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Abstrast
Two expsyiments were oconducted beitween October L, 1948 and October

25, 199 at the State Fish Hatehery at NMarquette, Miohigan, to determine
the effest of predation om fin-olipped lake trout (Cristivomer n. memaysush
@armug) fingerlings. One experiment involved 4,000 simarked fish and ‘
l;,000 olipped fish confined in the presence of sdulé brook trout, brown

trout, rainbow trout and lske trout,

In a mmaller experiment, anather pmdfus divided by a !’inh—tight -.
soreen and bulkhead., In the lower half, weighted brush piler were added
to provide eover, The upper half was left in the condition of no cover.
Into oioh half of this pend 500 normal fish snd 500 marked fish were
relocased, along with various péodutor'ﬂah. The small experimental pond
was eoversd with ehicken<wire sereen to prevent bird predation.

Observation of deaths caused by factors other than predation, plus
the eozmt:i of survivors at several exmminations revealed the numbers of
£ish lost to the predator fish between various dates. Chi-square amlysis




of mﬂlﬁﬂ loss in the two experiments ghows that the loss e s of
marked fish among the predator-caused mortalities was not aigni‘rivuntly
greater than for normal (ummarked) fish. Statistical analysis shews no
significant difference in the growth of marked and wrmarked fingerling lake
trout in the presence of predatory fish. |

Clear-gut results concerning the effect of cover on mortality ef mhd

/and normel fish in the presence of predators was not obtained. Unobserved .. = -

deaths of predator fish in both parts of the split pond invalidated efforts
to keep the amount of predation equal at all times in the two experimentsl

enclosures.
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THE COMPARATIVE MORTALITY AND GRCWTH OF MARKED AND UNMARKED LAKE TROUT

FINGERLINGS IN THE PRESENCE OF PREDATORS

By
David S. Shetter

Tn the periocd 1944-1948, over 1;50,000 fin-clipped lake trout
fingerlings were planted in lakes Michigan and Huron as part of a
general study of this valuabie food fish by thev Great lakes lake Treut
Committes (Hazzard, 1947). The effects ef fineclipping on growth
and survivil have been deseribed by Shetter (1951). Dre We Ee Rioker,
formerly & member of the commitbes, suggested that it would be desirable
also to learn what effeet the removal of the fins has on the ability of
the markeé fish to eseape predators., Studies on fingerling-sisze
centrarchids in Indiana ponds in the presence of predator fish led to
the conclusion by Rieker (1949) that the finclipping of young large=
‘mouth black bass resulted im & survival of marked fish only 52 peresnt
as great as wmarked specimens. If a similar effect was caused by removing
fins from lake trout fingerlings, it would have an important bearing en
the interpretation of the results of the largee-scale releases of marked

fingerlings in Iakes Michigar snd Hurone



This paper desoribes the resulis of experiments with marked lake trout
fingerlings held in shallow hatehery ponds tegether with predatory species.
The experiments were condusted during the period from Ostober I, 19}48 to
October 25, 1949, st the State Fish Hatehery at Marguette, Michigan,

Rxparimcntnl procedure

Pwo experiments wore initisted, One large-scale experiment invelved
1,000 wamarked and L,000 marked fingerling lake trout plased in the same
pond with large brook trout, brown trout, rﬂmmw trout and lake trout
as predators. Among the marked fish, 1,000 each were marked by the removal
of the dorsal and sdipose fins, the right pectoral fin, the left pectoral
fin, and the right pelvie fin, The combination and the single fins were
olipped in the urga--eala pl;n’king exporiments referred to abeve. The
experimental fish were marked, weighed, counted and placed in the large i
ciroular display pool of the hatchery on October 6, 1948, To determine the
initial average lengths of the experimental fish, 12.5 pereent of esch of
the groups (taken at randam) wers measured individually, The predator fish,
consisting of two each of adult brook trout, brown trout, rainbow trout,
and lake trout, were measured and weighed and introduced on Ootober 7 and
8, 19k8.

The pool into which the experimental fingerlings and the predators were
placed was appreximately 30 feet in diameter snd was operated with a water
depth of 56v$.nohu. Tt had vertical sides of stone blocks, The water csme
from one upright supply pipe capped by a fine-meshed sereen several inches
above the water level, The outlet was bloeked by a fine.meshed screen; the
water level was ecntrolled by stap-logs set in a small conerete bulkhsad.

A smaller experiment was initiated at the ssme time in oxe of the

rectangular raceways te run concurrently with the large~scale experiment
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in the cireular pool. This raceway was divided inte two separate experi-
mental ponds by plasing & fish-tight stop-sereen on eheet-piling, spproxi-
mately in the middle of the raceway. The upper half (345 feot by 3.15'
foet) was left in the normal, more or less exposed, eanéitinni'm'bori:ﬁe
of most hatehery pends where the only eover availabls is wder mrhnnging
grass and sod., The lower half BG feot by 8.5 feet) had cover added ‘by
plaoing in it four small brush piles losated at irregular intervals,

Broken paving blocks were loaded on water-logged tamarack and cedar branches
to form the shelters. Depth of water in the split pond ranged from 15 |
inches at the edges to 22 inches in the #iddle,

Into esch part at this pond wnmarked lake trout fingerlings were
placed, along with 500 marked fish; of the lattex 125 each were given the
&arul-aai;:on mark, the right pestoral mark, the left pectoral mark, and
the right pelvie mark. Marking, eounting and sorting teok place on Ootober
L, 1948, A1l fish were measured individually te determine ths average
sizes of the warlous groups. | ‘ '

For predator fish, one brown trout and one yellow pike-perch were
placed in emch half of the experimental pond on Ootober 5, 1948. The
pf.mm were changed at a later date for various reasens. %Yo prevent
bird predation the entire pond was ecvered campletely with ehickenwwire
soreen (mesh size approximately 1 ineh by 1 1/2 inches).

