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Abstract

Four different lots of fish marked by fin removal were held at the
State fish hatchery, Marquette, Michigen to sscertain the amount of fin
regenerstion, comparative survival and comparative growih which would
follov this treatment over varying pericds of time.

It was determined that the following percentages of the marked fish
surviving should be recognissble (regeneration 0-50 percent of the fin
ares) in the future:

1944 merk--dorsal and adipose fins clippe&--Qo.k percent

1945 merk--right pectorsl fin clipped ~=96.5 percent

1946 merk--left pectoral fin elipped --89.8 percent

1947 mark--right pelvic fin elipped -=5k4.1 perecent
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Observations of fin regenerstion suggested further thaﬁ the calculsted
numbers of marked fish surviving in the mortality--growth experiments
conducted at the same time should be adjusted wpward, as it was demonstrated
thet from 0.2 to 20.8 percent of the survivors of the regeneration experi-
ments had fully regeénerated fins when examined at various times during the
course of the experiments.

The difference in mortality which ocecurved among wmarked and normal
lake trout fingerlings in experiments performed under identieal conditions
and initiated with equal numbers of fish wvas concluded to be of insigni-
ficsnt proportions for the 104k, 1945, and 1947 wirkings. However, on the
basis of chi-square tests for the departure of normalimerked fish from the
originally established ratio, removal of the left pectoral fin eppears %o

have resulted in a 16,1 percent increase in instsniantous mortality smong
£ish of the 1946 experimental growp. |

Comparison of the growth of normal snd marked lake trout fingerlings
held in the same ponds indicates that removal of the dorsal end adipose
fins (19%k), right pectoral fin (19%5), or right pelvie fin (19%7) hsd ne
| effect on the growth of marked ﬁsh; the differences had no statistical
significance. However, the left pectoral mark used in 1945 appears to have
slowed growth of the fish s0 marked by a small (8.6 mm.), but statistically

significant smount.
Introduction

When the Great Lokes lake Trout Commitiee set up a research program in
April, 194k, one phase of the investigation called for marking at least ten




percent of all haitchery-reared lake trout fingerlings relessed in ILake
Michigan dwring 194, 1945, and 1946, Since spproximately one millien
fingerling lake trout were planted snnuslly in lLake Michigen, this de-
cislon enteiled the marking of 100,000 or more fish each vear. The only
feasible method of marking such large numbers of fish was by the removal
of fins in various combinations.

To measure the effect of fin removal on the experimental fish re-
ieased in Lake Michigan, several groups of fin-clipped fish from the 10ub,
195, 1946, and 19@?3/ markings were held slong with compsnion groups of

¥/ The 194k, 1945 and 10B6 plantings were made in Iake Michigan;
the 1947 plenting, in Lake Hwren.

unmavied fish of the same stocks for conirols. Observations eof fin re-~
generation and of growth and survival were recorded for these fish over
periods ranging from 2 to 4 1/2 years,

All marking was done in September of each year st the U. 8. Fish and
Wildlife Service Pisheries Station at Charlevoix, Michigan, and fish for
the controlled experiments were assembled there at the same time. The
experimental fish were then shipped by tank truck to the Gtate fish hatchery

at Marquette, Michigan and held there in ponds.
Design of Experiment

Ench yesr as the fish for release in Iake Michigan {or Huron) were
marked, they were held in seversl hatchery troughs. Each experimentsl lot
of fish was then aiiem& by scapping up equal numbers of fish from each
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trough te mske up the desired total; furthermore, the head, middie and
lower portions of each trough were sampled equally to tompensste for
possible differences in size of fish st different levels in the troughs.
For the mortality-growth experiments in 1544, 2,007 marked and 2,000
wmarked fish were used; but by March, 1945, it was obvicus that these

ambers were too large for the pond fecilities st Marguette and both lote
were reduced to 1,005. For the 1945, 1946, snd 1947 fish, each experimental
lot was 1,000 fish.

For the experiments on regeneration of fins in 19%h, 1,003 marked fish
were used, and this lot was reduced to 500 in March, 1945 (the oviginal
pumber A too great for the availsble pond space considering the Wmenta
1o be beld in the future); for 1945, 19%6 &nd 1947 the lots were each 500
fish, |

On fish in the several experimental lots, length measurements (ma.)
were tsken ss follows: from the 194k experiment, st the time the experiment
was initiated, 20 percent of the regsnerstion group snd 25 percent of the
mortality-growth group vere measured; for subsequent checks on the 1044
fish, and for all other lots, sll fish were messured.

After marking in September, each lot of fish was transferrsd to the
Marguette (Michigan) Hatchery. Here they were beld over winter in covered
troughs in & heeted building and meved to outside pends in late March |
or April. The mortality-growth experiment and the regeneration experiment
were conducted in sepsrate ponds. During the soring of 1945, considerable
.Mtim by birds wes noted on the experimental ponds, snd all experimentsl
ponds were covered by chicken wire thereafier.
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Examinations of the experimental fish were conducted semi-annually
each year in March and October through 1949; counts snd measmmnté on
certain groups were obtained also in May of 1948 and 1949, At each ‘exaéx«
instion, all experimental fish were sorted, counted, messured maivfdmuy
and weighed in groups. Deily mortelity records for the various expérimnm ‘
groups were kept by the staff ef the Marquette Hatchery. At the marking
and &% all subsequent examinations when the experimental Pish were measured,
thay were snesthetized with ether, using 1/ ounce of - éther per quart of
wa.tcr, strengthened as necessary from time to time,

Observations on Fin Regeneration -
Qbsé:vatiena on the extent of regeneration of marked fins were 'beenﬂueted

over the following periods:

Fins removed Duration of experiment
Dorsal and adipose September, 194 - March, 1946
Right pectoral September, 1945 - March, 1947
Left pectoral Septeuber, 1946 - March, 1948
Rigat phlvic September, 1947 - October, 1949,

