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- studied in a small Nefifoundland river, Western Arm Brook.

'scuuy exammed dynamics of smolts, parr and adults

correlated with egg deposition.

: B, AB‘S‘TRACT'

i Dynanics of an Atlantic salmon stock (Salm- salar L.) were

The

Smolt. production <
was inﬂuenced by annual variation in: year-c'lass strength. ‘smolt
Year-class strength was_ significantly

age, sex ratio'and size.

This was the first shaskrrecruibaint
relationship to bs developed for Atlantic salmon. Supportive . .- .
evidence, vas Found on b sther Hewfoindland ¥ivars, Thitfen &ad ¥ %3
Litle Codroy: On Little Codroy River, year-class strength of

4701ts was - correlated (P < 0.01) with potential egg deposition of
0n, Indian River,;. egg to fry survival vas

adults coufited as ‘kelts.
on

correlated (P < 0. o) with winter. temperature and discharge.
Western Arn Brook, smolt age was s\gn\f\cant’ly correlated (P < 0.01)

with annual mean monthly air temperature. ;Ev1dence was presented for -

density-dependent ‘influence on ‘both smolt age ‘and sek ratio. Size
of smolts had the lowest. anual variation of all biotogican characteristics
* Fork.-length, weight, uvar\ar\ weight and especiany annual; mstantanevus
 groth ates of, snoTtwerd, significantly (P < 0.01) different
: between snolt ages. _ Ovarfan weight of sholts was {nversely correlated

(P £0.01) to sea age’of aduft salnon in 34 Newfoundiang rivers.

Buﬂngica] characteristics ‘of parr weré! s1g|ﬁf|cant'|y different
 steadiés, viffles; outflows and

between the four habitat types:
Parr in outflows

Parr- from.riffles were smaller and younger..

" lakes.-"
However, parr did nét remain

grew most during thé summer’ season.

within habitats and there was a;net downstrean moverent: . Downstrean




movement of parr was significantly correlated with the Size of the
; smolt run in the same year. Mean production in lake and steady  ~
“habitats was 0.07 g m 2y %,.and 7t was 2.23 gm 1y in riffles s

and outflows. Maximum production was estimated to be 5.47 gm 2 y L. -
Only 33% of smolts were produced in- riffles and outflows; the
i renainder were produced in lakes'and steadies which comprised 98.6% /

of habitat accessible to salnon.. Production was' correlated with .

standing stock and over 50% was contributed by the. second and third .-
L age groups. : M

: o This paper presented the first evidence that a commercial . S

~—~ _~ffefery selected larger and older 1SW salmon. 1SW salmon spend one -

year at sea before first spawning. Grilse taken in the local

" fishery of St. Barbe Bay were signi ficantly (¢ < 0.01) greater in
.. fork length, whole weight, condition and smolt age than grilse .- <
entering the river. - Selection for older smolt ages was due to a
significant. correlation betwesh size and swolt age.- The: fishery
also. selected a greater, proportion of npeat.v spawners and almost’.
211 25W salmon. Consequently fish which spawned were snaller and
H younger than in unexploited populations. There was lso a
considerable 1oss of iteroparity as a result of exploitation.

A model was proposed to describe Alantic salmon stocks in

exploited and unexploited states.. The model was based on

density-deperident growth in freshwater. At lov stock densities, ' / #

salnon parr grew faster and.went to sea at younger smolt ages.

Faster growth induced precocity in male parr and shifted the sex

% ratio: of the smolt migration to be predominantly feiale. = At carrying’

capacity, smolt ages increased and smolt production was stabilized




" due to overlapping of year-classes.  The economic: benefit of increased: |

_strean bionass was a stable yield to the fisheries. ‘The nodel was - -

compared to trends in the comnercial fisheries which included. a
46 J# Eycle of abindance, and declines ip-Een-age and snolt age. A
% sjgnif'i;ann\cnrke1ation betwéen stock abundance and smolt age’

* “cobroborated the proposed bionass model. i :
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327 Commercial 1and1nqs of Atlantic-silmon .fur Atiantic
: Canada“and West Greenland, 1910-1981;  ap ei ght-year %

moving average 1s alsn \ndicate e
¥ . Percentage d\stmbutwn of age at spawmng for ot AP
~Atlantic salmon sampled in the ‘commercial fisheries -
‘of insular:Newfoundland in,1931 (Lindsay.and - -* o S0
Thampsnn 1932) and 1970 (Lear and May 1972) & 265 -

T340 1Y Relationship between snolt dge and:stock abundance’:
. for ‘Atlantic:salmon sampled in. the commercial ﬂsheries g
of insular Newfoundland, 18511973, =" . %7

s




/Ihé’?e ara severg lhlsls fn the life h1stnry of an Atlantiu 9 %

salmm (Salmo salar Linnaeus 1758) stack: parr, s-ous and arfu’Tﬁ-.
This paper umms the dynamics of each phase in a snall Newfoundland
river. A'stock is'a self-perpetuating system _(Lar\dn_lsﬂ). itis £

‘a‘group of -interbreeding f: - spawning in pani:in!ar Takes or.

su—ems‘ (or parts_of streansy at the sane t1m (Ricker 1972) . > o

Dynaml:s of'a stnck ar! the plttnrns of :hange which can be £

P measureﬂ as annua\ ﬂuc ultiuns hiolaaica1 chnrgcteristics such

us sue, ‘sex, age and :bundlnce A study. oquynan\(ci u:un‘l\y

3 'au.upzs to exp'lahx uchuﬁsm behind aninual variations: - Ore: F et TR

t osign exanple of an important sechanisa is.a s:ock-mmiue»z relationship,

where-recruits to 2 “fishery can be predicted from egg deposition. ‘1. :

" Other: exaq)hs are the 1nf'lu.nc- of env

Ftactore oncthe survwal or grouth of & SEbeK.

A serious, gap in:fisheries scienco Ii lack of 1nfomlnt{on onil,

the dynamics 0( dlscrﬁu itockl. ble are unable. und&rstand the:

= _ cguses of ‘variations in mcu lhundam:e and to deve'lnp smck-recrun.-ent TR
relationships. - -There are uvn-n reaseni ‘for this: Stocks are .

o L difficnt te identify because ‘they -(g.u in m\knm patt.erns'-

abundance of stocl's is usull'ly eshllud from lmhrec ! tlmds w e ooy

slll:h\s catch stanstlcs or. t and it is difﬁcu]t to

g racaptun ;

obtnm samphs uf hio’lugl-cﬂ churacteruv.ics which are represemative

of th: stock. The greatest difﬂculty, hmver, i htulning atime,

‘series of infur-atlan where rep:aud nt(nus nf stock nblmdanca o i

and bmlogicﬂ characurhtlcs havu on]y a sull errar. A,Zﬁ,. 22y




(.- ‘error in annual estimates of abundance is erly “to mask'a slgmﬂcint <
stock-recruitment relat\onsh\p (\Murs 1981). Thus ‘to improve
our undersundﬂng of ﬂshenes science more wrk is reqm red on

time series of dis:rete stocks.

. This 15 a0 true-for Atlamtic salmon, where the dynamics of

2 “stocks are not/well studied due to the lack of adequate:time'series. - . .| -
As a result there are no documented stock-recruitment relationships;
we have been unable to-predict harvests to our. fisheries; and with

tha recent interest-in river harvest, there is no method for determining

o) opnma1 spawning requ{rements. Ta date, spawning reumrwenti are’
T | estinated fron experiments with hatchery fry (Elson 1975), - However, e

Ca r:cent Atlantic salmon model1ing workshop found these valuus to ‘4

be madgquate (Anan. 1982).

m.m has begn nsi le work on bisclogical isti

W Adatic silmon stocks. But it has_ been ‘devoted to distinguishing

“between stocks rather than to describing annual varfation within g

7 them. : Most of this work can be divided into three gmups genehc,

envir: | and density The genetic school believes
that genetic isolation between aan‘cent river systems is de.fm_straud
by homing to natal rivérs (Payné €€ 1. 2971). . This school also

" believes' that genetics. plays an isportant role in detérmining
biological characteristics, ssuch as ‘tine of upstrean afgration:

i
% (E’lson 197;

'aund-rs 1967), juvenile lnwathns (Rmer 1975 : i o o

t age (Rafstin et al. 1977), ‘and sea age (Elson’ 1973 Puggms 1974)

- (Boyce 1551).




" has been related to high susmer discharge (Lishev and Rimsh 1961; -,

v

* " different d\les :nd Tocations. Therefore, ‘it is Qnssib]le that the

.1 correfations are spurious. - Similarly, there are po studies to

#.* provide’ a mechanism and supporting evidence for these correlations. Lo

~The environmental schaol. bel ieves biolagical enaracuéis;ics :
- of. Atlantic, salmon are re1a1.ed w climatic condltwns because they -

Tive iX seasdnal envm:r-ents For axaq]e, year-class strength

Ling 1980), varm springs. (Hottran 1931; Grinas and Nilsson 1965),
and snlar act’mty and its assoclaud mcfeased precxp“aﬂnn o
(ann 1569) Smolt _age and sea age have been fmmd tn increase
mth latltude (Dah1 1916, .1937; Sedgwi:k 1953 Shearer 1955 Sylllnns 1979;

Power 1932). with sllo'lt aue hemg mvers:]y correlated with stream

temperature (Elson 1957a)." Hwever “these: studies were bused on
currelatmn analysis between environmental vur1ah1es and; average

stock :haraFteristics that were sampled by diff!unl' -a_thads and at

- fhfs can bnly be accomplished by. exuiﬁi'ng the dynamics of ‘an

: ,mdivmual stock.- S Ce Tl \

7 Many ‘researchers. ‘feel that denslty-depmdent mechanisus must

Vinﬂuence salmonid dyl\anu:s. There are several examples qfkd‘epmty- .

. ‘dependent ‘freshwater. growth. of Atlantic salson, - Lindrath 1(1‘9:25),

Ferno et al. (1976) and Gibson: (1978)" ‘reported-greatest. grovth st \ )

Smﬂar :o»ﬂusinns have been: Nl :

he Jowest popu]atwn dansmes
'faund for Salmn trutta (Brwn 1946) ncorgynchu kisntch (Chapman 1965)
0. nerka:(Foerster 1944, Johnson 1965, Bnrgner et a’l 1569,

Néthisen 1969).- There is mﬂy one exampie of dens{ty dependent
survival in Atlantic salnon (Gee et al.. 1978) but it is assumed to "

by ‘salmon managers (Elson-1975).  Most of thé ‘above:studies -




‘I.
]

the lih Mstory ‘of At]ancu: sahnn This'is because® smolts provide:

- +a measure of freshvat-r vrudm:tmn .they are probably the only "

‘ understanrhng the lnﬂuenc nf lmah “and dnhsity on the qynnﬂ:s

©influence these variables, such a5 €1inat iz conditions“and censity ) ,,/ i

5 dependent grnmh and survwa] : e “

consisted of experiments of ‘stocking fry at different densities and

sy ot be applicable to wild sy;ius Convincing. evidence for

dens!ty-d:pendenbﬁ:hanlsls vﬂ'l be found only-in studies on
“individial stocks over‘a sun:able tine period:’ :

In ur-s of lanaosent, slolts are the most important phasu in

index “of recruits t&\tht fisheries; and they are mn(tond fairly

easi'ly Avonqe river pruducnnn can only. be :alculated when' there

is some lle sure of ne energy ﬂnw “from a‘ll habltats Smo1t migratinns

are such a méasure. . y a1su pmvide cowarah'le annul’l estlmat-s

of prbﬁcﬂon. A serdes-of annua'l e;nmat;s is neceisary far it i

popul a'.i ons.

_The focus of tnis;pap.r is"the Atlantic salmon stock of Vestern

Ar- Brook, Nenfounalana. The’] paper is divided inu ﬂve parts e

Tne first pnrt examines the qynam:s .of sm'lt migrations and parti:uhrﬂy,
the _nature of. '.heir annual viriatlnm TMs 1nvo'lves an analysis o' g
the varhMes unicn elbocy a smolt mlrat(nn, such as. size, sex, ¥

and age.\ It a]so lncludes an a‘n:lysis of factors . which. nlqht

Lhe|r popuhtiou dynamlc Tnzre nas been nu:h work on tne phys\aloglcal

mzchanss- pf slo’|t|ﬂcat|nn (see revieu by Hoar 1976) and-its v 4

repnnse ta anvironnenta'l stiuh (Dstenhhl 1969; Wedemeyer et nl
.1_980'), _s-ous have been sgudigc_{ to_determin migration ‘routes &t




Jessn‘ﬁs) and mre has been cn[‘siderah\e ‘Fesearch on amnmv

rearing of smolts mw{ns 19745 7nda and Henderwn 1977; Knutsson 1973).

'; S 17 But in the past, mr\e ups no desfre to just coum. s-ous without

\ ! . o
domg some sort. of ulati }and wna u
\ :

e dwnmcs Sf mam.ic £

The second part o‘f g‘his‘«pﬂ?‘r examines

.':salmon parr This plrt Eanc:nthtes on tke e\'nct uf fnur |rfer?nt

freshnter {ﬂhituh on the al

‘, of perr Th\e movnmants °

renain 1solated, n the aiqmm nahims The quesmn being

askeﬂ ,do pirr from dm'grent ha.hiuts deve'lap into swlts f

d|ffarent hiu'loqiul ch:ractgrisncs? ) . &
\ & i i
“mnsmand important as. Atrumc salmon

Frasm-ter hlhitlt !s

parr occupy habitats. other than riffles.” Throughout Ilan‘ound"land,_\

“they -are found in lakes (Pepper 975) and in vaters with slow.

: currents The' biological characteristics “of parr in these namu:s'

£ cww he different from typlcal rifﬂe hlb"als‘ Fnr exzmle,

G]hsnn ﬂnd Gﬂbr‘a"-h (1975)| folmd ti\lt the outﬂw of Takes nn ﬂn

" Hatangk szr supported a more productw- mven-nrad\:auna' where
4 :

parr grew faster thais i ot#ter pms of the river

o reduced snollt ages.' cnmquenuy, me bio'(og1ca1

n‘lt iinnt ba mﬂuenced py the natura of t! ir




’1oca'l commercial fisnev-y. Sea survwal is ca'lcu! ted\far ten Years -

T
‘ . ~“(asW)salmon spend one year at s:a b:fore first $ps ning (Anan an\d\
1" Rnter 1977) “seasurvival 1s cmared o bw]ogicﬂ

?Eteri stl\cs

A 5 of the smnlt und aduh mgracions and to anv'ﬂonmental uc&rs,

I g dEY <" Selection of 15w, Auannc salmon by ithe 1nca1 comngrcial fishery WSl

P e * examihed over a5 yr—perwd by ompari b"ﬂ“ﬂ“hﬂ " !

in’ the ]nca\ ff"li

Ther‘e has h!en cansiderab’(e lnterest in t.lw sea Surv‘lva'[ of -\

Some sludles have related sea surv'val‘ o factors

¢ salmonids. "

Mrge smolts had

“intrinsic to the smolt’ migraﬂom For ‘example,

Better sei survival thnn‘smallgr smults (Ricker 1962 Larsson 1977

iy Ritter 1977), or;’ sea survwa'l was inve{'sely :orrehted to the sue

of the snolt migration (Peternan1978) .| Other stums have suggestedm

¢ thavsea survwa1 was re‘lated to factors in- the marme\enkunment

$ucn as capehn abnndance (Redmn and Carscadden 1980). 4 However, v

survival frou rishing mnrtaﬂty A recant review on' Lhis sub_]!c




The-sé1ective harvest of certaln sizes: and types. of Fish is an
- ;mmnt consideration in u\e dynasiics of Atlantic salmon.. The
type of fish that survhms tn span can have a criticﬂ influence
on the fitness of future generauons Fitness can be.neasured as
_the ability to carry more eggs and “to ‘spawn f;mwr upstredm or as -

: the heritability of camin tralts, such as slon “age (Reftsie et - .
1. 1877) ‘and sea age (m\hr 1970). n is generally believed that U G

al fisheries tend toh se'lect early run anu wn‘l sea-year ! e

A
sauén—im there is cunndaﬁam indiregt qvid ce frap tugging

studies that this is true (Cal apriqe 1969). ‘Hwever. T Newfoundland, " *-

. | ' -~ 1SW salmon form the bulk of hnkh the commercial and rzcreanunal . 3
| ‘!" 4 T hsherles and there is no do:um\uutitm on the uu:tive harvest of b
‘ } Cthis type of fish. g

{4 - The: fourth p:rt of th?s paper\ exanines stor.k and recruimnt
S tnum‘.s nf spaming adults’ annyear-classes of slnlts -are used to

measure_stock and recruitment, respengm slolts are a good . TR e

lndex of recruitment for two reasons: first, mey are tne Nast

1 - ~measure of abundance oi Atlantic salmon before harvest ‘in v.he <

= fisheries; and second, the hbundancz of swolts s correlated with .

- the abundance of 154 salaon in the ‘following year (unpublished data).

Smnlar data from Luo amer Newfoundland rivers, Little Cndmy and
Indian, are also used "nr Tomparison., -

NSy . A iwamnt objecéva in manaqahnt of Atlantic sa\mnn is to

develop- K=recr nt v i atiof w; between °

: eggs ‘deposited (stock) and their nffsprlnq (recrnits) are necessary

I, L

to 'manage both discrete‘and llﬂ\d‘stuck Hsmm, Currently, 1n"




Newfotindlard and Labrador most, salmon are. exploited in consta,
- mixed-stock fisherjes. There is considerable criticism of this
. type of fishery because it‘is difficult to manage'for individual _— .
stqcks without having an impact on others. However, to change the
» “fisheries: toward river harvest, biologists must calculate optimal
. spawning requirements for individual stocks. Stock-recruitment
P v velationships dre also necessary to pred{et aurigancdior mck{

[, 0 el before harvest.  Predictions of stock size nade several years

in advance allow fisheries to be properly régulated with a minimun
of ‘economic hardship. Finally, enhancement of stocks requires
stock-recruitnent relationships to measure the costs and benefits
of enhdncenent ‘against natural propagation. ) : L
~ . Earlier attempts to obtain predictive s%;-recruihﬁent re1aﬁdnsn{p§ ;
. for Atlantic salnon wire based on -the Ricker mbdel (Ricker 1954).
Harvest statistics were assumed to reflect stock and recruitment of ; L

individusl populations; biological characteristics such as smolt

¥ . “age, 'sea age and sex ratfo were usually assuned to remain constant;
f """ changes in_environmental conditions weré also assuned to have

A ey negligible impact. Not one of these assumptions was entirely -

‘ valid. This was due to unknown harvest of individual stocks in
mixed-stock risne}ies_, Jarge ‘annual variations in biological

characteristics and possibly due to environmental influences on

4 year-class strength, such as changes -in water temperature (Lishev

. <" “and Rimsh 1961; Hunt 1969; Lind 1980) and discharge (AzbeTev.1960;

| : . Havey 1974; Wa¥py: and Davis 1970).. Consequently, attempts to .

’ develop' stock-recruitment curves on E11iddar River (Mindy et al. 1978), |

. e Foyle River (Elsoﬁ and Tuomi 1975), Miramichi River (G. Turner,




i
!
I

Fisheries and Oceans, Halifax, N.S., pers. com.i and rivers. of
Labrador (Dempson-1980), insular Newfoundland (Chadwick, npublished)
and St. George's Bay (B. Dempson, Fisheries' and Oceans, St. John's, -
NF1d. ) pers. comn.) have not been. successful. *

The Tongest time series to study stock and recruitment is on
Western Arm Brook, Newfoundland. This time series covens 6 generations
and_ provides complete counts of ';..;51_’:' and aduis.  The/vatershed
is. free of hunan influence, and.the population had beeh handled
only to obtain small scientific samples. Although :h,i"s time serfes
1o SEE1T Faly Shovt, T8 0a SUPFICTaNE to wimif Tor evidence oF
a stock-recruitment relationship. ' ) ;

The ifth part of this paper exanines freshwater prodiction. .

Production in typical salmon rearing habitat is calculated from

samples of parr. The smolt migrations are used to calculate production.

from ali habitats combined, Production in lakes and steadies is
calculated indirectly fron the difference betueen the tho methods.
The estimates of freshwater iproduction in Western Arm Brook
are unique for two refisons. First, they provide ah-estinate of °
annual variation' in prodution which other studies have.been, unable
to do (exanples are: efster, 1962; LeCren'1965; Egglisha 1970;
Egg1ishav and Shackley 1977; Gee gt al. "1978). This is because the
Tatter were based on samples of salmon parr and they could not be
compared batveen years due to potential movements of fish and Jocal -

changes in habitat. In contrast, the smolt migrations on Western

Arm -Brook provide bséimgtes of net stream production which-are =~

comparable betwéen years. The second reason is the ability to




_,’ésumate productwn in_ habitats: wmch are. difficul to smple
‘Tngging, ele:trofishmg and seining of jnvem'les are ‘adequatie on]y (e

in’ certaln hab'ltats under Eg'l_ conditions.

L Cnnsequenny, estimates
".of. production from Takes aha steadiés are- usual-‘ly) not -available:

F}na]ly. the five p§rts ‘are assembled: 1ntn ona pictum of-an

indi“}iausl fish ‘stocx A cumpamson 3 ude beteen: “the re]atwn "




2.2. HISTORY ¢

2. STUDY AREAS .
2.1. COCALTTY Lo .-

Hest.ern Arm Brook Hes on the west coast of. the Great Jlorthgrn
Peln nsula of newraumhnd al\d enters the sea at the head pf the

: nstern’ arm of St.” Barbe Harhour (51““‘25"‘ . 5"‘5'68") Z km

sullth ast of :St. - Earbe (ng. 1) The river hu a druimqe hasm “of.

hzaduaber-s, thu rivar. uun«ers througn a series of dish=’ l|ke }akgs 4

.on_ pnurly—draimd, peat. hnrrens Hﬂtern Arn Bronk nas tm forks £

ich jo{n into the fourth order stread about half way ‘%o the mouth

" dod ‘just. abbve Western Bréck Pord. (Fig. 1), which fs the largest o

lake in the system (820-ha). The river picks up momentum:and

becoies mostly a series-of riffles; pools and long, narrow steadies,

down to the river mouth. -The estuary {5 a shallow delta

submerged ‘at. high tides. Y

In 1971, studies were biated on; ygst:rn Arn’ Bruok as a

Dotentﬁal donor’ of Aﬂlnt1cj§a|mon stock to flear#by. anrent River

(70 “km* :onth) The smn'lt- k!'lt and adult m!gratinns were counted

annua’(‘ly (Trav-rse 1972 Porter and Davis 1974; Pepper ét al.

_1975).. After spawning salmon are called kelf until they’return to




sea. 1In 1972, the wutershed was surveyed by hehcupter and eshmatem

to have 598 rearmg Tunits of su\tab'le habitat ‘accessible to Atlantic ..

satnon (Rover et

cobble; ruhb'le or, buu'lder substrate... Over . fwe years 1972-76, a

an 1974), “a rearing unit i 100 m2 of gravel,

total of, 600 f|sh were transferred to Tcrrent Rivev‘ In 198] the

salmon m\granons contmue t0_be cnunted

The uver dramage is free of farms, dw Tings, large scale

th‘ ponum .‘ st Ba’ e, t

has:not. ye‘__neen constructed " The ri er is crossed»by one. road,v

‘acé'essib]e t0'man only t':y

’thgnway i73; alsa at the, mouth ‘and

3 foot, " caroe or snowmuhﬂes The Tatter are_used, extensw ‘1y in‘the.

.Brook Pond to the source there are mneral concessions to Re\g

Newfnundland Development Compar\y and nmber cum:ess" ns to Bawaters

the sprlng and taken to;torner Brodk fur prucessmg intn pulp and

pauer Teday there 15 Tittle evldencé of. this act.nnty,




|, 2.3. ENVIRONMENT. T

The.climate in this aread is char‘acterizsd’ By cold winters and .

a rather oo, short, summer season: “The limate. 15 greatly 1nf1uenced

by the’, cn'l'd,‘ice-'laden Labrador ‘curfent. - K summary of ‘the ai

i temperature is.as follows mean annua'l temperature 0"

- January temperature, 10 0 tn =7

15 Nnvemher to 15 qu‘ The area' is. o\n:s de '.he z0ne of scatt

average for msu'lar Newfonnd]and (Murray and Hamon 1569), about &

’]nou m y "1 (Fig 3) Meteoro]ngmalr 1nfomat1on s’ vecorded m 3

 Monthy' Recard: (Anon, 1963-80) for St Amhnny since 7950 (Tab‘le .
§t. Anthony \s Incated 90 km north of St Barbe (ivg. 4) Alr :

LA temperaiures ecor e at St Anthuny were used o re’presen‘t water 3

2 .temperatures in Western Arn Brook.

