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; merizan ‘plaice (Hippaglossoides. g'l‘at'essoides) is
.\ud.g:ly dlstnbuted throughout the Northwest Atlannc Wwith
i \

U the L‘t@nd Bank \suppnrtlng the largest populatlon " Meristics

mdmated poss1b1y cuns;derable mtermnglmg during pre- ,,

'metamorphnsls stages hut on the Gfand Bank at Ieast taggmg .t

an;l growth’ data suggest lxttle ;ntermlnglmg beyond the

h1s:ory stages‘ " B ozl

'e compansons md;\cated cnns1derable defer- s § e

4o 3 N

Peak -spawmng occun‘ed from early Apnl .6n F1em1sh 5

Cap to eatly June off Northeast Newfuundland. ar)d Labradur

3 - * G &7 : S
Py ch log relanonshlps were estnbhshed?b\tw n.

lance made up a majb&‘ part of the to al




" food weight and, were espec1ally Jmportant for the suuthern

‘o Gran.d Bankr e % ® . =

A Land1f\gs of Grand Bank plaxce 1ncrease‘g} ftom r_he 4 Y

i) ¢ 4gradual decl1ne. chreas’ed explun:at:mn ‘stas reflected in' .. s

mnrtal‘;tty rates,
in the 1mm§=dxate
i{nWever 'beca'use
predlctlon of y1e1d is dlfflcult,

I\verage le'ngth at age ircreased £rom the esrly

P vl 1950'5 to the 1970'5 apparer\tly because of increased nate

cf groyth in the’ early -years 'of life ‘and ccup.jlad w1th €]

- was a decline in age.at sexual maturity. Significant’

correlapons were found between stock size,” asymptotlc .
1e)1gth (I..,) and-due at. age 5 and 10 years for the ncrthern, .
Yo 5 By Half of the Grand- Bank -
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Table 1. lnforma\mn on taggmg alities,
numbers tagggd with’

tags (Lette er to locdtions in. Fig.

Table 2, Anal i
! voowi

€rrors. from

ay
andardideviations e} :
Nor‘thv’:esg Atlantic. §

hlm

o
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Tous local

shown in I‘1gure 2 (Page 8). 4
. Table 4. - Pcrcentages of tags recovbred in vanous
i R . .years' for various: tdgging experiments
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d tagg;mg areas in Tlg . '

" Table LA Details of results of calculanons made  : . 437
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Summar "7 nf the"relatmnshxp betweeﬂ ™ Bl sy

‘."v'liabr]_.e'
(V2 ecundlty and length gutted weight',

Ry R Detaned compauson of . the (A) percent .54
'~ % . occurrénce and (B) percent of- total wéxght
- * of food for each length group for the. 2

- - .+ various food.types, ICNAF Divisions 3L
o - and 3N. -Asteriks indicate s:gnlflcantly
= greater: amounts at the’ Percent

s v ol o “ 3 soccurrence - calculated 6
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', Ccmpanscn of'the’ regre&smn coefficient:
+ for fecund:,cy, relationshi nf the North»
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unit ;effort and avdrage instantaneous
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“F are, for fully’ TecTu 1sh for the
ages shown. )
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5 e f . . LIST op FIGURL‘, ,CAIRTIONS'-'

s Fg o1

nxsmns and places mehtioned in the ‘text.

\Iap lndlcatlng taggmg 1ocalxtles as listed T8
in Table 1 (Page 9), and the areas that

‘were used in 1nterpret)ng the returns.

atch per 30-minute set of plaice .from ) 18
\sesearch vessel cruises in depths..100

fath (183 m) or less.. The numbef of °

7 . ,esets involved "are shown in Flgur'r{_ .
“4. JyNumber ofNsets in “whi ch, pliice NEFE taken v 19
ot odn 100 fath (183 m) of less. *

% Cat:h per 30 mmute sets of plam:c: from 20
tesearch wvessel cruises 'in depth
fath. (183 m)«. 'he numbersof sets
;o g g T B .. are shown. in Figure 6.

00
nvclved

3 % o
yT. s .- fiFig. @ \lumber of 'se'ts in wluclk p‘lalce yle:’re recerded, 21

© 977100 fath="(185m

N o . FE . Dlstrfbunom of plalce\.ln Divisiong i and z.s'n

p . relatlon to temperature and .depth#4 R

. e Recerd--of catchcs of plaiée (welgh(‘fs) and - 24,
- température from .a detailed survey of a’

{ B E o5 30 sq. nautlcal mile area of the .Grand Bank.
- .

Anal fin ray, vertebral averages and s:candard T2
I ‘errors from certain localitigs ingthe
5. o '\'erth'\vest I\tlant:c A

“Percent of_ recoveries that were caught m 29,
the various at varying distances from the .
tagging’ sets for amnumber of tagging E
experiments. . The circles on- the map *
mdxcate a radius of approximately ASO g
naumtal m11e< from" the taggxmg position, “' g

Geeral mgranon pattern Cofp q%:ce tagged | 31
n the Grand Bank and in §t. Mafy's Bay.. )

The areas lvto 5 wefe used,; :p;,tnb'ulate :
© rétuins’ fo'r :hfferent agging exﬁcrlments.

3 ' ce
~\(ap ‘of the Vorthwest Atlantic showing ICNAF_ 6




16.

o O
Fig. 18
Tt

Fig. 19
}'Jg.'T.ﬂ'

".SPYitting of Divisions 3N and 30 into !