For the purpose of determining the efficiency of the mark, & number of
marked £1sh vere held separstely each year and examined at intervals to de-
termine the extent of regeneration. These fish vere examined individuslly
at the time of measurement end graded visually as hsving no regeneration,

1/4 regenerstion, 1/2 regeneration, 3/4 regeneration, or full regeneration
“(the lstter were either fins completely miseed or only partly removed in the
clipping operation). Grading wes done with frequent reference to nmi fins
of wmmarked lake trout, and the estimsted grade spplied regardless of whst
,péﬂicn of the fin was regenerated. Almost sll of the regiaﬁgmtien gz?aains
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was done by the author. The regeneration controls were held for st least
18 months, by which time the process of regenerstion appears to have reached
8 level of negligible increase. Vhen the percentsge of recognizable speci-
mens yremained more or less constant in two consecutive examinations that
group of regenerstion contrel fish was planted out in order to utilize
pond space for new experiments. The genersl growth history of fish in the
various regeneration experiments is given in Teble 1.

In the 194k experiment, in whiech the dorsal and sdipose fins wvere
clipped, 13 months elspsed between marking (September, 1944) and the Pirst
examination to classify extent of regsnerstion (October, 1945), when 25k
of the 255 survivors were checked (Table 2). Although this experiment was
started with 1,003 marked fish, the nusber w&s reduced to specimens
~ selected at yandom in Mevch, 1945, vhen overcrowding in the pond became
apparent.

As the 1544 mark involved two fins, there were 25 possible combins.
tions of regeneration cbserveble. Teble 2 lists the results of the exami-
nations on the dorsal-sdipose mark, and it will be seen that 17 combinations
" were cbserved. In the table, the 9 mest easily recognized combinations
are starred; the 231 Pish so designated constituted 90.9 percent of the
total numer examined in October, 1945.

The same group was exsmined and graded again in March, 1946, when 251
. fish were present. Of this number 227, or 0.4 percent of the total sur-
vivors, hed 1/2 or less regeneration. Since there had been litile change
in the smount of regeneration observed on these two examinations, ithis
control experiment was discontinved. It 18 felt that merked fish with no
greater regeneration than is represented in these groups wilil be identifiable

in the futureby anglers, commercial fishermen, and fishery investigators.
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Pable 1.--Bumary of growth in length and weight of fingerling lake trout in 7@«
generation experiments., Average lengths are given in millimeters, average
woights in grams. Nusbers in perentheses indicste nwibers of survivers at
gach exanination.

YoM 19&? SRR . S AR
- ' Kverage  Averege  Aversge Average Aversge Average Average Average
Date of exemination length  weight length  weight  length  weight  length = welight

September, 19k 73.5  3.2(1,003)

Meven, 1943%  93.7  %.8(500)

septemver, 1945 ... s g2.5 b.7(499)

Oetober, 1045 167.8  39.6(255)

March, 1946 188.5 53,1(251) 107.5 9.1{hsR)

Septesber, 19&6‘ | 82,2 4.1(500)

October, 1946 | 175.2  39.0{328)

March, 1947 191.7 50.3(2%%)  107.6 8.6(k88)

September, 1947 , .3 2.9(500)
October, 1947  165.7 29.5(259) ...
March, 1948 ' 192.3 57.7(175)  98.%  6.8(k83)
October, 1048 i8e.b  51,7(k05)
Mereh, 1949 200.5 58.1(390)
Getober, 1949 246.9 121.1(23k%)

¥/ Concerning the number of fish in this lot, see text.




Four hundred ninety-nine (499) right pecteral-clipped 1ske trout
fingerlings from tl'a fall marking were set aside for cbservation in
September, 1945. TAis group and all subseguent regeneration growps vere
exsmined at an earlier date in their grewth history than were the 194k fish,
The data on regeneration among the marked Fish for the 1945 experiment are

‘given in Teble 3, which shows the percentage ef the surviving fish in eath

of the five arbitrary clssses of regeneration. The percentages of surviving

‘fish vith the cbserved smsunts of fin regenerstion for the 1946 and 1947
marks will be found listed in Tables & and 5.

Statistical Significence of Regenerstion Experiments

On the basis of the observations on regeneration among the various
fin warks listed above it is obvious that some adjustments should be usde
in future calculations involving the numbers of recogniszshle marked fish
available from sny merking. Table & summarizes tha end results noted for
the four different marks after it appeared that the amount of regenersation
had ceased to increase. In the last column of the teble will be found the
upper and lover limits of the observed percentages of $urvivers having 1/2
or less regeneration, following the method ef Snedecor; (1948, Table 1.1,
p. &), vho lists the possible limits for obseérved percentages from samples
of various siges. The theory behind Snedecor's table is that the limits
given will tske in §5 percent of all sample ratios ebserved; or, atated
in another way, that there is only 1 chance in 20 that another observed
ssmple would lie outside the limits entered in the 1lsst column of Table &,

The date in Teble 6 indicate thaet between 86 and 93 percent of the
1944 dorsal-adipose-marked survivers are recognizable and between Sk and
98 percent of the 1945 right pectoral-marked lake trout fingerlings surviv-

ing have 1/2 or less regeneration, The survivors bearing the 1946 mark
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Table 2.--Summary of observetioms on fin regensration awmong ﬁorsal-&dmpum elipped
lske trout fingerlings held &t Marquette Hatchery. Initiated September, 104k
with 1,003 merked fish with sverage length of 73.5 millimeters, averags weight
of 3.2 gramss, (See also Table &)