The experiment in the split pond was set up in an attempt to determine
if there was any signiPicant difference in the ocmparative mortalities
of marked and normel fish exposed to predaters in the presence or b.bum
of esoape oover,

All experimental fish were fed a diet of 50 percent pork melts and
50 percent horse hearts, The mixture was finsly grownd. During the first
6 months, the cirsular pool was fed 1l pounds of the above mixture weekly,
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while ‘!:ho split pond reseived 6 pmmds mkly. Buring tho last 6 mnths
% two pan&s each ueaina 10 paunds wt the diet wnkly.

| hml'bn, 9ireulb.r pané tzporimtn’t ‘ | ,

!t was nut prmtiable to eover this pond to eliminate the pouiblo |
factor of bm predation on the exporimental fish, Thus this pond wes |
;pro‘ba.’b:l.y tubj«tod to Freésﬁen by birds snd meimals (such as mink, aﬂor,
and mul) as wll 88 by the large trw'b whi.ch ware introduced, %o a
,eortuin degree the vertical sides and the grnter depth uf water pn‘buhly

scmswhat limited predation by birds and mamm&ls.
 This pond was inspected ﬁ.na the surviving fish were measured on Mareh
8, 19119, ¥ay 2l, 19k9, and en Ootober 25, 19L9. The numbers of fish
present on those dates are shown in Table 1, v
‘Daily inspection of the pond was carried on by the hatehery staff,
All dead fish found were resorded as to the sark borne, or whether they
were ummarked fish. It is possible that n'mt fish died and were mehérﬁd
between da;uy inspestions er were pleked up by ssavengers other than the
large intreﬁmd trout. ' |
abvzoualy the fish which diod from causes other than predation should
be eliminabted from caloulations, Thus to arrive st predator-eaused
mortality between any two dates, the survivors plus the kuown mortalities
pieked up are substracted from the numbers present at the prior date te
determine the numbers of fish lost through predation in any time peried,

The observed mortalities fo.: the oixfoulnr pond experiment are given
in Table 2. By emb&ntion of the data in Tables 1 and 2, the numbers
of f£ish of the warious greﬁps lost through predation may be caloulated,

and these ealonlations a.ra givon in Table 3.




!&'blo lewsNumbers of cxyorinanal lake trout ﬂngerlings present in eiroum-pmd

cycriiin-b m eekob.r 6 191;9, ‘and numbers of smim at suhaqmt emimtim

Date

Marked fish

Formal

£ish Dersal-adipose Right pestoral Iaft pactml M,ght pelvis

ali.p ) elip oup o 4@119

Ootober 6, 19L8
Maroh 8, 19149
May 24, 19h9
Ootober 25, 1949

665 B om w s
9 | 1n = 5 16
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Zable 2.-~~Observed mortalities and caloulaticns on losses te predator fish
in sireular-pond experiment, Oetober 6, 19L8 to October 25, 19i9.

Date | | | | Nawiood fish R

or Hormal Dorsal-adipcse Right peetoral  Ieft pestoral Right pelvio
item fish olip elip olip elip
Qetober, 1548 27 5 1 5 ok
November, 1948 3 3 2 7T 2
December, 19kS 1 1 12 e
Januvary, 1949 1 .o 2 L 2
F@brw, 1913.9 e .e . s e

March, 1949 |

Before ¥Marsh 8 h 2 ve 2 ’e
After March 8 11 2 2 5 2
&Pﬂl, 1%9 oo . oo ] A N e
ﬁly, 1%9 2 oo ‘e 1 1
JW-QO#OBQP, 1%9 .o .o .s X ve
Observed mortality Lo 13 19 36 13
Alive at end 91 11 21 23 16

Known fate o 2l Lo 59 29

Lost to predators : A v
or by other unknown 3,860 976 960 ol an

MHBENSE o
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Table 3e~-Numbers of lake itrout fingerlings lest 1o predater
;ﬁ.’gh' between indieated ,agﬁ,s,: siroular-pond experiments
Ghi-sqmo ml::m tar umgtrum of neml and mlead ﬁ.;h are gim under 'Kar%ér

fish.' TUnder "Normel £ish" the chi-square value given is baced on & cmﬂm
betman sll neml f£ish and all mrkod !’S.sh.

Marked ﬂsh

Date Tten Kormal Bzmﬂ.aﬁyeu night poctoral Laft mi mt po:hrio
; fish | alig _ elip e elip

Cotcbor 6, 1h8 Wamber alive 4,000 1,000 1,000 1,000 1,000

March 8, 19k9  Number alive 665 oy m e s
‘ lost to predators 3,299 8o 812 9 85
ah’nlqm 9029 1l .56 9.17 90% 2.&7

May 2, 1949  MNamber alive 38 &2
« ' lost to predstors 276 N 67
' Chiesquare 0406 0,13 0.26

October 25, 19k9 Number alive 91 n 21
Iost tp predentors 285 7 L 81
ehi-.qm LT 3. 0.

