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The length (e:l.ze) and age diatr:&butiona of spawning smelt are used

to determine the e:d.stence of different stocks. of smelt in Newfoundland.

| These distributions indicate that the mee.n size and age of ‘emelt from

Norris Arm (Notre Dame Bay) are greater tha.n thoee of amelt from Port au

 Port Bay. o -

The scale ,radius — totAl lehgth relationship of Nevvfoun.dland émel‘t )

oy ot .

was found 1o be linear. However, it varies from place to place and
betweer the gexes. Back - 'calculated lengths - at - age were therefore

eemputed separately for the sexes and. for tpe different populations
. ) ' : . .
(:;royvth curves, as coﬁstrueted, from beck - calcu.latedllengths,z o
inddeated thit beyond the Tirst year, females attalh a larger size at -
e.ge than males..' .Tl'ae ‘growth curvfes ba;1e0. show that’ NoMg Arm (Notre ﬁame
Bay) emelt 1live 1onger and grow to a lerger maximm Fize than Port au |
Port Bay s'melit. The latter, however, matﬁre at an earlier age. The . )

short life span of Port au Port Bay fish :Ls largerly a result of a high

spawni_ng mortality. oﬂhile the Port au ]?ort Bay fiah mature at the’ age

‘of two to three years, their annual ‘mortality rate is between 85% (Porb

‘au Port) a.nc} over 95% (Piccadilly} between ages 3-5 and 4-5 respectively.v )

|

>

The Norris Arm fish mature at the later age of 4 ye‘ar_s-a.nd have a lower

Pa.mme.l mortality rate of 76% _between‘ages 4 and 6. Thus most 'of the

_ o . ; ,,/2.
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. Port au Port Bay 'rish die at or soon aiter spawning while many Norria

.~ Am. fish survive and spavm more than once. " In genersl, male emelt have \
. ) . . . , - AN
.a higher mortality rate than females,

P
' 4 .

oo

Sgawning mnelt’in the amé;\ studied show a predominanoe of males

‘over females at all times.. Seaaonally, the 1arger end old,er individuals _'

i

enter the spawning étreams edrlier than 't;he~ snaller and younger.,

" individuale. - ' Sy o

a

'l‘he differences :Ln size and age compoaition ‘ap well as 1n the
groth pattem between the Norris Arm (Notre Dame Bay) and. Port au Port
by, - N
Bay ﬂmelt are 1nd1cat1ve of the e:d.atence of distinot .;atocks :I.n these o

<

'areaa. Thia 13 supported by the fact tha.t smeikt are known to make only N -

limited movementb which are close to their spawning sites. It is -

9

A : .
apparent that Newfoundlé.nd smelt co:.'}fé'; of different s't;ockg that are -

R N ) . . - tb .
poasibly del:Lmited by the numerous bays. The importance of this efr the

. 1

”/;anagement of the fiahery are diecuased. .

LR
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GROWTII, MORTALITY, POPULATION STRUCTURE AND uPAWNING BIOIDGY OF STOCKS

\

. OF TIE ATIKNTIC snmr Omnerus mordax (r.utehin) N NEWFOUNDLAND.

0., = - 7 INDRODUGTION. T

‘Sy}di‘.cmtilc'n} . . \ Co .‘ e

The si:‘léito, ."famil'y; Osme)fﬁ.e,".are smnall salmonold 'f:!.shen :thabiting

the vaters of the northcrn hemisphere. In their L,eneml appeam.nce they
I

" clog ely reeenble trout u.nd young salmon but -they are cesily distlnguished

i‘rom the latter in that the smelts are slimmer-bodicd tho.n the salmone,

-havc morc decply forkcd tails o.nd thelr pelvic fins'\etand fo.rther forward'
.relt-tive to. thcir dorenl fins- they differ Purther i‘rom the nalmons 1n

) 1ackin(' the fleshy uppendu"e-s above the pelvic bnsem (Bigelow &

. .'0
‘a o
- TP
»

-o‘. 5 _1-.

Soh.roeder 1963) o

Thcre has been a dearth of in.fomation wi%h regand to the biology

of this fnmily despite their’ potential economic :I.mporta.nce due to their

delicate flesh, tendency of e.ggregation and ease of: capture. Bigelow

- and Schroeder (1963) and McAllister (1963) have made detailed te.xonomic

,_studiee of th:l.s group and’ the latter author made a Bystematie revision of

A

-the ,family which etande as being the most authori.tative to -date, Theee '1'

3

o~
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‘authors’ recogyise six genera within this family. Oply two of these

genera (Osmerus, - Mallotus) océur in t'_he‘Westem( North Atlantic, the

others (.Lllosmerue, Thaleichthys, Hypomesus, Spirinchua) are confined

T,

to the nerthem Pacifice This paper.is QMQc_emed/ with the

species Osmerus mordax.

P

'The genue.@sm‘ems consists of two species‘; Oginerus eperxlsnusg

. !
(Linnaeus) and Osmerus mordax (Mitchill)s Formerly, three- forms of

the boreal smelt were ‘generally recognised 0. e;}arianus of the
VNorth and Baltic Seas: O. dentex of the Pacific north into the
Arctic and west to the White Sea, and 0._mordax of 'the western
Atla.ntic. E‘urther deta,iled .,tudies have led to the }eduction of

0. dentex to a subspecies of 0. eperla.nus (Belyanina 969).

L . n . v
A

.- Somd" Amencan authors (Kendall 1927, Baldwin 1948, HeKenzik

. 1958, Ieim and Scott 1966 and. others) have treated the western

*.“

/Atlantic smelt as a aeparate species, Osmerus mordax (Mitcﬁill), but

Bigelow a.nd Schroeder (1963) and McAllister (1963), consider that the .

»

‘gerus” includes only one species, Oamems eperlanus (L) of which the

o . . . a." ? . . > B

westemn Aplantic_fonﬁ is a subspecies Osni_erus eperlanusg nordax Y

(I-iitchill). It is reigafded as a morpho-species, a polytypic species
V! . ) R . .

¥

. with many geographical and ecological forms,

However, recent studies of slull étmcfu:pe and n{eristic_
. . a .

chax-écters_ by m;“ ov (1969) show that European Atlantic smeiij\

Vgt
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} around North America and on the Asian Pacific and Arctic and

I

3

of the germs Osmerus are specifically distinet from those i’ound

European Arctic coasts\ (Hart 1973). Hence Klinkanov (1969) Jhag
treated dentex g specifically distinet from the European egerle.nus

and dentex was ra.nked as only subspecii’ically geparable from

mordax. \

Status of smelt in the Newfoundland fishery and previous research ._

- ‘
Templemen (1966) states that the smelt fishery is rel&tively
iminor in Newfoundlgnd., The smelt are largely takpn by gill nets in °

L4

the river estuaries, mainly from Septe.ber or October to May as they

approach the rivers for spawning. The landings have been greatest

~

"~ in October and November. Fairly hgavy landings of smelt are made by

/
. little research on the specieés in this area.’ McKenzie (1958\964) studied -

\smelt populations in tlﬂeoe fairly adjcent areas of the Northweﬂt Atla.ntic.

beacix seine during autumn while ;'.ce fishing'is carried out in winter

‘on’ the Burin Peninsula, Notre Dame and Bonavista bays and the West .

Lof . . -

Coast of, Newfoundlend. ~"The Newfoundland landings have declined ins
recent years after reaching peaks of 410,458, and 431 thousand Ibs,
in 1931, 1937 and 1939. In 1964, only 28 thousand Ibs, were landed
(Table I) In 1958-62 the main landings were made (see Fig. I) in,
Placentia Bay (District H), especially in the Burin area, in Port au
Port Bay (L) and in the northeastern districts A, B, and G, In: :
district A and C, Pistolet Bay and Gambo are the most important fish-

.ing areas. ©Smelt are found in many other Newfoundland Localit’ics"
_‘('I_‘empleman 1966)., ( ,

l

the biol‘ogy, life history and flsnery of emelt in the Miramichi Rivery Hew.

Due to the small f:{.shery for smelt in Newfoundla.nd there has been

-

Brunswick and the pregent study is intended to compare ‘certain aspects of the
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) v Apart Zron the fact that 1ittle is M abbiit the m:.‘t' of ieir:aﬁnuaéd, o

'another reason for studying the spec.ies was its. aooeaaib:l.lity dnrins tha .

sp&mj.ng seaaeons when it comes up r:l.vere, etrems and “brooks to- epawn. !hua :

‘:Lt was easy to sa.mp].e the spavming popula.tion vr.i.th simple non-selective gearo |

. .’It 15" realised that this does not sample the tota.l poyulation as invarisbly:

| . there ':la segregation of mtu.re and :I.mture f1sh at spawn:lng lrevertholess

~‘the--asamples taken ahould &Lve ralinble data for the adult t:l.eh und the

inromtion can be used t0 neasure grmrth ot younger fish from back

"oa.lculat:l.on rrom the soales of lengtha at earlier ages. :

‘ - Smelt spawn in mnw plaoes on the coast of !cwfoundland Intomation
. ' S obtained from fishermen ind.icates that nost eielt spewn in epring from lsts.
| Lpril to June. Hmrmr there are unconﬁ.md reports of spawnings in
autunm especially in Placentia, lot:re name and Bonaviata bays, It :I.e also
L beueved that most amelt do not go ' outside the influence of the water of the
' r.lvera or brooks :ln which theyvspa-n In Septenber or October, thay aather
- :I.n th.e bews as they appmach ths r:l.vers to spam and remain there duﬁ.ng the
" ‘ P ‘wlnter. !hia concentration :I.e the baais of the antum se:l.na, a:nd winter :I.ce,\'
ER . ) - fisherys In early Bpri.ng as, the’ tempemtures rise and the rivers and
| etraams are eleared ,or iee, the spn.ng-spa'n.tng smelt ascend the. nmra and

brook:s to Bpam.

7-~"" “,

R
v .

Lt ) ‘ !he ract that there are numerous epavming sites amtmd the coast
" u- raises "the problem as to whether the. smelt are. all part o:t &large stock or
e whether there ‘are many atoo.k-. Shis shuly attompts to £ind an answer. to

J P
this qusstion.

-



2, .. . MATERIAIS AND MEPHODS & - . ..

.2_.1. Source‘ oi" '@plesz o " : - ,'U . .49~

" Bamples of amelt fox(' this study were . collected from northeastern

; and:western Nowfound]’.a.nd (Table 2, Pig. 2). . The type of gears used, to

catch the emelt were. dip nete a.nd ca.et nets. ‘both made oi I inch (25mm)

™

stretched meeh net or % inch (13mm) stretched mesh ‘beach ‘seine. In all a

cases, the netting usually reta.ined all sizes or smelt. found in the

| 'spavming.nms. Sa.mples obtained i’rom North Harbour in'St, Hary 8- Bay, .

v (Lvelon l?eninsula) (Pig. 2) were i’ound to be very. biased end were not

included in this study as the 1-& inch (38mm) gillnet ueed to obtain the

' samplee retained only the 'l‘arger‘ spawning smelt.

e 3

All collecting was done in April—June of 1971 In Notre I)a.me Ba.y,

o .fieh were collected between April 22-27, from Bottom Brook near Norris

.Arm South at a point one mile (1.6km) from the eatuary where there is a.

'culvert over which the road to Norris Am North paesee. On the west coastt .

of Newfoundland, smelt samples were' obteined in Port au Port Bay at, -

Piccadilly, Port au Port a.nd Fox Island River between May 27 end June 23,

-1971. "In. the first two. places, gamples were. colleqw i’requently through

“ .

out -the whole of - this period a.nd up to four "24-hours" Bamples at one or
two hour intervals were obtained from Port au Port (‘I‘able 36). One aqmple :

collection was made at. Pox Island River (I.ittle River) (Table 2)s .

on

1o . - - . o
Ep o R : . ‘ o . ‘
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"

wasg obta.i.ned ue:l.ng a measuring boa.nd. ‘.‘l!he total - (ertrene) length s the

Bcale samples were removed by’ torcepa tmm the lert side of the tieh o
E an area between the dorsal fin end lateral line (MoKenzie 19593%\ The
ecales were atored dxy between a folded piece of abaorbent paper in'a '
"aeale emrelope" The length, weight, aex, locality and time of
eolleeti’on were ijecomednon_-fthe melope .(Iagder 1956, Ghlgunm 1963)'.-: .

. % 1 . . %

e total length of each £16h, determined to the nearest mil].'l.metre, |
distance between the tip of the lower Jaw, mouth closed, and- rin,ef the
longer 1obe 01' th& caudal £in :Ln a etmight line with the body, lobea
compressed (Hall 1968). l‘he we:l.ght was detem:lned to the nearest gram uai.ng
a compreas:l.on apr:l.ng balance. The 1engths and weights of some eamples were
- obtained in tresh condition within one hour after being eaught. ror ’_c\)ther

e

mmples, these’ data were obtained from apec:l.mena which had been preserved

‘ i.n 40$ isopmpyl alcolhiol or frozen for per,lode rrom three to five 'eeks.

It wa.a themfore necesaary to determd.ne whether or not sign:l::ficant chanses

o -

: oocurred on’ preaervation (;Parker 1963). A eample of 100 fresh fiah

) weighed and measured with:!.n one hour oi be:Lng caught. The fieh were then

preserved in 40% 1aopropy1 alcohol for 3 %o 4 weeks and then measured end
weighed again App]qring the t-test of Bignificance (Snedecor and Ooohra:n e
1967)"@1‘: the dﬂﬁerenceg “?z indiﬂdual measurements in\ the: tresh condition

. and a:tter presemt:l.dn by the method of zpaired compa:d.sons (Bailey 1959,

' LR ' n






computa.tions hut in the case of lengths, as there was' no ed.gniticant

- were used . - e

‘Spedgel 1961) 1t was Tound that there was no significant difference - - -

between the length measurements at the 5%.level of n:l..gniﬁ.oance (t=1.00)

while the -difference between :treeh and preserved weighte were eigniﬁcant
at 5% 1m1°(t .QS)L(AL\@SM‘ .

g

‘.l‘hirty three other ﬁ.eh were weighed end measured in the fresh .

condition ‘and then frozen for up -to 4 weeks, They were 'thawed in ice,-then

C -re-meaeured for length and weight, ‘Here it s aJ.se found that no Wca.nt

difrerenoe ocourred between fresh, and preserved lengtha at the 5# level of

‘ ei@:l.ﬁcence (£ = 0,06) while the di.trerencee in weights were eigni.ﬂcent
' (t - 1.96), “Thus ‘only ‘the fresh weights' are used in length-meight

¥

3

: *
d:LN\rence bétween the fresh and preserved values, neaeuremente takén in

both conditions were included .in all calculetione and no eonvereion factors

. o M -
; . . . . .
.- / ) ¢

¥

. - “ . . . ¢. ] i .. ‘..'-’ . .
2.3 determinations . N

‘ ) % : Vo
2,31 1 _Clearing and mounting of scales

”Ueing rore—ep"e‘, scales were removed from the folded piece of

absorbent paper that had been placed in ‘the scale envelopes. Tha eca:l.ee”‘
_ were imersed'!.n 50% aqueoua eolution o:t glycerol conta:i.ned in pertri dishes

and were 1eft to soak for at least four hours. They were-°then cleaned by



e et ’

-

. ggntly aomping ofr the dirt w:l.th a pair of diasecting pins tal:lng oare that N

the edges o.?. +the .acales were not dmged. The oparation 'aa observed unger -
a binomz]ar dj.aeeotmg m:l.crouuope usd.ng reﬂectod ‘1light, Only four to six

'good scales were cleaned and poor qunlity or regeneratod ecalee were

¢

a.voided (Pig. 44, B)s : -

The cleaned acalea were removed rrom the glycerol solution and placed

~'
- s

. in the middle of a- cleah gmfa slide with their rough side \wppermosts

Bxcess liquid was removed by preasi.tu a paper towsel against them. A mll

drop of mounting medium (a solution of gum a.rabio in glycerol and 40%

Lormalin) was plated onto a clean coverglass which was then gently lowered

onto the glass slide such that the mounti.ng medium covered the scales an.d
-‘held the coverglass onto the slide. 'h,ere necesaa.ry, m:l.no.’f,,‘/ndjustmenta were
made to squa':re up the cover glass and any lm:ge air bubbles trapped were -
re_movéd by ge;ﬂ.:l,y fappi;ng the éove@sa. Io;mte&- glass. B;I.ideé were .labglled-w

with the information oh the scale envelope and they were left flat for dry~-

-+ ing for at least 24 hours before they ;vere rlaced in Iabelled. holding ti%ya, '

I

S By uaing a series of petri dishes containmg the cleapé%?g- solut;l.on, a .

a ma.zimm “r 32 slides eould be mounted by a single person per day, Oyef

des were mounted thie way and it is clea.r tha.t the ‘tedious task took

‘of the labox;atory‘time in i;h:ls study. '.l‘he method of mking 1mpresaion5

‘3 fish scales on transparent cellulose aceta.te using a ‘scale ‘press was

i
| to be unsatistactory for the mAll acales of smelt as the mpresaiog

T not clear. L~






- 11, = - -
- ) /‘— ’ ‘ . . ' b ‘ ] -
‘2¢38 2. Read and mea of scales
N oy

Only thoee scales ta.ken from the area’below the dorsal fin and above
the 1ateral line were used :Ln determ:ming the body length — scale radius
relationship (Pig. 5)e In some small fish the ﬁcales from this area of

. the ﬁ.ah were loet‘ﬁn handling and preservation. In such cases, scales
were collected, for age reading only, tmm under the pectoral fin or gome
other area of the body -The position from which such sc&les were te.ken was
recorded on the scale envelopes and, theae‘ scalesp were rejected fqr thee--
purpose of the body-ecale rela.tioneh:l.p. Also rejected were rege;nere.te&.

!

scales, acales obviously eroded at the edges and. scales exhibiting breaks in-

of the four mounted scales was selected for measuremeﬂt.

» ' Measurements were made from the centre of the scale to!t “end of each

anmlus and to the scale edge in the direction indicated in Fig. 4C, Only

. one radius‘of the scale was measured (the .'postero-,ve'nt radius), v

¥

- The ennuli were interpreted e.ccording to thE/s line oriterion”

t

(McKenzie 1958) ) - . - _ (

&>

The scale meamreﬁents -were made by means of a.Bausch a.nd Lomb VH

microprojector fitted w:l.th two mirrors v?iéh reflected the scale image ontgﬁ""
~ “a -
the to,p of the table on which the n:l. ::6projector was mounted. Scale meaeurebﬁ
t

=

_ ments, at a me.gnification of app ely 45 diameters, wer_e made to the

nea}eet 0,05mm usihg a. ruler ;)nade of . stiff paper and _'calibfated from







“a
[

L .
-

the :Lmae,e of a micrometer. scule mounted on the micropro:jcctor. The
ruler was frequently checked aLa:Lnst the micrometer before and after a
series cof séulc*mcacurements. Distortion of the scale image within the 7

fleld of’ measuremont was found to be - negligible.

All the f{ish collec'ted in the Norric Arm samples as well ni: all the
. '3

fcmalea from the other areas were analysed for age determinations and moat

. of, the scales were meusured to obtain the mm of the annuli. 1t was,

howevcr, ﬁot ponsible to do thiu for all the male fish collected from the !

T g
g l-— -t

othcr areu., duo to the large buli oi‘ these samplcs. A means was thereférb
‘ sou,;ht by.‘whlch o rclativcly smgall ppx;xber of age determinations and semle

" mnasurq;.lcn‘cs would be utilised to calculate age distributions using a

¥

llarégc_‘numbnr of leng'th measrcménts of the samples, " The mcthod of btmfi-
“fied sufsampling e?stablishe.d by Ketchen .(1950) was 'employed. In thic xﬁethod,
~§ ieﬁgtil-frequency'pélyéon i dravm for the sample of figh "to be studied., , "
| From :.e.aqh size group (length intervali),‘the saie numbcr. of scale aaniples _15‘
examined, the numi)er deponding upon the :t"requenc;:,' levcil chos'eh for the sub-
. _snmple,f it ‘thc -lcngm (ox -cluss) i’requen_c:, is below this lv;vel in the out-
iying'or 'indeed any slze groups, all available i'ndividﬁals are e;xamined. ) . ) /

Thus the munber of indlviduals in x.my a{,e 'rroup found 1n ‘a particulqr size

»

class in tho subsample i3 pr oportionnl to the nu:ubcr of indlw.dual° of that

~nge CToup and :lee, in the sa.mnle._ For examnle,' if five 3-yea.r--olds are ~

ffound ina "ubuample of 10 fron a .;mnple oi‘ 30 1ndiv1duuls in a given size

3 /

clas..., the nmuuber of 3-year olds in the sa.mplc is 5/10 x 30 or 15 (Ketchen 1950).
. - » /I ) :_ *

~

L /




lengtha at earlier ages.

n ‘abdomen vwhen either milt or eggs were extruded, '{loreover, the males were

"rough “to the touch due to "nuptial" tubergles on their scales, the females

) N oL . . — - .
0 . W7
R e V. . _
LI RRERY
o » . . PRI ‘1‘;&\_@7"" . [
ot P ] .
. . . : .
\ - .

-

s

- ‘Ag the 515 the samples gxamined from the differeht areas and at -

x

' dii’:terent t:Lmes were similar to ‘the emmples used by Ketchen, the level o.t _

. stra.tiiied Bubsampli.ns was chosen as 10 1.nd.1v1duals from each 1ength

Y

interval - this is the number found by xetchen to be atatiatically realiable ‘? .
Iorsa.niplee of 300 to 375 mdividua;la. It was also the level that could be A

. conveniéntly handled by one invastigators Age—length keys were computed from -

A .these Bamples for the purpose of age coinposition analyses and calculations of

norbality rates (Table 12 to 20)e. But for the . purpose or growth curvea,

on],yr the actually easured Bubsamplea data were useé in back ca.lculation of

" | 3e  EESUIOS

o

Je1 I.éngth'(aizg) distributions: .

The length frequency distribution of age groups of Hewfound]and

gmelt was based on tota.l fish length, according to gex (Tables 12 to 21).

ng was ee@ily "determined for all fish by apply;ng slight pressure to the -\3

2 .

were smoother. Age deteniination was made for nearly all Norris Am vfish
, while that for Port an Port) Piccadilly and Pox Ialand River was made by

. stratified subsampling according to Ketchen (1950) as detailed in section

&
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dietributions .’m '.l'ables 12 to 21, 7L

- only in the intermediate length intervals, In general younger agea have

[

2\ o3t 2;‘ Age-length'keys were mahp :t’rom the age determinations of %Q-_- . ,
q amples from which were calculated the total sample length frequency -

1 - .
“: ' The Norris Am emelt show considerable overlap of length ranges for

¢
_all the age groupa repreaonted in the sample, The range in length of 3-

+ year old malea is between 18,5 to 22,9 cm while that of 4-yea.r old males

ialbetween 17.0 to 24.0 cxl showing tofal overlap of the older fish over .