. : .
northern and -southern components for

the purpose of size at age companscns
.as shown 1n Figure 13. i

. Growth curves of plaice for a number of

Grand Bank localities-as shown.in Tigure 12.

rowth cuiverconpaxisons of plaice for &
number of locations’in the Newfoundland
area of the Northwest Atlantic (see
locations Fig. 1).

Length at (A) Age 5 and (B) 1ge 15 for
female.plaice in relation to average

bottom temperatures (sblid rectangles) Vo
and probable temperature ranges, (broken
rectangles)

Map of the area indicating probable spawning
time of plaice in a major proportion of the
Northwest /\tlant1c.

 Age*at whick $0of plaice are mature from

-vatious localities. The vertichl bar is
+the mean and the rectangles the Iimits of
twice the. standard error-of the mean.:

SecatteT (hagram of American plaice fecundlt.y

plotfed against lnngth and the f1tted E
n regresszon llnes K . -

Scatter d1agra ‘of Amencan plaxce fecundny
plotted against ghtted and gilled- “exght

.and the fitted regression lines,
arithmetic and. log-log values.

. “Scatter dlagram o{\ Amerlcan pla1ce fecund)ty‘

plotted against age and’ the. fnted -

" rregression Lmes. a . 7 .

Diet compansans of. plaice : “in- ICNAF D1v1510n5
3L and 3N._ Percent ‘occurrence calculated
from total number of fish examined for each
Division ‘apd- percent-of total weight

* calculatédqfrom total weight.of food for each

Division (Phylaand, other totals cross:
’hat:hed + =€'1.0%).. " ”

46




e o Fig. 22. Percent occurrence (A) and percent of : 57
E total food weight (B) at.various size g

groups for the major food components of

plaice from ICNAF Division 3L (solid) and B 3

s LA 3 3N (hatched). Occurrence = (No.-of fish 1
in which item appeared/total no. examined ; t
at each size category).x.I00. Percent’ B T
total weight = (weight of particular item/
total wt. of food for s1ze categury] X 100

Fig. 23. "Unweighted log- ldg regrcssmns K cal per 58
; 100 fish examined on mid point of length
group for monthly periods shown. and also . o
. annual. totals. =~ 9 " :
Fig. 24. Age-Tength relationships' for female pince, T o
g > Hippoglossoides Ela:essmdes, for different = .. B
areas of the geographic range. ) * . | *
Fig. .25.  Total mortality estimates from unexploited 89
) stocks for: (A) Gulf ‘of St. Lawrence * | "
d (Huntsman- 1919 and Powles 1969),. (B) St. : Py
Bien Mary's Bay, Nfid., (C).ICNAF D1v151on 2J . J
(Hamilton Inlet Bank). . ;

Fig. 26. Estimates of M by~ (A) Beverton ar‘xd Holt's’ . 94 -y
71957) iterative method and (B) Palpheimo's "
(1961) 11near formulae.

Fig. 27. Catch.curves of plaice (A) from Division * 95

ce 3L, 1940-48 year-classes, for females .and T
1943. 51 for males, (B) for Division 3N,
1944-49 year-classes for .females and E .
(| 1947-54 for ‘males. Lines fitted'12-19 "
‘ (females), 9-14 (males). - C B

¢ . Fig. 28.° Estimates of M (A) in Division 3L and (B) . 96
. . © in Division 3N using Z. from catch curves E “
o & £rom Fxgure 27 " e
' Fig. 29, YVield-per-récruit curves.for male and female ' 99 !

“plaice in Djvisions 3L and 3N, with Fy |
values -indicated on the axis, "

. Fig. 30. Nominal catches of plaice from Divisions -~ 101 '
3L, 3N and 3@. B +*




Fig. 32.
Fig. 33.
Fig. 34.
‘Fig. 35.-
Fig. 36.
Fig. 37
Fig: 38:
Fig. 39.
Fig: 40.
(‘ "
~Fig. 41,
Fig. 42,

sA) Relat1onsh1p5/ betw

" from 1955-71, aa )

based trawlers for Divisions 3L and 3N,

(B) Catch per hour (number) for total catch

and for fish 13 years and older and 11 .
years and older in D1vxswns 3L and 3N
respectively.

Stock abundance of +‘and 15+ year-old
fish in Division 3L ahd 10+ ‘and 12+
t')sh in Division SN.

n catch per hour
wt) and stock abundancé in Divisions 3L
and 3N, (B). relationshdp between catch

-per hour (number) angd stock abundance

Regresslon of mex

effort for D1v:|sons 3L-and 3N (fitted

a) + 3 .,

dice.based on’
reportmg

Estimated cage
landings iof co
countnes (Met}

Estgmated catch

for cod-of non-réporting count‘mes
(Methud IT ip text).

Estimated stock' size-of plaice by the two

- methods described, £or D:vxs;ons 3LN,

Growth curves of female .plaice for research i
and commercial .data for ICNAF D1v1sxons 3L .

and 3N..

‘Growth of 1954-55 an'd 1960-61 yé‘ar-ciasses‘

(AY Catch per‘hour (kg) of NewFoundland-" °

anhual f15h1ng mortality
“"for fully recruitgéd .age groups-on fishing

-of pla;ce based on efforc

Trends in growth of selected age groups of

American plau:e. o
Relationships ‘between stock abundanée,
asymptotic length (Loo) and-average
size at ages 5 and 10'years for, research
data for Division 3L. |* .