OGotober, 1949  Number alive 91 i3 21 23 16
lost to predators 3,86@ 976 960 gkl - o9n
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If a iiéniﬂé.mtly largar nm'bei' of marked than wmmarked fish were
lost to predators, ther fin removal should be considered as a factor in
analysis of resoveries from plantings of fin-clipped fingerling lake trout.
Chi-square analysis was applied to the data in Table 3 to determine if
the differences in wumbers of fish losgt to predators beiween msrked and :
normal Pish were of significant proportions. 4Adjusted ohi-square values mro
oalculated by the use of the formula given in Snedecor (1948, p. 197),
utilizsing the four«fold test of independence,

Ohi-square walues saleulated for a comparison between normal fish and
esch mark used, at the March 8, 1949 and May 2}, 1949 examinations, ranged
between 0.13 and 2.47. Values for all normal fish eompared with all marked
£1sh were 0.29 and 0.06; respectively. When these values were éeferrad %o
& chart of ahi-:qme (prepared by C. B, Bliss, Department of Pharmacology,
Yale University), the percentage chance that thé differenoes observed are
significant ranged from 15 to 88,5, all below significant levels.

Chi-square caloulations on the comparative lesses between normal and
marked £ish between May 2l and October 25, 19L9 were allunomssignifieant,
extept for the dorsal-adipose group (ehi<sguare = 3,92) where the value
cbtained was just berely over the 95 pa-roan'hkeanﬂéonoe level, For all
normal fish eompared with all marked fish for this ssme periocd, a non-
signifieant value of 1,79 was obtained, -

Over thé eourse of the entire experiment, somparison of losses to
predator fish smong normsl fish and the various groups of merked fish yielded
nen-significant valuss of echi-square for the right pectoral mark (0303), left
peeto:?al mark (0.00+), and the right pelvie mark (1.43). The significant
value of ehi-square somputed for the dersal-adipose mark (L1.95) yields s

peroentage ohance of 97.L that this mark made these fish more vulnerable %o
predators, Over the period October & ts October 25, 1949, ecomparison of
losses to predators between normal fish and all marked fish yielded a none
signifieant value of chi-square (2,12) eorresponding to an 85 percent

eonfidence thet the difference is significant.
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] ﬁ;"ﬁ‘izporhmtal fish in the circular-pond experiment
The average total lengths of the experimental fish used in the
cireular-pond experiment are given in Table L, which lists the average
total lenmgth, stendard deviation, standard error and size range of the
various groups of fish at the start and at the later exeminations., The
averages are based on measurements ef all fish present except at the
initial examination, when a 12,5 percent sample was utilized because
of the large number of fish invelved,
The growth data have been trested statistieally to determine if
significant differences in nwri.gc length were present during the
course of the experiment, This avalysis will be found in Table 5,
The greatest differenlie in everage lengths observed at any time
was between normal fish and right pectoral-slipped fish at the start
of the experiment in October, 1948 (2.31 mm.). This difference was sig-
| nificsnt (t = Lelli)s The other groups of marked fish all had average o
sizes at the start slightly larger than the normal fish, but the
statistieal tests indicated the differences te be momsignificant (%
walues ranged between 0,53 and 1.448), Grouping all marked fish together
and comparing them with the normal fish 2t the initiation of the study,
the maried fish were Ooll mm. smaller than the nermal fish; the statistioal
tosts indiepted that this rether minute difference was signifioant (t =
5'67) L4 7
A%t all other examinations there was no significant difference in
average length between any single group of marked fish and normsl figh, or
botween normal fish and all groups of marked fish combined (t values ranged
between 0.04 and 1.55).
In general, the experimental fish grew from about 62 mm, in Ooteber,
1948 to approximately 154 mm, in Oe‘kobar,‘ 1949,
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" fable le-nThe sverage sise and numbers {in parentheses) of wermm*ml lake
trout ezamined at the four inspections, eireular-pond experiment,

riiénﬁi

Date Formal Bml— Right = lLeft M‘k Al

exemined Thom W fish  adipese pestoral pectoral  pelvie  marked
| olip ap  elip olip 2ish

?ﬁﬂ»r, Average total 1ongth 62.16(509) 6&.9@{125) 59.85(125) 62.66(325) 52.77(125) &e;os(sw)

ohB Standard devistion 5.18 Lot 5.2 5.48 5«75 58
Standard error 0.23 e.hh @.h? e.hg 0.51 025
8ize range in mm, bl - 73 50«75 L7-Th L6-T3 39-73 39-7h

Mareh, L“M total length 76.41(665) 75.65(1L9) 75-1&(171) 7535(176) 75-79(3&5) Wﬂ(ﬂﬂ-)

igko Standard deviation Sebd. 5e31 : G52 . BeB5 |
Standard error 0.22 Oulily a.lq e.m o Ouhly o 0.22 |
Sise renge in mm, 52 « 90 53-68 .92 61.9 65.91 58-92
My, verage total length 95:%(578) 91;.01(&) 9&0%(914) 914.@1(162) 9501»47(79) %-59(357)
19K9 smw-a deviation ?‘ﬁ 8.68
Standard errer 0 0, a.gh 1.15; e.o, - a»sh

smmemm; 69 - 115 75..115 7618 78111 81108 75 118
October, Mﬂ‘l&' h‘b‘\l hﬁ-ﬁh 155*@(9‘-) 15&-445(11) 15‘#-29(51) 19@%53(23) 351%’15(15) 15&:35(71)

