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hher prominent, finsly

Ygtocking check” ou

environment wers atypical in shape and appesarance.  They containsd a







b oremove small fins completely, the powsr of regensration in small

oy

fizh is wvery high, and the stress of handling and olipping can causs
substantial mortality.

Whan hatchery fish are pressnt and unmarked individuals are

caught, it iz difficult

wars sither intentionally or inadvertently released unmarked,

whether their fins were clipped and have subsequently regensrated,

i

o whether in some cases they might represesnt leaporitant signs of

H

Iy recent vears, the Great Lakes Fishery Commission has
received an increasing nusber of reports that suvenile unmarksd laks
trout werse appearing in catches from lakes Huron and Michigan., It
has nobt been known whether they were hatchery fish that wers

sntly unmarked, or indigenous recruits (R,

HE
i
1
or
i

&
ﬂ
&
i
g
pry]
-5
o
s i
e
-

4
o
iy
i

Fishery Dommission, Ann Arbor, Michigang
parsonal communication?.

A technigue was needed to determing the origin of thess
individuals. Even very sophisticated procedurss such as
glectrophoresis might not succoessfully resolve their identity
v of hatchery stock,

there may not have been adeguate isolation to sffect slectrophoretic

Calocified structuress that are used for routine ags



determination contain a very specific growih record (Dasselman

1978y, It was decided to sxamine growth recorded in scales and

W

pholiths o sae might be ussd bto distingulish betuesn native

lake ftrout

v ohatohery origin living in the natural

provide relatively simple techniguss that
A ¥ o

managsrs. Furthersores, Cables (1934) had
already reported that scales of hatchery lake trout stocked in Lake
Michigan had a "0Y check, which she used to ascertain i fish were
of hatochery or native origin.

The purposs of this shbudy was (1) to develop specific oriteris,

gpf suwenils lake frout from the natural
grvironment but of known origin, (2} to test and refine these
criteria to see if they could be used to differentiate belwssn
hatohery and indigenocus fish from other environments, and (3) to
anply the criteris to samples of unmarked juvenile lake trout from

lakes Huron and Pichigan to detsrainsg i+ they wers indigsnous fish,

s
W

signifyi: recruitment.

MATERIALS AND METHODE

fd

Ta develop the criteria, juvenile lake trout were used fronm

dohrnson Lake (809 147 1at., 78 377 long.), & desp, 150-hecta

oligotrophic lake in the Haliburiton Highlands of Ontario. The lake
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containsd native lakes

‘I

trout, but beesn stooksd in May 1981
with vearling habtchery figh (OMMR Lake Manitou stock) that had been

toral fin clip.  Both hatchery and

lake trout were collected from 1981 to 1983 in
desn water ssts (30-35 m) of fine mesh gill nets.  The marked
hatohery fish were of known age and were in their sscond and third

mative lake troult were unmarked

i
m

calendar vears when collected. Ths
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and distinctly differsnt in body fors and colouratl

and scales and otoliths wers removed

from fresh or frozen and thawsd fish. The structures were alr-dried

urtil subsequently processed.  Soaless were removed from a key le

sample arsa, midway along Lhe trunk on both the anterior-posterior

g dorsal -ventral

fis

In the laboratory, scales were placed on glass slides, then
immersed in BOY ethyl aloohol, coversd with a cover slip, and

photographsd at 7&x magniticat
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Model PE-18 by Eastman Hodak, FRochester, New York)., At lsast thrse

t
m

non-regenerated scales were printed for sach fish., UWhole otoliths

[aTutid

were immersed in BOY aloohol in e depression slide and were

photographed at 38: using transmitisd light., The otoliths were then

dried, enbedded in Araldite {(Ciba-Beigy Danada Lid., Dorwval,
Guebec), and thin-sectioned transversely through the origin with a

low-spesd Isomet saw {(Buehler Lid., Evanston, Illinois). The

ions werse 200 bto J00 um thick, and were sxamined under a

dissecting microscope at low powsr {approdimately 2800,

To build the distinguishing oriteria, structures were sgamined

from equal pumbers lapprowimately 24 of gparked (Fin clipped-—

uration of the circuli on the
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srales were ranksd by extent and location. The anterior radius of
sach primary check {(considersd To be associated with annuli or

stockingd, as well as

33"

the total anterior scale radius, were measursd
from the foocus along the esxtrems anterior axis., Meassuremenis were

made with a digitizer interfaced with an IBM-PO microcomputer. For

fod



categorized.