(

the younger figh, However, in the 4-5-and.6-year olds, overlalp oocurs‘,’
/

.more fish of shorter lengths, Thus the'iength range 'of 37.0 to 204 em

K}

is- represented by fish 4 years old or younger,. and these form 39.7% o:t

the total se.mple. Afj;er 20.‘4 cm, there is coneiderable overlap of age 4

r

- over agep 5 a.nd 6 and the bulk,of ages 5 and 6 are in the same 1ength

Lo

range of 22.4« %o 27.4. cm. &t can therefore be eoncluded thet for over
60% of the fish in the Norris Arm sample, length is a poor index of age.
Yhis also applies to £ich over 3 years old in the samples from Port au

Port (length range 16.5 to 21.9 cm) and Plccadilly (range 16.5 to 22.9 em).’

. That length is, genemll,y a poor index of age for smelt older than 2 yea‘.ré

' 01d has also been shown in smelt from Gull Take, Michigan (Burbidge 1969),

Western Iake Superior (Bailey 1964) and Miramichi River, New Brunswick
(Mexenzie 1958). * Pox Island River amelt, Newfoundland, seem to show almost
complete separation of length range 'according to age for 2-h.nd 3-yee.r olds

but overlap occurs for 4-end S-year old fish, Table 20).
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Newi’oundland amelt algo show that on ﬁhe average femles were longer thnn

' males for a.ll ages (Table 12-19 & 32, Mg, 6) and this is also the case for .

smelt from the other areas mentioned above. The shortest smelt was a. 2-'
year old male emelt from Port au Port which was 13,0 cm long while the
longest was a 7-year, 0ld female from Norris Arm, which measured 31,1 cm,

-~

. “Bxamination of the length ;?req,ﬁ_eﬁcy polygons of the smelt from the

_various areas of Newfoundland (Pige. 8 and 7) reveals a mumber of interesting
"‘aspectss The Norris Am length distr:(butibn is from 17,0 em 1;6 31e1 cm

(141 cu range) Port su Port from 13,0 to 23.2 ca (10.2 c)y nccacum

" from 1442 to 2442 cm (1o.o cm), and Pox Island Rtver smelt from 15.2 to 21.7
(6.5 mn). This 1s Telated to the fact that the Norrls Am smelV mature at ’
a. larger size than emelt from the ‘other arease Thie larger sizg ie related
to maturing at e leter age a5 will be f:ux"ther discussed laters The extonded
length distribution after the peak at the 19,7-20,2 cu mark, indicates that
Horris Arm melt reach a much larger maximm gize eompe.red to the other
popu]atiOna of smelt :l.n Newfoundland and also suggesta that they are longer

l:hred than the other smelt. o o L

While '.f};e length frequency distribation of Norris Am smelt has o.ne‘

prominent peak which is formed of mostly 4~year—old fish, the length

frequency distributions for' Port au Port and Plecadilly are bot} double

peaked, the second mode being higher than the first, The first mode ‘contains

on]y one age group, that is, two-yea:n—old fieh while the second mode is very

skewed and contains different age gronps i.e. 2—, 3=, 43, 5= and G-year-olds. )

~ —_ . ~ .
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It is.therefore apparent that length at first maturity is be«tween 13.0°cm =~ ¥
'and 16.7 cm for Port au Port smelt and 14 2 to 17.2 cm for Piccadilly smelt.
. ﬂ 'J.'his length ra.nbe correeponde w:Lth the length rage of 2-year-old.s ﬁ both ' Q ‘
| o 1 ,;ﬂ,,,,
e ‘ areas indicating age at :first maturity being 2 years. This stroﬁgly
contra.sts with Norrie Arm emelt for -which, as mentioned earlier, first S .
. Py . / .

—
maturity is attained at a greater length (over 1740 cfl) and a latenr age of e

4 years - onl,yr i‘ive mature 3—year—olds were/fpund in a sa.rgpleu\of 262. No}eﬂ

. that in Flg. 6, the modes- for females :Ln all cases appear at a greater

¥

length than those of males 'show:i.ng the la.rger averaf_,e ‘siz e of, {’em&les

. compared to males. ‘

.o

. )
. 3 .
' -~ - N ' : t N
B v . .
- > . . . LN a o B! .
. N . °
. - o } . .
o - .’ . . .
“ . - . - 4
N M . Py , - Fr B
. . . : - <, ..
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— 3.2 Change in size with season: - - \ - Pl T
' PLg. 6 presents the length-frequency distributions of smelt from | %
— .. Port au Port and Picoadilly according to the time of spawning. The Port

. _— _ -
. au Port data are divided into early and late spéiming ‘season. The Norris
Arm sample was,'obtained late in the season hence it has fl;een made into. . - -

- ope graph as in Pig., 6. The FPox Island ‘sample consigted of only one - S
[0 ) . ~ .

" w l gollection made ;i;r—i,mid—Spawning £eaB0N.

— . B ' N [

Bh which are first time spawners, (2-year-

P

G up to spawn late in the season., As can be seen in Tables 13, 14

' and 15, the total percentage of male a.nd female /1 2-year-olds in ;t_he: Port

r

su Port sample that . L | .
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. are in the size ra.nge of 13.0 to 16.9 m 2 Tises from 336 1% early in 'the
season to 388 in nid-eeaaon and 36.5% in late see.son. The apparent decline
of 1.5% between nid-end late aeaeon my be a- cha.noe error espeoially wheh
viewed in the light of the rise of 5% between early and mid-season (from 334
to 388), This decrease in si:;e as thé spawning season- progresaes 19 algo'
geen in&) Piccadilly smelt where thé percentage of 2-year-old emelt between’

14.0 ‘cm and 16,9 rises }ronl 8.T% in ea.rly eeqson to 13.6% in late sesson

: A(!l‘eblee 16, 17, l‘ig. 6). Furthemore, both the beok—calctﬂ.ated and empirical N

/
1engths—a.t-age decreased w:l.th the see.son for both areas as ie. shown in -
Tablee 27 afid 30, .The decreaee in size of the different ages of apavming

smelt as. the Season progreeses has been reported by lleKenzie (1958), ll:L.ramio,h:I.

; g smelt, as well as by Bailey (1964), western Iake Su}&(lor smelt, and by other

" workers on e@élt and other e.nadromous £ighes (Belyanim. 1966, 1969, and Alm

1959): most of the older and larger individuals spawn first while the

-« gmaller and largely first-time spawners come in late in the season, .-

r

3.3, Ager - . - e
3.3t 1. Age distribution in different populations -~ . =~ . - - 5

F:Lg. 8-ahd Table 22 show the pércentage; age compoeition of epawning
gmelt from Horria Arm, Port e.u Port,—j’iccadilly and Pox Island B:Lver. PFor -

Norris Arm ﬁsh, 210 (79.6%) of 262 fish in the semple, were 4 years old,

\ There were only 5 fieh (1.9%) whioh were 3 years old and none o:t‘ younger age.

N
o©
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The other age groups consist of 34 (12.9%) five-year-olds, 12 (4.6%) six~

-

year-olds and one (0.4%‘) sevén-yéar—old. | - I

- -

)

The Port au Port.smelt age compositisn is quite d:\.ff"ere.'nt in that{ the
bulk of the fish in the sample were 2- and 3-year—olds., Thus of a total of
1,982 smelt in thé sample, 723 (36.5%) were 2-years old, 737 (37.2%) were 3
years 0ld, 504 (25.5%). were 4-yearé3 old,-.16 (0s8%) vfere 5 year}s 0ld and
only two (0.1%) were 6 years olde These tiata indicate that thé Norris Arm
fish ‘are long_lived (more than 98% were 4 years old or more) reaching the
age of 7 years while most of the Port au Port fish are short lived (over
70% 3 years old or ~1eas) Only'a igw'rgachipg the age of 6 years. TFox
" Island R:!.ver—smelt ‘have é. gimilar age composi/fion to that ‘of Port su Port’
and are similarly short lived, Their age composition oﬂt of a 1':otal of 56
i‘iah is 16 (28.6%) 2—year-olds, 23 (4%) 3-year—olds, 16 (28.8%) 4-yea.r-olds
" and 1 (1 &%) 5-year—old. Thus 70% of’ the fish were 3 years old or less,

which is the‘ same as thé\Port eu Port fish, ) /-

M 14

. Jr A . . . o ’
Picca%illy fish'are mid way between the long-lived Norris Arm emelt

© dand the ahort-lived Port aﬁ Port and Pox Island River smeit. Iike the

~

Norris Arm fiah, most Piccadilly amelg were 4 years old or more as can be

. seen from the date :Ln 'l‘able 22 which show that Pfrom a total of 342 Pish - .

' qollected, there were 32 (9.3%) 2—yea.r-olds, 48 (14%) 3-yeax-olds, 256,
(74.9%) 4-year—olds and 6 (1, e%) 5-year-olds. Therefore. 76. 6% of the fish were

ftxh 4 yeaﬁ‘s .0ld or more. However, compared to the Norris Aeﬁu fish, there

M
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‘ was'a coneiderable number of younger fish present (23.4% 3 years or lees)

but':ees than the Port an Port and Fox Island smelt which had 70% 3-Year

T . or younger fish, R ' o o

-

3.3: 2 Age at ma turi ty or"first spami:l.ng

N As discussed in the foregoing section, the Norr:l.s Arm fish consist
mostly of A-year old or lder £4ish, Only 1 9% of the fieh are 3. years old,
these’ presume.bly being tﬂe largest eized fish of this age. The age -
compo‘sitio_n of apawning smelt from Port au Port, Piccadilly and Pox Island
River shows the presence of a large percentage of 2-year .0ld fish (36, 5%,

9.4%, 28,63, reepectiv.ely). It is therefore evident that most Norris Arm
fish mature first at the age oi’ti years and only a ~few large 3-year olds are

‘mature., Thie is o greater ege. at first maturity than that of the smelt

populations from the other three areas where a considerable percentage of the' .
t .

population first matures at the age of two years (Tables 21, 22, F:I.g. 8). In
the Miramichi :River, over a period of five years, on the average 66% of the
spawners were 2~-year olds, 30% were 3-year olds and only g/o were 4-year'olds
\/ - (McKenzie 1964). Thus, the age at'maturity of Norris Arm smelt is greater
than that o;? most amelt popuie'bions in North America (McKenzie 1958, 1964).
| ‘Belyanina (1969), however, reports populations which mature at 5 to 6 yea.rs

in the Wnite Sea and East Siberia, - . o
. I}

Another interesting factor of the age composition of }fewfoundland

*
.



amelt is the dlstr1bution of the different age groups of the, gpavning
populations. Referring to Fig. 8, the percentaﬁe agé’ composition graph of
the Norris Arm spawning population is gkewed to the right showing that most
fish reach maturitj’at the,same-age i.e. four years old. The Port au Port‘
graph.is similar to that of Norris Arm with maﬁuri%& being reached by most .
fish at the earlier age of two years. However, the .percentage age dis-
tribution of the pepula£ipn.at Piccadilly differpg from the@abeve_two
mentioned in that the ikew'is to the left, that is although maturity
starts at theeage of two, only a.emall’percentage reach mat;rify at thie
eariy age (9 495) increasing to 14% at 3 years of age; 74.8%:of the spawn-.
1ng populatioh are 4 years old and 1.8% 5 years old. Thua,sigce mest of
the spawning smelt are four years old or older, maturity in the Piccadilly
,'eopulatien is complete only at this age although.%t sets in at ﬁhe age of
.two years for seme individuals in the popula£ion. The Fox Iffand Rivef age
distribetion of spawning smelt indieates-tha£ gome of the fish matufe et

2 years old'and.mo;; fish in the population are mature at the age of 3;

A\

. Due %o phe“fact that ell-individualecexamined,in thé spawning runs
. hed reaéhed maturity,hif was ﬁot pogsible to. investigate what differences . -
exicted Bdtween the mature and immature‘individuals at ages tﬁo and’three.’
Nevertheless,lit ie Imovn from other studies of smelt populations 4
(MeKenéie 1958, 1964, Bailey 1964, Burbridge 1969, and Beiyanina 1966,
1969) as well as from the stu@y of othe} fish species (Alm'1952, 1959)

- that maturlty sets in early Emong'a emal number of large size young fish.



It is therefore more appropriate to consider size at first nmturity when'
dealing with recrritment to the adult population rather than age at firat
‘maturi ty (see pasragraph 3.1), It is also noted that male and femalc New-

foundland gmelt mature at the same ages according to. the population,to

‘which they belong (Fig. 9, 10 & 1) IR IR

343t 3 Age distribution cnanges duringje‘spawn;ng seeson . '.”z‘j

Pig. 9 and 10 and Tablesy13 to 19 indicate the percentege age
composition df Port au Port and Piccadilly smelt according to the time of
the epawninp season. .As in the case with seasonal si“e diutribution, |
(seotion 3,2) the "Port au Port data are divided into early, mid and 1ate *,;
' spawning seasons while the Piccadilly data are divided only into early and'
late spawning season., - Again,-Norrls Am and Fox. Island date could not be :
"similarly treaued due to inadequate material.(Fig. 11) Tne Portlau Port
sample “shows a general 1ncrease 1n the p;reentuge of firet time spawners ‘
(2-year-olds) as the 58as0n progresses, Thus at the start of the spawning j.
season, 3%.1% of the population are 2-year-olds (Table 13) this increases |
-to 38% in mid ceason (Table 14) and 36, 57 (Table 15) at the end of ‘the
. season. There 1is thus.an increase in the prOportion of 2-year-old fish by

.3 4 between early and late 8pawners. It is, howeVer, surprising that

L4

although there is a 5.1% inorease\in the proportiOn of 2-year=olds between~

the early and mid-season spewners, it is followed by a fall of 1 5’ in the‘

’ B A
' . 1 -
'



I ":_ '
- '27.\ T
P
T LA

. EARLY SPAWNING SEASON . -

‘MAY 27 - JUNE 3, 197)

1

"

LATE SPAWNING SEASON

JUNE 12

- 21,1971

-t

PERCENTAGE ‘AGE COMPOSITION .

Y

©rTOTAL .

' MAY.27.— JUNE 21, 197

N\

N'2232,

- %

\

e S

-

Pig, 10t Seasopal percentage age comﬁosit

AGE (YEARS)

! - 'ZU'
o

4

5 uikE
. FEMALES | -

i’

ion of Plcondilly smelt,



¢ - - - 2’8 : - &
, ] . A ‘ -
t .
! L]
. o B e '
~© _ . -
e rl ’
‘_.90,. T T N B v — T
'é'éf_MALES . E . NORRIS ARM © FEMALES) -
i 96 APRIL 2227, 1971- .
. 70} ° ‘ 7/ -+ . o C -
60F. / s 4+ o
- e / < N=24| - e N=21 . C
- g - . / ) _{ , "
;40— _1..‘ / -~ ‘- A
830 ' §“"% ‘ '
awvr o . -
2 N7 S “
wl // 3t !d"?? (‘V:t’- amt -, 4 -
S A A //' N £ DR ST q.
N %% o5 B A |
) . s ! 2 3 4 5 6 7 B8 9 2.3 ‘4 5.6 78 %
=z . * AGE (YEARS) . L
. 8 ! \ t N .o &
@30T T 1 T T 1 T T . \
W, © oy FOX ISLAND RIVER| N ’
!/ 40 . /// . JUNF_B. 1971 4. .

— ™ Lol
DN

7 .
- o} ///A/‘{ / & ' ﬁ""' i Y \ o ~
I 2 3 4 5 6 To.8 9 ° - '

AGE (YEARS) o e e, L

M . LI Y
- L] S ta

°

s [ . . [
« Z'\’ K ) . i ,l\ , .
v : ’ ' ' . s ' o e
f e . , . . . .
f’ . N - - L : . . T
: -~
- R ) ,



‘N

proportion between mid-season and late spawners. Bocause there is an . . .

"overa.'ll -increase of ﬁ:;sé: time (2—yea.r-—old) spawners as the season - 7 ,

progresses, this apparent deorease m be due to aampling variation. 'J.‘he
1ncmaae in the proportion of young fish with peason ‘18 also clearly '

,indicated in the rise of the percentage of 3-year—old figh :Ln the

pOpulat:Lon from 24.5% in early season to 36.6% in m.d-season and to 45.6% ‘

m‘late season. No fish younger than 2 years old were "found -in the Bamples

*of- t_hié spawning poﬁulation. It is therefore reasonable to conclﬁgie that

4 :
the -age at firdt maturity is 2 years, On the other hand, not all two—ygaxbold o

riah would mature at this agé; some, éspecially the small sized ones would

. not reach maturity until they are 3 years 0ld, Thik is the possible

Jexpla.nation regarding the increase in proportion of 3-year—olds in the

po?ulation with season which has ‘been indigated above. It may further be

noted that tak:l.ng two- and three-year-olds together, there is a very clear

" and definite percentage rise of these two aggjgroﬁps with the progress of the

Bpawniné season, In early season, these two age groups .;:omp‘rise'_onl_y 57.6%
of ‘the populaticn but rise %o 74¢8% in mid season and 82,1% at the end of the

spawning season. Thus a large proportion of late 'spavir’lers are first time

<

Bp&wner B¢

At the same time, the percentage#;compoeition of 4-yea.r-01ds and older

1 ;-Bh Ia.lls with the progress of the apawning season, be:Lng 42. % at the
peginnins, 25,2% in mid-seaaon and only 17.7% at the end of thq gemsom, - '

W
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.'I‘he Piccadilly. population also shows a r:l.se in the percentage of
first time spawners with the progress of the spawning season. As the
graph at Fig, 10 shows, both 2- and 3-year-old fish are only partially /
"recruited" to-the spawning bopulation and it is only 4-year—olde that -
are all mature. ‘Thus the proportion of, 2-year—olds fises from 8, 7"3

- early geason (Table 17)- to 13.7% in late season (Table 18) while that
'for 3qyea.r—olde also ‘rises from 12.4,a to 25,9. The total proportion of
first-time épawners therei’ore ri.,es from 21,1% of the early spawning
population to 38.675 of the-late spawners. As in the cz_ase of the Port

au Port smelt, the Vpercentage of 4-year~—old and* oléer fish in the *
sp.awning populatior shows a drop from 77.5% in the early _spawners to

- 56,875 among the late spawners. It is ‘therefore true to say that the '
spawning sme]ft/populations from the west coast of Newfoundland undergo
change_a in percentage age conpos:.'tion such that the early spawmers ‘
comprige a large p_ercentage of- old fish :bhat have ppawned -once or more
prev:Lously whereas mogt f£ish of minimal spawning age, that is 2-3;?1- or
3=year olds, spavn 1ate in the season. This phencmenon is re;l.ated to

the decrease in size of smelt during the spawning-run. noted ear]:ier-

" hence the older and 1arger individuals spawn first ‘while the younger

and smaller ones spawn late. This is. J.n conformlty with observations

. ' Amade by other workerf on. smelt pobulations in North Amenca

- gnd Europe (Belyanlna.1969). -
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Jeli:. 1 The body length - scaleo radiua relationsh:lp_

The body length-scale radius relationship has been examined - by

. 4
analysis of regressions of total body length on scale radius

‘

. . . RN -
(May 1964, Whitney and Carlander 1956). The scale-radius -
‘ {

mea:surements were g“rouped. into intervals of 0,05mm and these were

" ploted against average total length foxr each sc|ale radius _

i C
intervale, Data from each area and cach sex were examinod separately

to determine whether the body length - scale’ radius relationship ‘
® .o 2

IS

\was consistent,. The regressions invariably took a linear :f.‘onn

b

]

end straight lines were fitted tgo the data by the method of least

squares(Sr;edecor and Cochran 19_67),*‘ the equatio_h- being,

L='--a+'bS ' - (;L)

' Where (L) is the total, length of -the fish, (s) is the scale D{adius,

(b) is the slope of the- regression line and(a) the L-intercep'b. )
" Fitted regressions of body length on scale radius for males

and females separately are shown for Norris Arm, Port au Port,

: Piccadilly and Fox Island River(Little River) smelt in Fige12,13

~end 11& respectively. The a.‘verage total 1engths of fish at each

| scale radius interval, as well as the numbers of flsh on: which

o

+

th_ese\a'srerages are based ‘are list_ed in Tables .3 to 9. - \/"
Analyses of covai:'ianee by the method ef Snedecor" and fpo'chra.n
(1967) were used to test the d:.fferences in slope and intercept

for the males and females from Norris Arm and Port au Port

'(Table lOA,"lOB). These analyses were carried out/ by comparing -

P _ . . . .‘/
regressions of total length on scale radius .

~

*
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of indiyidunl fish and were not bured on data of average total lengths of

' fish at co,ch Bca.le I:adius in\.erval indicated in- Tables 3-—9. The ratio of
. ; . A
the mean square for regresslon coefficicnts to’ the mean Bqucre within o

sampleu, “is -the-li‘-value whj,ch'measures the significance of d_;!.fferences in

slope of ‘the régreééion “lines, .-fhe significance of ‘differences in inter-"

cept is measured by tlie F-vulue derived from’ fhé'mtio_of‘fnec‘n ‘square for
§ A . .

'adjusted mea.ns 406 mean cquare for conmon rebression. "Snedecor and

Cochrqn (196/) point- out that if the slopes . (regrecsion coefi‘ic:.cnus) are
found to differ mgn:u.:t‘lcantly, in wluch case the 11“00 are not sta'bist:.cally

.parallel, the qucatlon of differences ‘in. elevats.on (mtercept) has little

. L .

.meanin,_;.

IS A}

-

. Tables 10A hnd 108, which suumarisc the a.nalyses of covariance for
ﬁ

_ the sexes show the regress:.on coefficlents (slopes) as well as the inter- -

cepts fronthe Port au Port smelt are not significantly different at the 1%

' " level (Pearson and Har"cley 1956‘) indicating :t;hat»thc_ two 'rregressions of

total-length 6n scale radius for both sexes ars not statis,tically

different. ~However, . the ‘regression coefficients. (slopes) of the males -
. . ' .. ) 3 B " ‘ * " .o [

end femazles from Norris Arm are significantly different at the 1% level

indi.cafing. the. two. reg',ression‘ lines are not statistically parailel. ‘
o L ' L .