19k9 Standard deviation  37.6, 95
Standard error 5 9 z-ﬁl 8-1&8 3-52 2 %
81:0 range in ’m’. y - 186 125 « 171 lja 183 3L - 179 123 - 178 325 185

VY Formulae used throughout were:

¥ = 22/n, >
- 2
Standard deviation = Ja‘* - (2x)

_n
%% )
Standard errer of M =  Standsrd deviation
N
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Table Se-Statistical eompa risons ef average total lengths of normal lake trout fingerlings
with marked leke trout fingerlings gt four inspsotions, eircular-pond experiment,

Camparison of normal fish with |

Date o Dorsal- % 4

examined Item adipose peotoral pectorsl pedvie Marked
olip elip olip elip fish

October, Differcnce between average total lemgth 0.74 2.31 0,50 = 0461 0,11
1948 Standard error of difference v 0.50 0s52 0454 0e56  0.03
t value 18 helily 0493 1.09 3467
Poreentage chance 99+ 63 2 99
Mareh, Difference bestween average total lemgth 0,76 0427 0,18 0.38 C 0.21
p [/ Standard error ef difference odio 0.5 Oib 0.9 0.31
TPoroentage chance , 88 39 32 56 50

¥ay, Difference between average total length 1.3 0.0, 1,03 0.3 a.tgg

1919 Standard error eof difference 1.0 1.2 1.38 eﬁ 0.0
TPorcentage chance ) 3 55 3k )

Ootober, Difference between average total lemgth 1.26 1.20 1.13 10 0 1.26
1949 Standard error of difference 5.77 5.00 L1466 5.16 L2l
t value 0.2k 0.2l 0.2y  0.20 0430
Percentage ohance 19 19 19 16 23

W?e,mulu used throughout were:
Standard error of mean difference = V (5B, )2 " (sga)a

¢t = Difference betweon means
= Standard error of difference
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The analysis of the average lengths of the survivors indicates
that the marked fish in this experiment mtéerod no disadvantage as
far as growth was concerned when eampared with normal fish, The
differentes in average 1angth between marked and ummarked swv‘éx;a
after the start of the experiment ean be demonstrated te be non- |

eignifiesnt.

Growth of the predater fish 5

The size of the redators et the start and at the various B
examinstion dntes are given in Table 6. Onme dreok trout died en
November L, 1948 and was not ﬂﬁltua" To assure that & reasonmable
number of survivors would be alive in Ostober; 1949, the predators were
redused to one each of brook, brown, rainbow and lake trout after the
aroh, 19l9, exsmination. Ous brook trout and eme brown trout died and
were roplaced after the Meroh, 194D, ehesk,

The growth noted by measuring and weighing the large fish at esch
exsmination was not eonsistent, und there appears to have been somé
weight loss smong the brock and brown trout, betwsen Ootober, 1548, snd
Mareh, 19&9. saused apparently by shedding of gonadal ‘produsts. Also
one rainbow trout appeared to Rﬁo in length as & result of injuries te
his tail ineurred in attempted spawning aotivities. The greatest gains
noted were smong the predator lake troute

Results; split-pond experiment

The same general prooedure was used in this experiment as in the
study in the oiroular-pond, exoept that five instead of three inspeetions
were made during the 12 months. The additiomal inspeotions wers undsr-
taken ome week afber the start and £vX/M:senthe’later in wid-January.
Table 7 lists the numbers of experimental fish in the split pond at the
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Table 6.~-Growth history of the predator fish in the eirsular.pond experiment.

(lsngths are given in millimeters, waights;i‘a poumb)‘

Date

| Brook. Brook Bromn  Brown , Bainbow  Hainbow  Iske Inke

checked troutV ereut%/ treut  trouty trout trout  treut  trout

) LW L-W L-W LW LW LaW L-W LaW
amur. 1918 3551030  335-1e20 5201430 5161460 L60-2490 538alsei0 L490-2450 470-2410
Maroh, 159 3561410 520-3.75 516-3.50 500+3.00 529wsa00 520-2,50 520-2.80
Yay, 19L9 384183 SUn3e9T 5111425 5413488
October, 1949 397=1,88 L70-3.00 579-14T5 5783450

“3/ Died November L, 1948 at 356 millimeters, l.25 pounds.

@/ Died Mareh 2, 1949, at 350 millimeters, 1,10 pounds; replaced April 5, 1949 by drock

trout of 368 millimeters,

05@ ponnd:

\7 Biod May 2L, Iw at 512; millimsters, 3.97 pounds; replaced same day with ‘m-m
treut of 397 millimeters, l.75 pounds.
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Table 7.-l'tmberl ef ozperimanhl la“mo trout finger!inga protant 1:1 ﬂm split-

pond cxperimnt an aetobsr k, 19149. und mm’bun of mrﬁven at uublequant omimtions. |

Date ____ In pgnd with no oover ___In pend with oover

Normel Doresl- Right = lLeft  Right Normal Dorssl- Right  Iefd wt
fish adipose peotoral pectoral pelvieo fish adipese pecteral poctoral pelvio