- mt@bers Iﬁs — | —_March i3 x 46
, Humber %reentage Humber ntage
Regeneration of fish of total of £ish of t@tsl
of fin with present with with present with
Eorsal Aé.iyeu cambimtmn , combination combination gcosbination
None ﬁane* , 21 7.6 189 51.4
A e 21 8.2 16 6.4
dfewe . 2 0.8 1 0.k
Blk o : 3 ) log o 0.@
Full 2 0.8 3 1.2
None# 38 4.9 k0 15.8
1/ 24 9.4 18 T.2
1/2% b 1.7 1 0.4
36 2 0.8 Vo 0.0
Full 0.0 1 0.k
None¥* 5 1.9 2 h,8
1/ - 10 3.9 7 2.8
1/2% & 2.h 3 1.2
3% 0.0 2 0.8
w PER 0'9 s {)v&g
Houne 3 1.2 3 1.2
1i/4 3 1.2 3 1.2
/e 1 0.% e 0.0
3/& * e GUQ LI ] G-O
Full 'RE) 0.0 e g Ong
None 3 1.7 k 1.6
1/h iee 0.0 1 0.4
1/2 0.0 vos 0.0
3/k vee 0.0 - 0.0
Full 5 1.9 T 2.8
25#% 100.0 251 100.0

\ﬁ?m fish escaeped, not graded or messured, :
NOTE: The O most essily recognized combinations are starved.




- 10a~

Table 3,--Bummary of observeticns on right pectoral clip regeneration
experiment. Initiated September, 1945, with 499 marked fish,
aversge .uam 82.5 millimeters, aversge weight h 7 grams.

Aversge

totsl " Range in Number (and percent of total swrviving)

. Date of Humber Jength total _ Vi‘hh iﬁdimm m:mt of re mrutian
exsminstion surviving  (millimeters) lengths (/] /% 178 , T
March 1946 hge 107.5 8h-130 We 32 3 2 1
. » (96.4) A2.h) (0.6) (0.h) (0.2)

October 1946 328 175.2 105.218 257 b7 1 6 7

’ (78.%) (14.3) (3.%) (1.8) (2.1)

Merch 1947 29k 191.7  145-23% 233 ko 1 T 3
| (19.2) (13.6) (3.7) (23) (1.2)




Table &.--Bumpary of observations on the 1946 (left pectoral ¢lip)

regsneration experiment.

Initiated September, 1946 with

500 marked fish, average length 82,2 millineters, average

weight b.1 graums,

total Bange in

Date of Fugber
(millimeters) lengths

examination swrviving

. Humbey (snd zmuntat total surviving)
with indieated smount of regensration ,

107.6

March 1947

October 1047 259 165.7

March 1948 175 192.3 148.28%

87-13% 339
(69.%)

122210 106
- {%0.9)

(43.5)

118 1§ | 8 5 |
(24.1) (3.8} (3.6) (1.1)

a7 5 15 11
(33.8) (15.%) (5.7 (&.2)

76 53 28
(30.3) (16.0)

9 9
(5.1) (5.1)




Table 5,--Sumnary of cbservations on 1947 (rigb:r. pelvie elip) regeneration
experiment. Initisted Septewber, 1947, with 500 marked fish,
averege length Th.3 millimeters, average weight 2.9 grams.

Averas

, , total Renge in  Humber (snd percent of total smiving)

Date of Humber length  total vith indicsted amount of ¥ regeneration
sxaminmtion surviving (millimeters) lengths . I Y i i

March 1948 k83 98.4 83-117 | 52 211 hy & 7
e 5 . (10.8) (83.7) (30.9) (13.2) (1.B)

October 1048 405 182.% 138-22 35 117 111 7™ 65
R (8.6) (28.9) (27.8) (19.0) (16.1)

Mereh 1949 350 200.5  135-25% k2 ob 98 75 8
; , ' (10.8) (2%.1) (e5.1) (19.2) (20.8)

October 19%9 234 246.9 175-305 11 78 61 &5 39
| (2.7)  (33.3) (=6.1) (1s.2) (36.7)
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Teble é.«-—smry of pertinent statistics on percentege of regeneration of
194k, 1945, 1946, and 14T fin marks used on lake trout fingerlings.

range for percentage
Year survivors survivors showing of survivors showing
of : at last 1/2 regeneration  1/2 regeneration or les
marking Fing vemoved  _ _ _  check or less {(from Snedecor)\¥/
1944 Dorsal and adipose : 251 90.k 86+93
19%5 Right pectoral 29k 96.5 oh-g8
1946  Left pectoral 175 89.8 Bh-oh
1947 ~ Right pelvic 234 k.1 58-70

Number of

Percentage of

g5 percent confidence

C 3 :
Vm:-a is one chance in twenty that another sample would lie outside the

indicated percentages.
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(left pectoral fin clipped) mey be said to contain between 84 and 9% per-
cent with 1/2 or less regenerstion, It would sppear then thst the fin-clip
combinations used on the Lake Michigan plantings were spplied with reasonsble
efficiency, as approximstely 90 percent or more of the survivors were noted
10 be carrying merks that could be recognized with ease.

Such vas not the situation for the right pelvic mark spplied to the
19#7 plantings of lake trout !ingeriinaa in Lake Huron., In this experiment
only 6&1 percent of the survivers were sdjulged to be in those classes
vith 1/2 or less regenerstion (95 percent confidence limits, 58-T70 percent,
from Snedecor (1948), in the menner previcusly described). There appesr to
be tvo reasons for the comparative inefficiency in the application of this
mark vhich are as follows: (a) +the %ime schedule for the 1947 wirking and
planting operation was such that too few technicians hsd to merk too many
fish #n too short & time; (b) the size, shape and visibility of the pelvic
£ins on lake trout Pingerlings of the lengths handled made it Aifficult %o
determine whether or not & clesn operation was performed.

Slater (1949), studying fin regenerstion in king salmon fingerlings,
wvas 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 regsnerative capacity of small fish, but was & result of
difficulty in seeing and removing small, trasmsparent fins in a clean manver.