* waterflow.in Western Ar Brock. was est\mated from: daily, readlngs i

i nf water discharge: toHected on. St‘ Genevleve Riv:r" frnm 1970

4 (Tab]e 2). These va]ues are.- published in Hlstorical Streamﬂw

" Sum ries 1977 (Anon. 19771 St Genevueve River is aﬂjacent to

Arm Broa (Fig 4) and has a very similar, type f nraman _‘ .

The watershed

o rivers‘nn‘ the nort,hwe;ter» cnist.nfﬂwfound]lapd.




values for pH, condictivity, total hardness and w;h .u’.ﬁ..ny‘ : s
(Table 3). are fiighér than hﬁfbeen found in most waoumﬂand

rivers {Murray and Harmon 1969; Juwsan 1974). ~ Rivers ‘tp;roughuut
the resainder of the island typically flow over igneous or metamdrphic
bedrock and v softeh uauys'. fumic acids, originating from ing 3

bogs,

mpart 2 light, tea'colour ‘to the water of Western Ara Brook,

other\dse it is.fairly :mr mrm ty =1.3°0TU).. In the headwaters,

these numlc ucids fo\"l a ﬂnc:u'lent precfpitate with-calciun 1or\s 2

wnh:n cah ‘T thick deposit ‘at “river bends that release nethane

gns uhen dlsturbe 4 .Packets nf mannz c'lqy |re vound throughnut

the lnwar secﬂen of the wiver: . The remains nf Pecten-'sp."and. : .., 3

nther mn'lluscs Hhich are; presen?; in these sedmems, indu:ate that

part of! the watershed vas initdated with seavater until fawly

recently, ahnut 7,000 B:. B : o

The watershed is almost equally shared by peaﬂlnd and on the

mgher ground, cen"ernus forest. me peatland cuns1sts nrilarﬂy

of sphagnum mosses and 1ichens together, with Vaccinium sp:, dwarf
sp., Myrica gale, Andromeda ]hm:{gmna,
Ledun groenlandicum, Kalmia polifolia, Sarracenia purpurea, Drosera )
sp Utricularia sp. Larlx laricina and Plcei narhna. s The 'éqrest

Betula sp.- and $a

cmumty \ncludes nture stands- of . Pi:aa glauea, P. naria

alid' 5%

-Abies balsamifera.‘
2 crflsg’
hibes glandirlosun,

Riplrian veget: uan is predom'mnt‘ly A1ng

Potentilla

extanswe ltlnds af Eguiset sp. and— carex s‘

¢ aquahc vegeuﬂon is not uﬂdlnt_

Cm o




. The ‘river is accessible’ to-salmoy gl sox of  the

'There are thl"ee falls on the system “the, flrst are 1.5 m, high and N

v ¥ .1ocated 0.2 km' frnm the mouth th§ Second and 'Iar'gést fallsi(4 m)

- ay‘g 0.3 ki upstream of: lake N,vand thE third falls (1 m).are at. the

outlet of lake'G." ‘None:of. these obstructisns woul inpede Tish

m|aratian uuring normal disch: ge hut the second ami third” faﬂs

<
and several beaver dans (Fig.-2) would be partial Dbstrnctmns to

2 “adult, mgrauons at Tow ﬂischarge In 1972, & cnanne'l was cut 1nto

5 the 11mestane bedrock at ‘the second faﬂs to issist f‘lsh m1grat1uns H

" at ail 1eveis of msqharge

ven spec‘ies of ﬁsh were encounter either at the. fish

“counting fénce or diiring electrﬂhshmg alvelinus

funt nalis and Gasterustaus Te: wore ‘by far- ‘the most numemus 4

spec\es ng. they vere"found mougnaut aliNackedsible habitats in’

varylr\g prupamnns Usually the 1amer twio Epecies were nost

abundant in ponds and sleadies. while salmon preggmnated riffle’

1
areas. nguﬂ'( rnstrata were not abundant but'were found at most -

stations. ungmus pungitius had ‘a péculiar distrlbution, ) SN
* 1979 it ‘was jpresent in most of the electiofishing stations, but ‘in’"

. 1978 “. was absent " small nypber‘s at

only- two " statwns but. viere en:euutered qreater numbers at-t

cuunung fence. - Several Mosa gguhssm were fnund at: the counnng

fence each yéar, pv‘obalﬂy on the\r “upstream, spawnng mgration,

three years of e'lec'.rof\shmg

R b\lt no :peclmens were coliected during the

The ot urrence of aquatic birds<and mammn s was noted ¢

during the several years of fle'ld work: B ds which cﬂu1d be’™




Qr marmus, Lar-usg rgentatus; Corvié rachrm hos,
valcycn Mergus- ner anser; ‘Gavia famer; Pant

i v1rg1n|anusv3,and Botautus Tentiginosus. - Fish eating m n.ms were _' ?
L ess abundant but included, Mu;te]a v 8 -




o

2.8 FISHERY

'winds fi1r the

e capturlng salmon- until tney ire

s nccurrinq during overr.ast mither. Most ‘of the .cau:h is sold

¢ lvy communitie up tn st. Ant.hany

=--The c_erch’l sal.on ﬂshery is pr-osecuted from five berths
in’St. Barbe Harbour (Fig. 5).. Three fishersen, Messrs.’ Ton ‘Genge,
Doug Glbbons and Isaac Toope pruvmed nost of the sasples: The
_season opens-on 20 May but nets are not pm. into the water unhl
nid-June [ Bvery effort is made “tofish 100 fathons of 133 sm

5 mu]t!ﬂ ament’ net continnouﬂy ‘at ‘each berth untia the beqhning of .

ugust -when all nnts are usual]y reunvad Qnite nftan, stmng

"ts with seaueeds, render'lnn them i ‘_mcme ¢

,'Ieaned I)ur!nu cartlin periods

* there are - h'luols of, Ilrvaceans \-:h'h:h also cuver the, mts making -

" them visib1{ to Sa ot The catches: of .saTaon are not great,

usiially less Than ten fish- per berth per. day, with the best catches

lncan_y and not recnrded However- when salaon ’.ara' Pplentiful, thiey ‘

are so'ld “to fish buyers 4n° St. Barba lnd Anchnr Pnint Landlngs

“have Pe_en recorded for these :p_-unihes since 1970;--1andings for

Area N, which includes. all oo-unitier of -$he northwestern coast ¢

“the Great Northern l’eMnsu'la havgheen record!d since 1952 (Tabh A)
It s diffi:ult to ls:srtlin where else Western Arﬁ Bv‘ook sf.ocks

are 'harvvesud but. thny are probab'ly :xp]enud toa limited degree 3

poss by i Whit

Ths recren fonal f|shery in western

rm Brook is prusecuted

nostlyin a 100 m stratch betieen. the bridge.and the counting

-fence " Most. anﬁl-rs stop an the brldge to see'if there are salmon

before ucm“g tids worth\th(le ‘o start aanng. Fish are captured




£

"pNssure to: fish:on. this r1ver

3 nutflws (3 ha) Areds were esnnud from" tnpograpMc -ps,

! edrack sunstrntes uM muaﬂy a mean ﬂepth <m

X deepar pools‘ Stn 0§ were usuaﬂy s\w, uanderim se:ﬂuns of

= _'rwer. With-a water veluity Q.1 ‘o sect A a depth 1-3 m md mud-or-: ..

by fly. ﬂsan, most are uhn in the early evening during the

“month nf Jlﬂy. dnd landings Mve been renurdad com{nuous]y s‘lnce
+.1953 by river guardians (Table 4). Since 1971, field staff ut the e

counting: fence have recorded angling harvest.. In 1978 and.1979 -

 anging was. prohibited due to 1ow water. levels. “As'z rule, angling ="
“activigy 5. not -encolragedt by Fieldstafr. In 1980, the Mgh\ay

from Deer Lake to St. Barbe as resurfaced which hu (ncmszd

Hest.arn Arn Brook |s knm today

.5 Habitat - 3

5 Hest.el'n Amm Broﬁk Iis dll\ded mw “four Mbitlt types ﬂ\":l\

are_ accessihlz to M,hntic salmon (Fig -2). The _habitats vere
'nl'lnd nff’les (26 ha), st.eadles 45 ha), lakes (1972 ha) and”,

'Vaeria! photnymahs and nround trutMng by canoe (Tah!e 5) Rn‘fTes

im:lmud riffle:and pool ‘habitats anh are generally considared

Qyplcai for the rurlnq of juvanﬂe “salmon . (Aﬂen 1969) l\1f1es

had & vater: macﬂ.y 50.5.m set" %, mn cobble rubh'le, -boulderor ©

pftnn included

oct ulent substrates: The gunmu; lakes vaﬁed In,stzg.n{n Her_e -

€ b .




The small Iakes usua]\y

usua]'ly sha'l'lnw w\th a mean depth of 1=
had mud substrates with accasiona’l pat:nes of sha’le-hke ruhb]e and
large boqlders .of sedimentary bedrock: ‘Theb’rlarge,lakes tended -to

have'a greater proportion of:rock substrate,® especiaily ln the

Tttoral zoe. oum'm}s odcirred where Takes drained into’the

river, f{‘!quent]y as a’ shelf ofi edImem.ary rock,” followed by

001 s and rapids

tirbute
Habitats. were samp\ed at 30 staﬁnns whicl cev;.ud three

'stream orders (Ta!ﬂe ): Thzre uere nn tatwns on prmary streams

i whicn were sma'll meanderlng dnches of hunnc water that drained L,
]uued Ynto shaHnw Takes:: They were often

' peaﬂand “aiid, usialy:
; 1nterwnn.ent éither frozen solid. m winter or a thick, h'lack ooze

ln summer, :and conba'med only -3¢ sp'lne sﬁck‘lehacks.
There \oere nine statwns sanpled in- secondary streams. Three. '
stauons were assncuted mth the first: :nbutary. 0.7 “n® upstream

stat(un 30 was-a shan o s

from thg nouth of western ﬁrm ﬂmnk

and patches of scrub spruce,

" 7.5ha Take, surrounded hy peat]ah
-vihich farmen the: he dwaters te the tnbutary, station 4 vas at ‘the
u, stahnn 2 was Just above cne\ confluence.
24

oumow of thz 'Iakz

'm river, Stacions 16 and ZZ were both steady hamtats

Ti was @ r1ffle hab|tat located nn 4 very-narrow stream, <1 m in.

ST ddth. Stannns 27, 28 aid 29 vere, “ocated. above, the nwer third-

order tr|butary of Western Arm ﬂrook they uere Aall rlfﬂe habltats,




. was gt the outflow ef assmall ‘beaver: yand.

‘below 'lcng, narrow smmes, s;u

0.7 Vs lncnted ina smaﬂ

nm-around heswe the main r'1vér, beh»l the qutlet. nf Lakg'

station ﬂ was 'Iccated on"the mdest side of an 1sland 1ncat=d

0: 5 km : Bstream of Lake N; anq statwn 9 was also. 1acated on a

run-around 0 5 kn upstream of the main faﬂs and was a]mnst

“and,

sutwn 17 Was ]m:ated Just above Lake !, at the uutlet ofa muddy

bog “whvich.as -carpeted: with E'“gme:um sp: . There were, tuo’ onzfﬁ

stahons, stations 10 and.14% “Hoth_ wer‘e at Lhe' outlets of 1arge o

]akes. Western' Brook Pord and .Laké G, respectively, “and consisted -

of Timestone shelves ﬂﬂhwed by turbsﬂent von]s. Western BraoK—‘

Pand was-: sampled at twn Iocatwns, stanons 22 and 13 The 'latter ~
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3. METHODS

3 tne eaﬂy part of". the run was mi ssad The vart tmt was| nlsse

“was ca'lcu'( ted to, be | 1% In 1 77 and 197s the fance was a1so

fa‘lT snn]t m|qrants L R IR

The fenae was eff!l:'lent at capturing Al downstream m\grating p

Tof smo1t zes and othier fish v"th a body *thickness greatur than

{167 min, These othar #$h Arciuled. falaon parr, Kelt, trcut ee1s, :

smelt, éha and 3=spine sucuebacks, M 2

© The traps were. chECKed at DSDO 1200 1800 awd Z40l] h durlng

t[{e peak 1gratlon and at 0600, 1200 and 1500 h durmg the off-peak

4pér1'eds In 1971, the trav was l:hecked four t da1'ly thruughnut e

the ruv} The fish. veré coun d as.they e dlpped fronm te tuo

traps and re]eased dnwns rean

sampleg of sman.s were takeh: in sevem ways. In 2078) 1975

‘fish greater ‘than' 16’ m 1n tmekness. This. inc'luded the fu'I'I range’ g

5 1977, ‘and 1979 the Tast 1va smo‘lts nf each ZDO cnunted were \:aken i




‘a5 2 samle.

* 25.smolts was Eﬂken untﬂ 75 fish" were saipled, then one of each 50-‘

In 1978, five'of gaéh 400" smolts wer-z‘sainp'le‘d‘and’ n

1980, - five of each’ 3b0 smolts. were qump"led !n 1972, one- of. each

smolts’ unti'l a further 75~ sh werg sampTed; and fbr the r-emamder

of the ‘run, " one of _each 25 ﬁsh was taksn, In 1971 1973 and 1574

= ,.J.he exactmethnd of samphng was unknnwn, but i€ ‘was mstr%nuted

anughnut the runs. Y ¥ PR

stics mcluding fork: 1angth, weight; z:omﬂtion fa:bnr

vsex ra 0, smolt age, vertebra] counts, and gnnad wugnt Furk

1eugths (mm) and ages ere': d temn ned for samples. taken inall

yiars. Blotted wet weight's “(g) were neasured in ‘1972, 1973 and

1577-80 sex was determmed in 1971'73 and 1977-80;

amt were mounted between g]ass shdes or. rnﬂed onta acetate stnps :

'Tna sca]as were.aged at 40x. magnificahon

h-a Bausch anh 3

Sax was determlned by nross exam1 natlon of the .

~gonads. - In’ 1979-80 male fishwhi ch had spawned. were vdent!fled by

then‘ erﬂirged testes Qvaﬂes were dr1ed at. 40°C 10" 12 ] then

lghing to 107 ‘g Vertehrae




Thé “First group of analgses-examined variation in biological - <

characteristics that were measured directly op the smolt migrations.

Fork Tength, uigh’. and condition nf smolts ‘were. compared using 3
1 *three-way analysis of variance betneen three main-effects which

includeds yedrs, siolt ages and sexes. A1) pdssible ‘interactions

among the main effects Were also tested. ‘The contribution of each = .. #
source of variation to the total explained sumof squares was

compared- for the thrée’ varfables. Computation was done with GL

o 1 ] _pacl‘(age program (SAS 1979).
: k Variation between years and smu!t ages. was also exanined wn.h 4
i e ; 3 onrway ANOVA for several biolugica‘v characteristfcs. 'Sm]t. age ¥
was' tested for significant annual var tion. varian weights vere .
HE tested for significant qiff‘arence; beéwe!p smolt aﬁes: An‘indei of .
m':aria.n uem't.s‘ was also tested for differences bt smott ages.
Tne indeX was used to remove the effect u' s-olt size and it was - :
X _calculated from (G x-10 ,000/W), where G = ovirfan weight (ax 10 ‘)
Vertebral- counts for smolts sampled in 1977 were. cwared
“betwéen the three dominant s!lolt ages. Comparisons : btveen. means
“were done with a 't."f.est by co-panng t (V]‘Vz) e No) * (sEY)

to tahulatud values.of ‘t, where-Y; and §f equal the mean and varlancn

v of sinp!e % and Yz and S! the mean. and variance of sauﬂe'z. Ny

and Ny represent the numbers m sllp'les‘l and 2, respectively. L . :

e o7 possible changes in'smolt fork Tength throughout, the durat or g

- of the smoit migrmon vere. testid Tor the ‘1979 migrmun e v

riods of 5 days. e

" smoltrun vas, dw|ded into 8 tue pe:

mean-of each time period was crmpared usmg au'lysis uf vnriance..,




e iRl e e S
S . e .
Sex ratio, ‘as percentage males, was compared between smolt
ages and years ising the chi-squared statistic. The expected sex
2 . ratjo was assumed to be the value for all years combined. ) 1.
i : Relative anhual yarigtfun was, compare‘d for a}l biolagical N\
\ cnarécter»‘sﬁcs A coefficient of variation. (OV) was " calculated
l Do ¥ from (M/SD). x 100, where M = mean of annua] means; and 5D = standard

ractev-lsucs with nigh cv s -had grenter variutmn.

means. -

¢ 0o from the solt samlﬂes These mc]udsd s_taﬂrhng stock
t [
. migranens, annual’ grwth lncremenzs for each smolt age‘ 8

as sm(ﬂts Standmg stu:k uf\g\u\ mlgrxhnns was ca]cu’la d from

Anmm grwth mcrements were" ca]:ulamed ugdng:(2n bl = l.nE)/SA

Eis tne we%ght of s@)mnn fry

smo'lts ampl d dunng 1971-77 Fork lengths at’ each sca‘xe annu’lus

" Scale growtn

nd the growth of




fish in length were assumed to be isometric (Havey'1959)."‘ Thie.;

distances between scale annuli were measured from the focus'a1nng - s Lt

‘the longest oral radius (Tesch 1968). nexauonsh1p_pev.ween—ru€a1 v s 48

scale radius and fork lenqth from the-1977 smolt samp]es was used

for the back-caleulation. The reTationship‘ was FL = 5.79.+ 0. 21 SR,

LS  where FL equals fork Tength (mn): and SR equals scale raﬂwsnl\' ik

units of 0.025 mm. The v‘e'lanonshlp vlas very. slgmﬁcant (P<D 01
©lv=0.9, . df = 161), and it. was chosen-cver re'lat\unsmps frnm

.‘o\‘.her years because uf its. greater svgmflcance
i

between age groups were ca]cu)ated by, assumng fi h to e.28 mn at.

“.emergence equa] to that “found on Noel pm s spawmng cnannﬂ,, =

. Newfuundhnd (Unpubl.“data). These va'lues were separam \nto the.

year 4 when growth ‘occurred and.an uveraw mean ias' taken. The mean

was. calcu]ateﬂ un]y for. age groups 0= 1 = Z and 2 3 7as the omer

groups:had very' small sampla sixes.

Year-classes were n;u'lcu'lated from smolt migrmons .t,\ smeTty i

migration ‘cons¥sted of cohorts with different smolt dges.. A year-class

was the sun of cohorts.born in. the sand ‘yea

of six: cohurts, rang ng in smm e fron2 ta 7 years, The prednmnam.

the cohurt size of 3 smlts in 1967 and 5+ moIts in 1977 from

mean” va1ues in othér yearé Me. n {rk 1 ngt.h and smolt aga were

variatian between year-c]asses using ana'lys\s nf vananca The -

stagdi_ng~sto:l$ #f each yeacclass fat the time’of the smoTt: migration-




was estimated from N;w; where N =abundance: of a-year-class 1 and -

¥ = mean weight (g) of‘smolt in year-clags i. : For most year:Classes,.

7. viwas not available and it was estimated fron' the mean smolt weight
6f 46.8g. Anniial variation in the side. and siamiing stock of:
'year-c]asses was cnmﬁareﬁ to annua7 variation in,smolt ulgratlons
. using coefficients of varlatmn o b

The b101091¢a1 charactemshcs of year‘-c'lasses were examned

g T o m& influence:of density

factors. - Densityri dependen:e wo e evident. \f corre]atmns .Were

'found between eithier: the izé, sex ratio and Teal

smult age of'

5 : "-yea

growth in-the same year-

Stand\ng st.ocks uf parr present \n Hestern Arm Brouk for. the

vyears 1969 to 1974 were calculated us\ng estimatéd egg to smolt,

survival ‘rates (Sectmn 3, Denslues of fish were converted to

biomass using average weights of 1.5 g; 4.7 g,13:4'g, 30: 2.gand
: « . ,b L4589 g for. age groups 0+, I 2, 3¢ and 4+, respaccively '—The,»
) tntal weights'of ‘dge grnups were aﬂded together and a raugh estinate

of standing stock of - part ‘was ‘obtained fnr each year Thesg ygrz

‘cumpared to. est\mates of Juvenile: growth m th

same yeais

27 o Déng Tty inaependesce Moid b& eyident’ i curre'lacwns were:

found -between. environmental variab]es ”! the. 1rst year ‘of er and

EIN . se ratio or nean smolt agesof year-classes. - Nany. authors feel

AL the first Year of 1ife is mostsensitive to the influence:of
. envwonmenta’l vaﬂab'les TMs is hecause thz ﬁrsc year uf life |s

the period of greates growth and mnru ity The two most mqmv‘tunt

envwanmenta‘l 1nf1uences m the er of At'lantic salmon are water ..

:lasses or the st.andmg stock of parv‘ and thelr back calculated




;.. .parr! which dxed du ng

‘temperature ‘and itap dischargd, ‘Water teiperature was estinated

_from annual fean daﬂy alr temperatul*es at Sti Anthony (Arion; 1953‘1950)
Water discharge was- estimated from va\ues ava1'|ah1e on St. Genev1eve -
River.” A multlp'le cnrrelatwn was a]sn calculated u ng both a

" density-depent C and densityzih factor: - The- dependent

._vamable was smolt age of yea

1a'sses and; the- two 1ndependgnt

vatiables were'mean manth'ly temperat\:re in: the first: year of life

kand size he year-c]ass as:smolts,

> 302 PARR

he bioTngir:al characteristics. of parr. were studied in four

”differeht types of hahltat. riff'le steady, nutf’low and, lake (Tables.5

and 5) The habwtats were samp]ed at’30 statmns in 25 ﬁew

'.Nps f\hm 1977}:0 1979 Rifﬂe and aatflow habitats were sampled

using Cnf?e]t VVP electrofisher, powered by a po able, gas-powered

Steady and Take” rahlta
a ganq of gi]Tnets and by ang’ling with'small*fliesi, The mesh size

were sampled vn h,each seine,

Liof. the: gilinets. ranged Tron 2.5°t6 6.

! overmg)m “In 1977 all parr.ere mea

ed"for. fork length (mm),

-and Weight (9), a sca'le samp'le was removed for. /aging and :Sex was

,‘detemined In;1978, parr were measured for. fnrk 'Iength and a

scale samp'l&was removed, the ﬁsh were thel Teturhed '.o the vate

11nq were als walghed and examined for

sex.: Sex was determ ned by exarij 1ng gonad for nucytes under a

m‘cruscope sexua]ly ‘mature ‘males were dent\fied hy Lhew en]arged

s



testes (Jones 1’939) In 1979, pare were measured for fork Tengtt”

and weight and then released. ~A11.fish at station 3 were kilTed

and examined for sex in the first eléctrofishing of this year.
Satmon parr weré aged fros scalés. Scales were wousted. in.

several ways 1nc1u¢|nq on qhss shdu using balsam and cover
sHps ‘rolled between lc.'-lu strips Il\d dry mounted’ bam “two,_
,glass —ﬂides using llsklnn upe :
mge

This_ hst nmod glu me

The. scales mre a

rere. oﬂ:n dﬂt'n\:t as - crossmg ovur ol’ sc'lerﬂ.us lt. the*1,
" rad H of the lcnle. But " thire ) ere lxcaptiuns.' Scales nf “fish

cwtured in, qu nro imtins difﬂcu]t‘ to age as ma annulus was.
Jusr. bﬂw for-od Tter- was no definite time period. for anmm-s
formation, almm ‘older fish formed their annili Yater a the-

rmlrspxed '\d v’ c{!pﬂi were also funed at- - a3

season.

diffennt times: they nn nut\:ed on the scales of several fisln
“captured on 20 August, 1978 (station 10) and on  the scales of most |
" -fish :aamm o 27 squ-aer 1977 (suu&. 1): It was sometines

ditricalt to age small 1+ fishas their scales had tightly spaced
et nmm with poor separaticn between zones of - summer, and winter 5

jmwth Exanples of ‘these m,gmnng f1sh were. found at station 3. B




hab'ltati, and third; the denswty or scandmg stock ‘of parr was.
estlmated in |"H'f'|e hab!tlt Yo w

’[he first aspe:hwas nna'lyleﬂ as fonws* bm'log)cal Chara:tev‘istifi

of pirr‘ wev‘e c mpared between habitats and their variation was’

s compar!d becween seasons and- sr.auons within nab(tuts 1he ana'lys ol

* was a:EDmpHshEd with a sev‘les of RNOVAS F'll‘st difreren:es An

fork Tength) we‘lg; , condition and maan age werg’ t;sted w.ween the

Salnp]:s mt!nn each h&bltat wer‘e cumbi ed tugether’.

our: habi tats.

Second, -fork 1engch‘of pav‘r was. compared betwee -habitats

b

San.a]au in ear1y: and Tate summer. {Eatly “sumer vas- the months G s W
g,

Hay-Jily ‘and: 'late simer. wa August Octube " The. anl1ys15 was e o

i, e D [repeated for ages 1+, 2%, and 3, :

oA third ana1y5n ‘tasted for. vanmon infork 'Iength between

./ stations w'thin the ‘same habltats The ana'lys1s was r‘estﬂctéd e

-‘»samp]es taken dllhl\g 1ater summer f!‘on\ riffle’and outﬂw hahlta'.s., .