Tor best and refing the oriteria, additional lake trout
samples were ussd from Johnson Lake, as well as from lakes Huron,

Supeyior, and

supplisd by H.

Thess sanples
TL = 21.2 £ Z.
= 5, 1980 vear
gill nets May
unmarked, n =
class, 17.0 %

September 19HE,

Michigan., Gresat Lakes lake frout wmers

Eschenroder of the Great Lakes Fishery Commission.
werse as follows: (1) Johnson Lake, unmarked, n = 5,
2 oom {F & 95Y Confidence Intsrvall: marksd (RPTY), n

21,3 &£ Z.09 omy collected by superimental
to July 1981, 198%, and 1983, (2} Lake Huron,
%, 1925 % Z018 omy omarked (LPYY, no= B, 1982 vear
22 omy collected by botiom trawl Jduns to Ootober
art arsa, north of Alpens, Michigan. (3 Lake

=

Superior, unmarked, n = 5, 19.0 £ 1.34 omy marked (Ad), n = 11, 1982
vesr class, 4.6 & 0.B4 ocmy and (RRVYY, n = 9, 1981 vyear class, 20,04
2 0.90 om, collscted by gill nets Beptember 1982 in the vicinity of
Cat and Basswood islands, Wisconsin: hatchery fish, n = &, 1983 vear
class, 11.4 % 2.28 om, removed Beplember 1983 from Bavyfield
Hatchery. (4} Lake Michigan, unmarked, n = 1é&, 32.3 2 6.0 omg
marked with & different fin clips, n = 43, {dy, n = 7, 1982 vear
class, F1.8 £ 1.4%9 cm, collected by trawl and gill net August and

in the vicinity of Grand Traverse Bay, Michigan.

Great Lakes fish were frozen, and were processzed in a mannsr
similar to thosse from Johnson Laks. ALl fins were sxaminsd
raretully to dication of anomalous conditions that

might indicate

regeneration

in this study

usually early

During the Onta

y of the Fin

clipping, bassd on length, area, or abnormal

-~

=

ray All marked hatco - Fish referrad to

were stocksd in their second calesndar vear in spring,
Mavy, as vearlings.
rio Ministry of Natural Resources Age and Growth



Horkshop, 1985, 21 different scale interpreters helped fest the
gffect of sxperisnce on differentiating between hatchery and
indigesnous fish, using scale criteria. These people routinely
interpret age of fish from scales snd other caloified structures.
Some had no ssperience with scalss of lake trout. The sxperisnce of
those who worksd with the species was measured by the numbsr of laks

trout scale samples that they interprset annually £11 interpreters

developsd and a typical illustration for sach group {oresented

assign an identity to sach fish, based on
photographs of the scales. The identification was based on only one

fi
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W
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srale image for sach fishi howsver, in soms cases
-eprasented more than once by different scales, and several scale
images were duplicated. No dats were supplisd zlihough samples wers

groupsd according to lake of origin. A confidence ranking {(1--

ol to sach interpretation.

Bodyv-scale relations wers constructed to sxamine

i

uzed, and bagk-

i

ditferences in growth rate. & combined relation wa
calculation was performed using standard procedures (Whitney and
Darlander 1954).  Instantansous growih rates were caloulated using
natural logarithms of body lengths determined from back-caloulated
e, expressed as peroent change in body length per
day. To interpret growbh datas, environmental conditions of the
nursery ground were considered, using data collected on mid-summer
vertical distribution of lake trout in Wildeoat Lake, small inland

lake in the Halibuwrton Highlands of Ontario. Vertical distribution

wan deterpinsd in

tis

study using monofilament gill netse 172 t0 5 1/2

inch stretoch measwrement, set on bottom at 10-meter depth inter

n
o
i

throughout the entire depth of the laks

0



RESULTSE AND DIBLDUSSION

Srale Characteristics

Scale criteria
The sztent and relative location of checks on the scales were

interpreted and comparsd and contrasted for juvenils lake trout
from Johnson Lake. Marked and unmarked lake trout showsd sons
distinct differences. Hasic differences are summarized in