Armstrong (1949), vorking with marksd lake trout fingerlings, has
reported that for the dersel-sdipose marking approximately 95 percent of
h87 survivors of 500 marked fish at the end of 10 months of cbservation had
1/2 or 1ess regeneration, vhich is in general agreement with the results

noted here,
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The observed results noted for the regeneration experiments have an
impertant bearing on the 1ﬁtemtatian of the data obtained from the ex-
periments concerned with comparative mortality. For example, it was found,
that various percentages of marked fish in the pegeneration experiments
‘were missed tntirﬁly in the clipping cperation, or their fins regenerated
completely. Since & sincere effort wes made to drew both experimental
groups gt random from the stock of marked fish, it seems reasonszble to sssume
that the percentage of completely regeneyated fins should be the same among
‘the marked fish of the mortality-growth control experiments as was found in
the regeperation ¢ontrol group for the same year and mark.

70 illustrate with an exsmple from the dats, consider the regeneration
group and the mortality-growth experiment fish from 194k at the March,

1946 examination. There were 251 regenerstion control fish alive, of vhich
T or 2.8 percent vore fully regenerated dorsal and sdipose fins (or thess
Tins were missed in the clippng operstion). This cbservation suggests that
of the 660 mortality-growth experiment fish surviving, the 296 fish classed

| as marked represent only J7.2 percent of the marked fish alive snd present,
and that actuslly there were 305 marked fish among the 660 counted( 5.%_)
Thus the corrected figures for this pmieulw examinetion would be 355
unmarked fish, 305 markna fisgh.

Por the dates of exsminstions where the percentages of totsl regensration
could be applied to the companion mortality-growth experiments, the mortality
dnta have been carrected by the observed percentages of regensrstion for
those dates. However, the regenerstion experiments were not held as long
a8 the mortality experimsnis, and after the regeneration experiments were
discarded, the last percentage of regeneration cbserved was applied to any
further cbservations on survival, inasmuch as it was the best measure available.
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In the section follewing which discusses comparative survival, the ob-

served dats will be corrected in the mamner just described.

Comparative Survival of Normal and Fin-¢lipped lake Trout Fingerlings

For each mark used an equal number of marked and normsl) fish of approxi-
mately the scame aversge size were set aside to be confined together to ds-
terning any differences in survival between marked fish and normal fish.

This group alsp pernitted a comparisen to be made of the average growth of
warked snd normal fish. The two componenta differed only in that one~half
vere marked, one-half were unmsrked. The experimental groups for the various
years were kapt itogether for the duration of the experiments, and all factors
causing mortalities should, in theory at least, have opersted equally on
marked and normal fish.

If marking hed ne effect on the survivel of warked figh, then merked
fish in the various experiments should survive in numbers approximstsly
equal to their normal counterperts; or in other words, if marking is not a
factor in mortality, the survivors of both Mi should occwr in the same
retio of norma) fish:marked fish that wes established at the initiation of
the experimtnts.

The problem consists of ddtermining whether the data on the comparative
swyival depart significantly from the ratioc originally established, Wherever
they do, marking can be said to be & cause of sdditional mortality. However,
gince it has been demonstrated in the previous section that various percent-
ages of the surviving merked fish completely regenerate their warks and are
not recognizable as marked fish, the comparative survival dats logically
should be sdjusted to take this fact into account. The changes mt ecour
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when correction for complete regeneration is made are shown in Tsble 7T, which
lists both cbserved and corrected deta for the experiments on the fowr 4if-
ferent marks. The corrected data may then be tested for significence by ap-

plying the chi-square test as outlined by Snedecor (1648, p. 26).

. 2 (a - ¢ b)?
ehitqux = T (a ¢ b)

¥here: s = oObserved number of noymal fish

b = observed nuzmber of marked fish

r = expected ratio of normal fish to marked fish
The chi-squares so obtained, unadjusted for biams duve to small numbers, are
not deemed to be significant unless they exceed 3.841, sccording to Snedecor
(1948, p. 22). The detection of significant values suggests that marking has
led to increased mortality smong the marked filsh, sssuming that unmarked fish
did not experience the grester rate of mortality,

It appesred desirable to learn vhat changes might occur between examinations,
rather than to follow only the cumulative effect of marking through the entire
course of the experiments. In following this procedure, the expected ration
of normal fish:marked fish for any date of examination was that cbserved on
the previous exsmination. Actually each examination constituted & nev ex-
periment with the survival ratio of the previous examinstion as the basgis for
determining the expected ration of normas) fish:marked fish,

An example from Table 7 is the March, IS4 check on the dorsal-adipose-
marked fish of 19%%4. Through the use of the formuls given for chi-squave

we find:

31

2

2 . Dwo-Bsed? | pmw® . 0,03
#L (09 +210) 6531639




Pable T.--Husbers of normal (ﬁ) and merked (M) lake trout fingerlings surviving ab various dates from the
T portality-growth control experiments of 19k, 1945, 1946 and 1967, end the calculated disteibution
of survivors when corrected by known ammﬁa of total fin .

L\ .

¥ M N .M

Iten

Humber in September
in year - 2,000-2,007
Alive, Herch, Iﬂw 1 pBﬁ“l: M?

ko7-336 %00-343
(1.9} {4.37)
~296 355-305 H9-978 9h1-986
(2.8) (0.00+) {0.2) (1.05)
325273 317-281 900860 . pRp.878

2,%@»@,? 1,»1’@ lg 13@3&
1,398-1,487
(0.68)

october, 1945

March, 1946

octover, 1946

W% 1948

Hareh, 1947

{2.8)
JLT-RED
(2.8)

309-270
" (0.03)

271835

{o.01)
P

{0:20)

> o W

o {e.) S {1.15) .