Relationships between stock abundance,

.asymptotic length (Leo) and average szze

at age 10 for, commerclal data from
Division’ 3L

‘108
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-, R N TR m:r\um wmonuc‘rm

'In the: past decade Amencan p1a1ce (hggoglossoldss"
Qlatesscnde [I‘abnuusl) has hecome one’’ ’

£ the )na)or com-

merclally explc:,ted groundfxsh spe51es in the Northwes

Atlantic. For “the Canadxan fishery on’ ‘the rranTaank o= 3

) and car'ly 1950'5‘ uP to the m

\ [ tlme, it has become ‘one uf the malns

This thes1s presents a study °
/ - of ‘the life history;and p_opulatlon
o g This information was used ‘to provide hio\l\gglca.l. nfsrmation for = -

the rational management of Arierican -plaice on} Gr'a d Bank. . .. ¢




Grand Bank American plaide..” .- ‘, g . '

o Included ln 'the plan of resezrch were studies qa‘

sto\:k del1neat1on usxhg menscn‘.s and ! taggmg to cletermme

whe ther dmscrete stocks ‘could be separated, studies’ on_ ndturity, :

ol _iecundity, ‘age and. growth, ;and food and feedlng. An assessme_nt

F: (‘rand Bank Amerlcan plalce is presented and from this

.type qf presentatmn and unnusl updatmg recommended levels

of x’emcvnls are determlned Té ds folt that a thorough '

knowledge of’ all‘ phases cf the bwlogy of.a specxes 1s
requxred before ‘one. attempts to apply ingrdels 'almed at stock

.regulacmn % ; v E

‘. In’ -presentlng ‘the. results of thls rcsearch it was.

- felt 'that the most loggcal form vas a presentatmn in .three

sections,, Thus,, Sect1on 1 contmns the Jnvest:.gatlcns

mto the 11fe hlstory oT general blelogy Section 2, is a-
presentatlon of a smck zssessment and. is 1ntended to' she

hght -on the ﬁ"esent mandgement scheme and alsc reveal

Y "-stoc!i, Sectmn 3 relates change:. in ,f1sh 1enpth .

K at comparable ages ;and ‘a decrease in 51ze “at”sexual maturity

tn an zpparent reductmn 1n stock abundance hecause oF

creases 1n Level-s of. exploxtatmn. ,' .

‘Finally some -general conclusmns are presented that

hopefully - places ‘the Sectiong’ in perspectlve i rela:wn o







-1973) of Stie Plcrre Bank* plaxce‘ Lo ._’ o I

Only successful -sets.with’ the. 41- 5 atter trawl (mad1f1ed

,SEC}'IO‘N’]'. THE, BI_OLO'C?{ OF ANERICAN PLAI(‘:F"TLQ’:*. . N e T
- < . Introdut}wn .
In th1s Sect:on informdtion an “the b)ology of .
gpoglossoldes Elatesso]des will be presented ‘and
discussed. Some of this information, h_as been p(‘e/sented . . "

in an expanded form.in previoiis ‘publications by -the

authot, and here; t is summarized. and inte ted with more

1nfarmatm.n to g1ve a general cverv1ew of this specxes.

Besxdes publlshed work by the author (see References)

\l'rust (1958) presented data’on egg and larval dlstrlbutlon .
of plau.e ‘and some gena-ag\b;ologlcal observauons (1940)
\‘anulov (1962) “gave some mformatmn oni nge ‘and. grovth of

plax:e~ in this area and Nevmsky and Se'rebryakov (1973) Vo

'Jnformatmn on: plalce spawmng. Minet’ (1972) reported on

length and sexual macurl.ty snd food and feedmg (Mmet

Materxal and Methods

rlbutmn in the‘Newfoundland ared of the Northwest .

Atlantic . | o 4 - SN , o

The mformatzun on d15tr1but1on uf pla' ce came. ) P

entlrely from research sets by the A Cameron frcm 1958 73 -

standard Commercial nat) using’”. »cod end Liner 6£ K to R mch’- o

(127-281 iy nyfonnétting were: tabulated: The obJectlves g e B L




of the research\cruxscs were many ‘and. vaned. Most ofy
i 5

the sets were méde on predetermmed transgcts across .
,7 the slepe of the‘ shelf thh scts occurrJng -at. a number

" of regular depth intervals, Al) sets in the uriits were -

used to calculata average numbers/ln‘ (Fi'g. 3 Q) unlCS 1
|

degree longltudc lby 30. min. lat

de. o o 3
o wite 1971 grounds 1sh surveys of ‘the, Grand’ Bank:_

and‘%‘t Pierre Bank were slso carr;ed out‘,&n the‘\:ranéects

system? but: in 1971 a %tratlf;ed -random method nf ‘survey )

. was initiated. With this methoq)the two banks were ..

) “divided mto a number of strnta whxch were.. ngam divided

1nto 2 number of small un1t areas (Grosslein and Pinhorn

971). Fishing lncatlons were selected at randnm from

thése. small ‘units! {3

E\)stnbutlcn in relafwn to temperature anrd depth 7’
’ Tn show the reLatlz:/rxshlp of distribution to
tempcrature and depth only data from Divisions 3L. and 3N -
were tabulated (Fxg‘ 7) s1nce mfnrmatlon from other
2 1Clcalltles produced tob few observanons at Vaxrxcus

. temperature depth categories.