Table 1, and are illustrated with typical sxamples in Fig. 1.
Although spacing, width, and relaltive number of circuli, as

well as degree of fragmentation and coalescence of the circuli in
the check, were useful, the criteria most frequently used for

separating thesse two groups involved the sxient and relative

of

iz

i

location of the first ftwo orimary checks, Very gensrally, scales
+ 3 ¥ ¥

marked fish of hatchery origin contained a nucleus that was composed

of relatively numerous, narrow cilrculi delinesated by a prominent

check or break in the scale patiern, which was usually accsntusted by

widsely spaced circull oubside this check. This often gave the
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fat the nuclsus contained a more finely soulptured
miniature scale supesrimpossed on the origin with thicker, mors widely
spaced circull oubtside 1f. Assuming that spacing of circuld
indicates growth {:tég then the changs in spacing outside this
nucleus indicates a decrease or cessation in growth rate followed by
a prominent increass in growth rate.  The formation of this chsck

and a rather abrupt change in spacing of the circulil was comfirmed

LY

v comparing scale samples of hatchery fish ftaken at time of

0

stocking with those from fish recaptured immediately atier stocking
antd later. The most prosinent check on scales of planted hatchery

suvenile lake trout iz the "stocking check”, which is delinesatsd by

mire



more widely spaced circuli. The first annulus, which forms in the
hatchery, iz usually contained in a lesss prominent check located
sust inside the stocking check. No such abrupt changs was apparent

on soales of native fish.

Experience would be swpected fto influence the ability to
racognize checks and the success of the identification and
discrimination process. For the Grest Lakes samples, thers was &
direct correlation betuween the supsrience of the interprebsr and
percent identified correctly (Fig. 2}, Howsver, this was not the
case for Johnson Lake fish because a high percentage of the
interpraters who had no sxperisnce with lake trout scales were able
to use these criteria to identify correctly the origin of all the
Jdohnson Laks fish.

Correct identification diffsred betwsen insxperienced and

guperienced interpreters by 224 (78 and 100%) for the Johnson Lake

samples and by 2864 (538 and B84%) +or the Lake Michigan samples (Table
2Y. On the averags, when using these scale criteria, inexperignced
interpreters correctly assigned membership &86% of fthe time, whersas
guperienced interpreters were successful %3E of the fime.

Although sxperisnce iz important, & systematic, rigorous, and
carsful interpretation of the breaks, width, and spacing of the

irculi can partially compensate for lack of sxperisnces.

!"i

Inguperisnced interpreters who wers instructsd to conduct a thorough
inspaction that involved actually marking on a photographic print
gach break or change in the configuration of the circuli with a
coloursd marker scorsed B to 10¥ higher than those who were sisply

given the criteria and allowed fo proceed. Several inexperisnced

10



intsrpreters were glven the same htype of test on different samples,
approzimately two smonths later. Thelr discrimination improved an
average of 12%, confirming that ability to differeniiazte betwssn
these two groups improves with experisnoe.

Al

Facd

hough numserous factors affect the discrimination, checks on

s

31

hatchery origin are generally somewhat more

. of Fish
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b

soale

13

variable and difficult to categorize. The oriteria vary, depsnding

upon speoific hatchery conditions.  For syperienced interpraters,

il

correct ddentification of fish in a2 sample was inversely related to

the number of different types of marks (fin clips) on the hatchery

e

izh, These marks indicate different hatchery lots and probably

different growth conditions. These variables were related as

follows:

*?!'A correct ID S 1‘::3"1;';? - ".i‘?x No. of different btypes of fin alipps

M

i
s
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B
b
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In contrast, scale characteristics of native laks troul wers
usually less variable. The annuli wers, howsver, relatively
indistinct and difficult to locate, circuli were uniformly spaced,
and since scales of indigenous fish lacked the prominent nucleus

that usually appesred on scalss of h

18

wbohery fish, identification was
azsigned to some extent by default (Fig., 1),

5 of both marked and unmarked lake trout from Johnson Lake

5]

i

cal

were sasily recogrnized {e2.g9., Fig. 3), and the results were highly

X

o

f )

urate {(Table 2).  Howsver, this might be supsclted becauss the

criteria wers bullt specifically using these two stocks of fish.

L

When distinguishing between these +ish, the confidence rankings were

usually sutremely high ¥ = 2.2}, Spacing of the primary checks was

i1



considered to be the best single criterion.

i

& cursory examination of samples from the Great Lakes

indicated that similar oriteria would apply.  In the Lake Huron

sample {e.g., Fig. 4} characteristics in scales of marked lake
trout weres less distinct than those for lake btrout from Johnson

Lake. This is as expected, because the hatchery fish were of
different origins than those of Johnson Lake, and no doubt had
slightly different environmental and growth histories, even though

they were reared for aporoximately the same length of time and wsre

"‘t’
stocked at the same time of vesr. Howsver, scale characteristics of
unmarked fish werse very similar to thoss of Johnzon Laks. The
criteria applied equally well to juvenile lake trout from Lake
Huron, which were accurately separated, especially by superienced
intgroreters (9864 (Table 2.