885-837 #r0-852 735045 k956 :

{1.2) {0.11) {3.1) {0.54) %

615-599 608606 475-396 458-h13 '

e {0.09) {4.2) (5.11) |

hgp-k7 HBE-HT8 3h9-289 333-305 953965 939-979
{1.2) {o.08) {5.1) {o.08) (1.4) {0.583)

! Z}&%SﬁS ) ' Ey o - P Y
{3.46) |

376
\ {1.2) o . o
239-200 233-206 o ‘ 267-196 257206 BT7-794 725-946

" (2.8) 3 {0.05) {5.1) {e.04) {16.1) | {3957)
Rash o j b 2%"' o ﬂ o 8 »81{3 ) 26 /
s 3 W Y N T
1 ) %3"1@' PN L ‘ bu:n ‘ .;,»
{2.8) {0.05)

: "r}cm » 1648

March, 1949

Hay, 1%9

204-158
in eBCh COtegory.

Oetober, 1949

[ RS W e

621558 508677
"% Vin regeneration not checked in March, Lg4g. ODGST S
&5 Under "Observed, M" in parenthsses is given known

: precentage of total Pin pegeneration. BSee lsst columns, Tebles 2,34, and 5
& In parentheses wnder "Galculated” &re given chi-sguare valuss for corrected distribution.

' @ Heve an cbyvious and unexplansble discrepancy OCCurS. fhere ls a suggestion elther that not all exp ermental Fish were ol
lected in October, 1938, or that there were some wexplainable sdditions after that date.
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The expected ratio of neml figh:warked fish for the October, 1947 exasmination

‘of this same group of fish would be 309/270, and 80 ou. The resulting chi-square

values indicate whether or not the cbserved ratio of normal fish:imarked fish
have departed significantly from the expected retio of normal fishimarked fish.
In this instance ehi-square vas not significact.

‘ The cumulative effect of the marking operation may be determined by
utilizing the retio of normal fishimarked fish originally esteblished and
spplying it to the observed data of the 1sst examinstion %o determine chi-

square values.

Dorssl-sdipose mark, 1944

The chi-square values cbtained from the various sets of data have been
used a8 criteria in evslusting the effect of the merk on the survival of
marked fish, In the 1944k experiment, between September, 194, end March,
1945, merking hed uno effect on survivel (chi-square = 0.68), as more marked
fish than normal specimens wers slive, However, from March, 1945, %o Octobver,
1945, marking apparently vas s significent factor in the survival of marked
fish, 88 & chi-square valus of 4.37 vas noted. From October, 1045, through
Mey, 1949, marking apperently was not & factor in survival, as chi-square
velueg renging between 0,00+ and 0.20 were oblained.

For the entire periocd of observation (September, 1944 to Mey, 1949),
using the data at the last check, a chi-square value of 2,)2 is obtsined.
In combination with the pericd-to-period caleulstions, which were sll non-
significant except for one, the data led %o the conclusion that the dorsali-
sdipese mark hes not lowered the survivel of fish so marked.



Reference to Table 7 will show that the chi-square valuss obtained for
the corrected observatiana on ccmparative survival were consistently so small
a8 to be insignificent through the entire course of the experiment. Chi-square
values ranged between 0.@# and 1.46, The chi-square value calculated over the
| total period (September, 1945 to May, 1948) of the experiment was 2.08, which
is non-gignificant. The right pectoral nark appears not to have affectsd the
survival of the fish sc marked,

The removal of this fin, when coumpared with the clipping of the companion
fin on the other gide, ylelded entirely different resulis. The chi-square
value cbtalned for the March, 1947 cbservation (0.54) suggests that during
the period (September 1946 to March, 19%7) the merk had no effect on the
survivel of the marked fieh. |

A significmant chi-square value was obiained for the eatabar, 1987
cbservations (4.11), suggesting that the survival of merked fish wvas adversely
affected by marking during the period March, 1947 to Octcber; J947. From
Ochober, 19%7 to October, 1949, the chi-square values were not significant,
indieating that after October, 1947, marking was not a factor in the survival
of marked fish. Chi-sguare values ranged between 0.00+ and 2.0k, Hovever,
over the course of the entire experiment (September, 1946 to October, 1949)

8 c¢hi-square value of 5.85 was obtained. Since a lesser number of marked fish

were present &t the last check the significant valus noted indicates that

the left pectoral mark had an adverse effect on the survival of Pfish 80 marked.
Why the removal of the left pectoral fin should have a more deleterious

effect on the survivel of marked fish than the right pectoral fin is unexplainable

at present.
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Right pelvic mark, 1947

Chi-square values calculated on the corrected observations for this
experiment were non-significant except for the October, 1948 exsmination,
at which time a significant velue in favor of marked fish was noted. Calcu-
lated numbers of marked fish present exceeded the calculated numbers of normal
fish aiivé at all examinetions. This suggests that removal of the right pelvie
£in wvas not & factor in the mortality of fish merked in 1947.

Some rather glaring snd unexplainable discrepsncies occur in the data
for thié year's experiment in the October, 1948 and/or the March, 1949 ob-
servations. However, observed and calculated data in all other examinations

followed the trends of the other experiments.
Discussion of Comparative Burvival

Of the four marks tested, it is concluded that the dorsal and adipose
mark, the right pectoral mark, and the right pelvic mark have not had any
significant effect on the survival of the lake trout fingerlings to which these
mmw been applied. The left pectorsl mark, slthough not affecting survival
ef Tisk on vhich ¥his fin was removed during the first 6 months after marking,
apymnt}.y wvag the cause of significsnt mortalities over the entire period of
the experiment, The increase in instanteneous mortality caused by this merk
may be measured in & menner suggested by Ricker (1940). Using the taﬁlss in
Ricker (1948, pp. 98-101), and assuming the corrected results of the last cb-
servation in Octobexn 1949 to be the best measure of survival, the corrected
dsta indicate that 20.k percent of the normsl £ish survived as compared with
15.8 percent of the marked fish, Corresponding instantaneous mortality rstes,
as determined from Ricker's table, are 1.5890 and 1.845, The difference, 0.256,




divided by the value observed for the normal fish, 1.589 suggests that marking in-

creased the instantaneous mortality 16,1 percent, or by ebout 1/6. 4 More recently,

7/ Instantaneous mortality is defined by Ricker (loc. ¢it.) as the mmber of
fish vhich would dle from a given cause during the year if recruitment were to ex-
actly balence total mortality from day to day.

