trout fingerlings.

Number of Percentage of Range in percent
Year and survivors survivors showing showing 1/2
month of at last 1/2 regeneration over 1/2 regeneration
marking Merk used check or less regeneration (from Snedecor)
Sept. 1944 Dorsal-adipose 251 90.4 9.6 8k -0k
Sept. 1945 Right pectoral 29k 96.5 3.5 91-98
Sept. 1946 Ieft pectoral 175 89.8 10.2 8h-9k

Sept. 1947 Right pelvic 234 - 64.1 35.9 52-68
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The data in Table 6 would indicate that between 84 end 9Lt percent
of the 194k dorsal-adipose-marked survivors are recognizable and between
91 and 98 percent of the 1945 rig ght 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 o4
percent with 1/2 or less regeneration. It would gppear 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 esse.

Such was not the situation for the right pelvic merk applied to the
1947 plentings 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). There appear to de
two reasons for the comparative inefficiency in the application of this mark
which are as follows: (a) the time schedule for the 1947 marking end
planting operation wes such that too few technicians had ©o mark too many
fish in too short a time; (b) the size, shape, and visibility of the pelvic

1

fins on lake trout Tingerlings of the lengths handled made it difficult %o

studving fin regeneration in kKing salmon fingerlings,
wes able To demoustrate slight statistical correlation between quality of

pelvic marks and length of fish, He Tfelt that the correlation noted was not

due to the grester regenerative cgpacity of swmall fish, bub was result of

i

i
0

difficulty in seeing and removing small, traasvarent fins in 2 clear manaer.

3/ Slater, Daniel W. Re-formation of excised fians of king salmen fingerlings
and its effects on recognition of merked edults., Transactions Am. Fish. Soc.,
Vol. 47 (3947) pp. 132-1k0. 1S40,
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Armstrong (19#9),,;/working with marked lake trout fingerlings has
reéorte& that for the dorsal-adipose mark spproximstely 95 percent of 487
survivors of 500 marked fish at the end of 10 months observation had 1/2
or less regenerstion, which is in general agreement with the resulits noted
here,

The observed results noted for the regeneration experiments have an
important besring on the interpretation of the dsta obtained from the ex-
veriments concerned with comparative mortality. For example, it was found
‘that various rercentages of marked fish in the regeneration experiments
were missed entirely in the clipping operation, or thelr 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 mortality-growth control experiments as was found in the regeneration
control group for the year znd mark.

To illustrate with an example from the dats, 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.
This observation suggests that of the 6560 mortality-growih 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 205 merked fish

295
among the 660 counted ( 0.972 ). Thus the corrected data for this particu-

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

rgte of growth, and fin regeneration

5/
4 Armstrong, George C. Mortality,

ingerlings at the Provincial Fish Hatchery,
sh.

of marked and unmarked lake trout T
Port Arthur, Ontario. Trans. Am. Fi

Soc., Vol. 47 (1947) pp. 129-131. 1949,



For the dates of examinations where the percentages of

could e applied to the companion mortelity-growth experd
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been corrected by the ©
those dates. However, the regeneration experiments were not held as long
a5 the mortality experiments, and afiter the regeneration experiments were

-

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

<y

s

further obsarvations on woriality, inasmuch s it was the best measure

aveilable, Had pond space been avalleble 1t would have been desirable Lo
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nave held all the regeneration experiments es long as the nortal!
experiments, and to heve checked them simulteneously.
In the section Tollowing, which discusses mortality, the observed dats

3

will be corrected in The manner Just described.

Observations on comparative mortality between norme

and fin-clipped lake trout fingerlings

For each mark used an equal number of marked and normal fish of approxi-

mately the sawme average size were set aside to be confined togétﬁer to
deternine any differences in survival between marked fish and normal fish.
This group also served to compare the average growth between marked and
normal fish. The two components differed only in that one-half were marked,
one-half were uamarked. The experimental groups for the various years were
kept together for the duration of the experiments, and 21l factors causing
mortalities should in theory, at least, have opersted equally on marked and
normal fish.