It was more difficult to interpret scales from Lake Supsrior
fish {s.g., Fig. 3}, no doubt partly becauss the group of marked
fish was comprised of two different lots, probably reflecting
slightly differsnt hatchery growth and stocking conditions. Also,
the urmarked fish had a characieristic first annulus and nucleus
which was comnposed of thin, narrowly spaced circulil, giving an
ovarall impression someswhal similar to that of hatchery fish (Fig.
51, Howmsver, this nuclesus was much smallsr than the typical nucleus
on soales of hatcheey fish, indicating relatively slow growth in the
first yvear. Even though the second annulus was guite distinct and
distant from the first annulus, this pattern about the nucleus in

some oFf the unmarksd indigenous fish was sometimes misleading and

was probably misinterpreted as hatchery growth in some indigesnous

The Lake Michigan scales (s.g., Fig. &) produced the poorest



results and the lowsst confidence rankings (8 = 5.8). There are

11 11}
fre

BEY

it
1t
fout

possible syplanations. It was probably because the sample

of marked fish containsd several differsnt types of hatchery plants,
representing different hatchery treatmsnts and stocking conditions
{three were ussed in the test). HMNevertheless, as with marked fish

from other lakes, when the typical hatchery nucleus was presenit, it

was quite distinct (Fig. &). Unmarked fish in the Lake Michigan

oed

zample were ralatively poorly identifisd., Several of the samples

wers consistently ol

B

gssified incorrectly by the 16 interprsiers who
tested the method (s.g., correct identification of some fish was as
low as 25%). It was cbvious on close sxamination that the
characteristics of some of these scales were more indicative of
hatchery than of indigenous fish. From the scals examination, it

was suspected that some unmarked fish were actually of hatchery

origin.

Otolith Characteristics

fitolith criteria

Otolith differences wers more conspicupus and sispler to detect
than those of scales. From preliminary sxamination at low
magnification, it was obvious that otoliths of marked juvenile fish
ueed in this study were often abtypical in shape and appearance.

Vary genarally, the otoliths of suvenile fish of hatchery origin

contained a relatively opague nuclsus, or nodule, that appeared to

e a
iT
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cmposad on the lateral side of a relatively translucent,
gven crystalline, larger otolithic mases. More recent growth within
the otolith appeared to be extremely translucent and strongly
allometric. In contrast, otoliths of unmarked native fish were

always more uniformly opague and appeared more symmetrical.

13



Although these differences were readily visible in whole otoliths
vigwed at low magnification in incident light (Fig. 7}, they were
gxtremely obvious when transverse thin sections through the origin
were removed and sxamined under slightly highsr magnification {Fig.
8. This change in otolith growth sppearsd to ocouwr after stocking,
because growth of the otolith of hatchery fish prior to stocking

appearsd normal at the sub-macroscopic lsavel.

Bigeripination ausing oftelith criteria

fApproximately 708 of the marked lake frout had otoliths with
this anomalous tvpe of growth: howsver, the freguency of ocourrence
varisd somswhalt between lakes (Table 2. hNot all lake trout of
hatchery origin had this snomalous type of otolith. Otoliths from
unmarked juvenile lake trout were normal in all samples except those
from Lake Michigan. Indesd, as indicated later, some of the
grceptions in the Lake Michigan sample actually may actually have
besn caused by unmarked hatchery fish., Therefore, the otalith
criteria may bhe more reliable than results thalt include the Lake
Michigan fish indicats. On the average, obtolith characteristics
correctly assigned the identity of 79% of the fish. The otolith
criteria wers obvious enough that sxperience did not improve

discrimination.

Discrimination Using Combined Scale and Otolith Characteristics

When results of the scale and otolith interpretations for the
same fish were combined, it was apparesnt that all unmarksd juvenile

lake tro

i

ut in the samples from all lakes sxoept Lake Michigan had

g 4

characteristics consistent with indigenous fish. However, some

unmarked lake trout in the Michigan sample had characteristics in

14



roth the scales and oteliths that could be associated only with
stocked, hatchery fish {e.g., Fig. %), Indeed, only &3% of the
unmarked Lake Michigan lake trout had characteristics typical of

fish.

