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COMPARATIVE STUDY OF THE AGE AS DETERMINED BY SCALES AND OTOLITHS OF

)
THE LAKE TROUT (SALVELINUS NAMAYCUSH) OF LAKE MISTASSINI, Q,UEBEC.l -

Alfred Dubois3 and Robert Lagueux
Department of Biology, Laval University-.
Abstract

Studies made on 603 lake trout (Salvelinus namaycush)
fromn Leke Mistassini, Quebec, show that there is a strong
discrepancy between ages obtained from the scales and from
the otoliths of the same fish. The differences increase
with older fish. Growth curves thus obtained (mean
individual growth) have different limits and show different
patterns of growth. The authors explain this discrepancy
by the fact that fish and scale growth may cease or slow
down, at sexual maturity, while the otolith continues to
register annuli.

Introduction

In the course of an ichthyological inventory.underﬁaken at
Lake Mistassini, Quebec, by the Quebec Wildlife Service (LeJeune, 1962,
1964), we realized, during a study of lake trout (Salvelinus namaycush)
populations; that for this species age determined from scales (scale age)
did not agree with age determined from otoliths (otolitﬁic age).
Determination of age being an essential technigﬁe in the analysis of popula~

tion structure, we first had to solve this problem.

1 Extract from a master's thesis submitted at ILaval University
(Dubois, 1967). :

-2 Contribution No. 4T of the Department of Biology, Laval
University, Quebec.

3 Present address: Collége de la Pocatidre, La Pocafiére,
Quebec.
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Figure 1. Salvelinus namaycush, Lake Mistgssini, 196466,

Histogram of length frequency (mm. F.L.) of material_used.'

Materials_and Methods

The materials gathered over a»thfee—ygar period included a
total of 603 lake trout (Figure 1). ALl were measured (fork length),
samples of scales and otoliths were taken, sex was determined and the

maturity of ‘gonads assessed.

' Seales. All scale samples weré taken in the usual maﬁnéf frdm the side
of the fish in_an,area'located between thé aorsai fin ;nd the lateral

line. Readlngs were then taken from 1mpressmons on cellulose acatate
(Smith's technique, l95§). Each scale was read tw1ce, a thlrd reading

was taken when the résﬁlts of the first two differed. Slxty scales (9.9%)
were set a51de, and it should be noted that the length ‘of the fish from
which these aberrant scales were taken.was between hOO and 600 mm (34 flsh)

and between 600 and 1000 mm (21 fish). It wlll be seen during a detailed



analysis of all the materials that the rejected fish d@id not represent a
particular group, but were spread uniformly throughout the population, and
can be eliminated without danger of invalidating the results.

open
Otoliths. Samples of otoliths were taken by ventral bresking / of the

cerebellum using the Lejeune technique (1967); they were kept in a dry
place.  As for readings, the best results were obtained with the Nordeng
technique (1961) in which otoliths are made clearer by a five- to ten-minute
bath in 96% alcohol, and then examined in creosote under high intensity
lights., Our readingé for éhé>years 1964 and 1965 were confirmed by
specialists at the Montreal Arctic Biological Station. A total of 109

otoliths out of 603 (18.1%) considered illegible were rejected. For the

most part, these otoliths presented a specialiconfiguration: shorter

anteroposterior axis; less well-defined form; and very numerous, narrower

and clearer peripheral growth rings (Table I).
TABLE I

Salvelinus ﬂamdyéugh, Lake Mistassini, 196L, 1965, 1966.

. Percenhtage of otoliths rejected.because illegible or doubtful.

Vear Total Illegible '| Doubtful | - Total
number otoliths otoliths rejected
1964 134 19 (14.1%) 1 (0.75%) 20 (14.8%)
1965 - 268 | 27 (10.1%) 18 (6.7%) 45 (16.85%)
1966 201 - 25 (12.4%) 18 (8.9%) 43 (21.3%)
Results

Determination of Age

Normally one would expect different bone-structu£és in the same
fish to register the same:age,'since theoretically growth of these structures
is determined by a common factor - the growth.of the fish itself. Bulkley
(1960) compared branchiostegal fays of lake trout to theif scales and obtained
the same results. The comparison between scales and otoliths of haddock By
Kohler and Clarke (1958) yielded tﬁe same results. Nordeng (1961), however,
frequently found a difference, sometimes of several years, between scales and

otoliths of the Arctic char, Salvelinus salvelinus.