. elip elip elip clip olip elip el:&.p elip

Gotober L, 1948 500 5 185 125 125 500 125 125 125 125
Gotober 11, 1948 L7&- 105 122 16 16 L7k 121 w7 - 122 15
January 17, 19h9 223 k6 5% 5 56 319 78 89 83 8
Merong, 19 8 35 M 3 ke e % 0 65 6
Ny 2k, 1549 2 6 0 w o= 200 W = b3 o

Ootober 25, 19Lo 10 0 2 1 2 1 B 18 i 23 22
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start, and the mmbers of swrvivers found at subsequent inspeetions, The
eﬁbuemd mortalities picked wp from the split pond are resorded in Table
8, along with the caleulated numbers of fish lost through predation. _
o As in the sirsular<pond expsriment, agmbinaticn of dnta en survival and
observed mortalities makes possible the ealeulation of praeatiamm“iﬁja&-f

.wmn batween any two dates. Table 9 presents the caloulations tax' ﬂa

split goné, tlong with ohi-squere walues 'lhiah ccmpare the losses “ ol

fiah te losses of marked fish mang the prndaunn-uuna deaths hm

. two dates.

Chi-square valuu m enculaha hx ﬁu manner desoribed on & pﬂvimn’

pages In Table 9, the twe signifioant niua- of ehi-square found are m&c&-
‘lined. Both oscurred in emparinenl ‘between ﬁarul-aéipou fish m& nm.’t
fish, Removal of the darsal a:ad sﬁipou ﬁm apparenﬂy made tingwung hki

trout signifioantly more va}.nerablu to prs&aﬁer fish between October 5 m&
October 11, 1948 {ehi-square = 16.6’5) in the pond with no oover. In the m

pond and for comparisons of the same two greupn of fish, a nigaifi&mﬂy ‘
gtu*bor loss of dorsal-adipose fish cocurred bcm@u March 9 and my ﬂ;, 1%@

.(ehi—aqwe » 7,63). However, all other chi-square values ealeulnhé far tho

other fin cembimtiom and perind: invalv&ng 'bha pond without cover are mmall

and non-significant (or in eme imimm the value is significant nnd m an

epponi'bo dirootion).
| In the pond with eover, Iosua of marked fish, when campared wﬁh 1onn

of normal fish to the mﬁ"’dm‘ﬁ P““Wl. were no more than were %o be - v

vcxpec'hed by chance selection, enly in ene instance (right pehic nark,

between October nmag!;a and: ;ywary 17, 19h9) was there & lignj.ﬂmt
valus. found for ohi-square (L.76), and that involved better mrvivul of i
parked fish. For all cther comparisens, %:qmre values were nonw
significant, ranging from 0.00+ to 3.63.

All comparisons for the entire pOriéd of the experiment yielded

nanegignificant ehi-square values,
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Table sw;ma mortalities and caleulstions on losges to predator fish

- 4n split-pend experiment, October L, 19L8, to Oetober 25, 19hg.

Date
or

_olip

item !s.:h aﬁpcn W pat.al pdﬂe

, el:l@ olip elip

Wt axgu :
poukml pelvie
elip eolip

Before October 11

'8
After Gotober 11 3

ﬁambo_r, 19*@8 ’e
December, 1948 1
January, 1949

Bofore January 17 6

mmy 17 ‘o
February, 19);;9  ee
Hareh, 1949 |

Before Mareh 9
After March O

April to October, 1949 ..

oW

4
L A ]

e

LR

a*s,

LI

E A ]

13

o

'L

LR J
L X ]

LR

Observed deaths = 29

Known survivors 1.

18

Enown fate . 39

n 8

i

s

n

Loss by predation L6l

L U

13

120

- 389

103

102




Table 9.--Numbers of lake trout fingerlings lost to predstor fish between
indieated éwfea, split-pand experiment.
Chi-squire values for comparison betwaan marked and normal fish are given under

the marks listed. Uader "Normal fish" the ohi-square values given are for
ganwi;en bwlrean :11 mrked and &ll normal ti.:h. ,

' Pond ﬂ'hhm sover | Pond with cever

Date Formal Dorsale [Right left Right Normal Dersal Right  left  Right
and fish adipose pntemi pestoral pelvie fish adipese pecteral peotoral pelvie
item elip olip elip cnp elip elip elip Qlip
Ootober L, 1548 . T :i-.i
Alive 500 125 125 125 125 500 125 125 s 125
Octeber 11, 1948 | . | |
Alive k71 105 122 116 116 L1k 121 117 122 115
Iost 21 18 0 8 9 25 L 8 ﬁz 10
January 17, 191;9 - -
Alive 223 L6 % 51 5 319 78 2 i 89
Lost 238 51 63 57 59 132 38 3 20
Chi-square 0,03  0.00+ 0.02 0,01 0,00+ 1k  0.38 2,53 0.01 Le76
March 9, 1949 | | R
Alive 168 35 L8 39 2 259 59 % 65 it
Lost 52 1 8 10 12 56 19 19 15‘ 23
: 21% 1 45 ) " )
wmn iad 72 6 20 1 21 ﬁ 5 b3 L9
Lost 88 28 28 25 21 55 17 22 17