,,',-»/;,

‘weight' of fish caught ‘at ‘the vanou' deptll and temperatures

were recorded “for each set..







: rubber hos e

occxp tal and ‘hypural bones werg coun(:ed
fused'vertebrae and wereé

avera.ge of-aboit 23 had

carded (P;th 1963)

Flesh h‘as removed from the
xng and -’ then spraylng thh water from a

Anal fln rays were counted elther en pres rved

dur1ng normal ?esearch cruise operat ons.
5

.T?gging

R There:were five main tagging expériments and these

s

able 1 .and the locatxons U\dlcated an F1g.~ T
These

S are llstEd in®

tﬂgs were used for all expenments.
13 mm) in dxameter, 0. 036, 1nches

were attached hy [ 052 mch (0 8mm)

' Peterscn dlsc

Tags

Nearly alr recover1es weré frdm comﬁ%ﬁg}al ottem

trawlers. # Some retums were fram deck hands whc had httle
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£ flsh plznts In bothof

-recuvery Sl'tE. In-pl'ott"m 5

ring regular.

strvey cru1sc§ by ve sels opcratcd by ithe St John"s & i

En\phasls on researc?: vessel samples at St. }'ary's

/ w
Kot
§ o))
\\here 1 1s length at aget (1n y’sars), 158 15 the Eheoretxcal,‘
> mg rate of change LR

hypathetlcal age -at zero 1er\'gth For ur‘ves -:ompanng N =4

growth g nﬁ fferen




Because of probable .differerices in growth. throughout the

. Sexual maturity and 'span'ning" CIA . -

% determmng spawning ‘time and age and 5128 at sexual

'_of decldmg if . gonads were: matu ing far the flrst time

or had recovered from-a prevmus spawmng. Usually thls;

-stages of" sexual matunty, there was ,always the px‘oblem

year, 'sam.ple's ;ollecfed J‘an'uary o June only were used. . . o o E

Maturitz stages Reproducr_xve stages used in'

matunty are . descnbed by I’1t; (1966) - In determlmng

_was very dlthult to determlne in . smaller sizes af R + "

. mpcrtant in determlnlhg spawnlng ‘time.

'(19353., b, 1952) in assessmg the effects of: var1ous

in’size and age at sexual maturity calcylations, enly’ ~_« %

“length “when - equal numbers are 1mmature and- mature g w4 g

mature females after late July and early August unless

resldual eggs weren.present from prevlous spawnmg. Thus

plalce taken Just prior to.and xmmedlately folldwlng the

spawnlng penod were used. ®ETE m 2 L

Sgawmng time - In determnung spawrung tlme, only
females vere used because som.e of the males that were

recorded as "spent'" or "partly spent may havg in f;'aq:

been in the rlpe“‘condltmn._ Smc'

ther‘e obviously

must be males to fert111ze the eggs, .anly females were *: Y he®

Age and 1ength at sexual matuntj Mso - Age and

commonly def:ned as’ the 50% matunty pomt or Msu. \less




- 32 = .
dosages of‘vpoisAens and vitamins on animals ];resented a
. method for .calculating LDso , which in the case of poisons
“is the point at which 50% of the animals were d‘ead.
Fleming (1960).used the same method to-deternine age at
“50% maturity of Newfoundland cod with the-only dszerence
'bemg that in fitting the provxsumal lme (Bhss 1952)
a bettef f]t was obtained here by usmg, as did Bliss,

1og "dosage” which in ‘this case was percentnge ‘matute.

st log age on probability paper.

Collécting, preserving.and sampling for fecundity séudies

Detmls of samplmg t1me, etc., are given in ;he x
followlng text table. Some of- the ovaries were collectat:l
and preserved at sea in which case waxghts of fish and

gonad weights were not reccrded' “the remmnder uerg

collected ‘ffom Specimens examined i the laboratory.

. Area © Dgie g Number
- & = i - rel)

St' Mary's ‘Bay : Feb. 26, 1957 ©o1sd
St. Mary's Bay . - . Apr.-23,71958' .0 10
N. Grand Bank. ..  “Apr.; 3, 1958 19

. Grank Bank  © * " Apr. 29, 1958" T3

. ‘Grand Bank .0 Feb. 26, 1958'. ' . 29 '
5. Grand.Bank . ' . .Ma¥. 7, 1961 14 -
S. Grand Bamk ' ' . Feb. 11, 1962 .- 37

' gt Total: 140




M

_months.  The 3-month period"was' found to be best .fu>r’

“remalndet of“the cleanm‘g was accomplished using a gentle

s g
Fish lengths uded were total lengths to the nearest:
centinetre. Fish-were gulted and gilled (iie. with- gills )
ahmentary canal and assomated organs and gonads removed),
and we]ghed to the nearest gram f
'ﬁ" All ovarles’ were Collected before any eggs were
translucent, approxlmately 1 to Z_months prior to
spawning. ‘At ‘this stage.there is no possibility of
counting eggs that will mature the following year since
average dlameter of matunng eggs uf the present year is
approxlmately 0.8 mm whereas eggs of the néxt generatlon are iess

thﬂnUSmm, ;. . -

Ovaries were placed in jars containing Gilson's
fluid: (as moé\‘h’y Simpson n\ésn),whigh' facilitated-

the breaking down of ovarian tissue,and were allofied

tg remain in this solution. for periods of from 3 to 6,

cleaning eggs since for greater penods the outer ovariaf. = ..

wall became soft and could not be peeled away . ’A R

Inv,remov.\ng ovarian tissue From the egg.s'!:hg'
followi’ng‘method was- found to be very Qaiisfactow -
Ovanes were placed on fme bolnng 51}k stretched over .
a lnrge funnel and were broken apart so that parts of the

tougher outer walls l:ould be removed with farceps and the

stream of water. After connective. tissue had beén
¥ Ji N




satisfactorily washed;' from the eggs the latter were put

into a solution of 10% formalin and storéduntil countifg.

