GENETIC AND ENVIRONMENTAL FACTORS
AFFECTING GROWTH, PHYSIOLOGY AND
REPRODUCTIVE PATTERNS IN TWO FORMS
OF ATIANTIC SALMON SALMO SAIAR
(LINNAEUS) 1758, IN NEWFOUNDLAND

DONALD A. MACLE AN







. Ut ViR, S8,
d‘«.onicu RN






¥ i L\Vary’d?

CANADIAN THESES ON MICROFICHE™

THESES CANADIENNES 'SUR MICROFICHE

. .

nada Biblothéque nationae d
Collections Development Branch

Canadian Theses on

Microfiche Service . sur microfiche

Ottawa, Canada
ONd

NOTICE B ;
The quality of this microfiche is heavily dependent

+ upon the quality of the original thesis submitted -for

microfilming. Every -effort has been made to ensure
the highest quality of reproduction possible. 7/

f pages are missing, contact the university which
gram!d the degree. .

pages may have indistinct print -especially
i the originel pages were typed with & poor typewritar

ribbon or if the university sent us a poor photocopy.

Previously copyrighted materials (.ma _articles,
published tests, etc.) are not filmed.-

Reproduction in full or in part of this film is gov-
erned by the. Canadian Copyright Act, R.S.C. 1970,
c. C:30. Please’ re the authorization forms which
accompany this thesis.

\

THIS DISSERTATION
HAS BEEN MICROFILMED".
EXACTLY AS RECEIVED

NL-339: (r. 82/08)

ISBN.

u Canada
Direction du développement des collections

Service des thises canagliennes

AVIS*

La qualité de cette microfiche dépend grandement de
la- qualité de la thése soumise au microfimage. Nous
avons tout fait pour assurer une qualité supérieure
de reproduction.

il manque des pages, veuillez ,communiquer
avec l'université qui a conféré le grade.

La qualité d'impression de certaines pages peut -
laisser & désirer, surtout si les pages originales ont été
dactylographiées & 'aide d'yn ruban usé ousi I‘univer-
sité nous a fait parvenir une photocopie de mauvaise
qualité.

Les documents qui font déjd I'obiet d‘un droit
d'auteur (articles de revue, examens publiés, etc.) e

“sont pas microfilmés.

La reproduction, méme partielle, de ce microfilm *

. est soumise & la Loi canadienne sur le droit d‘auteur,

SRC 1970, c. C-30. Veuillez prendre connaissance des
formules d"autorisation qui accompagnent cette thise.

LA THESE A ETE f
MICROFILMEE TELLE QUE
‘NOUS L'AVONS REGUE




GENETIC AND ENVIRONMENTAL
FKCT'ORS APPECTING GROWTH, PHYSIOLOGY B
i AND REPRODUCTIVE PATTERNS IN WO h

) ) FORMS OF ATLANTIC SALMON s

i - BALM) SALAR (LINNAEUS) 1758, IN NEWFOUNDLAND q
i . -~
by — L
- i
O Donald A. Maclean, B.Sc. '
5 9 i
. A thesis submitted in partisl Eulfillment /.
of the requirenents for the degree of . f

Master of Science

Departnent of Biology
- Memorial Univunity of lltvtoundhnd
April,

\ st. John's g = Newfoundland




?

ii
ABSTRACT ‘f
i

Nevfoundland haB numerous populations of landlocked
Atlantic salmon (Salmo salar). Several of these populations
are stunted, oxhxblung a2 marked reduction in size at lnf
age ) compared with other anadromous and landlocked
popnlltiénl. A population of stunted landlocked salmon from
5 Mile Pt;nd Bast on the Avalon P'_a'nlnlpla vas investigated.
Data :clleciug" on ecology and life history reveal the
population to be an extremely slow-growing, short lived form

of Atlantic salmon.

Anadromous and landlocked Atlantic salmon examined I‘t
the smolt stage revealed a difference in the degree of
smoltification and salinity tolerance exhibited by the two
forms. Andxanu- fish (_h-d a decrease in lipid, inc:ean’ln

water content and the 1ncruugd salinity ' tolerance

characteristic of true smolts.- While wild landlocked 5 Mile

Pond East f£ish experienced a similar reduction in lipid and
increase in water, neither they, nor cultured landlocked
v

salmon mirvivod a challenge to sea water.

)

§
i
i



iii

'The two pure lines and the reciprocal hybrids between

the early maturing, stunted 5 Mile Pond East fish-and a
. ¥ ~

later maturing anadronous form were reared in the laboratory

for a period of 2.5 years. Ninety P.".,“ of female parr of

. the dwarf landlocked strain matured at age 2+ while no
" females of the anadromous form matured at this time. Ovary

" weight differed in the two pure forms at age 0+ and the

nunbers, size and stages of -previtellogenic oocytes also
duhr.d'nt age 1+. Ovarian patterns of development and the
time of onset of sexual maturation in the two hybrid forms-
-bputod 1n%erndtan to that of ﬁhq parental forms.
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GENERAL INTRODUCTION ®

The family Salmonidae originated in‘ freshwater during

"the Pleistocene and later acquired anadromy as part of a
* life ‘hu.toxy strategy in order to exploit the marine’
environment (Tchérnavin, 1939). The Atlantic salmon, Salmp

salar Linnaeys 1758, is endemic to the Atlanth temperate

iand sub-arctic region (McCrimmon ‘and Gots, 1979) - and

aisplays wide interpopulation variation in ecology and life

history thioughout its range.

In addition to anadromous Atlantic salmon populations,

there are, in both North America and Europe, Atlantic salmon

that spend their entire life cycle in fresh water. These

fish are commonly called ouananiche (McCarthy, 1894) and
sebago salmon (Girard, 1854) in North America and blege
(Dahl, 1927) and smalback (Berg, 1953) in Europe. These
populations are often referred to as “landlocked" but ns.\
sevex"nl authors have lugggated the térm is I' misnomer

(Leggett, 1965; Havey and Warner, 1950). While thé& term .
N

implies the fish are physically denied access to the sea, in .

many cases freshwater populations do have access. The fact

that they do not migrate to sea suggests physical factors’

,alone fail to explain the solely freshwater life style of
.these populations. K} i
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_On insular Newfoundland almost every body of water 20ha
or larger and many flowing systems support ouananiche (Scott
and Crossman, 1964). The origin and distribution of these
freshwater populations can best be explained with ‘reference
to the Pleistocene and the events which preceded it (Power)
1958).  The foufth ' and last glacial period of the

Pleistocene era, the Wisconsin, is currently believed to

have started 50,000 years before present (BP) and lasted

until 10,000 years BP. The Wisconsin glaciation is divided
into two mninnatagu. keaxly and late. The -late Wisconsin
climax occurred about 20,000 BP and most ice had dtnnl;pea:ed
by 7,000 BP (Prest, 1970).

The late Wisconsin glaciation appears to have been
limited in its extent over insular Newioundiand (Rogeu;m,
1981) . Deglaciation of the Avalon peninsula is as yet
undated but data obtained from lake sediment cv;xes indicate
an ice free status about 10,000 BP (Henderson, 1972). While
the late Wisconsin glacial advance was limited in its extent
in Newfoundland, it does appear to have béen sutflcient to
cause a downwarping of the earth's crust. With th_innlnq of

“the ice the earth's pxult rebounded in proportion to the

thickness of the previous ice cover. (Andrews, 1970).

As the late Wisconmsin ice sheets retreated, areas were
expoue;.i into which euryhaline forms of salmon from coastal

or oceanic refugia entered. (McPhail and Lindsey, 1970).




Atlantic salmon penetrating the interior of the island’
by way of coastal rivers fed By glacial meltwnte:‘\i?uld
become effectively landlocked vhén the land rose through
isostatic rebound ’ as ‘the ice thinned. Power (1958)
suggested that, in order to be perpetua‘téd as a race, these
fish would have to be uclateé- from the normal anadromous
population. A period of spatial and temporal reproductive
isolation has been suggested as being necessary be’foxe' any
significant genetic = divergence could occur 'beh‘:een
populations. (Mayr, 1963).

| o
In Atlanti‘ salmon, males co(lmunly mature as parr

(Jones, 1959) and spawn with anadromous females. Wnile-
mature female parr are not usually found in nn'ariranoun‘
populations they are iconman in landlocked populations
(Bruce, 1976). Once E;nnles began to mature as parr, the
xequl’umentl for a sea phase in their life cycle would be
eliminated. Power (1969) pointed out that -in their northern
range the Ernupvatez' stage of Atlantic salmon is prolonged.
to, such an extent that sexual maturity may occur before
migration to sea and the di‘ntincuon between an anadromous

and freshwater 1ife style is not clear,cuty)

Genetic variation among anadromous stocks . has Been
reported for el'ectzom.outiuuy detectable proteins ,
(Moller, 1970), body morphology and migratory activity
(Riddell and Leggett, 1981) and life history ‘traits [

(Bchaffer and Elson, 1975). However, there is a paucity of
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information on the distinction between genetic influences:on
trait differences versus phenotypic plasticity between

stocks of landlocked and anadromous salmon.

In ny investigations I examined the relative role of

genotype and phenotype in the expressions of growth, sexual -

maturity, oocyte recruitment patterns and salinity tolerarice
in 1, a. dvan tom' of lindlockgd salmon, Z,A,anndt;moun
grilse population-and 3, the reciprocal hybrids between the
two forms. Avlun_ble evidence suggests the Avalon Peninsula
of Newfoundland was ice free 10,000 years B‘P. The
hypothesis to be. tested in this study was that in the
interin period landlocked Atlantic salmon populations
developed ' quantitatively different, genetically fixed
mechanisms to deal with l non-anadromous life style. “such
lond term, presumably adaptive changes may have nsult“ed in
life hu‘tory‘ and reproductive tactics compatible with ghn

existing environment. I

i

H
1
i
‘.




_ECOLOGY AND LIFE HISTORY TACTICS | .
INTRGDUCTION

‘ Newfoundland has numerous populations of landlocked

.Atlnntic ul.mon. Sn.um galar, known locally as ouannnlch-.

'l‘o‘, date nine life history studies have been carried out on
ouananiche populations in insular Newfoundland involving 30

lake or stream systems (Leggett, 1965; Andrews, 1966;

° Wiseman, 1971, 1973, 1974; Wiseman ' and Whelan, 1974; Lee,

1971; Bruce, 1976; Barbour et al., 1979). Of these, the
literature enumerates 4 systems which have populations_that

have been referred to as stunted (5 Mile Pond East, 5 Mile

" Pond West, Soldiers Pond :and Candlegtick Pond). While

.originally thought to be restricted to the Avalon Peninsula,

the recent record from Candlestick Pond on the Great
Northern Peninsula (Barbour. et al., 1979) has raised
speculation thlt&ltnnted ouananiche may exist in any number

of, the approximately 10,000 ponds on Newfoundland.

The occurrence and cause of reduced growth in Salmonid
poplll.ltionl, has been the subject of ' speculation for some
time. The importance of food availability as a factor in
£iah growth was recognized early (Dahl, 1910) while genetic
and environmental factors were also implicated with regards
to growth in fish popullttenu exhibiting :aduud size (Alm,
1946) . Alm suggested that growth was 51muny dependent on

the environment while genetic factors were more important. in
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' the occurrence of sexuil maturity. Ouananiche populations

in Newfoundland

eal wide inter-population variation in

age and gtmvth’ 8 well-as age at maturity. Pluctuations,

predation and a lack of suitable forage have all been

implicated as factors influencing growth in "these

poéul-tlom.

. and/or limitations in the environment, - competition,. -

The term stunted or dwarfed, while used to refer to

ouananiche populations exhibiting reduced growth and size,

is also used when referring to Atlantic salmon males which

mature precociously rdahl 1969; and

Sreedharan, 1977). Varlation in age and size at sexual 'A

maturity has been . reported for both anadromous and

non-anadromous ‘populations of ‘male Atlantic salmon. The
general, trend by both Bexes toward early n‘:urity and
smaller size at first maturity was noted for stunted forms
early (Dahl, 1917; Huitfeldt, 1927) from field sampling.
Ouananiche may have evélved maturation ' at:a small size and

early éqe .to maximize 'zep:oducﬁ,ve success in rigorous

.environments.