Theé discrepancy between the two results of the a.nalyses of -

A\

covnriance may be partly explained by the fact th#%-the relative numbers of

¥

males to females in the two areas were not 'bhe same, Whereas only 18 females



P P
i

.

were compared with 239 males 4in the"Norrie. Arm sée:ple, 69 \emalas jwere
compared with 140 males in the Port au Port sa.mple. : ‘It 1a appaa:ent, from
the Port au Port date, that sex ditferences are not slgnificant in the
body length - peale radiua relationahip of Newfoundland emelt. However,
Hile (1970) pointe out that there exists eample "to aample variability in

body—sca.le curves as well as "possible sex differencas" Thus the eigni-

e fieant difference between pexes depicted in the Norrie A.nn sample m.y be

, ™

L1

reaJ.. On these grounds, the regressions of total body length on acale
radius were a.na.]yeed eepamtely Ior males and females in all thesamplge
according to the areas from wh:l.ch they were obtained ('.Eable 11).

é

3,4t 2 Back-caloulated growth from scale measurements

" Back-calculations of length at eaoh‘ annulus ir’ére nade eepamtely for

.each sex in each area of mveatigp,ti:en. The calculations were not made for

" individual fish. Instead the scale radii were first averaged for each age,

dccording to ‘sex and then length estimates were back calculated from the B

aw'rerage data, ‘The correoted proportionality formila (Carlandei' 1950,
Wh:l.tney and Carlender 19'56, Moy 1964) given below was used to compute the

clc-ca.lculated lengths
P R T

'Where1,, = fish length at annulus n o - .

- L4

iy
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Sy - ‘seile radius at annulus n

L‘ . = fi;h length at capture - . o

"S. L = scale redius at‘.' capture’ ,‘ ' .' E‘ f
. C ‘ = interce;;t ‘on the fisk.l length a:;cis... ) !

~

Tables'23"t0~33 show the back—calculctedaavefége 1enéthé—at-age by sexes

of the various year-classes in the areas indiceted. It mayﬁbe ﬁbted that

‘the calculoted length of each yeer class closely approximates the actually .

measured (empirical) length of the fish, Iee's phenomenon (a progressive

‘x

decrease in back-calculated lengths—at-age when these calculations are

L

made from successlively older flsh) Iee (1912), is evident in Tables ‘

22-30 and, Fig. 15 for all of the areas investlgated, except that in Port

.au Port -Bay, the 1967 year-cluss grew more consxderably'than the othera.u

Furthermore, the back-calculated lehgths at the age Of one year (L1) for

L

the Port au Port smelt for each year-class and sex‘show~5fograssive
decrease'durinr‘thé spawning season (Table 27 The Eiccadilly data-'

—ta

) (Table 30) also show a decrease in Iﬁ from early to late spawning seaagn

"
explain from the present data,.

s‘from'male Piccadilly smelt 1s rather surprising and difficult to -

As regards growth; it is:seen from Tables 23 to 31 and the'summary

of . comparison in Tables 32 and 33 that the calculated average lengths of

-femaleu tend to be greater than those of malés at each age. Fig. 16 and

\.\.'A-. ' ) . - . ‘._ . .‘ N )

(%3

W7

"for females but an 1ncrease for males. This discrepancy in the trend of"
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graphically present the data in the tables.” The curves are Tfitted. to.
the mean back-calculated lengths according to_ the VYon Bertalanffy .

growth eguations

1, = oo (1 - e ‘K(tft-‘o)) o (3) . -

tam

»

where 1, = length of fish at age t years ' . AR
Ioo= maximum length tovards .whifc;l the length of the fish is. tending

K a measure of the rate at which length approaches Loo

v to the theoretical.age at which the length of the fish is Zero,

- The 'fitting was done by the methbd of least squares as. described -

a

. by Allen (1966),

It is clear from Table 25 and Fig. 16 that female emelt from Norris
, Arm attein a highfer maximum (final) size than males,- This is .ai.[sc')'

evident in Fig. 17 whe;;e the gz;o.\:rth curves for Port au Port and
Piccadilly smelt, shovn acco_rdiné to the~.s’pa.\vrx:l.'ng season,' indicate 'that
femaies attain gree{pér.maximqm (final) tot&l lengths than males.- ‘The -
grpw%hﬁ;:’urves also show that bey_c;nd' the first’ year, females have greater
average lengths than males at each age. f?he§e differences’ %.n grové;th
betv/een sexes are in agreement with the 'gfowvth patterns of smelt from
‘I\Ilira.michi, N.B., (I-‘I‘cKenziex19'58,. 1964 ) the Gr_eat‘I-aJces (Bailey 1964) - |

Gull Iake, Michigan (Bdrbfdge 1969) as well as growth in other fishes .

- §

—— T}
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such as haddock (Melanogrammms seglefinus) (Kay 1964) and” pexch (Perce .

fluviatilis) (Alm 1952, 1959). <

Ta;le 34 compares the grow'th parame ters of the atufliqd populations,
Mean ‘asymptotic lengths (oo ) are similar for the sngelt{ p_o‘pulations fzﬁqm
Port au Port, 'Piccadilly and Fox.Island River, Their values are withir‘l

I

Tem rans;e for both sex;es ".ﬂ'.e. nean Ioo 1s between 21,04 cm and 22.09 cm

. ) . 5 . . ) . . .
" for males and 23,53 to 24,88 tn for females. The mean\g;-owth rate

coefficieﬁ% (K) values are also similer éjnd consigtently hié,hér for males
(0.641 . to 0.7236)" than for :('.‘emales‘ (045556 to o.'6195), This means £m£

the groivthl patterns “of Port at; Port Bay smelt popula‘:ciops do not differ ,
appreciably and thg populations could pélong to a single st‘c;ck.‘ Thie is-

further supported by the fabil:athat while the confidence interval estimates

for nean Loo and K for thef Port au Port. ‘Bay fish show considerable over-

]en, they are, however, qui‘te .outt‘n.de the confldence interval egtimate
for mezin Ico and K for Noms Am fish (Pable 34). It may also be noted

that t‘ne'mgan asymptotie length (Loo ) is higher for females than for males,

Yhen the back-calcui'xted lengths of the Poi't aﬁ Port Bay smelt are
compa red with the data, of Notre Da.me Bay (’Jorris Arm) -melt, (Tebles 32

and. 33) %.’b is clearly seen that Notre Dame Bay smel‘t have ‘higher values

'

L4
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of ;er:gfh at .each aée for both sexes, Table 34 also shows that No'tz“a .
;)amp Bay mmelt attain greater maximum length ‘(26.10 cn males, 31.55 cm
femles) than- that attalngd by Port eu Port Bay smelt, The Norris Arm
samples were however, obtained .late in 'the opawnmg season. It ca.n,‘,be_

-infer.'red that, on the grounds of the spawning pattern of Port au Port

Bay\smelt and of popu.lations of amelt a.nd other fish from elsewhere, the °

. Norris Arm samples, therefore, consisted of a greater percentage of amall-

.sized f£ish in that population as it has been observed that the ma;]ox'ity of
. 3

late spawners are'sx‘mll size fish. Comparison of data in Tables 32, 33 and

" 34 and Pig, 16, 17 and 18 ghows that the Port su Port Bay smelt have a

higher rate of approach (K) to their ‘asymptotip length than the Norris Arm

(Notre Dame Bay) amelt. Thus the growth of Port au Port Bay smelt is

- greatly reduced soon after three years while that of Norris Am smelt

o DTy

' continues to.more than five years before it levels oi’:f. 'J.‘hia, ak}n in

conjunction with the percentage age composition (Table 22 a.nd P:I.g. 8) T

leads to the conclusion that the. Port au Port Bay smelt popula.tiona ho.ve

a. short life-apa.n whereas thoae t‘rom Notre Dame Bay atte.in a larger size

- 5

and live about '\:wice as longe -

3,41 3 length - Weight relationship I

Growth represents the excess of food digeéted and absorbed over and

]
—

above that neegied for maintenance requirements (Brown 1957) and in +the

case of mature individ 15, for production of genital producta. The ohd-
product of growth ia rease in size (weight or 'volume) (Rounsefell a.nd '

—

Everhart 1953 ) Por populo.tion analysis and estimation of yleld



1 . ’ . .
o = N . »
~ ‘ ’ . “
. el . N : . 9.
- . -1 .. -y o s Q
oY ’ 7 .o . ‘- 44 - - ) o
. P . . . s !
. ) N . o ‘— N . ' . -
: 3, ) p;. " “ . .
» ' M B " ) M - , ‘ ° - ,
‘ e, o : . ! ' >
8 - . . 1 N \ -
- * - . . a N
) * . - ; . Co N :
i ’ . . . a . . ) .
) 0’ o ’ M . . T ° s, -
. - N ) . . [ !
2 - - rd .
| . . . - .
M ' 3 ’ - L] . v N « . . 1- ‘
- - ¢ - ’
LY R ) ’ . R ¢ R - "n -
. . o N ' ' o, .
-~ N N . . . . v
r . ) - \‘ T . v -
- T~ L I L I LI T T .
- 2 : - e . < ' b
I pem mopmey— e T T Tt i [ e H 1 1 i g R
, : ' MALE "~ = - : \ SCFEMALE v 0 e ;
A : - © : . - LT ~ ' '
' ’ o : . . ‘ ) ‘ '
. E ' L . ' .
, . Iy ) 4 . ’ N .
. ) - 2b , .- " NORRIS ARM - . , ’ -
© LemPICCADILLY ‘ /. PIcchi LY
R PQRY AU-PORT: - B — “
. I 20} U ~—PQ ) PORT - . e s POKT AU P'it o
{ » / ) . . ‘
N R . ' ’ i ) ¢ ’ o )
w '/Lrox IS RIVER i ‘L ' ‘ .
- 104 L - ) . l/_, R . . . . . _J
‘ — . / - ' .
* S ) . b ? we
- st . . + ' -
(o) - - * l
— . B ) o . Y Ty
. N v N ’ . N . 1
ol ' R T \ 1 1 L 2 ! L1 1 1 ] 1 S W
. . I 3 - 6 7 9 1w o0 1 -°2. 3 % S ‘ ? 8 -9 1l
to. ’ . AGE (YEARS) "~ .
‘ ' ) c o . ° i [ 2 . ) i .
: - N . e ‘ : ] . .
* . . ,‘ - . ' ' v'( o t
hJ - ’ -
: v ¢ » » Al . 3 e t. t
. L] ‘ T .
o N * - . i * .
) © ‘Mg. 18:. Comparison of growth curves for Newfoundland smelt, T ‘
- v - .,\. N . " . X A . »
- - : ! ‘ ‘ N ! . M ’ * '
- . - ' " ) Y ] - - . . .
. ) 2 Y . n‘ ) " : : . L c
Do e e e i e e e ST ) - 2 . R . .
- A . . . . , » . .
D . , ; . -
< . , ’ . . .t
X, \»@‘ " ' R . . o , , . - - %_,/.’
: ‘ ' ' H} . N N 4 ’ - ° ' 1 * L. .

N
'
:
.
i
0
e
~



& | | :.vl . l/
(Beverton and Holt 1957, Gulland 1959) 1t 1s desirable to expreas the

growth of fish in a mathepaticel .expression. G

2 4

lost data for growth studiea are collected at sea or elsewhere :ln
-‘ the field and 80 it is both diﬂiculﬁand time coneunﬂ.ng to obtain accura.te
‘ weight or volume measuremantu. The length measurement, therefore, is the
- 8 one most often used in growth atud:l.es since fo.irly rapid and -accurate o
measurements of this variable can be obtu.ned under ﬁeld conditions

(Graham 1956),

-]
5 *

«  The growth history f Hewfoundland smelt has been obtained in terus
_of leogth for each population ds discussed in-the. last section, Por

the purpose of determination of yield it may be desirsble to express -

gro.wthintemsof-weight.. S S L | BRI

In ﬂ.ahes, the - length weight relationahip is uauall,y adequately

€

jw‘repreaented by the equation:

/' .o ’ t . c oo ,

o ¥ = Bj.'ab‘ ' - .
welght of the fish of lemgth T . . " (4}

o

Where - w
a. =a consta;nt ‘

an exponent with a value between 2 and 4, often close»to 3

a
v .
1

Ir the value of& 3 1t indicates’ that the riah grows symetri—
L& - cally or 1sometrically (provided ite apeci:tic gravity rems:l.na constant)

Values other than 3 1ndicate allometr:tc gmwth (Ricker 1968).

¥

S —) e
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e £ o= :46' - - :‘
- <‘_“‘.’.— ) . ' N “'\_".
[ . ‘. Y
" The above equation can be exprenaed J.Ogarithmically aa:
, . log ‘We=blog L £ log a " (5) .

L

: Thie is the form in which the langth-weighf equations of Ncwfoundlar:d

amlt have been expressed at '.l‘able 35, where

A

} '=w~eightingranm‘

‘. I = total length in cm,

'fhe length—weight equations for each arca-a.nd sex 'wcre deicmincd
'by mathematical £1tting of.a stright line to the logarithms of length epd
.’ ‘weight by°the method of leaet squaroa (Snedecor e;xd ‘Cochran 1967). The
| regression coeﬁ.’icient gave the value of b and the intercept of the g ' e, '

jregression 1ine ‘with the Y—a.xis was the value of 1og a.

/ '.l‘he weights computed from individual lengths were the basea i’or the
" ourves in Pig. 19 and 20 with enpirical data. plotted as points, N and x
indicating in each graph the numbers of fish and oorrelation coefficients
reSpectively. The correlation coer:ficients of the 1ength-weight relz;.tion-
-shipd @ror both sexes in the areas studied have values ra.nging from 0.9331 ) :
 to 049852 ‘indicating-a high’ degree of relationship and predictabilify
B between length and weight. The length-ueight equations a.nd curves for Port ‘
~ ‘au Port Bay smelt ave very similar (rig. 19) and there seems to be little _ o
' d:Lfrerence between m.le.s and females (I"ig. 20). The Norris Arnr amelt K

lengthqveight relationsh{p -4 £ fers significant]g from that i’or Port au Port

-
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Bay‘fish innboph the exponent value as welllas the value of the éoﬁatant,é.
fbfﬁ of.thq;e have lower vnlués from.Norr;s Af@ fish in both sexes (?gble_35).
: 'Moréover, Norris Arm.fish sﬁow é definife‘difference-betweeﬂ fhe Eexes such
that females are heavier than males of the same length and thisgirfference
~1ncregses witg,increase in length (Pig. 20) Table 35A is o’ summary of an
analysis.oé covariance of .the 1en5th—weight regressions of male’ and female fish :
from Norris Amm and Port au Port Bay. The F—values indioate thut there 1s a.
silmificant différence between the length~weight relationship of males and
females in the Norris Arm ﬁopulation while there is no siénificant difference
between the sexes for the same length-Wei&ht relatlonship in the Port au Port
Bay tmelt, McKenzie (1958), Balley (1964) and Burbidge (1969) found’ 1ittle
'diffcrence by ‘Sex in the length~weight data of the smelt’ that they studied.

- The lack of difference pcrsinued among specimens caught Just before and during :

k]

' the spavning seasons and hence thcse authors detexuuned general length—weibht

. equatlons from date of both sexes, McKenzie (1958) concludes th?t the ",00

dverage weight of females varies little from that of-ﬁgles of similar lenéth".

This ,seems to be the tase for the Port au ?dft,Bay smelt bu?‘the définite"

: .diffgrence between the éexes in the Norris Arm smelt does not éppear_to have

| segn‘r;ported in other Smelt;pdpulations. " E -

3¢50 Morfalifx: | ' .‘l‘T_
In Tish poﬁulation_studigs; we are oftén concerned with considering

separately two éauses of removal from fhe population, One of these is

notural mortality which ié death of fish due to_diseases, p:édators,

senescence and a lorge number of invironment;§;ggét6rs. In explbited -

' pOpulations death due to fishing -or flshlng mortality 1s a very 1mportant

AR
factor cawﬁing removal from the nopulatlon. v



: Studies of mortalities.are concerned with xrate of cha.nge i.e. the _'

rate at which the numbers in the population are decreasing -1 ?a result of
o "natural and fishing mortelities. According to Beverton and Holt (1957),

" the rate of natural mortality a.t any time ¢, which is denoted by

(dN/atJ,.depends on_the.pumbe? (N) of £ish prescnt at that time ahd ;an“

'be‘written.as PR - o
o (dt)- (e

where M :Lnstantaneous natura.l mortality coefficient.

N ~N

Similarly, the insta.nta.neous rate of decrease in numbera due to i’iah:l.ng
- < . ]

may be defined 'as . T . . .-

‘t,,: | ()~FN ) - H(7>)

4 N . ' .
whe;re P '= instanth,neous fishing mortality coeﬁiciedt.

i

‘

rate of p_opulatioh decrease due fo both natural and 'fiching

¥

" mortality, called total mortality, is defined as - “

aN - -
(dt total = -2ZN . (8)

~

: 'v:vhere % = instantaneous total mortelity coefficient. .
- . In a very short time interval dt, the deaths due to fishing will be
equal to FNdt, najural deaths MNdt and total d,eath;a ZNdt, therefore

. ... Few=z - - (9)



i.e, mtantaneous mortality coeﬁ.’icients are additive (Gulla.nd 1969).

—~In the eat.imati.on of morta.litiea, it 15 convenient to est:!.mte -

" firat the total morta.lity and subtmct from it the estimate of fiahi.ng

mortality to. obt&in the natural mortality. On]J the total mortality has

“been estimted in this study.

Est:l.matea .of tota.l mortality ca.n be ca.lculated or obtained sem:l.-
.graphical]q as was done in this case, If Z (the total mortality ) is
conatant, the numbers of a year-class at any t:Lme, t, a.fter it is

[+

' gubject to full mortality is g:l.ven by

¥ =§elt - ' - (10)
X t o
where N,- = mumbers at time t = :
. therefore, = . S o
log' Nt =log o - Zt - R € 1D

s,

It log Ht is plotted a.ga:i.nst t, it will g:l.ve a etra.ight line of

it
~ '

slbpe - Z, This plot can be made for mmbers of different year-dlasses

at the same. time, giving the so-called ca.tch curve" (Bieker 1958) in

" which deviat:l.ons will be caused by :Lnequalities 1n or:!.ginal year-class

strength,
Pig, 21 chows the_gstimates of the instantaneous total mortaj],it&

-
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'coefflscients (z) ond annual mortelity rates (a). for male' and femnle
-smelf for Port au Port Pay and Norris Am. The Z-values apply on".Ly'_to-

the older fish as incomplete recruitpent makes 1t impossible, to use the

\ - points for younger ages, In/P and Norris Arm, the female

Bl

mortality rates (z) were lovler than those for the males while the Port

ty.m‘te's for females (2 = 2.37) than

for males (2 = 1.86). TPiccadilly smelt showed the highest mortality SN

_au Port Fish showed higher n

rates for both sexes (mnles Z ‘= 4.;17, females 2 = 3.02), while Norris T

, . f -
A smelt had the lowest value for both sexcs (males, Z = 1.54; females,

Z = 0,77) so that the estimiated annual mortality rate (a) is over 95% for .
both sexes (apes 4-5) ‘in the case of Picendilly but ohly ‘_78.56% for males

. énd 53,70 for Teéennles between the -ages 4-6 for Worris Arm.

!

-

3,6 Sex ra;t;io: ’
SexX ratlio

. "n

Data in Table 36 relete gsto the sex ratio of unaged Port au Port .-

.~sme§b/o§éer\red overni:ht at one stotion of a spg.wning stream (Smelt

'

Brook) durins cach quarter of the spawriing,season. The data show that ———7" . .
~ the males consiétcu‘;.ly outnunber the females at any time of \tl@,&pa/wning

' . . . . 'Y !
runy; i.c. 2t no time does the lvgl}entﬁge of Temcles in the run reach 505

of the population. Figu. 22, which graphically presents the percéntage sex

composition or sex rotio indicates lack of a significant correlation

. s ’ < r ' '
between fluctuations in the sex ratio with time of night, This is not in'-
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‘ during 't':.l.:e.ea:,r:ly and late part of the spawning run (Table 38),

55 = 5b-

-, @ccordance with the findings of ﬁoover (13}6) which were that Mesose the

Pemalés exceed SO0% of the total at 3 distinct times during the night, The
number o:t’. females rapidly increases and rapidly decreases™, On the other:
hand, the seasonal avere.ge percentage oompoﬂtiofof the sexes shows a
slight rise of the proportion of females from 15% at the beginn:l.ng of the

run to.26% during the Thind quarter, falling to 18% towa.rds the end (4tb,l :
‘quarter) of thebmn ('l.‘able 36, Fig, 22 A, O, n). '

chenzie (1964) states ‘that "the sex’ mtio du.ring the apawn:l.ng run 7

varies from place to place and time to tim8 oee”s Thia is also confirmed

by the data. :Ln Tables 36 and 37, the latter data conceming the sex ratio

of dged fish eampled at a different po:l.nt on the same spawning stream as -

that from which de.ta. in '.l‘able 36 were obtained, ‘This sa.mple, ae ahown in

Ta'ble 37 showa a fall :I.n the percentage oi‘ females from 1T% at the beg:l.n-

ning of the.run to 12% during mid-semson, rising age,:l.n o 17% at the end

“of the run, This is contrary to the findings of the varj.ation in sex

[

ratio tha.t is depicted in Table 36 and Pig. 22. The seasonal percentage
sex composition :ln another spawn:mg stream at Piceadilly shows no

va.rie.tion 1n sex ratio during the entire run, It remains 32% female

I .
.
Table 37 also shows that of the 1,982 smelt aged from Smelt Brook,
Port, mu Port, both ages 2 and 3 (T4% of the fish) were 16% female, age-

[l

«
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" 4 was 12% fgmie Nw}:.xile age S:ms only 6% female, Both of the two 6-year~old
fish were males, - '.phe. Port au Port sample, therefore, shows a decrease

in the prdportion of females in the bider members .of' the p&puhtion. This
"1 not in egreement with Tables 38 and 39 which show an increase in the
proportion ‘of females with inorease in age in Picadilly and Norrls Axm

~ smelt, The latter findings agree with MoKenzie (1964) and Belyanina.
(1969) as well as other workers, who also found that the percente.go of
femlee :Ln _the spawning runs increases with age. This is to be expected
since thg mortality rate for males is higher than that of females as
discussed earlier in section 3.5. In Port au Port (Smelt Brook) however,
the mortality rate for females' 1é higher than that for ml'ea,- hence the

A

decrease in the proportion of females in ‘the higher age groups,

€

P:mm‘ the forego/#.ng ;.nqumtion, it may ?e defiuced that the diurnal
and seasonal sex ratio pattems of spawning sﬁlelt are similar in the
predominanoe of males at all the different times of the ;un. The Piooadilly
and Forris Arm samples ('ﬁable 38 and 39, Fig. 22) indicate that the- m@a
concentrate first to a large extent at the: spavming sites where the
" majority of them tend to stay throughtout the sehson., mnfoﬁ them dying
tﬁére ouf of exhaustion end fasting. On the ‘6ther hand, the fem.lea peem to
bave a more limited atay, coming up the spawning brooks at night and return-
-ing to sea after spawning In this: way thei(z" chances of survival are greater

as reflected in their lower morta.lity rates, : % -

s ©



" different times

& [ L e
‘ o . , ) 1""’ o
N - ~ * ’ ' : 1 "“:i:"‘f‘ ‘! )
37 Spaming behaviour . : oo . »g—“‘

fhe‘melt spawn _in rivers, streans end brooks or neaf thei%moﬁths'. !