Rea@ings to deterﬁine age from écales and'otoliths of Lake Mistéssini
lake'trout often gave verj different resuit$ (Taﬁle_II). Only T9 readings
out of 455 - lT.ﬁ% - were identical; the'difference'bgﬁwéen‘other readings
varied from 1 to 18 years, the otoliths always having the greater number of
érowth zones. A differenée of one or two yegrs more or lesé may be due to

a difficulty in interpreting

TABLE II

Salvelinus namaycush, Lake Mistassini, 1964-1966
Difference between the age read from otoliths and the sge read from.

scales of the same fish (455 spp.)

Difference Number | % | Difference | Number | %
0 79 17.h4 10 13 | 2.9
1 T .16.3 11‘ " 9 ’, - 2.0
2 46 ‘;6.1"- 12 1. 10 | 2.2.
3 50 | 11.0 13 ;. 6 | 1.3
" b5 9.9 - 1h"“j 110 2.2
5. 31 | 6.8 1 3| o
6 20 | Lk 16 - R | 0.9
o2 | w8 | 17 2 | o

'8 | 1 | 31 T o | 0.2

9 16 SER T N

growth zones, but when there is a-difference_as greaﬁ as 18 years, this
explanation is no longer valid. It is obvious that one of the structures is

indicating an age that does not correspond to reality..
SCALE GROWTH VERSUS OTOLITH GROWTH

" As a result of our readings, for one:batch of fish we arrived
at two age series ~.scale age and otolith age - which gﬁve us two completely
different pictures of the same population. An initial divergence appeared

in the outer limits of extension of distribution by age:




a) The scale agé series extends from 3 to 12 years (Table IIT and

Figure 2).

b) The otolith age series extends from 3 to 24 years (Table IV

and Figure 2).
TABLE TII

Salvelinus namaycush, Lake Mistassini, 196L4-1966.

Frequency distribution, growth, standard deviation and standard deviation

from the mean according to scale age.

Age Fregquency Mean fork Standard - | Standard Outer
length (mm) deviation deviation from limits

(20) the mean

(tom)

3 1 205 - : - -

4 1k ] 233 35.01 | 9.36 180-315
5 L5 | 3hé © 51.01 7.60 | 230-k450
6 90 Lol | L1.67 - k.39 270-500
T 119 | 468 Lo.T7 S 3.7k 370-550
8 168 . 523 | ko.78 3.30 395-650
9 69 | 560 . 56.45 6.80 ° 440-790
10 25 T 63 76.86 15.37 - 475-830
11 T 9 132.03 49.90 540-950
12 6 795 io9.77 ) 4L, 81 620-920

We also noted a divergence in the lengthwise growth rate:

a) In the scale age series, the growth. rate was relatively uniform

and high (Table III and Figure 2);

b) in the otolith age series, the growth rate was lower and
declined to almost nothing around the age of 12 (Table IV

and Figure 2).




'TABLE IV

SaZveZinus'namaycﬁsh, Lake Mistassini, l96hf1966.

‘Trequency distribution, growth, standard deviation, and standard deviation

from the mean according to otolith  age.
Age Frequency Mean fork - Standard” | Standard Quter
" | length (mm) deviation | deviation from limits
‘ ' (+0) the mean
-(icm)

3 1 205 - - -

4 9 231 b1kl 13.81 180-315

5 1k 315 61.50 164k  230-k00

6 32 362 69.07 12,é1 200-515

7 50 hie 60.56 8.56 © 270-550
8 35 28 Th.31, 12.56 250-575
9 48 ’u83 73.1k - 10.56 310-640
10 34 Choi 72.03 1218 305-615
1 b 511 © 69.85 10.19 305-670
12' bh 5&2 | 61.18 9.33 k20-710
13 26 528 70.20 13.77 410-690
1k b1 528 113.25 17.67 345-840 -
15 17 ’528; ' 95.56 .231i8‘ 390-815
16 17 543 ' 129.93 3151 355-825
17 18 521 79.91 - 18.84 ' 405-645
18 12 - 568 120.82 34.88 380-775
19 13 576 12143 - 33.68 450-920
20 6 520 76.22 31.12 385-615
21 5 599 15852 70.89. 410-850
2. 12 588 9k.73 27.35 425-790
23 9 618 196.15 65.38. 385-1005
ol 6 56k - 150.78 61.56 490-870