If marking had no effect on the mortality of marked fish, then marked
fish in the various experiments should survive in numbers approximately

equal to tihelr ncrmel counterparts; or in other words, if marking is not a
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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 dats on fhe comparative
mortality devarts significantly from a 1l:1 ratio. Wherever it does, mark-
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
recognizeble as marked fish, the comparative wmortality data logically
should be adjusted to take this fact into account. The changes that occur
when this correction for complete regeneration are wmade are shown in
Table 7, which lists the observed date and the corrected data for the ex-
periments on the four different marks. The corrected datz may then be
tested for significence by applying the chi-sguare test as outlined by
Snedecor (1948, p.26). The unadjusted values so obiteined are not deemed
to be éignificant unless they exceed 3.841 according to Snedecor (1948,
p.22)., If significant values are found it suggests that marking has in-
creased the mortality of the marked fish.

Dorsal-adipose mark, 19k

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 Serntember, 104k
and March, 1945, marking had no effect on mortality, es wore marked fish
were slive than normel fish., However, from March, 1945 to March, 1946,
marking apparently was a significant factor in the mortality of marked fTish,
as chi-square values of 1.373 and 3,794 were noted. From lMarch, 1945
through May, 1949, apparently marking was not a factor in mortaslity, as

chi-square values ranging between 1.220 and 2.157 were noted.



Teble T.

-17-

Numbers of normzl (N) and merked (M) lake trout fingerlings surviving at various
dates from the mortality-growth control experiments bf 1944, 1945, 1946 and 1947,
and the calculated distribution of the survivors when corrected by known amounts
of total fin regeneration.

Item

194k -dorsal-adipose
mark

1945-right pectoral
mark

1946-1eft pectoral

Kl

mark

1947-right pelvic

mark

Observe alculate
N H N M

Observed Calculated
E M N M

Observed Calculated

N M N M

Observed Calculated

N M N M

Rumber in Sept.

in year
Alive in

March 1945 ¥

October,
March,
October,
March,
October,
Maxrch,
May,
chober,
March,
May,

October,

1945
1946
1946
1947
1947
1948
1948
1948
1949
1949

1949

12000-2007 2000-2007

1398-1447 1398-14h47

40T~ 336 400- 343
(1.9) (%.37)

364- 296 355- 305
(2.8) (3.79)

325- 273 317- 281
(2.8) (2.17)

317- 262 309- 270
(2.8) (2.63)

278- 228 2T71- 235
(2.8) (2.56)

osh. 218 2u8- 224
(2.8) (1.22)

239- 200 233- 206
(2.8) (1.66)

235- 198 229- 204
(2.8) (1.44)

228- 189 223~ 194
(2.8) (2.02)

LI R J LI 4

1000-1000 1000-1000

gh9- 978 Gh1- 986
(0.2) (1.05)

900- 860 882- 878
(2.1) (o.o1)

875- 837 865- 84T |
(1.2) (0.19)

615~ 599 608--606 |
| (1.2) (0.00) |
ho2 b2 L486- 478
- (.2 (0.07)
'429- 378 h2h- 383
i (1.2) (2.08)

1000-1000 1000-1000

212~ 150 20k~ 158

935- 945 92k- 956
(1.1) (0.55)

k75~ 396  458- 413
(&.2) (2.33)

349- 289 333~ 305
(5.1) (3.92)

LN L

267- 196 257- 206
(5.1) (5.62)

240- 171 231- 180
(5.1) (6.32)

LI L R

(5.1) (5.88)

1000-1000 1000-1000

953- 965 939- 979
(1.%4)

87T~ T4 T25- 96
(16.1)

837- 810
(20.8)

&

621- 564 508- 67T
(16.7)

Y Fin regeneration not checked in March, 1945.

4 Under "observed, M" in parentheses is given known percentage of complete fin regeneration,
see Tables 2, 3, 4, 5, last columms. v

3

%

In parentheses under "calculated" are given chi-square values for corrected distribution.

* ;
“ Here an obvious and mexplainable discrepancy occurs. Observed data used for want of a
better figure. There is & suggestion that not all experimental fish were gotten from the pond

in October, 1948, or there were some unexplainable additions after that date.