]
i

indigenou
Mo ready suplanation can be given for the relatively high
percentagse of unmarked Lake Michigan fish that appsared to be of
guestionable origin. However, 1t is apparent from growth data
presented later that Lake Michigan fish are fast growing, and if
fins of hatchery fish were only partially clipped, thesy could
gasily have regenerated. EBpecial effort was made
during the initizl skxamination to sxamine the fins carsfully to
avoid misidentification. In fact, some marked Lake Michigan fish
had clipped fins that were virtually regenerated (90% present). It
is also possible that some fish stocked as fin clipped hatchery fish
might have been inadvertently released unclipped. However, the
proportions in this case seem o be sxtremsly high. Esxamination of
routine clipping of stocked fish indicated that typically & small
peroentage (34 of hatchery fish may be stocked virtually unclipped
{Table 3¥, bul in some cases s considerable proportion (19% in these

sranples) may be only partially clippsed., If growth were extremely

-
i1
o
ot
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i

iz the case in Lake Michigan lake trout, the fins could
gasily regenegrate, obscuring the true origin of the fish.

The resulis of the interpretation of scales and otoliths of
unmarked fish provide strong circumstantial evidence that natural
recruitment is oocurring in lake trout stocks in the parts of lakes
Huron and Michigan whers these samples were collected. Bince native

lake trout have not been seesn for many vears in the sectors of the

i}

lakes from which these samples were taken, indigesnous juvenils lake

trout, progeny of hatchery stocks, now appear to be present. In

Lh



Lake Huron these fish would be of the 1981 vear class., In Lake
Michigan thers appesr to be several year classes, including 1981,
Growth Characteristics and Environmental Conditions in the Nursery
Habitat of Juvenile Lake Trout

This detailed interpretation of checks on scales of juvenile
lake trout provided the opportunity to document growth differences
between marked and unmarked juvenile lake trout and to validate the
interpretation using the hatchery fish, which were of known-ags.
The body-scale relations over thess size ranges were lingar {(Table

4, Fi 13y, and back-caloulated sizs at scale age was ussd to

[t}
«

provide corroboratory svidence that the checks interpreted as annuli

and stocking checks corresponded to the previous sizes of th

H

stocked fish when these respective checks formed. Total body length

at time of stocking for lake troubt from Johnson Lake {11.5 x 0,24

cml was not significantly differsnt {within 4%} from the body sizs

estimated by back-calculating to the stocking check on H of

it

o

w
0
i

fish recaptured later (12,9 2 0,95 om, Table 5.

Indeed, back-calculated lengths at age showsd sucellent
agreaasnt with smpirical lengths of fish collected at corresponding
ages. There was no significant difference between these valuss
{Table %) and empirical lengths for Johnson Lake, June, Zrd
calendar year, 21.0 & 3.09 cmy Lake Huron, fugust and October, 2nd
calendar year, 17.0 % 1.2% cm; Lake Superior, September, Znd
calendar year, 16.6 % 0.84 om; Lake Michigan, Ssptembsr, 2nd
calendar yvear, 21.8 & 1.4%9 om.

It is apparent from average valuess that native juvenile lake
trout are slowsr growing than are stocked hatchery fish., Size of

stocked hatchery fish at the second annulus was not appreciably

1&



different from the size of indigenous fish living in the same
environment, but one yvesr older at the third annulus (Table 5.
Lake trout in the natural environment, regardless of their origin,

grow very slowly during their second and third vears. This is

onfirmed by two lobts of hatchery fish taken from Lake Buperior, ons

i

at the end of the second and the other alt fthe end of the third vear.
Their lengths differed by only 3.8 om {16.4 £ 0.84 om as compared
with Z0.4 % 0,90 omd.  The unmarked fish showsd sisilar resulis,
which are typical for the speciess {Eschaeyver 1736), with s
difference of only 5.1 om betwsen the second annulus (15,2 om) and
the third annulus 20,7 om).

¥ spacific linsar growth rate for indigenous
lake trout was 0.827 in the first calendar year, 0.122 in the sscond

year, and 0,072 in the third

hatchery fish stocked as yearlings were greater: first vear of life

i

in the hatchery 0.847, sscond vear up to time of stocking 0. 1%4,
from stocking to end of the second year 0.130, and averags for the
second year 0.183, or approximately 33% greater than indigenous lake
trout.