“Sub-sampling was 'accomp1-f§hed by ‘nedns ofa

whirling vessel, an apparatus ougmally degigned by LT W
B. Lea and . Rollsfsen of the Flsherles Duectorate, Rt
Bergen, Norway, as a means of sub sampl1ng plankton N

samples‘ Its structure and operatmn are descnbed 1n . - . “ ..
.dstail by Wiborg ( (1981). ‘Some nodi fications were made:to’ ‘

th].s equlpment to fac111tate the sampling techmques

(}’J tt 1965)+ DetaJls of the sub- sampllng methods and tescs .

of accuracy of “the equ)pment are contained in Pitt (1964).
Food and. feeding .- I R

W About 5000. stcmachs were collected from 1864 to

1971 on' cruises of the research sh1p A.T. Cameron * For, :

T all years ,except‘ ‘1971 sampling.staj‘.iuns wgre .on transects .

dcross the slope of the bank at 20 fath (37 ) depth . . EF
mte‘rvals £ron 40 to 150-160 fath (73-290 5] Shallower !

% than 40 fath- (73 M), stations were normally placed between
107 and 15 nautu:al miles apart. In 1971 the .fxshmg a, F ¥

statlons were’ selected randomly from strata into wh1ch £ T

“the’ whole ared was d)VldEJd as prev1ou51y mentloned

Stomachs were collected from.a limited number cf Y

<
‘f:\sh from each set in.5- .cn length cat\egcrxesw In’ analysmg

. _data by length samples were combined 1n 10-cm. gr ips ;-

oy




- a:curacy of 0.01 g= N S

*phylum malnly because of dlgesnve action,. but t}us was .

- E £

fcllowmg capture, injected with a 5- 10‘% solutmn of formahn
and: Dresarved in” aisimilar solutien for later exammatlon.

Stomach contents of each fish were separated into

indi v dual items and damp weights were determined to an’

Some mvertebrate organisms, (partxcularly annelids

and crustaceans) could only be classified to order or

no drawback since the pr;mary obJectlve was to class;.fy

A comparlson of s'm.-;n 'numb

z manths. tapvenix T served in 108 formaun we e 97-




“ single sets. - "ljhree large catches‘_frt'n'n Bonavista Bay

ma)or food items reccvzred from the stonchs.- Although
some species pyesent in Grand- Bank ‘plaxce were lmt
recorded in the latter paper it was assuncd that average

phyla values would “be npp'mpnate for- thrs presentatmn..

Brawn et al (1968) :ulculated -a vnlue of 1927 cal/g v:t

cunner., Partly spent capelin contain  3-4% fat (Andrews

1954) and launce probahly Iess than™ thls 'sol that a mugh

value of 1750 cal/g’ was used. M ] # Y

B .- Results
Geographic “distribution g
. Plaice vere wxdely d)stnbuted throughuut “the
a\:e'a with. som_e reported frum_ a, .larg_e prapprtun yf “the

<unit areas.' By far the‘ largest nusber |'zer set'was from

the Grand Bank surveys parncularly ‘the nurthem ha

[D:.v 3L) (Fig. 3 and S] although for most localx,tles ’

* . on the Bank <extept themutlmest slope (va.-30) cons:derable N

.-~quant1t1es~. were also taken. It ‘should be pomted out

that the southéi‘n half uf the Bank was suhjec-teld to

more. research sets thun any other locality.
L
Tha-

k rger numbers mdlcated for the squthern ¥
part ofSt. Purre Bank and Scotun ‘Shelf (Fig.‘ 3) were

‘probably aberrant values and were each (Fig. s) from 5
b5 :

e e iz

[V Sp—




ST (ead anil p- 25] also prubahly fall -mto thxs Ca egor

although the 1attet aren has iuppor:ed

S a fau—ly guud 1nshore flshery

L piscﬁbut‘ibn‘.in..rclaéio’n t6 depth and.temperature

Plaxce were caught in temperatureé from about |,

.-1 5to 5, 5 C and from 20 fath (.'57 m) down to about 4(10 o
fath (730) (Fig. 7). -
g Tre g .. sttrlbutmn both in relatmn to depth and"
temperature was somewhat d1ffe'pent in the two ICNAF:

D1v1smns (3L~ and- 3N) In DlVlSan SL (Northern half

of. the Bank) plalce were generaliy caught in* lower

temperatures and shallo\ver water than 1n D1v1swn 3N .