Right pectoral mark, 1945

Reference to Table 7 will show thet the chi uvare values obtained

for the corrected observations on comparative wmortality were consistently

v

) 7

so srall as to be insignificant through the entir

[¢)

course of the sxperiment.
Chi-square values ranged between 0.003 ard 2.083. The right pectoral wmark

appoears not to heve aflfected the mortality of the fish so marked.

3 ¥
pectoral wmark, 1940

D
L =

5‘!
o

The removel of this fin had entirely different results than the
clipping of %the companion fin on the other side, Chi-square values during

the Tirst yesr suggest that during this period the mark had no effect on

U)

the mortality of the merked fish (values of 0.55 and 2,32 for the corrected

he left should have sz nore deleterious
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th vectorel fin is un-

effect on the survival of marked fish
explaineble at present.

Rightelvic mark, 1047

Chi-~-square values were not calculsted on the corrected observations

=] ~ry 2 et 3 - Py P ~ey EA o~ £ o EN .,
for this experiwent inaswmuch a5 when the percentages of complete vegenera-
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o
1

tion were applied Lo the 1947 experiment on cowmparsiive mortality, csl

po L

-

ish present exceeded the calculsied anumbers of

2
[

lated numbers of marked

normal Tish slive at the same time., This suggests that removal of the right

pelvic fin was not a factor in the mortality of marked fish in this yeax.
Some rather glering and unexplainable discrepancies occur in th

s -
T

data for this year's exceriment in the October, 1948 and/or the March, 1940




observations. However, observed and celculated date in 2ll other exeaminstions

followed the trends of the other experiments,

Of the four marks tested, it may be tentatively concludsd that the

have not had any effect on the moritality of the lake trout fingerlings on

-

which these marks have Dbeen applied. The left pectoral merk, althouzh not
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e
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H
-
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affecting mortality of fish on which this fin was removed
vear after marking, apparently was the cause of significant uortalities
after that time. The incresse in instanteneous mortalily caused by this
mark may be measured in a manner suggested by Ricker (1949) and using the
tables in Ricker (1948, pp. 98-101), assuming the corrected results of the

7.

last observation in October, 1949 to he the best measure of mortality. Th
corrected dats indicate that 20.4 percent of the normal fish survived as
compared with 15.8 ?ercent of the merked fish. Corresponding instantaneous
mortality rates, as determined from Ricker's table, are 1.589 and 1.845,
The difference, 0.256, divided by the value observed for the normal fish,
(1;589) suggests that marking increased the instantazneous mortality 16.1
percent, or about 1/6.

In an attempt to tarow further light on the problem, the data for the
Tour experiments were tested by another method outlined for chi-sguare
tests by Snedecor (1948, p.208). This test should indicate whether the
probability of death is independent of the year of marking. The data were
treated as follows: the corrected observed results for each year's mark
were grouped and tabulated at the end of 5, 13, 18 and 25 months, and
chi-square cealculated for each tabulation.

The resuvlts of these tabulations were inconclusive since &t 5 and

18 months, chi-sguare values obisined were so small as to be insignificant,
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whereas the chi-sguare values noted for the 13- and 25-month tabulations
were S0 large as to indicate some dependence on the probability of survival

and the mark used.

Observations on comparative growth of normal and merked fish

1S4k - dorsal and adipose fins clipped

For the 1944k dorsal-sdipose-mark control experiment on growth (Table 8
2 o 2

which was held under observation for 4 years and 8 months, the ummarked
controls grew in average total length from 7.5 to 451.4 millimeters;
marked fish grew 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 351.6, 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 pectorsl-mark control experiment of 1945 concérning 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 296.1 millimeters. The differences in average total
length between normal and marked fish at any exsmination were very minutely
in favor of the normsl fish, ranging from 0.1 to 0.4 millimeters, except
at the May, 1948 check when marked fish were 3.5 millimeters larger in
average size.

1045 - left pectoral fin clipped

The growth control experiment on the 1646 (left pectoral) mark wss

held for 3 vears and 1 month. The unmarked fish grew from 80.5 to 343.9



-2]l~

Teble 8. Summary of average total length and number of survivors observed at the
various exsminations of the normal and marked lake trout fingerlings
confined under identical conditions in 19%4, 1945, 1946 and 1947. Total
lengths are given in millimeters, number of survivors appear in parentheses.