As a rTule they spamn “once a ye&r (Belyanina 1969)es In Nowfoundla.nd, like
elsevhere within its range melt spawning lasts for about a month

(eaxly April to beginning of Moy in- Norris Arm, late May 1o end of June
_in Port au Port Bay).‘ According to Bolyanina (1969) peak 9pawn:.|.ng usualh
lasts only 2-4 day& but there may be aeveral spa.wning peaks, depending on
weather conditiona and population hetemgeneity (sub-popu.lat:lons).

Smelt Brook, Port au ?ort, the "peak® season was found to be between 6-22
June dur:Lng the. 1971 epawning run, . Thus peak spavming activity ].asted for
. some two-weeks. This is in accordance with McKenzie (1964) who observed
peak spawning which lasted 5—10 days in l{iramichi River R B.

Ll

Bupp (1959) reported that the character of the apawn.tng run depénds
on Yae: cond:l.tions: the spawning Tun of smelt in Maine, .S.A. (i.n 808
of cases) beg:l.ns within the first 10 days after the ice has broken,

Bometimee the spaming run is delayed because of ice movements, r

Within its grea.t mgj the smelt 18 known to beg:l.n to spawn when the
~w»,'(;er temperature is about +4°0 but the spawning pea.k occurs at water ,
temperatwres of 6-9°¢ (McKenzie 1964, Belyanina 1969)s It is prob due
to this preference for an optimal water teinperature that spawning begins at -
in Newfoundland, The temperature of the water in Bottom'




~ fBrook, Norris m, at the t:.Lme samples were taken was be’tween 6-;700
during the period 21-26th April 1971, The might of 26/27 April |
experienced a fairly heavy snowfalle .As & Tesult the tenperature of the
: water in the -brook fell suddedly o about 4°C during the night of 27/28 -
April. Itis not surprising tha.t very fe' Bmelt remained in the Btm
&ums this night compared to the previoua one, In fact, this ma.y have
" 1ed to the termination of the run in- this brook as no smelt were obaerved
or reported ].ater. In Port au Port Bay, the water temperature in the
brooka quring the spawning ruzl ranged between 5.6 — 12.2°C 4n Bmelt Brook,
Piccadilly, 3.4-,6.‘I°c in Smelt Brook, Port au rort, and 15.6° 0 in Iittle
Biver, Pox Islend Bivers The upper temperature 1imit¢e observed were
takén during the day time when ‘mielt do not epewns A% nig;g; the -
> temperatures remained within, the '3,4-4% range which is about the’ sene
'ten_lperature observed -elsewhere _Guring the spaming peaks,
. '1/ b . | .
p Bolyaninj, 1969) reporta that "smelt enters r.l.vere and 8pawnz at
‘h:lgh tide"y In this study, it wis observed that there was increased

a_cti\rity, presumably spawning, during high tide 1n Bottom Brook, Norris ~

Arm as well’as in Smelt Brook, Piccadilly,

. . . . . < e

+  As a rule, smelt eLace’ndn Tivers and streams to spawn but some fresh-
water smelt populations spawn near river mouths (Be]ganina 1969 q_uoting

Ru.ssian authors). In this atudy, it was obaemd that emelt spawned as _'

T2 !
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J
fer as about 1, 6 kn (one mile) upstream from the nouth of fdttom -Brook,
Norris Arm gend about o,4 kn (} mdle) from the estuary of Smjﬁ.t Brook,
Port au Port, They were probably prevented from going further upstream
by road culverte which caused waterrelle ebout 15 centimetree high or more.
In Smelt Brook, Piceadilly, spawning took place at the mouth of the =
strean as a road culvert which prevented progress upstream was right at
the mouth of tﬁe etream. It is therefore conﬁmed as reported by 3
le‘enzie (1964), Hoo%i‘"‘{‘l%ﬁ) and others thet spamning in amelt 15 e
prompted by the presence of o;;?;?ci\w\hich prevent the upstream move-

ment ‘of the fieh, provided other condi tiong' 1~ike aubstratum, tempemture ,

“and .current are suitable, . o “‘w ¢ .'

A . C ' - ' . . ] t‘ \‘\W"‘-m '
. Many authors note that water depthe at smelt spawning “gronpde.?m:ry °

from eeveral centimetres to several metress In this investigation it waa
noted that spawning activity was most pronounced in water depths from
about 30 to 100 cm, The suitable substrata :I.ncluded stones, pebblee,

Bubmerged,loge and parts of,buehee. No spawn was observed on muddy

©

72

bottons, - e - '.\' -

The apawning habits ©of smelt have. been well described by Hoover

< (1936), According €’o him "esee 8% approximtely 6 p.m. the males: that

had remained in the pools during the dey became aetive, and began to

move elowly up‘etream to dietribute themeelvee over the epawning bede.

It is believed :l:het gome of the males, afier selecting th_eir poeitions over

e

A e
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male, the two fish quickly-separated and resumed their undulating motion"

L
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spawning beds, remained in the same area of the stream dur:l.ng the entire

- night, ' Barriers in the\!brook, -such as logs, tended to induce Bpam:l.ng, e

provided the downstream bottom was suitable, As they took their places -
over the spawning beds, ‘the males oriented themselves in relation to the

- current with heads pointing upetream. PThey began to move in a seething,

'nd.lling marner, first to one side- then to the other; moving upstream

. against the: current, only to float back %o ‘their original positions, but

always keeping their heads upstream sss. Males deposit milt only when

asgociating with females' ¢ss The sexual importance of the tubercles on

the scales and the undulating sidewlse motion of the males now becamé ~ --.°
evident, At almost every movenent to the side, the body of one fish - . 0
‘came in contact with that of enother.” When a male contacted another ,
but when'a tubercle = covered male came in contact-with a non-tuberculated
female, the male :Lmedia.tely assumed & position slightly emnterior and = -
-glightly dorsal to the female ,os and violently drove her into -the bottom

: ehoreward ...". > Although no such detailed observations on the spawninr of

mnelt were made :Ln this study, there are a number of :Lnatancee which confim

some of Hoover's observations. For :Lnatanoe, at Smelt Brook, Port an Port,

* - during i d-gpewning season (TOth June 1971) betyaeen 00420 ami 00.35 hours,

smelt were seen to swim slowly upstream over stones, logs and other
obstacles, | In the quieter, deeper watere (60=90; cm) gmelt were seen pa.:l.r-

;Lng e.nd presumahly spesning A number of female mmelt were observed to

- '~--.5udden1y aplash and leap ‘out of the water onto the bank of the stresm.. .

Aga.in 1n %he~eame brook, -on 15th June 1971 between 19.15 and 19.45 houra,

S,

. mnelt were seen ewmm}iaiewatmm in le.rge acﬁoola. ‘Within.the °

r

echools some appeared to be paired (mle*aad\:g;eiale) and on a number of ‘
5 ~—
ocoasions a single fish suddenly splabhed the water as” mwrfece
and elci.nnned ‘the -water surfaoe to the bank of the stream where ‘its hea&"\

emerged from the water,- This wag repeated when . the fish was forcibly

: returned :Lnto the water. Moreover many moTe eggs were. obeerved in areas

o v



below obstmctions ‘like logs or stones than eleewhere coni.’:.rmin,g that

o obatmctionﬂ hastened spaminge Most of the bo'%tom of all ‘the spawning

Btreams examined was made up of small stones or qublee and this appea.ra ’

v

' . to be a suitable substratum for smelt spawn.

. L] ’
‘o N . . . . ~
. .

L d.iu.mnl and seaaonal -variation 1n denaity oi’ smelt was observed

-

in the"spawning streams, Even at the peak oi‘ the rum, the density of

0 . ' ?
r

smelt was lower during the day than at night. During daylight amglt were °

éonﬁngd to. the dee‘per and sheltered sections of the’ streams and they

tended to be 1eae active than at’ night. As darkness fell, there was a’
:progresaive 1nerease f.n abundance and activity which reached a peak'

between 2200 h::s and midnight and gradually .decreaaed so that at sunrise,

- the figh which ha.? spread all over the stream at /n{ght were once, more

s

~

. confined 'to the deeper sections ‘of the streams. The fluctuation in
_ @ensity dur.i.ng the day is probably due to more i’ish of both sfxes ascending
the atream to spawn at n:Lght and then returning to’ sea when the sun comea Upe

_ Most of the fish which remained in the strea.ms during the day were , males, -

Hence the increased activity at night was very 1ikély a result. of spawning

as the percentage of females :Ln the population increaaed at nigh't. < 3

- HcKenzie (1964) forund that "more than 80% of spawning oceurs at night', .

a

Seasonally, the population of =mdlt :Ln the- spawning brooks - !

~

]' increased to a man.mnn at mid-apawning Beason and ,fell towards the end of

the :nm., As 1ndicated in section 3.6, _the -1:> 4 rat:i.o during the- spa.wning .
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™un varied from place to place am‘l time to time and 80 it did’ not ehoav
a.ny olee.r tendenoy towards equality in mmbers of males and females at . R

the pea.k of the season. It remained definitely dominated by~ le.rge
Q
mimbers of males over remales. Greene (1930) observed that "The begin—
" ning of the run is commonly composed of a very high percentage .0f male
fish which are usually small, ‘The females and larger males appreafed
'at the height of- the run and the last of the. is’'again composed of
smaller fish ... almost all males", These observations have not been

 fully coni’irmed by this Btudy._ The sex ratio of one series of runs

’

differs from others and the runs of one ‘brook from those of another, '~ -
' L N l

Due to theee variationa it is not poesible to estimate accurately the ‘. : :

a prolonged period of “time at a selected Bpot :Ln the st

]
“

%

4 : . DISCUSSION AND CONCLUSIONS

N 'Both s’e; and freshwater'smelt-oopuiations have been .d.escribed as"
often being biologically heterogeneous, within the sanie ‘waterbody“tﬁere
are ecological :fome differing :Ln slze e.nd rate of growth, age and Size
of ma.turity, age -composition of spagming stock, period and place of
spawning and other peculiaritiea.~ Thie has been found to be 80 in smelt
popula.tions of jhe °Ba.ltio Sea. bays, 1&1{09 of east Burope a.nd Hoxrth

L]

American»powlationa (Belyatiina 1969).

. . o
4 - ~ , . -
Newfqundlaxld presents many opportunities to study this population ‘.

.



'hetero.geneity of the Ltl;ntic mnélt; Anadm;n.ous pdpulations spam 1n the b
numerous streams that eﬂter the equal]y numerous bays arou.nd the islandy ‘

‘ .Some of the Soasiwedes suelt are m:l.gmtory, going to sea aml retu;ming to ! |
freshwa.ter at will, but in a mnnber of 1akes, they are una.ble to gain
access to the lake ﬁ'om the sea beca.use of - ateep gradienta (waten‘alla)
’in the connecting rivers. 'J.‘hue although they may be able to 1eave the ‘
lake by going over the falls a.nd hence down to semy they ca.nnot ‘return %o .
the lake. Smelt in lakes. qf this type are sa:l.d to- be land—locked. Scott ’
"and Orossman (1964) List the following Newfoundland lakes as kmown to

pontain land-locked smeltx ‘ o

| Gull éond_ C | | Salmonier River, St. Mary's Bay'

" . Butt's Pond . ' R Preahwater Bay, Bonav:lsta Bay o
Deer Iake ‘ L ‘ o Humber River system T /
Tpéra. Nova lake .~ L '.l:e.rra Nova system T T

| éeozzge's Pond I . now o ow L
J ohxi's_Pqnd: .o : T . o
Gander Igie oo 'qanaéi _R:Lver,_. Gander Bay. .

\"'

%ccording to the Department of Pisheriea and the I‘isheriee Research

’

"Board of Oanada in Hewfoundland, there are me.nf other small 1akes (¥nown

as ponds) which contain 1a.nd 1ocked Bmelt. :
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' 'of the distribution of this species with those in warmer wat®rs to the-

1% 1s worth noting that the northermnost limit oi’ range of, smelt
S quR e
on the western Atlantic coast has been established to be the Ha.milton
Inlet - Iaake uelv:ule estuary of Ie.bmdor (about 54%% mtitude) (Imv

1895, cited by Soott and Crossman 1964). Hewfoundlend, therefore,

‘ predsnts the opportunity of compé.ring populations in the northem Limit
. l M v

. . . ! L. «;,L‘; 4
South,e :

Fish populations can easi-ly- and rapidly-be compared by c’onsidering N

'their size composition. In i’isheries biolog studies, the most widely

sed, technique of determining the size.of fish is _the length measuremnnt.

‘ primarily on the ease and speed with which the measuremsnt can be taken'

undar given working conditions and on the state of fish, As stated
¢ .
ee;ﬂ:ﬂer, total length was the measure employed in this study

i'he 1ength distributions of f£ish give the simplest index oi’ the

composition of the stock or population vﬁ:ich can be used for

rd

comparison within the pOpulation at different ~times or with other

popu]ations. Considering the 1ength distributions of spﬂning Hewroundland .

smelt (Fig. T, Table 21) the Port an Port (Smelt Brook) and Pox Island
River populstions have the greatost proportion of small fish (13.0—16.9 cm)
of both sexes (29.4%. and 28.6% respeotively). Only s.a% of -the Piccadilly

(Smelt Brook) population are in this size. range. I+ can be noted from

Ll

Seveml possible measures of over-all length of fish ‘are ussd depending

'l



" and Norris Avm fish. Table 33 confirms that Port su Port smelt have the

Tables 13 t‘z 20 that this aize: range consiqts almost exclusively of the
2-year age group which form a lnrge peroentage of Port au Port and I“ox |
Island River populations (see Table 22). None of the Norris Am (Bottom
Brook) figh' are Withﬁl this size range and not surprisingly, this

population does not have the 2-year age groupnin its spawning run (Tables

12 and 22). Therefore, the first mode_in the bimodal length diatnoution-

of Port au Port; . Piceadilly -and Fox Island River spawning smelt oc:;u;ations
coﬁsists of one age group -i.e, 2-year olds'. Thus this length range z;ppeérs:
to be a reliable 1ndex of age of most 2-yearo old spawning smelt from Port au .
Port Bay. This is not true for smelt larger than this. size ranue. ‘It is clear
from Fig. 6 and 7 and Tables 13—21, that the second modal 16ngth distribution
_which falls' in the range 17,0 to 24.4 cm consists of ‘fish of all ages

"found in the spawning run i.e. from 2-yeaxj to 6-year age groups, - In jbhis ,

case, length is a poor index of age although the "peak' of the distribution

seems to consist largely of one age group l.e. 3-year-olds in the cage of

Port au Port and Fox Islend River and 4-year-olds in the case of Piccadilly

.

-shortest average length at any age. This is obvious from Fig. 6 and 7 which

indicate the "p,eak" of' “the second modal distribution-for Port ‘au Port ocours -

S

at a shorter .length (19 2 cm) than those for Piccadilly and Pox Island River
(20.7 cm)s Nevertheless, the simi]arity in the lemzth composition of al_l‘
Port au Port Bay smelt still rema.i;ls. Most of them are, W:il'hhin the ra.hg,e A
of 14.0 to 23, 4 ca and that is quite dista.nct i’rom the length composition

of Norris A ﬁsh which is very “mich protracted, extending from 17.0 em

- &
' . . N ’

¢
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t‘.’,31.'1 cm,, .This pOngaticn ’does not show any predictaﬁility of ége by’
length although the pesk of the distribution ténds to be formed by 4-

year old fish which comprise the ‘majority (79.8%) of the spawning run, .
Ttnis, from the length f'requency distributions depicted in Figé 6 a&-nd."l,

1t is clear that thé Port au Port, Plocadilly and Pox Island populationa are -
very. similar to each other and that they . could belong to the sa.me stock .

or sub-stock of Newfoundland smelt while &e Norris Am population presents

'a very dif:ferent size distribution suggeating it could well be. part of a

© - aifferent stock. - ' |

~

?he.picturé‘ presented by the'length distributions is borne out by the

'age' compositions of the populatioh. This is to be expected sincc slze

(Length) is & function'of age. Mg, 8, therefors, tells a aimilar sfory

(4]

" to that of Pig. 7. The.Port au Port (Smelt Brook) and Fox Island River

(Tdttle River) smelt hav%the largest percentages of young fish in their

apawning runs & compared to that of Piccadilly (Smelt Brook) and Horris Amm -

(Bottom Brook) runs. The age at first maturity as indicated by the youpgeet K

2ish in the spawning populltion, is 2 yedrs for the Port au Port Bay.smelts

Although this is the minimal spawning age, most fish of the 'Pio‘cadnly
populntion do not mature until they become 4 years old (74 9%) and only a.
small proportion (9.3%) ‘reach maturity at the age of 2 years, increaaing to |

14% at 3 years:: Th:ls contrasts wi‘th the pattern in Port au Port and Por

Island River in which the spawning popu]ati/ons are formed largely of fish

'of minimal spawning age -(Pig. 8, Table 22), It isnot kmown what pmportion'
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'o:f the 3, and 4-year-o1d i’ish wdcre i’irat time epawnere as, unlike in some
fiah like oalmon and cod, 1t was not poasible tg determine from the scalea
of Newfoundland smelt at what age a spawning indiv:!.dual. had spawned for the

‘£irst time as there wexre no recogmza’ole "spawning rings". (distinct from

annual rings) on the scales,

The Norris Arm sample was obtained towaxds the end of- the spawming
season in which case it 1s reasox‘mble’ to eipect 'that-moat first time .

apawners of minima.l spawn:l.ng size, would be included in the sample, This' )

is the case with both' the Port au Port and I’iccadilly population where it
was noted that there was a progressive decrease in size (Fig. 6) and an_
:anreézse in the I‘Jroporjhion.‘of'young fish in the'n'm as the spo.wning

scaoon progress'ed (Fig. 9, 10, Tablea 13-18). ‘McKenzie (1958, 1964) noted
“the same for Miramichi “River N. B. smelt and the majoxrdity of :vorkora have
noted the' larger and older mdividuals in the spavming mn spawn before

the younger and smaller. individuals. The same aituation occurs in other R

apeoies of fish (Alm 1952, 1959). Thus the minimal age at first maturity

"~ for Norris Arm fish is three yeara although most fish do not spawn unitl

they are 4 years old as is indicated by the great r:l.se in the percentage

of this age group in the spawning population.

, L]
The're haa been considerable discussion in the literature on yhcther

thought that the onset of maturity in fish is a Function bf their size rather

P

.,
-

Y size or age is the ‘chief determinant of maturity. For many years, it.has been .
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' than of their age. Thus 1t is c\o’mﬁmm\y.shted' in the literature that
| many fish become mature at a oize wilich is some rather constant proportion.
(ahout 2) of their final (maximum) length (Holt -1962)e. Beverton.and Holt
(1959) 1313ve examined the relation between mean léngth at maturity (1m§ and —
- - the asymptotic (ma:dmum) length (Lo ) for different speciee of fish, They
show ‘that the ratio /Iroo -ehows considerable variation with values :mnging
from 0.3 ‘ %o more than 0.9. Although sonie of the va}v.ability of the -ratio
.'can be ascribed to errors in ‘egtimatii;g Looand also ‘to lack.of precision'in
both definition ,eind measurement of mzituri_ty size, these apthors' are
satis,i’ied that the data do not sirpport the contention of matjzrity oeing
'attdined at ' a size which is a constant propori:ion hof finel' size, It is
further pointed out that some of the var:.ability of the ratio /Im ié due

to differences in growth rate up to onset of maturity. It appears that

fish which grow rather rapidly towards their asymptotic slige (i.e. have -

high K values) mature at & size which 1s larger relative to that

asympote than that of fish which approach the asymptotic Bize relatively

A

. more gradually (1ow K values). It has also been reported tliat faster
growing fish-mature at an earlier age than slower growing ones, though
i;hes' may be ab’oolute],;;',smaller in size at maturity than the later

o : , N o
maturing, fish. This is the case wit’h Salmo and Onchorhynchus species

W

(Parker and Larkin 1959) and in '1‘1 nia esculenta of Iake Victoria in _

. which Garrod (1959) has shom that fioh that matured when relatively g

young and small ha.d higher K and lower I-oo values than those which
<] N . . . .
matured at a relativeiy oldir age and larger sizeyAlthough .
. , - . . ’ . . 1

separate K and Ioo values for the’
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year-classea have not been detem:l.ned for Newfoundland amelt and :Ln spite

af

. or the realisation that these -values depend on the accurancy with which age
'deteminations are made, it can still be said that the average values of
- Kand Im compnted from back-calculated lengtha-at—ege present a fairly

" accu.rate picture of the average trowth rate ‘and asymptotic length atta.ined

by the popurégons studied. Ccnsideration of data in Table 34 therefore

v

coni’:ers tﬁe,,&,pparent inverae relation between .S and I, Ho:;ris Am fish s

have high Loo but low K values, They mature at a late age. Port au Port

N \ )
f£ish have low Loo and high K values an{i attain maturity at an earlier age,

CI% may also be noted that the -aarly anq late@pawning Piccadilly smelt,

present an exception. Both the Ioor: a.le valueg for the early spavmm

are higher. tha.n those for late spawners. Beyerton and Holt (1959)

.

mention several i’ish species where the apparent inverse relation between

PN

thege two gx_‘owth parameters does not hold,

Prom the foregoing it appears the generalization that size rather

than age as the chief determinant of matu:;d.ty is only partly true cpt

- only because,” within a species, ~;.nd1viduals reach haturity over a range

- of both age and size as séen for the populations of Newfoundland smelt

(2-4 yeaxs in Port au Port Bay, 3-4 years-in Noiris Am) bt also I

' depends on the growth rate, ‘or speciﬁcally on K, the rate at which the

asymptotic length Ioo is approached. Both I;_cn and X also vary with

temperature,  Time Taylor (1958, 1959) has shown that, X incfeddes with -

incmésmé temperctum in cod (Gadus morhug) end in the Pacific ra'zo;.



cla.m (Siliqua patula.) It has also been found :Ln -many apccie<‘ of fish -

) and n.n gmelt (Belyanina 19%9) that population° of . the c'u.me SpCClea show

a decrease in sﬂ'.ze with 1nc)lrease ;Ln tempe‘rﬁture of their cq,vironment.
i{o;veirer, the teniperature c'oefi’ie‘ie,rits t‘or K andz are different in
,w‘uch case the effect of, temperature on these.growth paramaters is not
to the fame e.ctent. Th:\.s being eo, it” would be expected  that on ‘the-

Y

smelt sbould be s:.m:LL.r in the areas studied as the tempemture regmes

. of these areas. do not differ to any great extent (May et al 1°65)

Furthermore, Copeman (per onal communication 1971). sta.tes that a popula-

" tion of "stunted" smelt spawnw in a brook near Sandmngham, Bonaviata Bay

Spawning runs of smelt in’ Bonavista Bay are k:nmm to take place at about
the same time os the N’orris Arm runs and the temperature regimes of the
two bays are slnu.lar.' It thorefore seems thet temperature does not

RN

feamre _prominently in detenniﬁin@ the gfoxvth ‘rate, maximim length and

ultim.,tel./ sne at mntur:.ty i’or Newfoundland smelt Other environmcntal

'factors, 1nclud1ng the avallablllty of food may be respona..ble for the

ditferénces in the growtlr pattern, Further studles need to_ be carried

: out to establish the role of temperature in defining different growth

' .
]

patterns of Newfoundland smelt,

4

-

v bas‘is of tempemt\ures .alone, the élze and age composition of'Newfou.ndland,' e

-
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A c mparison of the growth curvee of- smelt is made in Fig. 18 _

‘based on data of. back-calculated longth at age given 1n Table 32.