(Southern half) Eatphes 1-11 excess of 500" flsh were

aught in temperatures tanging frcm <1.5 'to 1.5° ¢ in..

on 3L huwever, the preatest percentage of catches
of this’ magmtude occurred beween -0. 9 and 0°C 1n "50- 1(10
T ath (92-183 mY. Some-large, sets were ;. however, taken

s beluw -1.4% and at 1.1 to 1.5%CL In D1v1510n 3N

relatwely low catches were recorded below -0.9 and

. catches pf greatest magn)t{xde occurred from 0.4, to o g

L1.5% at 75 150 fath' (139-275 m) ? Fan1y sibstan'tial

catches were': also recorded in the 4. 1 to'5.0°¢ range | |

at 76 100 fath (139,183 m) Generally speaking for .

badart B both arsas, fi'sh-taken at’ deeper locatlons were in’,
. ‘higher xemperatures,. I the wrebfished intensively. B x



LAIGE DISTRIBUTION
- <100 FATHOMS

Fig. ‘Catch per}o-'n_\in: set of plaice f£rom research
’ “vessel cruises in depths 100 fath (183 m)or
. “less, The number of sets. involved are shown in .
< Rigs 4, Tealie o . :

P s - ‘e
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Number of scts .in which plaice were taken .

in 100 fath (183 m) or less..

.

15858,
nas828l)

Fig.
¢
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" . Fig. 5. ‘Catch per 30-min sMs,o‘f p_rl‘a:xce From research
; ‘vessel cruises  im depths 3100 fath (183 m). - The °
number.o£Vsets inlplved are shown -in Fig. 6.
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5 i -
dxfferepces were found between a‘nv of t‘h"e a\}erages .for
samples taken from locallnes extendmg frnm the NE .
r\g\»‘fm_mdland Shelf (ICNAF D1v1510n 3K). over 21 of the.’

Grand. Bank (Divisions 3L, 3N and 3¢), St."Mary's Bay and

st. Picrre Bamk "(Sub div. 3Ps) (Nos 3 to'9 and.il; Table 2)
(Fig, 9). 'Except for St. Pierre Bank this cotresporids to.

the area of s;mlar vertebral counts.’in. the prevlous paragraph

and as w1th vertebral avez“agbs no slgnlflcant dlfference was

. observed for aversges from the three' C;and Bank \ICNAF D1\r1510n5. o

Anal ‘fin averages ’from l‘lenush Cap,. the Southern Gulf .of St.
Lawrence and Banquereau were significantly d1fferent from the

Grand' Bank and adJacent areas.

(c) ‘Tag recovery Lo

More than 70% of the returned tags were 1from Newfound.land-

5 based trawlers With most of ithe remamder from Nova Scotia

trawlers with retums being generally proportxonal to the -

= f15hmg 1nten51ty of d1fferent trawler groups'. The percentages

of tag recoveries by trawlers from d)fferene countnes are K
sho\m in Table B aud‘ a summary of'returns £rom vsnous tagglng,,
expenments is ngen in Tabre 4.

I'or all the Grand :Bank tagglng expenments a substann‘

percentage. of the recaptures was made less than 30" nautxcal
miles from the. Lﬂggmg, darea (Fig. ],D)&‘_Very few conf:rmed
recaptures fo long i)stance migrations, were ‘recorded. BE
Oné plaice *tagged on' the northeastern slope -(Sife C, .

Fig. 10)-was caught near ' St. Mary's Bay, .




~

Table 3.

localities shown in Fig.

2

Percentage of tags tukun by(dxfferent countnes for t‘he Grapd Bank '
(page 8)

2 o ) -
Tagging date Canada France: - . ‘. Other . Total No.
and locality : St. Pierre ~ Spain  European . returned

@) gct, 1954 s g . : .

N.,Grand Bank  63.2 36.8 - 2 . 58
(C) June 1961 o s 2 ]
“NE Grand Bank . 75,1°° o G 1.5 411

¥, . .

(E) June- 1961 :

. E Grand- Bank 738 503 20.6 - 0.3 372

(F&G) July 1959' : o~ s .

Bzmk 78.4 . - 19.3 “1.8 = 219
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\le\vfauhdlaﬁd and a flsh tagged in the 1atter Bay was
‘caught on the’ northeast slope of t}re Grand Bank Only
7 recaptures werc‘made from ‘the St “Mary' s Bay tagglng. ?

A su(mmary of general mgratory patf.erns is given

in- Fxgure ‘11 and complete details of ‘returns from individual’

tagging experiments: dre coftained in Pitt (1969).

"(d) Growth différénces on the €rand Bank ™ .’
Although dxfferences 1n growth rate and sizé-at

‘age may not necessarlly be 1nd1cat1ve of separate stocks,

-thls parameter may 1nd1cate that. pla::e 1nhab1tat1ng

: dlfferent parts of the banks remain m discrete groups

followxng settling or az least at the adult level.

Age-length data collected on random-stratified

/“research ' cruises in 1973 and 1974 were combined by splitting
. o el

. Divisions 3N-and 30 into ncrthern and' southern componénts-on

an arbitrary basis (Fig. 12). Plaice f)anm the twc mote ‘v
southerly groups, 3Ns and 305, were larger at.coriparable: ages

ghan thosc from other groups (Pig. 13). The samples £rom 3L~

and 30 produced almost identical “growth ‘curves and the curve-

" from 3N was intermediate between the‘curves: for the latter

areas and those to the south (3Ns and 30s).

Growth | e .

Compsuscn of growth curves of plaice from a ma]or

portmn of the Northwest Atlannc is presented in Flgure 14




Fig. 11.