194k . 1945 ’ 1946 1947
Dorsal- Right Left Right
Date of examination Normal adipose | Normal ©pectoral | Normel pectoral | Normal pelvic
September, 194k 4.6 73.5
(2000)  (2007)
March, 1945 & 93.4  93.6 e
(1005)  (2005)
September, 1945 con ces - 81.9 81.5 . ... e s
‘ (1000) (1000) o
October, 1945 16%.9 1624 .., . oo cer oee
(wo7)  (336) 3
March, 1946 '185.4  184.3 | 106.4  105.6 . ..
(36k)  (296)  (49)  (978) |
September, 1946 L. AU R . . 80.6  81.9
| . - (1000)  (1000)
October, 1946 '261.0 256.2 169.h  169.2 | ... e
1 (325)  (213)  (900)  (80)
March, 1947 27h.9  272.1 185.3 185.2  103.5  10k.3
- (317)  (262) | (875),  (837) (935)  (945)
September, 1947 Foas cee s cee L e - 73.1 73.8
! ; | (1000)  (1000)
October, 1947 1340.3  337.8 245.h  245.3  162.5  161.2
(218)  (228)  (615)  (599) (875)  (396)
March, 1948 1370.0 361.6 ' 277.9 277.8  1%.2 1918 97.5 97.8
| (2sk)  (218)  (4g2)  (4T2) - (349)  (289) (953) (965)
‘May,' 1948 L eee e 2946 298.1 ...
‘ 3 (k29)  (378)
October, 1948 422.0 k219 | ... e ' 258.8  256.6 173.8 174.8
(239)  (200) (267)  (196) (877) (794)
Merch 1949 4389  437.8 ... 2846  286.1 194.3  194.8
’ @3%) (18 (%) ar) (87 (810)
May, 1949 b5k bs5h L. ces e vee .es
(e28)  (189) | |
October, 1949 e PR B - ' 343.9  335.3  |235.7  236.6
’ % | (212)  (150) (621)  (564)

\:/l"" 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 megsurements taken

on the lstter number.

Note: If chi-square can be used to test significance of differences in average growth then there
is no signifi)%ng %%fference between any group of marked fish and normasl fish. See values for

chi square: B= 0.0 x2:0.19 3= 0.0001




20

aillimeters in average total length while the merked counterpsrts were
increasing in average size from 81.9 to only 335.3 millimeters. The daif-
ferences in average size between normal and marked fish at any examinations

of this group ranged between 0.3 and 8.6 millimeters.

1947 - right pelvic fin clipped

Measurements on the 1947 growth control experiment (r right palvic
Tin removed) at four intervals over 2 years and 1 month indicate that
normal Tish increassed from 73.1 to 235.7 millimeters in average size,

while the merked fish grew from 73.8 to 235.6 millimeters in average size.

Ja

nes the merked fish in this experiment were from 0.3 o 1.0

=

At all

j-

illimeters larger in average size.

=2

I

The data on comparative growsh of marked and unmarked fish have not

been trested statisticslly because of the voluminous amount of tabulation
that would be involved and becsuss the differences were so slight In-

q

spection of the meterial in Teble & indicates that the greatest difference

in average length between any group of fin-clipped and normal fish was
& S s S ot A

[es)

.6 millimeters in favor of rormal fish on one occasion. Numerous other

instences will be noted whe the average lengtlis of both warked and un-

marked fish differed by 1.5 millimeters cor less (doubiless

in measvrenent In three of the four merks tested (104k, 19ks
Fi 42
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of erro
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1947), the marked fish were of slightly greater average
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uararged Lish at the last exemination.
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suggest that the average size of bovh marked and unmerked fish has not been

significantly different, and »rovides evidence that the rewmoval of the veri-
S J 3 s
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ous Tins or fin combinations has not sffected the growth of marked
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the various periods of observatilion.