There were: h\sufﬁ:ient 'sunp'le shes to- ‘ln:'lude parr from nt.her‘

2+]

habﬂ.a_ts‘ The ana'lysis was* repeated separately fnr _age:

< 7 fand 3,

Se;( ratm, ‘as nercéntage ma]es, was campared between halntats,-

“ages and years of sampling The cnmpar&sun was’ done using the
-ehi- squared stamsti: and -an axnecttﬂ sex ratis of 50% ma'les The

cumpaﬂson hetween “the fmlr habltats ‘was dane H'tl\ al'l sump'les s

cambined: - The :qmparisnn between ages 0+, 1+, 2+, 3+, and 44 was

. doie separate]y For. sach: _year of sampling and: for a1 years :nmmne

A ccmpamsun vas - atio dorie betwcen the percentage of miture males

'in each aue group. *




. composition at.each hahltat., Spegles compus-lhnn wa_s the:percentage -

.+ of salnon parr-to the total abund'ance of ’samon%'us The. oiiuer ;

was aIsu summar‘lled far an st.atinns and a quathtive cmrq)arisnn

A total’ of 1424 fish were cagged and re]eased fron 15 stanon

“iThe Tatter two' species were also’taggéd- to ‘provide’d yelative

The final companson Was: made netwean the r!]atwe species

salmonid was brook’ trout. ‘The conpanison uias nade Betwich habltats o

- and strean orders but-no statistical, test Vias used Spemes composnion

ias made between succéssive sanpdes at each st.amo

: within hab\tats and stat\ons were examned in 1978 hy baquing

th‘is mc'luded 1027 ‘sa‘lmbn parr 27" smolt a1 trnut anﬂ 59 e

cnmpanson of recaptuv‘e rate‘s hetween sp:c‘les“

The procedure far tagqmg was a5 follows, Fish fron eéch

- electrafishibg sieep vere. ‘collected inté a covared.40 4 ﬁberg'lass i

.. Each ish-was anaesthe Ian with MS-ZZZ bafnre handHng.

- Salmon '

ruut were measured for fork: Yongth (m) and:a scale. .
samp'le ‘was reroved with tweezers fron beTau, the );ostev‘lnr end of *

the ﬂorsal fin and just ahnve the latera] dine. -The: scales “were

smreg ‘i a/1abeiled envelope. . Eels vere measured for m.an Tength-

-(m) but they were not .aged. A numbered Floy hnqerllng tag \«as

sewn with need!e and rmun thread M:o ‘the: |nse tion uf the dnrsal

fln and"tied with severa1 km}ts to form -a small loup The f|s

“vere then put lnto a rezuvery tank. The procedure tuok aboiit 30




' seconds. - Salior and trout <J0. - were not tagged, 1nstead their.

ampnse fins nere c’llpped Spacles other than’ samon trout: and
eels were meashred for total length and: were released um‘.agged

} ooyl ety A0S When a1l fish had recovered,- they weré-placed in an eddy‘in the '

center of a statlon AH dead or ctymg fish were preserv

; 'fnma\m

Recaptures of tadged fish wzre compared with t-tésts to the

expECted numhe of redaptures and ,ghey werel examned for” change: in

mean éize,

rmlth and age stricture, Expemd recaptures were

i calcu]ated assum!ng an annual survwa'l r‘ate of "40% (Elson 1952-!)

e determined fnr the effic!ency of e'lectrnﬁ h ng The

1
§

puss:blhty m’ age-sem:twe mprtahty on* tagged f1sh ‘was. testad by

'compahng thew fean age tu those reéaptured The pussjﬂ‘ity of
g any increased mnrta ty of tagged fish was examned hy mparing
slze and grnwth rate: of recaptured hsh tn meun va]ues fnr the

m‘.agged pupu'{at\ on

Muvement of parr was exanined:in- gv‘eater detaﬂ at statmns 2

ind 3 and ‘the counting Fen

frthe Tower endof 'st‘an‘on 2i% Station 2 vas Tocated on:a ‘second

'ver\ tmbutary Just above its conﬂuence W ',h the fourth order

‘stream.. The trap was .checked severa] tmes awi K from 1ate May*

untl'l the enﬂ ‘of June 1978

The tr‘ap was constructed of ga'lvanized

it s desjgned ‘to; :apture all fish mnving downstred

wire screen

e Ktatien 3 was depopulated. in-early - surier. 1979; - ard 1t. vas e'lectroﬁshed

.agmn in Tate summev‘ of the same. year The: mean sue. ‘mean. age’ nnd

standi ng. stnc'k of par were cumpared betwezn hotn sampHng ﬂates
" us1ng st

Quantitatwe estlmates of pav‘r densit{es and stamﬂng




stock were made at 12 statfons.  Six stations were in.riffle habitat,
four were outflow and two were steady habitats The stations were

blocked by nets of 7 mm mesh set at the downstream and. upstream end

of- the station.. The bottoms of the nets were securéd with rocks
and the £5ps vaié held dbove the water wun potés. - The station:vas
3 zlectroﬁsh!d by morking ‘upstrean 1n azig S, Taaibn. Fish were et |
4 |

!

usua'l]y clpwmd in -a net on the il\wd: ring or by an Issiitint uhﬂ

d-a: dip net and hucket A tn1rd person ‘was ne:zssnry ta kup

45 i

duration.” A pause of : aa 06
- nunnghis interval some ‘Fish. wmnn o processed but all fish

were held" in ﬂbernlass hve—ars ‘until the uloctroﬂsning was <,

naqged and nleased All

coRpTetid, . They e, then processe

mortalities were. preserved

3 i
The emmnq of e'lec'.rsﬂshiwg vas exal1ned at statiom 3. 3 PR

it teMs

Electrofishing is vulnerable-to ‘several.sources of errol

to np\‘.un larger. and o]dar fish (Hahon 1981); it uchldas ‘a certain.’.
* partion of fish that lodge. thulse‘lvns between stoms (Hqubemet
lnd Hesthagen 1979); and it \s nut as-effective in d:ep. wrhulent

or tudﬂd uaters The -first two souues ar error uere crudely ©

e ted by cmarmw the nuater of: tagged: fish releaséd in an ericlosed :

| .area to mm ncum-a |n a uries f. mcmﬁsnmg smps The, :




Total parr abundance was astlla'.ed by plomng catch in-each.
. sweep against catch .na

\o the ordinate
was estinated by conbining
Dyns ity b catcalated by, dmdln; o by
area (s?) of ‘the station that was electrofishad.

(Zippin 1958). Toul salmonid

salmn ind trout.

Standinq stock Vs cl1c|l'|ated froll the nelgm: of al'l fish '

captured mvidad by 1he area” (m2) af the station.

'(ha mean- weights

ngmsion cllcu!uud ¥n 1979 Tne regression as :ﬂ:u]ntgﬂ from.

i . differences in condition facto

tween sutions‘ The equn{nn wus W5

;_LnH—2791.nFL-1BZ

.'mgre W= w gm ing, and FL % fork
-y ’Iength in mm; and it was vely s‘lgnfﬁcam. (P<0.01, r=0 95 df = 564)

“Density and sumﬂng stock were :uuwmd in several ways.

Vir!ahon bemen repelud lstillltls of dmslty and sumhng stock
was. axa-med at- station 1.-

v:rhuqn hawun age q'roups was also G E. % % |

exali A coefficient ol va!‘iatlun was. used-in all :oq»at! sons:
[

% 7o) SR second analys‘ls cmared stanﬂing s'.ock Mm.n three: mvu'.s

riffle, outfiow and steady. The lnbiuts vere also divided into - 1

ns. of s-an and 1arqe order streus and they were" conunred on’ -
o ©7 the basis of 'the percentage cnntrlbuhnn by each age group. mg ¥
snndmg stuck and donsity o’ sa]uon parr and sq!man. und trnut ‘




>34 s v g Frodl "o,

T 3.3ADULTS. : ¥ o %

' Anun\saman were examinad for sea’ surfival and se'lecﬂnn An et

. the 'luca'l corimercial’ Tishery. Sea. survwal was ca1cu1uted as the

percentage of 150 su'lmnn Countéd moviiig. upstreain in' Western Am

Brnok to the number of. smnus \countad in the! prev\uus year. o e S HN

© suryival 1nc'|uded ‘Both natura] and fishing morta]itl s, as, grl]se

had-been exposed to several: cnmmerch fisheries, befare retufning

to their natal river.:. Fishing mnrtahty was probahly greatar than,

i

50% (unpublvshed data) bat H‘. was’ noﬁ passiMe tu ast‘lmate a:cur ny

% lnstead. fismnq mortaﬁw was assumed o be constan

that 15 5. the

, same re]ahve prupnrhbn 01‘ the stock was- assumed to be harvested

em:h ;ear The only evldence tu suppun this assumytmn was irnm

six years of. kelt cagglng, where, the prppurt'lun of tag returns was " X

~not :different between: years (unpubhshed data)

% T examinéd Y-\W types nf factors for their: lnﬂuen:; on sea.

- sumval The first type were mrmsic facmrs or m To cal i

characteristics of, smolts ‘and returning qulse They included.-

STt age, fnrk length vrelght o “ ion @ and nunbers in the’mig fon s L e L

 the ten year_tifie interva1 using cnrre'latmn ana'lys1s Fina‘l’ly.v

sed survlval was campared between. the three s..au ages-us
:ANOVA R S U R A B e

5 briy:

The secnnd type were extr‘1n51c oF. anvirnnnem. facturs wlnch

nccurred at’the- time uf tna smo1t m1graunn and- during the, ﬂrst

year at: sea Presnmahl_y the ear'l!ar sea ife wau]d be mnst vu!ner&b‘le

-to mortﬂth A mulbar of environnental factors were sxaminzd /




I

. ‘lnc]udlng, June Ju'ly and annua'l mean llouth'ly air temperatum at

using corre]auan.analy‘si

o further 29 fish wm recaptured in cnmmerua] nets near. the.hbith

. nf the 'v‘lVEr X

S‘ Anthol\y (Mnnth'ly Recm‘d 1963-80) ; tﬂt-!l annu.n'l discharge and

discharge during-the Lwenty days: of peak smoit migration as a:

perumge ‘of total aniual discharge"in St. Genevieva River (Anon. 1877,

1973 -81); tnta'l d’ls:harge for the llonths of June Ju]y and Augus'.

“in.st. Lamnce River;

aurmg tne peak of the

Each factor. _"a suwwa] ove‘r the ten year period

5" compared o

i an ana'lyses percentages. were:

nnmalizeu wlth a square root arc sine transformation.

Am Brook. [ Thers. Was evideiice to: siiggest “this assumpv.lun was'

va‘Hd Uestern Arm Bronk is the ma]or nver nf

f!shermen with catches tﬁat were p\ed had berths '|0l:Atad vnth!n

the bay, at distances of-1-2 km frcm the mouth of’ western Arnm

Br;)ﬂk A taggv ing ‘study n 1977 |ndl£ated thatsthe loca'l cmerdia'l

fistery comph;ed “40-50% of salnon desmea for Wester'n A

Briok™ R

- (unpubl: data) “This stuw ‘was based on'100 recaptures of 246

tagged sa]mnn, 24 fish were recaptured !nMester‘l\ Arm Bv‘nok and a




. -sex'and-a scale .,‘

]

. ages; and_sexes. A'Il possib'le mtgractions among the Mln effects %

5 year. Smn'lt ages of sm\ts and grﬂse fm H:stern Am Bronk were " .

% avaﬂakﬂc for the, yelrs 1971-81. Mud t-tests wire usm‘l in an

] H g
: Biological dnaractgristics nf sailon were ‘sampled at two- - - o W s

Tocations;, from three co-erclal f1sher-en in St. Barbe Bay-and at - :
the counting fence on Western Ara’ Br?ok. Approxisately half of the - ;
:oni'l'anaings in St Barbe Bay were sampled from 1977501'.. The -~ -,
gatches were sanpled dlﬂy throughaut the snure ﬂsmng seasnﬂ o NN

examnahun of gunads, .

rel eased upstreu.

Sex was aeumh\éd axierna y~

shery with the exception of. s

hy exaniining- tnq_lmr jw. “Fish with a sluﬂ que a sl.ﬂ'l honk«
were: éénsw‘dmd to be males. *Sea age and Enm age ere: detersinad %

for 11 sam\es by: |x-|n1nq scales. % Thw 3 i

* omy bioTogical chlnn.enshcs ot virgin griiss or 1SV Safwén "

uere considered in the n'ln amlysis. Fork length, ‘whole we' ght

_and cund» on "were :oqpared us‘lnﬂ £

vly analysis of varlance

* between four main effects dﬁch include: Tocations, yurs» ~s-o'lt g

were also tested..

Th: contnhutwn of ‘each” source of variaﬂon T ) ol B 3

enr anmpllng, mean smo'lt age of grilse was compared’

b:tween ocati on _'

d_between méan age 6f sholts. in the pr

cnqunsnns (soka1 and Rohif “1969).




The expected" sex ratlu, as pev‘centage ma'leS was assmed to be

the toté] sax ratm for“all slluﬂt ages and ‘years cnmbmed in ‘each.

ofrthree ana]yses The threa ana]yses inc1 uded grﬂse samp‘led m

both- St ﬂarhe Bay and Western Am Brook and mo'lts sampled in the

rng Lhrne exp‘cm e .euos Were also’ -

“for

ch year of sampltng

s comj red'

“in hoth .tha cnl\merciu'l Hshery and in the river.

Thrcugnaut’

1981 the daﬂy catches of a'l'l ﬁ\)e :omllercin'l ﬂshgrmen 1h St.

U7 parbe Bay. were ce1lected by tﬂaphnne Tha combined gri'lsa catehes

blastern‘ Arm

of the fishérmen were compared o countsof :grilse

* Bréok by p]ottmg the dni ly abundnm:e of. &ach m\ the same” graph

ln 1979 th:re were sufﬂcient samp\e sizes La test’ far' chranges

i Bislogical ‘charactertstics ‘thréughoit th- season for Both'grilse

in St Barbe Bay and Western Arm Br‘ook The’season was " divided

intor

ght intarva'ls The ﬁrst intérval was the fonth”of June;

afteérwards ;each Anterial was: 7, dayé in., 'Iength. i Tength; ymn}e‘ 2

,ANOVA. Th ana'l_ys\s was restr!ctea to female gr\'lseA .




» year gf hfe mstnry.

, smolts.

3.4, 'STOCK'AND RECRUITMENT o T

A Migrations 8f Attantic salnon smolts and adults have been
~counted on Western Arm Brook: for 11 years (1971-81). . Details on
the size and biological charactaristics of ‘the.migrations are
presented elsewhers (Section 3.1:): * The scéckerecrui_vmentt relationship
was calculated: using natural 1ugarmﬁc transforpations on both o

number of eggs ’d"ep

ited and year-cusses of smw]t wmch hntched i

" the. fennmng yeir: .

The time serles on west.ern Arm. Bronk was enough to fuﬂw five
cnmp'lete ybar-c'lasses from 2ag. deposnwn to “their recruiment as
i possible toestimate a sixth _yaar-c'(ass by assuming -
that the size of the 5+ cohort was equal to. the méan of other
years.
the 1972 year-c'lass was ccnswered to be:‘an outlier andqn was not
included in the ana'lysls

Evidénce to suggest that'the 1972 year-class was anamalous“
relative to other yeav-classes was abtamed by comparing* egg to
smnu nnrta!ity rates to envuronmenta'l 1nfnrmation during the first .
The f!rst year of life history is usually .

considered to be-nost sensitive to envivomental fnfluence: ; Tvo

~ envivoniantal factors.were examined: wmter air temperature and‘a

rat‘w of fall and vlmter water discharge.. Winter air temperature
was taken from the. sum of nean temperaturas for December, January,
February, and:March. at St. Anthony. Temperatures in °F were taken

from I‘Iunth'ly Record (Annn 1963+ Bﬂ) Lhan con erted tc °C‘ .Watér

However, only five year-classes were included in the'regression;.




at the time of spawning and during the coldest winter months. The
ratio was calculated from the sum of mean monthly u(scnarg‘es in -

January, February and March'as & proportion of the sus of mean

" monthly discharges in September, October, “and Novesber in the

previous year. T assuned that egg of fry sufvival vas impaired in -
cold year‘s with a 1‘0\: water disclurﬁe (Power '1958; . TayJor 1973).

5 Spawninp stbck or egg dgposn'.ion on w.surn Am Brook uas

: calculated from the 1971-80 adult m grit!ons Facundicy (F) was

' estimated: from nean; fork length (FLY.of eaén‘ ear using 20g;o

F = 2.3345"20g; o FL-0,567 (Pope et a1, 1961). Several assumptions -

were ‘required. First, the se‘x ratio-was assumed to be 74% females
in a'IVI years” . Unfortunately, sex ratios were not. rglilb1é in some
years because of small sample sizes. The Z‘! vnme'u;s‘based on
external sex_determinations of 780 éd_nlt‘ salnon of which, 574 fish
were female. Secondly, mean fork length was ;-)cuiam;d for both
sexes as there was n:gilgwle difference between the size.of males
and fesales in the river.* The third assumption vas that there was
aconstant, but negligible; mortality of splunh\g adults ‘after- n.-x
had been counted at the fish trap. - > ]
The relationship between stock and recruitment was tested on’
data cune::eu fron L1tﬂe Codroy River (Muruy 1968a,b; unpub'l.

dav._a).j It was the only other\river in Aﬂantic Canada nth a

10-year "tine ser1es of e it y comphta cdunﬁs of

smolts, and ‘kelts.. Counts of ‘escaping adults were ‘ot l:onp'lete g

during the first several years:of -Gperation due t6 a run of 1:




(Anon. 1957). Thys kelts were considered as parental stock to -
calculate egg deposition and recruitment was calculated from their
: progeny as.year-classes of smolts.' The number-of kelt was fncreased
i . by 40% to account for - fish wich did not Survive spawning. "“This
value:was_obtainad fron Hestern Arn Brook Where mean ovetiinter

“survival ‘Fron spawning adults to kelts was 60%. A ‘simple regression .

was calcu]ated -us\ng a natural 1n ari thaic transfarmatwn on both'

. varntﬂ es

A mu]nple Tinear regress\nn was used to’ test the 1nﬂuem:e of .

- wmter temperature and water discharge ‘on, egg to fry surv%va1 at
the spawriing chanhel on Trdian River:  Indian River vas. the only
7 ryar tn Newfoundland wherd this type of infarmation was available.:

- Mean monthly air temperatures were avanab]e for Sprinqda'ler néar . i

. the mﬂuth of Indlan River. from Mantlﬂy Record (Anen. 1963“80) The

temperature of."the lmnth with the Iuwe t mean was used as the X

'vman\e The mean water discharge durlng the Coldest nonth was

siibtracted from- the month of greatest discharge prlur to freeze up,

elther Novel\ber or December. Th1s va'lue was used as-the Y variable. *

Mean mnntn]y water xﬁscharges werg ava\lah'le for Indian” Rwer $n

* Historical Streanfiow Sunnary (Aon.. 1977) " Egg-to “fry survival
rates were avaﬂab'le on Indian River: fron. 1963 to 1972 (Anon; 1978)

The_y Nere ‘treated \ﬂth an arc’ sine transfhrmatian and N!d as’ the Z

’vanable A-number of 1ndependen: val Mes were also exam ed.

oA " including those\that were used on West.ern Arm Brook ‘(i:e. w\nter .

tenperature and mscharge ratm), but. the nnly slgniﬂcant re‘lationship

to-exphm egg. to (ry survival was found usmg the var ah]es descr1bed

above. .. - e % 7 N ».\"




vcc]]gcted in 1978= 79.. It vas poss'lb'le to est.lmate productmn m e

v', steady and 'Iake habitats from he d\ffev'ence between the 1two, methads

7. was calculated fron P =G X BOA(ésnl-l)/G;l (Ricker1975). B, s

°
3.5. PRODUCTION

Freshwater produttion vas calculated using two nietnqus, First
net production from a17" habitats was calculated over a series of
years from smolt migrations. | Secund, pmduchon fram riffle and
outflow l\abﬂ.ats was' ca\culated fron the samp1es of parr that were s

oot Net pmd Lion nf sa\mor\ was eshmatad t‘rom year-classes of

smo1ts Only fema'le were used in the’ ca]cu]atwns as. lh comprised

6% of. the smolt * run !t was assmd that praductmn n\' na]es aste

‘equal to;ferga]es, although mnst ma_]es :hd not” gn to sea. Pmdu:tmn p

o, E

i the -initia]l biomass and was equal to’the estimated weighé‘ of eggs

" at spawning. - An egg was assuned to weigh 0.1:g. " G.and 2 are the

instant{?\euus < rMn und’ 'ﬁ\urtulity rates ukvenb from égg to'migrating .

B smolt. 6 was the diffzrence between ‘natiral 1oganthms -of egg

weight and mean ‘smolt welght ‘L was the d(fference beween natural

1uganthms of estmated egg depusﬂ.\on and numbers of smo'lt n the

resu]taqt year—class : < 4 g

Produ:t\on and avaﬂab'le vroductwn were cal:u1 ated separate]y

fnr' each yeav‘-c\ass (1972»76) Avaw,p 0 uct\nn ). was equa]
to -che ‘weight of

year-c'lass at the timeof. ratian The: tumover

ratio (A/P) is'an estlmate of efficienicy of smolt output from

given fv}éshwatev; production; it was'ca'lé:u]ated for. each-year-class.




was ca\cu'iated from G

. bf ele:trnf\shmg. : Gmwth rate was: ca\r.uhted as: tha mfference

42 .
Freshwater production of ‘salnon was dso, calculated independently
fo;‘ riff’ le ‘and outflow habitats. It was.calculated from estimateé

of ‘standing stocK and ,urnwth ubtamed during the sump'ﬁng of parr 4

.m 1978-79. An exyunenhﬂ mnde] of producﬂon was.not used as™

accunaﬁe mortality rates ou].d hot be ca]cul;ted, Instead wodu:uon .

"(a'; 5 a‘z)/zf vm'er'a I

grnwth rata B,

71978 anﬂ in 1979 Growth rates were :a]culaeed for 4"

i fﬂe stations ‘aind nean vameS were obtamed fur age ‘groups 0

1-2 and 2% 3 Productian in o]der age groups was assnmed ‘to he :

neg]imb]e. Froduct\on wag calcu'lated at four” Fiffle statmns and
‘three:outfiow stat.\ans and 17 values” were cnmb\ned together 1m

one em mate. ..

Producnun in steady and lake hahn:ats uer estimated 1mhre\:t'|yA Z

*“They were :a1cu1ated from’ the’ d1fference between mean net produccwn

of snm\t ,year classes and the pruﬂucnon ‘of parr in riffles nnd ¥ .v =

outFows.




4. RESULTS

4.1, SMOLTS

The ‘most important results.from the analyses of the smolt.

. migrations were as follows: size uf’m%brations was th‘e’ most variable .

bla]uglca] character‘shc. smn]t ag! was next” |n annua] vanahﬂﬂ.y, *

‘size n[ snuﬂ 'was slgmhcant]y dh’ferent hetween smolt. ages size

¥ of smolt mgranons was correl

ed to downstream movement 3

tempera ire appeered to mfluance tlme of mgrahun “ind smult age

of year-c asses, f1na1ly. no”direct evldence was found: far

P S A dens1ty~de§|endent growth in freshwater 7 w1'|| elaborate on these’ i

ShL o Ve
Siagel | points.

. The smolt. mlgrat!nns started in 1ate May or ear]y June and

they usually. Tasted ‘at ‘least, 40 days (Tab]e 7). “The smu'l'. nngratinns ;

appeared to be lnfluenced hy water-temverature. tney commenced

bmen mininum watei‘ temperature. was greater‘\.han 7°Cand they peaked

at or abnve 10°C (F\g 6). There cuuld be several peaks in daily’

abundance Tnis was most. apparent when: awr temperatura dipped

below 1o°|: Sman smolt mgraLmns s’ occuvred in the fall.’ -In

1977 13 smo]ts were cuunted from: o 27 September and in 1978, 29

. smo]ts were counted fromi ZG Auqust tu 24 Dctoher (Tah)e 8).. These °

Iatter mgratwns a’lso accurred when water temperatur'e was around

R The annua] abundance of: smn]ts appeared to be random, a'bthuugh . A

the time series was too short fnr an adequate run test (Suka1 and
i ,Roh]f 1968)

Ths ’largest m\grat mwas n 1980 and it was: 2.7




“seventh the value for shad (Table 8).~ He -'

was, s‘gmﬁcant at. the zx Tevel and it is c'learly seen 1ii F'Ig 75

"(Fig: 8). These. ob rvatmns suggested tht, sinilar ﬁctors inf‘luenced

X 1960 and it was not significant if. thls ‘year wls omlt\‘.ed

) \«hh:h migrated tu sea (Talﬂe 9): Mmust 90% of the: 538 kg that.