Midesummer vertical distribuotion provides a plausibles
explanation for such low growth rates. Fingsrling and juveniles laks
trout up to approximately 25 om TL live in extremely deep water.
These juvenile fish are usually found a2t 30 m, howsver their depth
digtribution ranged from 25 to 35 m, with some individuals found in
deeper waler (Fig. 11}. It appears that juvenile laks troub live in
this profundal nurssery habitat wuntil they are sub-adult, when they
move into shallowsr water and live above the adults. There iz a
gignificant increase in growth rate when these juvenile fish changs

habitat and move shallowsr, usually in the fourth or fifth calendar

faaad
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yvear., Thers is a direct relationship between size {length!) of sub-

acdult and adult lake ftrout and their midsummer vertical distribution

1]

{Fig. 11},
This profundal ssistence dirscitly affects growth rate, and no

doubt partially explains some of the differences obssrved in the

number, spacing, and continuity of the circuli on the scales of

hatchery and indigenous lake trout. Differences in growth and scals

characteristics would be supected when comparing hatchery fish

living in raceways oF rearing ponds land fed ad JTibitus! at
]

temperatures closs to the aptisum for linear growth——10 © (07 Connor

st al., 1981} and grow rapidly as comparsd with natiwe fish foraging
naturally and living in the profundal portion of the lake 2t low

temperatures {approdimately 4 00, well below the optimum. It is

hypothesized that this despwater nursery habitat, which iz bypical

P

for the yvouno of the species {Eschmever 1954), iz sssential i+ they

i—

ars to sscape predation, which would undoubtedly ocour 1§ they lived

o

in shallow water among or sbove the larger, older pelagic
piscivorous lake trout. Although juveniles are less vulmerable to
praedation in this despwaler refuge, they msust live in conditions

that appear to be suboptimal for growth.

Mumerous factors atfect The tvpe and conspicuousness of the

faal

stocking check that appears on scalss.  This check offsn ig mors

prominent than the first whiich forms in
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the hatchery. The conspicuousness of the stocking check provides

[
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measure of the disruphtion in growth that occurs at tims of stocking.

St

Intensive netting and slectrofishing studiss immediatsly aft
hatchery fish have bheen stocked indicate thalt stocked juvenile laks

trout can remain in shallow water in the littoral zone (42 @m) for

several wesks {(up to B before descending to the profundal nursery



spvironment. Young lake frout, especially juveniles, are not
usually found in such shallow water, sspecially juveniles (Eschmsver

emain in shallow
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water for an s:ztendsd periocd of tims after stocking in spring, the
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ars actively feeding in the shallows at that tims of but would

alsn live abt extremsly high temperatures, well above the optismunm.
This would greatly alter growbth of the calcifie

growth conditions and stocking practices can

fa
i1

atfect on growth of calcified fissue and i

CONCLUSIONG

Criteria have besn developsd, using scales and otoliths, that
permit reasconable success in distinguishing betwsen hatchery and
indigenous lake trout. Although the oriteria are rather specific,
their recognition improves with superience, and the success of the
discrimination is increased by any factor that accentuatss the

change in growth sffescting the stocking check. The method is most

successtfully performed when the oriteria are specifically

constructed for a particular stock of hatchery fish, and consider

their unigus hatchery growth and stocking conditions.

The success of the discrigination is inverssely related to the

Fxa

number of types of growth historiss considered. Using thsse basic

criteria, it would be possible to bulld more specitic scale and
otolith characteristics based more directly on specific growih

conditions in
Sealss and otoliths from unmarked laks trout from lakss Hwon and

Michigan contain characteristics
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indigenous juvenile laks frout may ocouwr in thess two lakes in
sectors where native lake trout appesrs to have bsen become sxitinct

Reproduction of planted lake trout has already been reporised for
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Lake Michigan (Hagner 1581y, and appear
Lake Huron.

Current culture and stocking practices produce very distinct
characteristics in the scales and ocholiths of artifically rearsd
lake trout These result because hatchery conditions for lake frout
are distinctly different from conditions in the natural nursery

habitat., Also, because of current stocking praciices, recently

stocked suvenile fish may spend considerable time in shallow water
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interfere with normal growth and acosntuats the Ystocking cheok” in
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scales and otoliths, and produce characteristics that
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ably more prominent than soms of the unigue growth
ifferences that have already heen associated with hatchery culture
of other species such as lake whitefish Van Dosten 1961 and

walleve (berns 1981},
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Table 1.

Criteria for differentiating between marked and unmarked lake trout
using characteristics of the configurations of the circuli on scales.

Criteria

were developed from marked (fin-clipped) juvenile fish of hatchery origin and
unmarked indigenous (by colour, form, and electrophoresis) lake trout from the

natural environment of Johnson Lake, Ontario.