' The male Port au Porm, Piccadilly and Fox Ieland River fish Bhow a

close relation in their growth pattern._ -The curves h_ve ateep

‘ slopes between abes 1 a.nd 2 followed by a growth 1nflection which

:reduceh the slope between ages 3 and 4 and even more.atl greater ages;
jrhere iﬂ thus a rapid approach to Inokeallndicated by the high K values .
in Table 34. The growth curve of lorris Arm male fish lmplj very fast N
'growth dur1nu thc first year of 1life so that at the age of one year ‘they
have a larger si e than- a.ny ‘smelt of that age from the Port au Port Bay
msflgrg;;‘m ze at age is maintained throughout 1i%e but beyond ohe

ye?.r', the growth rate is slower so that approach to Loo ‘is' more gradual\

than for the Port au Port Bay smelt. _These fish weintain their growth

. toa greater age than Port au Port Bay fish. The' female smelt from'all |

¢ .
loc'llities have a greater si e at age than “the males and attain greater. /"

maxinum ler_zgths (Lco) at a lo‘ve;' rate (K).' The Piccadilly femnles show

-a greater Loo, lower K and slightly greéter size at. age ‘then. the Port

_'au Port fish. Again the Norris Arm fish have a la'r'gexj. sice at the

Y



age o:f one year. and attain the highest mxximnn size (Im 31459 em) of
S : ; C
"all the smelt inveatigated. They also reach greater ages as shown by _

" one female which was 7 years old and was 31.1 cm long.
A ’ ° . 2

. M . . - N - . ) o
_ . It is therefore quite obvious, from the consideration of the growth
R pattern and both size and age distributions that the Port an Port Bay-
e ! . 2 ’ .
P - o '

' populations ‘Qel‘ong to one stock or sub-stock wl;ose cqgstituent populations
haves close similaritied in tﬁeir growth parameterA' (Im, X and t.) and 80
. . they have very nearly the same values of size and age et maturity as well
as longevity. On the othior band, thS Norris Arm (Notre Dame Bay) A
popu:?.a.tion‘ ha.a é longer l:lfe-‘epan,' larger average and final size, highexl
size a.nd'age at inaturity and lawer K than the fort au Port Bay pop;lations. ]
e These differences are indicative of the poesibility of the Norris Am :t’iah

I P

- belonging to a different stock from the Port au Port Bay :t’iah.

) - This explanation is{ﬁpported by the known habita.t of smelt thrdughout~
T ite xange of distribution. Accurding to a number of authors (Bigelow and |
| Schroeder 1963, Scott and Crossman 1964, Leim and Scott 1966, a.nd Be];ya.nina
’ 1969) this ‘anadromous species oceurs in shoal inshore waters, “Duri;ng the
' " marine phase of thelr life, smelt are conf:i.ned to so parrow a coastal belt .
that none has ever been reported more than s:l.x milea or BO out :from Land
and seldom ‘below 2-3 :t’atvhoms;' the deepest record for them is 9-10 fathoms .
at the mouth of Port au Port Bay on the west coaet of New;foupdla,nﬁ"‘...

(Bigelow. and Schroeder 1963), - Le:i.m and Sco;tj; (1966). mention one 4agged- £ish

_ . ¢ 1)
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’ sepa.ra.te stocks.
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which was caught 100 mles away but they add ‘that "thia is 'exceptional"
The sinelt, therefore, do not migrate to any large extent while at sea,

Their seaward movement after spawning depends chiefly on the temperature

: . . . - K
of the water; they move only far enough out and deep enough to avoid high -
. .

temperatures apd find gooler water (Bigelogv and Schroeder 1963, Belyanina

3

. 1969). Because of these short migrations to feeding grownds; it is highly

likely that populations in.different bays of Newfoundland remain there

throughout their entire life forming separate local populations or stockse
. ‘O

f[ndepd Port au Port Bay is far eqpugh separated from Norr;l.s:Arm (Notre

‘Dame Bay) that taking into account the migratory Babits of the’ smelt 1t-1is

not unrealist:l.c for these populations to be visualiaed_aq belong:mg to -

v

A Further evidence pointing to the e ce of separate stocks of

smelt in Newfoundland can be had from the tion of* the mortality

. rates oi’ the studied populationa and their poasible causes. Referrin& to

F:Lg. 21 a.nd Table 34 the instantaneoua tota.l mortality coefficients for the

Port au Port Bay pOpulations are higher than those for the Norris Arm
population, for both sexes, Values of mgta.nta.neous total _mortality

coefficients (%) have been converted to ammual mortality rate (a) using

tables of mortality coefficients by Ricker (1958)e The Plccadilly emelt

population has the highest annual mortality rate (a) being more than 95%

v
A}
i
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of 84 6% (84.4% for males ‘and 90,7% for females) while the Fox Island River

. both sexes.

' for both sexes. 'Pbrt au Port follows w'ith an’ avérage annual mortality rate

\_‘“

male a.nnual morbality mte is 79.2%. The Norris Am axmual mortality mten are

4
lower, being 78.6% for males, 53. 7% for. feinales- and en average of . 76% for

~ a .- B
. . K

.' . M .'. )
. ) -
' . - . .

¢ - . -

'rhese mor‘cality rates may be 1n error due ‘to the: small numbers of fish

) in the older age- groups and due to posaible . inaccura.‘a.cies in the ageing of '

older fish, H,owever, since these Bhortcomings a.pply equally ‘to all the '

)

populationa, it seems %alétd to utilise the resulta for comparative purposea.

Hence 1t 13 apparent -that ﬂorris Arm ‘amelt su.ffer lesa mortalities than Port
- !
au Port‘.Bay smelts ' P

In the apavming brooks entering Port au Port Bay it was obserwred that

towards the end of the Bpawning run there were very mny “‘dead smelrb a‘b every

: pla,cev reached by the Spawners. SOme of the dead fish, mostly male, were found

to have bruises in aifferent' areas of the body. and, these'were fréquently -

v

covered with a white slimy substance, poasi‘on the water fungua Saproleg;g sp.

Such high dedath.rates were not observed in Norr:!.s Arm although this population -

was sampled towards the end of the Au. It therefore.appears that mortality.

An I’or“i: au Port Bay smelt is largel& caused by spawning mortality so that 8

-,

large percentage of the p&bulation Bpawn once and d:Le, only a few survi'ving to

. ppawn another time. This is also rel’lected in the age-composition data.

v . - .
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. Beverton and H61t (1959) examined the connexion between natural = - ¥
. N (- - 1\

: death and reproduction in fish. They atate t'ha.t the "reproductive drain"

in fishes’ may be apparent from the’ peasonal va.riati‘on of the ratio of the

weight of a fish to the cube of its length, ‘the so called condition factor. &9‘ ;

This ratio is highest Just before spawning and lowest in spent :t.’ish. ‘In the

. plaice (PLeuronectes nlateesa) var:lation in this ratio hag been found to be-

greatest in older than in younger individuals and "it seems- that a8 the fish

) ‘gets wlder (or, perhaps, merely bigger) the stra.in oi’ meeting the reproductive ‘:

dema.nd :anreaees to a point at .which recovery is not poseible" (Beverton and
Holt 1959), This effect 1s most evident in speties with high K which
matu.re at an’ early age but at a rele.tively large size in rgletion to the -

-nesymptotic length I e As stated earlier, theae specles are short-lived a.nd

=their 1ifespa.n ends ebruptly as death usually occu.rs at or_soon ai’ter @

spe,lwning i.e. they do ,not recover from the strain of meeting reproductive
- .demands. Pish with a low K (e.g. sturgcon) do not show a decline in their

reproductive capecitiee. Newfoundland smelt 1end support-to this theory.

.

Port au Port .Bay smelt have a high K and a low agymptotic length (I-oo).
'Therefore they matu.re -at a relatively 1arger size in relation to their

'3
maximum length than the Norris Arm fiqp whose Tioo is’ large but have low Ko/

\ﬁ:e Port au Port i’ieh heve \high mortality rates and dee.th hrge]y occurs
after spawnin.g. while Norris Arm fish shoy low n;ortality rates,. It is ’there-'-
- fore apparent thet a poeitive.'correiation exists between K and mortality rate

’ M \ ) -

I



«structure -of Néwfoundland smelt emerge, Firstly, tald.ng into account

- A

:(M or z) and this %s also evideht where sexu.e.i differenees“in gmwth rate X
. oceurs, Usually the males are smallez‘ (lower Loo ), have a faster rate of
L growth (high X) and 'a higher morta.lity rate (M or 2) than Qfemalea. From
: .Table 34, the values of total mortality rat?s (Z) are higher fnrtmales
‘ than females in Piccadilly and Norris Am. However, the.'maleé_have lov;:.er
twrtalit&'ratesgthanlfemalee in Port au-Port although the growth rates ave
. g111 higher Tor males thao.for females. This. anomaly may be due to error

in age determination of the two male fish' aged as 6 year olda in the Port

au Port sample. Beverton a.nd Holt (1959) established the positive T

_correlation between growth rate (K) and mortality rate (M.or Z).

- L . o <. . . o
. ‘From the foregoing diseussions, two main aspects of the population,.}
’ . v, . £¢

. 24
[y

their habitat a.nd movements at_ sea which are very limited, 1t is evident

- that the Port an Port Bay p0pulations are a eeparate stock from the Notre

. “Dame Bay populatione owing to geographical separation. Growth patterns

are different i\n the two. stocks, The Port au Port Bay stock consists of

populations -of fast growing (high X) early maturing (2-year-0ld) smelt

wihich attain relatively small size (Ico) and have a short life-span that
I - . ’ : : . .

ends:‘\ abruptly a.t or shortly atter epamurg. The ‘Norria ﬁAm population
5.

.gjppears to be part of a different stock whic'}'z attain a largé size (high

Loo) and greater age. However, thay grow slowly (low K) atta.ining maturity v

¥y

a
a N ] . . 1



when fair]y old (3-4 years) while they continue to gmw.up to 5-5 years
before they approach their asymptotio size. Mortality does not seenm- -to be
largely caused by the spavming act alone as is indicated by the presence
of a large proportion of the glder age groups in' the population and also -
by the low mortelity- ra.te compo,red to the Port au Port Bay stock. The .

example of the Port.mu Port Bay and Norris Arm populations suggestis that

Newfoundland emelt, like those found elsewhere on’ the North American

Atlantic coast (Bigelow and Schroeder 1963, -Iaeim and séépt, 1966) and in
E‘urdpe (Belyanina 1968, 1969)' tend to form distinct local populations

constituting distfnct stocks which may differ from one bay to another. It
therefore appears that the many bays in Newfoundland. have distinct stocks

of smelt. If th.is is the case, caution is easential in interpreting resulta

: of gtudies conducted on one or two stocks and applying them to bther stocks *

-
inﬂother ait[uations. _For example one naede to take into account the grea.t

variability of the nge and size of maturation and age {(as well as size) -

structure of stocks to be able Yo predict the ‘probahle effect of a fiehery

on a disecrete smelt population. In the short-lived spawning pqpulationsof

]

]?ort au I?ort which coqsi,st 1argely of 2-3 year age-groups, recruitment -

. abundo.nce will depend on cha.nges in ong or- two year claseea. When recruit.— .

o

ment is high, such populations may recover their density very rapidly from

-the effects of a fishery due to their fast growth and early maturation.
f

However, in years when recruitment is 1ow and the ma:i.n epawning population

conaiets of rolder fish the number of which would be relatively sma.“ll, the

o~ . .

-——
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effects of a fishery would be much pronounced and unless restricted, could

léad to over-exploitation oi’ the stock. 'I‘his would be even more serious it

survival of spawn is a.ffected by adverse conditions ‘like re@uced volume of

water in spawning streams, In t'he ;I.ong-lived populations like that at . :

Norris Arm, reproduction is more stable as iore year classes contribute to

. the spawn. -.Therefore fluctuations in the a?mdsnce of ~sepamte year-' :

classes would have less .effect on the number of soawning ‘age groups, How- .

" ever, -the fish of. these populations grow slowly and mature later, hence such .

popuiation's.i:ecovér their density more slowly and an intensive ,fishci:y nay

result in: overfishing (Belyanina 1969).
. ’ . - N -*\

The second aspect of the' population structure of Newfoundland smelt

‘concerns the biological heterog'em;ity,mentioned at the ,beginniné' of this

discussion as also occurring in most smelt populations (Belya.nina 1969).

The Port au Port Bay populations a.:fford an exsmple of this. Although the
growth pattern a.nd range in size and. a,ge indics.te that this is a sihgle fish
stock:, the Piccadilly population has a different size..-and age composition
from that of both the Port au Port and Pox Isls.nd River populations. While
im;t e latter two populations most individuals reach maturity at the age of | . o '.

2=3 yeax ,__thexlz.ccadilly smelt show a gradual increase in maturity within

' the age groupse Some fish mature at 2 years old, more at 3 yea.rs,lqut it is

only at the age of .4 ‘that. most of fish’ in the population githadn raturity,

These differences in age and size at maturity are reflected in the size and ..
P _ ' o ® . . h l . (‘
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age distnbutions indicating the Piccadilly fish have a higher proportibn

of slightly larger fish then either the Port au Port or- Fox Island River

fish (Fig,..s &1, Tgble 21). It 1 therefore apparen} thet the Port au Port

§:=._.,_ - Bay stock: le formed of at least two ecological forms difi’ering in size and

v age composition as well as age and size- at ma.turity. B'elya.nina~'(1969)
. suggeste thet the eJd.stence of such. ecological i’orms is common 1n amelt

a.nd it promotes the more complete use of food eupply rand epa.wning grounds

e

as usually the gmaller andMearlier matu.ring form is non-migra.tory while-

a I

by Belyen:Lna 1969) the enstence .of different forms in the - same stock or

the larger and later maturing one is more -likely- to mowe greater distances

between feeding and spawning grounds. JAccording to Id.llelund (1961, cited

population of smelt may be a/result of differences"in growth rates of year-

classes. -Slowly growing year classes maﬁture lat_er than faeter growing\year—-

classes, - This difi’erence may in time cause changes in the age and size

compoeition of a stock from a short—lived one -to a long-lived stocke '

\ f T

Obviously this is only possible in the natural situat:.on, but where @’

fishery ensts the coneequen\ces would be s:l.m.ilar to what has been stated
&
above regardlng short-lived and longglived populatione or' stocks,

‘ . - ” ’
Commercial smelt land:Lng statietics !ﬂbi‘ Newfoundland during 1936

> to 1968 (rable, 1, Pig. 1)show a steady though irregula.r decline. The

\ same .tren has been recorded for the M_immichl, New Brune_vick smelt land- ’.

L 8 " ings from 1931 to 1963. This latter fishery used to providé about oné- -
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by 1963, over one-ha.lf of the North-.l\merican catch or:iginated from the
—_— - | Great Iakes with a 12 million Ib /5.4 million kg). annual production.
_ "”HcKenzie (1964)'a‘btr.ibutes the decline in landed catch of smelt from the
‘s L Miramichi to price compctition from the well-orgzmieeﬁreat Lakes fishery

which offere large sized fish at lower prices tha.n those from elsewhere in
S

-

~ Qanada. This has led to the decline in prices of smelt and resulted i.n

—’:‘—-p-

-

v reduced fishing effort not only in the Miramichi but also in Newfoundlanii. .
" Bor epimple, during the 1946-47 £ishing season in the Miramiohi, 3,066
.-\ . . licenced tre.p ne'te Opera.ted landing 23,433 cwt of bmelt at a Total valﬁl 'o‘f
.‘ $ 475,325 which was 8 price of &§ 20,3 per cwt, The. catch per net was only
764 lb. In the 1962-63 season only 464 licenced trap nets operated which
Lﬂ!anded 6,916 cwf at & catch per net of 1,491 Ib. which is about twice the |
"-“ ) - catch rate of fthe 1946-47 season. However, the catch fetched only
| $ 40,958 at a third of the 1946—47 price i.e, only § 5.9 pex- cwt,  Further- '
- . ‘more, investigations over-a per:i.od from, 1941-1963 in ,the.Miramichi '
. : L indicated that the commercia.l £1 shery gook an average of only 4% of the:
) stock-each years It is therefore clear that the steady decline in the
" " ¥ landed catch is not a result -0f reduced abunde.nce, but rather of reduced
‘fiahj:ng effort resulting from low -prices. Recently, there has ~been.incre‘a:.o-'-

\\ . . . . .
ing concern about the effect of pollution on the fieh poi:ulationeof the

+ Great Iakes and’ that fish from these. lakee have accumula.ted qna.ntities of

mercury m/their flesh above, the safer l:Lm:Lt for human consumption. It 1is

- L 4 . M

' - R . ..
.J‘ - L . - . R . . . 3

th:brd of the a.nnual Cansdian emelt catch of 7 to 8 million. pounds. However, -



- T * . M v .
v . , I3

o L v ; i

‘-_-

thereforb?likely that smelt from the relatively unpolluted waters .0f the

' . Atla.ntic Provinces, including Newfound}and, will be in increased dema.nd o
to replace the Great Iakee eupply and this' will lead to improvement in
prices, If this happens,- the smelt ‘stocke around Newfoundland will
likely be ;eubjcc_t'ed to incre‘ased.fishihg effort and unless .tldie'i's_ ‘ "o

regulated, the s.oe'cies could face the do.ngers' of overfish‘ing. -

It is therefore :meorta.nt tha.t, to enable the formula.tion of sound-

_principles of management on. which to _baee the Lfishery regulations, further

.

biological studies be carried out on the population structure, grom}h

L3

-and abuﬂdance of stocks of smelt 1n Newfoundland. It is alsor necessary “to
aspess the exiating fishery and the potential for its expansion taking into

account #he annual abundance‘of the ‘delimited 'exploitable stocks. This is
‘- 1 . 4 .

-

important since smelt stocks tend to be localised, being limited to- J

&

individual bayé o; river systeme. McKenzlie (19‘64) states that tagging and
_ Mmrking studies in the Miramichi "support the opinion that smelt stocks are

are ﬂrestricted in range 80 that recruitment :from one river system to another :

~

i’g‘; restricted. This means that each river gystem, and even tributaries
4 ¢

. should be considered individually for management.* It also means that quantita.tive

A

observations derived for the Miramichi eystem apply only to it although it'is
u/

belived that q@litative conclusions agply generally throug t the
Maritimes I‘egion". ' - ' )
. - L - . ©
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N N B .Pinally, it is-in order at \nh:'Ls juncture," to §tress the ':l-_n;}ortance
. of ebatmc.tions in spawning- nxjoqk_s‘ to the mortality gf- adult smelt and -
.. ' "their eggs. As indicated earli.er, large.concentrationa of spawning smelt
and 5pawn were observed below road culverte. Because of the swif*g Tlow
“:, - of water resulting from the difference in level between the culvert and
- ‘tbhe gtream bed de;vnstmam, smelt were- ;_z/x:eve,nted from going further up-
streum where they could have found suita'ble spawning sites, This would
reduce crpwding of eggs and increase larval production as :;.: has been
. obsefved that; reduced crowding of e.gge' increases e'ux_'vival oi" 1a:;'vae up to

100 times (McKenzie 1947,h 196’4). I‘l':'wo\gld be of great help W'.fhé smelt

'populaiions'if grades through giﬁ‘.verts_ were made to‘conform to the slope

n ' inerease maintain the abundance of smel‘t_.stocke.
v ) ¢ n . “ B
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N Compfrlson of weights(grams) .
No. of .f‘}sh in the sample ' 100 . A
. " Mean size 81 fresh condit:.on 31.]{2_.
J‘/\Mean size a.fter preservatlon 33.14 - "
- ' o .4 - .A
Standard deviation of mean’ - 10.43 )
o » . . .' ) ) ‘A . i ’ . , . . i :
I b= 1.9
- -.QOmpéris'aon of iengfhs(cm) - ’ - !
: Nos of i,‘ish'ifnvthe sample o 100
e t . . ’ . o p '
@ - Mean size in . fresh condition . 18,23
Sta.\ndé.rd deviati,én of mean. ' . 1.89-
N 4 Y Y L] . R . )
R Mean size after preservat:.oxz € 18,07
< . - Standard devlatlon ‘of mean " e ' 1.83 Eo
A ' - t= 1, 00 n.s.'
. : ) v .
‘ >*Sign1ficant d:.fference at 5 JLevel:
n.s.= No Significa.nt dlfference at 5% level.
. | .
. . . ! A; L
. , ‘ S L
- ) D
A . L] v
. a0 ) -
- . * .
. ° ' - ’ ¥
_ \ ’ .
L~ - : »
5 . </
. ‘ i ' o 6 .
. 4 o T —t
. Q 3 " -m ' A
' R ' ) N
. ; ) .
. .° -
- _ .