In our sampling, only one fish was three years old; its scales and

otoliths indicated the same age.‘ At the four- and five~year age level,‘there

was still no significant difference betweeﬁ the mean lehgth of corresponding

scale and otolith age groups; this difference appeared only in the age VI

(@2




group with a "t" of 3.765. There was, however, a rather pronounced.
variation in the number of specimens for the IV and V age groups; these

scale age groups included 14 and 45 specimens respectivelj,
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‘Figure 2. Salvelinus namaycush, Leke Mistassini, 1964-66.

Growth curve, or age/length relationship, by scale age and by otolith age.

while the corresponding otolith age groups included 9 and 1k respectively.
This is explained by the fact that for most of these lake trout, the otoliths

contained a greater number(of growth rings than did the scales.
AGE AT FIRST REPRODUCTION

Faced with two age seriés for one batch of fish, we must take this
into account when determlnlng the age at whlcﬁ‘lake trout flrst reproduce.
Gonads were examined in August of 1965 and 1966. Accordlng to Du.four,l‘l the
lake +trout of Lake MlStaSSlnl spawn towards the end of September or the
beginning of October. One mlght therefore expect that in August the gonads
of lake trout that are going to spawn in the follow1ng month w1ll be sufficiently

developed to be easily dlstlngulshed

By scale age - On the basis of these observations (Tdble V), we see
that males begin to mature sexually at the age of 5, and females at the age
of 6. At 9, all males are adult and will spawn in the autumn. A male of 10,

690 mm long, and another 965 mm long.of.uncertain age, had immature gonads;

b M. Dufour, biologist with the Quebec Wildlife Service, personal
communication, 1966.




it is possible that these fish were stgrile’or;eicePtipnélly slow in their

sexuél‘development or were not rgproducing that year. -
TABLE V

Salvelinus. namaycush, Lake Mistassini, August 1965 andv1966.

Percentage of lake trout with mature and'imméture gonads by scale age.

' hge | Male gonads © Temale gonads
|Tmmature Mature | Tmmeture | Mature

3 hwoo@ | 0o | - _—
b 100.0 (7) 0.0 (o). ’; 100.0 (7). *{ 0.0 (0)
5 77;3 (i?) 22.7 (5) 100.0 (20) .-o.o.(o)

6 68.5 (26) | 31.6 (12) | 85.7 (2b) | 1.3 (b)
7 28.8 (15) | "~ T1.2 (37) 52.6‘(20)_ b7.4 (18)
8 15.9 (10) | 8h.1 (53) | k1.1 (28) | 58.8 (LO)
o | 0.0 (0) 100.0 (15) 26.7 (8) | T3.3 (22)

10 167 (1) | 83.3(5) | 50.0 (1) | 50.0 (W)

With the limited observations'availéble, we aré'unable-to determine
at what age all fémsles afe'adult. Even at 9; only 73.3%.of the feméles'had
mature gonads, aﬁq this decreased to SQ% éf the age of 10. It seems that
females do nét necessarily feproduce every year. We found eges from‘the
previous year in the abdoﬁinal cavity of T femalesswhose gonaas were, however,
poorly developed. .The& varied iﬁ age'from 6 to 8 years, andxin length from

420 to 530 millimetres. -

One might think that Leke Mistassini lake trout méaéuring 550 mm or
more in length (one could éhoosev6OQ mm and thé result would be the same)Aare
alrea&y adult and would hofmally spawﬁ in the autumn. However, ouﬁ sampling
included 32 females (37.6%) with undeveloped gonads, and 56‘feﬁales (62.4%)
'vWith developed gpnads - a'ratio of 1:2, (Taking 600_mm; the‘rétio 1:2 wéuld
be thatvmuch closer with respective percenfages of 36.1 and 63.9.). The ratio
1:2 leads us fo suspect a cycie‘consisfihg,of twé years of reproduqtion followed
by a year of reét. The idea that reproduction bf:the lake trout mightufollbw
a cycle is not a new one: Miller and Kennedy (i9h8) observed a cydlelfor‘

Great Beaf Lake; and Cueffier’and Séhultz (1957) obsérved one fér.the

Waterton Lakes.