Chi-square 1.62 .63  0.06 072 06 153 010 015  3.63  0.32
Ootober 25, 19k9

Alive 10 0 2 1 2 7% 15 18 23 22
lest 62 6 18 A% 19 121 28 3l 2 27
Chi-square 0.58 0.12 0,01 0,06 0,02 0.01 0,15  0.24 2.30 0.28

Ootober L, 1948 %o
Ooteber 25, 19L9

Alive 10 0 2 1 2 79 15 18 23 »
st 1 2l 117 1 120 38 103 102 ok 97
nd " s : 2ﬁ 0,00+ 0,08 0.93 0.13 0,33  0.08

e'hi-lqwc 10% 1l 036 0,00+ 0.2




The effest of oover

To test the effest of cover, ahi—que mlgmit wae emgloyaé |
on the losses to predatoras in the pond with oover and without eover
for marked fish only and also of all fish ocmbined., This was ém
for each examination and ulsa 201- *-'ho final resulte, The (h'h. on this
peint are sumarised in !ﬁ&bh 10, .

For both sets of samparisons there were significantly tewer }‘
mortalities in the pond with eover up to aunm 17. lahun Jamuzy :
17 and &tnh 9, thers were :1guifieanﬂy fmr narto.liﬁos due to |
predation in the pond without sover. Between Maroh 9 and May 2, tho
pond nth eover had signifieantly fmr éutha as & resn).t of pﬂéaﬁm,
But between May 2L and OGotober 25 the eimuon s reversed ug&in. '
If a1l mortalities (either among marked fish, or all fish combined)
are empaésa fram the two enclosures, there were significantly fewer

mortalities as & result of predation in the pond with cover,

History of predators in the split pond

It iz necessary to consider the sourse of predation in this
experiment e¢lossly. To satisfy experimental eaditions, both ponds
should have bsen subjected to the same amount of predation if all
conditions except the factor of ecover were %o be equal. Despite em'
efforts 'che snount of predation was not nliays equal in the twe pends
(Table 11). Between Ostober 5 and October 11, J99, s rock bass was
present in the pend with eover.. This fish hn.dmtped observation at
 the initiation of the experiment., Also in the pond with cover the
predatory laie trout apparently was removed by same unknown agent and
nt some mzknm date between eetaber 11 and Juawry 17. In this saxe

pond the brook trout predator died in hte Harch and was not replaced




Tabls 10.--Gomparative lesses to prodation of ‘(a) all marked fish, and (b) all fish In pond
with cover and pond with no sover, with chi-square wvaluss for periods between the indicated dates,

oy e Marked fish — AN
tom Noocover  GCover  Chi-square o cover Cover  Chi-square

Qoteber I, 1948 . L B
Alive ' R 500 50 Canew 1,000 1,000 7 awes

Qetober 11, 19}48
Alive S bk®
lost to grodntaﬂ o 35

Jmmryl?,lm, . N e

LS5 % 5 0.3
- lest %o pﬂéate!‘t ' o 230 ' 11& T 57!,@? - i ls o m}‘m
Mareh 9, 19k9 MO . R ' i

Alive W 260 ... 59 e
thw&%ﬂ T | 76 - @'5? ' 95 153 ﬂél

ymzh‘vc %9 ’ : 61 187 B PPN 153 38? omu'
 Lost %o pruh*bou 102 76 : 59.97 | 190 125 95~§§

‘Ostober 25, 19}49 | , S | S
© Aldive ’ 5 78 Ceeee i5 157
fort to predtors % w9 @ B mo

eens 95’9 . . 9&9 L ewse

B

.mtebar. 19148 to ee%‘ber, 1%9 | : T L
Alive 5  m® - 15 157 L aves
Lost to preh'keu " 596 67&5 %5 785 126,89




Table 1l,<Growth history of predator fish in the split-pond experimenmt
lengths (L) are given in millimeters, weights (W) ere given in pounds.

The numbers of predator-days are given in parentheszes.

Date Predators in nond without cover ‘ Predators in pond with cover
bmv MInAY e I DmVUILET S B b
L-W L-W Lw® LaW L-W LaW LeW LeW Lae¥
October 5, 1948 345-0.75  5L9-3.20  310- 25620450 5zo.é.25 315- . 187-0.l1
®® @) © ©® G (8
October ’1'1, 1948 3y 5-0s75  54g=3.20  310- 3100 259050 510=2.25 3154 T 318. 187-0.41
(98)  (s8) () (98)
Jaruary 17, 1549 330-0,62 315-0.75 6-0.8%e00.m
(51) (51) | (51) (51)
Maroh 9, 1949 3360461 321-0.72 351048 530.0;915/
(76) (76) | (76)  (65)
¥ay 21, 19k9 2140-0467 335-0.T7 37215 383-156
(1) (154) (1sh) (1)
October 25, 1949 Y 36e.1,31 1i33-1.56 ;061,81
(6) (6} (228+2) (379) (6) (é) (2%?) (368)  (6)

\Y These f£ish removed Ootober 11, 19L8.
\y These fish put in Oetober 8, 1948
\7 This fish disappeared scmetime between May 2l;, 1549 and Oetober 25, 19L9.

\Y/ This fish disappesred sometime between October 11, 1948 and January 17, 19k9, and
another of the indicated size put in on January 17, 19l9.

\}/ fhis fish died April 2, 19i9 at & size of 339 millimeters, 1.12 pounds. It was
was replaced on April 5, 1949 with a brook trout of 368 millimeters, l.32 pounds.