£ Were ‘aninually: exporde from wesmn Arn Braok were- salnon smns

ranged frou 2 to 74

‘_ age group cumpnsed about 63% of the ‘average” smclt .,

snxﬂt was fqund in-1972, hﬂwever |t was ot Laken from the: randnn

It appeared that smolts had the lwest aniual vanaunn in ahundance
when:compared to ‘other specles. The :oefficwnt of varlat\on for
smalts was 30% which was' ha'lf the va]ue fnund for. trout and S

The annual ahundance of. smolts was sigm f\:ant]y caruhted

(P < 0.05)"to the abundance of sa1mon parr, kelt and-trout: (Table s)

The :orrelatian beween sm]ts and downstream ligrat‘mq sa'lmon parr

“The: daﬂy caunts of: parr and sno t,s were: also. clcse'ly r.orre'lated Ky | :

mgrauons 5. bdth: stages:f siliom, The' carrela i bétween S B

smo'lts and ke}t depznded largely bn the :einc‘ldenc high va’lues in

i It ‘was. c'lear that ‘salmon was the most numerous of species

Ee]s were seccnd in ab\lndance, followed hy hronk trout,

(Table:'9):

and:smelti .

+Smolts vere found with a wide range of “siiolt age smolt: age

Tnz prednmmant smo]t age was 4+ and, this

gration (Tab]e 10);

The two* varest smolt ages were: zo and:7+. . here were, two, age . 2+

Leo1ts! tron' trie fen vear rafidon. sample 0f 1699 ‘fish. . The siigle N

sam)'l'. instead it was: taken fl‘om annther sample of the 100 'Iarqest

smms in that mlgrar.ion The ‘an ‘age. “of smu]ts varied s1gmhcant]y




between years. (Tabi,e 115, Mean smolt age was 3.82'y and it ranged,
fro % is y %nr.1977 0.4, 16.y7in 1974, Varfation i sniolt age was
most]y due tu changes in the proportion of age 3+ and 5 smnlts B '
(Tah]e 10).

“The mam resu]ts ‘of the three-way ana1y51s -of; variance were as

'fonnws yariation m fork Tength, welght and contﬁtinn s signmcanny

d\fferent between year variation in fork 1ength and welght yas

‘also s1gmf‘ ant]y d\fferent between ‘smolt ages and sigmhcant]y f

’ different between sexes;and" annua'l

v‘\atlon Ain fark \ength and

. Wéight was complicated by a s1qu|:ar_tt ‘intéraction of year wi

" smolt age (Table 12).-" There ‘were'no. oihér significant interactions,

_which allowed for a clearer mterpmamn of the’ main effects.
The mst mlpurtant source of exp'lamed variation was the
TG | v differgnpe betieen’ smolt ages that s, smolts wgre\pr,ogresswely"-

Targer at older-smolt ages (Table 13 ‘ant Fig. 9). Differences-.

betieén Smot ages accounted for 73¥ of the explained variation in,

fork-length and 37 -of ‘the expiained variation in whole weight

(‘T}ibus 12 and 13) w,' ch: - indicated that u]der snmus had ‘the’ sane

¥
|
o %
o (Table. iji). _There were.no. s\gmficant age* d\fferencas for condn.mn
i . G - Ly
i - bndy prnpnrtwns as yuunge . smolts. 3 * )
Differenr.zs between years. was the. most mportant source of
i explamed var twn for conditinn facwr but. the 1east 1mpurtant s

9 fnr fork length, and wejﬂht (Tah'le 14 and F1g‘ 10): It exp]ained 1.

<“interaction between years and smn]t ages was lmpnrtant fnr all.”

: three variables (Table 14) This lndmated that’ annual variatmn

i, ,these h)n]oglc,a'l clgaracter cs can.he properly exp]amed only

nver 0% ‘of- the exp’lamed variahon i cnnditlun. £ Howevar, the :




- we\ght betwaen sexes. " Sex conmbuted to 19x of the: explah\ed »

: varlat on,_ m wnghc (Tab\e 14). These differences were a1mst

(Table 16

) Uvarlan weight of 5+ smons was doub‘

 signi ficant change

.sigm‘fiéanﬂy different ( &

if it is calculated-separately for each smolt age‘;'that is, var1:atinn

between years was :also d'ue to variation between smolt a.gesA Mean

values for each year are

ented 1n Table 15, In 1979, smolts

had greaﬁest fnrk 1ength and " wemht but Towest candn.wn. “In 1972]

smolts were also large, but‘cunmtlun was greatest The. ’Iarge size

197l Could have been- due, ta the snval] sample size.

There were also s\gmficant d1fferences |n fork lenuth and

entire'ly die.to the large size.of prev1ous1y matured male smolts :

Dthgrmse there were' o consistem. d\?ferences between

sexes, Tn half, of the years samp'led, males were nghuy ’Iarger

mn fenales -and the opposite vas -trie-for the other yearsA . .
The results nf the other ana‘lyses mwere: as foﬂnws ovarian

welghts wm s\gmﬁcantly greater at nlder smolt, ages (Tah]e 17).

hat vf 3+ smolt. Houever.

1ncrease in ovarwan we\ght mth age was due'to correspondmg increase’

1n somatlc wexght The indl :es of ovarian we ht were -not. slgmflcant'ly :

d\ffev‘ent hetween ages (Table 7).

There was no s1gn1i1cant d{fference between vertebral cnunt

at, the three dammant smnIt ages (Table 18)." There was a]so no -

in smn'lt size. thrnughuut the 1979 smo'lt run -

(Tab'{e 19), which, suggested 1ate: m1grants were not 1arger than

: ‘_early smolts. . Fmaﬂy, fork hhgth nf 4+ snons was nnly barely |

0‘04) hetuaen .years,(Tab]e 20). There

was fio_significant annual:variation if the small, valies for.i980 '~

were-qmi{ted from the ana'lys‘(sfa'[’his carrnbprated “the results .of
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: 'ln sex.: rltln wera Mn ilnnificanﬂy ‘different from th! ﬂv r.'ll

110 specimens were obtained with'a mean s'lze of 236

the three-way analysis which indi that any annual variation in

" sizelof smolts was largely duc to an Interacuon with smolt age

(Table 12). . -

Snn'lts were predouﬂnlnﬂy female (Tlhle Zl) Annua’l davlations

ulua of 75. 3% fela‘les. Si-i'lurly there were m swgmfic. it

ences J‘o,r sex ratio hnwnn “the tm‘oe dnlnant smolt ages.
No\ever _there aweared to be faer u'lzs 1n nldnr age’ aroupi. .

Amn] ﬂu:t.uatwlx ‘In sex_ratio were ;orc prvmum:ed uhen ser

‘ratio m dhnd:ﬂ into the three s-olt ages, but this could Mve

.. been pnn y a resilt-of sla'l'l saqﬂe :sizes.. Niwred"lales were .

s also pr-smt in smolt mlmtlons nnd they :onprlsed from 11%° to 30’

of nales (Tab\e zl)

Exceptjuna’l'ly 1argz !m'lts (>30 cm) wara ancuuntend in 1971 -

and 1972 In 1972, a]] siolt, qrelter tlun “20%cn were :o‘llectod‘

ranging. ;

“fron 200§ 354 “they comprised

oi the afgration.” Unfortunately *
only*one-of these ﬂsn < female; was: uxed “The average .age of v
the laroe smolts uas greaxer than the -an, one’ specimen was age

" Presuab1y these Tarde smolts occurred in other years but weré
"too rare to'be sampled:

A siamary. of aracteristics fndicated that, fork

Tength' and cqnd-‘tlun‘ the 'Ieant annual var1ut'inn and smﬂt age,

sex ratio and> the slu nf the miuratlan had the most nnnuh\ vlﬁat!on

(Table 22) Amm

varhmm in standlng stock (’hh‘le 23) WIs i
s‘llﬂlr to thit fnr numbers of snolt (Table 22) qnd |t im‘ihd

that lnl\llll chan"s in sund1ng stm:k were dm to f’luctuatinns in
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* numbe¥s of fish and not to f'luctuatwns in their’ average welght
’ Stenm ng_ stock.ranged fron 268 Xg-in 1971 to 687 kg in 1950 (Tab]e 7yi
The nain esults of ‘bioTogical characteristics that were

- _esumated mdire:ﬂy from th smo'lt migrations were as: quows' "

annual instautaneous qrawth rates were siqnifacant]y dlff:rent

hetween smolt ages; there was_no cDr'rE'Iuhnn hétween back-calculated;

o parr grwbh and st; nding stock nf parr ther was al s0°ho corre'lation

b ween year-chass strength a[f smn'lts and any buﬂogwa\ cnaractensncs

of y! r= c]asses “and 'Iastly. there vias a slngl ant: relat nsh{p o

,baween mean ammal air’ temperature and mean smoh. ,age of a

The f"’st r!su t lndlbated that the mstantanenus Qv‘bmt rate of 3+

sfolt was near'ly double tne growth rate of 5+ smo1ts (Table 24
Instantaneous grawth rates were’ s(gmf\cant'ly different betueen all ’
“four smolt ages (Fig 9). Thus, the 1ncrease in weight with smolt
age (Tables 12 and 13) did not account for the cnnslderable d1fferen:es
in growth rites between'ages .

* There was o signm:ﬂg d1fference betieen ba:k—ca]cu'lated

/\furk Jength ‘and actial Fork Tegngth in. 5 out.of 21 (71%) l:cmpirlsons

o (Tablé 25): Back a]cu]ated fork: Tengths aiso mmcma t

JuVEﬂI]E nrowth rates decreased with sno1t age:: Mean back—calcu]ated

fm‘k 1engths were sxgmf\canny larger (P.< 0 05) at euch age. gr‘uup

for 3+ 4% and 5+ smn'lts respecnvely, ucept t 2. (1nrk 1ength at

the fomation of the f\.rst. am\ulus) At 2,, d)ffarences in ‘back=




G correlated (P <0 o

monthly ai’

; tendeﬂ to have gream standar'd devlahnns which! ccountzd “for the

and nandinu smck of parr m the same’ yur. The years of gnatest

gruwth were 1969, 1973 and 1974 and the 1east grwth was in 1971

(Tabie 26, The ynars of - greatest pare. standlng stock uxre ﬂg,k

and 1972 and the ]Wesf. standing stncks were' in 1973 and 1974 N

1ength,. wem‘nt ur condi unn (Talﬂe 2 ) Annual: variaﬂon in smn

igh'ly sﬁgmf\cant (F“,,m 525

(Fg,,ul 15 P < 0 01) but neverthe]ess tnera was re'l atwa y

ittt annul varunon n'mean fork. lenam ('hh'le 2&) -

There vas gbed evidence that smolt. age. was |m"l uenced b

emhrenmentll factors Mean mo!t age of: yaar-:lassgs wus high)y

'th bath; unnua'l mean d: 'ly and annual llean‘

umpa atures: (Flg 11) and thefr. sundard deviations:

Table 29).. Smo'lt aqe decmsea during cold yeav-s Colder' years ;

significant re\atwns!’nps hetween o1t age and stlndard deviation




- ch;racter\stics of parr were dwfarem. bm:nn “tie Toup. nam ts,,

.veach result in more detait.:

prababy an 1qmmm fl:tor in'this nlanmnip. Snolt -age was:
s\gnlﬂcantly correTated to-both year-class. strength of smolts and.
mean -unmy tqeratun ina -m:iplc correlation. (Table- 29)7 but

this was i'lnost u\t.‘lnly due”to the lltter independent vnrhbl& m"

rehhonshlps u!re found bebdeen wa.ur discmm and. uny bin gical

charactensti cs n( yqal-t]asses,_

'hut tﬁere were also s1nnh‘| cant di fferem:es blmm snsons( years

snnd\ng sﬁock dn riffled ha.hiul was 3.5 g (]

- 0; m) TMs su qas&ed




varhuon in Ino]oglca'l :haraeuristi:s was_an 1q>or"tam

e . aspect of the differénces hetwezn habitats.  For examle; fork
lnngth was not sigl"h:mtly differenr.. b!b'een I\ahitus vhen gqﬂes

were uun in. early summer, but it was signiﬂunny dffferen at

S a'll ages for. suplu tuknn ln ‘llte s\-er (Talﬂe 31) ﬂ\is

It “3 . are most. c!nr]y seen wifh fork Iength ﬂequen:y distr{but ons.

rigun 12 ﬂlustnns the ‘fork Tength frequency, of pm s-.nea m =
s T these I\abitats “in‘Jate. sumer of 1978 and 1979, In 1978, tl\e
d1strlbutials 1nurd1¢1nud almost. ex-cny, u\Is was not. so- apparent

4 . S in 1979. This suggested a strong selection’ tovards nartn:ular . =3
3 sizes in each of these habitats. - Unfumuate'ly. there vere manequau .

¥ r1fflg habiut. it nr.cnunud for less Lhan\ZSXu\ltno t.nin axp'(ained s

vlriatjnn dn cmrmms bqhmen hlbitats, Tnus the hraest =




| s

source of variation infork Tength was due to differeices between

habitats: Wt

| v Sex ratio was nut significantly different betwuun the fuur

i habitats (Table 33). Sex ratios were axactry Equll mriffle and

steady habitats. Therwas a.preponderarice of ma1es in outfiow and ;
Nake habitats, but this.was not s\gmf\cant (Table 33). Sex rut']o

ot “was also not significaptly dl ffarent. between years (Table 34)

nowevm‘, at.ages 0+, 3+ amj 4%, sex. r‘atws were iigniﬂcantly " T

different (P < 07 D5) from.. 50% liales. The Ppreponderance of femﬂes

Lo atiage 0+ éoul have' been due_ t6 the sma1 i safple’ size. The!, iy Ui

prepnnderﬁnc’

of. ma]es at.ages 3+ and 4+ cou'(d have been a result’ . ¢

“of prolonged stredm residence of smcuany nature mates. Ove\r 60% -

of males in’ these age groups were sexually mature (Jah'le 34) o i

Species “compos ition was. predannnated by salmoq The ‘peicentage

Hlmnn was greatest in riffle habitats, hut it incr:ased “with.

stream arder in’ a” habltats (Table 35).. - In the four‘th orde)‘

st!‘eam ahout BOX nf _salmonids were sa'lmon k& Al ks

There were two points nf nﬁu 1" Talﬂe 36 F‘Irst there my

S| ccesslve 5amples ;witMn nost sﬁatiuns Thls was very. appamnt at .

1arqe v‘ifﬂe staﬂnns, sugh-as. 1, 3, 5 5 and 9 Second a! small

stat‘lons, thére ap eav‘ed 1o bea. de ne 1n the percel\tage saann B

with“successive samples This. s, appar ant af stal ons

i 18, ‘and 22, ana it suwested that ‘the:jumigration” pres;ure was '7 4

416

verhaps Tee it thesg mmns
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in 1978, only 41 were recaptured in 1979: one tag at each of

stations 2, 10,.and 21; seven tags.at station 1; and 31 tags

were.” "

recaptured at station 3. The higher returns at.the. latter two

stations (ﬂm!nlshed the - pvss1hﬂity of poor saw'l(ng techniqu

an statwns were samp1ed in the sahie manner. ‘It was'al

that stations 1 and 3 were nearest  to the river mouth.

ue ' as

oteworthy

There was some eviderice that any emigration or mortality

accurrad with)n two months after tagging. In the f’lrst year of.

tugging, IOX and 411 0f~ the tags at stanons 1 ‘and. 3 I‘espectwe'ly, |

were v‘ecaptllred after two mnths (Tab'le 37). When these va'l

ues’

were cqrrected for, the 73x eff'menq/ of e'lectraﬂshmg, they

mdlcuted an emgrat‘lnn rate or tagglng mnrta'lity of 89% at

stahon L,

. and 44%.at statwn 3. Bc\‘.h of these, values were very similar; to-

“the annisal ratés.. “For example at stat.jcn 1; 236 satnon verstagged

in 1978 and only 7 fish were re:aptured—onb year Iater The: expected

X 73% effwlency of eIecmrfsmnu),;

& number Df tag: recaptures was: 69 f1sh (236 X 40% qu‘ViVa'I (E1son 1973)
5. 1ndu:abed a tagging

mortllity or. emlgr-aﬁon rate of.90%.. - At statlnn 3,173 salmon Nere

tagged in 1978, and the expéected mlmbar‘ of tag mcapturas was 5

fish. However, on1y 31 tdgged ‘Fish were re:apturad which Indicated:

Ya tawlng nortality or emigration vate of 3% Annauqn th

between stitions wel‘e very, dffferent thev‘e was & close sim'

\(‘lthin stat‘lons between the seasnna'l and annua1 est'\mates'

e va'l ues

rity

Th 15




the mean age of fish tagged in July 1978 “(1.69 y) and those recaptured
one year later (2.71 ¥). " $imilarly, there was no difference between .- A

fish tagged ‘in-September 1978 (1: 87 y) and those v‘ecavturad one

year later (2.87 y). There were not sufficient recaptures to make

- avalid age cofparison'at.station 1 (Table 37). -
There was evidence that tagging suppressed: the growth of fish; .

The mean: annual grnwth Tncrenent for recaptured taggea‘ﬂsh was

" 2i-mm for ‘age 1+ and 3 md for ag - This was, congideiaby Tess y

j- than 'the; expecced 30-40, mm of annial: growth (Tuh]e 26),at these age

T groups.

The reduced. grqwth of tagged f1sh might 1mp1y an increased

“but there was a1sn snlne indication: of em\gratmn 'Tuo'

tagged fish " were: recaptnred at statwns other than at the site of:

initial taggmg Ore-fish tagged at station 3-on 20 SEDtEmbEP

71978, was vecovered the folloving day while:eToctrofishing at
" station 2; a distance’of, 100 m downstream.” The other fish tagged

1

i

i

% at station 4 was recovered oné year 1ater 0 3 km dwnstream, at

% ; . ~statfon 2. o . #

‘ Further evidence of the dawnstream mnvemen; of salmon parr was

f: found at cuunting t aps “on the first Crlbutany and at the

)  fal muuth At the' smaﬂ counting \‘.rap on the first tnhutary, pare . *
' “vere cuunted mvlnn downstraan m both 1978 and 1979 (Tab'le 38)

Pres\mab]y theself‘lsh nr1g(nateﬂ either fmn the 7 ha_pond (shatlan 30),"

or the D 3 km_ nf snream b! ween statmns 2 and 4. Parr. WEI‘E found

‘mmnng through thz ‘trap omy durmg 1ute May and early June wh(ch

\r was coincidental with the sm'lt miaraﬂo It was apparent at the o

“main cnuntlng fem:e that the downstreau m vellent of parr and smlt




A o oc:uv‘red at-the ‘same time of ‘the year (Fig. 7 and 8) .and there was
htﬂe uu\[ement duﬂng m1d'sum|ller' g B : B £ Y

Further evidence suggesting ‘significant’ movsment of salmon

{ parr was found at station 3. The: station was e'lectrnﬂshed in May
1979 and depopulated. - Two months later the salmon population was

f

found to. be cnmpletely re-established with the same age ucture

and an: almost equal biomass (Tab]e 39) l‘here werg no s\gm lcant

differem:es fhr aver'age slle age and condition between the twu

- sampling dates Vi

- :The. dens\Ly and standing s(:ock ‘of :saJnon and truut. were mcst ;
[ figtiy " oo siml]ar in- Hrf'le and Sutfiow hab ms (Table 40) The tombmed

ﬂensltles of sa'lnwn “and-trout and the standi g, stﬂck Of sa]mo were

equal. in both habitats: By contrast, the ‘den Y of sa1mun was

significantly (P ¢ 0.01)" ’Iess in outflow habitat; and the ‘Conbined: .
- standing stock of sa'lmon and trout was signiticantly nore ¢ < 0.01).

This, md\caud that there were fewer sa1mun and more rout in - ¥ - &
outflows; ‘and als0, both salnon and ‘trout wéke larger in these - i el
Fabitats. Density and sunmng stock of both species were much
e'ithev‘ rlff1es or outflows (Tab'le 41). -

Tess ‘in, steady habitat than i

[ values were not. avallahle for lake habitats.:

The; distnbutwn of ‘salmon standing stock by age ‘groups varied

between habﬂ.ats Most - o7 stand'lng stack ‘in’ outflow stat‘lons was

in the 3r age gitou (Tab?e ). “Ritf1e stations’ shared ot ke

standmg stack. | hztween the 2+ and age 3+, gmups. There was only-a .:

“smal] standlng stnck 1n steadies hub '75% was i




[

age groups (Table 43). ; Stakion I 'was sinilar to other riffle

was. ahnul 8 g n'2 and it Cou'ld be shared by en.her salmon or"trou

 This theshold” s indicated \n F1 .

"slgnificanr_ (P <'0.01):but. 1t depended very much on* the VENE at

v'_‘stock‘ of 8. g m—‘ B

Station 1 had the. largest standing stock of salmon. The
standing stock of 7.3 g 72 (Table 43) was ey e tings the
mean value for other Tiffle and outflow:stations (Table 40).

Station 1 also had the most constant repeated stinates of dans'q,y
and bmmass- “the coefﬁciem. of variation arnund the mean was only

13% Coripared to 38% for riffles and 19% for oitflous (Table 40).

Variation in repeated estimates. tended to decrease with ‘increasing

‘statmns in a11 aspects except that (t was nearest to the. riven

it e \mmediately above ‘the Counting fence:

Tne mgh va1ue “and; ccnstancy of» standmg stnck at’ st.at’(nn 1

sugge ted carrymgzcapa:ny had been mached The carrymg capacity y

13, Af high standing ‘stocks of

3 sahmm, standing stucks of - trout tended “to: be ‘low; -and v1c= versa.

At station 1, s!andmg ﬂ.ncks were a'lllnst entire1y Sﬂllon Fur‘ther X

evlden:e to squest a thres 'Id standing stm:k of B g-m - was the .

‘verse relatwnshlp between saimon_ standing stock and tonmtmn

factor (Fig. 14). Conrhhon was 1west atstations.with greatest

b'lumass and [t 1ncreased as b1mss decreased.” ‘The Correlation was -

st'.atwn 1. 1 mdicated a Hnear relat nnshlp, but ﬂ would he more

er]y :urvl'lmear if there was. vaHdity to the thresho'ld stamﬂng




100gm2(73g'
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Fish larger than 70 amat. station 3. - A total of 97 parr, 1 trout

and 2 eels.were ‘tagged and released into’the 'empty' station: .Only

71 tagged parr, ‘or 73% were vecovered after ‘three eléctrofishing
 sweeps. The Zippin (1958) method was not different. It estinated

‘a density of 73 parr, or 75 kééapcure of fishi" The efficiency’in * " -

other habitats was’ not. tested -but it was likely- ]GSS ‘than 73%.

The, effic\ency of | e]ectroﬁshing was assumed ‘to be’ equa1 for sa‘lmon

“Thus the corre:ted estimate for-ieat standmg stk of i

; sahwn i’ riffles and uutf'lows was 3.5.g'n'2 (2.5 g 2.5 0.73;

Tah’le 40). “The corrected value for’ standin

[ 7,3' Tab] e 43)

tock at station 1 was‘ .

tological characteris

LA final abservatinn was’made.on ‘th

“of sa]mun'and their; distacs fron the riveh outh. There were

" inverse corre'lahons bétween distanice upstrLam and mean size, mean

age and standing stock/of salmon (TabTe 44). in both years; two of

" three of these corre]ations were s!gmfﬂ:ant. - Salmor- samp'led at

upstrean stanons were usua'l'ly smaner ycumger and at 'Iwer stangiing

stock ’than those sampled at quns.tream statwns

4.3 ADULTS

e Aauns if wesmn Arn Brook were alnost enumy (99%)° 1sw -

B sa\mun (grilse): ;:The b‘qolagical cnaracteristlcs of grﬂse were
most. variable betueen Years.. ‘Fork) 1ength, whoie weight and snolt

- age Varled signlficanﬂy bet.ween' ears (Tab\e 45 and F'Ig‘ 15)




Geen in 1979, camﬂWc vary significantly betieen years
3 (Table 45). wnole weight was<Significantly .different betwéen smolt’

greatly over the 'Iast foiir” ygars (Tab‘la 46).
,and hy anuther very: 'low survival 1n 1980‘ 5

: factors that I examned There was, une signiﬁcant car;re'lanmn

carreutlon suggested betvean sed survwal and ncgan temperatur

ages, viz. amer gv‘nse were" larger than younger grilse’

Thesg

aspects are examined in_greater: detail with, the :omparison between”

grilse in'the Tocal commercial fisfi ry, bUt, first. 1 wil)- discuss

variation in’sea_survival., . ;o i

Sea, survival was’ very. cnnstant du mg the first six years of:

study. 1€ vas a'lmst exactly s% it &ach year, However, it f'luctuated 2

. The, Véry IW. sea

survwa'l in 1977 was flﬂ'l hy avery h\gh sea sury va] in 1878

: smrany, sea survival: Was not e ke]ated with any of the

mm intrinsic factors: - sea~siryival. was Positivély correlatet

tm nm-bex\-nf grilse (Table 45) This: :orre1amn s

g expected due to auto= corre'(ahon There was alsn a negaﬁve :orr_'latian

suggested hetween sea survwa'l and s

Survival’uas. not signh‘icant'ly corre'lated toLany of the exl‘.rmsl

‘factors that were. axamlncd (Tab'le 47), but there was’a positive

sea survlva]s betueen cach snoE. age were ot 1gnif cantly”

différent ‘(Tabie 48). - The ms,an sea summ if 3+ smn'lt appenred
to; be greater v.han the .other smn'lt uges. but there was cons1demh1 “

annua)“var\aﬁon chh may have uasked the signihcance of ar\y

dwfferun:es




_ An important component of. sea survival is selection in the
Tocal comerc1a1 ‘fishery. Grilse’ from both the fishery and the . .

e LW ‘river were conpared for five years (1377-81) The main resuTts of. "

the fnur-way analysﬂs of. vaMan:e were ‘as fonws variation in
. fork 'Iength whole weight; and condition: was s‘lgnlf'l:anN{y dlffev‘ent N
necueemm\locauons afd yenrs variation in"fork 1ength and X

..whole welght was also significantly d|fferent beween sexes; annua'l

. variation ‘in fork Tength was: complicate by a s\gmﬁcant interaction

between locatlnn‘ and,

'annua'l variation in-condition was ‘complicated .

action with ‘smol (Table 49Y.. There viere

interactions which aﬂowed “for a- c1eurer Y

) other signiﬁ

interpretahon Gt the rain effécts;

* The most imporbant suurce nf explafned variatinn was the

.difference between 'Im:atlnns, vthat is, grilse sal\p'led frm

St Barbe, Bay vere consistent'ly Targér' than those sanpled-in -
Western.Arm Brook (Tah]es 49 and 50). - Thils was true in all. years I
~ and for the ‘thrée ‘don i

inant ‘smolt’ dges. (ng 16)., Differences

: between the o - 1ocatmns ex;ﬂamed well over- half the variahon in Do o

- fork 1ength and whole we!ght and'over’ 3ox of the variation-in
ndition (Tab]e 51).