‘Pecundity, defined as éha number of 'davelépind-eggn 1n
tﬂe_ ovary . inmediately  prior to Ap}unlnq, is one of the
fundamental . factors ‘determining- population density and
serves :an an indication of the raprédnctiva potential of a

population (Bagenal, 1_973). ‘Int“-populuﬂon differences in

Atlantic salmon fecundity have been reported for both
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5 nnadlromoua (Pope et. al., 1961) and landlocked (Baum and

Meister, 1971) forms. Pecundity of Newfoundland ouananiche
populations reveals wide 1ntu~pe}ulnt£on variation from
high egg number in populations exhibiting rapid growth and
At:uininq‘ laxq:; size (Leggett, 1965) to low fecundity in
slow growing dwarf populations (Bruce, 1976) .(

Teleosts employ a wide range of life history’tactics to

ensure that the mxlmu’m numbe:_jf progeny survive to

upr»oducé again‘. Reproductive ,nkiétggxes of fish generally
involve a trade off between ‘reproductive effort and adult
survival. The existence of an“opsimal reproductive effort

for fish was suggested by Svardson (1949) who felt a trade

off existed between present and future spawning. A high

reproductive effort endangered future spawning by div:ttiné

energy resources away from _maintenance with resulting high

3
mortality. ) g

This study examined the ecology and life history

tactics of a population of stunted ouananiche from 5 Mile

Pond East. Data collected on age, growth, fecundity and

size and age at maturity were compared with other
populatiions o_:‘ ‘anadromous and landlocked Atlantic salmon.
Possible significance of population specific traits was

discussed and compared with current generalizations in life

history theory. . L

—



-(Pigure 2).

MATSRIALS AND METHODS

Ouananiche used' in this study were collected from 5

Mile Pond East, nn\ollqnttophic pond located 50km south-west

of s:‘. John's Newfoundland (Figure 1). The drainage area

lies in a region of Precambian volcanic and sedimentaty rock

‘and the pond itself is shallow with a maximum depth of 7m

. For purposes of brevity ouananiche will subsequently be
referred to in this thesis am landlocked salmon and
abbreviated to LL salmon. » ® e

Anadromous Atlantic salmon samples were collected from
the ‘Bxploitn River in Central Newfoundland (Figure-1). The
Exploits, Newfoundland's longest river, supports a primarily

s

grilse (one sea .wlntu £ish) population. Mature fish u;nd

" in fecundity determinations were collected at Noel Paul

Brook %hile smolts and migrating adults were captured at the
Bishops Palls counting fence and fishway.

Sample collection

Pish samples from 5 Mile Pond East Pond were cnlluctc‘d
using lake trap nets. ﬂva nets . were fished gvnrni.ght in
water ‘1-3 meters deep. 8§Ip11nq was ca:’:ied'w)ct. 1~
Nov. 20, 1980; May 15-30, 1981 and Oct. 12 - Nov. 15, 1981. X

. |
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Additional samples of LL salmon were available at the
" . Marine §lences Redearch Laboratory of Memorial University.
Three year classes, progeny of wild 5 Mile Pond East fish
were used to d;tazmlne fecundity, egg size and incidence of
sexual maturity. p
3

Samples of lzxplnitu River fish were collected by

‘Depnitnent of Fisheries ax;nd 6ceann pazsoimell.

Measurements

LL  salmon samples were examined fresh uhoxhiy after
capture, while samples from anadromous fish we;‘t frozen :
within several hours of captu‘:e and examined a’t a later
date. Pork length was measured to the nearest millimeter

‘while body weight was measured to the nearest 0.01 gram
ﬁsinq _a-Mettler 4400 balance.

Fulton's condition factor *K" was determined using the
equation: K = W100/L3 where W = body weight in grams and
L = fork length in centimeters (Ricker, 1975).

The gonadosomatic index (G.S.I.) was calculated as:

G.S.I. = GWl00/BW where GW = gonadweight and BW = body
weight in grams (Vladykov, 1956).

"BEgg dry weight was determined | Bfter drying at 40%
for 24 hours and then veighing to ' 1074 grams on.

Sartorius analytical balance. Energy content of dried egg
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Figure 1. Locations in insular Newfoundland where
A. Noel Paul
Brgok, B. Bishops Falls and C. 5 Mile Pond

samples were collected.
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Figure 2. Bathymetric map of 5 Mile Pond East.
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samples were measured using a Phillipson micro-bomb

calor i.mg\ter.

" Fish' used in fecundity measurements were collected as
close to spawning as pBhsible and all eggs were examined
fresh. 'Eggs from 5 Mile Pond East and Marine Sciences
Research Lab . fish were enumerated by direct count.
Fecundity of Exploits salmon .was determined volwietrically
(Burrows, 1951)... =

/
Egyg diameter was measured using a von-Bayer trough.

Measurements were made on two 20 egg samples to an accuracy
of 0.0lm. Egg samples were frozen (-20C) for later /

determination of caloric content.

- Maturity and Sex ratio

All fish were sexed following dissection by visual .

inspection with the exception of the 1+ age class of 5 Mile
Pond -East £ish. Immature females could be distinguished by

the presence of = small ova while immature males had long,

_thin gonads with no evidence of spermatogenesis. Mature

females were determined by the size of the maturing eggs and
males were judged to be mature based on enlargement of the
testes as upemntoganuis“ prcg:e‘ued. Pemales which had
spawned previously could be‘distinguished by the presence of
unnhed_nvn in éhe body cavity. §*




.

Scale samples were/ I:aken from-the left Bide of each

f£ish, posteri 65 en the dorsal £in and above the lateral

line. Scales were :aged using a Bausch and Lomb
fcroprojector  (43X) according to' the annulus .method
validated by Havey (1959). Scales from both LL' galmon and
anadromous salmon were examined for the presence of spawnlng
checks as evidence of' paat spawning._ * ; N f

Analysis

Sex ratib of the LL salmon sample and for the. Exploits

smolt sample were tested with  a chi-square goodness of fit

test (Sokal and Rohlf, 1969) to determine if they differed

. significantly from a .1:1 ratio. By e

Length and weight comparisons were made using a

Students t- test in the case of two groups. When more than

two groups were involved a one-way analysis of variance was’

used. : .

Fecundity-length relationships were determined using a
x.oé—z.og Regression with length as the independent variable
(X) and welght the dependent variable (¥).
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RESULTS

9 “A total Of 162 LL salmon were collected from 5 Mile
: " pond.’ Bast.  Ii addition 225 brook trout, Salvelimm
°  fontinalls, 1  Anmerican  eel, Anquilla rostrata and
’ approximately 500 rainbow ’ smelt, °QOsmerus mordax were
captured.. Thé mejority of LL salmon were collected on shoal
] areas of the pond (<2m as opposed to either inlet or outlet

streams.

. ~The reaulta of growth and age composition data,
collected on 5 Mile Pond East LL salmon (Table'l and Figure,

3) reveals no significant difference between the sexes with' .

. . the exception of 3+ females which were significantly longer
. and Keavier than 3+ males (P<.05). A comparison of growth

® of 5 Mile Pond East fish with other Newfoundland populations
& ©f landlocked salmon (Figure 4). shows them to be the slowest

! ©+ ' . growing population yet recorded.
p .

VPive Mile Pond East LL salmon are relatively short
< 1ived as revealed by ageing data. Although one £ish, a male .
aged 6+ vas collected; the dominant age group (53.17\) was

3+.
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Age and growth data from on 38 Exploits River sholt

from the Bishops Falls counting fence was compared with
" another samplé of Exploits smolt f£rom Noel Paul Brook (Davis
and Parwell, 1974). The results (Table 2), 1nd!cate the
majority of fish sampled in both studies were 4+ wlch a mean

fork length of 16.8 and 15.1 cn respectively.

Marked seasonal' differences were observed in--the.

condition factor "K" . of landlocked and anadx_ombus salmon.

collected during this -study. As Table 3 and Figure 5
indicate LL salmon in May had a very low (x=0.65) condition
‘gactor compared 'with anadromous adults and smolts (x=1.14
aNd 0.95 respectively). During the summer LL salmon were
able to " regain lost condition. Samples collected in the
fall had vondition factors (x=1.08) similar to those of

anadromous fish. (x=1.01).

Sex ratio. maturity and fecundity
The sex ratio (male:female) for the combired sample of
"5 Mile Pond East LL salmon was 0.54 :'1. While there was no

significant difference in the ratio of the 2+ age class,

there were significantly more females in the 3+ age class
(P<.05). and a hfthy si_qnificAnt difference (P<.001) in the -

Bex ratio of the 4+ age class where there were 10 times as’

many females'as males (Table 4).




Table 1. Wan ({ Standard Deviaiton, inbrackets) Of Body Weight (gm), Pork

Length - (o

and Condition  Pactor of 5.Mile Fond East LL mlmon

collected Fall 1980, 1981,

Body Weight

1.039 (0.0%0) e

0.949 (0.359) . s

- sex ] Pork Length  Condition Pactor
i | 1 fnot sexed |22 1.941 (0.418) 0.926 (0.139)

¢ 2 " frem 7 9.941 (2.45) 9.792 (0.655)
i . mle 1 9.782 (1.80) 9.645 (0.790) | 1.092 (0.149

T H

H B 3+ Pomale 42 18.478 (3.46) 12.342 (0.55%) 0.979 (0.240)
hale 24 | 16.5150036) | 11.92000.611. | 0.963 (0.113)
4+ lremale |21 | 26.479 (5.01) | 13.452'(0.587) | 1.00 (0.15)

L e 2 | 24.030 (13.80) | 13.405 (0.997)

I 6 fmae 1| e - | a7.20- - 1 -

Batveen Means (t—test, P<0.05)




Table. 2. Mean (+Standard Deviation, in brackets) of Body Weight (gm) and Pork

Data for Bishops Fall (This

Study); Noel Paul Brook.(Davis and Parwell, 1974).

Length. (em) for Exploits River smolts.

Bishops Falls

“Noel Paul Brook

" ‘Age Class | N ° |Body Weight Pork Length N éody Weight | Pork Length
_'3 5 » 34,03, (8.66) 14,39 (0.74) 23 18.8 12,5
4 22 .‘5.‘! (10.97) 16.79 (0.97) 141 30.0 15.1
p 5 ) 8 54.07 (10.61) 17.79 (.0;69) 19 43.5 17.1
6 3 - |63.39 (3.8 | 19.27 (0.23) & - -

L
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Figure "4. Comparison of growth of several Newfoundland
salmon populations. Data for 5 Mile Pond
East (This Study); Soldiers Pond (Bruce, 1976);
Flatwater and Gambg Pond (Leggett and Power,
1969) and Terra Nova - (Andrews, 1966).
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. Sex .composition of Exploits River smolt collected at
Bishops Falls were. co‘n red with smolt samples from northern
Newfoundland (Chad\dz, 1981) . The results (Table ) 8)
indicate a high proportion of smolt from both populations

,are females. Females made up 73.68% of the Exploits smolt

sample and the male:female ratio (0.35 : 1) is the same as
that recorded by Chpdwick (1981) in his 1979 data from

Western Amm Brook. o, - EK

‘ L e

. Data collected on age of maturity (Table 4).reveals

R ol

. that LL salmon males matured one year earlier than females.

At age 2+,  -82.35% of males were matuwre while no ripe|2+..

females were encountered. The majnxiéy of males and females

were sexually mature at 3+ and 4+.

While scales did not.provide an accurate indicator of
past spawning history due to the absence of spawning checks,
the. presence of unshed ova in the body cavity provided an
indication ofl previous spawning in females. ‘Mended LL

salmon kelts made up 34.48% of the

uring female
population. ‘iPe presence of retained ova in tvﬁ. 3% females

suggest s maturation at 2+ occurs but is uncommon.

Changes ,in the ratio of femsle gonad weight to total
body weight, the gonadosomatic index (G.S.I.), (Table 6 and
Fiqure 6) revealed seasonal variations. Both landiocked and
anadromous females had very similar G.S.I.'sin the spring
(x=0.98 " and 1,10) respectively. 1In contrast anadromous

smolt hada G.8.I. of x=0.36. Hovever, in the fall mature
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-female LL salmon G.S.I. (x=11.41) was approximately one half,

that of anadromous females (x=15.87). . "

Egg counts were made on 43 LL salmon collected from 5
Mile Pond East. A comparison with fecundity dnt‘a from other
wild Neu»foundland populations (Table 7 and Figure 7) reveal

the mean) number of eggs per fish (x=58) to be the second

.lowest egg number recorded for LL salmon. Only Bruce (1976)

recorded a lower egg number (x=49). in his work on Soldiers
Pond.