. All predators wers preiax_rls' $21 the pond with no eover between
~ October 5, 1948 and May 2k, 19L9. ngme betwsen the latter date
and Ootobver 25, 1949, the predatery 1:3:0 trout was removed, as %Mre
was no svidence of this ﬁ.sh when the experimental pend was ﬁmuy
mmé’ v : L - P

During the first woek of cenfinement, no sdvantage ean be

demonstrated for eover (chi-square values insignificsnt; wkfed'tiihﬁ;

1555 a1l fish, 0.32). A% the Jmmry and May exsmirations, where

ohi«square veluos suggested that sover was a !mmhh factor, it was

~Found that ons predator fish had been missing frem the pond with eover

iz the period immediately preceding the exsmination for an unknewn
length of time, Failwre to mainiain an equal xumber of predators in
both ponds at all times very likely influsnced the cheerved feml‘kl.

Por the oocurse of the entire experiment, however, it can be
ghown that the poend with qnmr was subjected to a slightly gﬁater-
nﬁm of predator-days (670 observed predator-days as against 619 ‘
for the pond without .aewr).

The measurements on the predators at the various ingpeetions
indieated that growth was more regular and of a mors positive nature
shan was observed in the eﬁ.rcula.r-pend experiment.

@rowth of the experimental lake trout, split pond

The average total lengths (in millimeters) aleng with the
standard deviation and the standard error are given in Table 12
for .oa‘eh group of experimental fish in the twe parts of the split
‘pond. The survivors were measursd on four different dates after the
start of the experiment. The "$" tost was employed to determine if
-eia diffsrences in average length between msrked fish and normal fish
were signifieant, The results of the statistioal analyses are cen.

tained in Table 13,




Table 12.--The average size and numbers (in parentheses) of experimental
lake trout fingerlings examined at various dates, split-pond experiment.
Size range is given in millimeters

Them

Pond without cover Pond with ocover
Normal Dorsal- Right Iaft Right Fermal Dorsale Right Isft Right
fish adipose pectoral pectoral pelvis Tifkshl  edipese pectoral peetoral pelvio
olip elip elip olip olip olip oli.p olip
Ootober, 1948 _
Mean 59.86(500) 59.40(125) 61.30(125) 61. 03(125) 61-05(125) 61.41(500) 65-17(125) 65.19(125) 62.“(125) 61»03(125)
o 5:;& 597 5¢0L 5e62 Lol L6 L.38 5.48 L.93
S.B. 0.2l 0.53 0.5 0,50 a.bB 022 0.3 0639 .25, B : B -
Size range L5-72 L7-72 LT3 Lé6-Th LlTR 5072 5075 52«73 50-T3.  3R=TT
T 198 (223) 7035(16) 72.00(%6) TILI(51) TLUS(56) TheBh(319) Ha12(78) 75.96(85) T6.69(83) 76.89(69)
Mean 70452(223) 70435 72.00(56) T1.41(51) T71.45 TheBU(319) $B12(78) T75.96(89) 76.069(83) T6.89(89
5405 6413 3469 beli3 3e3k 5419 5e22 u.% Lo 5460
S .E. 0.3l 090 0419 0,90 0.45 0429 0419 0.8 0.8 g:’gz :
Size range 54-81 5579 62.81 58.81 5881 6286 611-93 65-87 6384 65~
Msrch, 1949 L
Mean 73415(168) 73486(35) The65(LB)  75.13(39) 7Th.83(L2) 77.49(259) 78.61(59) 78.63(70) 79-71(65> T9.32(66)
37 375 3491 5468 346l 5e15 5431 L.85 Le32 583 @
SQE'QA 0027 0.6)4. 9556 0091 9056 0.52 0. 6058 Q.Sh. ' 0072 N {153
Size range 57-8 67-38 65.82 62.87 618l 6591 67-92; 67-91 68-88 6697 :9
May, 1949
HMean 82,88(72) 80.00(6) 83.70(20) 80.71(1) 85.48(21) 91.01(200) 93.91(h3) 92.1«’-‘(52) 92-60(145) 9he53(L9)
o .45 7.62 5461 5.2kt 6,09 7.88 6.77 5697 640 736
8.E. 0.6L 2,11 1.25 1.40 1,33 0.56 1.03 0.83 .92 1,05
Size range 68-98 66.87 7293 7293 7298 75-110 8li~110 80-103  80w10L 76-111
Octeber, 1949
Mean 118.90(10) 126,00(2) 121.00(1) 127.00(2) 139.47(79) 1h9-97(l5) 1141 56(13) 1U1,.22(23) 13.82(22)
o 13,52 vee 2,00 0,00 15.56 12.79 1,68 11.09 11497
8.E, Li.28 0o 141 0,00 11,00 1.y 3.92 2.93 2,31 2.5%
Size range 98-140 125.127 121 116138  110-168 133-168 111.17% 111.157

111-16}4




Table 13.--Statistical oamparison of average total lengths of normal and marked lake trout fingerlings at

various inspections, split-pond experiment. (See fooimotes in Table 5 for formmlas and procedures.)