_-‘_' ‘ ‘ . “ ‘ : "‘ .:- '. D ‘A'__"<‘. ‘,‘
o \ 99A - ST L
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aTa'ble ' 2A. Summary o:f‘ compa.risons of the mean sizes of f:i.sh

in the. fresh condition and after. prpserva.tion in .

o

. isopropylcohol.
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e 'TABIE‘,‘S: Average total 1éh_éths of fish at'.' each scale'pa_digsimtéfval C
' °  of 0.05mm for Norris Arm smelt. , Numbers of fish in brackets

' T_otﬁl length (em) -
18,70 (1) . - ¢

N Sc;agle‘ radius (mm)
L 1,30 e _ o
T 1465 Ce s () -
Cooge Tga707 (3) -
R0 TR \ s 19,200 (2)
1,80 A A P ¢ £))
© 1,85 B e 199 (T8) .
S1e90 - T o950 (13) - 1
Tt Lo e 20,10 (16)
2600 . oo T 20,50 (1)
. “ 2.95 .,:' ) - . " - - ,20.30 (18)
2,107 . T 20427 (1)
T A 20,77 (22)
et l2a0 o T T 0,86 (19)
205 0 i 21,9 (16)
k2430 e T zor ()
235 . . LT a3 (12)
240 - ol 22,70 (16)
2,45 . ST T mee (1)
2,50 . R 23,04 (1),
2,55 C S L 43T (3)
~ 2460 T L les . 2378 X6)
Ply . 2e85 e | 2 2 L esaz (3
Soem O s e

2,80 + - R e T 250,09 -(4)

B P X - R )
.o. ‘2..90 N '". ' “ . T ., - l ' ,.B. -

2950 . oL %3 ()
S 3600 Q A . B0 (2) <
50 o o AETL L s (1) -

“« © Total numbers,ﬁof ?ish S R 2%9 - . . :
? . :h n‘ﬂ “_-\\-‘ '.“ .. ) . . . ..' ' ..‘ “' .. ,. . . = l. :j‘
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TABLE 4: Avemge total. lengths of ﬂsh at each scale redius interval of
o U.OSmm for early spetwning Tort au Port smelt. Numbers of ﬁ.sh
are in brackets. A ' - B L

. Bcale radius (mm) .- '.  - - Toté.l.le’néth (cm)
oo ST ‘ . Males - ‘Pomales -
1208 - LT 0 g (1), T o
ks ST L Mas (3) s 1510 (2)
TUse - | s et (). 505 15)
1435, R LT aan () o T aas ()
1.40 . ;. E L -:m L 15..4.8\(11)’_ ;.'-. - 15,28 (5)

A}

«Q

R S e (5) 0t Limas (4)
150 L T e T 15,8.(10) 0 - Y576 (5)
1,867~ - B S 16,14 (5) ~ .~ 16,10 (3)

T80 e e et (B) T IRaAT (3)
L 185 S DT e 163d (2)
- 170 T T T relmgs (4) o 1163 (3) -
RS I 3 C T sa2(11) T, 18l (2)
1480 : o 18435 (8) 19,30 (1)
3485 o L 19.50° (1) 7 200 (2)
1.90.. S o 19445 (12) 119,87 (6) -
w95 o 29099 (1) L. 1990 (3)
o200 - 20,5 (8) - 2059 (1)
. 2,05 ) C 19.90.°(4), . . 20,56 (57
2000 0 e T 20050 (3) 0 - 2103 (4)
2,15 . - . I 21.27 .(3) 22,25 " (2).
220 e T 216 (5) . 21.48. ()

2035 7 . Lo .
2440 - o7 AT S - . 2210 (1)
' 3 - e o . < ‘,' :- I

) Numbers of-'f_i.sh" y - -' ‘ 1<0. _ '*\", 70 e

Na



_" ° t- ..'(
VT et - T
i
1
-

«‘\\. ‘c'.h' .

\"lotel Numbers o:f f:l.ab,

o 19490 (a)
i 20029 (1) °

e 1m0
; e

N .o 6 N ”. N . . . * - N E . N iy
S > "TABIE 5: .Avérage total. ieng, of ﬁsh at eacr soale radius 1n1g9rva1 of

'il.ﬁgap
,$19.55
) 19.98

~ ’ A
.r": e .M

-(4%‘ ‘ .‘;5;; -

: . 0.05mm for nid-aeéeon spaming Port| au I’ort amelt. Numbers or PR
. '_ y fish;nbrackets. R -
L SR T I , N
e Sca¥e Tedive (mm). ' Total Dength (cm) CT
© . ' ’ e : . : ‘
"‘f.“\'wf‘!.. . ‘ -?.(‘. o " ’mes - -l‘emaleﬂ ‘
TN s T ey
S RN - S OO R T ((2)i° SRR
30 YU e T s, (4). T
L M35 ST 14465 (6? ‘ ‘-'15.20{ @. ;q,.,"
NCTS tao T e e (9) '.fﬁa.io (a):80
7o sl 1’.45. Coeee T et 15t (14) Cb0s i (2), v T,
el s e ey e, e
L s @ et L ees (4) K 15w ()7 T
v @m0 S e (8) 4 taa0. (1) o
e 1657 o e 17,08 @) L 10 (3) L T
Ce et e T e 18096 (9) Leer )
'ff S "~\:£§75iv. U . -] (5) . *~ﬁ18.4° 1OK '.
LA 11 NP AN %{,_,—”18.9'8 1) -.*t 1860 (2)
...';;, 1085 //// E 13,95 (6) 719,57 . (3)
“~ , ‘ S0 e 19,24 (11)

@r oo

e it e L2405 Col 20,20 (8) - 19,73 (3)~ :
SRR .-2.10 ,' B T3 M 1o (2) 21.35 (2) _
LT s VLA o 2000 (2) 21410 @ .o
‘ et N ,“,‘-2,20 ,'A . : o T 21,00 (1).‘ : | J - :.,'.' L kb
o . ' 2025 . ® ~ '” . ,_—"',‘. R ' - “ ..;'-_ ‘: e ' )
PRI _,: .30 C s | '1’."' -.:' 19,40 ;@ ‘} - 5 . Tg . .'

Co . ' a2 :
~ "- ..‘, M . - o .‘ - J‘
Y ] 0 . " ‘. . W ¢ .
8 ¢ & ! . ) IR .
’ ' A . . .'.‘. . LA
. . . , e, Lof e o A R
.. ' '.. . . . - . / \ ¢ ¢
1y ot - n b
. > -—— T -
o . . R AL A ¥
s — Lo H P N .
2 - . ¢ . .
N By - Y 4 e " ' L
L] - . . ‘.
4 —_ v . )
' - ol » [ g Y r




-

1510
S 15
R - o. 1.20 -
0 12
T v 130,
| " 135
o 140 .
1145
1,50
T 14550
) - 1460
o o 1,65
B . JqZQ‘

T s
, 1.85
e 1690
. , 1495 . N

B e
2,05
SN [ N
R K1

2325

v 2430

¢

C Sch.lew.rt;ld‘i'im (m)\ "
Lo . . PN ':-(., - . .‘hl_.

- 220 . .-

Lh2435. L

: . Tothl Fumbers.of fishn .- o

13.35
14.17

’, B" . . '~. ." '14.20

< 14440

‘ 14:.96'

ST L “ -.‘i5028

o, 15,98
D 15,28
a _ 17.48
16,99

18.72

| 19482

L. 19446
o 20,00
" 2045

| | 20445°

t " :— ’ :" ,21.40
o 19,90
2075

A ' 17440
.v' oy .., ~~.17.85

Total lenth (an)
!'em&les

(6)
(7

(1 1') .
(9) .
(12) .

(6)
(6)

ay
(10)

(8)

(1)

(1) -

(2)

(1)
(@)
(2)_

140

(2);
(3

(8),

- (9) ,
(9). .
(9)

v

. 13,50

13,87

RRRTICT

"14.79
14,76
14.82

' 1504‘4

15420

- 17,23
17463
. 19.45

i8.

. '1 9 o."43‘

19,15

18477

19,73

20,43
20,15,
' 21,00

(7)

(1)," v

(1)

(13)

(5)-
(1)
()
(3)

(4)
(8)
(1)
(3)
(6)

()

(2)
()
()t

.
{
i

.'(1)f”~z:'
(3), -

.

. ivemge total iengths of fish at each sczﬂe mdius interval 01'
R ° 0.0Sm for.1ate spawning Port au Port amel"l:.

Numbersg-of -fish - '
1n bmokets. B : - . -

-

(4) = -



R

N e 31\35

1.40

. .
. .ul - -

& s U145
. R NN . .

1450

S K

ST 160
. .. ' 1.65

IR o

‘1'075

1.90°

' 095
2,00

= . 2,10

Ve 2, 15f

2 20

2,25
. 2,30,
T 235

. 2,40,
L S
- 4 2,50

+

.ao'

005"

Soale radiue (mm) \

? .

»

;o ©*  Total Mumbers of Tish , .

‘ \

f
.
-~
>
i
v
»
- -
c e

A |

Potal length (ca):
| | Pémals "~

. io.],e . '
1530 (1)

-

L 15,25 (1)
15425, (6)
15,10 (3)'

16420 (2)

16.10 (2)°
o3, (3)
.50 (2)

18,10 (1)

" 19,83 (3)

19,41 (9)
19.66 (8)

19,85 .(6)
19,87 (7)

20,51 ( 14)

(20,67 (9)-.
21,26 (7)
20,66 (2) '

21,75 §2)

20.50 (1) .

o170 (1)

-
-
-
€.
-
LN
.

L]
.-

,16410 (2)
16,90 (1)

a
-

© 16460 '(15:-

17,80 (é) '

31f° (1)

: 21400 (2)

205 (2) L
20.96 (5) ..

* 20,84 (12)
21,08 (10)

21,45 (11)
21.76 (10)-
21,88 (5)

22.57/ (7)

22,30 (4)
T 23.00 - (1)
22,90 (1)
23,40 (1)

24.30‘ (1)

SIS
)

- . o .. "TABLE Ti~ Average ‘fotal lt;ngths ot fi'sh at- eaci: scale raddus ﬂtlsgrvnl bf,-'.
' ° 0,05xm for -early epawning Piccudilly smelt.

. Numbers of fish -
. in brackets. ' |

-



T TABI.E Bt -Avera.gé tota.l 1engths of fish a.t each acale radius 1nterva] ot
P © o '0.0Sm for late, apawning Piccaﬁilly smelt. Numbera or fiah P
S A 1.nbra.cketa‘l_ . . | N SRS
PR RN T - . v K . X ) . ' . o / e . .o : \ "_
Ui . scale radius (m-') o JTotal length (am)- L * G

N e . : v Male o Pein)le

BRSAR Y / A T el T
T 2 N g0 (1) T e e
oo Tagze s T e asise (1)

T R T 70 (1) L 1420 (1)
T T g S ,?',' 450 (1) - e
S s s T 60 (1) T 0 s
' 14500 S 17.60 1) . .
CF s o - A -
j 1.60 . . - 16e80 (1) - -
" L85 . L. T 1egg0 () -
g o0 - - . e (2) - o -
o 175 - e 7 T 1s50 (3) 0 18.20 (1) .
1.80 . . - T L ) O
185 - f 0 18.93 (T) - 2078 (4)-

E ‘ 1,90 . ., =18e55 (2) - - ) e
, " k [} - . . - . . : L , L .".
’ TS L N o (. 19290 ' (2) oo2001 (3) "
B L. 2800 SR 20,60 (1) ", 20,50 (1).
Lo TTmes T e e ()
2000 o= e e
T o ’?‘15 o . ” .J'\-‘..' L ’ - ‘,7"» - L ;

C2.20 L - S 2235 (2)

. Jumbers of fish B 1w %



. - - 106. . - ' ) o . .
' )< . ' . B . - ° ' ) . -“ . .
P R o S o : P I .
!!A‘.BI.E 9 'Lve:r;,age totql'lepgvth_a' of f}lnh at each scale radf!.us' interval of _

v " '0.05m for, Pox Island River emelt, Kumbers of fish are in '

’
4
)

" ‘brackets.. d )
« { r - . ) ' " ‘ “ ’ ‘.‘ '
. - i R Lo -,
" Secale radius (mm)< = Total length (qm?

~ T e (3)

1530 (1) R :;'g:Qv

v T T wam @ L e
W65 . L . omgo ().
0 0 S 19.80 (1) . -
ws o T o eae () LA
.80 o e 1.9 (3) . c i
185 L 19a3 () A
W90 . o 19,20 (1) - :
200 - 2030 (1)

205 . S as ()
2,0 .o oo . 20,60 (1)

25" . - .. a0 (1)

2,28 o 210 (2)

TR L8
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. Coﬁlpé.rison'of' regressions of, 't_o,ta.l l_e;gth
redius by analysis of covariance’ for male
-, from Norris Amm aiigPo::t au Port.

-4
P
—

10'?

~

i I)‘,‘

?ﬁifish on scale.
and femal

e smelt

. -~ ~, ‘ e \‘ \ '1
.« i ~ L o
- ) ° - PRV N ’ o
: _ . ‘e ¥ . Errors of Estimate. - | .
" Test Source of Vz{'{\ation - Pegrees'of, Sum of |Ne
~ freedom Squares \Square " F
. Between Within Semples AW, 2535 P0.08 | 1.27
sexes':, Regression Co‘ékfficientsj_ a 1, ' 4_.7C5 4,70 ‘B TI*
Norris Arm - ~ Common Regression 254 . 324,77 1.28 A
(Bottdm Brook) Adjusted Means T 1 37.01, '37.01 28.95%
| Total -7 . 255 361279 ° g

L4
- Table 10Bs

* Significant difference at 1% lével (Pearson & I

A

. Y

. .
. ‘ .
. .
) Ll
-

. Errors of Estimate -
 Sum of ~ Mean

J o -~ Degrees of
_Sourc of Variation

Test - freedom Squares Square
Between SeXes, Within Samples -205 174:72 , 0.85
Port au Part Regression Coefficients 1 0.66 : 0.66
*(Smelt Brook) - “Common Regréssion . . 206 175.39 - 0.85°
‘ Adjusted Neans T _ 1 * 0.58( . 0;58
Dotal 207 175497 - '
o . 1 [
* . . 2'» » )
= Ho significax}t difference at

‘NeGe

+

s st )
15 or 5% levél
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TABLE 3.1: ' Regr3551on cquatlons of total length (L) on . o,
.scalq radius (S) for Newfeundland melt. L '

and S are in’ centlmetres. I

» ~

: Pla_céﬂ\’ L b Sex ' No. of ' N

fish N Equgt ic_ms
_ Norris Am Male . 259 . . L =8.6784 + 57.7508
o . Female 18 L =°6.4152 + 7k, 3518 -

\ N I\(
)

Port au Port ‘K\."i' Male.- - 140 . L‘,= 1}.51741"' TTe 7565

o (Early spawners Female " 70 . L 5 9031 + 381, 955S
. ’ . ‘. o i .’. "'

Poft au Port ) « Male 135 ) L = lfo159-5 \l 79}5155

”(Mid-seaso'n' R ' ‘ T - -

;pawuats)o 1 'Femalo Ll . L = 33,5898 + 81.922sS

‘Port au Port * . {}éle 1k L = 4.2688 +°77.584S

(Late- spawners) . ) Female 140 0 L = 3_._5‘900 + 83.3215

Piccadilly ' '~ ° Male. "89 L = h.6317 4 78.798S

(Early spawners) Femalo 80 ’ L = 6;6607 + 71.977S.
X s B » . N - . v
" Piccadilly Male = 27 . L =6. 0263 + T1.3285
(I;atg spawners) ., Female - 14 JL o= 2. 9700 + 91, 4258
Fox Island . - . Male ° 27 4 'L = 7.7825 4 61.112S"
Moo . e, e . ) .
‘River " Female Lt R ’
. - 4 ".. . LN . o
/S o A
.' t * - ‘L
N , ,
~ ‘. 4 ,. ) ., . -
A . ) '
" . i} roo
. ! —
. . ~ .
) ﬂ { ,
F)
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| TABIE 12: Tergth distribution of the age-groups of Norris Arm emelt.

U

*

* v ' ‘P' ’
* ! — . . Q- . » t
' ' M =Male - F & Penmale

Do 17,0170 T o 1
COMmsme T~ T R
 18.0-1844 X . B T AU TR
.8,5-1809 3 82 S BT
- 19.0-19.4 -1 11 k . " I 12
T 19,5-19.9 . . : S - - B -
U0 2000-2044 o361 . S I
' 20,5420,9 30 B TR
' ' 21

a

b o
(S}
~

21,5-21,9 ° .0 .20
. 22,8228 0.
c22,5-2249 1 .1
23.0-23.4 . 8
23452349 I
24.0-24.4. - 2
| 24.5-2449 . o
250254 - J 4
. 25,5-25.9 - R
26,0264 . 3
26,5-2649 . ; - . |
27.0-27.4 © - . 1 T T e 3
2752109 . S SREIR -
. 28,5-28.9 . o T
31.0-31ed T ‘ AU \ 1 1
‘ . Total Io; h
. Tieh

1
: 3 .
1. . 132 15
Lo R
1

12 12

-—b
o W N W
- .
SURE U IRX |

¢ I U RPN IR I N RN R UREY { SN
W

, . . . AN
| (57 19634 3r 39 3 .1 24121 2
; - , Percentage 1.9 74_05 5e¢3 1.1'8 101 3\4 .1..'1 <~ 04 91,6 B.4 100 .
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TABLE 153 I»ength distribut:l.on of the age groupa of ea.rly spawning

. RN - e
. . L
" . . - N - ~
. § . PR 3 . - ! - . .
. : ™ o L. . .
. v . t .
. A I ' N
K L
s

' 7 -* Port au'Port smelt: ¢ Lol , .

ro L v - 1‘-0@”{-,’ - o . &7

v : {‘. "' . I i . v"-" . ’ N
- L "M=Male ,  'F= Pemale . |

T . . " a S . l’l.ﬁ
Age-group-and S8ex . ] S .

Intervals = ‘ ' -

~(om) - M P M F M P M P M P K P M+P
13,0-1304 .- 1 . CaE ’ oy
B39 1 - L o
14,0-1404 8 2 - T .
14,5-14,9 17 4 o o ‘ 47
15,0-15.4 31 - . o
-15,5-15:9 3%
16,0-16,4 18
16451649 _ |
17.0-17.4 3 ¢ 1 1 - | s - s
AT5-1709 . 1 . 12 . _ Sy o
L 18,0-18.4 20 : - -
18,5-18,9 . 21
1 19,0-1944 !
1945-1949 |
20,0-20,4 (
20,8-20.9 . “‘?2
L 21,9-21.4 IR
© 2152149 . % 1., &
22,0-2244° . .o
22,5=22,9
23.0-23..4‘

18 -

W-h 3

1
Ry
-

41
55
45

20
2T

45
30

u'—l-l.

== Ul WV U W =
W
o

-—b
-
w
KT A AEA S R - W I - S - W - S
-bd
W

-
(=)}

Total No. o ‘ . ot - - .
“ ,of fish . 112 27 85 18 151 25 T - 1 =350 70 "420 -

" Percentage 26e7 '6e4 20,2 4.3 36,0 6.0 0,2 - 0,2 = 83,3 16,7 100

-"' ,’. v ) - ‘/ 1 U

SN
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fABIE 14: Length distribution of the age group\ Qf ‘mid-season

- spawn:'l‘.ng Port au Port smelt, -

L]

"

‘M =Male - = P = Female

i
|
-~ Me-mup and Sex’

5
M

: ! ' R : : . W
13,0-1344 ao L e / S
L 135-13.9 2 -1 - 1T - 2t 1 3
14.0-1554 29 2 . _ S - 29 .2 3
C145-14.9 €1 12 , o " 61 2 63
15,0-15,4 106 10 - < . . 7 106° 10 16
15,5-15.9 69 11 o - ~ 69 11 80
16.0-1644 30 9 R . ' 30
16,5-16.9 4 - 4. 5 15 : 19 24
17,0-17.4 10 o - 10 10
A75-1749 - 23 3 . . .26 - 26
18,0-18,4 3 V. 53 3 13 | 66 69 -
18.5-18,9 - "86 9 21 R T 16
©°19,0-19.4" L5713 56 SR 13 13 126 -
1945-1949. C.19:9° 45 - . . - — 64 -9 T3
- %o,02004 . w16 32 5 ‘51 16 67

I wm W

O W

20,5-20.9 e 6. 10 .. .16 10 2
21,0214 3T 9 o L1009 19
21,5-2149 C . 5 3 - 5 3 8

22,0~2244 ¢ . . o -t 1 T R
. 22,5-22,9 - :
) Total No, - ' ) : )
of fish 301 40 280 50 199 2 5 - - 785 112 897

1

Percentage 33.6 45 31,2 5,6 22,2 2,5 0.6 -~ 87.5 12,5 100 v

. . ‘ -
. 2
-4 e . < e
2 . F— N
- . , . . J &~
R 0 i . . R . .
. .



: - 112 .
- TABIE 15: Length distribution ‘of +the age groups of late apawning R ]
Port au Port gmelt, - v - -
M = Male. - B = Pemale )
, - géedfgroups ‘and Sex ' y
Interval *= .4 5 6 T Total -
fem) M P - M F M P M P M F M PM+P
13,0-13,4 2 ' . ~2 - 2
13.5413.9 ' 10 6 0.6 16
14,0-144 52 .7 | - 52 1 59
14.5-14,9 . 64 19 T 64 19 83
* 15,0=15,4 37 10 /\ S 31 10 47
15.5215.9° 22 5 7 2 s e
16,0=16,4 * 6 2 . I 6 2 .8
16,5-16,9 1 4. : 5. - s
. 17.0=17.4 25 : 25 2 27
1745=1749 3 4- 8 a4 a5
18.0-18.4 66 9 8 1 \ 6 10 8
(18,5-18.9 . 58 10 15 1 B R LT
19,0-19.4 - - 40 13 20 6 6 137 79 .
- 19,5-19.9 ‘@ 2r "7 8 2 45 9 54 .
. 20,0-20,4 . 2t 19 1 21 2 23
20,5-20,9, . I 1 5 3 9
' 21,0214 - . I R 2 3 4 0 7.
21,5-21,9 X 1 1 2 3
T 22,0224 - R _ . - 1 1
2245-22,9 . 2
Totel No. SR - | ‘ ) s
of fish 194 49 257 47 9413 9 1 1 - 55 110 665

. ngcentagé 29.2‘7.4538.7

649 . 1441 2,0

_Jj.4 0e2 0,2 8345 16,5 100

f.

o

3
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TABIE 161 Lepgth distribution of the agé groups of all Port an Port Bmelt, ..

M = Male -,I‘=E;emale

RY N

- ~*__Age-group and Sex

-

Tength 1.
a;teml -2

L5 4 & s Ye  Total
(cm) M F M.F ¥ P M_F_ M P M PM + P

o -

4,‘:.‘5“" . o . v L. ) . . *
13,0-1344:. - 2 1 L 2 1 3.
> 5353 ,(;3 . SR x 5. 1. 2
14,0-14.4 9 1 S ) - 89 11 100
M4.5-1449 - 142 25 . Y Tyl 25 16w
— . . " < N ‘ . _
15.6-15.4 . 174 24 o oo o114 24 198,
1555=15.9 ' 122 . 23. . 1 . .. 122 .24 146

6.0-1604  54- 17 . . e oo T s a7
16.5-16,9 7T 8 20 v . . 0 - 23T 9 36

154 24 aTs,

17,0704 3 . - 3% 2 1 . e de 2 42
17,5417,9 © 1 - 68 -3 11 . L ., 80 4
1840-1844 . w13 1 Ve 14 Het o
| 18451849 165 22 56 2 e o2t 24 cos
19,0196 - 125 31103 1 6 234 : 32 266
5

1945419.9 . - T 46 19108
. 720,0-20,4 .7 16:20 81 4 5 126,
T 20,5-2009 - 2 mp o3l 1. 1 s 15 50
21,0214 .~ © . 4 - 15 19 2 . - 2L 197, 40

N 214542149 ERE B TR R & | '
92,0-2204 R Y /\ . 1

'-_2205"2209. L ‘ ) . e 1 . .-

}"2300'23._4“- ’ o ) 1"" ‘ ! . -

102" - 24

L
-3

Total No. . . ‘ _ : S S
of fish- 607 116 622 115 444 60 . 15 1 2 -.1690 “292 1982

Porcentage 30s6 59 31e4 5.8 22,4 3.0 0,8 0.1 Ou1 . ' 85,4 14,6 100
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TABIE 171 Length distribution bf thé age groupa of early spawning . ‘. -

. Piccadilly smelt.