By otolith age - On the basis.of otolithic age, males first
become adult at the age of T, and females at the age of 9 (Table VI). We
can assume that all males are adult at the age of 15; the few males older
than 15 with immature gonads are perhaps sterile or in a period of rest.
They account for only 9% of males aged 15 and over; a reproductive cycle is

therefore not involved.

For their part, females seem to follow a reproductive cycle. If
all females are adult at 17 - and this would not appear té be exaggerated -
there were in the group aged 17 and over,‘16 females wifh immature gonadsg
and 17 with mature gonaas.. Once adult, therefore, females apparently reproduce

only every other year.
TABLE VI

Salvelinus namaycush, Lake Mistassini, August 1965 and 1966,

Frequencies of lake trout with mature and immature gonads by otolith age

(379 spp.).
Age | Male éonads Female gonads .
Immature Mature Immatdfe_ I Mature
3 1 - - -
L h - 5 -
5 T - 5 -
6 - 12 o - T -
7 13 2 o1 -
8 6 3 10 -
9 L 1k 16 3
10 6 | 8 . 6 3
11 6 T 11 10
12 1 12 8 1
13 3 9 - 2 s
1k 9 11 6 - 9
15 - 8 | L 5
16 1 8 3 5




T - 8 6 3
18 | 1 1 6 3 I
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20 N N !
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22 . 1o 3 | 1
I T - 3
ol : _1,. | 2 " 2 {1 1
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Our data is obviously scant and for, thls reason may not be representa—

tive of the population. But our results with the otollthlc age series are so
different from those obtained Wlth'the scale age seriesg that_lt 1s 1mpqrtant
to detefmine which of these structures - scale or otolith #ggives‘us the real

chronological age of the Lake Mistassini lake trout.
~Discussion

It is not easy to explain the dlfferences found between the scals_-
age and OtOthth age series. With the materlal we have, the best we.can do

is suggest a few hypotheses.
HYPOTHESIS: A HALT IN GROWTH

None of tbe studies made of 1ake trout (Bulkley, 1960 Cable, 1956
Mlller and Kennedy, 19h8 Rawson, 1959, 1961, and so on) tackle the problem
we are 1nterested in. After show1ng the valldlty of scales in determlnlng the
age of lake trout, using fish whose age is known, Cable (1956) makes the
following remark:

It should be emphas1zed that dependable ‘as lake trout scales

may be as indicators of age, they are not read eas1ly Considerable

experience is required before a reader's interpretation of the scale

pattern becomes highly reliable. Even the experiericed reader can

do accurate work only if the scale preparations are clear and they

are studied carefully with the aid of the best optical equipment.

We are somevhat surprised that other researchers who have done age
‘studies of lake trout have not tried to drawAcompsrisons between scales and
other bony structures.  Only Bulkley (1960) has made the attempt, using scales

and branchiostegal rays. He noted that it was easy to locate the zones on

_the rays containing the annuli, but that it was difficult to determine their
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exact position. As for age; there is agreement'between the scales and the

branchiostegal rays, but the latter cannot be used for back-calculations.

We are particularly surpriéed that no one has tried to use otoliths.

Nordeng (1961), who worked on Arctic char in northern Norway, provides us

with some extremely interesting details which may perhaps shed some light on

the problem; An important detail is that this species, the Arctie char, is
closely felated to the lake trout, also a char. Before Nordeng, scéles were
commonly used to determine age in Arctic‘char, as is now the case for lake
trout. This author not inf questions the value of'scales, but proves ﬁhat
age.determined by scales is not repreéentative of the populatioﬁ from which

samples are taken.