Adgitxonnl data on E(gcundlty, collect_e"d from several
year classes of cultured LL salmon (progeny of wild 5 Mile
Pond East), and wild Exploits River anadromous salmon were
‘colxpnxed with data from 5 Mile Pond East fish. The results
(Table 8) indicate eggs from wild salmon were significantly
smaller, both in diameter and weight, than eggs Erom
anadromous fish. Results from cultured LL salmon reveal a
gradation in egg number, size .and ‘veight with fish‘ size.
Determination of caloric and 1lipid content (Table 8)

‘indicate similar content on a per unit weight basis.

Reqresshp of egg number on length was carried out for
ui;d 5 Hl.lel Pond Eaét LL salmon, wild Explolts’g:n_se and
several year classes of cultured LL salmon (Pigure 8 and
Table 9). A comparison of the regression lines from the two
groups of wild fish reveal significant difference in origin,
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Table . 7. Mean liz‘e (fork length (cmd  and weight (gm)) and fecundity of several

Newfoundland LL salmon populations. (n=sample sizei -

Study Area N Pork Length Weight Fecundity Reference

_;XVe Mile Pond East | 43 12.71 22.55 58 This Study
Eoldie:s Pond 39 NA s NA 49 Bruce, 1976

locean Pond~ - 77 27.40 254.00 346 | Lee, 1071

[Forest Pond 77, 23.00 . 153.00 279 Lee, 1971
Candlestick.Pond 13 21.60 118.60 182 Barbour et al.,1979
[Platwater P;)nd 32 20.07 209.29 318 Leggett, 1965
Several Avalon Lakes| 361 NA NA 517 Wiseman, 1971

NA - not available.

6Z



1,000 o 4
p— 5 MILE POND EAST /
SOLDIERS POND' /
AVALON LAKES 3
Lo FLATWATER POND // /./
7004 OCEAN POND . / /
> - - 2 3
‘E 600 4
2
3 5004 : )
o ”
w
. v % 400 S
300
200 -
100 4 A =
Qs T A T
10 ) 20 23 30 35

. FORK LENGTH (cm)

v
Figure 7. Fecundity curves for several Newfoundland ~
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Table

salmon and - wild anadromous
(8.D.), coefficient of variation (C.V.) and

Summary of data

mon.  Mean

@

ple oi:

standard deviation

16 (n) .

wila

>Cultured

Anadromous

1967.14
110,36
5.58

7

1145.36
95.03
8.29

7

Egg °
Voluse
(ant)

Egg
Dry We.
(ag)

Joeles/gn
Dry We.
59

22,351.27
1683.04
7.53

10

collected in fecundity study of vild and cultured LL




* Table

9. Least square regression of fecundity data for anadromous and landlocked -

. Atlantic salmon collected for this study, a and b are parameters fitted
‘to the equation y=log a + b log x, where y = number of eggs; X = fork
length, ‘x' = is the coefficient of determination represent the
proportion of the total variance in the deinndont variable that is

explained by the n equation. e size);
Group n by ®F g .
Wild LL 43 1.15 0.47 .0519
Cultured LL 2+ 53 3.90 ~2.46. 6431
Cultured LL 3+ 58 3.26 -1.80 3300
| culturea 1L 4+ i 92 2.83 ° -1.33 .3030
Wild Angdromous 7 1.13 1.38 ".6047

£E
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DISCUSSION
Age and growth

Results-of this study indicate LL salmon in 5 Mile Pond

.East are slow ‘groving and short lived relltive to other

Newfoundland landlocked populatiofs. The shdrt life span,
(the oldest fish collected was 6+), is similar to findings
reported for other dwarf populations (Bruce, 1976; Barbour

et al., 1979). In contrast Wiseman and Whelan (1974)

reported 24 oAt of 29 Avalon Peninsula lakes had LL salmon

older than 6 years with a maximum age of 1ll. Leggett and
Power '(1969) comparing LL salmon from two lakes in central
Newfoundland :fe;;oxcea maximum ages of- 9+ and 10+.
Preshwater Atlantic gulmon in Maine .generally live longer

with fish as old as 13+ being reported. (Warner, 1961).

Growth data from LL salmon populatliona in Newfoundland
(Wiseman, - 1971, 1972, 1973) and Maine (Havey and Warner,
1970) ° suggest LL ualmon“ attain their largest size and
maximum age when forage species, principally smelt, are
present. The . importance of forage species as a'factor in
th; growth rates of landlocked salmon was recognized early
by Stillwell and Smith (1879) who stressed the role played
by smelt in the larqé size attained by Balmon in'Sebago

Lake, Maine. Studies by ‘Puller and Cooper, (1946) and

Cooper, (1940) revealed that smelt may contribute 66-39% of

the food volume in the salmon diet.

s e ey

NG
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Smelt were very abundant during sampling carried out at
5 Mile Pond East and availal;le evidence suggests that'while
brook /trout may be benefitting (several specimens in excess
of 500 grams ‘were collected), the smelt may in fact be
competing  with LL salmon for zooplankton (s:ot’t and
Crossman, 1973). An analysis of food habits of LL salmon
from 5 Mile Pond West (Wiseman, 1973) revealed that the
small fish relied heavily on zooplanktnn ‘as’a food source
while large individuals conaumed a gzeate( pxoportion of
benthic and terrestrial organisms.

Sexual maturity M

Anather factor implicated in the reduced growth of fish
populatlons is the onset of sexual maturity. Dahl (1917)
was one of the early investigators to observe the incidence
of early maturity and smaller size at first maturity in
stunted forms. Leggett (1965 implicated early sexual
maturity as a growth !.q.h_it‘:itor_ in a study of landlocked
salmon from Flatwater Pond in central Newfoundland. Age at
f£irst maturity of Newfoundland LL salmon’ populations ":eveal'
considerable inter-population variation. Landlocked salmon
from Candlestick Pond (Barbour et al., 1979) matured as
males for the first time at age 4 while females matured for
the ‘first ' time at u‘qe 5._ A relatively  fast grwiné
population . from central Newfoundland (Leggett and Power,
1969) matured as 2+ males and 3+ females, Similar ages at

first | maturity were reported by Blair (1937); Warner (1962)
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and Bruce (1967). The age at first maturity of 5 Mile Pond
East LL salmon (2+ in males and 3+ in females) is similar to
that’ reported in other Newfoundland LL populations. The
presence of unshed ova in the body cavity of several 3+

females suggests maturity at 2+ is an uncommon occurrence.

Little of information exists on age at maturity of
Newfoundland anadromous salmon populutlionl.' The age and
incidence of sexual maturity in male parr fr):m n_nadxuioul
stocks was examined by Belding  (1937) who reported-the
majority of 3+ parr from west coast rivers were male and

Pepper (1976) observed B5% of male parr in the Gander River

.were mature. A survey by Dalley (1978) reviuled variation

in the incidence of precocity in male parr from several

Newfoundland riVers. Dalley reported from 168 to 100%
paturity in_ 1males, with 1+ being the earliest observed
age at maturity. Dalley suggested maturity ;t. 0+ by male

parr was rare in Newfoundland rivers.

While maturity in presmolt female parr has not been
reported, a very high percentage of returning adult Atlantic
na-lnon in Newfoundland are grilse, and the sex ratio of

these grilse is in favour of females (Moores et al., 1978).

‘Davis and Parwell (1975) reported 85.7% of 24‘fish returning

to Grand Palls on the Exploits were female, and data from
Western Arm Brook in northern Newfoundland (Chadwick et al.,

1978) revealed 76% of returning fish were females.




The high- percentage of returning —females in
Newfoundland anandromous salmon populations can be traced to
the smolt lex :atio.‘ The sex ratio of Exploits uTcl.tl
collected in this study revealed the majority (7«)i\me
females. ‘A similar sex ratio was reported by Chadwick
(1981) in Western Arm Brook, Newfoundland. The low number of
male smolt can probably be attributed to early maturity of
male parr u:c]:mpunied by reduced growth and high post
spawning mortality. Mortality in precocious male Atlantic
salmon has been. reported by Jol_nn gr:d Orton (1940) l’nd
Mitans (1973). Power (1969) in his work on Ungava salmon
suggested the higher mortality of precocious males relative
to immature females could be expected as a result of
'expouute of males to predators on the spawning grounds and

the depletion of their body reserves for maturation.

The sex ratio of 5 Mile Pond East LL salmon, which was
highly . in favour of females after age 2+ suggests thnt\n‘
similar pxttern of male -o_:tnur.y may be occurring. The
stress of spawning followed by over ™ wintering in an
oligotrophic environment apparently results in a major
depletion of somatic resources which. is also reflected in
the ld.li condition factor of fish- collected i?l the spring.
The large number of LL salmon females spawning for the
second time (mended kelts made up 34% of the female spawning
population) indicates that female post spawning survival may "

be high relative to male survival.
& .
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Pecundity * |

L -

The fecundity (x=58) of wild 5 Mile Pond Bast LL Bnl'lﬁ:n
is the second lowest reported’ for landlocked salmon.
Atlantic salmon egg numbers ranging :from 920-1694/kg have
been reported (Jones and King, 1946) and Jones (1959)
qugested the range for Atlantic salmon was 1430-1540/kg.
Differences in fecundity among tocks of anadromous and
1unﬂlock!.rl salmon have be€n repo: ted‘(!ope et al., 1961;
Baum and Meister, 1971), but to date no study has been
carried out.to examine the genetic and .environmental
contribution to this trait (Saunders, 1981). However, a
significant genetic component was demonstrated for egg size

by Aulstad and Gjedrem (1973). -

The literature on LL salmon fecundity suggests 'low egg

- number was due to fish size, and that fecundity was actually

similar, on a per unit weight .basis, to that of anadromous
populations (Barbour et al., 1979; Lee, 1971; Leggett and
Pover, 1969). Data on fecundity collected from both wild
and cultured LL salmon and anadromous grilse in this study

revealed wide intraspecific variation in egg number and

size. An examination .of absolute fecundity versus fork

length and /body weight" (Figure 8 and FPigure 9) however,
indicates a contineum ranging from wild 5 Mile Pond East
fish to Exploits grilse exists ;;r both egg number and
volume. Pope' et al. (1961) reported a similar pattern in

anadromous Atlantic salmon where, while the intercept varied




ovarian development.
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between rivers the slope did not; suggesting, the rate of

change of fecundity was the same. -~

Life history tactics

The adaptive significance of life history tactics is
based on the concept that a trade off exists betweel!l present
and future spawnings. Energy vexpended on reproduction
reduces, the resources available - for future spawning
(Williams, 1966; Stearns, 1976). North temperate’ species,
which | spawn in the fall generally display a low
gonadosomatic index from the post spawning ‘period until
miél—s’\xmmer whben a rapid 1né:gase occurs prior to.spawnin?

(Wooton, 1979). ‘Wooton somatic mai and

growth have ‘priority during winter, spring and ea:ly' summer
in these populations, with the priofity switching to ovarian

development in the late summer and fall.

Ovarian development may extract a large proportion of

the yearly production of a population (LeCren, 1962).

Energy changes in soma and ovaries of perch, Perca
fluviatilis were measured by Craig (1977) who found that
large maturing, fish showed little somatic growth in a year,

rather energy was partitioned between maintenance and

The slow growth rate, co(pled with high relative
fecundity of 5 Mile Pond East LL salmon indicates a similar

pattern of resource allocation. While fish collected in

fa
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the - spring displayed low- condition factor, the ratio of -
gonad weight to total weight (G.S.I.) was redatively high.

This pattern sugg ovarian mai is a priority in

this population, _even during periods of major drain on
domatic - resourcés. The summer feeding period is sufficient

to provide the resources.for maturation and sirvival for the

females, as evidenced by the high percentage of mended

kelts, but not for either growth or male survival.