L M= Male F'= Pemale _
: i e ;
(4 . . . .'.‘ '," e
_ © Age—group and Sex v
Dergtn ©-. . R : .

" Intervals', 2. kT 4. ¥5 6

(6m) - WM ®» w- P M ¥ M P M

'1'3".6-"13.4"

14,0-1404 , 1 . *

M= e B
15.0-15.4 6y 27 7L '
T15.5-15.9 (50 20 et mel ‘
1640-1604 .~ 4 - 1° L -
16.5-16.9 2 3¢ o
101704 = . 7. o, PR .

S19.0-194 .M

Ve

‘Percentage 6,0 2,7 87 3.7 5203 2542, 047 0.7

CIT5-IT9 ¢ s .
- 18,0-18,4 A RPN IO '

18.5-18.9 ., T

19.5-19.9 0 o " v :':;._6 .
2040-2044" ’ . e

N = N =T
W
[0 +]
-3

2045-2049 ‘ 34" 13 | )
21,0214 . . 12 419 0 1

o 215-219 T LT 12

. 2240-2244 - 110

| 2245-22,9 - A B ey

. 23,0-2344 B o2 1

23.5-2349 | I

., <. go

24,0-24.4 S (

Potal No, ° \ I : 3
of fish . 18 8 26 11156 715 2 2.

® s

- . : .0

..

+

I e B

202 96 " Bgs -

678 32,2 100

v
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,,.:J 'PAB] 81 I:ength distribution of the age groupa of late Bpawning -
T - /.- Precadilly emelts - ' i . . j .
° L o AR T Lo Lo L
- * | : ﬁ:._"onaie. & !e'mala;:_ | - T
v . . Age~group m}d Sex ) ‘ : o ; X
\‘ AN Length ! . . ,” ///\ . ' . w - ,
-3 Intervals 2’ 3 4 s T 6 Total
, , (cm) M P M P W P.M P :?l' P M P M4 P
13.0-13.4: 1 R o B
L ABs=39 C C - T : . R
; "14,0-1444 SR R N N s
' T 1445-1449 3 o , N R N 3,
O T L O R R
| 155-159 ST e -
‘Y 60021604 1 - L 2 1 - B
e 164516.9 S T 1 = A,
. fl:; 17.0-17.4. ° ' 1 e L SR
R A I U T S 2 R
18,0184 o 2 12 o SCIN 5,
: 18,5-18,9 ;" o3 S N 3
O 19.0-194 . . 11 &+ 5 1 6
. 19,5+19,9 s 5.1 N L T 5ia1 6
| 20,0-20.4 } St 2 2 & 2 2 -— g
-7 2045-2049~ T e 2T S X Y I
o PR T R e S R S T
2l5-219 L. P .
: R T L T K ST E PR B
| PRS2\ o e i -
- 23.0-25.4 - . .- L K o
T, 23.5-23.9 . P o= 1%
R \‘ 24.0—24.&. . | L ) IR °; ‘ - % -\)4. 1 e
Total'}No."H}? e YARTE I , ’ )
y >

veos
N -
¥
'

" Percentage

6842 31,8

g -

| 9.1 \M '1‘8.2 .6.8"40.‘9.. 15.9 -. 4.6

- . R -
) L R . Lo

\

100 .



oo - .: . 3 A L -1 g .' . IREE '. . S
e T L e e e e
1w f 7 TABIR 191 Tength-distribution of ‘the age groups.of ‘all Piveadilly smelt,.

L]

- - . v . . N e . ) . .. .\. . ’ '6' : . ) " . ".:- . -
Ca \/ 00 Mes Male [ P=repa19" IR s

- i - ’ * . R - . .
K . SR - S o . ot”
N ~. . N . : .

Cee i o0 ageegroup dha Sex
; . .::’.l L " ) Intervals ' ., 2 -.- ' 3 e 4 . -‘ - 5 3 _"‘6-' . ) T o t‘ml

T AT ) R NS JELFY D S o P WP WP WP M4+ P

LS f;.13.'o-1.3-‘;"." C e T
R 18 L X S E
Lo  14,0-1444 : - -
e e 145=1449
i“ 15.0_15.4
0 1545-1559)
_ R 16,0-16,4
D s g o 16.5-1§.a_ ' ,
~ T AT0-1Teg
L 1751749~ . 7 T
s T T T 1018 e,
. . “-..-:’_ ‘ :. 38.5.18\.{“ , L.

oms TN

.
1

[CHIEY Y, T R U
Ul - W

o
LY
Y R SR TRV BT I RV I

L
-b

1
Foe Tl 9,0-19.4 L oFi2 2.3 T T T 43
. o ,
2

: ©19,5-19.9° - © o, 6 : -
LT 00,0004 - 0,9 N o Ut
Tl 2052009 L o T 2,36 4T i 36 16
T 1 T S it SR TN I UL RS MR ST
. Ce 22.0-22..-4:,“ _ - | S I B ¢ RS 1.1
ST 22.5_22.9 - - . ‘ .11(-\ - ‘:. :_'5‘ L -
‘ B N " 23.5_239 ' . o ~' 1‘ ) 1 .' .:' .n - 2

ToeeLl DT 24,0244 . Dt I - /'.2 .-
. .. .. :"Total No. ' = - S S D .
Tl oralen 22100 BTt B2 2 4T - - 232 10
PR o A 1 . L -, T, S s ¢
. Percentage Ge4” 2.9 949 ‘4ol 50,9 20,0 0.6 1,2 - KEQS 32,2 100
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3

: Ca

16541609 F

* 18451849
2
. 20,0-204 .. 6
2055209 .. .+ .. 6 -
, S
1

U 21,5-21,9
'.'< . ... . ) ‘.
- .otal No. . . - 2 .

S [V &

_’ - o N T -

'TABER 201 Length distribution, of: the age groups of Fox Island Biver mmelt

' R

. ‘ [ N ‘2 . .
. L. . « - .
o C oL, M g Male”
. . Y

*

.Age%gropp and éex o

T . ’

» ‘:_= iﬁlﬂl&

L)

()

Intervala = 2 ’ &0 o 4

. (em) M P M P M
13,0-13.4 | ‘

1345-1349" R

14.0-14,4
. 14.5<14,9

" 15,0415.4
" 154541549

16.0=164
1Te0=1T 04

C1745-1749

" 18,0%18.4
1940-1944 -
19,5-19,9

21,0-21,4

offigh . .16 = 23 < 16

- " . N \. “. o) .
?Omentage 28.6 - 41.0 - ,28.6

a

»

=» W e \al‘\.o

L

-]

- a0 WA

56

100
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TABLE 21: Percentage length compo'sition"’-pf smelt from Newfouqqla:nd. o

. ¥ = Male " .. F aPemale
- . . . -, o .

N . ) ’ . ) . . - .' - { . : - . . D %

Interval __Norris Arm - o _Port su Port Ficecadilly Pox Island River
(em) | ¥ | ® | metar]| m P o|motar| m | P [fmoter| - [\F | fotal

: P s . T g o

13.0-1304. | | Cof oas|ows | oz | - [ - 10 - -1 oy -
13.5-13.9 I . 0.68 | 0,37 | 1.05 | - - -1 - 1 - - |
4.0-1404 | 7 1 - | 458|065 |5:21| 029 [629 | -958| - | - || -
15.0-15¢4 | - 857 | 1442 | 9,99 | 1,75 | 0,88 2,63 | 16.07° ,Jv/- 16,07
15.5=15,9 | ‘ | 6e42 | 1.21 | 7.63 | 1.46 |o0.58 | 2305 5.36 | = 5436
16,0~16,4 . |- | 219|084 | 3063 | 1446 |0i29-| 175 1019 |- | 179
16,5-16,9 | - | ‘ 1421 | 0,42 | 1463 | 0,88 | 0,88 | 1,76 | 5.3 | .= 5.36
17041704 | 038 «| = .| o8| 2,21 |01, | 251 | 029 | - | o029 | 179 | - 4 1.79
175-17.9 | = - = | 405 026 | 431 | o8 | - /| o8 | 353 | - 3,57
" 18.0-18.4 1.15/ =~ ] 115 | 831 [ 0,79 | 9410 | 2,05 |G29 [ 2,34 | 714 | = | 7.1a
18,5-18.9 | 4420 | .0.76"| 4496 | 10457, | 1,57 [ 11,94 | 6,14 |08 | 6,72 |07 | = | 10.7
19,0-19,4 | 4458 | - 4058 | 11441 | 1442 | 12,83 | 12,57 [ 0,58 | 13,15 | 8.95 | - 8493 .
1945=1949 | 14450 = [ 14050 | 7094 | 1021 | 9015 | 10,52 | 1017 | 11469 [ 1250 | - |12.50
20,0-2004° 13,74~ | ®38 |14a12 | 515" [1.00 | 6u15 [11,70 3,22, {14,902 [10.71 | = |10071
20.5-20.9. |11.83 | = 1183 | 1.84 |0.68 | 2.52 |10.52 |4.68 |15.20 p2.50 | - |12.50




- ¢ ’
" CABIE 21: (ContAFmS®)- - ¢
a Iength . pe . . H - N ) . - - )
Intervel - Norris Arm ' Port au ?oz?t : Pigcadil] , Fox Island River -
€ (em) M P | Total | M P [Totel | ¥ | ®  l7otar.| ¥ .| ® |Toter
21,0-2144 | 8,02 | 0,38 8.0 | 1410 | 1.05 | 2,16 | 351 | 702 0053 | 179 | N |
. T ' R L .
21,5-21,9 | 8,40 | 1,15 | 9.55 | 0.53 | 042 0,95 | 234 | 3.51 {7 5.85 | 1.79 - 1.79 .
22,0224 | 496" | 0,76 | 512 | 0,11 | 0,47 | 0,58 -|-0.29+| 322 14,3450
22,5-22,9 | 3.44 | 0,76 4,20 = | 0J16 | 0416 ¢| = 3,22. | 3.22
L : - -
23,0-2304 | 4420 0.38 4.58 - 0405 | 0,05 | 0,29 | 0,58 | 0.88
23,5-23.9 | 1.53 - 1.53 ' - 0.58 | ;058 )
24,0-24,4 | 4.58 = } 4,58 / g - -0.58 ;0-‘3.8. )
© 2052449 | 1491 | = | 1.9 e - B
25,0-2504 | 0476 | 1415 | 1,97 \ O
. 95,5-25.9 | 1.15 | 0.38 152 | « A \
26,0-2644 | 2.29 | "0.38 2,67 . : / :
2645=2649 -l - - o
2700'.2704 0038 0.76 1014 S ‘ ! o
27.5-27:9 | - - - -
28.%28-4 | - - - \ .
28,5-28.9 - 0.38 0,38 . T
31,0=31e84 | ' = 0.38 | 0.38, ~
Total No. \ o - o i S o ° -
of fish 241 - 21, 262 1690 ‘ ‘392 1982 232 110 342 ' 56 - 56
»” ' )

e



=

120

- Numbers of f£ish in brackets.

A. TABIE 22: DPercentdge age composition of gmeit 'fr.om Newfoundlend, -

. =
' - A ﬁge'—'groups o .
X P SR .

Tocality 7 kex 2 3 -4 o /_, 5 6 7 u'I.‘o*l:a.l
"‘Non'.j.s | Maze - | a9s) 14.5(196) | 11.8(31Y ] 3i4(9)| - 91.6(241) |
A Pemale - - "5.3(14 )1 1103 )| 110G)| 0.4(1) | 8u4(21) |
_Port auw - Male | 30.6(607)| 31.6(622) [22.4(444)| 0.,8015)|Qt(2)| - 85.4(1690) -

Port Pemale| 5.9(116)] 5.8(115) 3.0(60) | 0.1(1)] =~ - . 14,6(292).

.- T : . <
Plocadilly | Male | 6.4(22) | -9.9(34.) [50.9(174)| 0.6(2.)| - - - 67.8(232)
] - Pemale| 2.9(10) | 4.1(147) [24.0(s2 )[ 1.2(4 )| - - © 32.2(110)
A X . ? ' o

| e | | R
. Fox Island | : Male 28.6(16) | "41,0(23) - |28.6(16 )| 1.8(1 ) - - "100(56)
'- River : fﬂale . .- - - .- - - I 0

¥ R |




are shown in brackets,

o

TABLE 23: ‘Average Back~calculated lengths at’ age for Norrls Arm smelt.

Numbers of fish—

) Back-qalculated'average 1ehgths.at Age in cmfdi .
o ‘ g e v 2 . PR
| Jear | Sex Iy L, . - 13 Loy ST R T
R968  |Male 13.66(5) 17.93(5) 19.60(5)
Female S .o - .
" {1967 |Male 13.05(192P16.99(29%)19.24(192)20.64(192)
| Fémapéggii;ja(lu)’17;05(1&’20.&2(1&) 22.34(14)
196§ Male 12.96(?2) 17.57(32 21.36(§§) 23.14(32) 2&;25(32§_ ?_
Female |11. 69(2)“'1%.32(2) 21.86(2) {24,41(2) | 26.95(2X '
1965: Male 12, 08(10) 1?.31(10.31:12(10) 22563(1q) 234.56(10)24.37(10)
Female |10. 01(2) 17.02(2)|20.62(2) [23246(2) 25.35(2)|26.3(2) .
Male - - |- 1 - R B P
Female"lz.hlkl) 18.41(1) {20,52(1) {25.11(1) | 27.57(1)]29:34(1) |31.1
Means | Male |[12.71 17.27  [20.33 22,13 23,91 |24.37 e
Female ii.hfd 17.45 20,86 : 23.83 26,63 '27.82'f’ 3;.1
EMPIR| - I : ) N |
ICAL | Male - - [29.6(5) |20.67(192) | 24.25(32)24.37(18) | -
MBANS| Female | - - L= [p2034(14)  ]26.95(2) 26.3(2) |31.1
‘ ’ - / | ' (1)

N\



m é4' Average back-calculated 1engths at age "for early spawning Port au Port smelt. _.'
. * Numbers qf fish are shown in bra.ckets. l . )
- Bacl.:-calc{zlateil' average lengt.hs‘at age in cm. . o o B
‘ N . ., - ~
C . . L ] ) R I' xIl
g;_g—;‘;‘ Bex |, B 2 - - Iy | s s
1969, ¥ale |- 8,58(55) | 15.44(55)") . [
. Pemale | 8,20(27) | 15.49(27) - -
* 1968 ‘Msile 7.97(31) [14.54(51) | 18.4(51) |
S Pemale 7.65(18) | 14.75(18) | 19.11(i8) |
1967 - Male 8.94(53).7| 15.42(53) [ 18.71(53) |.20,06(53)
Pemale | B.46(25) | 15.37(25) | 19413(25) | 21.08(25) -
1966 ‘Male - g.22(1) | 15.62(1) 18095(1) 19.69(1) - | 20.80(1) 7} .

© ., ], Remale - T R * - '

! 1965/, . | Male 7.29(1) | | 14.22(1). 18.03(1) |- 19.42(1) " |-20,12(1) | 21,50(1)
0+ =.-{ Pemale T - - ’ - - - -
. : . ., [ R R - : . ] l .

oams. . ¥ale 8,20(141) | 15,05(141) | 18.52(86) | 19.72(55) | 20.46(2) .| -21,50(1)
_ ( Pemale | ° 8,10(70) | 15,20(70) | 19,12(43) | 21,08(35) { - S
BPmIean | Male | - [15.44(55) | 18.4(31) | 20.06(53) | 20.80(1) | 21.50(1)
. meens - Female - 15.49(27) | 19.11(18) | 21,08(25) - =
. Ed - ] ‘ G " R ‘ /‘ '
;' - o, - .‘ ‘)
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TABLE 25:"

£S5

" smelt.

. &\\-.

Back-calculated average lengths at age in cm, -

-
——

Average. back-ca.lculated lengths at age for mid-season spawning Port au Port
Numbers of fish are shown in breckets. - .

- Year-r-
. Class

Sex

Iy

R
3

Ty,

%

.
4

1968
1967

1966

Male -

Pemale

Male

) Female

Hq.le
Pémale

Male-

‘Pemale

‘ 8.15(54)

7.74(19)

"7.93(47)

7+25(20)

8459(33)

. 8,50(5)
7,07(1) .

15416(54)

15436(19)
- 14,34(47) .
14,67(20)

15,21(33)
"14,94(5)

13,32(1)

18,30(47)

19,26(20)

18.41(3)

18,34(1)

-

19.90(33)

24-:3£1XL
‘19. (1)

-

20,40(1)

" Means '

~ Male
| Pemale

Tay(es)

14,51(135)

-.x4.99(44)

18,32(81)

18,83(25)

19.73(34)
21,04(5)

20.40(1) "

c/

15,16(54)

18,30(47) "

20.40(‘1_ )

Male - . 19490(33) 3
means . | Remare - - 15,36(19). | .19.26(20) |21.04(5) | = -
. LA ' N
2. ST . B
Sipe —y
: A a7 . —~— .
et T . A%
) “;f;,zl {;; ) N ;"%,
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TLBI.E 26: .Avera.ge back-calculated lengilis at age for late-spawning Port au 1"or't: smelt.
Kumbers 151’ fish are shown in. brackets.

\

[

ﬁack-&alculate@ average length at age in cm.

. T 1967

Year- - ‘ L . . : . .
Class Sex 1_ ' 2 1'3 L4 s T
1969 Male - 7+85(56) . 14,80(56)
‘ Pemale  7.15(48)  14.75(48) ’
" 1968 Male To68(48) 14.15(48)- 18.26(48) .
- Pemale  6.,84(42) 14.04(42) 18.85(42) : _
 Male, " 8416(26) | 14.59(26)  18.14(26)  19.78(26,
. Pemale  7.22(12) 14.74(12) 18.58(12) - 20.65(12) .
1966 © Maler  T.25(4) - 14.40(4).. 18,57(4) 19,66(4) 20.65(4)
' -Pemale _ 6.,02(1)  13.91(1)  19.17(1)° '20.92(1) -21.80(1)
1965 ¥ale T01(1)  12,79(1)  17.05(1) " J8.47(1)  19.53(1) 20,60(1)
. . { > . .
S Female < S - - - -
Reans Male 7.61(135) ’14;?5(135)('16.00(79)' 19:30(31) . 20,19(5) "20.60(1)
Pemale  6.81(103) 14,36(103) 18.87(55) 20.79613) 21.80(1) = -~
EMPTRICAL . Male = . 14,79(56) 18.26(48) 19,78(26) 20,85(4) 20,6(1)
" Means Pemale -~ . - - 14.75(48)  18.85(42) .20.65(12) 21.80(1) -

4



.\3:': TP R
* = -

o

(L,) in cm for Port au Port smelt, oo
o . ,
p . ; I )
. . Males \ ‘Pemales
Year—- -~ . . , ' '
‘flags Age  Early Mia Inte  Barly Mid -, Iate
1969° . 2 8,58 8,15 . 7,85 820 - T 7T 15
1968 3 1497  <T.93 . 7.68 © 65 - 25 . - 6.84
. 1967 ¢ 4 8,94 8,59 " 8,16 " Bed6 - - Be50 . Te22 .
. 1966 5 8422 . T0T _ T.25 - a~ 6402
1965 6 729 ° - Tl = - -

( : S M = Male 'F-:Fepale L
B e Year—class and Age—group
LM . ’ { . . *
- C T g 71968 *. 1967 1966
. Vo ’ 1 L S ] i
Spam;mg 2 i x . . . g
Season _ *F .M M -
CBaTly 15,55 15049 8440 19,11 0,06 21408 2q,eol. -
M- 15076 15436 18530 19426 19,90 21.04|20.40'
Iate 14,79 4,75 18.26 18.85 19,78 20,65|20.85 21.80 .
. Averege 15013 5,20 8432 19,07 9,91 20,92 20,68 21.80
o « A . 8t

m '2"7A: Summary of average back-.éalculate'd lengt_l-l'aiﬁ gge one

' ' . BN ) {. . ) R * R \
TABLE. 27Bt Summary of empirical average length at sge (in em) of ot

+ . Port au Port smelt,

/ 3 \

B

21,50

20,60

21,05



C = 126

- TABIE 28t Average back-calcuated lengths at age for early ppawhiig' -
' . Piccadilly smelt. -Numbers-of fish are ‘shown in brackets

. Back-calculated average le;:gth at age in om,

o

v

Year- . -5 L | = L
' Class Sex 1- , 2 3. 4 3/,
1969 |Mexe | s.86(17) | 15.69(17) N ., '
~ Female | 10.24(6) - | 16,30(6) |
. 1968 ¥ele | 8.39(10) | 15.15(10) | 18.95(10 N -
T | Pemale| 10.32(8) | 16.23(8) " | 19.90(8). »
1967 Male | 9.15(60) | 15.61(60) | 18,72(60)| 20.21(60)
g ' Female| 10.86(64) | 16.81(64) | 19.95(64)| 21.66(64)| = |
- ' 4 . - N \ .} \
" 1966 Male |  7.78(2)° | 15.74(2) { 19,10(2) | 20.77(2) | 22.45(2) . .
_ Bemale| 10,66(2) [ 16.66(2) | 20.,48(2) | 21.98(2). | 22.66(2)
~ ‘Means Male 8.54(89) | 15.53(89) | 18.92(72) .20.49(62) | 22:45(2)
: Pemale| 10,52(80) ) 16.50(80) | 20.11(74)| 21:82(66)] 22.66(2)
D R R |
", Empirical | Male - 15.61(17) | 18.95(10)| 20,31(60)| 22.45(2) .
.Means | Female - 16.3(6) | 19.9(8) | 21.66(64)] 22.66(2).
SN
- L . '1 to .. -
L & N
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- TABIE 29: Avemgé baclc~calculated lengths at age for lhte qpam;,né T
o Piccadilly smelf. Numbers of fish are shown.in brackets.
- - ( g .
. Back-calculated average length at age in cu ]
. Year- R I 1 L I L
Clasn - Sex 1 2 I? : ' o % .t
. ' . _—
1969 Male 18,95(4) |15.12(4) - g
Female [7.19(2) |14.75(2) { - ‘
1968 | Male [a71(8)" |14.47(8) |17.85(8). ‘
| | Female. [6,66(3). [14.05(3)  [19.37(3)
. . . N . X ~ w
1967 Mele .[9.20(15) |15.21(15) [18.33(15) 19.45(15) .
Pemale |7,91(7) [14.93(7) [18.83(7). ;20.7%(T)
" 1966 Male | - - | - - o
" | Pemale |6.65(2) |[14.49(2) ,-fi'g.ee(z_) 21.35(2)  {23.80(2) ~
Mesns | Male . [8,95(27) |14.93(27) |18.09(23) |19.45(15)
Pemale [7.10(14) |14.55(14) | 19.36(12) [21.03(9) . [23.80(2)
Enpfricel| Male | -~  [15.13(4) |17.85(8) .|19.45(15) | =
Meg.hs _Female - 14.75(2) . 19037(3) 20.71(7) 23.80(2)
. ' b_-n o ' '
- . / . ‘ R
N e
'N.