Redcliffe (1950) has shown rather conclusively that f£in removal did not affect the
"eruising speed” (as defined by Fry and Hart) of goldfish or coho sslmon fry. Al-

though none of the fin combinatiorshe used were the same as those utilized in the lake
trout exﬁiﬁrmms, the fact that he could find no statistical significance between the

cruiaing rates of noml and merked fish in his experimbnt suggests the possibility
that the sam results might be obtained with the various fin combinations used on the
lake trottb. As Redcliffe points out, fin removal pmbably affects the fish's ability
te,kéwim steadily only slight)y but it probably hes noticeable effects on the equilibrium.
particuléz-ly iﬁ starting, stopping or turning, or in combination of these meneuvers,
| Comperative Growth of Normal snd Marked Fish
The data on comparative growth of merked and normal fish have not been tre.ted

stetistically \‘}/ in their entirety because of the volumiuous amowst of tebulation

\yﬂfhe formules used in the statistical analyass were as follows:

M= TX/n 2 2
Standard deviation =\(; - AR
n

Standard error of meen = Stendard deviation
Vn
Standard error of the difference = \|(8 .E.l)2 + (S.I::.Q)"2

nge ., Difference between means
Btenderd error of the difference

involved, and also because the differences between average total lengths

of marked and normal fish at alltimes were relatively small., However,
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,‘statisjtiu; aneslyses were made on esch group of fish at the start of the
various experimenis and cn the measurements of the survivers at the last
examination, In 8ll but one experiment (i94h), the last measurenent also

vas the one vhich revealed the greatest difference between the average sizes.
In the 1944 experiment, the March, 1948, date were slso examined statistically.
The aversge sites of marked and normal fish at the various times of exsmination
will be found in Table 8. The results of the statistical exsminations sre
listed in Table 9.

In the 19hh dorsal-sdipose-merk control experiment on growth (Table 8),
vhich was held under cbservation for 4 yesrs snd 8 months, the unmsrked
control specimens grew in average total length from 7h.6 to ¥51.h millimeters;
marked fish grew in average total length from 73.5 to 455.4 willinmeters. The
greatest difference noted in aversge size at any exsminetion was in Merch, 1948,
when the avermge length of the normal fish was 368.6 millimetere snd that of
the marked fish was 362.0, or 6.6 millimeters less. At all other examinations
the differences in average total lengths ranged between 8.1 and 3.8 millimeters
in favor of normal fish.

As shown in Table O statistical anslyses of the length data for this
experiméent at the start in September, 194k, March, 1948 add May, 19490, ve-
sulted in "t" valuves of 1.556, 1.723, and 0.976 respectively. From unpublished
tables furnished by Dr. E. L. Cooper it can be estimated that these values
represent percentage chances that the average sites of the marked and normal
fish are different of 83, Ol, snd 67, reppectively. Since the 95 percent level
of probebility was not resched at any time it seems 1egi¢al %o conclude thai
the marked and normal fish did not differ significeantly in average sise at
any time during the experiment., It is ooncluded that the application of the
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Table 8.--Summery of average total length and numbeyr of survivors observed at the
various examinations of the normal snd marked lake trout fingerlings
confined under identical condibiomsin 194k, 1945, 1946, and 1947. Total
lengthe are given in millimeters; nunbers of survivors appesr in parentheses.

T R - R , T
s T Dorsali- igh "1 ~Eiat
Date of exsmination WNormsl adipose  Hormal pectoral  Normal Dectoral Normel pelvic
September; 194k TH.6 73.5 esn aaw
T (2,000) (2,000)
March, 1945 934 93.6
(1,005} (1,005)
g@?mcr; 19“'5 se ° 8 »s@ 81.5 sea LR XS
| (1,000) (1,000)
October, 1945 16k.9  162.% ces
(s07)  (336)
Harch, 1946 185.5  184.1 106.%  105.6
’ (364)  (296)  (9k9)  (978)
September, 1946 80.6  81.9
’ | (1,000) (1,000)
October, 1946 261.0 256.2 169.5  169.2
(325)  (273) (900)  (860)
Merch, 1947 27h.0  272.1 185.6 185.2 103.5 10b.3 . .
’ C (37) (eee)  (885) (837 (935)  (945) |
Septembe ' 73.1 73.8
Septauber, 147 | (1,000) (1,000)
October, 1947 339.8  335.6 2hs5.2  2k5.3 162.% 1614 . ces
g 278) (228)  (615)  (599) (a75)  (396)
March, 1948 368.6  362.0 276.8  278.0 92,1 191.9 97.5 97.8
’ (25)  (218) (b2}  (uT2) (3#9)  (289)  (953)  (965)
May, 1948 295.8  298.2
B | (h29)  (378)
October, 1948 ke2.0 k222 258.9  256.6 173.8  174.8
(239)  (200) (267)  (196) (877)  (T94)
March, 19%9 438.7  hb37.8 28%.6  286.2 94,3 195.2
’ @35)  (198) (@) (71)  (837)  (810)
May, 1949 451 h55.h4 ces oes ves ves oo
’ (228)  (189)
October, 19%9 eee 343.9 335.3 231.9 236.5

(212)  (150) (1)  (564)

It vas apparent at this dste that this group was teo large fot the pona space available.
The actual nuaber of survivers was 1, 398 normal, 1,447 marked. The experiment was reduced te
1,005 each snd measurements taken on the latier number.