The - pattern of high fecuhdity - in. slow growing
p_opl’ﬂationa has been reported for shad, .Alm sapidissima
(Leggett ‘and Chrscadden, 1976) and anadfomous Arctic charr,
salvelinus alpinus (Moore, 1575). These, and other studies
on geographic differences LP :eptodﬁctive characteristics
have, suggested the differences were genetically based
adaptations. to the reproductive ‘environment. That
population life history characteristics were adaptations to
their environment was recognized early (Fisher, 1930; Cole,
1954) and inter-geographic variationin f£ish life history
traits have been reported by Murphy (1968) ; Schaffer and
Elson  (1975); Carscaddén‘ and Leggett (1975) and Leggett and"
Carscadden (1978). - 3 b

Age of maturity for stunted LL salmon from 5 Mile Pond
East appears to be a response to ‘the environment they
occupy . Factors such as a matginal environment (low pH,

oligotrophic  ponds), lack, of forage ' species and

\
. inter-specific competition (brook .trout and .smelt) all

&
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Contribute to make: a rigorous enviromment. Where
reproductive success is unpredictable, life histoly theory
suggests that repeat spawning, ite:upulty,' dincreased
population stability and would be selected for (Charnov and

. Schaffer, 1973; Schaffer, 1974).

The results of this study suggest 5-<Mile Pond East LL
salmon are “"bet-hedging” in their life history response to
the environment. Although actual egg-numbers are low, early
maturity coupled with a high incidence of repeat spawning
appear to con;pennate\fot the pot_ential :edu;:tion in lifetime
egg production.

—
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SMOLTIFICATION AND SALINITY TOLERANCE -

v INFRODUCTION
The parr-smolt  transformation (smoltification) . in
Atlantic' ‘salmon i ' characterized by morphological,

physiologicil and behavioural changes which prepare the fish’

for enmtering a harine ‘enviromment. The many processes
involved. in smoltification and the development of salinity
dolerancs, in salmonids heve Heen _the subject of intensive
fésearch in recent’ years ' and have been  reviewed by Hoar
(1976) ; Knutsson (1979); Saunders (1979); Polmar and
Dickhoff (1980) ; Wedemeyer et al. (1980) and have been the

subject of a recent symposium (Bern and Mahnken, 1982) .

Two of the most obvious morphological changes occurring

during smoltification are body silvering and change in body

shape. Juvenile salmon parr are distinguished by the

presence Of pigmented bars  along ‘the side of the body.

puring smoltification these parr-marks are masked by '

increased purine deposition in the scales (Johnson and

Eales, 1967). Blackening of the fin margins is another

characteristic often.used ab .a criteria for smoltification

(Wedemeyer et al. 1980) . Change in body shape and condition
factor (ratio of length to weight) results in a fusiform
fish. The c‘hlnge in condition factor tes;llta from a rapid
increase in fish length accompanied by a slower increase in

weight (Komourdjian et al., 1976; Hoar, 1939). The plridd
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of rapid.grovth”in length’is accompanied by a reduction in
total 1ipid and its replacement with vater. Komourdjianet
al. (1976) demonstrated that total lipid content of Atlantic
salmon smolts was significantly lower than in non-smolted

controls.

Parry (1960) concluded . that both the onset ‘of
Asnoltification‘ahd the ability of salmoids to osnoregulate
is dependent on the size and age of the £ish. The minimum
size threshold  for- . smoltification to occur.inm wild
anadromous Atlantic sn'mm': appears to be 12-13 cm., ilthouqh
most smolts are 14-17 cm in lengtl.l (Wedemeyer et al., 1980).
Atlantic salmon parr which are 10 cm in length are capable
of adapting to salinities as high as 22 ppt (Siﬁndeta and
Hender son, 1969) but smolts will survive a salinity
challange as high as 40 ppt (Komourdjian et al., 1976,

*Saunders and Henderson (1978).

Smoltification and salinity tolerance are two separate
proesses which develop independently over time. Salinity
tolerance often develops several months prior to
smoltification (Wagner, 1974) and is. marked by an increase
in salinity coler’anc_e of large parr (Parmer et al., '197li.
Smoltification, the rapid tr.n‘nfon‘ntl.n_n of parr to smolts
prior to their migration to trgz sea (Hoar, 1976) is a
transitory process and smolts prevented from entering
seavater will revert back to a.physiological state similar
to that of parr (Farmer et al., 1978).
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A: pauwcity of information however, exists on
smoltification and salinity tolerance in landlocked forms of
normally anadromous salmonids. The only work which has
examined this question in Atlantic salmon is that of
Evropejtsevia (192) ; Leduc (197 2); Sutterlin et al. (1977,

|

.
1978) ' and Barbour (1979). Several of these studies

aif s existed the anadromous and

' non—anadr omous forms.

) This _study =xam$n’e‘d~ lmoltificatin;x and nlinity
toLeiuion” An three ' groups of Atlantic Salmon, wild LL,
cultured LL and anadromous smolt. Differences .‘ln the‘deg:ee
of smoltification, survival to challenges of high salinities
and possible antagonistic effects betwee

and smoltification are discussed.
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MATERIALS AND METHODS

= Gample collection

Amqrnaua Atlantic salmon smolts from the Exploits
River w’gu collected at the Bishops Falls counting fence on
June -2, 1981 .and transported by tank f.ruc_k to the Marine
Sciences Research Lab. Wild LL salmon were collected May
15-30; 1981 from 5 Mile Pond East using lake traps and were
held, - along with the B(ploitl smolts in freshwater (a‘lbient

0, matural' photoperiod) at the Marine Lab in ln? ¥

fiberglass tanks. Cultured LL Salmon (age 3+) were third
generation progeny ©f 5 Mile Pond East fish, which had been
reared on freshwvater at the Marine Lab (ambient To.

natural photoperiod and excess ration) .

Biochepical analysis

Moisture and 1ipid de . vere an 18
fish from each gtoup. Pish vere removed from the holding

" tanks, killed by.a blov to the head and weight and length
recorded. Samples were stored in plastic bags at -200C
prior to being analysed. Moisture content was determined by
drying to a cowstant weight ina drying oven at so’c.
Moisture content was expressed as percentage wet weight.

Carcass 1ipid content was using the ion

l!thod‘ of Bligh and Dyer (1959 . Lipid content was

expressed as a percentage of the dry weight of the carcass.
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Salinity tolerance tests

Three fish from each group vere tested in a series of
tvo replicates. Seventy-five liter glass agquaria were =
filled with vater o‘E the desired salinity (0, 20, 30 and 40
PPt) . Muaria were immersed in a temperature controlled
water bath (6'C) and test fish were held under a matural
pl;otnpexlod regime pri‘ur to and during testing. Aquarium
grade sea salt was added to sea water (32 ppt) to produce
the desired 40 ppt salinity. FPish were transferred directly
from the holdtng' facility to the test aquariums without an
acclimation pu;&cd. Observations were made at regular
intervals and the time to death, fork length and weight of
each £ish was recorded. Cessation of operéular movement vas

selected as the criteria for death. f
Analysis

One way analysis of wvariance wvas used to dntcc':
significant differences and a Student Newman Keuls multiple
range test (Steel and Torrie, 190) wvas used to isolate the
differences. Arceine transformtions (Sokol _and Rohlf,

-1969) were carried out on percentage data prior to analysis.

Fulton's condition factor, K, was deternined using the
equation: K ‘= W100/L> where Webody weight in grams and
L=fork length in centimeters (Ricker, 1975).
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Vv ResuLts )

Smolt colouration

Both wild a’nd cultured LL salmon developed a degree of’
silvering similar to wild anadromous smolt (Mguxfa'm).
However, at'death the silvering faded in fish from these two
groups and revealed underlying parr marks. Also, blagkaning

of the f£in margins, which was obvious in the anadromous

_ smolts, was poorly developed in the cultured and' absent in

the wild landlocked f£ish.
" Length-veight relationship and condition factor
Cultured landlocked salmon were heavier than anadromous

smolt of comparable length (Pigure 11). This is also

apparent in Figure' 12 where the cultured LL salmon had a

* pignificantly (P(-ﬂbl) higher.condition factor than either

the vild LL salmon or wild smolt. '
Lipid-moisture content

Cultured LL salmon had significantly (P<.01) higher
1ipid, and significantly lower moisture (P<.01) than either
of the other’ two groups (Pigure 13). There was no -
significant dQifference (SNK P<.05) in1ipid or moisture
levels of the wild landlocked and wild smolt.
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Figure 10. Differences in colouration of true smolt
(top) , cultured LL salmon (middle) and wild
LL salmon (bottom) collected in May.
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- —Figure 1. Length-weight relationship for anadromous
-~ smolt and cultured and-wikd-landlocke
"smolt" in May.
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Figure 12. Condition factor =-length: relationship for

anadromous smolt and cultured and wild
landlocked "smolt™ in May.




- resistant to 40 ppt (Figure 14).
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No mortalities occurred in the three groups of control

fish held in fresh water (Table 10). At 20 ppt salinity

both the wild and cultured landlockid salmon experienced low
(16%) mortality while mortality was 1008 after three days in
;he same groups at 30 and 40 ppt.' In uom:nn:'an the
lnldzwpul smolts were still alive after seven dayu in water

of 25 and 30 ppt and anadromous smolts were also more
. .
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Table 10. Survival time (in minutes) of the three forms of Atlantic slmon gt

four mlinity levels. Number of fish in brackets

s [ & Growp
wila Cultured Anadromous
salinity | “ui salmon LL salmon suolt
o ppt 10,000 + (6) 10,000 + (6) 10,000 + (6) 3
20 ppt 996 (1) 6,510 (1 10,000 + (6) ,
10,000 + (5) 10,000 + (5)
103501 22901 10,000 + (6)
1050(1) 2000 0 - .
30 ppt 129%(1) 2m0
17400 2895(1 “
75501 3460 2
a7002) au0n e
56002) 20500 b s60(1
550¢1) 10 i 85201
4 ppt 650(1) © e 277500
660(1) 12901 35100 -
o10(1) Zm30__ 387001 s
v 123001 /ﬁ\‘u(n 10,000 + (1)
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Figure 14. Log - pxobit plot of time to death for’anadromous

smolt and,cultured -and wild 1and10cked "smolt" at
30 and 40 ppt snlinity.
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DISCUSSION

The results of this stugdy ‘squest that anadromous and
fre;hwager- forms of Atlantic‘salmon differ in their degree
of smoltification and sal}nity tolerance. While LL salmon
undergo a degree of smoltification which manifests itself in
body silvering,. their survival at high salinities relative
to wild andromous smolt was low. éilve:lnq of wild LL
salmon, similar ‘to that observed ‘iﬁ‘thin study has been
.;aporteii ‘by Barbour et al., (1979), and silvery parr have
‘béen observed in hatchery stocks of both anadromous

(Wedemeyer et al., 1980) and - freshwater (Sutterlin et al.,

W 157’7) stocks of Atlantic salmon. This widespread phendnenon

of body silvering in anadromous ahd Ereshwater forms of
Atlantic salmon suggests they are responding to the same
environmental cuaa,’ photoperiod and temperature (Wagner,

1974) .
v -

\
The wild LL salmon used in this study appear to undergo
certain physiological changes similar to anadromous smolts,
(reduction in condition factor, increase 'in moisture and a '
reduction in/lipid consent) however their salinity tolerance
was low. - It is possible that the physiological changes
observed in these fish are the xgsult of overwintering in a
rigorous pond- environment or it co‘uld be argued that the
;llld LL salmon are lﬂn fact undergoing an incomplete form of

smoltification and their reduced salinity tolerance is due
F . o
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to their small size (x = 11.53 cm) compared to the lasher (x
= 17.0 cm) nnadrofnous smolts: ' In wild populations of
Atlantic salmon the minifium size threshold for smolting is
12-13 cm although most smolts are 14-17, i in length
(Wedemeyer et al., 1980). In Newfoundland smolts tend to be
Vfairly large with ‘mean smolt fork lengths recorded ranging

from 14.9 cm (Murray, 1968) to 17.5 cm (Chadwick, 1981).
“ 4

'x’he failure of cultured LL ‘salmon to tolerate high
salinities cannot be explained on the basis ‘of size, as
there was no Biénificant difference (P<.05) in the length of
the cultured LL salmon and the anadromous amollta (x
F.L.=16.76 and [17.02 cm respectively). The reduced survival
of the cultured LL salmon at 30 and 40 ppt salinity and
their failure.to undergo the same physiological changes as
vbot’h groups of wild fish must thf:efore be due to other

factors.