‘Genéral migration ‘pattern of plaice tagged on the
‘Grand Bank amd in St. Mary's Bay. 'The areas 1 to
5 were used to tabulate returns for ‘different
tagging _expe;-iments.- g

L A , g M o
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e Case
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=
§5°7 54°. 53°.  52°  -51° - 50° . 49°.  48° 47°. . 46°
" Fig. 12, Splitting of Divisions. 3N.and 30 into mprthern
. L and’ southern components “for -the purpdse. of
@ at age. :omparxsons as. shown 1n F1~g 13 T
o , x
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< ‘Figi13. ‘Growth cufves of plaice for a number of Grand’
: Bank_lp€alities ‘as shown in. Fig. 12.




o

"hased on research data. . . X s e N .

.of the eastern part of . the ‘Grand” Bank (ICNAF 3L and 3N) Pl_alca

@

‘Growth patterns ‘for Labrado

(ICVI\F D1v1sxon 2H to norfh part-of Division’ 31.) (Flg 7,

were, falrly slmllar (Fig. 14!\) Tabrador Shelf p],ElCC . "

were slightly Larget a at conparable age than thé more . M

southierly. Msh’ but the _differénce was mr great (Fig. 14A). . .

Growth curves for the Grand Bank showed a gradual decrease -

in size at comparabla age e north to south and around . :
B d

tha tail ‘of the hank to the southwest slope (ICNAF D1V151on:-
391) (r-lg.. 14B) "Flemish Cap (Division 3fJ population has

a very rapu] 1n1t1a1 growth rate (F]g. 14B) possxbly because
of hlgh bottom: temperatures which are prevalent in this \'

»area» N St. Plerre Bank plaxce growth curvé is 51m113r to that‘

from the small local inshore St, Maty s Bay populatmn (Fig.

‘14)" were general‘iy smaller in length at comparable age,s thar

thoseé. frum other locallues cons1dered here. - @ Cl

R ) show dlfferences between lccalltles the average'. - w,
‘size au age 5 and 15 was selected I’051t1ve 's1gn1f1cant :

currelztxons were fd'und between average bottom temperature' 5

e
average sizes:for the dlfférent areas fnr whlch

avaxlable (Flg. 15) (r = 9. 943 for 5 years.and"r
——

07819 for

y’ear olds



’:,5‘6~."-.'- s
B BT 3 ;o N

'of growth but the rate cf increase 15 reduced,Aat a

east (Dlvls on SL (No' 7) and Ezst

o.' u) are relatlvely clpse in the

5 year compavr sons [F1g 131\), howéver, a: fage 15 "the

7:and 8§ ‘are; changed in- relatlon to St. 5 Tt
1n the ra_tfe
ith of the o Grand Bank preas after age 5. The

plalce from southem (‘rand Bank are s (Nos 9 and lD] e

Sy Spawnmg season ’

The peak spawnLng period ranged £rom early /\pml

Narthwest foundland Shelf [ICNAF 'D1v

idns -zu Carama LA

'_3}(;,._ Tor. tﬁ»crand Bank (D1v1slcns_3K, 3N and 30 L

iroesEred i lauy April to mid-May (Fig. 16)
S L dpads adem L I




NG
G (vears)

“Fig, 14. Growth curve Compar1sons of plaice for a numbex\ -
" of locations in':the' Newfoundlaml area cf he -




2 g By = (sohd rectangles) and probahle tenperature
. .rnnge (hroken rec‘cangles) : 3




_In addition, it is likely that plaice spawyn .on the Temainder Y

recognued partly he:ause a Iarge prcportwn of the area .

was coye

d by: drift 1ce from the middle of March to late ‘o
B

_ May, makxng xt Ampossxble -to hlave a cumplele Coverage of

all }ncahnes dunng the spawmng seasonA A study of |

f;shmg records from commercial.: travlers nnd nmned

research vessel data dxd .nut reveal any unusually- ]arge

concentratlons of Amencan »plaxce dunng ‘the sspawning. ° SN

penod from any pnrtlculsr locallty. Thi's . ddes ot

yreclide the* passlble ex,\stence nf certaln reas where

of bcttom, temperature, and _depth, 1s especully ultable .

for che spAwning a:uvxty of this species. .Mds! of the

northeastem and eastern slopes of the’Grand -Bank support.

the 1argest con:entratlons of American plaice in the:

-Northwest Atlanti‘c and ,t‘hes}a reégions are also -areas’of -
greatest spawning acnvxty. B -~ - . ’

From mmy surveys of the- Northwest Atlantu: by- B

‘research vessels operated by the Newfoundisnd onlogu:al . 5

S(atlun, it was e\ndent that spmmmn ‘of Amencan plaxce o

was \udespread with the Grand Bank and'to a 1es§er extent

‘the southérn half of the .Gulf of,S_c,. Lawrence supportmg

‘thé main spawnmg populatmns. Amencm ’plaue also
spawn Off IIstltnn Inlez Bank the Northensc Newfoundlsnd < b
Shelf, St. Plerre Bsnk dnd, the banks off Nova .Scotia.. - * " R
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of: the continental smel’f ffom Davis Strait southyard,

along the ‘Labrador coast, and ‘around .the cogst’of Newfounaiarrd

and into most ofit

colder bays,’ rprlnclpally at depths to
« about 100 fagh (Jﬂﬁm ’ T e ;

(c) '\gc ay\d 1onpth at sexual matunty 3

“Age at 501 lifeuiiny oo Pemunesi- Fxcppt for Flemlsh

C’ap Mg for all areas ranged between 12 17 and 15,15 years
(Table 5 and Flg. 17) The Flemlsh Ca.p populatmn (Mgg =

©7.76 years’) matured about' 4 years earller than, thuse cf

che other areas (L’,<_Q.00k1).'“ For the Southeast Grand

Bank-Mgg (12.17) ‘was lower than for :all remai'ning areas

(P = 0. 001), Fcr the - Solithwest Grand Bank (13 63), ‘the

the value§ d1d not dl’ffer from one anather(P > 0. 05)

(14 79) and st.’ Mary s "Bay (15 15) “were mot dlfferent .