In adult Arctic chai,'the scale always ends in a zone of varying
density (Figure 3) in which it is impossible ﬁo distinguish anything, and
which corresponds on the otolith to a varying number of zones. These additional
annﬁlar marks found on the otolith of an adult fish are easily distinguished

from the preizding in that they are less opague and sometimes narrower,

scale l " otolith

FIGURE 3. Salmo alpinus, 24 cm (adapted from Nordeng, 1961). Scale and
otolith from the same fish; the annular marks on both structures correspond
until sexual maturity, after which the otolith shows six years which appear
as a single, concentrated zone on the scale, ~
By means of marked fish recaptured some years later, Nordeng was
also able to verify the fact that zones are really annual on the otolith and
that the édditional marks, less opaque, correspond to years of reproduction.
Finally, and not the least important, these same marked fish have made it
possible to show that once sexusl maturity is reached - that is, once. the

Arctic char has begun to reproduce - growth of the body and of the scales

becomes very slow, or practically ceases, while the otolith continues its
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annual growth. Here theh ié:é good:éxplahaﬁioﬁ bf‘ﬁhe age differegcélbetWeen
scales and otolithé. ‘Briefly, the séales‘register only fhe years preceding
the first reproduction,'ﬁhilé otoliths continue to register yearéleven after
that time, and accordingly are the only valid strﬁctures for determining the

;age of an adult.fish;

There is reason to fhink that this phenomenon.of é:halt{in growth
.occursAin the Lake Mistassini laké.trout. ‘We very ofﬁén’found a differencé
between scale and otolithic age in this species, which, as wé‘have,shovn earlier,
can be as large 58‘18 years. And when this differeﬁ@ejeﬁiéts, the otoliths
always have the greater number of annual m;rks. In lske ﬁrout, there are
also the‘additional zones described by-Nordehé;lthese are clgafer-thanvthe
preceding and often narrower. .This suggests-that if there is.a halt in growth,
it occurs at the time of the fifst reprodﬁctioﬁ; But for the time being; wé
will try to determine whether or not the hypothesis of a halt in groﬁth can

be used to explain the difference between the two growth -curves (Figure 2).
TABLE VII

Salvelinus namayéush, Leke Mistassini, 1965—66. Scale age

frequencies by otolith. age group.

Otolithic - S Scale age -
age : '

3 b 5 6 7 8 9 | 10 0 R

3 1 - - - - - - - - -

l - dtol -t -1 -1 -1 =1 -1 -] -

-5 - Y1 10 - - - - - - -

6 - 111 ) a9 - - - - - -
T - | -] 8238 -| - -] -| -

8 -~ = 5 5 (1|11 | - - - -

9 - - 3 9 { 1k-] 13 6 - - -

w0 - =15t 3] 6] 9|7 30 = -

11 - -1 -16109 20 | 6 12t -
5 ‘ : o

12 ' - - -t 1 ki b7} 3 1] -

1 3 ' '
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13 ST B - L 2 t h 11 6 2 .E:‘_ g -
1k _ - 1|7 {513 5 3 - | -
15 -l - |- 2 {2{10 | 1 - -l
16 - |- |1 BT IO B I 1 - |-
17 - - -4-11l 1l - 1 - |-
18 - - I A P - |1 1 -
19 S B B - T B T -3 2 - |1
20 - |- -1 |.- 3 1 - - |-
21 . S B T N - - |-
22 - - - - 2 L 3 1 - -
23 - - - 1 A1 1 L - - 1
2l S T R U I A SO R B It

Growth on the basis of the otolith = age series - The shape of

the otolithic age/length curve (Figure 2) seems to imply a hél# in growth
around the age of 11l or 12, while its slope approaches an asymptote and
practically ceases. One may, however, question this. The 1evelling.out>

that begins around the age 6f 11 or 12 actually indicates a balance between
large fishes and other smaller ones that stopped growihg at an earlier age.
For example, from the scales and otoliths of a iake tréut pf 490 mm, we read
6 and 2Lk years respectively. Im the case of another lake trout of 870 mm,

‘we read 12 years from the scales and 24 from the otoliths. If we agree that
when there is a difference between the scales and otoliths of the same fish,
there was a halt in growth at the age indicéted by the scales, we note that

, this could have tékeh place any time between the ages Qf.S and(12 (Table VII).
Furthermore, betweeﬁ b and 12 years, there are fewer and fewer scales indicating
the same age as the corresponding otoliths (Table VII), bﬁt‘more and more at
a lower age. At thg same time, it can be seen thaf the slope of the curve is
Adecreasing steadily. On-the other hand, more than 80% of the lake trout in
our sampliné showed a scale age of 8 or less, and almost all of them were less

than 600 mm long. Since these fish are found at all otolith ages, we can

see that they eventually maintain a zero slope.
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TABLE VIIT

Salvelinus namaycush, Leke Mistassini, 1964-66.