Ihfferences hetween year: were th

scond most 6mpnrtant snurce »

of explained varia on. A

hree biological charactemstlcs

varied' sugmficdnﬂy between years: (Table, 49) " Anfita1: variation in

nunﬂit)on was

e nost. apparent. i

vas ot as pronounced for fork




greatest ‘condition; ‘and, in 1980-81, grilse were very similar dn

an thr‘ee b‘lu'log'lca'l characteristtcs iy 3 i \

There were also significant differences neween'sexas. Sexual

' dinorphisn, in teriis. of, fork Tength and Whoe. wefght,- contr'huted

from 16% to 10%, respent.ively, of the explatned variation (Tabre 51

; Males were s1gn|f1cant1y‘ 'lol\qev‘ and henvler than fema'les '\n both

st Barbe: Buy and” An Western Arm Braok (Table 53 and Fig. 17)

However, comﬁtion was nat different b!tween sexes, thus, maIes -and

fema'les of: m 5an|e furk 1ength were a1so equa‘l An we)ght

utwn in hloldgica'l character‘sﬂcs between smon ages

1 was. nght]y more comp'lex Fcrk ‘lenuth and cnndit were dlf\‘emnt

Between.snd1t ages Fork length af fenate grﬂse sappied in st Bafe. - : 4

: Bay was s1gmhcantly greater at oldsr smolt ages’ ( able’ 54). " This

wns not, the case. for \'ema'le qrﬂse samp’led in westzrn Am Bruok

St ‘ages accoliftéd for

(Table 51). General'ly. conditin 1ncresse9{ mn smolt age (

2 but tlns was not siqnlficant However tnere was a s\gmfvc int

. interaction. betwee: years -and smoh age (Talﬂe 49] which mearis

R . annua1 varutmns in cnndltion can be prnpgr]y exp]a{ned only if B

Itwas fof,

’hey are ca1culated separately for: ear_h smnlt age.

- fork 1ength be veen year and lacauon Tahle 49) Agaln this means &

- betueen years s als due to variation between locmons,




" Jower mean-snolt ‘ages thar smolts which migrated to sea in the

.- these t'esults lnd‘cl'.ed that the. nn-lercla‘ fhhery tended to i ¢ X

“conclusive and 1T i1l “exanine each comparison in gr-ltar détait.

3 Hestern Av'm Brook grnsa nd ‘smolts’,in th

. (Tahle 55). "However, 1n two ye

"-grilse sampled in both Western Am’Bmok and St. Barbe Bay. Inall .

G This vas also ound in cmarisons batmn grﬂse fm st ‘Barbe ;.

The hportam. results.of me cu-nrlson of mean smolt ages .-
were as follows: qﬂ’lse saq)led 1n Western Arn’ ﬂrook usual'ly had

prcvinus year and qrﬂse saq)'led in St Barbe Bay had greater mean
smolt ages than qrns. {iv-Western Arm Brook (Fig. 18). Both of

-sélect Hse with older smﬂt ages I:ut the . resul!s #ere not entim!y

There were nine years of :twansnne between mean smﬂt aqe nf

m‘ecedinﬂ yur (Tahle 55)_

Grilsa had youngor snoh‘. ages_in‘six of the nln ars and smolt

ges were siqniﬂanny younger (PR 01) in thne of the years

)74 and 1979 mean smlt aqes
of grﬂse ueru ﬂnniﬂc-nny nreaur than the mean s-nlt age’ of

“smoltd in the preceding year. .Thus; the ,selecliop against older ~

“smolts rewrﬁ'lnﬁ as grilse was not ‘consistent in a1l years and in

Some: years t.htn was ; Tos T sea “survival of. ymmgu' smolts.-

Ihere were five years of cmﬂsnns between mean suﬂt age of

yeav;, wns- in St B-rbz Bay nad greaur smolt ages; in thm ot X,

years smolt ages were sign"lcantly TP €.0:01) greater (Table 55)




i 'vary sigmﬁcant'ly hetween

3 .Western Ar7n Brook. .These~ resms suggested. th

was not significantly different from grilse in Western'Avm Brook;
“in both cases, the sex ratio was about 30% males (Table 56).

Second, : the sex ratio-of smolts. contained a greater proportion of

females (76.4%) than grilse in'either ‘St. Barbe Bay or Western Arm .-,
. ﬂronk . Third, sex ratio-varied significantly hetween years for' R
gm'rss bt not for smolts (Table 56). Annual, variatwn dinsex |

vatio correspanded fairly clnse'ly between grﬂse sallp'leo in the ‘two,,

1ncations (Fvg m) Fnr exa mplé, in 1,1980 there was a sigmﬁcanny woeas

molts or grﬂse

at both Tocations (Taste 87, . |

GriTse were, counted: moying upstream in Western Am Brook

throughout Tate Jine, au)y,s and.August. - The comnercial ishery of

st.” Barbe. Bay consisted ahnust entirely of fi h that were mgming

« duv‘ing June and July (Fig 19) T e, frequency of daily abundance

. during. July was smn]a fur gr'l'lse 1n bnth t.he rfvar and the bay.

Nowever, anunber of grllse re caugnc in'se! Barbe By before any

were iseen;in-Western “Arm Brook.

n eekly nterva'ls was fonud for whole wg1g t in . s

hght’ly mffere'ni_ :

e n'St. Barbe Bay and Western.

//n ‘the mgratwr\s of gri
should nnt écpont for' any sibnificant P

ferences iq




63

The final compansnns Were made between virgin gm'lse and -

‘repeat spawners There were “three resu'lts of interest“ fn'st the

proportion of repeat spawners was usually greater in.the comnerciaL-

+ fishery of ‘St. Barbe Bay:than in westem Arn Braok This was trug
" in a1 years. except 180 (Tab1&759).¢ Overall, aboiit 9% of the’’
grilse in.St. Barbe qu we‘&*e repeat spawners compared to % oﬁ’ ‘the-

gritse’ in Hestern Arin ‘Brook. §‘ecomi the ‘sex ratio of repeat -

spawners was 42 6% ma1es which was s1gn_flcant!y g ter. (P.<.0. 05)

than the seéx ratm of- virgm gri‘lse (Tab’le EO) T ivd; mean smnlt

age: was not svgn'rﬁcam:'ly d1ffereut bﬁween virgin:and’ repeat

spawner grllse (Talﬂe 61),

t was ‘almost: \dennca'l

There was an ndicahun thit selection 1n the ]nca‘ ﬁshery

2 TR s sea survival.: Thé diftéence in size dnd smoTt-age

between grilse takén ‘in’the fishery and-thos mp'led it tie river

Jwas “correlated tn sea surv1va'| (Talﬂe 62): Twn l!u'lt1p'le cnrr‘e]ahons

Variab'lés Both: corra'lat‘lon Coefﬂuents were, r‘eater than ? 8[1

ibut’ nuthzr was signif(canb The 'In:k uf sugnrﬂcance was due. to .

Nevertfxess, it was::




] bct‘hlw winter dws:narge anfj‘ cu'ld wi nte\s ternper‘atur‘! (F!g. 21

n spauners or;the same enkunmental (:undniuns a\'\'ected both hatching

‘. mora vu'lnerab'le to exvnsure and freezing

434, STACK -AND‘RECRUITHENT

Year-chss strengths nf smnns on Western Ar Brook were -

cnrre1ated with estimgted egg deposit]nn (Tah’le 63 and . Fig. zo)

The regras;vﬂn was significant (P <.0.01)." “The sizes of - the 1978 80

yeariciasses, were.calcuiated ‘along with 95% confidence Timits - <.
The 1980 year-c!ass promises tu be 77 000 smo'lts, :

“(Table 63)

wmch is more than six umes cu?rent s-.on product‘lo
The 1972 year-c\ass was mmtte§ fron the rag&*esswn bacause o

tsegg to smolt mortal ity rate ‘as. 59, ich gmter “than. the amer

fwe year—clasSes Tnis greater mortalyty: Fate can | be rel

and22

s

Smolt year-class streng_tﬁvun_Li;tle droy R(ver ans sign(ﬂcanﬂy

correlated (Pi< 0.01) With the poténtial. egg deposition of kel

(Tanle’ 64) Tm’s"iniﬂ ated hhat kens were ,\ther a gond index nf

success and ovemmter sury; 'val of kelts

condmnns of above- average dlscharge had ‘redds whic j




TR

- 4n these Tatter hubnats was' only 0. 7 gm2 y71or 5% nf the,

C\ yqar-c1as§. iridtion 1 in year-class proc Gt  was not_grea
P, and it varted from 30% in the 1972 year-class to /46X §n the 1877
: uiff-rences in.mortality rate
" for the 73% efficiency of electrofishing. The production at stmon it

i vﬂuu at’ unlon 1 cnu'ld represent nxi-un prnductlun !’nr th
* system.

i.s‘vn‘onﬁcmn. et g

The- two -thods for calculating prodminn provided the’ mlm»g
Feslts: average freshwater production in Western Ara Brook was
1,960 kg ¥71; production in riffle

nntﬂw habitats ‘was 643 kg y &

or 2 23.gm2yt; producl‘lon in lake and steady huh\uts was "
1317 kﬂ )’

Hhic was| 67X of tnta'l produlﬂ:ian however,, product.lon

production pér m2 ‘in nfn- and outflow habitats. ’
EAverw yéar-class. grvdu:ﬂon was 980 kg y ! for female smolts -
: (Tah]a 66): 1 Total freshuater production for both sexes combined -

Vas 1960 kg vyt (SBO X Z) Exce

“for the Tow vl’lun_ of thes973

s the '
coefficient of virhtion'ns 5% (Table 66). " 'Standing stock or'

available production of a a e rc1.\ss (A) was equal w armn. 0o

yenr—chss Yhn varhr.‘lon in A/P was " priur\ly the, resu1t of.

as grﬂwth v‘ltni wei

more connunt;

FNduction in rifﬂl and autﬂw habitats:

as ot slgnh‘lcant'l'y LR

dlff.rent (Yﬂh'l. 671 The :odmed Oiﬁuu of 1.63 g II vy was

‘calculated without station 1. 1t ‘was” adjusted 0 2.23 g m 2 5

'uasswg-iyl
nid the Mghv X

1 was more than Mce the others;

its adjusted val

snnuing smck s the nin determinant of pmducucn.

-On- average, producuonwas abnut Sﬁ! of standing sto:k.

~on the nﬂur hand; production and mean biomass were almost zqull




. groups... Aqlin. this indicated. the nq)omu of lundinrs;ock and

5% ‘of pmﬂoﬁ p-r ».in rifﬂe ;nd mﬂw habitats. n-s by "

(Table 67), and the average ratio (P/B) vas ‘sTightly Tess than °
unity. BlnsthmianmuMmzom:vm ~ =
groups. hoou:thm was mim!y l-s in the yunoer _age

mean h‘lmss 1ll t-hl of

|l|tb of FY 132 kg, Fhe -area,
o Take m steady mmu vas 20,17 x-108 n2. Production in -

unuhcurm'ut:-u ul7qu‘ornﬂ7g|‘y‘ michns

virtu bf mlr hrg- wfn:. -ru. study and lake Mluts pnthud =
wmi-ulymolmmlts inhsnmmlnok. ?




5. DISCUSSION % " 5

scussmn has two.parts:” first.I examine results from

e - Teach of the, Five sect.ions, andthe sécond part dntenfelates -tfie

¢ sabove info a harvest model for Wgstern Arm Bmok

L '_‘.(Tah'le 14)

Vary. ignlﬁcant]y between smo'lt ages | (Tab'le 12)

S b\lt 1t dvd n

£t By, cnnstrast, there was considerable’ annual. vnriauon in smo1t age
e . »(‘E@ME 1) 4nd |t cnuld vary from 2+ m_7+
it ages (Table 13), ‘the

Al thaugh there were‘

selb j s1gn1ficant size thferences between

'differences 4 ngh rates were mgch greater qu ex;!nple, 3+

smolts had annual grawth rates almq t duub]e thoée'uf 5+ sind'lts

§ (Tab\e_Zl)v which® 1nd1ca§ed tlgat fas

Vari ation in se>

Western Atn Brook: aé

r(vers 1n the wondwﬁch Lalso had ccntlﬁuous time senes

A smn]a

counts and bhugi:a] haracte stlcs.

: moTt, productvbn

.mpared La seven other. ~At1antic sa'lmnn

A similar sxtuanon was fotnd. wm. cnmﬁﬁnn of smo’lts,

SN




. .in abundance and biologicalc stics. of shoTts was Fourd: on-

al] rivers (Tab]e 68). Means and cﬂafflc‘lents nf va 1a

smolt’ abundance ‘Were: remarkah]y similar for Western: Am Brook, e .

LiLt'le Codroy R'lVEr and Burv‘ishon'le R] ver which 1nd'cated that
5 | i S

ar size were perhaps susceptibfe to, smﬂar .sources

rivers of si

ve v'1vers were, !Ither 1araer or smal'l!r

Jiof varfation..-The otiier

faur had greatev‘ vanahon in an nunﬂ

rsmolt prndumon 1t appeare that the smallest r

.

ers: fiad the

greatest vaﬁatwn.. The ‘Tower’ varianan on. Sand HIH

possib)y due’ to_incomplete’ Counts of' smo]ts (Prau. 8_

Blo‘lagica charact{r'l stics: of smlts a?so had sﬂlllar degrees »of-

varlat nn (Tab!e 69) SeX rut‘lo was-:the most vnriab]e Characterlstit

an three of -the" four v-lvers but slnn'lts were predommanny fema'le on:"-

a1’| rivers. Smo‘lt ageé was the second mpst vamable cnara:terisﬁc

on four out of five dvers; on Mck'lean River, 1’: was ‘the most o

var{abla chara ter\s " Fork 'length and condition were the’ ]east

vnrvab\e charactens ‘The smmmy between i

csion al r'wur -

nations  for the variaﬂon on:

these t‘sw stmﬁes suggested that expl

western Arn Brook might also.be apprupriate for other sainon rivers,

lt hasia’lready been stat&g that slnoH‘. size is a e‘ative?y

1xed char‘acte

tic. This suggestsghat ismmt size s

tn a particuhr river system and it is:not re]ated to grnwth rat i

yaar th-t the’ sample was taken. Thls nmer pn(nt is usem for




It is conceivah]: that mean size.of ‘spolts has bvo)ved in )
response to.conditions in tne marine env’iranment during the time M j

slntﬂt migratwn k"nnparison with other rivers sungests that

5 smoflt sue increases with hhtude (Table 70), with 1 mnre souther]y

o 3 T rivers havmg smaller sm]\:s Nnrthern r1vers have " latér spring,

nd - they “are, nearer. to tha oceani f'eeding

rivers. mwever, in th’is st.udy, smu]t aga was found to. be

high'ly v&nah]e betyeen years which 1nd1cates ‘that ean smun <ages -

‘based on single sanplés must beVieved w1th Eaution. - In spite of ;

this snnrt coming, the above aut.hurs have speculatzd t.hat smﬂt ‘,' :

ages are’ grsater 'm mg er latitudes _due sluwer growth in ca'ld e

el and nnruiern c mates (E‘Ison 1957h)

1y corre'lated ln -

The. re1monsn|p

'| to ,7?(:




i
5

+, Cold temperature could. influence snolt age by increasing the
gi'wtl; rate in the first year of iifn. This is l:a:mivahlé 1f
cooler twenv.ures reduce emrgy requirennu for rputine metabolisa
during the short nruwing snson There \ns a'slight, but (ns‘lqniflcant.
trend (r =0:26)-for, uck—cﬂmlated 2; values to increase in cold.
ynrs (Tahl!s 26 and 29) wh‘lch ]lnds’support to- the influznce f

t.qﬁerature on nrmh i

: um (1930) and mum et al

Lulperaturzs when txplouﬁ nu a sp rse food -tourqo.

Colbp and

« Porter (1981). alss found the growth r ";-af ?mnmn was greatest

“hen_they were msed at. cooler tmperatuus. Consequently; norther

rlvers nay be conduc'lu u better grwtn -of snlmn within the

Hlits of food auﬂahﬂ".y. Certainly, s-o'lt age is an h)ort.an'.

hm’lngi:il :hautterhn:s um needs more rnsurch

There also wenr«d t6°bé a v-nlaﬂonsmp between ovarhn

weight and ‘smolt me. ovaria ueignn-s smmmuy greater AN

’Iarqer slo".s (Tt’le 17). . ‘The in:ruse .in ovarian: mlyht

msﬂy dne to a cnrruponﬂnq increas




* Similar l‘e]atwnships have been found for other salunids 0. kisutch

. . Thus, ovarian weight of “smolts cw]d mrluence sea age.

' abundance was the naxl-u- percentage o hrge su]mri angled in the'

-r+v:r frm 1953-77.. The nnximum, T4

~the mcreaﬂonﬂ mnery (unpubhshed data).

could. red«:e sea age of adu]r. salmn . - x: o

(Hager and Noble 1976; Bﬂton 1980) ‘and 0. nerka (K!\:Itnlin 1972).

This hypct.nesu was tested in saqﬂes nf smolts nken in 1973
from 34 rivers around insular llewfound]and (Chadwick and Ialdron,

unpub._ nata) Mean* ovlrhn mgm; was nlcuhted fors-nlts from- :

each river (Tablg 71 and F’iu 23 Th mdex of 1arp sa’llwn

lt ‘appeared . ttu

rivers which had smolt wjth small ovaries.also produced a gruter

percentan of - large sallon The" relatinnsrup bztﬁen mean ovar{an »

nﬂght and index-of large sallnn ‘abundance was signihcant (P<0. 02‘

Fig. 24) Thus, _ greater nvarhn weight -in: older and hrger s-olts SIS

Bmlog!cal characunsn:s of ‘smolts saqﬂed in Lhe 3 r\vers

in 1.973 (T&'Ie 7'1 Fiq 23) were- cuq)lred to tnou nlpled from'
" vestérn Arn Brook.  Sasple”sizes were snall. and probably biased but . -

‘they. provided a cmrlsnn for: \leslern Arm Brook among uewfolmdland
rivers The dlstrlbut1on of fiean’ fork 'Ilngths 1»d1cnud tbat most

smn'lts wgu shorter tlun the nean of 17.3 cm: 'uund in Western Arm




With conditions that were greater than the.0. 90 found for ﬁ:nm
Arm Brook. 'I'm,-un age of 3.8 y on" ihsurn Arn Brook was. gmter
than the mean 0ns found, on most of the other- rivers (qu 25¢). . i S
Tnere was no suti:tiul re'(atinnsmp between mean.age uq mean : »
fork Iength uith.r{cr rivers knowd to proﬂute mainly grﬂse,»'mﬁ :

f.twsg known as hrqe salmon riv:rs (Fig. -26). There ‘was-an applren\ o

inverse cornlltlon botmn age and i(le for the ﬂva rivers 01’ St

4 fact larger than~ oldnr smlts,

' cuu‘ld he made’ for mu]t age_. “Mean - sex rat,in was tho unly biolnmcal

'chara:ur‘isti: for which ﬁnste‘rn Arm Brook fitted tﬁe average R e

(Fig- 25d). It appeared that most- sa‘llnn rivers in Newfoundland. - - "o . !

" Kad smolt igrations which were predomi 1y-fenale. . The Ly

“rivers. vith pnhinlntly male.sex ratios nerc ley based on

sample sizes which were lod small,‘as one o' these rivers (Nlmlinds)

_hassince’ ‘been found ‘to’ have smolt y‘!‘ tiny\s nh(gn were also’ - oo |

preuo-mnuy fua'le (unpub. data). [ K

There vas Tittle direct. muem for mmy—ueumt growth

“in Western Arm.Brook. - In two exup s, dens ty-dependence: vas ot

"}uund, s-mn age was mt d(rect’ll :orre’lateu to yeav—l:llss strethth

i (Tab‘le zs)




2] cépacity are ﬁmbab"ly nore. susceptible to changesin the environment, as

they are. able tu respond. to favourable‘t’l imatic -factors (Skud 1982). -
2 Thus, |t seems possllﬂe that smo]t age on Western Am Brook-was

:orrelated =mperawre at Teast parﬂy fiecause -the popu'lation, %

or stock was elow, carrymg capac!'\v The -ulﬁp'le‘cnrrﬂation

he Heen year-class b ngth, temperature and. smo t age (Table 29)

that 2 density- o *influence onA smo'lt ge-m{gnt E

ex1st at h1gher stock densiti

Little Codroy River was exannn!d ﬁuv‘ comparlsqn 3 reané'(yzeﬂ i

the comp atwns of Murray (1958a b, and uny uh1 “data) to abt n

“size’ ‘f year-classes as smclts ‘méan imolt age and sex ratig: 1 L

found evidence. for densnyrdependent factors mﬂuencmg bnth Sex..

ratio and smo’lt age There was’ a: nearly; smmflc%t re]anunsinp
L (PR

ma'les in the year class (Tables 72). Ths 1argsst year-cl_as‘sés, nad

E) betymen year-c]ass sgrength of smolts and pvrcent(age T r

_ ratios necaln! more ékewed " th fwles predamnahng

It also’ appeared that thé nlder md s1uwer-gmmn

ha'lan;eu sex: rahn (Table 7). “The: sex-ratio. of age 4+ g




River, averages of 20% and 50%-of male smolts (Tables 21 and. 73),

respectively, were in a post-spawning condition, and therefore had
'y 3/t 4

i : been sexually matime.  Yet thire vas evidence ih Western Amm.Brook

. that lu\y of the ‘mature male parr did not survivl w minnurta sea
as s-n'lts. Males older than age -2+ s-pled in“the river during

1979 vere gnsﬂy uwre €Table 21) ¥nich suggested u--t sales. umch

Ty <7 had tired ‘as parr-had’ nreater mrlahty rlus. The mcrelsed :

: norta'lity uv muture nuh parr has hnn uvtwaa by. o-nqy (1978)

l1kaly So be;‘.ane sexuany mature as parr.
There is substa nt ial evmence in"the ’qurat.ure that :arly

& ntura!wn of male salmon 75 due. to increased growth raus The
£ Bt 0% evidem is chinny from obuwatioﬂs ln hauherlzs, uhere fasur
i PR ngmq salwon parr became suuaﬂy nature_ (Evropeytseva lsso
; _nxlml and 'shi11ington ‘1961; Leyzerovich 1973; Glebe et a' 1973)
) but evidence s nso avaﬂa.lﬂe fro- field studies. Ihlley (].978)
. cmrzd “the. sius ‘of immature and. mature ules and found mat at

Aln (ms) and Gibson (1973)

Wl age the mur _were always. Targes

also fnund mt llture mﬂes had gmter nmt.h rates than Imamre




inhibited at higher stockhenslt\es.

° parr 13\:”10\« appeared ta grw more: dnnng the summer season ;
a)

that ear]y mat rty of ma\es was s1gmf|cant]y reduced when parr

were raised at hth “tank ﬂensnles “‘There " seened to be; 'Inﬂe £ "y

doubt that the aaﬂ( maturatwn nf ma]e salmon parr was due to.