Table 9.--Statistlcal anslysis of differences in average total length of marked and normal lske trout
{The percentage chance that the means are 4if-

fingerlings at stert snd end of experiments.
ferent is given in pmnmmu under the "t" value.)

in

Hanber

160-303

234.9

27.32

Type total of fish (average Standard Standeyd
Year of fish length in length in Standaxd error of Difference error of
‘and mark Date c?mekaﬁ (millimeters) sample millimeters) deviation M betvesn M's diffex
194k Septeuber, 194  marked 45105 500 73.5 11.25 0.50 1.1
dorsal pormal ¥7-101 - 500 4.6 11.16 0.50
and Mch 19908 marked 205-472 218 362.0 2.0 2.85 6.6
adipose . normsl  282.480 @5k  368.6 %0.87  2.56 !
may, 19&9 marked 313-563 189 h55.4 41.73 3.03 ho
| normel 321601 208 h51.% 41.61 2.76
1945  September, 1945 uarked 55-110 1,000  B1.5 9.03  0.29 0.5 0.38 1.316
right nornsl 544105 1,000 82.0 8.01 0.25 ‘ {81)
pectoral yuy 1048 marked  231-391 378 298.2 31.75 1.63 2.8 2.20 1.273
- mormal  163-376 ka9  295.k 30.73 1.8 o (e0)
1946  September, 1046 merked  63-104 1,000 81.9 6.78 0.21 1.3 0.29 L4828
left normal 61-108 1,000 80.6 6.20 0.20 {100) »
pectorsl popoper, 1989 2 marked  218-hk6 150 335.3 46,06 3.76 8.6 kb3 .98
: normal 238-449 212 3’*3 9 33.87 2.33 {o4)
1947  September, 1947 marked 56- 90 1,000 73.8 5.05  0.16 0.7 0.25 2.800
right SRR normal 54%. 91 1,000 73.1 5.86 0.19 ‘ {)
pelvie  getober, 1949  marked | 164-304 564  236.5 27.40 1.15 1.6 1.59 1.006
| ~' normal é21 1.10 |
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dorsal-adipose mark had no effect on the growth of the lake trout fingerlings,
at least over the four years snd eight monthe of observation,

The right pectoral-mark control experiment of 1945 concerning comparative
growth wes conducted for s period of 2 yesrs and 8 months. In this time, normal
fish grev in average totel length from 82.0 to 295.4 millimeters, while the
aversge length of the marked lake trout fingerlings increased from 81.5 to
298.2 niniﬁms. The differences in average totel length between ncrmal
and mrm fish at any examination were very minutely in favor of the norsal
fish, reanging from 0.1 to O.h millimeter, except at the May, 1948, check when
mayked fish were 2.8 millimeters larger in aversge sise.

Btatistical anslyses of the September, 1945, length measurements on the
control fish and again &t the last exsmination of the survivers in Mey, 1948,
indicste that the average lengths of the merked and normel lake trout finger.
lings were 50 closely &like as to be regarded as drawn from the same stock.

The "t" valuss vere: Septewber, 1945, 1.316; May, 1948, 1.375. The per-

. centage chance that the means were different were Bl and 83 percent respectively,
not very close to & 95 percent level of probability. It is concluded that the
application of the right pectorsl mark to the lske treut fingerlings had no
effect on the growth of the fish to which this mark wvas apylicd.

Toe growih control experiment on the 1946 (left pectoral) mark lasted
3 years and 1 montk, The unmarked fish grew from 80.6 to 343.9 millimeters
in average total length while the marked counterparts were increasing in
aversge length from 81,9 to only 335.3 millimeters. The differences in average
size between normel and merked fish &%t any examinations of this group ranged
between 0.3 and 8,6 millimeters.
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At the initiation of this experiment it can be demonstrated thet the
marked fish were significantly larger than the normsl fingerlings, although
the difference beiween the aversge sizes was only 1.3 millimeters. The
resulting “t” value found vas 4.482.-a virtusl certainty thst the mesns are
different. The left-pectorsl-merked fish held their sdventags through the
rmal fish

March, 1947 exsminstien. Reference te Table 8 will show thatcthe 3
had a slightly larger sverage sise at the exsminations of Octcber, 1947, March,
1048, and October, 1948, but thet marked fish had » slight sdventege in average

" size in March, 19%9. At the last examination in Octeber, 1949, nermal fish had

an aw sizge of 343.9 millimeters &8 coupsred Vith sn average site of 335.3
millimeters for the mkud £ish-- difference of 8.6 millimeters in faver of
normal fish. Statistical examinstion of the length dats on the last date gives
& "t" value of 1.541 or & percentage chance of 9% that the two memns are differ-
ent., This suggests that the left pectoral mark has very likely reduced the
grovth of the lake trout fingerlings so marked by a small but significent
amount, |

Measurements on the 1947 srmn control experiment (right palvi_é fin
removed) at four intervals over 2 years and 1 month indicate that the average
length of normal fish increased from 73.1 te 234.9 millimeters while that of
the marked fish grew from 73.5 to 236.5 millimeters. At all times the marked
fish in this experiment vere from 0.3 to 1.0 millimeters larger than the
normal specimens in average sige.

In this grow of experimental fish, exsmination of the comparative data
demenstrates that the marked fish were significantly larger in Sepiember, 1947,
at the start, even though the difference between the means was only 0.7 milli-
‘meter ("t" of 2.800 ylelding e percentage change of 99 thet the means are
different) At all examinations the average sige of the marked fish was greater
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than m average sise ‘of the norme] fish, Statistical analysis of the length data

from the October, 1949, eheck yields & “t" value of 1.006--8 percentage chance
of 68 that the means sre different, novhere nesr significance levels, It is
concluded that the use of the right pelvic mark hsd no effect on the growth

of the fish to vhich it vas applied.

Discussion of Comparative Growth

In three of the fowr marks tested it should be noted that the “¢“
| values decreased s the fish grev in size and the experiments progressed through
time. This trend suggests that as the marked and normal fish from any experiment
grev in size there was progressively less significance in the difference bstween
their average sizes. It would appear likely in most instances that within %
yeors after marking there would be ne significant differences in average sizes
‘between marked and normal fish surviving to that time.