Percentage of sgcale age rea&ings identical to otolith  age readings.

Otolithic age M 5 6 T 8 9 10 11 12

Percentage 100 Tl.h' 61.3 36.7 ~31.h4 i3;3 :9.1 ’h.5 0.0

Growth on thé basis of the scale age éeries - The growth rate as
shown by the séales (Figure:B) is relatively uniform. The scale regisfgrs
the gréwth of the fish; it grows and fecords-yeérs as 1ong'as thé fish grovs.
. As soon as groﬁth stops, ﬁﬁevscale ﬁo longer records years,'efen if the fish
grows older. Even if growth ceases’at the age of 9, 5 yQars later thé scales
will still show the same 9 years' growth. Thué it will always be necessary
to examine the scaleg to determine‘ﬁhe growth of thé fish, Wﬁether or not

these structurés are valid in determining its exact age.

On the whole, the scale curve shows us the averaée growth of lake
trout, without taking into account any halts that may have taken place. The
otolith. age/length curve, however, shows the true mean érowth of the

population, since it takes into account any halt in growth.
TABLE IX
SaZveZinus namaycaéh, L@ké'Mistassini, 1964-66

Scale age frequencies and means by otolith . age group.

N |
_ ' o - Standard
Otolithic - " ‘Mean Standard deviation | Extreme
age Frequency | -scale age deviation | from the - values
~ (20) 1 mean
' (20 )
3 1 3.0 R - -
y o 9 { b0 - N -
5 I b7 0.469 0.125 45
6 31 5.6 0.555 = 0,100 b6
T hg 6.2 0.699 0.100 5T
8 - 35 - 6.9 1.008 0.170 5-8
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9 i hs . 7.2 f 1.113 0.166 5-9

.
10 f 33 7.6 |  1.518  0.26l 5-10
11 Ll 7.8 1.167 0.176 | 6-11
12 37 8.3 0.935 | 0.154 6-11
13 : 25 8. 1.038 0.208 6-10
1k 3 7.7 1.277 0.219 5-10
15 16 8.1 1.3%0 ~0.335 - 6-12
16 | 1k . T.5 1.3hk 0.359 5-10
17 15 | 7.6 0.816 0.211 T-10
18 8 7.9 1.808 - 0.639 6-11
19 12 | 8.5 1.624h 0.469 6512
20 : 5 ' 7.8 '_ 1.095 - 0.490 6-9

°1 4 8.6 | io;816 Q.h08 T-9

22 10 . 8.3 ~0.949 0.300 T-10
23 5 8.6 1.768 0.625 6-12
S 6 8.2 -2.037 0.832 6-12

Comparison of the.otoZith age/Zength and otolith .Aage/éaale age
curves -~ There is therefﬁre a strong correlation between scale age and the
length of lake trouf; that 1s, scale age 1s an indicator of.length. As for
otolith age, it is a good indicafor of real age, but seems té be independent
of length. Figgre h illustrates what we have just sald. Keeping the otolith
age as the abscissa, the length (Table IV) or the scale age (Table IX) can be
plotted as an ordinate. The resulting curves, otolith_. age/lehgth and
otolith age/scale sge, are similar and superpoéable. Their simple, curvilinear

correlation rates are 0.665 and 0.683 respectively, with a "t" of 0.515. In

.other words, length could be replaced by scale age and the two would give the

same result, evidence of a connection between scale age and length.
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We knbw that the lake tfout is s slow—groﬁing fish’usually reacﬁing
sexual‘matUrity betweeﬁ fhe agés of 6 and 8 or 9‘(Martin, 1951 and 19573
Rawson, 1961; Royce, 1951). It might theref§re be expected to have a long
life span, and consequently é low mortality rate. Hiétograms of frequencies
by age group (Figure 5, A and B) should show this. The first (A) is constructed
on the basis of the scale'agé éeries, the secona'(B) on the basis of the
otolithic age series. Tpe faéf that there are fewér spécimené 3, 4 and 5
years old, for exaﬁpié, is undoubtedly due to the limits imposed:by the
sampling method; almost all thésg fish were:capturgd using nets with‘é h-inch
mesh. In the fi;st.histogram (A), most specimens are found at 8 years, but
at 9 years fhere is an immediaté drop of over 50%;?theHSameAthing.happens at“
10 years. This woul@ imp;y a Qery high mortality réte and a very rapid
disappearance of the adult population, thus éndangeriﬁg the existence of the
whole population, which seems inconsistent with the actual situation, since

the population is being maintained.