Ttem Pond without cover - eomparison of nomal fish with Pond with cover -~ comparison of normal fish with
Dorsal- Right Left Right A1l Dorsal- Right left Right All
adipose peotoral pectoral pelvie zerkied adipose pectoral pectoral pelviec marked

olip olip olip elip fish  olip olip olip olip fish
October, 1948 , ‘ o
Diff, =0 olif +1.hily +1e17 +1.19 40,8 #1976 41,78 $1.25 2462 41,85
S.B. . - 0.58 0451 0455 0.54 : o.gg OuyB o5 0,33 = 019 0.31
+ 0.79 2,82 2.13 - 2420 2. 3,67 3.9 3.79 5635 597
% 57 9 97 97 98 100 100 100 1000 100
January, 1949 _
Piff, 20,17 +1.48 +0,89 +0.9% 40,82 41,28 +1¢12 - 41,85 42405 +1,58
8.EB. 0496 0460 0.9 0456 09 0435 0e56 056 0.66 0.40
+ 0.18 247 0693 1.66 167 3466 2,00 3,30 . 3,11 3.95
| v 1 98 6l 90 91 100 95 100 00 100
Mareh, 1949 _
Dife. +0,71 +1 650 +1.98 +1,68 +1.49 +1.12 +1. 14 W22 . +1.83 #1460
8.8, 0469 0.62 0495 0,62 0ui3  0.76 0.66 063 079 a.g 8
t 1,03 2.2 2,08 2,71 347 147 1,73 352 232 3.5 m
% 70 98 o6 99 100 86 R 100 98 100
¥ay, 1949 | |
Dirre, 2 ¢ 88 +0,82 w2el7 42,60 +0.,38 2,90 R om +1459 +5e52 "’2035
5.E. 3,18 140 1.54 148 1,05  1.17 1.00 1,08 1,19 0.7k
t 0491 0.59 1.1 1.76 0.36  1.48 1.1 147 296 = 3.18
% 63 L3 aly 92 28 86 aly 86 99 9
Ootober, 1949
Diff, seee +7.10 +2,10 +B.10 +6450  +9460 42409 +1.75 +4e35 +4,,07
8.E. Le51 .28 11,80 563 3,35 %426 2.72 2.93 197
t svee 1.57 0.49 0.69 1,15 2,87 0.6l 0.6L 1 2,07
% 88 38 51 75 100 L8 L8 86 96
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A% the start of the experiment, marked lake t'raﬁt fingerlings as &
group were of slightly larger average size in both parts of the split
pond than were the normal fish. Except for the dorsal-adipose-marked
fingerlings in the pond without oover, the differences observed wers
statistically signifioant (% values ranged from 2.13 to 5.97).

In the pond with eover during the remaninder of the year, marked
fish as & group were alwnys significantly larger than normal fish 4] }'
values ranged from 2,07 to 3.95).

After the experiment's beginning in the pond without sover, marked fish
&s & group were signifieantly larger only at the March, 1949, sxaminstion.
At %he Jenuary, May, and October, 1949, inspections, the differences
between marked and normal fish were :monsignificant,

From the snalysis of the results cbserved it is concluded that the

removal of fins snd later placement of marked fish among predator fish

has had no reotarding effect on the rate of growth of marked lake trout
fingerlings.

At all times throughout the experiment both normal fish and marked
fish in the pond with cover were of larger average size than their
counterparts in the pond without eover. The ™t" test indioated that these
differences wore iisuifietnt (t for normal fish ranged betweon L6 and
U1, § for marked fish varied between L6 and 23.2). The differences in
average lengths between the experimenital groups of fish confined in the
o ponds increased during the course of the experiment, A possible
explanation for the more rapid growth of the experimental fish cde
in the pond with cover is that this pond was the lowormost of the two,

In this pesition it may have received more food., An unknewn amount of

 finely ground food placed in the pond without cover could be carried by

the weter current through the sspurating screen to the pond with cover.
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Discussion

The results obtained, in both the 'laéga--e‘azo exporiment in
the eireulsr pond and the two smali-scals tests in the split pend,
yield the same conclusions: (1) that fin removal did not inecresse
losses of marked fingerling lake trout to predatory fish to any
greater degres than might be expscted on & basis of ohanee uluﬁen;
and (2) that the marking prosess did not eause any retardation of
growth of the marked lake trout fingerlings so exposed,

It might be argued that the dersal-adipese fish in the cireular.
pond experiment were adversely affeoted by the marking process and
were significantly more vulmerable to predstion. Howsver, darsal-
ul’ipeu fish in the split-pond axgarinbﬁ were not found to be
signifioantly more subjest to predation than normal fish, adcording
to the ohi-square saloulations for the entire ysar of cbservatioen.
None of the shi-square salouwlatlions showed any oonsistent trend that )
indioated that marked fish were at & dissdvantage as far as ’bomg s
more subject to predation than were normal fish., Chi-square values
determined for the comparison of lossss to predation of all marked
fish snd normal fish were non-significent in all three sxperiments
ever the entire year of observations,

Because predation was not mmintained in equal mmounts at all
times in the pends with cover and without eover, elear-eut results
were not obtained cmofning the effect of cover on the mortality of
marked fingerling lake %rout. However, total results suggest that
eover very likely is a favorsble fastor in keeping mortality frem
predation at a lower level than in situations where nc eover is present,

These experiments, although condusted Mr habitat eonditions
vory wnlike the natural haunts of fingerling lake trout, intimate

strongly that the marked fish released in the Great lakes have not
suffored greater mortalities as a result of predation than have the
wsolipped lake trout fingerlings planted at the same time.
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