The wild anadromous smolts used tn‘ the 40 ppt salinity
tests exhibited greater tolerance then both groups of LL
salmon but, did not exhibit the high tolerance
characteristic of true smolts (Siunders and Henderson 1978).
This reduced level of -tolerance observed in the wild
Exploits smolts may “-be Qttx,ibuted to handling stress
associated with collecting and transporting the smolts f‘:mn
the river to:'the Marine Sciences Research Lab.  Bouck and

Smith (1979), showed that disruption of the skin-scale
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complex in coho salmon (Oncorhynchus kisutch) resulted in’
75% mortality within I0 days at 28 ppt salinity.

Alternative evidence exists which suggests that
freshwater forms of Atlantic salmon may retain their.ability
to . adapt to a hyperosmotic medium. Leduc (1972 found that
parr of anadromous and freshwater :elide‘ntr Atlantic salmon *
reacted in the same way to‘ ort-term exposure to diluted
sea water through changes in .blood chloride and plasma
osmotic concentration. Sutterlin et al. (1978) successfully -
reared freshwater Atlantic salmon from - Chamcook Lake, New
Brunniélf in full strength sea water and Roberts (1971)

'vouing on a freshwater population of Arctic charr which had
been landlocked for approximately 10,000 years found they
possessed a high degree of salinity tolerance although it
was variously developed among individuals. Roberts
suggested the euryhalinity expressed by the population was

characteristic of the ancestral stock.

Smoltification is reversible (Hoar, 1976) and is
maintained by exposure to saltwater. Smolts retained in
freshwater undergo desmoltification (Evropeytsevea, 19573
Zaugg and McLain, 1970). The process of desmoltification
has been Buggested as a possible mechanism for the
development of residual or landlocked forms from normally
amdtum‘oul salmonids (Conte et al., 1966). It appears that
freshwater populations of Atlantic salmon in Newfoundland

N
may have been isolated for as many as 10,000 years (Behnke,
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1972; Grant, 1977). During the interim, although they have -

retained some features (silvering, dark fin margins) related
to smoltification, the ability to adapt to a hyperosmotic
medium has been reduced. Barbour (1979) suggested the
observed differences in salinity tolerance between
anadromous and freshwater populations of Atlantic salmon had

a genetic basis and vas adaptive.

Another factor which may serve to regress the

development of true smoltification in  Newfoundland

. ,ounnnnlche populations is the possible antagonistic effect

of early maturation and smoltification. The relationship
between early gonad ripening and smoltification has been
little studied in Atlantic salmon and has been confined to
males. Evropeytsevea (1960) iugge-ted. based on
histological studies and proximate composition, that

precocious sexual maturity and smoltification were

biologically  incompatible  and  could nmot  occur |

simultaneously.

Bailey et al. (1980) observed that there was a crltic’:l
size threshold below which Atlantic salmon would not mature;
there is also a critical size that must be ltllln;d before
l’lnen will smoltify (Elson, 1957) and this cutlc' size
has been shown to vary between families (Thorpe et al.,
1980). Thorpe and Morgan (1980) proposed that when the size
threshold for maturation was higher than that for smolting,

.

.
B —
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populations which had these thresholds vopld smoltify rather

than mature.

Available i on on d LL salmon

popfiations indicates the size threshold for maturation is
low (Bruce, 1976). FPish from 5 Mile Pond Bast examined in

this study matured at both an early age and small size.

Males matured at 2+, (P.L. = 9.64 cm) and females matured at

3+ (P.L. = 12.34 cm). In contrast most HNewfoundland
anadromots smolts are 4+ with a fork length exceeding 14 cm.

Having matured once, LL salmon may be committed to a

strategy of maturing every yeatr there after and such .

proces:

8 likely preclude complete or *normal®
smoltification. ' .

:
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GROWTH, SEXUAL MATURITY AND OOCYTE RECRUITMENT PATTERNS
IN DIPPERENT FORMS OF CULTURED ATLANTIC SALMON

& . INTRODUCTION

'm; term precocity in Atlantic salmon refers to the
onset of sexual maturity at an early age. This phenomebn is
common in male parr in u}lad:moul populations (Jones and
Klﬁq, 1950) ; precocity is .‘\uo observed in males of
landlocked populations (Warner, 1962) as well as in females
of bot‘h» éioupl (Regan, 1938; Havey and Warner, 1970). It
has been known for some time that precocious male Atlantic
salmon produce viable iui (shaw, 1836; Brown, 1862; Jones
and  King, 1950; Thorpe, 1975), and the functional
significance of precocious maturation of male parr has been
discussed by Jones (1959) and Osterdahl (1969). Precocious
parr of anadromous populations commonly attempt to spawn
with mature females (Jones and King, 1952) and may be the
principle male spawners in populations where anadromous
males are few in number (Leyzerovich, 1973; Lee and Yower,
1976) . )
; L% .

Interpopulation variation in the incidence _of mature
parr has been reported for Newfoundland rivers. Pepper
(1976) found 85% of the wn‘le parr in the lower Gander River
were mature and Dalley (1978) observed precocity ranging
/from 0-100% in male parr from several Newfoundland rivers.




Although precocity in female anadromous parr is rare,
Regan (1938) reported the occurrence of ripe female parr.
Jones (>1959) however attributed the onset’of maturity to the
large size and age of these fish (P.L. = 30.48 cm and age

4+). Jones felt that female salmon parr rarely became

"< sexually mature in the river.

-

The gemeral occurrence of female precocity in
landlocked populations is. poorly documented. Havey and
Warner (1970) reported that female sebago salmon which
ex.hibiteq‘ rapid growth matured at age 2+, although the
majority spawned for the first time at 3+. Data on
Newfoundland landlo.cked populations indicate females mature
for the first time at 3+ (l_!zuce, 19763 Leglqett and Power,
969) and the presence of mll;ld ova in several females
collected  from 5 Mile Pond East during this study indicates

that spawning at 2+ may occur.

Ovarian development in Atlantic salmon can be
classified as group synchronous in that distinct cohorts of
elements (oogonia, resting oocytes and vitellogenic
follicles) can be observed éxioz to ovulation (Wallace and
Sulnn.n, 1981; van den Hurk ,A,nd Peute, 1979; Thurow, 1966).
If the age and size of maturation differ among stocks and
are under genetic control then it may be possible to detect
differences in the number of o-vnian elements and their
pattern of recruitment in juvenile fishes é:vn different

races. . The expression of genes in early life could be a
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prerequisite ‘in arriving at the required fecundity at the

" appropriate time.

In species with a wide geographic range, body size is
‘one . of - the most - variable characters (Iles, 1974).
Intarpcpnlngion variation in growl:.h rate, size at first
maturity and body size are common X’n ﬂn}: (Alm, 1959; Iles,
1974), and as MacPhail (1977) suggests, such differences n’zay
be due to eithez’ environmental, genetic or a combination of

both factors.

'I‘hin study examined growth, sexual maturity and ovarian

development in two ‘races of :cultured Atlantic ‘salmon,

(anadromous and landlocked) and their xecibraal hybrids..

The role of genotype and phenotype in the expression of
these tfaits and their adaptive significance is discussed.
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& MATERIAL AND METHODS

Characteristice of the salmon races

The anadromous salmon used in this study were obtained
as eggs from ’zxp1o_1:u River females. The Exploits supports
a pre(inminately gzilsé population which smoltify at age 4+,
s.pend one winter at sea and return to spayn the following
auﬁmer. Appxuximatlly 10% of the fish survive to spawn a

5 : .
second time the following year (Figure 15D).

The dwarf landlocked salmon from 5 Mile Pond East were
selected as an extreme tepie‘aentative of salmon maturing at
a’ small size and young age.. Age and growth data collected
on this population during the course of this study indicate
females spawn at age 3+ dt a length of 12 cm (Figure 15A)).
The dwarf form has been routinely cultured at the Marine
Sciences Research Lab for' 6 years using either a natural
temperature cycle or warm water during the winter. - Under
natural temperature conditions approximately 6% of females
satorer a: age D and. 508 ap age 2+. If eggs are incubated
at 8% and the fish subsequently maintained on heated

water (lSuc) during.the second winter, 90% of females will™

‘mature at age 1+ (Figure 15C).

Similarily a larger proportion (30%) - of males can be
induced to mature 1 year earlier when accelerated as above

(Pigure 158 and C). Post spawning mortality is greater ‘in




‘Figure 15. Parental stocghlstory, size structure-and
e .

F

breeding sch

A. Donor wild LL stock captured at Five
Mile Pond.

B. F1 generation cultured from gameteés from

C. F2, LL x LL cultured using 8°C water for
egg incubation and 15°C water during
summer and second winter.

D. Donor wild SR stock captured in Exploits
River. »

E.'Diallele créssing scheme using pooled
gametes from B and D. i

Shaded portions of histograms represent'
mature or maturing fish with females above
and males below axis. The age and numbers
of fish examined are indicated. LL = dwarf,
dandlocked salmon, SR = anadromous salmon.

Solid lines connect the same group of
£ish between growth intervals and dotted
) lines indicate the flow of gametes.  *

.- Except for D, the length scale on the
bottom is common to all histograms.
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males than females, and most females have spawned 3-4

\ . consecutive times while kept in captivity.
a & cul aiti .

.. In early November lQBp,‘the eggs from 10 anadromous

females that had returned from the sea were pooled as was

milt from 10 males. Similarily the eggs and milt from 40

females and 20 male _landlocked salmon were pooled. The

’ landlocked pa:ents‘veté, derived.from gametes taken from wild
* 5 Mile Pond East fish 4 years earlier. A‘"full diallel
/cfosa, using pooled gametes, 'was made ‘iesul:ing ‘in‘
" triplicate groups of each of the 2 hybrid forms and 2 pure

lines (Pigure 1SE)..

~ Bggs were incubated in Heath Techna incubators under an

ambient temperature iegime. After hatching the alevinsg were
reared in Im? fiberglass tanks. The tanks were filled to

a depéh of 25 cm with fresh water at 10-12 1/min. The fish
were fed to satiation 4 times a day yith,a homemade moist
pellet. Similar rearing densities ive/re maintained for the
four gxo.upa.

 Sampling methods

sampling of the different genetic groups began in July,
1981 and continued at monthly intervals. A sample of 50

£ish were taken at random from each tank, anesthesized in
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1-3% tert-amyl alcokol, and length and weight measurements
taken. -Pork length was measured to the nearest 0.1 cm -and

weight to the nearest 0.01 gm on a Mettler 4400 balance.

_ The incidence of pxe};ocicy among 0+ males was examined
in' December, 1981 during monthly sampling. Matuze males
could be distinguished by their distended bellies, dark
colour and the issue of milt when the fish was gently
squeezed.  In July 1982, water line failure sesulted in the
death of 3 tanks of replicates. These fish were measured
for length, weight and the _ gonadsomatic index (G.S.I.) as
well as‘ condition factor (K) was calculated. At the time of
the loss of these fish an additional 25 £ish from the

remaining replicates were killed and also sampled. In

. November 1982, mature female parr (1+) from the LL ‘x LL

cross| were spawned and fecundity determination carried out

. by actual count.

Histological pr.

Ovaries: from fish -Am each group were collectad
periodically, examined with a binocular microscope, welghed,
and preserved in Bouin's fixative. Each ovary was cleared,
embedded in. paraffin, sectioned transversally (7um) and

ained with eosin.

stained with' lin and

The ovaries of 6 fish from each of the 4 genetfc groups
were examined and approximately 30 sections, ,taken at 3

different transects extending the length of the ovary, were

=

o
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selected for analysis. These sections were projected on -

‘ paper, and the outline of 100 cocytes of each stage was

traced. The developmental Stage of each oodyte was noted
according to the following classification described for

rainbow trout by van den Hurk and Peute (1979).