1ncreased gro»n.n m and ms echantén-eould b_e_uspunsible for.

“the sh'ifnng sex ratm\\nf smo]ts

There was. further e:{\dence for denslty ependent grwth 1n

L\tt]e Codroy: smolts. - SM]L age of a year—c]ass was sigmﬂcant’ly

correlated to: year-c]ass st>ength of age 3+ smnﬂ:s (Tabv .Age- :

3¢ smo'lts were.the largest age\groups T orre!atiun betwnn

sl “age‘and ‘the.entire

r=cl ggwm\ a’H age ‘groups “was not

s\gnificant. - This re'lautnshm suggested that growth “of smu'(ts was

“to Western Arm

cht a
‘Brook; fio envirormenital “factors were found' to influence 'smolt age,

1‘» Litﬂe Cadroy, River. .

resu]t in yuunger smﬂt ages. lt was faund that parr fram riffl

(Tab'le 30);.¢

were smaﬂer ‘and younger han™ parr from other hahft

from other. hablta&s* (Table 31)- “the fork length frequency.

of sa]non was greater

Presumab’ly.

i parr tﬁmained wﬂhin particu‘lah habnats throuqhout




,year

The results of this jww‘imibcateﬂ that parr do not remain
within particular habitats “instead there lvpured tobea mt

“downstream movement of parr; Evldem:e for downstream lnvelant was -

as follows: -nn\y 4% of ugqed fish were racaptured at the same’

tations ane year mer taggad fish were. nevgr recaptured. at

upstreln stutions (Tahle 7); parr. were 'aund lnving dtr-nistraul It‘

3 ‘a stream :trap (Tah'le 38) and-at th&‘llaln cuuntlng fence (Tab]e B) Hel

:and;’ standing stock of parr was mam&ht dmmstrea- st-ati nns lnd
dechmd swnf)canﬂy w'th -ﬂstance froa the river mouth (Tahlo 44)
There was evidence that. plrr redistnbﬂed thsselves mring the:

f§l lf-t.o spr_lnq perwd.

‘the size of parr in Tiffles and outflows was not different- (Table 31), "~

: nut’.t the end of the season the size of parr in outflows. wais

edistrﬂ:utlon of ﬂ;rr durhlq

There was, a1sn an exmple of

1ed.to alnost its onginal

the’summer season. Station 3.was

y ﬁinsl'.y two months after depopuiation (Table 39). Tt appeared that
unre was. cons\dgrahle movenent. of parr and it nn!d ‘mt be qud

of. SIO".S tn _pal

- tq attribite
hiln uts .

schar

Saunders“a

l\§ Gee (1964 found thii waE ‘the
gi

Pf‘inco E

For exaqﬂe “at the beginning.of the season,




5 ¥ populated ‘streams. - In thls nudy. meu s a s(gmﬁcant comxar.mn

betwezn downstream movement af parr And siu of sma1t migrnnnm et

. (Fig. 7) In years when smnlt migrltinns were large;..a greater’

number of parr was :ounted -mvmg throughthe: fish trap.

e suggests that stream movemtnt :uuld be inﬂuen:ed by density-denendem.

mechamsms 5 i

S iThere vere, nthar md\cations thah densi

3 ‘: lnf'luenced che dynamics of parr. There was significant inverse

re'lauenshiv Izetween standmu sto:k of parr and cof

(Flg 10) Enndltiun was: umst at stations with Mghast standing

B DT steck. A secnnd exanple was ‘the cnrrelanon betw!en Standing\stick -

of wr and trout‘ Caf standing stack of salnon vas higher, “thén. ;

that of. trou; was- nanera’l Ty Iweréhg. 13). Bcth exnmplas depend

Tatgely on values ound: at station 1. Station; i md “the greatest 3 T LA

~'standing stoik and 1west: cnnmtiéﬁmf all stations. | It also had-

the most constant standing stock between’yepeated samv“ng d

(Tab‘le 43)

This 'Iatter- point tﬂut so;ne upp

vas hemg mainwned and 1t could: ot b exceeded.

The ré?u’lt was

the rwer u!outh, ;

station was wi thin

appraxlmat.q Iy; SD

. the:zone of tidal

_nﬂuence Othieiwise the station was. free fron. . .




SHETB; 5 :

it.was the hst streu:h nf rmmm nnbiut h-for- the sea. It
is pnsslblz U\at stamﬂna stock in the rinr ﬂ]'ls fro- me muth
tovard. the source. and a1} other'riffle and outflow mnacs coma‘
achievu a simﬂar 1sv='| of hlmass (10 0g n 2) and producﬂon
(5.5 g W2V Y ‘as lens found at. (station 1070 T i

Averaqe ‘standing. ltm:l( nnd/ redlmtinn (n \‘ifﬂl and mm"lou f
Mitats combined were 3.5

and 2.2.gw2 y7 ‘respéctively

(mnes 40: and . “other Studies indicate that’ these estinates o_f.

standing sm:k and production afe- not unreasonable. Firstly, it

. was eviden; thit nrouucﬂon was linearly correlated o’ mean D‘IOIISS

('lab‘lg 67). In omnr vords, greater production ns acMeved in’
hapiuls with greater biomass and n

ot because ule growth rnte was .

grnter‘ This uas most. app-rgnt at, stnhion 1. uhich had thn uruu!t

’ prndu:ﬂau hut nlsu the )wast urow‘:h ratc
between’ biomass and prodiction have been found in populations-of |’
/brook ‘trout (Hunt 19663 Car1ine 1977), - On average, the ratfo

“ between these. two variables was around anity (0. 91) and consaquonﬂy‘

nghm n.ock couid be used for a qu!ck -and crude estimation of
uction: - There are few values on the-actual ‘production of

J A ﬂnuc salmon. - Two exanples are 5 gm 2yl in ukz Hyttodamnen,

- n (Amm 1975) 'and 0. 3110 g w2 y 2 in River Wye, UK. (Gee”
1978).

‘But. there ‘are hunerous studies on standing stock-of ;

1 utin? Mrdi (E'lson 1952!) to a thrgte year
in Shell

gan Burn, UK (Egqishaw 1967




( snolts, 15 presented -in F|g..h.~ It can. be seen that almost a]l “h

St.andmg stock of salmon and trout adjusuﬂ for efﬂcuncy of
electmfishmg was, S.m},‘m Western Arm- Brook (Table 40) A ]
l:oq)ar!son to saloonid ‘biomass in.other rivnrs and Jakes indicated
that values in \iestlrn Am’ Brook were ‘about. aveug in thé Htgrature,_.» p

va\u:s froa conbined Atlantic. salson and brook trout ranged fron.

~in Matamek’ Tiver, Que.  (Gibsn ‘and Galbrath 1975). . The average
productinn of 42 studhs n‘n salmomus (unp bHshed dnn) is 6, g

(Fig, 27) Thnn studh cnver'»
S12

x épngi s_of salmonids “hich .

ange m distribuﬁan from Naw Zei'lnnd u} Nonuy thoy 1ndicate

tnat producnon nf salmonids ranges up t? 10 9. 'S LY ,'and the,
est.'llat.a Sof maxinun prndu:tion o 5 7 g nz ¥ "1 at. stltiun 1'in

§ Hestem Arn Brook would appear w

on1y averlue in :oq:arism to .

these other studiés; - &

B p Stand{ng stock of ‘the average slolv. -igratian “was #77 kg 3
(Table 2 23). This represents about 24% ov annual producthn and zz'z »

_of standing stogl in Hesurn Arm nronk. An estimate of the ‘fork-length

frequency. distrﬂmian for the entire Jwenile sl'llun stock, fnc]ud‘lng

par gmaur ‘than 150 mm bec slolt. %

The su:k-ucrmunnt re\auanslnps on Hest.ern Arm Brcok
le 63, Fig.. .20) and Litt1e Codroy Rivor/(Talﬂe 64) yere: ‘e
Bs g rst dav:lapsd for At.l antlc salnor

hey are 1mpurtant because

g Lhey md1cate i sman product can he pnd(:tad from egg

depos\tmn and that It. 1s pnssw’le to. calcuhte opﬂma’l spawninq

reqlﬂrelnents. !




- .discharge: (Fig: 21 and'22).

"~ Thé poor” survival’ rates of the 1972 year-class appeared to ha :

caused by a combin vof/ cold winter tempe ires. and. low winter

Poar survival rates could be’ caused by ..

. ‘egg,mnrta'h;ty due.to freezing.of. redds, This was suggested From
: t

‘correlated (p <0 05) A ng & murning to: the riv:r in me

- shggested that. sea surVWBJ \'rom st'lts to retus

the data.on Indian River, where-egg'to fry sur

a] was corre]ated
to wlnter tenperature and d1scharge (Tabla 55) Asimilar- mechanisn
has "been ‘described by Power. (1958’ and Taonr (1973) g FQ?‘ these. -
reasans, it semed r&asonabla to omit the 1972 year-

lags' from tﬁx -

anuwlng year. (TabTe 74). " They were.also correlated to recreatwna]
harvests of gn]se in R er' of - Ponds, Castov‘s River St Genevleve

‘River (Fig. 4) and tatal commareial and, recreationd] harvgsts. in' "

Statlshca] Area N (Tab]e 74): - These corre'lations were' signi

’ (P < 0. 05) whgn Va\ues for: ‘1975 and 1976 were exc]uded -Buth ﬂf 2

ithese years ‘had, unusyally. dry" sumers which probably. accounted fﬂr

fncreased cat:nablht.y in the recreatvonal ﬁshery The data a]so

ng aduns was

fawly cunstanb amung years On thﬂex Cudroy River, ulﬂ_y the

f\rst 5])( years of data were used but there were. s gmflcam.

. :nrre]ations (P < 0:05) hetween counts _of smu'lts fr‘um Little Cudroy

River and ‘adults (grilse Plus Targe Salnon) “in Grand’ Codroy. and\

Rob1 snns rivers . (Flg 4 and Tab'le 75). -The years 1960-63 were )

omittted as by this time the population on. Lnne Cnﬂrny River vas.*




v

g ol
dechmng due ‘to neavy tagp‘ln morkat ity of smolts’ (hirray msau)

S The” corre'lahnns suggzst ‘that rivers Wi h siuﬂ\ar enkunmenta'l

It dppears that this type’of study fiay be a practical means of - or 2

- higher than previous eshnates Tbe results of this st.udy were not.

2, curve, & 'Innger time semes uou]d be requl ad but a hr‘ef conpnrison i

Lwith current ast!mates of optmal spawning’ requ|rements might' be

' Peasured a5 “Eheir smolt progeny. - Elsan’ (1975) concludéd that an
 egg depositian of 2.4 egq.m "2 of smame Pearing Habitat gave

" rivers; Pollett River was manipuiated and may not represent natural - Bt
.. A arbiirar& figure. I will, ﬂabnrate on these qunts. : ¥

where there are’fo. cypr-m'lds or percids, M.hnt.ic sllun are abundant

conﬂi\twns are sym:)\rm\ueﬂ in thuir annual productwn of jsmolts. = . .-

predicting available harvest for fisheries o'n a regional basis.
It s possible that optinalspawning requireents are mich *

idlquate to. deurmine the patn’t of u\flection on' the stock-recruitment . . i

instrictive. Dptim'l smmng requirenents for Atlantic’ salnorr |

Canauian rivefs have been :stinud ‘from expenlents on Pollett

chr N 8. (Elson 19573, 1975): , Stock size, vas eshlat.ed from

jatural egg deposition and planted hatchery fry and recruits were - 2

opﬂml smn'lt production, and- he also recomnendsd 1eve‘1s fos, fvy, _'

small par\". and 1A!jge. parr dens(ﬁeL These va'lues are whmy used
‘thoughout Atlantic Canada’(Anon, 1978), but there: aré: several

reasons why they should be used with caution: ‘salmon-habitat is
difficult to measure and may ot be comparable between different -

systems; and, an optimal m‘depﬁitil;lr of 2.4_eggs w % may only be H i i

Sa1mn hahxtn is qu(te vlriable In Neﬁfound]anm fvers, S

inlentic as well as in riffle-pool habitats: For example, in this’




study ubout su ot ‘the ssal¥ prodllction securred in 1960 hof R
- " lakes and 4 ha of slov-ﬂwing‘suames and -the ‘conversion of egg
vdnpositinn and slolt production to the zs.uu of standard rearing

habitat leads ‘to inflated vajues. v which are somewhat meaningless.
Ponen. River may not be comparable to other, rivers as ﬁsh—eatmg (e s

birds nalaly, mergansers and kingfishers, were u:t.ive'ly removed | i L oo ke

dang the exper‘lent‘ The egg to smolt” survlval rates and annua];
‘variat(on in’ smoft pmduction ‘vere™ quite different’ from- mee

Cadwy River. ai Wesmn Arn Brook.” This yas most: c1emy seanl ol e

-when the egg “tosmot survival rates ‘o ali, three rivers were.

idjusted to the same snolt age'of 2.1y. The survival rate on -

“ pollett River was considerably. Towér (Table'76).  This was somewhat

surprising as the renoval ‘of major predators should have. increased

me'sur"vivﬂ:' Possibly, other 'factar‘s were involved or predation, "¢ £
by Inrds is not the primary cause of lurtahty T Attantic satingn: 24
on. Poneu River, the coefficient of Variation in.amual, s-ou s 2
production was twice that fo\l\d on kgtle Codroy River .mv:sum : x
"k Bmk (Table 76); the” mues o tha Tatiar: tid, rivers vers N
almost equal. This greater variation on Pollett River could hava)

béen'a consaquem:e of the pr!dator mntrol and thus the resalts ma)

not apply m otmr rivers 5
There seess to be 1ittle ev1dence to support an ope.ua! egg ,', ?

depcsmon of 2. Q eggs m 2. The twn re‘latlunshxps between egqs and
3, 64 ‘Fig.- ZO) do, nnt

smolts’ that are presmted here (Tab]e
*indicate an- asynptote at ‘this Value. “Onthe Panm Rim, a
Tinear fit(r = 0.83) ha

smailer.vesiduals than Elson's (1975) "

0.81) suggesting. that the asymp

curvillinearr (r
had not.beén reached. | The &ritical.need for more research is .




therefore emphasized, and it is quite possible that optimal egg | :
uepusiéiéu could be Zoistdeiainy higher- ort, many salmon rivers.

. The final” component. in the dynanics. F the Western Arn Brook
Atlantic salmon was the influence of the cnnun!r:\a'l ﬁshery. There -
wias evidence. that grilse harvested in the comercial Fishery of st
Barbe’ Bay'had different Biological” characteristics, than grilse
~samp1ed m‘western'lmn Bréok. Grilse from St. Barbe Bay were
Tonger and heavier; they had higher condition factors; they vere
-greater in fiean snolt age;: and they included a greater proportion -

of repeat spawners. - Although the commercia) fishiery was concentratéd

*on early migrants, there was evidgnce to' sugdest that biological”

characterlstlcs of grilse did not change throughout the seascn, and
therefore, samples fron the comercial fishery wére representative

of the entire migration.

One question, however, is whethersthe: ‘commercial samples were

biased by non-Western Arm Brook salmon. The tagging study in 1977
indicated that about 50%of the fish -caight ‘in St. Barbe Bay vere

* destined: for ot.‘.her rivers and ‘it is conceivable that. these fish

were Targer and older than grilse from Western Arm Brook. . Hovever,
there vas sone evidence: that the fishery was, ‘selecting older and
Targer’ grilse that.were destlned for Mestern Arm Brook; - For example, :
the mean snolt age of gr1'|5e “in the comeredal fishery of. st. Barbe
Bay was always greater than‘for grilse in Westérn Arn Brook, yet

the mean smolt age of the famr was uéua11y Tess than the mean

smolt ‘age of smplts: in the preceding year (Table 55): Thi s suggests
that the fishery vas selecting grilse of greater smalt age.




- There was some avidencg_'wt grilse with older smolt ages were
slightly larger than younger grilse which accounts for their selection

in the-commercial fishery (Fig. 16). There were significant size

B differences between sgolt ages of female grilse sampled in the

. comercial fishery, but not for grilse sampied in the river (Table 54). . = .
This suggested: that the fishéry was selecting the older and larger '

fish. The ipteraction between years and smolt ages was significant

.! (Tables 49 and 51) and it indicated that variation between years %

| ' _was-partly due to smolt age, with grilse of older smolt ages having " 2

i K greater condition., ‘ v .

: /T The imortant influence of the fishery an Western Arm Brobk !
a4 "0 Stock was also reflected in variation of sea survival. Sea survival

N was not correlated to any intrinsic factors of the smolt migration
.
N (Table 46) nor to any of the environmental influences that were
examined (Table 47). However, sea survival was correlated to the

degree of selection for size and smolt age by the fishery (Table 62).

In years when sea survival was high, there was less selection of

size and smolt age by the fishery. In years when sed survival was
Tow, 'selection appeared to be greatest. Thu’sv natural mortality at
sea is likely’fairly constant.

1 K The relatively constant sea survlval of Atlantic salmon contrasts

sharply with Pacific salnon and might be one reason for the difference

in Tife history tactics between thetwo genera. Populations which
have ‘greatest fluctuations in the survival of immature fish tend to

have iteroparity and spread reproduction over severﬂ years (Murphy 1968).

Those populations which have greatest fluctuations in the survival

’ of the s:xuﬂ 1y mature phlse tend to have smlpnruy and reproduce

i 2 -~




4nnual variation in freshwater and marine survival rates.and the - . F

. ratio Vo/V; was slightly more than unity (Table 77). This also

at a youhger age (Schaffer 1974). For salmons.in general, the ,
smolt stage provides a convenient division.Between the immature or
FReSERE phase, and the sexually mature or marine phase,of 'I:j!e
history. A comparison of the amiual Variation in freshwater suvival |
(Vo) and merine Surdival (v,) supports the above'theory that Atlantic
saimon should be ﬂ.zruparous and pacific salmons shouTd be sem&lparous

For example, Atlantit sa]mnn of Western Arm Brpok had almost equal " 3

means that smolts would be a less likely predictor uf,a‘du'lt escapment.

for the pacific salmons. Reasons for the Tower and more varizble .

marine survival rates on the Pacific coast could be related.to the

more complex oceanography of this regiov; when compared to the E f

Atlantic coast where the marine environment is more homogenous.
The commercial fishery in St. Barbe Bay was also selective

towards 2SW salmon and repeat spawners. There were few 2SW_salnon :

caught in the fishery, about 5% of total catch, but during the last
Five years of fence operation only two 25W salmon were counted in .
the river. The selection of repeat spawners by the Fishery was

also significant. flearly S of the total comnercial catch consistéd

of repeat ‘spawpers, but only 1% of the.river escapement in -wes,ter'n

Arn Brook was this type of fish (Table 59). It appeared that v

Targer fish were more vulnerable to gillnets.  The overall effect § :
of the fishery was to reduce both size of fish and the spread in

spawning potential of a year-class. An example of the latter is

presented in Table 78: a year-class of salmon captured: in the




commercial fishery had spawning potential spread over five years,
which left only a two year spread for fish entering the river. The
high over winter survival of kelt also suggested that without any
commercial exploitation there would be considerable iteroparity in
the_spaning population. Nearly 60% of sfwning adults survived to
migrate down river the following. spring (unpub. data) and, presumably
. if these fish were not caught in gillnets, many would survive to
spawn again.  In spite of comments by some authors that Atlantic
salmon are semelparous (Mann andyMills 1980, there was great
potential for fteroparity in Western Arm Brook. Iteroparity has
been found in othier populations of Atlantic salnon. Barbour et al.
(1979) found that 56% of an adult populaticn of ouananiche were
repeat spawners; Jarrams (1979) described a hatchery stock where
21% of the adults had spawned twice, 14% three times and 1X four
times; and Ducharme (1969) mentioned escaping adults in Big Salmon
River which were on their fifth and sixth spawning migrations. It
appears that the commercial fishery has greatly reduced the iteroparity
of Western Arm Brook stock. B
Iteroparity and large body size would tend to stabilize a
pobulation of Atlantic salmon.  The sbility of a year-class to
spread egg deposition over several years provides insurance against
poor spauning conditions or poor egg survival in any particular
year. Mechanisms such as interoparity are found in popuiations
which are adapted to severe and unpredictable environments (Stearns
©'1976). Greater size of spa:«ngrs may also tend to stabilize a '
salmon population. Lurﬁa spawners can distribute thef? eggs throughout

a.greater variety of habitat and a larger part of the watershed °




- than-small spawners. This is Izecause large salmon are £apable of

navwgaﬂng higher stream obst,ru:tlnns (Stuart 1962)

- against faster currents’and spawning on larger substrates (Hartman 1969);

they also produce larger eggs (Pope’ et al. 1961) which are known to
contain nore calories (Glebe ot al. 1979).

The ‘consequence of reduced size and ggejare yet more significant
if these characteristics are, very heritable. This is hecause;
population would be Tess 1ikely to regain its original phenotype if
exploitation were stopped. However, there is also evidence that
genetic factors explain.only part. of the ‘great varfation in'phenotype
of Atlantic salmon. Belding and Kitsan (1934) pointed out that
spring runs of many rivers had persisted inspite of very high
exploitation. . Similarly, #arge salnon and grilse are not as genetically

distinct as some authors have suggested. For example, artificial

_ propagation-of largé salmon parents. does produce a greater proportion

‘of large salmon of fspring than‘grﬂsi parents; however most of the

offspring are grilse, regardless of parentage (Ritter 1972; Piggins 1974).

There i also straying of salnon which would tend to reduce the
influence of genetic -fixation. On Little Codroy River, about 7% of
tagged smolts were’ recaptured in other rivers (Murray 1968a), and
on Westérn Arn Brook one tagged kelt vas recaptured in Forteau
River (unpub. data). Thus straying could be important in mixing
gene poos but probably not enaugh to salvage a sfock, as White
(1936) noted that salmon would not stray into a river unless they
detected the presence of juveniles. Finally, Wilder (1947) found
no differences between morphological and meristic characteristics

of landlocked and sea run Atlantic salmon.. He concluded that any
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in'the fisheries may not!result in an obseriable 1oss of phenotype.

* In fact, theére was evidencefthat the phépotype of Western Arm
Brook stock was being maintained in spjtg of strong ‘selection of
spawners. Western Arm Brook has probably been &xploitet for hundreds
of year's. ~Communities at the river mouth have besn_settled since

the 1600's and salnon were 1kely an important source of food. The

" current fishing berths ‘are about ninety years old and mesh size and

- gear type. probably have changed little in the past  forty years. I

havé indicated that selection in these fisheries has allowed only
s‘maH and young salmon to s;;’éwm Yet, today smolt age sti{] varies
from age 3+ to 7+ and sea age varies from 1SW to 2SW virgin fv‘sl_) to
a .variety of repeat spawners. Thus, Western Arm Brook is maintaining

some variation in phenotype inspite of strong sélection in the

. commercial fishery. : .

One purpose of this study was to uncover: factors which determine
varfation in ‘smolt production and ultinately to develop a harvést
model for. the Western Arm Brook stock. This goal is not un]il{z the
Sueskions SSKedo dEHAT Ol STaCNE: NhiveTiEe, TLORTUNY Be valuabis,
to list some of the move important agsumptions of current fisheries ”
models.. In nost fisheries nodels, recruitnent is assumed to be
density-w’ndependentF(B:everlon';nd_ HD]\‘.\\\1957). " This is because fish
eggs are snall and their suryival is believed to be influenced
mostly by veather. Th% Ricker ‘mode] assimes that recruitment,

increases exponentially with egg deposition until some fixed point

where ‘increased egg deposition ‘ahibits survival (Ricker 1954). In
' \ ' -
| ; o




“model.

g - \
the Schaefer mode], yield is assuned to incresse as bioasss of the
stock is reduced; this is due.to a corresponding increase in growth

X \ "
rate (Schaefer1957).  Atlantic salmon are Ganaged with the Elson -

Spauning requirenents are .ssu.A\ o be 2.4 eggs m 2 of
rearing habitat and all remaining fish am available for harvest
(EVson 19575, 19620, 1975). It is wwmu\mu egg densities
greater than this value. suppress the growth,\survival and production

of juveniles. k{(s to be renewable

and resilient, that is they can be exploited \irpetuﬂ:y and
[} 3

paraneters ike growth rate will respond inmediately to agy change
"Generally, it is thought that fishing is ggod for a

Finally, all models assune sto

"in bionass.

‘population, much 1ike pruning stimulates shrubs into a healthy
» state of continual growth. Thus the current harvest models tend

not to take a conservative view of fishing.
The ideal harvest mdél should probably be based on observations

which are specific to each stock. On Western Arm Brook, variation

in smolt production was influenced by a combination of year-class
strength, smolt age, and sex ratio. Year-ciass strength of. smolts
vas correlated to egg deposition. !
tempefature and there was some evidence that it u‘as_a function of

This was because parr at lower densities

Smolt age was correlated-to

\fensity-depemnl growth.
appearéd to grow faster. There yas also some indirect evidence
thit density-dependent growth nf juveniles could influence sex
ratio. Thus a harvest model for Western Arm Brook should accomodate
egg density, weather and dens i ty-dependent growth.