Marked

Unmarked

f—

Thin circuli inside the first two
checks

Narrowly spaced circuli inside the
first prominent check

Numerous circuli inside the first
two checks

Circuli more fragmented in the
lateral portion of the first check

Numerous circuli cross the posterior

field

First two checks usually very close
together (sometimes coalesce in
lateral) and distal from the focus;
first and third checks are annuli,
second check is probably a stocking
check (SC)

Often scales (e.g., Johnson Lake)
are of comparable size at the
second annulus

Thick circuli inside the first two
checks

Moderately widely spaced circuli
inside the first prominent check

Few circuli inside the first two
checks

Circuli less fragmented in the
lateral portion of the first check

Few circuli cross the posterior
field

First two checks uniformly spaced,
and are annuli; second check is an
annulus

Often scales (e.g., Johnson Lake)
are of comparable size at the
third annulus
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Table 3. Frequency of occurrence of the percent of right pectoral fin that
was present, classified on the basis of length and area, for two different
Tots of 200 lake trout each randomly subsampled from yearling fish stocked
in lake trout lakes in the Haliburton Highlands of Ontario, May 1981.

% of right pectoral fin present

100 90 80 70 60 50 40 30 20 10 0

Classification

of future Not
recognition recognizable Questionable Recognizable
% frequency 1 0o 1 6 4 2 0 3 16 66

of occurrence

% accumulated
occurrence 2 3 3 4 10 14 16 16 19 25 101




Table 4. Body-scale relations for the juvenile lake trout
from Johnson Lake and lakes Huron, Superior, and Michigan

used in the study.

Source Equation N r sign.
Johnson Lake 5.67 + 21.14X 10 0.98 **
Lake Huron 0.29 + 26.80X 11 0.99 *x
Lake Superior 4.26 + 21.07X 30 -0.95 *x
Lake Michigan 2.79 + 27.05X 60 0.95 *x
Combined 0.52 + 28.46X 111 0.98 *x
Average 3.25 + 24.02X
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Figure 1. Scale characteristics associated with marked (hatchery!

and unmarked {indigesnous? juvenile lake brout $rom Johnson

!“'l
,...x
!?,l

Lake. are from a marked lake trout caught June 15,

1982, 20.2 cm Th, &B.2 g, 1980 vear class: and an unmarked lake

trout, having form and colowation of a native +ish, caught
June 1&, 198BE, Z0.4 om TL, &3.0 g, 1979 vear class. ALl scales

%N
21
e
]
53
ot

arg illustrated as positives (Féx}, with anterior up and
side right. Annuli and stocking check (B0} are indicated. On
the scale of the marked lake trout small arrows indicate an
annulus, and large arrow indicatss the stocking check.  On the
scale from the unmarked lake trout larges arrows indicate
annuli. Back-calculated body size: for marked figh, first
annulus--10.4 om T, B8C--11.7; for unmarked fish, firs
annulus-—2.0 om TL, second annulus-—14.4 om Th.

Figure Z. Relation bestween percent of the scale samples from four
sources that were identified correctly according to origin,
and the superience of the intsrpreter, as indicated by the

number of lake troub scals samples that we aminsd par

-5
i
i1

vear, The number of interpreters es<amining the samples is
indicated by N. Where a correlation exists, the trend is
indicated by the regression line and equation.

Figure 3. Typical scales of juvenile lake trout from Johnson Lake
frrows are the same as in Fig. 1. EBocales from marked lake
trout (1980 vear class) (A} caught Juns 16, 1982, 20.46 om TL,

F.2 g, identidied correctly--939%; (B} caught June 1é&, 19832,
20.46 om Th, &B.2 g, identifisd correchly-——100%. Scalss from
unmarked lake trout having form and colouration of native fish

(0 caught Juns 14, 1982, 20.4 om TL, &3.0 g, 1979 vear class,

-
o
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us

identified correctly-——95%: (0¥ caught June 14, 1982, 17.% on
Ti, &&.1 g, 1979 vear class, identified correctly——100%.

Scales ars illustrated as positives {(76x).

Figure 4. Typical scales of juvenile lake trout from Lake Huron.

Arrows arg the same as in Fig. 1. BScales from marhked fin-

clipped laks trout {1982

1983, 1&6.% om Th, 3%.0 g,
October 246, 1983, 18.% om TL, S546.% g, identified corrsctl
B5%. Brales from unmarkesd lake trout having form and
colouration of native fish (£} caught October 26, 1983, Z3.1 om
TL, 115.1 g, 1781 vear class, identified correcily-—753%; (I
caught July 20, 1983, 20,0 om TL, BO.E g, 1981

identified correctly——B&Y. Bocales arsg illustrated as positives

Figure 5. Typical scales of juvenile lake trout from Lake Supsrior.