Stage . Qocyte diameter
1. Nucleus with one large nucleolus 0.01-0.02 mm
;i ¢
2. Numerous small nucleoli in the periphery \’
of the nucleus; dark staining Balbiani -
bodies around nucleus . 0.02-0.10
3.: Balbiani bodies dispersed as "yolk" : P

nuclei to the periphery of the
ooplasm. Cytoplasm loses basophilic
character; theca. and granulosa layer

apparent 0.10-0.30

'
4. Chromophobic "yolk vesicles® formed

in cytoplasm ' 0.4 -1.1
5. Eosinophilic yolk granules formed in

periphery of ooplasm 0.5 -1.5

6. Yolk granules aggregate and migrate to

center of ovum 1.5 -3.0

The relative. abundance of each of the oocyte stages was

estimated by counting only thome oocytes of each stage in
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which the nucleus was present. As no corrections were made

. to account ,-for differences in nuclear diameter, the

abundance of later stage oocytes ‘are overestimates. "2

A zeins magnetically operated planimeter (MOP)y was used
to/ detetmin; the circumference of oocytes. 'The oocyte was
assumed to be spherical, and calculations of oocyte diameter
(D), based on MOP - determined circumference (C), was
u::iv;d at by D= crel. Only those oocytes which were
sectioned through the nucleus were used to determine oocyte
diameter. = For Analyslls of se:ie;i sections, the nucleus was
found to be centrally located and the ratio of nucl;ar to
oocyte volume for 'oacyte stages 2, 3, 4 nny] 5 was 0.13,
0.079, 0.028 and 0.008, respectively. By restricting the
MOP analysis to oocytes in which the nucleus was present, an
a‘\v;:aqe error in underestimti&g true diameter of oocyte
stages 2, 3, 4 and 5 was 10, 6.5, 3.2 and 1.2%,
xespeccively.' This error was -conai.d,ered acceptable in

arriving at approximate oocyte diameter.
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RESULTS

Sexual paturity: pales

The incidence of precocity .in 0+ males exanined in
December, 1981 vapied between groups. The incidence ranged
from no mature parr (08) in (giving iev;mle first) the SR x
LL cross to 0.67% in both the LL'x LL and LL x‘sR cross and
1.34% in the SR x SR cross. A fifth group comprised of LL x
LL which had been reared under accelerated conditions
(incubation and early rearing at IDOC) had a much higheg
incidence (16%) of precocity of 0+ males. (Figure 16).

B
In groups contai‘ning ripe male parr the precnc’ioua

@
males were significantly longer and heavier in 3 out of 4

cases (Table 11). Condition factors were lower in-immature

“than mature parr although the difference was significant

only in the case of the LL x LL cross reared under

accelerated conditions. s
. g %

Sampling cnniedv out in quly 1982 revealed a
axgnif‘icant difference in the incidence of mature male pg;:
among ) growps. The LL x LL and LL x SR cross h‘dd
significantly more mature parr than did the SR x SR or SR x
LL croéa. An examination of the size at maturity (Table 12)
showed that mature 1+ parr were larger than immature parr in
two groups and smaller in two although the difference was

significant only in the SR x LL and LL x SR cross where
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‘Flgure 16. The size structure of O+ parr of the 4 genetic

groups.

The accelerated group was incubated-at
8°C and reared at 15°C.

Shaded portions of the

histograms represent mature O+ male parr.
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. \ 5,
Table 11. Kean (sstandard deviation) of body veight (ga) and fork length (cm) of
precocious male and immature (unsexed) male and female Atlantic salmon

parc, age O+.

Croms Reating T*  Group n  Body Welght  Pork length '
(Giving Eirat)

LLaLy Acceleral Precocious | 16 [5.8721.73 0010072
i Immature 84 [4s3zdase o1

! et Asblent Precocious | 1 |47 - 0 -

Immatare | 149 |2.8821.36 451099

/\ " LLxSR Asbient Precocious 1 fere - s -
Immature 49 | 2712271 6.3261.16

SRESR Aablent Precocious 6.6322.24 8.55:0.92

2
tmmsture | A4 [ 27200000 | 6.1e0.8900

SRxLL Asblent Inmature 150 | 2.5621.06 6.26:0.81

* Significant difference between means (+~test, PC0.05).

ighly signiticant difference betwe

means (+-test, P<0.01).
.
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precocious males were significantly longer and heavier than

immature male parr.

A comparison of the gar}adoumattc index between groups
revealed as expected, significantly larger values in mature
thgn in 1mmat£u:e male parr; there was no significant
difference in. the condition factor of mature.and immature

fish (Table 17).
Sexual maturity: females N
The -incidence of precocity among O+ females was first

examined in December, 1981 and no mature female parr were

ohaerve‘d in any of the 4 qroep}.

Sampling carried out at age 1+ in July, 1982 identified
mature female parr in only-one cross (LL x LL) in which 6%
of the females were mature. While 'mature females in this
group were not significantly longer or heavier than immature
females (Table 13), the gonadosomatic index of mature
females was greater than cﬁat of immature females (1.6062
ve. 0.2014).° These fenafes.were spawned 2.5 months later

and yielded an average of '130 eggs per £ish.

At age 2+ years, 90% of LL x LL females matured while
no female SR x SR matured as either parr or post smolt. The
SR° x LL hybrids appeared intermediate in that 53% of

females matured (Figure 17 and 18) .




Table 12, Nean (tstantand deviatlon) of body veight (ga), fork length (ca),
(G.8:1.) of pracociou and

gonad  weight (ga) and goradosomatic indet

imature male Atlantic salmon part, age 4,

Cross Group n  Body Welight Pork length Gonad Wt. G.B.1.
- (Glving irae) ©

Wl | Precocious [ 88 | 23.5140.60 [13.0021.65 |0.25710.15 [1.240.59
Iamture 2 [ 26.0620.01 |12.6022.40 | 0.011880.01¢¢ | 0.04 20,030

LLSR | Precocious [ 21 | 26.43213.90 [12.3122.25 | 0.50160.65 [3.2240.47
Imuture 2 [ 16218 4.16% .| 106551 .06 | 0.019420.02* | 0.2010,13

SRaSR | Precocious | 97 | 18.2926.20 [10.8+1.26 [ 1.320610.68 |6.78:2.7¢
Isuture | 47 | 21.2921.91 [11.2952.25 | 0.02000.010 | 0.06 20,070

SRaLL Precocious | 91 | 16.77 2 6,00 10.6921.39 | 0.480140.31 2.4931.46
Tumture | 26 | 13.862 5,39 |10.0321.37 [ 0.00710.01 [0.03 20,000

~ - - "~

+ Significant -difference between means (+-test, K0.05).

** Bighly significant difference bets

n mans C+-test, P<0,01) .
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Figure 17. The size structure and incidence of sexual
maturity in the 4 genetic groups. Equal
numbers of fish from each replicate were,
combined to produce each histogram. '
August and November histograms were obtained
from sacrificed or spawned fish; the remaining
histograns were constructed by sampling live
5k fish with adjustments being made for known
mortalities and sex ratios determined for
£in clipped males. Shaded portions of .
histograms represent mature or maturing fish 7
. with females above, and males below. The
sampling date, age and number of fish examined
_are indicated. The scate for length is the
same for all histograms. 4
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Figure 18. Percentage of males and females in each .

group maturing during their first, second
of third summer. Males are represented in_
"a triangle diagonally above the triangle.
for females. The mean of each replicate
iis shown as a percentage in the corner of

each triangle, and the overall mean of all

. 'xeplj,cates is shown in the center of the

" triangle.
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In groups of LL x LL reared previous to this study, at
the Marine Sciences Research Lab, over B85% of females'
matured at age 2+ and again at 3+ and 4+, producing 144, 215

and 600 eggs per fish respectively.

External appearance and growth

. Based on ghnexil extqrngl appearance it vas impossible
to distinguish between the 4 groups of £ish prior to the
onset of sexual maturity. At maturity males in all groups

displayed distended abdomens and a darkening in colour.

Both the LL xLL and LL x SR fry were smaller than SR x
SR qné 'SR x LL fry (Table 14). This difference persisted
for 3 months following swimup and is attributed to the an‘nll
eggs produced by LL dams. However, by 5 months post swim up
(September 1) the differences in the size of the parr among
groups were no longer apparent. No difference in weight,
length or condition factor was apparent either betvee;
replicates of the same group or- among groups from age 5 to

17 months.

A degree of bimodality had developed in the' length
frequency distribution of female SR x. LL and SR x SR parr by
early November (uqe_ 1+) which persisted throughout the
winter. The upper mode (>15cm), at least in the SR x SR
growps 18 pr‘esumed to have given rise to the 60% of females
I:h:at smoltified in May and were placed in sea vater in early

June (Figure 17). Only 8% of SR x SR males were judged to




Table 14. Mean fatl 5.0.) and

Of total length (mm), body weight (mg) and yolk weight (mg) of the four

groups at A. 500 hatch and B. svim uf.

A. 50\ Hatch

—

of variation (C.V.)

Cross( first) SR x SR TR x LL L % L L x 8R .
n 25 % 5 : 7
] H 16,46 7.4 15.56 1
Total Length [s.D. 0.4567 0.5405 07180
(o) | V. 247 3.10 a1
% .y 5.9 303 - b
Total bry We. 13 17 34
(ag) 2095 367 2 s
H 5.6 .2 2.8 c
Dry Body WE. [5.D. 11 0.5 0.6
(ag) fe.v: 1928 1250 19.90° s
39.3 1.8 73
Dry Yolk We. [5.D. 190 1.6 332
(zg) v w1 3lss 151 .
oIk Wt .39 .91 50,54
Body Wt.
B. Svia Up Y
n 25 25 25 5 c \
%.43 %.13 7330 %.92 4
Pork Length 0.4557 0,569 1.1660 0.802¢ 8
(aa) 1.76 2.18 5.00 98
¥ TR 5.7 158 0.6
Total Dry WE. [5.D. 1.6 1.5 4 13
(ag) ke 6.74 . 601 25,61 649 .
i ’ 0
‘
A . i
.
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be smolts at this e and they were also placed in
seawater.  Both male and female SR x SR smolts exhibited a [
growth rate during the summer in seawater that far exceeded

their SR x SR counterparts in freshwater #Figure 17) .

Few LL x LL or SR x LL "smolts®, although silvery in
colour, would tolerate a direct transfer to seawater. Their
ztxl;sequent growth rate dnri'ng.,the summer in seawater was
less thu;| half that of the SR x SR smolts.

Gonadosomatic index b ¢

The gonadosomatic index of all groups of salmon
remained below 1.0 until 5-6 months prior to spawninq,v then

rapidly increased to levels exceeding 108 (Figure 19).

At age 5 months differences in G.S.I. among the ge‘ne;lc ..

groups could be detected in that SR x SR and SR x LL females

= haq ovaries nearly twice as large as ovaries from LL x LL

"and LL x SR gzoup’s. At age 16.5 monthso(hugu!t) differences
in G.S.I. among non-maturing females in the 4 groups were _no
longer apparent. At this _time a small percentage .cf
maturing LL x LL were detected in that the G.S.I. unqed‘
between 1.5 and 2. These fish may represent a port_lon of
the‘ 6% maturing females which -spawned that fall.

At age 25 months (April) ', the G.S5.I. in LL x LL fepales
destined to mature during the summer increased to 0.91 'amj
was sign{ficantly higher than in SR x SR or SR x LL females
(Pigure 19) . Between Tpr i1 (25 months) and 'Auguat

e |
v F ol

| 0 Sl



e Tt

G.5.1

oo

33 s * °LLxl

4 SR x SR
° SR XLL

® LL xSR

A MJJASONDJFMAWNGYI JASONDJIFUAMIIASON i

Figure 19: Changes in gonadosomatic index of maturing and

T —-
s 0 . s 0 g 30
J\AGE Cimonths)

non-maturing groups of salmon. Dotted lines
indicate indeterminate projections. The number
of fish examined, the mean and 95% conﬁdam:e
limits, are shown.
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(29 ‘monthe) the value of the G.S.I. began to differ between
-Athing and imeature SR x LL females. The increase in
G.S.I. of maturing SR x LL females continued to lag behind
t_.h-t of LL x LL t-‘uu and the spawning time o‘f sx: x LL
females was delayed 2 vee;l, At age 2; lt_mt.h- lll;i 31.5:
months there was no di(ﬁrenu'ln the G.S5.I. of non-maturing . .
SR x LL and SR x SR females. The G.S.I. of wild Exploits,
Em'ule salmon captured .1n the river as feturning grilse was®
1.2% in éarly June and 218 at spawning 5 months later.