It was Bviﬂont in Western Arm Brook that smolt age was debeminld

by grmm\\ rate. This was because mean smolt size did not show

Seerd




annual changes and it vas- a relatively Fixed characteristic. It
seemed that faster growing fish became smolt.at a younger age. The *
range aicige at which smo1t size was reached appeared to be bounded
by extrinsic factors. At the Tower end itvas probably related to
‘water temperature or productivity of the system. At the upper- end
it was probably 1imited by natura]‘morta]it}. Presumably, mortality
was related to'the number. of years spent in freshwater. In between
these two 1imits it seemed reasonable that the ;ge at which smuR‘
size was attained was determined by density-dependent growth, and
ft s conceivable that smolt age could be manipulated by controlling
the amount . of egg deposltmn Th g

' ~

A simple model was devg]oped to examine the stability of smn'lt

production for di Fferent & 1} ages. It Wis assumed that smolt
production was affected indirectly by environmental factors through
39’9 deposition success and fluctuations in nortality rates. The
basic relationship for a single gmolt age system vas:
\
. S =E-exp(-(H)) m
» " ‘where § = snolt" production in. nunbers
. E = number of eggs ‘deposited

M = mortality rate

- s . t'= smolt age

Equation.l was modified in two ways \to make it more realistic:
3 < X
a) a:distribution of snolt ages for each dipinant age was used

instead of a single snolt age; and, b) mortality from the egg Stage
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to age three was considered_separately from mortality between older
1 5 :

-ages.  For example, with a dominant smolt’ age uf four, assuming

that 20% of the smolts were age three, 50% age four and 30% age

five, equation 1can be written as: ]

0.2E;exp(-(1)) + 0-5E;. @0 (- (W) + 0.3 Ei- 0k (<(M_yo

M)

‘where M' = nortality rate between egg stage and'age 3
M =mortality rate between older ages
i = index for period i

- » R

A sinulation model was constructed in which E, M' and M vere

allowed ‘to be independently normally distributed randon varisbles.
“To avoid gatives coeffictants of ‘variatian yere: keptiat Tess than
0.6 and absoTute values vere utilized. The average cosfficiert of
variation for 40 years of smoit pv‘oducnof\was useq as an indicator
of stability. -

The results indicated that stability of swolt production vas
____related to a broxd age distribution of snolts (Table 79). Stability *
of smolt production ‘appeared ' to increase with dominant smolt age,

bt this wis. o to a broader spresd 1n ages. For exule; there °
4 was little difference between the stabilities of doinant smoft
ages five.and six,"as both had identical spread in smolt ages
(Table 79). " Stability was only indirectly related to snolt age in

that 'o1der smoTt ages would have broader age distributions. It was

apparent that narrow age distributions had considerably greater

fluctuations in spolt production. _
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The ability of-a a year-lass to sprea; fts reproductlve effect
over: Geveral years fs functionally. sinilar lo iteroparity. Organisms,
sich as Atlantic salmon, that are found in [fursh or. unpredictable
enviroments, can insure thamselves” aq§1 nst calanity by sprea-ﬂng

their reproductive effort over sevara'lﬂears (Stearns’ 1976). ‘In
3

Western Arm Erook, this was ach’ m‘imnr”y by varlatlun in

§noTt age, as spawners were'alnost always virgis which had spent

only one winten at sea (grilse or 1SW salmon). It follows that a

reduction in smolt.age, -could make a stock less:resilient and
preservation of smolt age should be. considered in the minagement of

Atlantic salmon. N : :

According to thé above model, to maintain a spread in smolt S

age would require high eqq'deposition. This is because more eggs
would be needed to keep, the density of parr at a level high enough

to inhibit growth and, ultimately, to raise the snoit age. The

cost in terns of eggs, was calculated for We)tem Arm Brunk: The
number of eggs refquired to produce the currént smo’l"; age distribution
was calculated fron the dean of observed valies and it was compared
to the number of eggs required for the hypothetiéa! smolt'age
Strucgire of an unesploited population. . The hypothetical smolt age
structure was assured to be normally di stiibutsd dround a‘dominant

|
smolt age of five. The spread in smolt age was assumed to be

bounded by ‘ages .three to seveh. -The number of eggs required. to
iproduce one smolt of age 7+ was 22 times the nusber of ggs required
to praduce one smolt bF age 3+ (Table 80). .The nimber of eggs
required to produce 100, smolt of’ the hypmet‘i'm unexploited age

stracture was more than three hmes that reqmred to- produce the




cumm. we stmctnre (Fig 29).5 Tt ‘was awnmt that to maintain
BN Y sgre d in smolt: age costs more aggs.

7" #3xious smolt production was calgufated. for Vestern Ara Brnok

Seven) ‘assimptions were made: the hypnu\etical “nott lge structure

was” normally dstributed around s-m ge. five; naximun freshuater

: production ia'riffles ad outfloys,vas €qual 6 production’ observed

.m 1nmmd p;—uduc;ipn in rh‘ﬂe and- outﬂw hamaés

nductwn‘ and the maan wniuht uf a smcn wus
59\7'9 (Table 80). The current estmate oF avgtagatealas prmcmn
in hfﬂe and v.tﬂw habiuts has 2.23 n w2yl

The laxfmm "
ohservad mu. for pmaucmn at. statinn 1 (Table 67) ns ‘2.45

til!s vl'lnet observed’ in r\fﬂe and outflow habitats.

Thergfon

tiles to 4802 kq yu Thus an awmxuau va!ue for ‘the maxi mua

qnnf s-ﬂuwaslm kgyi (uozkgxosz) nranm
s-nlt;y 1:at an av:r_lne \nugm. of 59.7 . (Table 80).

- wprodu

The- Fequireq nusber of -spawners to v’r‘oauéé saxinum smolt

,produ:t!on \us est{uud as follows: the number’ of. eqns (Fig. 25)




Liane: on\ar esﬁqps of sea s\n‘vivn'l chh nre,]wer than 15%.

commercial fishery was estimated to be 1.8 kg; and the. sex ratio -

vas assused to be 50% female. Egg requiresents were estimated to -
be 3.95'x 108 eggs or 2850 1SH adults. To achieve this nusber of
fish, at least 111X of- the ssolt-migration (2852 + 25739) X 100)- -

aust return to the r(v!r to, spawn. ) - S e

2 'rnese e bassd on studles of tagged smons and ‘they range from .

3:9% on Miramichi - R|ver

unders And Al'lan 1567)‘ 9. 4‘ on' th.tlg
Cndroy R!ver (Hurrly 19688), to 1. ﬁx nn Smd l“" R'Vet (Pratt et
al. 197l) Thus it appears’ thnt fur Hesurn Arl ll’ook stock to

 maintain itself T the nypomncal uhexploited state, it vould 3

: require almost all of its smolt” p»’mm|m(11x) Tr spaumng 2 =s

r;quiruents Even with,_the mghest estinate o' natural sea sllrvlva]

only. 2 small snrplus of ﬂih ((4! of s-o'lt »roduction) uould be

lvuhble for Mrvast when m stock Is in ".s hypat@{ka nuxploiud

sum.




reqmmms for'a Wmum unexplnmd populmon. u‘menuy.‘
about 10200 smolts are 'produ:ed annual ly (m\- B), of these m

‘uﬂl be harvested _(Anon. 1978) u\d 5% will return to the river.

Thus, a current estinate of harvest is ‘about 1000 fish. The \mwmua
poplﬂiﬂan would mmre an estinated- 2aso “spavners yhich vould be

for expmuamn. " Repeat. spa ners could u mrvmeu which

cou\d lze 1n:reased by ‘only EOX wiv.h a :ost nf a 300* {ncruselln

egg depos".'on.

The maximum smolt. -gg dxstnhuti!m weuld occur. vhan fresrmur

9 prwmm of parr {s at carrying capac\ty. The:miniaum. ST age”

distribution wiuTd occur when grwth ate: of juveniles'is ’coip)euly ;
density-independent, with the msuy of Juveniles’having no-inflience -

on“smo}t age.. Eison. (1957a), found thatﬂensity-depmdent

fects

/ (Fig. 30).  Otfer

2yl miqht pnss‘ih]y




“ between this range insmolt age is more’ easi'ly seen ‘on 2 gruph In

F\g 3la, ‘as the nwber ‘of .spawners mcrease. recv‘uits a'(sa \ncrense ,

A ina near!y hnear fashwn. At 2850 spawners, carrying, cunacit}«js : e

;.7 reachied and there.is no' further Increase.in recruits: This -graph

empnasues the gradual r-elannshw between the two vaﬂnb'les

’.The mean ﬁarvest that would be: avaﬂalﬂe to the: fisnenes is -

“ "mdlcated in Fig 315 . Mean narvest would iincrease slight'l»y betuegn ki

the \nimum and tha most cabu smolt age

e this appears as a flat doné shape An mpnrténb di'fféfence ‘between

the two extreme

mean harvest (Flg 31b). At -the mlmmum qt age t.here wou'ld be T

canisjderable varimm\ in"available hatvest as thepopulation wouid

be goveméd entlrﬂy by denslty"lndepend!nt factors However,” at :

_because it uperates on bionass; " At 1ow plomass

ragio’of yietd to strean. prdducnan, but the' systen'is no statle.

To. increase hmnass rgqu(res an evar vncreaslng e:b depasltw but




healthy fishery, uitil, fa\'rly Suddénly,” catches becoée er}atic' and

the  fishery aecnng,:. To re stab“sh mnnuy. ‘a largc memm’ 5
Lot ‘energy nust be diverted into bjomass.- This concapt is nnt new. - .

uarga'lef (1966) viewed biomass as tne keeper. of 1nfurnatwn and in i

lntnn culuniths the ritlo of productlnn tu b1ulass 15 mlued

There is. another’ mrwm of h!gh h‘lnnus wlrich is often nnt

¥ appmnated A salmn popu’latmn a(. :arrying capqcﬂy or at high*
£ binnss is able to utll'lze mv‘e of‘me availabl: secondary productwn
it TR : uuan pnpulatwns bﬂw carwmg capa:n:y\ This is be:luse mvemhrau

produ:twn occurs in_ Jarge. vulses durmg the late spv\ing and: early

= f:n/mﬁuvem;h renains at Tow Tevels. ﬁnroughqut t.he relamder
: . “st7ne_saason (unpublished data). An efficient. feedinq strategy is

t.o maintain a large parr hw-ass \mch “can 'u"y uti"ze these

pulses a»d then to rnaln ina restmg phase for the halance of the

ER " year. Sli’ 'a," L nas been for 1nsect

g to one (Ddum 1971) 'lhere uas

Tms ib ity to utﬂize mre sacm\d:ry pr,ductlun at h\gher bmllass
suggests mat_yie’ld wnuld a]so be greater at :arrying cnpacity,r_ 3




o " Itiis possible that hlgh and constant, fishing mortal ity
. wnu'ld create-a regu'lar cyc]e in’ stock abundance, Fur examp\e in

the hypoLhetica] unexp]mted state of WEstern Arm Erouk stnck a
e Sl o shmg murta]lty greater than 4% of sl\u'lt productwn would cause

egg ﬂepnsﬂ.wnn, smo'lt product\nn and smn'lt age to decl]

* decline would cunhnue w1th each generatmn until spawmng escapements

hecame Cconstant. Eventual ly, egg reqmrements per smo'l'. wuuld be .

w2, 1 'reduced such that smo]t productmn would 1ncrease. vSmnn age would:

a1sn lncr‘eise and the cycm

repeat itself.

It lS uner]y that f1shing mrtahty vould. be entlre]y censtant.

- There is evﬁdem:e from this. study that. selection in the comercial’

fishery jould einforce -the pmpnsed cycle of-§tock abundance.

« . This is; because at hlgh stcck densmes, grilse wnu'ld have nlder

. smolt ages. 01der grﬂse are shght'ly ‘larger, .and.as a resu]t,

s . they are more vulnerﬂb]e to" conmerc a] nets.’ At 1uw stack densities
by b sy grﬂse wou]d have ower: smolt ages and they. wou]d be Jess vu1nerab1e
Cy 'to gmnets ConsequentTy, at. Tow stock densities, Fishing mewtahw

wou1d be less whn:h might’ a]]aw for |ncreased egg depositinns

- To end ‘this paper,, I examlne trends in abundance and bin]ogica]

’ characterlstlcs of manuc salmon stocks in genara] for evidence JOf;

. the proposed bicnass fodel. | As T have stated before, there are two

- fisheries. for Atlantic ‘salnon in Newfoundland and-Labrador. -Landings

ey i the .comnercial: fishery have been racorded annially- since 1916 -
! : - ‘, (Mnrray 1965 -Ledr and May 1972;. Reddin and Waldron 1976; Moores, .

. unpub ). but records axtend back to 1736 (v n Taylnr F\shemes and-
. Oceans, St. John's; pers corn. ). The recreatwnal fishery is at . = .

least 100 years o]d and landmgs have heen recorded by rwer since




1953 (Moores et 1978; Muures and Tucker 1980). . A feature of

the commercial 1and1ngs was a trend in the shape uf a sine curve.

This curve was most easi

iséen.when total Canadian’and West Greenland
harvests were included and treated with an eight year noving average
(Fig. 32). There was 'a similar trend in the recreat.wna} fishery, -

©witha, 5teady increase from the 1950's to a leveling off in the mid
1970's,

ﬁshemes had tne same . degree of varIaHum cuefficients

of vamatiun for-annual -catch were equal to 30%, similar to the
vamatmn of smo1t productwn found on Western Arm Brook and Litt]e
Godroy River (Table 68). &This, suggested that freshwater production
- of smolts explained a lafge part of the variation in commercial and
recréational lahdings. . , ’

The curve of Tantings was fairly regular except for what
appears to be a declining trend in catch. The curve had' two maxina
(1930, .1970), two iscending slopes, one. descending slope; two ’
migima (1920 and 1950) and -a-period of "40 years (Fig. 325. The
ma%ma and ascendi ng slopes were guite similar, the d1fference

between maxima cuu'ld be partly explained by the advent of the

salmon hshery at Hest Green]and and the s‘lopes or rates of incréase, i

in catch were. 6 y '} from 1922 t0'1934 and 5% y 1 from 1962 to
l1974 "1t s possible that the regularity of the cirve is caused by
" the sane biological mechamsms that,vere-proosed for the Western
Arm Brook stnck. # 2
It is unlikely:that trends found in the commercial ﬁsher!es
were. due tn changes m fishing effurt There were several reasnns

for believing that, f\sl\mg effort has remamed re]ative}y constant

a First, the salmon fishery is 300 years old and fishing is done with

passive gear at traditional family berths. Effort had changed




100

Yittle since about 40 years ago when a mové was made from trap nets

i
|
i
i

to synthetic gillnets but this possible increase in efficiency was
partly:offset by a post-war decline in fishing activity. - Second,

fluctuations in salnon landings for Maritimes, Quebec and Newfoundland

: were synchronous in degree and‘ timing. There was also a close
<correspondence between the ca-nrcia.'l and recreational fisheries..
i : 3 Third, the twc;- ascending slopes in Fig. 32 were very similar which
g “biggested effort had remaihed constant during these perfods. The
s 1 ' . yearly SHreRaRts Al ang eRe $10pes Wene aTnobt-eciaT CF 210:99)
3 :  luhich indicated a constant effort.  Finally, other ‘studies have
" found' a relatively constant sed and, fishery survival of 6%. Cunpubl.
data). Undoubtedly,’ there, were sone annual fluctuations in catchability

but these would be due to weather-patterns and they were probably e
i . A

o‘f stock It seemed r to conclude
that 1andings were ffair indicator of stock abundance and that~

:hanges in ef—fgrt had little to do with the shape of the sine

cangu?rgpz with the sine curve of abundance, there have been. . -
~trends in the bislogical characteristics of Atlantic salmon captured

in the Newfoundland fisheries. There have been at lesst ten studies
. \ o ‘on-the bwlugicnl characteristics of Atlantic salnon taken “in ‘the

" comercial fisheries (Table 81).. Trends in the characteristics

were_determined from 1931 to present, but there were severalpotential =

i
|
!

rdes of error which should be mentioned. Ffor example, in the
1930'S there was a tendency to underestimate the number of grilse 1

“landed; especially in years of bountiful harvest, Jike 1931 (Lindsay

‘and Thompson 1932). However, the most serious problem was to




. the ls'land in 1931 The most, current saﬁnp'(e nf s\ln'lav‘ magmlu

. obtain’unbiased; randn samples from the fishery. 'There are at-

Teast 200 unique §a1mnn‘ stocks which. are ‘exploited in the mixed

stock ﬂshemes of Newfoundland and s a resu\t it.is probabdy ..

impnsslb'le to obtain’a’ meaningful sample of then. _ This™is lbecuuse

- ‘stock conposition’can change uarkecﬂy aver 4 seasori arid probably

= cnange‘fr‘om one year to:the ;\ext for" any particular area. In spite

of the’gbove constraints, tneée studies were probably indicative of =

- trends for-Atlantic salion stocks in general. g 1 E

The ' studles md‘lcate that there have been decl\nes in: smn

 dge, sea age and the proportion of repeat spawners m the commercial -

landmgs Smolt. age dropped siqmﬁcanﬂy (P <-0. 01) from-the ‘

+1930's ,bp the “eariy 970'5 (Tahle 82) The grilse component mcreased

f\"wm ZX in 1931 to 69% in 1973 (Table 53) This 'im:reas'e was at

Ieast parﬂy due t

correﬂ'nq décline in the praportwn of

1arge salmon.. " In- 1931 repeat’spawnens cnmprised 15x nf the cnmmercial

catch and they declined to%2% in 1972‘73 (Table 34‘ ‘;ﬂ“s dec]

- was the most gnnnstant change .in. stock chargc@eri tics “but, a)sa‘

indicated a'tremendous 10ss of variation in the 1ife history of. -

Atlantic salmon. . Lindsay and Tnnmp:sen‘ (1932) counted 33 different

* types.of spawners fron a sample of 5000 ;duns distributed arolind

An \catud that the. potentm spread in eprodu

year—cuss had hun v‘educed (F'IgA 33) The dec'line ln hoth age and
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B éviuem for the biopass model was suggested by a fzedhack
lechama between stock abundance and- smolt age. ~There was a
" slgnlflcant relationship (p F 0.01, r.= 0.97) between smolt age and
| stock abundance (Fig. 34).. \ Stock abundance was estinted from_

& 5 s,
: 3o values on ‘the sine curve oﬁ :omerclal landings (Fig. 32) S-n'lt.

‘age-appeared to be, influunc?d by density—dependant grwth qreaust

smolt age D:cumd at highcét stock. densitinr nnd smo'lt age- decreased

i ; at Tow stock dennties. rThe\ mechanism couid he as-follows: at 'lm(

g the repmductwe rate and caused the st.uck t.o incm

stock densmes, smnlt age was_rediced unich in turn. (ncreased »
; cnnverse]y.

at mgn stnck dwnsinss. grndth rate ‘was supprassed, whic increased:
sm\t age and rediced the rq;ruductwa rate with the resu]\‘. that
+ % stocks k) fnéd. - The w ye-nperind of the sine curye. TS
. detérmined by these shifts'in smolt age. “Thus; _the Muuss mdel

developed on Vestern Ar- Brools has. pnwlded a fra-vnrk Inr exa-1n1ng

the. mfgm!atiunsh( P hetwu

salmon stncksv

In summary, this st.udy"has: Be‘en a significant :o‘n:rimron

climate and. the f\shqry. A number of corre'lations

between smo]ﬁ age ar

; dansjt,y and dnwnstre

uf spaumng adults” and selsctwn in’ "

between tne.slze of  fla

rvest and pvvdur.tiun for all Atlanmc
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* Year ® . (No.) _griise catch (No.)  catch (t)
1952 - 32. S, -
1953 - 4, 105 - o8
1954 1% 50 85
1955 =20 100 82
1956 26.3° 109 87
1957 17. 222, 92
1958 213, 217 -92 /
959 2L 4173 98 .
960 19. A 9%
961 - 2. 208, T .88
1962, . 4 615 Z92% .
1963 S8 o, 991 91
964 10. 1586 97
1965 . 1831 - - 96
966 2043 94 .
1967 2150 95
1968 2333 ~97
1969 2830 97
1570 L~ 3018 s
1971 F 2141 * 98
72 1366 35
73 27% -99
74 1804 _ o -99
975 w21 99
976 3 3048 99- 32
77 2431 93 + 13-
78 1363 g - | 18 =
1979 . 3294 99.- 0 -
1980 1683 © 98 32 4
1981 - - - 2542 9 a




*. Tabile 5. “Habitat accessible ‘to Atlantic salmon in - -
5 Westérn'Arm Brook, by stréam order in ha. .y C

2 2 Strean order
Habitat 3

¥ Riffie
Steady
Outflow.

Lake 130.0° /8180 1024.0

‘ Total i U : ' 133.67831.8" 1080.




Table 6. S-ﬂhm suﬂons ln llestern Am
B Bmk 1977-1!




2, g Table 7,
L _ #.and; last _smolts were counte

Datns when snp'lt :eunhnq fenca vas 1n uparut n..and whm thie f rst.

" Smolt count .
“First- . < Last. -

28 May .} 1';lu19‘




" salmon: e e dTI TR U ogher  ongdrl Co o o
Year - -KeTt _smoit ;. Parr ' ' -Trout = - Eel SmeTt ~ " Shad".Stickieback

1 8
£15675°711292 -

- 218 13
19
o7 fop06 ada B8 T3 - 400
zsz 3 3043 8. 370.6.-.330.3 L' 1638 261,
84 6 1z 65

Correlation with <% s
: smo'lt migration - ¥ gt

LT e u.ns", 0.638%. 0365 00,0777 00161 0:

*Emma:ed [P
5, andard deviation - .
coefﬁ nt nf varht'lon




Average annual bionass o;
from Western Arm Brook.

smotts: -




ok 50 Tab1s.10,.. Percentage of smolts in-each age group ; Yor Solt uigraﬁans
W E samﬂed in Western Arm Broak 1971~ 1950 "

Perrcant “in ‘each-age group ™

1977
1978,
1975 "
1980

Mean
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Table 12. Results of thrée-vay amlysis of vartance, 2
(for_each of fork length, weight and condition) between . -
yars.ouq-muxnv Tts in Western Arm Brook. .

G L
__ - significant P-< 0.05. .
- Pvery significant P <001 e SNy




V Veight (g) "' Condition

" ir0.90 ;.




Table 14, Main effects and .s‘lgniﬂcant 1nterutinns

and their percentage contribution.to, the total explained '
source .of -variation in_the: three-way ANOVAS for-fork :
_‘Iength weiam. und cond't‘lnn of smolts

v

.Fgrk“v, S
Tefigth . ‘Weight -







+ Table 16.  Bfological c
‘#Brook compared between’ sexes. .




Ta 1 Ovarfan welqht (a) and ova A nd jex (b) of 'smoTts in:. .
Nestern Am Brnok cnmpared between sma‘lt ages for an years comblned.

a) Bvarlan welght (g)

" §§
- 70,0063 " 0, 2
'0:0934 '7 0.0003"

Bétween 2 ages
(Within ages

31500998

A gges

27 a0ig2 20141 1062 L
157 1972 .99 _" 12,57 i

159" 203,82,




s .Iﬂe 18. Compnr{snn of v!rtebral counts for. smun; of -
. ay!s 3+:4% and 5+ sanpled in Western-Arm Brook,. 1977




-" Tabjle 19." “Comparisonof. change in mean smolt size (o) mrum
- _the.duration of the 1979 saolt lig'rl'.inn ‘in Vestern Ara Brook. .

Tine p'rud”‘, n groups”of ‘five days
B I i SRR e

173 1787 1807 174 178,179
: 9.7 16,4173, 1%3 17.2
2825 gh gk

179 180 2
14.4-13.8 "
25 -.26° .

) For exmplu timeperi 8%
“t/contains s, olu from the smolt ‘run. in days 1 o 5.

bem n time ptrhds. .

that -there was'no size d"fcnn:a ;




1977 1978 1979

17.47
14177 1
141

- I
022 »Z‘

1030




+._ Westefn Arm Brook,

“Tab)e 21. - The percentage males for nolts of ages 3+, 4w and 54 in - .
1971-80; abundance of matured males .is also . el o e

indicated 1977-80.