In the one instance vhere the calculated "t" value vas highest at the
last exsmination (1945 mark-right pectoral clipped), the "t” values found
suggested thet there vas no significant difference between the aversge siges
of marked and normal fish at eny time.

The results of the observations on the control experiments lead to
the conclusion that of the four marks applied the left pectersl merk used
in 1946 is the only one which way have influenced growth unfevorsbly. The
guestion arises es %o vhy the clipping of the left pectoral fin should cause
the results noted, and not the removal of the right pectoral fin. It might
be argued that the results recorded are csused by "experimentsl error,” and
that were the experiment involving the left pecteral mark repeated a number
of times the opposite conclusions might be reached regarding ths effect of
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Teble 10. --$mmary of compsrison of growth in weight of normal and marked leke troub
fingerlings for the four moriality-growth control experiments. Average
weight in grams for the indicated numbers of survivors is gwem Humbers
Lo - of survivors are iandicated in pmntneses.

»1§&a-émaa1-gaipese' 1945-rigat pectoral 10Wo-1€It DECEOral ToET7-Fight peivic

s o mark - maxk . S
Date of emingtmn Normal Marked Hormal Marked HNormal Marked Normal Em'keg
September, 1944 3.k 3.1 E
: (2000) (2007)
 March, 1945\% 5.0 5.1
: (x005) (1005)
September, 1045 den 4.8 4.6
{1000) (1000)
October, 1945 38.0 35.8 . .
(407) (3356)
Markh, 1946 k8.5 52.5 not taken
‘ (364) (298)
September, 1545 4.0 4.0
(1000) (1000)
Octobver, 1945 139.3 136.1  38.1 37.6 .. .
(325} {273) {500) (860)
March, 1947 154.2 149.7 k3.7 43.9 7.3 7.3
| (317) (262) (885) (e37)  (935) (945)
September, 1047 . - . 2.9 2,9
{1000) {1000)
October, 1947 326.6 322.1 121.6 121.1  33.7 32.3
. (278) (228) (615) (599) (475) (396)
Msrch, 1948 4es5.5 ho2.8 170.0 172.8 5h.4 sk 4 6.7 6.4
(254) (218) (ho2) (+72) (349) (289) {953) (965)
May, 1948 . . 217.7 220.9 . . .
(429) (378)
October, 1948 626.0 €39.6 41,5 142.4 k3.5 k2.6
(239) (200} (267) {(196) (877) (75%)
March, 1549 721.2 725.8 191.0 192.3 5%.0 55.3
(235) (198) (2k0) (171) (837) (810)
May; 1%9 816.5 830.1 . e .
(228) (189)
October, 1649 ‘ 329,3 - 319.3 100.2 101.6
(212) (150) {621) {564}

' \& See footuote, Table 8.
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merking on growth, However, it should be pointed out that the left pectorsl
mark apparently had u statistically significant effect on survival as well
a3 & near-significent effect (if not significant) on growth. It would seem

’memble 40 assign the results to “uxpeﬂmutal error” if the results m

been found to be éignificant in omly the mortality anslysis or only the
growth anslysis, The fact that significance or nesr-significance was noted

‘ :m the analysis of both growth and survival suggests, on the other hand,
that more than chance is involved in the results noted for the experiments

involving the 1sft pectorsl fin.

The growih data for the unmarked fish listed in Tabls 8 are portrayed
in grephic form in Pigure 1. Since the marked fish differed only slightly
from the unmarked lske trout only the growth curves for the mh& fish
are given, It is of interest to note that the cwrves for the four differest
yesrs are very similar in slope despite the varying numbers present at any

one time er surviving to the lastexamination.

Armstrong (1949) compared the growth of the survivors from 500 dorsal-
sdipose~-clipped lske trout fingerlings and 500 normal lake trout fingsrlings
held betveen August, 1947, and June, 1948, st the Provincial Fish Hatchery
8t Port Arthur, Ontario. He also found no difference between the growth
of clipped end unclipped trout.

The data on average weight incresses of normal and marked lake trbut
held for variocus periods of time are summsrized in Table 10. Average weights
vere cbtained by welghing marked snd normel fish by groups in water and
dividing the total weight by the number present. The inspection of this table
suggests that there is little if any difference in the average weighis of
marked and normal fish held under identical conditions for the same length of
time. In all years except 1946, marked fish grew at slightly faster rates

then did nermal f£ish, as judged by the average Weights of the survivors at the
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conclusion of the experimenis. Staiistical comparison of marked and normal
fish was not possible because individual weights of fish were not cbtained.
It iz tentatively concluded that warking hes no effect on growth in weight.

mﬁs investigation could not have been carried out without the cooperation
snd asAistance of numerous individuals. Many pheses of the work were truly a
tean operstion. I wish to acknowledge the sssistance and sdvice of the many
members of the Institute for Fisheries Research and the Fish Divisien vho aided

me in the marking, measuring and sorting at verious times, and in the statistical

tabalatiens. Other Pish Division personnel to %ito I am grateful are: Harold L. ..

f mm, Distriet ﬂm:ias Buperviscr, for smnual ‘arrangsments for careful

end efficient transportation of fish for the control experiments; Fred Owens and
Rtwsell Robertson, who were Hatchery Supervisors at the Harquette Hatchery during
the course of the experiments, and their staff, for prompt and competent assistance
in hané.ling the cxperlmntal fish during periodic sortings.

I am grateful . also to Dr. A, 5. Hazzard, Dr. Gerald P. Ccoper and Dr. J. W,
leonard for reading the manuscript critically. However, the interpretation of
the data and the conclusions ave those of the author. |
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FIG.1 GROWTH OF THE UNMARKED LAKE TROUT
FINGERLINGS IN THE MORTALITY-GROWTH
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