Qocyted in fresh ovaries . 5

—_When examining the four groups at 16.5 months (Rugust)
in order to determine the onset of sexual -.n:urity'. it
became apparent using a Sinocufat dissecting nlcwa’oope that
the granular nature of'the ovaries of non-maturing LL x LL
and SR x SR females differed. The LL x LL warl‘u’. although
t:h. same size as the SR x SR ovaries, possessed larger

oocytes. -

The fresh ovaries of 20 fesmales from each of the 4
groups were again viewed through a diliocting microscope

when the fish were age 23.5 months (March). Oocytes larger

. than 0.5mm vere present in all LL x LL and LL X SR females,
no oocytes greater than O.Sym'vete‘pn-.nt in either SR x S8R
OF SR x LL females. Females from all groups vere becoming
silvery at this time and it was impossible to distinguish

Jbetween the 4 !onr based on external appearance.



. g
At the end of April (25 months) the ovaries of LL x LL
females could be distinguished from the ov-rh; of SR x SR
and SR x LL females without the aid of a microscope. The
lar gest’ _oa'gytea in LL x LL ovaries vere 3 times the size of
the opcytes in the other two groups. 'By June (26 montha)
the ovaries of SR x LL females were variable .in oocyte size
and intermediate in appearance be.t'vean SR x SR and LL x LL
ovaries. i g o
Histology of ovaries
- i &

Although 5 month old SR x SR and SR x LL females had

larger ovaries than the Li'x LL and LL x SR (Pigure 19),

there was no difference’ in either the relative number or
nhe‘ of stage 1 and ?oocytel. Stage 3 oocytes were absent

in 5 month old females from all groups. _ -

Among the 16.5 month old SR x SR and SR x LL ovaries,.

there was no difference in relative number or size of stage

1, 2or 3 oocytes (Figure 20). Stage 4 oocytes were absent.

in both these groups. Four of the six LL x LL ovaries
sectioned 'contained large (0.31-6.50 mm diameter) stage 4
oocytes, -and all 6 ovaries contained greater numbers ‘of
large (>0.25 mn diameter) -stage 3 oocytes than ovaries of
elther. SR x R or SR x LL femalés (Bigure 20). Ovaries of
IL x SR females contained no stage 4 ooCy .t.l, but lange
(0.2 nm dlameter) stage 3 oocytes were abundant in t:hu‘

ovaries of all 6 fish :(Pigure 20) . Peripheral yolk granules

i
| N

e
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"ovaries in this group contained stage 4 oocyt:

85
characteristic of stage 5 wergq absent ; in’ all ovaries
exanined. I '
.o | ,
Histological examination of the ovaries of 2 maturing

16.5 month LL x LL females which had elevated G.S.I. showed
the presence of a propostion of large (>1.5 mm diameter)
stage 5 and 6 oocytes that X had reached ;he yolk nuclei and
yolk 'conalcent lth.’. n'rhue fish prubnl;ly repn:eunt'ed ghn N

small proportion of LL x LL females that ovulated 3 months

later (Pigure 17, 18 and 19). .In late April- (age 25

months) , oocytes in ovaries of 3 of the 6 LL x LL females
exanined had advanced to stage 5 (Pigure 20), and all
« ' The SR x

. . .
SR and B8R x LL ovaries were: indistinguishable from each

other in that the oacytn had not advanced past stage 3
(Pigure 20). °

At the beginning of June (age 26 months), all a;r;riel
fron 6 W x LL feales coitained large stage 5 cocytes.
Stage 3 oocytes Ln. 8R x SR ovaries exhibited some growth
during the previous month but none had ldvancnd to stage 4.

* Oocytes in.2 of 6 SR x LL dvaries contained ata ge 4 oocytes,

" and the remaining 4 ovaries vere indistinguishable from SR x

SR ovaries with Btage 3 oocytes. In mid June (age 26.5

manths) , 6 overies of 14 SR x LL females examined appeared

more developed when viewed under a digsecting microscope and

these were sectioned. All 6 ovaFiu con:nlmd lnql 5

oocytes suggesting that this fraction of mnuxan £ish _/




represents’ a |ubnlph of the 53% of the SR x LL females

that ovuhndr +5 months later'.

o | )
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g U piscussion

While many factors may xn{].uanm_ the onset of sexual
maturity in .Atllnuc salmon, age, growth rate and genetic
hcto:‘l are often considered to be the most important. The
ulule; of the rearing experiments carried out in this study
demonstrate a genetic as well as nnvcnvlzom-nul component,
both of which contribute- to interpopulation differences in

_and age of first maturity and in oocyte recruitment

patterns. The striking ditl-:gr,ux in age of maturity in the

t‘vu ‘cultured forms of salmon (landlocked and searun) -
correlate well with the differences observed in wild

populations of these two forms of salmon (ler; 15 and 17) .

This lluqqtltl the mimimum size of age at maturity has an

adaptive basis. 3 —

) Elson (1957) and Refstie et al. (1977) concluded that
Atlantic salmon must reach a size . threshold in stream and
hatchery conditions respsctively before they could smoltify.
Bailey et al. (1980) hypothesized that a minimum size also
existed for maturation in' Atlantic salmon. They suggested
the threshold for maturation was lower than that for
smoltification and that a "decision® of male parr to nu’t‘nu
at  age 041 and to smoltify at age 1+ must be made

lnd-p-ndantly‘. . ’



" That the first individupls to mature in salmonid
spacies are usually the fastest g;wlng has been known for
some time. (Alm, 1959). Leyzerovich (1973); Mitans (1973);
“Glebe et ‘1- (1978); Lundquist (1980) and Saunders et al.

(1982) have shown éhat precocipus -'male Atlantic salmon are

_dnr!vad from the fastest growing segment of the male

population. Mature males ., in the present study were also
P 2 .

significantly. larger and had higher condition factors than,

inmature £ish. Mg " g 3
: : e 1 3
By age 1+ however, the size differerce between immature

and “mature males vis less pronounced. Mature males in.the
pure. crosses, (L;.xLi;y ‘ SRxSR), were smaller than immature -
;mle- while mature nn‘e-‘fxon the hybrid crosses (SRXLLy
LLxS8R) were largér than immature males. The reduced growth
of mature males in the pure cr‘oluen may " be\l result of a
switch of energy away :,m: somatic -growth to the gonads.
.The results suggest that ;hu- the !Iléllt growing
individuals may be the first to mature atiage O+ the
resulting drain on resources results in a reduction in

growth the ieilwing year.

Maturation of male parr requires ‘a major energy
investment and it has beeh proposed that diversion.of energy

results  in incre

female parr (Power, 1969). Evropeytséva (1959) stated that

sexual maturation and smoltification were biologicially '

since they depend on the ‘same en-r}';y

1\nco}pitfiiie proc

v 8 . o +

. . |
d mortality in male parr relative to!




following spring.

89 -
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.7 .
stores of 1ipid which is inadequate to meet both needs.. In
my study, males in all groups which had matured the previous
f\lll, were -smaller than females within that group,

suggesting thlt‘gr{vlvth in these males vas retarded toliwing

maturation. Males also experienced higher mortality in all
groups during thn/w{nnx resulting in females becoming

10-208 mofe .previlent than miles in all growps by the

3 ' .r Z

| The ambient. temperature regime used 1in this study .

I ; 8
employed approximately :}oou“c days per year which is

cojnduc!.vz to prddncing 1y "2 y’enr old

smolts. The high incidence of male precocity in age 1+ and
2+ SR x' SR Exploits River parr obtained in this study is’
similar to that in many Newfoundland anadromous popuhtiox_u

in which few male.parr survive to smoltify. Most smolts afe

3-4 year o0ld females, and returning adults also consist

privarily of female grilse (Davis and Parwell, 1975;

Chadwick et al., 1978; Moores et al., 1978; Dalley et al.,
1983) . :

nformation - is available on the factors

Very  1ittl
governing maturation in female parr. While maturation of
presmolt female parr is rare in searun forms it is more
common in landlocked populations. A small percentage (6%)
of females in the LL x LL cross matured at age 1+ and the
majoriiy of the females from this cross (90%) matured nﬁz;.

. ‘ , .
The attainment of 90% mpaturity at age 2+ by landlocked

ptee



[0

female salmon ha

not been reported in eith‘ez cultured or
wild anadromous salmon i:u: in freshwvater, nor. does it
usually twoccur - in anadromous post-smolts, females living in
seavater for one summer. Some ucepti.o‘n- to this however,
have been recorded Z(Pwer and Shooner, 1966; Sutterlin et
al., 1978; Brozet, 1981).

Sutterlin et -al. (1978% observed maturation in an

'Appucinbl.a number of male and female salmon of bothn-

landlocked | and searun stock . in a saltwater 1npounamn’

-
They had b--n reared under ‘an accelerated regime to p:oduu

large 1+ ’-ne].n and Sutterlin et .al. (1978) uxplgxned the,

anomaly on the basis of altered presmolt history. Thorpe et
al. - (1982) h‘ypothe-i:ed that the .tnGIQItlc cost of

production of ovaries was much greater than the production

of testes and that it wvas possible that the riverine
environment resources were inadeqyate to permit the £§nue

salson to build ovarian tissue as parr.

H
It is unlikely that this latter hypothesis expliln; the
nachanin operating in Newfoundland populations of dnn:f
. landlocked salwon. The-enviromment in which many of tl
populations are found, (shallow, ol.tgociophic ponds vi%
lack of forage species) is rigorous, and the propensity of
these fish, both male and female, to mature at a small size
and early ago would not be exphinca w the hypothesis of

Thorpe et al.. (1982) .
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y ) That variations in age of maturity in Atlantic salmon

‘are  adaptive was suggested by Schaffer and Elson {1875).

- They considered that the decision of whether or mot to spawn’
after ‘one of more years at sea was a trade off between the
,pm‘babglity of mortality before the next spawning season and
the l—ikelyhood. of continued growth and enhanced reproductive

output. A similar mechanism was postulated for young salmon

in £resh water by Thorpe et al. (1982). They suggested that
if" conditions ceased to be favouubie fqi..st;matic growthwat
a time. in ‘the season when gonadal development .was,
auméptible to triggeting, then the £ish would allot
resources to gonadal ‘growth L‘lt thie expense of somatic
tissue. . v
£ \ : § A
’ Knutson and Grav(1976); Thorpe and Ho:g&h (1978, 1980); g
Bailey et al.’ (1980) and Thorpe et al. (1982) showed that
bimodal length frequency distributions develop under certaim
hatchery regimes by the end of the first g‘xqusng season. In
.my stuly, a degree -of bimodality had developed in the
length-frequency distribution of female SR x LL and SR x SR
'éu: by early .Novam.bet (age' 19 months) which persisted
throughout the winter. The lenggh-frequency distéibutian of
) LL x LL parr hweve_z. remained , unimodal throughout this
period. . Results similar to this' were reported byv Eriksson
. et:al. (1979) for Baltic salmon parr where they found a|
. uni-modal size distribution. They suggested that genetic
factors rather than relative size ldetermined year of

precocity in this population. Further evidence o‘f a genagic,
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poc ; . .
basis for age at maturity vas shown by Naevdal et al. (1578)
R ‘Who reported on_variation in age at first, mutur’ity of
Mlantic salmon adults vhich they attributed to a genetic
.basis. that originated ad an adaptation to different xive‘r

conditions. -

The difference in age of first maturity in both LL x'LL
males and females when reared under different thermal

- regimes. (Figure 158 and C), illustrates the difficulty in

using such discontinuous or threshold dependent characters

in quantitative genetics. However, an examination of oqg :
q Ltative g . e agyre”

recruitment patterns in the different forms Of ,salmon
3 3

(Pigure 20)" indicates ‘fhat the mode of inheritance of such

" *quasi-continuous variations" is 1ikely to be similar to

- [}
- that of a continuously varying character (Falconer, 1960).