According to the second histogram (B), in whiéh we have used the
otolith - age series, the mortelity rate is not as high and is much more normal.

This histogram certainly provides us with the picture closest to what we

— .

expected to find.
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Having compared our data with this hypothesis, according to which

is a halt in growth in the Lake Mistassini lake trout, we feel it should

be retained, even if it is impossible to prove for the time being. It offers

a simple and logical explanation of the differences found between scale and

otolithic ages, and also explains the differences emcountered between the two

growth curves. Finally, it becomes more valid following an examination of

the two histograms plotted using both age series - scalé age and otolithic

age.
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FIGURE 5. Saqlvelinus namaycush, Lake Mistassini 1964-66.
A: Scale age frequencies (54l spp.)

B: Otolith age frequencies (497 spp.)

Halt in growth and sexual maturity ;_Nordeng'(l96i) noted very
or practically no growth in the Arctic char of northern Norway after

maturity. It is acknowledged that sexual maturity generally requires

extreme physiological effort on the part of Salmonidae. Miller and Kennedy

(1948) also attributed to sexual maturity a halt in growth of lake trout in

Great Bear Lake between 11 and 13 years.

For Lake Mistassini'we_have suggested, as an interpretation of the

difference between the age read from the scales and that read from the otoliths;

that there is a halt in growth of the scale and of the fish. VIf, in addition,

we assume that this ha;t in growth takes place at the time of sexual maturity,

we should see that the three following points are verified:




1) As soon as there ig a difference between the age read from the

scales and that read from the otoliths, the fish is adult.

2) The age read from the scales of an adult lake trout corresponds

to the age at which it reached sexual maturity.

3) 'he divergence between scales and otoliths must begln at about
5 years of scale age,’just as sexual maturity does, and this
divérgence must also become more pronounced with the gradual
increase in the number of adult fish to finally reach a maximum
aroﬁnd 9 years of scale age, when all fish have reached the

adult stage (Table V).

At 4 years, this divergenée,is already present between the age read
from the scales and that read from the otoliths of 5 specimens. Eut we stroﬁgly
doubt that these fish are already adult for two reasons; first of all, because
ve did not find any lake trout of this age in the 1b capturgd with mature

gonads, and also because of the small size of these fish.

At 5 years of scale age, we encounter this divergence between scales
and otoliths in 34 out of'hh lake trout - slightly over T75%. If at this j |
age B/h of Lake Mistassini lake_trouﬁ were'alrea&y adulﬁ, we would have to
find more than 5 specimens with mature gonads out of L2, Since the same
phenbmegon recurs at later ageé, 1t becomes impossible to attribute as large
a role to chance in the distributioﬁ of speciméns. Tt is certain that all
females do not necessarily reproduce every year. It is alsé possible that
these results are due in part to incorrect readings, from scales in particular,

but we do not think that this accounts for the divergencies encountered.

If the halt in growth of thé iake‘tfout tgkes'plaqe_indepéndently | j
of sexual maturity, then of thé results we presented on reproduction in the -
lake trout, we must retain only those based oﬁ otolithic agé. In other
words, the lake trout becomeé adult between T and 9 years of age,’sexqal
_ maturity takes pléce over a large humber of years; aﬁd once adult, females

probably reproduce only every other year.

This is still somewhat surprising. Until now, everything was

consistent with Nordeng's observations on the Arctic char, including
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reproduction marks on the oﬁolith as described by the same author. Perhaps
the number of small lake trout in our sampling is not large enough

to give us an accurate.picture of the situation. Perhaps we must

examine the life of thé Lake Mistassini lake trout for another event

capable of producing-this halt in growth, and independent of the age or size
of the fish. Or perhaps we must quite simply reject the hypothesis of

a halt in growth..
HYPOTHESIS: OTOLITHS REGISTER MORE THAN ONE GBOWTH ZONE A YEAR.