The growth data for the unmarked fish listed in Table C are oortrayed
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the marked fish differed oaly slightly
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FIG.] GROWTH OF THE UNMARKED LAKE TROUT
FINGERLINGS IN THE MORTALITY-GROWTH

— CONTROL EXPERIMENTS,MARQUETTE 1944
HATCHERY, MARQUE T TE ,MICHIGAN.
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YEAR AND MONTH OF EXAMINATION




) .
from the unmarked lake trout only the growth curve for the unmerked fish

is given. It is of interest to note that the curves for the fowr different
years are very similar in slope despite the varying numbers present at any

one time or surviving to the last examinationms.
Armstrong (1949) compared the 'growth of the survivors from 500 dorsal-

adipose-clipped lake trout fingerlings and 500 normal lake trout fingerlings
held between August, 1947 and June, 1948 at the Provincial Fish Hatchery
at Port Arthur, Ontario. He also found no difference between the growth

of clipped and unclipped trout.
The data on average weight increases of normel and marked lske trout

held for various periods of time are summarized in Table G, Inspection of
this table suggests that there is little if any difference in the average
weights of marked and normal fish held under identical conditions for the
seme length of time. In all years except 1946, marked fish grew at slightly
faster rates than did normal fish, as Judged by the average weights of the
survivors at the conclusion of the experiments. It is tentatively concluded

that marking has 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. Ricker, was initiated in October,
1948 and the field work cerried to completion in October, 1949, One large-
scale experiment involving 4,000 normal lake trout fingerlings and 4,000
marked lake trout fingerlings (1,000 each with the four merks previously used)
held in the presence of adult brook, brown, rainbow and lske trout was set up.
Two smaller experiments, 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,
the other in & pond with underwé,ter cover, a_.lso were conducted. The usual
sorting data and length and weight measurements were obtained at intervals

during 1949, as well as one week after the initiation of the small-scale

experiments,
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Summary of comparison of growth in weight of normal and marked lake trout

fingerlings for the four mortality-growth control experiments. Average

weight in grams for the indicated numbers of survivors is given. Survivors
are indicated in parentheses,

194k-dorsal-adipose

1945-right pectoral

1946-1eft pectoral

194 T-right pelvic

mark mark mark mark
Date of examination | normal marked normal marked normal marked normal marked
September, 194k 3.k 3.1
(2000)  (2007)
Merch, 195 | 5.0 5.1
1 (2005)  (2005)
September, 1945 ' 4.8 .6
i [ (1000)  (1000)
October, 1945 - 38.0 35.8 ‘
. (bo7)  (336)
- March, 1946 . 48.5 52.2 not +taken
(361+) (296)
September, 1946 5.0 k.0
(1000) (1000)
October, 1946  139.3 136.1 | 38.1 37.6
(325) (2713) - (900) (860)
March, 1947  15h.2 49,7 . b3.7 43.9 7.3 7.3
(317) (262) (875) (837) (935)  (945)
September, 1947 : “ 2.9 2.9
; ; (1000) (1000)
October, 19%7  [326.6  322.1  121.6  121.1 . 33.7  32.3
(e18)  (228)  (615)  (599) (475)  (396)
March, 1948 k25,5  L02.8 . 171.0  172.8 sh.b 5.k 6.7 6.4
(25h) (218) - (k2) (+72) (349) (289) (953) (965)
May, 148 | ... - 217.7 220.9
‘ ~ (429) (378) 5
October, 1948 626.0 639.6 : 141.5 2.k 43.5 k2.6
' (239) (200) (267) (196) (877) (794)
March, 1949 | T721.2  T@5.8 191.0 192.3 5k.0 5.3
: (235) (198) (2%0)  (171) (837) (810)
May, 1949 1 816.5 830.1 e ‘
(228)  (189)
October, 1949 329.3  319.3 1100.2 101.6
I(e12)  (150) | (621) (564)

& See footnote 1 on Table 8.
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Statistical analysis of the results of the tabulations have not yet
veen completed. However, it can be stated that the presence of underwater
cover in the form of crossed tree limbs and boulders increased the survival

5

of both normal and wmarked fish

e

n the presence of predastors very noticeably.

s

The analysis of these experiments will be reported on as soon as they are

completed.

411 experimental fish remsining at the Marguette Eatchery were planted

in Golden Ieke, Iron County in Woveuber, 19k9,

Devid 8. Shetter

Revort Approved by A. 3, Hazzard

Report Typed by B. J. Bair
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