'

T

" /EABIE 303

3 1969 . "

1968,

- 1967 -
7 1966

-'Sﬁawning ‘

Season
Barly

Iate

, Average".

Year class

- et

-
' . T
e Z 'S
_ e . . . o * B . . ‘Y
Pl v A v s -
. - o 128 - o . . : ‘j‘
. . : » L 2
i ~ '
A . )

S\mmry 01’ average back-ealculatod lengtp at age one Cie

(Ll) for Piccadilly amelt. - Length “in. cm.,

, o g = TR
: - _ Males. l‘emale; F o
© Age ., -Barly' Iate Farly:~ ' ', late .
2 8.86 " 8.95 10,24 Tie ° -
5 es9 e 10,32 6,66
RT 95 920 . 10,86 S X1
5 7.78. = 10,66 665 |

Summary of empirical average length at .age (1n cm) of
'Piccadilly mnelt. .
M = Male 'F=_Fexpale 3

Year-class and Agé-gr_dup :

- 1969 . 1968 iee7 , ‘10-1955' ’-
: z .
M r M r M ¥ .| »
15.61 ‘1§‘.3o- 18,95 19,90 20,31 21,66 22.45
1513 14,75 17,85 19037 '*%1%9.45 |20m .
5,57 1555 1840 19464 19.eue.' 21,19 | 22,45 ‘25023

S ]
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TABIR 31: Average-bapck-calculated lengths at age for. Fox Island River
. * gheltd ers of fish are shown in brackets. )
° A - v - ) , .
. _,(;f & % ) . - I 1 '
Tee Back-calculatad ayeradp lerigths'at age (tn.cm)

[ad . i , -‘ q' o o
~115.78(6) - i A ,
C - . vy
“< " 1968 | Male’ 10.60(12) [15.78(12) | 18:81(12)
SR . Pemale] - .| o= e _
P Y ) . G U
o / P , ) 14 \ 1 * ’r b
1967 Male [11.23(8)° |16,66(8) | 19.44(8) 20452(8)
s \ Pemald - ' - 1 - - .
’ . } . - ¢ o
. ges . | Maze | 10,7601 | 16006(1) | f9.38(1) | 20408(1) | 20u7O(1)
. ’ : \

Means
4
~
Empirical .
[y ’ )
-]
H
- % - ¢
§ i n ¢
1]
’ - - ”
—-‘\y b
f -3
&
» i
- ‘ *
»

Femalq =~

10.83(27)
Pemnle . -

- v

16.07(?75

¢

“ e

19.21(21)

. s
. EY p

*18,81(12) :

N

. -

-

-

o

20.53(8)

;! .
B Gy MRV -
DY - K
. "f&i tab:ﬂ%

20,28(9)

20,70(1

\ b -
-~
‘M’,'}. . R
4 L]
- .
-~
. . . )
L=~
»
. -
’ h .
' -
)
! 1]
o
N ]
.



N ' o= 230 -
- ' TABLE :32: Compcrison of smelt growth :Ln Newfoundland a.nd H:I.chigan '
e (USA) from baek-calculated data., T
A, Males '+ e .
] s N .o . ‘.‘ \ . B ‘,’{/ ;Q
L S St S \ A.vera.ge length at age :l.n cm o
W . Ares & source . I.l SR 1‘3 . I,4 L L I
.74 ForrisAm ot - 2,71 17,27 20,33 e2ais” g 2kt
v -.". ,t 6._ . L ‘ . R - ‘ . ) .," - I“ , , I . \ " . . : . .
C Portaw'Port - T.9% . 1457 . 18428 19,58° 20,23 21,05
Cfy o, Plecaddlly . B4T4 - “15450. .. 18465 . 19.86° 20,70 = -

.. . Pox(lslend Biver 10,83 . 16,07. ‘1921 20,28, 2070 . -
. Gull Jake Michigan, 14486 16425 170468 °° 18,80 18,00
.+ . (Burbidge) S e L

',”3_ 4 :- . Area & source | ' | I’1] ) I’e gl ;['5 - — .I'4. L5 o I'GJ: 1‘7
‘orris Atm - ' 14T - 17.45 [ 20486 -23483 26463 . 27.82 . 31.10
..' . " . ) o ! ""\ -A." 4 . ")‘... ' *
Port an Port- . T.58 . 14,85 18,94 ' 20,97 '21.80 * "<
Plocadilly . 8,81 - 15,52 19.73 2142 23,235 4. =

7 1 Pox Island Biver ~° - L= - m - - . -

* ’ o . 1 lb'
R R
. o' .  Gull lake Michigan .- S | ) | ,,
] . l ’ (Burbidse '1969) E 15.% [ _'16.39 -19.27 . 2'0..16. 19.30 . ‘ ;r.:} '-
. ‘ — ) e e ) ﬂ'_ PR :A
ﬂl \' ] ’ !
> . ; ',
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(M oot e . :
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1:2]3113 33¢ Summary of ‘empirical lengths-at-age of Newfoundland smelt, -~
[} 0 £y . L) Al

J

" Pleeadilly © . Male

Male
i'emle
.,

.

.

?l\. .

PV

- A‘femgel"léﬁtgtl_{e at age “(em) L

.

15.13 18,32 . 19,91 20,68 21,05 . =

=T 19,60 20067 2425 . 24.3T -
- R 22,34 26495 26430 . 31410

15,20 19,07 20,92 21,80 = &

o N ’

15037 18440 *° 19,88 22,45° .= - =

115,53 ' 19.64 21,19 23,23 - . -

o N A K
i ’ - . . .
M - . » . .
. . 'I i . - . . . . .
, ' Fox +sland River: ~ 15,78~ 184,81 20,53 20,70 - - .
n . ‘e [ , C .
e LN . - - - .. e - -
R .
‘e
¢, '
- .0 .
B - -~ o .
. B P . -
. - L . - . ~
'n° | . R . . ) N s - L. .
. 5 ’ = " .t ! - - nJ .
N . PN s . . . .
. \ ) . o P .
- Y - B . . .
hd a . ? *
- ’
. . » M - .,
A - K] :
T . . e K o . - . h
. . = L] = M 3
- . . L - L]
: . .y ‘. . R . B . L
. ‘e + . - T . ‘ N
K p) ~ - ' ‘
sl * B “ . T i ’ -
[ ' - - = N -
. . s . .
o ‘ o » o
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. ) \
LR} - . 1] .
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‘3 . ) \ ' . R H X R
'y K - - > :
v ‘ v ¢t -
. - - . -
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N
b vl‘ - , .
. . > - .
- . : 3
N ’ . < 5 "
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K ) . .. 3 ~
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- t X
‘ ~ , SN
. ¢ : .
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"

Locality

' Méan
1o (cm)

\\\Port au Port 21,3554

l  .

(Ear}y)a

Port .au Port | 22,0131

(mid)

I’oft au Port l21.5263

‘(Iate)

" Plccadilly

(Barly)

Piccadilly
(1ate)
Fox-Island

River

LY

|A’

52,0934

é1.q¢o4
A

22,0289

95% Confi-
jence
limits of
o (cm)

Norris Arm 26,1034 ’26.0439-f/
- 6 1628 |

?152341-
1,4268

21,9158 to
22,1104

21,4208 to

. 1.6318

FZ.\M29 to

09712 to

11,1095

21,8204 to
22,2373

)

-

MATLES
Mean  95% Confi-
K dence
. 1limite of
K
0,4152  0,4118-
10,4186
046915 | 0,6839~
" 0.6987
0..6416  0,6331 to
’ 0,6500
0,6510  0.6413 to
0.6606
0,7236  0,T174 to
0.7299-

0,6911 I 0.6825 to

0.6997

0.6287 to

0.6535
0.6782

1.5404

1,8624

4.4660

1.5677

' TABLE 34: Comparison of growth parameters for fewfoundland’ sm'elt.
' Looy K and to defined in sectior} 3e4e 2
Tmax = meximm age (years) recorded in samples.

. % = total mortalitmefficipnto )

132 -
O
)
Mean * | '95% Confi~ .| Mean
to(yr) dence | Ioo (cm
limits of
t (r)
-0,6090 | -0,6185 to | 31,5900
~0§995
0,3972 .| 0.3918 to 23.5310—
0.4027
0.3050 | 0,2981 to  23.7322
0,3120
0.5326 ~  0,5248 to 23,7437
043404
0a3240¢ 00,3189 to  28.2730 |
S 0.3292 |
041991 | 10,1909 to 24,8764
o073 ¢ '~|
~0,0323  -0,0622 to -
' =0,0024 L



132 -
/ : o .
ity Coefficient, ‘ ' L : ‘ _ K o e T
- FEMALES
- A - : 'm' . —
Mean  '95% Confi- ' Mean -95% Confi '~ Mean 95% Confi- . Mean _& 96% ence -
_ to(yr) _ dence Ioo (cm dence X dence -I -2 (yr) t( limits of t (yr)
‘ Lixzﬂts of , limits of . limits of ° ° I R
t_(yr) | Ioo (cm) . K ,
0,6090 | -0.6185 to 31,5900 ' 31.4016-  0.3421' 03318-"  0.7702 7V co.2947 <0,3191 to
-|‘,-o.59,95 L 31,9401 .0,3490 " ' | ' ~0,2910
0.3972 - 0.3918'to . 23,5510~  23,4986- 05195  0,6170 to 4 " 0,3190 0,3160 to
- 0,4027 - 2345634  0,6221 o
0.3050  0,2981 to | 23,7522/ 23,6488 td 0.6162 | 0.6105 to "4 03737 0.3697 to
',lf 0.3120 | 23.8157 0.6218 12,3725 g ' 0.3776
0,3326  0.3248 o' | 23.7437 23,6345 to 0.5945 | 0.5876 4o 5 0.4113  0,4065 to
. 043404 " -] 23.85%0 0.6013 ' 0.4161
0,3240 03189 to 23,2730 | 24,2065 t 0,5629 0.5T70 to 50,0274 0,0197 to
T 043292 24,3395 0.5887 . 0,0351"
_I___ ‘ I 35,0204
0,1991 0.1909 to 24,8764 24,2840 to 0.5"556 0.5177 to 5- 0,3966 6.3601 td
" 0,2073 | 25,4689 | 045935 |, 0.4331
0,032 ---0.0622 to.. = - - - - - - -
‘ ~ =040024 A ’



Males

. Corre- .
lation -

Coeffi- |
cient (x)

Rumber

of fish-

(x)
Femies

Corre-
lation

Coeffi-
ctent

)

. Fumber
. of fish-
(W)

p

’

Norris Arm'

log W = 2,7742 logI~1.9438

© 0,9546

- 245

log W = 2,7036 logL~1,8090

0,9331s -

~ '19 "

~

Tog W = 3.2j66'1ogI¢2.53§g

.\
- N
.

TABIE / 351 Length-weight equations of smelt = °

T ¥ total length in em.-

Port au Port -

*

0,9846

. 318

log W = 3.3081 logl~2.6637

049728 -

Y

 Piceadilly

log ¥ = 3.2796 logl-246239

- 103

67

Log W = 3,1003 logI~2,3904

0,9420
61

Fox Island River .

log W = 3,2510 10gI~2.5954

|
i
i

. 0,9852 »

56 f

.



' Table 354

/

L

- T13EA -

Compazjﬂon of re,gress:.ons “of the lorarlthms of total lengths
on the logar:d:hm of weight by analysls of covarn.e.nce foxr- male
and femle smelt. from Horris Arm, Port au Port and Piccadilly.
. e
oL Exrrors of Estimate )
Test Source’ of Variation’ _Degrees of Sum of Mean
' freedon Squares Squ::{re . F
Between, Within Samples ' 260" 0,3256 12,52
, "se:ées, Regression Coefficient ’ 1 - 272,25 272,25 0.22n.8.
Norris Arm : Commbp Regression 1261 T 0.3258  12.48
. Adjusted Means , C 2.486 2,486 19.92%
Total i 262 0.3507
Between Within Samples - - 381 0.4002 10,51 .
sexes, Rggression Cocfficient 1 17'.1'9 17.19 T.64n,8.
(Smelt Bmo’c) Coimon Regression ° ' 382 - .O.4b2'0 10552 ' _
Port au Poit Adjusted Means = 1+ 2092.4 2092.4 0.02n.5.
' / Total _ ' .. 383 .  0.4020 S
" Between Within Semples T 160 0,2307° 14,42
. gexes, . Regression Coefficient 1 "21,66 . 21,66 1,50n.s.
&, " ’ N : ' . . .
Piccadilly Common Regression o 161 - 042338 14,46 )
(Smelt Brook). Adjusted means . 1 - 785793 7857.93 0.05n.s,
Total 162 0,2329
n.s. = No significan“t difference at 1% or 575 level v "
) . * = Bignificant difference at 1% level = - .

[

(Pearson & Hartley 1956)
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'L‘ABIE 363 Percentage sex ratio of sxnelt on one spawn:l.ng bed in smelt brook, Port au Port, at

R

~

di:fi’erent times of the night during different qua;iiers of the spawning season
"(Numbers of fish shown in brackets)

- .

I ~Ist quarter
-

Newfoundland
?

-§tandaid time .

. 0700
0800
0900 -

-, 1000

* 1100
1200
‘1300 |

. 1400

£ 1500
1600.
1700

_-1800 % g

1900
. 2000
2100
. 2200

oo

I 2nd quarter
e | »
Sl es(sm) 15(6)
12(4) o
- . 65(26) - 35(14)
w06) - -
- 91(39) 9(4) -
20(10)- - -
- - T8(31 22(9)
}1(2) ‘ ; -
- 78(31)
40(40) - ) -
= 90(27) | 10(3)
_;jiws\\;;\\\\if(sé) - 16(11)
. . . —"\\

.22(;> .

+ 3rd quarter 4th quarter
By P M
[ = 85(55)
13(77) . 27(29) -
- S 78(36)
76(99) 24(32) ‘-
- - 71(34)
- ! . N ] " -'
69(s2) - - 31(23) -.
64(55)  36(31) | 74(58)
80(92) 20(23) 83(38)
78(64) - -22(18) -
70(76) i 30(33) -

Seasonel
Averags. .
¥ -F
84 16 -

76 24
65 __35
90 10 -
84 16
76 24 .
89 20
T2 - 28

T3 27 .
71 29 -
3 27 .
gt 19
75 25



" PABIE'96 (contip:ied)

-

: Eew.fmmd]aﬂd :

Standard

- L © . 2300
‘ ' " 2400
Lo 1 0100
T 0200
©. 0300
0400 -
: 0500 .
) 2 ’ - 0“00 .
o _ Seasonal
N _ - "Avera.g.e '

135\

By

.I st quarter

x
89(25)
89(31)

> -
ey

81(28)°

85(347) -

a—

\' .

1(3) ., e9(s6)  11(1)
11(4) TLes

- w2

is(g)'u - | -

) oalss)  6(a)
19(3t) 81(58) 19(14)

15(89)  ss(ae)  15(s2)

M'= Male - : P = Pémgle o

~ T1(68)

66(42)

- 66(48)

78(91)
64(63)
79(73) .

{12
' 78r(78.)..

. 74(1086)

23(25) '
34(22)

" 34(25)

22(26)
36(35)
21(19)

27(27)
22(22).

26(385)

~90(51)

75(54)
83(58)

- 86(75)

—‘
-

85(a6) .
86(54)

82(559)

’
Ol .
4~ .

s

er °

- 17(12).

10(5)
25(18).

14(12)
ié(e)
14(9)

' 13(125)

Seasonal '
Ave @

7 22

o5 (A .‘

. 64 36

81 19
st 19

78 22 -
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TABIEB?: Percentage comparison of sex retios of the year-classes during the 1971 apawning un -
SR ~ at Smelt Brook, Port au Port (Numbers of fish in brackets)s - - .
: N, : @
- M = Male F = Pemale - .
_E .- ’ - 0 . - \
t 1“ ) .
Year- ] Early epam o Mid - Beason TIate - Season 'I 0T A 5L ‘ %~A8°
class — geagon i . i - Compe
_ Age. M P ¥ P N P ¥ R | M+ B
1969 2 | e1(112) | 19(27) | 88(301) | 12(40) |so(19¢)| 20(49) | eal607) |.16(116) | 37(T23)
R o . - . . . -
1968~ 3. | s&3(es) | 17(18). 85(257)| 15(47) | ea(e22) | 16(115) | 37(737)
1967 ~ 4 | 8s(151) | 14(25) sa(94) | -12(13) sa(444) | 12(60) | 25(504),
1966 5 | 100(1) o(o> 90{9) 10(1) | 9a(15) | 6(1). | odetis)’
‘ i ' R .2 »
1965 _ 6 -| 100(1) o(0) 100(1) | ‘o(0) |100(2) | o(0) - | 0.1(2)
6 . ' : RS ’ : -
Seasonal _ = . R . . )
. ‘X “ - ’t . .
Average 83(350) | 17(70) | 12(112) e3(555)| 17(110) | 85(1690) | 15(292) | 99.9(1982)
2 .
' ’ l
Q N )




<
. , : ' A T o ,
- PABIE -38: Percentage comparison of sex Tatios’ of the yeazvcléages ) 3
‘during the 1971 spawning run at amelt brook, Piccadilly, -
(Numbers of fish ckets) ca
¥ =Male F = Pemale -
: /7
LN
| I ' y 4
Year . o o . A ) % Age
class Age | Ea.rly Sp?ming ‘Iate Spawning /T_ OTAL Compe
a ' ¥ ¥ F | " F + P
.. 1969 S 63(18) | 31(8) - ' 67(4) | 33(2) 1 69(22) 31(10 . p(32)
1968 3 | 70(e6) | 30€11) . 73(8) | 27(3) . | 11(38) | 29(14) . a(as)”
. o I " .
1967 4 | es(ise)| 32(75)  72(18)| 28(7) | es(174) | 32(82)  5(256)
Y , . ' - . ; ' ’ - . o . .'
1966 - 5.1 s50(2) | 50(2) o(0) {100(2) | 33(2) 67(4)  2(s) -
¢ ‘ ~ - y
Seasonal. ) I : ' -
Average 68(202, 32(96) ~ 68(30)] 32(14) | és(232) | 32(110) :
. | |
v & 7
- ,
' ° ' o,
] . .o .
8 \;kl g .



C

. 198, ._3 V1 00(s) o(0) . o 2(5).

s e o mse) | es(z) - | s(2)

PABLE ;9: Percentage bbmparison' of sex ratios of fhe' ye
: ' the 1971 -spewning run -,Bottom Brook Norris
* figh in brackets). ‘

¢ 7 ,
.

’ _1u=nﬂe. ' oFemly o

. : ) ' -1 ’ // M
Year-class ° Age M - .F/’ % Age composition
- < - ) + F

1967 ) ' 93(196) 7(14) 080(250).

1966 s i) | els) 13(34) .

.4

1964 N Li. o(0) {100(1) ' 1(1)

Average | ' ;2(241) ‘8(21)“,. “ _‘1'00(2625
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S
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..\,.'

'J.‘ABIE'J'O: Ave:r:age ‘back-calculated le.ngth-at-a.ge for all Port ai Port amelt.

Numbera of'fish in brackets.

Year-oiass

Back-calculated average length at age (em)

Sex 1
\ . -
1969 ¥ale 8.19(165)
. - 'Pemle 7.69(94)
1968 Male | 7.86(126)
o Pemale . 7.25(80)
96T Male 8.56(112)
‘ 7 Femle - 8.06(42)
ﬁéss'i Male 7.51(6) -
' Pemale | . 6,02(1)
51965 Male 1.20(2) -
g Perete B
\ .

I

¢ "2

15.13(165)
15,20(94)

14.34(126)
14,29(80) -

15667(112)
15,01(42)’

14.45(6)
13,91(1) -

753.§1(2) I'A

«

\

3

LN

13.32(126)
- 19.,07(e0)

18.40(112)

18,71(42)

-18.62(65
- 19,17(1)

17.54(2) -

9 '
19,91(112)
20.92(42)

19.64(6)
-20.92(1)

38.95(2)

o ‘\‘

< » -

20,68(6)
21.80@

19.83(2)

-
=




- TABIE 41:

g

4\"-

AN

&

Avefaée ba.ck-‘eé.lculat,gd lengtl;;at-age fo.r: 4‘1} ';P:I‘.cc‘:a.dilly- sme}t{
*Wumbers of fish in brackets. o~
Back-calmxléted “length at. age (em) - N ~an L ', :
’ . - . ) ’ ;—o—-———".'_—'—‘-‘,—;_;j’—) ' '
lYea:s-class_ Sex o ‘I'l I-2 . L} - 1-4’ : . 1’;5 'I'G' ,
1969 7 Male - 8491(21) | 15.37(21) v
Pemale | 8,72(8) | 15.53(8) “ v
1968 Made, : |- 8.55(18) | 14.81(18) | 18.40(18) MR
l " Pemale | .8.49(11) | 15,14(11) | 19.64(11)
1987 Wale - | 9.78(75) |- 15.41(75) | 18.55(75) | 19.83(75) |- :
= Female | 9.39(T1) | 15.87(71) | 19.39(71)" | 21.19(71)
1966 - Male 7.78(2) 15,74(2) | 19.10(2) -| '20,77(2) |.22:45(2) L
- Perale | 8.66(4) 15,58(4) | 20.38(2) | 21.67(4) | 23.23(4) |, \
Mean Male 8.61(116) | 15.33(116)| 18.68(95) | 20.30(77) 22.45(2), &, ! ‘
‘ Pemele | 8,82(116) | 15.53(94) | 19.74(e6) | 21.43(75), | 23.235(4) ~ '
- / ' ‘ :
. - v ,
. c |
} _—_—