If we reject the hypothesis of a halt in growth, the only other
possibility is that the scales of Lake Mistassini lake trout indicate the
true age, and that otoliths register more than one growth zone a year.

It is possible that otoliths are more sensitive than scales when it comes

to registering cyclic midseasonal growth variations due to a more or less
rigoréus climate and a greater or lesser supplylof food, wifh the result
that they would ofﬁeh register more than one growth mark a year. Any cyclic
or acyclic factor in one way or another affecting the growth of a fish

has its repercuséibn on the -development of.bony structures.

However, we see a few objections to this hypothesis. Assuming
that the age indicated by the scales is correct, ﬁe are faced immediately
after sexual maturity with a.mortality rate that seems too high (Figure 5A).
If scales lead us to equally aoubtful resulfs, it would seem that their

validity must also be questioned.

On the other hand, if Lake Mistés;ini léke tréut register more
than one growth mark a year, should there not be almost the same number
of additional marks on the otoliths of fish of the éame scale age class?
Al)l were subject to the same factors capable of affecting their growth.
Yet otoliths of fish.whose scales contained 6 annuli, fo? example, registered
from 6 to 24 growth marks (Table VII). In order to accept this
hypothesis, one would have to éonclude that growth zones are registered some-
what incoherently on otoliths; or better, that eéch fish responds in its own
way to factors in the enviromment which may affect its growth, and that

otoliths reflect the after—effects §n their own particular way also.



This is inadmissible. Where scales are concerned, ‘all the fish of one
population usually carry the same false annulus; for this reason, one
would also expect to find them on‘otoliths‘of all fish that have lived

in similar conditions.

Still anofher objection ariéesl_ If we agree that scales register
the age of lake trout accurately, and that femaleé fest fof a year after
two years of reproduction,‘as we saw .earlier, we would theﬁ have to conclude
that femsle lake trout can be adult at 5 and even L years. We were
saying earlier that we had found ripe eggs in lake trout of 6 to 8 years
with undeyeloped.gonads. This would mean that these females nad become
adult between 4 and 6 years, had épawnea for tﬁo consecutive years and
ﬁadlbeen captured during theif year of rest. .But it seeﬁs rather unlikely,
with,the data we have, that females are already adult;at 4 and even 5 years.
It is also worfh noting &hat'gil otoliths from these few lake tfout, except
in one case where the& indicated 17 years, are illegible because of an
excessive nuinber of grbwth marks: .these lake trout méy therefore be much’

older than their scales indicate.
Conclusions

Neither ofAthese hypothesés can be verified with the data
we have.. Furthermore, it is not impossible that both are partly correct;
that is, that there. is a halt in the growth of the fish and of the scale,

and that otoliths.frequently register mofe than one -‘annual growth mark.

The.most effective means of verification_ﬁould consist of
intenéive marking of.lakevtrout; énd_rgpapturiné over a period of a few years.
Comparisop of scales ﬁaken during tagging and at the time of recapture
would enable us to éee whether or not théy_had registered exactly the
number of years that had paésed between these tvo evenﬁs. Setting up such
'é tagging operation is unfortunately outside the‘scopé of this study.
‘As for otoliths, we will be able to see whether or not théir,growth marké
are annual only through mérking and. recapturing lake trout of_known age, or

through a method of marking the edge of the otolith at the time of initial




‘capture. Such methods now exist for marking the edge of scales (Fry, Cucin
and Kennedy, 1960; Hijama and Ichikawa, 1952; Van Coillie, 1967), and there
is no reason why such a technique could not be applied to other bony structures

such as otoliths (Jensen and Cumming, 1967).

In the case of the Lake Mistassini lake trout we have thus
noted that there is a marked difference between scale age-and otolith
age for the same fish, and between the growth curves derived from these two
techniques. Our explanations are still only hypotheses, but one important
fact remains: the gap between the resuits obtained ﬁsing two techniques
recognized as claésic. We are puzzled by the fact thaé in the numerous
studies made of lake trout, especially in the Great Lakes, only scales were
used to determine age. Only Bulkley (1960) draws a parallél between scales

and branchiostegal rays, and to our' knowledge, nowhere are otoliths mentioned.
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