Arrows are the same as in Fig. 1. Scales from marked lake
trout (1982 vear class) (A) caught September 9, 1983, 14.7 om

T, 30.8 g, identified correctly——884: (B} caught Septembsr 9

3
1983, 19.5% om TL, S2.3 g, identified correctly——BE%. Goales

iy
-
'l
o
-
E]

unmarked laks trout having form and colouration of native

dry
i
n

o

{0y caught September 13, 1983, Z1.1 om TL, 846.3 g, 1581
yvear class, identified correctly--%4%: (D) caught September 135,
1983, 19.3 om TL, 5%.0 g, 1981 vear class, identified

correctly——73%. Brales are illustrated as positives (Féxl,

Figure &. Typical scales of juvenile lake trout from Lake Michigan.

Arvyows ars the same as in Fig. 1. Central portion of scales
from sarked lake trout (1979 vear class? {(8) caught September

1983, 48.4 om ThL, 1108.1 g, identified correctly——100%; B}

caught September 1983, 49.5% om TL, 1122.5 g, identid
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correctly-—100%. Boales from unmarksd lake trout having form

and colowation similar to native fish (D) caught Seplember
19873, 20.2 om TL, 7B.7 g, 1981 ysar class, identified

correctly——100%: (I} caught Seprember 15, 19835, 20.46 om TL,
7i.1 g, 1981 year class, identified correctly-——&60%.  Boales are
illustrated as positives (Foxl.

Figure 7. Tvpical whole ofoliths of juvenile lake troul from Lake
Huron., Otoliths from marked lake troubt (8 caught October 26,
1983, 16.48 om TL, 37.1 g {(left otolithl; (B} caught August 24,
1983, 14.2 oo TL, 24.0 g {right otolith)., d&rrows indicats
opague nucleus (nodule on the lateral surfacs! swroundsd by
gxtramaely franslucent crystallineg material. Lefit obtoliths from
unmarked lake trout (0 caught October 246, 1983, 2501 om TL,

11501 g3 () caught August 24, 1983, 1B.8 om T, &62.2 g.

s_;:"

Otolithz of unmarked lake trout are uniforsly opagues
throughout., Viswed in inaidént light {(ZHBu).

Figurs 8. Transverse sections of typical otoliths of juvenile laks
trout from Lake Huron., Left ofoliths from marked lake trout
(1982 vear class) {A) caought October 26, 1983, 18,5 om TL, 556.9
g {(74x, thickness 190 umdy (B} caught Supgust Z4, 1983, 14.2 om
Th, 24.0 g {78x, thickness 210 umd. frrows indicate opagus

podule on the lateral surface., Left ctoliths from unmarked

lake trout (0) caught October 26, 1983, 23501 cm Th, 115.1 g,

1982 vear class, (74, thickness 210 wmip (D} caught August 24,

et
-

1983, 18.8 om TL, &62.2 g, 198Z wvear {782, thickness Z10
um?. Viewed in fransmitied light.
Figurse 9. Bcale and otolith section from an "unmarked” lake trout

from Lake Michigan caught Septesber 16, 1983, 34.% om TL,

499, 5% g, 1981 vyear class. Central portion of the scals (M)

E1



indicates typical pattern of a marked fish; identified

correctly {as an unmarked fish)--25% (Féx). Gmall arrow

i

H]

rigdi check.

i

gs annulus, large arrow indicates s

o

£

e
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£

E
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Transverss

1]

action of left otolith (B} (&3, thicknsss 290
umd . Viewed in transmitted light. &rrow indicates cpagus
nodule on the lateral surface.

Figure 10. Total length - anterior scale radius for juvenils lake
trout from the fouwr lakes used in the comparison.

Frohability levels——3%% = 20,01 and ns = non-significant.

Figure 11, Hidsummer veriical distribution of lake trout in small
inland lakes {(100-200 hal in the Haliburton region of Ontario.
Each data point indicates the size and depth of capture for an
individual lake trout. Average tempsratures at sach O-seter
depth interval are also indicated. One large cannibalistic
trout (£} was caught in deesp watsr and was nob ussd to
caloculate the relationship between depth and size for subadult

and adult lake trout.
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