Matured
L L males as

=07 K117 Number. .a'percent of -
ages " sexed  total males. .




vy of mefﬂchnts of :nnua’l vlrhthm (C v.) for b’ o!ojhnl -
f s-ﬂts ALE HestemA Bm k (1971-80). 4 g 2

- Cﬁr_'aéter:l stic

“Smolt run - -

© Year-class
‘SmoTt;age g

7 Smh. fork. Iength
’Slﬂt -condition -

"Sl\ﬂt smlng stock,
Grilse escapement®’
Gb‘ﬂse narvest M‘







“Tablei24. -Annualinstantaneous. growth -rates of-'smolts sampled-
'in‘:eétprn Arm:Brook compared between smolt ages for all.years-
combined:s B Yoo - e




Table 25." Back-calculated fork 1
sanpled in Western ‘Arm; Brook,” 1971

lengths (mm). for ages 3+, 4+ and 5% smolts

. ’Backrcalculated fork-length .
CB Rt R g in Total

=







Table 27 5hand|nq Stock oF age 0%, 1+ "4+ salnon present in
“estern Arm Brook during,the years “1969-74: " L P

stock. (kg) “in age group ' .. stand(
P B A stock | (kg)




- 47\7- 1363

. 43.9v msea"j




“Table 29, Cnrrelat\pn ¥ méan_smolt age ot yzar-dlasses of smolts’in .
waster» Ann Brook to :nv]romenta] variab]es.

' Year-cldss

2.86 " “0:a4 2.3 . . 280, 738

2700 0.8 2l st

Daify tempi’ (X): Y= 0.
D of ‘daily temp..(X):
31 Monthly temp. (X):'Y =
SD of -manthly" tem.’ (X (675X
Days. > 7°C:(X): Y = 0; uux e Tk,




“Fork 1anqth, who'le ueight candiﬁon and ‘ean ade af
B “parr” nlder than age 0+ :omparbd bebween habﬂats in West&rn 5
i oA Brook (1977-79), ¢ ; ¢ .

[~ -Bidiogical o “habitat - -
: char;c;erisﬁc Riffie  Steady OWEFIoN

Wefant (g}
Mean

L vSD
in

** condition

£y 'E £ 7,030
+0:089: 7+ P <0.001
HEQ A st P




TabTe 3L Fork 'length (m)of salmon parr. sampled in Westeri- Arn. Brook:
:mand betwaen habitats -1 early and late sunmer; 1978-1973; 3

STt habtat’ v
. RI¥F1e - Steady - Outfiow

* Season’

3,4 2,81
16612166 ;

Late ‘sunner” ol
; .8 2,301 -
12,762,250




Ak
' Table 32..
sumer at ages 1+, 2+, and'3+ cmimd between statinns mthi
and b) outfloy. habitats. R N

Fork “Tength . (i) of salion” pari sampled™ ri-Western Arn Brook in 1a

)’ riffle -habita

Station’

S [ BETST % 71

82 B0 g e
18 1,25

L1027 118 120"

165, 151,.15 -1

220 iig;

e
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T Table 3. - Phreantage-sainen ban: 5. snmanids
: captured by a'lect.rnf‘lshng in four_habitats in

o B0 e Vestersi Am, Brook.
1 ~‘ =
o © . River ordep
uilver order. ) ot

‘Habitat

Riffle
Steady

- butflow-

Lake "¢




Feq 5 .owwe % Y1636, Percentdge “sdlnen sa'lmnnids e B Ayl
5 . “captured ‘at sanw'lmg stations in Western :
Arn"Brook, 1977 . )




Released

Table 37. A summary of Juvenile salmon ‘tagged and recaptured at stations }'and.3
in Western Ara Brook, 197

Station 1 2 station 3-

i o -19/09/78 - 2s/07/78 - 20/09/78
PR g i T 2T TR AT 2 T
3 i

2 68.36 125 .8 28,4 37 _51-75_ ia. 181
Recaptured ¢ o o
PR

a- Reciptured in saptﬁar of same’ year zna releaséd agai

b - Recaptured on 04.07.79 for station1, 1.05.79 for suhcn 3
© - ‘Recaptured on-29.08.79 for station 1,”and 24.07.79 for station 3°
* - Two Tishwere recaptured twice.




1979

Smolt . Parr Trout Eels

“3-spine

stickle
“backs -

F-spine

e . < stickle- -
Swolt - ‘Parr. Trout Eels

“backs




. Table 39" oF. btdlogical.
o2 Hay 1 1679, before it vas drpvpu'lated and
afterard

ics’ of ‘salmon. parr
on 27 July; 1979, tio months

station3

; ‘Para‘mete\r
iz

Fork léngth - age: 0+ (nin)

: Fork.)ength' age 1+ .(mm)
“Fork length age 2+ (mm).
Fork length  age 3% (mm), .~ 128 -
- AAverage. fork' length (mm) - .~ 84
<. ... Average' condition (w/ﬁ)
o272 Average age_(y)
“Biomass..(gm 2)




*. Tabte40.” Dcnsh.y and stlndlnn SHEL b Satoon (5) and [brook -
trout (M It rifﬂe u!l outﬂm- sutlom in. unum Ar- Bmk. -2




55 Y&‘e a1, D-ndty lnd lhndlllﬂ stock bf salmon ‘S) lnd
llroﬂk rout (T) in luw habitat. i Western MI !MI(. S




" [Table 42, Percéntage, of ‘standing stoc
of ‘salmon’ at. each age three types..
/of habttat in Western'Arm Braok




Table 43. Smdhlg ltnck (ﬂ n°2) of H‘Im*l! sutlon 1, Western Arl N e
Brook, frol 1977-79. : x 3




Tablé 44, Mean size, age and standing stock at ritere stntion: in Westarn Arm
Brook. proceeding -upstream at approximately 2 k' intervals, ' The ‘correlation..
coefficient with the distance wstrean is indicated; the levels of s

are X P<0.05 and ** p<0.01. ;

“wvariable T

J Stand(nq




" Table 45. .Results of ANOVAS comparing bigiogical characteristics of .
grilse in Western Arm Brook between years and smolt ages (1571-1980). -

s < .- Variation. -7

- Between'years
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marison 6fiseal suryval rites’ (sralts

; ping 15)( “salmon) for three smalt aaes on
Nestern m Brook, 1971-80. -




Th'le 49 Resu'lt‘ of fom-ily anllyﬂs cf vari-nu (for th of- fork_
between year, smolt age, sex, -
and Western Amm o 2
2 ST .

E h, whole weight, and condition)
Iocltfon of virﬂn 1SW salmon smled in St. _Barbe Bay and

Brook,

F-value

-+ Condition -’

m]e’ e

. Source
4. :s"

o} ‘(‘year; 3
g (smolt lu)

(16cntion)




“Yabe 0. Biolagical characteristics of v
 Brock and St Barbe Say, 1577-3881.

,L\icaﬂ on .

qu:ar/. Am Brnak
St. Barbe'




Tahle 51 Ma'ln effects and s1nnif\cant interactions‘ and their psv‘centage
n the fcur-way anovas *
for -fork Iength whnle weight. and condﬂ.mn of vimln ISH salmon-in.

St Bm‘be Bay and Uestern Ar Brook 1977-1981.

; v percant
~Fork length- wmﬂa wsight




Biological ‘characteristics of virgin 1S salnon in Western A
t.. Barbe Bay .compared between years of sampling, 1977-1981: -




Tab!e 53, B\ologica'l :haracteristlcs of v

Wesurn Arm-Brook and'St. -Barbe Bay compa

re




'.‘vLautlon age -77_‘, 78" ‘6‘6 _ﬁ Emm:e ¥ ‘F

Table 54. Furk “Tength of virgin fell’ll 15W ‘salmon compared behd!cn ‘years
and smolt ages fox fish slqand in St um Bay and in \hsum Au 5
'Bmk. 1977-1981

]

’Vear it ANDVA )

52. 7= 55.6 P
2:3




.'rame S5. A comparison of mean snolt
in Nestem Arm Brook: ‘and virgln 1S\rl sa1mon

between s-ﬁﬂts and v1rg1n 1SH salmon

c.

‘Tests of, |

‘Brook year 1‘

_‘Y - sD

.sn‘:,

Gr'l'lse in \rlest.er‘n 4

‘Gritse in st.
Barbe Bay year i-
Xy 8D,

ey 93 0.608
3.90" 0605

3 960,732
.91 0,568

198




.56. Sex, ratio-of smolts an
1SW salmon''in-St:. Barbe Bay

¥gin 15W salmon ‘in Western Ara
ompated, between years (1977-81)

s, N T T e
GriTse.in.Western
Arm. Brook in year .~
L g

 0;05) between. observe and expected-sex ratios.

el




Tab’le 57. “Sex .ratio

5f. snolts. and virgln 15Pl salmonin Hestern Arin Bmok and’.

virgin 1SH sa]mnn in t. Barbe Bay :onpared baween smo'lt ages (1977~ 81).

Smo'lts in Hester-n

Gn]se Western
", _ArmBrook
% Male "

%301

& rbm or e i
M uxpectzd e

T g sigmﬂnant d‘lffeMnce 5 0,05 between expme
sex ntlos at smnn‘ age in all three analyses,

‘sex ratios ‘and observed




Tabh 58, Mnlogicﬂ chaructariut’lcs nf v-qun. isw sﬂmon throughout the.
arbe - B

1979 ‘season, compared beween weeks, for Western Arm Broo and

Western Arm Brobk ol
K Whole ~SmoTt.
we'lgh_t " age::
Wy

Week

00

Y

1610, 40

1500 , 3.8

4 1360 . 4.0
1320, | 3.9

1480+ 3.7

1300.-- 3.8,

df between’ | | 770
within - :




R St S

.. -Tabie 59. ,Nu- er of repnt spawner. 1SW - sa1lan sﬂmﬂed in’the’ cumercinl -
’ fishery.of St.
the tnhl 1sw umon (virgh\s and repeat :pwners)

Bl Comrcm fishery of Pl BT T g et
{ e St. - Barbe ng o . Western Arm_Brook = " - -
" Year .. No.: cf repeat b of total . M lo; ~ of repeat. % of total

spawriers _' Y1 1SW salmon: 1SW:salmon, ~




Table 60, Sex' ratio: of'virgin and  repeat spawrier ISH salmon sampled in ti
comercial fishery of 'St. Barbe Bay' and'in Western Arn hro_nk (1977-81). -

L Sekratio’ LT “virgin 15W salon’ . Repeat-spawner. 150, saTnon

“%Mated

“'sample ‘sizé

Asigniticantly




r:untagl ut edch smon. age of virgfn and repeat spawrier “1SW
. salmon sampled Tatieaconnercial f1shery of St. Barbe and 'ln vlstern -Arm
_Brook (1977-81) :

Mena smol t. age

Sanple; size -




Fork ;‘Ieml\ - (m)
.7 Bay K

between
“.yirgin 15 sdlmon sampled in St. Barbe qu and Western Ara, &

'_SIID'I‘ age (y) -
“pay -

Table 62 'Cor
and their sea survival.

Biological .
cmr-cunstlcs

e 3V
nffferem:e Xy

Hhu] wa‘lgm: @ g el

Bay.- i --1970 71910.
" -River W ;1800 1530 .2
Difference: X, "160. ' - 370 :

414"

River ~ 7. © 332
Difference - 'Y - - 0.32
Seasurvival (%) 27 = 5.87

Correlations
d n X,

- Z:on XY




" ;
: Table 63.. -Prediction ‘of. yaar-:hssas of, sinolts from egg depasitinn
on Westérn Arm Brook. ..

T . 'Number-of. - .- .. Year-class . 95% confidence '
Year-class. - eggs x107% 1 . . as-smolts Timits y

v CE700

(10,883-14,257) ,
(7,631-10, 594)
(36 098-165

(12,456)
£(8,991)




" Table 64. °

Regression of
deposition {X) on Little i:m River.

ltyaar-:hss strength (Y and :w
Egg deposition was
uh:uht.:d usinq kelt as an imx of spawners.

e

Y




‘Table 65.. Indian River spawning channel
temperature change i water lavel and | egg to- fry surd

re]atwnshw between wint

‘l

betveen Nov. and i
< Towest winter mear
.'mo. discharge (1s; )

g
Egg To. fry
survival

~arc sin P X

4,306
1,360 .
7. 1,133
+ 1967-68 5,212 i
196869 2,351
1969-70° 4,334 %
1970-71 o . 453 5
197172 4 4,561 - *
A = 68.07 + 1. 59){ = 00005 ¢ .

~r=.0088 df =6 P <0.01.° .




S ] ‘ 7
Table 66. . Calculation of net production (P) and available prodiction
(A) of fe-ﬂa smolt year-classes in Western Arm Brook, 1972-77.. > -
: ; o 5, ;
RS g . Mean |
" " No._eggs.* ‘No. weight K
L r-class | 'x 10 smolt ' .of smolt’ X1
1972 75 6187 ‘46.8% 974 290 30 %
1973 214, - 4616 52,6 . 571 ‘243 - 43 4
S 078 394 10120 - - 481, a4
1975 33 9017 . 477 958 430 45
1976 44 9229 43 970 . 405 42 ]
19 435 12868 46.8% 1307 -. 602 46 E
2 x 3 5 980 . 410 3 $
D 3 240,1  130.8__ ey :
*Estinated from mean weight of smolts in all years. -
s P
. -
¢ G e
t * ' v g
; ‘ i
] 3 -3




2 y71), mean biomass (g

“182 -

caiculation of production (g

at selected riffle and outflow stations on Western Arm Brook from
ratios fof production (P) to mean'biomass (B) are also given.

Ylhh‘ﬂ.

B T

Production

I

Mean biomass i

Growth

P/B

Total

12 2=

(5

1=2 2-3

Stat. .’

2=

otal

3

NmOEHNm
.wos o~©
dhcssss
aNONOHN M
SHBRRAN 38
A HS

NSEdHss o

28328282 8%

sungeas
#3238
BASSHAS

. monden
nRBYISR
fgdcsde

o
ZNRRARSY

‘eSce8gs

9, 0.63 .0.78
9% 0.85 0.53 .

10

14

21
‘Mean®
:SD

238389385 318 |
S

FILET 3]

alue estimated fron fiean of other stations in the same habitat.

*PMean excludes station 1.




~'Rivers with counts.of
PHM i 5

b CLocation

Reference .
tern Atn Brook  Newfoundland | - This Study. - 20 - 10,206 30
,(Ll’ttTe' Codroy .. :. Newfoundland - . Murr: 968b 10 9,998 25
_-Nor'th Harbour Newfoundland - . ‘Lear.and Day 1977 12 . 1,163 67
5 .Sand "Hi11 e '+ - Labradoy, Pratt et !1, 1974, 5 48,548 14 %
Sl 27 Big saTmon New Brunswick. Jessop 1975 £

N.W. Miramichi . New Brunswick

Burrishoole Treland -

** Ricklean " - Sweden

T (Osterdahl 1969) . 4.

Paloheimo and
Elsan: 1974

(Knon.. 1975-79),

£ 18

s years of imconplete counts-were omitted




+..North Harbour

Table 69. amomm characteristics ‘Gf snoTts. on smcted rivérs ant: u\ew
- reTative annual _variation.

Age (yr) Fork: Yength {¢n) " Conditicn-: Percent male =
Mean CV  Mean V.. Mean _CV: . Mean  CV.

“Western Arm Brook
. Little Codroy. .- |

ig"Salmon

3.
2:

: 128
sand Ki1T .0 0 4l
: Wy gl
“Ricklean : 2

icient of variation:




- Table 70. comruon & fork length-and age for saolts
several umim rivers; latitude of the river moyth-is

ql;d' dn <
also included.

’ (I o /\ .
A Mean . Mean 0 .
fork- smolt .
length  age % S
River 3 (am) ~(yr) Llatitude ' Reference
. Newfoundland X SR UL
Western Arm Brook " ai 3.8 . This upon
~Little Codroy River. Z1agl 2.6 ©, " Mifray. 1¢
oy © . North Harbour River’ 153 73,0 ;.\ \ge' Lear nnd nqv 1977
Eon . Bay .di Nord River: - e Unpub i shed
e Labrador ; st o s 4
¥ George Rivers 5.9 58° . Power 1969
% Whale River 52000 S10 Pover 1969 :
Koksoak River . 5.0 . 57° . Power 1369 .
Sand Hi1l River 44" 53 ¢ pratt'et al. 1974 -
A 4R quatiee i Nl S
4 v‘_,‘lhtankkivor. 5 . .- 50° n._imlsso P e
: © Harit ) felt : B s
G e Misamichi River - 7. 2.9 47° . Forsythe. 1967
| : - Pollett River 159 < - 46° Eleon 19622
! Big Salmon River 143 - 25 46° " Jessop 1975
; i : En :
i 5 $
|
! N S 5 N




Table 71. Bialogical,
. Newfoundland in 1973.

characteristics of smolts sampled in 34 rivers around insular -
_An index of large salmon abundance s also given. for aach river. " -

S * i St o .
N 3 iy f L

T -
: o " Index of"-
2 <+ .7 Map. Sample length Mean Percent _Weight (g) large salmon
River No. size (cm) Condition age male Oovaries body abundance
8eaver Bk. ila 75 -2138) 117 2 03 3 5
Sops Arm R. 228 1307114 29 025 25 9
Burlington R 3. 28 151 0.9 217 031 34 T 3
Riverhead Bk. 4775 - 16.0  0:97 28 ' 0.46 . a4 40
Pt.. Leamington R. 5 -7, 18,6 1112 43 0.3 46 6 .
Cambel}ton R.. -6 100 16,1 0 1.09 29 0.44 46 13-

‘Gander 7 - 240\14.4° 1.05 8 0.32. 32 w3 -
Ragged Harbour R. 8. 63 '17.4 [ 0.96" 24 . 0.59 60 21
Indian Bay 8k. 9 76 167 1.06 37, 0,38 51 . B
Gambo. R. ©10.49 16,7 116 24 085 55 <18
Terra Nova R. 11 5 AL T A9 110 37477 0,83 -.37, 15

rthwest R. 12 .47 S 17.2° [ 1.00 34 . 0.56. 55 12

Champney's R. - - 13 3 15,5 ° 106 15° - 0:33° 407 -6
Trouty Bk .53 16,7 LT £ 11 - 0069 53 0 -

news R. 15 ‘22 .17.8 1.06 277 41. 106 65 %
Salmonier R. 16 6.0 1.03 3.1 24 . -0.43 45 1
8ranch . 17 7977 15.87:-1.03. 0 3.1 7° 0,40 41 <33
Northeast R. 18 32 - 139 ©1.35 - 3.2 69 . -0.52- 37 22
Pipers Hole R. 19 37- 164771160 34, 327 0.46 ~ 40
Red Harbour R. - 20 99  .14.7.°.1.18 - 3.2 -4 0.4l 17
Taylor Bay Bk. 21 "80.+ . 17i5. -1.83 © 3,37 025 .0.75° 1
Terrenceville R. 22, 412 *.13,9 1,32 % ° 3Wy .. 9.0 Q.27 32,

. Grandy's R. 2377519 1707 15,0006 7 3 Pt =l T e B
Farmers R.| 24 203 166 . 0.89 . 31 . < .- e -
Garia R, | 2 197 15,7, 1130 297, 260 0.97 .48 33
Highlands R. 2 - 56 13.7., 0.9 . 2.7 64 - 0.15 25 95
Robinsons R. 27 ‘4 13 5 3.0 -3¢ 0.2l .26 45
Fischells L. 280035 18.0 - 1.04 2.6 26 0.2 29 58

. Southwest BK. 297 407  13.4 - 1.07 3.0 50 - 0.25 26 61

rry's R. 30°°.10. 11127 121 - 3.4 - 20 ©.0.20 24 3
River of Ponds 31 86 6.2 1.0 3.2 29 - 0.42 47-- . 13-
Little Brook Ponds 32 © .29 17.4 1.16 - 3.1 48 . 0.57. "6l 1
East R. 33106 7 713.6 - 1.01: 4.0 34 - e -
St. Geneyieve R.., 99 ©17.0.-.0.84° 4.2 34 .- = S

: ]

Mean .. 1255, 110 - 3.3 29 42 43
s 1,52 0.161 ''0.41 15:2 " 0:190 ~14.9,
1%, 1% 1 s

T8
o
R
2




“Tadle 72. Correlations between year—class stresgth of smolts, smolt
- age and sex ratios on Little Codroy River. " % .

o

3 2 3. 4. x z
.3 - {

f o. smolts smolt Percent ; -
Year-class smolts age 3+ age’ males AR o8 3
1851 11704 7570 2.1 - 4
1852 11269 6411 2.63 <
1953 13433 8863 2:68 A :

1954, 12490 3 267 \'37
1955, 891 6323 2.79 27
11986 “11533 8711 2.78 34
1957 - 894 - 4683 2.0 26
1958 - 5354 3190 2.6 29
1959 8164 3523 2.45° 26
7799 3004~ 2.4 28
3 K 3 ~ :
Correlations B
o loand 3. r=0348 -df=38 N.S. =
2.ad 3. r=0688 df=38 P < 0.05
1. and 4. df = P=0.06




~

Table 73, Se)é—ral:’ic as percemage fale’ for: thrée smo'lt ages on
Little L'oﬂrc-y Riv!r (1955 63).

S Maturkd mates

Snol't age 7 as a-percentage

Year : 3 n of " total ‘males

27 7 1367

39 0 281 -

34 40 470 56

35 57 631 59

31 50 81 46

3 50 637

33 L 75 . 626 )

29 60 1366 - 57 ™

3% oS el 51
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Table 7. Susmary of mean s-;‘ltm and egg u —olt minl
rates on un- ht'lmit salmon rivers.

-smolt prodiction

xcluding 1972 year-ciass.







@' Table 78: Cmnpur'son of ‘the nullber of ‘years” ufur birth before.
ed’i

. spawning' forsaimon sa
~Bay and: in Western Arn

1978 conmrcinl f1shery of St Barne -




Table 79." s.en m dinﬁbuﬂon used ‘ln si-uhtlnn fnrhﬂam Arm -
' Brook:and average coe!ﬂr.!em— of variation for each dominant smolt age.
The coefficient of varia ﬂon was. used as an-indici of stabilj;

Dominant
molt age




. Table 80."
. _production” (A) and e
rook.

Var-lab'les used to calculate praaucuon (p) avallab]e
posit

- Instantanéous:
* gronth rate"

Instant.aneous dd
< mortality rate.

,‘A/P; s

kLR - . Eggs required to -
. - Cprotuce one smﬂt 23

-s.m}k.as; B.551° 6.745

-, 0,81 0033 025, 7019 0us

3.900°4.680 . 5.460. .6.240 "

49 ‘108 235 513"




Tlh'le ﬁl

A sullnll

torical mfornaﬂon on* b1a1og|cl1 e
n_in“insular NewfoundTand.

S

Refurence 5

: Blair:1943

: Lear, Burﬂtt and Bnten 1974 -

Lmdsay and Tl\ompson 1932
-Belding and: Préfontaine 1938°
*'Belding and Préfontaine 1961

Blair. 1965
. Blair.1943"

Lear and May €972

Lear ‘and May 1972
- Lear' 1973




Table 82. Comparison of smo'lt ages of salmon found in bioldgical samp’las of the ’

B Newfnund’land :nnnercva1 ﬂsbery ,:nd in the - comhined: samples p! smo". migrathns
.rivers. - 5 i y

= fotal nubber. T1sh’ sanpled;

x5

al rivers.sampled throughout: insular wauund]and. . s 15
(Chadm\:k and Waldron, unpubHshed) i i AL 5 &

weighted mean“siolt age: : 2 A g e

s




Tab'l 83! * ‘sumary of ‘percentage 15W'silinon (gr
. of the Newfuundlund commercial fishery. -

© 69 3708
“sg7

380,

g ;
‘1099 3643,

 - Total Snumher‘ of gri’lsa., S
<. Total number-of fish savnp1gd in_cor
= Proportion. arilse.

M:ﬂ fishery




of the lh\rfnundland commercial ﬂsmry.

" Table 84.-" Sumsary ‘of percentage repeat s'i"“;s, found in bioldqi;:;l'séq;'las '_

s e BERRGE [

b Total mmbar af repeat spm
2.~ Total" mﬂer of fish sampled
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a1 precipitation and annual surface runoff *
=7 e 1nsu1-r qufulnﬂinﬂ fte urray







% Location: of rtvars _and. pllegi in n.lullr HMﬂll'ldTlnd
and southern ador” that tioned”in thl text,




W

s, ®
ACTP

ekt ~

eirived dr e s S







luu COVE, 6 ulmnm NORTH OF
LOWERS COVE;. 10 KILOMETERS NORTH OF ST. BARSE.
. EDolES CovE EAsT, 18 KILOMETERS NORTH OF ST. 8ARBE:
*/8IRD COVE, I7 KILOMETERS SOUTH OF ST. BARBE
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" “Figure 10. -

Frequeqcy distributibis "
condition between ears (]_971'1980) for A unﬂc
§a’|non smn‘lts sup ed’m Western *Arm B







ure 1. Reuﬁnnshw hawann mean smolt age of I’Year-class
I d i

f . Smolts’in WesternArm Brool fean annual’ air ;
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" 1ife history of the K
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*"Relationship between' condition” factor arid biomass ov‘ :
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* “salmon compared. between' the commencial fishery- ‘ln
St Barbe Bay and Western Arm: Brook' for’ smo'lt ages.
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" Fork length whole mnght. ahd Condition of 1sH:
salmon compared between: sexes; for years (1977-1981)

‘» and locations (St. Bai‘be Bay and Weste rook)
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