The ,larger sizs: of ovaries of 5 month old SR.x SR and

SR x LL crosses may be related to the fact that these fish
are destined to mature at a lat‘er time and larger size than
the' LL x LL and LL.x SK fish. Since neither the size nor
- relative ;lblfnﬂance of oocytes among the 4 groups differed at
this time, the larger ovarles of 5 month old offspring’
vde:ived from the SR dams presumably contain twice as many
stage 1 and 2 oocytes. The absolute fecundity of wild LL x
LL at first spawning is about 50 eggs. In contrast, wild 3
year old SR x SR gmolts are destined to produce about 2000,
eggs at age 4+, or had they smoltified at age 2, they would

likely have produced approximately the same number of eggs
BNilws
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at age 3+. >'1'he differences in ovarian weight between the
groups at age 5 months could represent the early expression
of " a maternally 1n‘hezited approach tq "fupily planning”.
The G.S.I. of all groups was identical at age 16.5 and 23.5
months (Figure 19), but the relative vabundance and size of
the oocy:ie among - the groups was quite different (Figure

200., .

Although the data for the LL x SR hybrid is incomplete,
the 4 patterns 3£ ovarian develppment in Figure 20.appear to
’rep:egent a “continuum in which the 'rate of rescruitment is
proceeding most rapidly 'in the LL x LL = ovaries with
decreasing rates in LL x SR and SR x LL ovaries and at a
very l.u.u t9te in SR x SR ovaries. Based upon the presence,
of stage 4 oocytes jn LL x'SR o‘vaxlea in March (age 15
months), had these fish 11ved,’ a high incidence of maturing

females would have been expected the following summer.

The different Qates gf ‘oocyte recruxltmem: among the 3
surviving groups correlate well with the incidence of
maturing Eemale:‘a among these groups. Both lines of evidence
suggest that the age at first maturity in females is under
genetic control and that in the case of the LL x SR hybrid,
maternal fagtors appear dominant while maternal and paternal

factors appear additive in the SR x LL hybrid.

The intervening process of m_oltificution in searun

—

forms complicates any simple comparisons between the

-characteristics of maturity of the SR and LL forms. Despite
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several 'attempts to introduce male: or female 26 month old,

12-16 cm LL-x LL "smolts® directly into sea water during the
spring, they. seldom 1live longer than 4 days. Despite a

silvery appearance, LL x LL “smolts” have a high condition:
factor and low salinity tolerance - perhaps more typical of
presmolt parr. The predestination of - the LL x LL "smolts"
to spawn 5 months after this 'bseudu smoltification® and the
advanced ovarian development observed 2 and 14 - months
previously suggests that the earlier. "decision® to mature
precludes certain phyn&elogical‘ changes that normally
accompany smoitification in non-maturing anadromous females.
This ‘hypothesis might not be applicable to other forms of
female landlocked salmon that mature at a larger size. The
retention of Buch characteristics as body silvering in
landlocked forms would appear adaptive in their migration
from a fluvial to pelagic existence in lakes. Barbour and
Garside (1983) noted similar differences between landlocked

and anadromous salmon.

These results suggest that'the presence of the "yolk"
vesicle stage (stage 4) prior to June is a prerequisite for.
vitellogenesis and maturation to occur that summer. Stage 4
oocytes were present in thé ovaries of LL x LL andv LL x SR
females as early as the previous March, 'iwut did not develop

in the SR x LL ovaries until some time in May (Figure 20).

If the presence of stage 4 aoéytns is indicative of

spawning 5-14 ‘months later in Atlantic ‘- salmon, the .




AN oo

physiologital and bi €al factors ble for the

recruitment ‘of oocytes to this stage have not’ been

established. — Stage 4 oocytes are usually considered

pzevitellcqénlg although presence of "yolk"™ vesicle has, in

" some cases, -been used as evidence in Bupport of’ the

production. oi. el"ndage’nous ynlk; Wallace and Selman (1981),

howeve:’, emphasize ' that ﬁuc_h . "yolk" vesicles appear to

hecon‘e‘ thg cortical ‘nlveoll, are subsequently extruded after

fertilization and should therefore nﬁt be considered, true
> o .

,

yolk. '

- Blochemical and histological studied (Idler et al.;
1981) on anadromous salmon returning from sea_in \!une in
preparation for - spawning the following Octobeg, indicate
that oocytes ' of these fish- had surpassed stage 4 in
development and the oocytes of most fish had advanced to the
midprin’xlry yolk stage (2 _ntnges more 'udvunce’d than the yolk
vesicle stage, according to the clnl:iﬂcntlon of Ishida e‘t

al., 1961). These fish had G.S.I.'s .exceedlng 0.30 and

- plasma vitellogenin above 100 ug/ml. Studies 'by Thurow

'(1966) and Templeman (1967) had previously provided

evidence, based® on oocyte diameters of salmon captured at
sea in November and Ap‘dl, that diiferencea were ‘taking
place within the' ovaries of - presumptive spawners and
non-spawners in advanf:e of ‘the hormonal and biochemical

differences noted above by Idler et al. (1981)‘. In

‘November, Thurow (1966) .could distinguish between ova:le‘u‘

taken from large and small salmon. The docytes of small

L)

°
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" salmon were all below 0.9 mm diameter while a proportion of

th’nn\ from ]_.nzgg salmon were ' greater than 1.2 mm diameter.
He suggests thg}: thesg two groups of fish represented 2 ;nd
3 sea winter fish, respectively, that were destined to spawn
1 and 2 years later. Histological staging, however, was not

conducted by Thurow.

Oocyte stages :)f development progressing from the 'yolk
vesicle to the oil globule and early primary yolk stage
reported by Idler et al. (1981) in prespavning saimon.in
June, have not been completely actounted for in apadromous

Atlantic salmon. Ishida et al. (1961) have shown that

'ooc'ytu in the group synchronous ovary of the Kokanee salmon

(landlocked sockeye)  had surpassed the yolk vesicle and

reached the oil globule stage (stage 4.5) at least 8 months

in advance of spawning. | Recent studies, of North sea, capelin .

(Forberg, 1982) designate the onset of the yolk vesicle .

stage as being critical in predicting spawning within the

In Atlantic salmon, two critical phases of ovarian
recuritment may be taking place several months apart. The
first might relate to the com‘nit;in]nt to maturg or not
(recruitment to “"yolk" vesicle stage), and the second is
perhaps fecundity related (number of oocytes ultimately

recruited into vitellogenesis). Both processes are likely

to be influenced by somatic energy reserves ya expenditures |

as well as gan’eticlsucton. Under conditions of accelerated
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growth, cultured LL x LL females can be made to mature at a

comparable “size but 2 years earlier' than their wild
counterparts. However, the eggs taken at first spawning
from accelerated females over 3 successive years could never

be - fertilized. . Simnirly, eggs produced by the small,

" percentage of 1+ LL x LL mature females reared under ambient

conditions were also infertile. The relative -fecundity -of
these fish was higher .and the egg volume -lower than in
groups qhich " produced viable eggs. It would appear then
.that some uncoupling of gametic al’ld’ somatic coordination has

occurred during the accelerated rearing regime.

Experiments on sticklebacks by Hal{ace and Selman
(1979) have shown that lower stage previtellogenic follicles
("yolk vesicle" and i:elt;') can‘ be advanced to 1nﬁa:poute
exogenous yolk when stimulated with human chorionic
gomdetx;:pin. regardless of the stage of oocytes in the
leading clutch. However, this is not the case in all
*apecies. In juvenile male and female trout, luteinizing
hqrmonu-xllellinq hormone . analogue is not effective b;
itneif in stimulating gonadotrope iciivigy (Gtﬂ:ﬁrédnc«:iun)
nor the onset of sexual maturity. In male trout, steroid
priming of the pithitnxy does elevate plasma GtH and advance
sexual development; however, such priming of females
levates ‘GtEA-hut does not result in further o;unan'

levelopment (Crim and Evana, 1983). Thus, it is not clear

hether ‘the brain is controlling the ovary or vice ver
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The relative importance of genetic and envlronmept
1n£l§|encu on the age and size at first maturity in ale
\Atlantic salmon has been a source of speculation for many

: years (Gardner, 1976) . Although diffezer!t river stocks
exhibit different incidences of maturation when reared under
identical conditions (Naevdal, 1981), the heritability of
maturation rates of females within a stock has not been
easily established, nor has the relative contribution of
maternal and‘ patsxhnl factors been especially apﬁzenc
(Piggind, 1874). Environmental factors affecting presmolt
history and subsequent marine gtmlrth rates-can substantially

modify the-age at first maturation of females (Ritter; 1975y

Thurow, 1966; , Sutterlin et al., 1981). This source of.

variation, coupled with the overlap in ages. of ‘first
maturity present within and between many anadromous stocks,
had complicated most cttempu at dztemininq the heritability
of such traits in Atlantic salmon.

Age | of ffnt maturity in male and female platyfish has

been . shown to be under the control of a limited number of ~

sex-linked g;l’\ll (Kallman and Brokoski, 1978) and the
incidence of male precocity in AFllntic aélmon progeny id,
to an extent, influenced by the maturational characteristics
of— the male punnt (Thorpe, 1975: Glebe gt al., 1978). 1In
this study however. the incidence of m:u:ing males in LL x
LL and LL x SR groups was greater than in the SR x BR ‘and SR
x LL groups (Pigure 18), which indicates the presence of a
moderate mrnnl 1nnuencc. Z

Jore



The selaction of two diverse forms of silmon for use in
this ntudi 1may provide a better  separation of genetic
influences From those of the envirorment. However, due to
the large differences in egg volume Gf the two parental dams
(SRiLL = 312), it is imposeible to meparate the matersal
genetic component from maternal -environment. The larger egg
size results in larger fiy and ~thia difference in size is
maintained during theyﬂ.rlt 4 nmonths of feeding. A second
cum‘plxuung ﬁctox_ arose from differences in ‘na:tancy
tates between the two hybrid groups. Pre-hatching :mb:ulity
in the LL x SR eggs, measured for 3 successive generations,
has been' 10 time greater than in the remaining 3 groups, and
might also be. related to egg size. The possibility of
linkage between mortality. and other traits perhaps unnot‘ be
ignored (Payne, 1974). . T

cun-sdgnbj.e:' effort is now being expended in br-nuding
programs. to develop late maturing lines of M:l‘.ntic salmon
for use in mariculture. Bamed upon - the udd;l_‘uvé effects
noted in the present study, the commercial culture ogrl 4
hybrids” darivud- from . parental stocks ' with diverse
characteristic of maturity is not likely to be beneficial
;nlput futher selection. '

. . .
The extreme genetic differences in reproductive traits

in the . two forms of s;lmon used in this study may (Payne,

1974) or may not (Stahl, 1983 and Ryman, 1983) he similarly

as ties in other allele frequencies
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enzyme polymorphisms). It is possible ‘that genetic changes

g -
" resulting in reproductively different phenotypes can occur

1
more rapidly than changes in other perhaps "less .adaptive"

% . : f
allele ‘fxqquencin.’ -8ince traits such as age and/or size at .

first maturity can also effect growth and mortality rates as
u-!.l as fecundity, the identification of closely Xipked

.- biochemical markers would be aupechliy useful. .
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Summary
|

. 1. The lnndlac::; salmon populnt’ionlln 5 m.u P:om; East is &
slow—growing, short ’live.d ‘form of Atlantic Aulmo «+ They
hm;e evol\(ed several traits (low fecundlf.y, a high incidence
of n;nat spawning ard early maturity) which enable them to
successfully exploit a.xigorous environment (ougo-txophlc
ponds with a lack of forage species) .

2. The . landlocked;and anadromous forms of Atlantic. salmon

-; -differed in their degree of smoltification and salinity

tolerance.  While the landlocked forms appeared to respond

L t;.he_anvixonmcntll cues for mc‘)luficatten their salinity
I

tolerance was low.  The poor survival of landlocked fish
challenged to high salinities suggests there may be an
antagonistic effect between plecocious sexual maturation and

smoltification.’ -

3. The two pure lines and the reciprocal hybrids between the
early maturing dwarf 5 Mile Pond East fish and the later
maturing anadromous Exploits fish' we.re reared for 2.5 years.
* Ninety parcen‘t of female parr of the wn‘ landlocked form
matured at age 2+ (fork length 15cm) while no females of the
anadromous form matured at such a small size or young age.
The weight of the ovary differed in _the two pure forms at,
age .04 and the nunb‘e:, size and ntnwf previtellogenic

oocytes also differed at age 1+. ‘Ovnhn pattern of
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| development and the time of onset of sexual maturatioh in
| the o hybrid forms appeared intermediate to that of the
P puonnl.‘ forms. °
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