"frop each othgr (P>0 05) but .were dxfferent from those
ﬁor all ut‘her areas (P <015.0 Flemxsh Cap samples toru:amed
matiire speclmens at 6 yeirs whereas for remamxng areas
hrst matwre Fish were found, at 9»11 yea'rs. :Rates at

wthh fevnales be:ame sexually mature (slolﬂes) did not
d1ffer benween areas (P<0 05). " LR it .

) “.Males - Males'became mature betwegn 3 and 13

years, and Msps were heterogeneous. :The range was




5.33¢7.48.yedars (Table 'S and, Fisg. 17); but data were not
available for Flemish Cap. .Values for Northeast Grand -
Bank (7.33) and St. Pierre Bank (7.48) did not differ

(P =70.5) but both vere highér than those for the other ~~ . '+ @

~four .areas. For these areas only the: Southeast gS.}_Z)'

and Southwest. (5.46) Grand Bank values were not ‘different

(P =70.5). ) o L N i T L
% g e Ty . : )
¥ Length at "50$ Maturity - Lengths at 50% maturity

were taken from age-length curves using the M, for age, - - - - i

and were 1listed as follows .(in tentimetres): .-

; ; " Grand Bank -
- Northeast - . . % 3
| NFld. Shelf St E = St ni L%
and Fae Yoy s’ North: South- Souti- Piérre  Flemish
Channel Bay east  east - west Bank . Cep- -
Males  24.4 ¢ 2.0, - 24,00 2.8 29.3 378 < .0
Feilales'  42.8 w2 426 ,-46.8" 536 1 446 - 4L

The lcwer size ranges for the males were. perhaps ot

adequately sampled in some areas. Length at 50% matuf)ty
for males land females ranged from 20. 0 and 40, 2— cm for

.St. Mary's Bay to 29,3 and 53:6 cn for the Southwest e ¥

Grand Bank. noth St. Mary's Bay and Flemlsh Cap .females © ° - o
“began to mature at apprcxmately (he same slze, although ' &
ble’

there was a great différence 1r.| their ages 'at compa

sizes. . . L :




calculdtion made. for-
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‘o Figh 17. Age at'which 508 of plaice are mnture from varlous
: © 7 localities’. The vertical bar 15 the mean: and ‘the" 53
rectangles the limits of §w1ce the” standard error .
" " of the mean. :
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Fecindity . W e B IR

Fecundlt)’ of t}us spémes was related to length

welght and age In all cases Jc was féund that a double.

’.logarithmic, tr‘ansforngatmn,gave linear _relatmr\sh)ps. g1 i .

(a) Fecundlty and fish. length (Flg. ‘18)

. .Using the data from all- samples fecundity was |

found to. 1ncrease \u‘th length to the follcwlng relatinnship & *

e S <0 00210313+ 1709

- ® e whe-re:F.= fecundlty m Lhousands of ova, ‘and L .= Ienéth

in centlmetres. .The correlatwn ccefflclent (r] was hlghly . .

; s1gn1flcant ©=.0,874.7¢0.001.

(b) I‘ecund:ty and " £ish welght (1:134.193 ' = s

Lag fecunhty plotted agsmst log gutted we1ghc e PN

[1n grams] gave .the relatlonshxp . .
5 . F .f]:-= 1.004y? 90110+ o . . R
PR where W = gutted and gilled welghc m grams, '=,ﬂ.81'0'." "
P =<0.001. s

. o - (c) Fecundity and age (]')g 20y -t o
’ Fecunﬂlty on- age was presented to shw ‘the wide'scatter

-_ of points. Thx.s was. to be expected since fish f_rom a

number of locations with w:del)’ dxvergent

ize at-age ] 25 Y

» o relatwnshlp were included here. The e uatxon of -

fecund)ty on age u51ng data ftom all lpcalltles- was aﬁ fnllows

“F = 21,7111 1781, o e ¥

where 't = age in years.
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et B (d) Cpmpar;son of- fecunthty and length for three areas
A 0 the three areas £rom which samples iere _taken

the followxng equanons have been cal:ulated (F Egmg in -

v thous ahds of ova iA'all cases): . \
SR @)% st fiary's Bay.. Log'F = {7944

Log L .3; 7090 (28 specinéns)

Northern slcpe of the Grand: Bank.

Log 1' = 2 6773 Log - 1 3602 [32 speclmens)

lope of the Grsnd Ba
4445 (80 specmens)

(111) Southern

Lpg'F 3.0382 Lng £

An amlyns covauanc: “indicates™ that there is -

o no s1g:mf1cant difference _‘herlbetween slopes (F = 1. T

anr Fgs = 3 07) ar adjusted means of 1og fecumhty plotted

i agaurst log length . fbr thése thres areas = 0.63.For .

NN T g = 03007, in spite of” the»fact that’ plaice (rum the

E southem-slope of. the Grand Bank~ are lnrger at comparable

IV agns and mature at larger sizes than thcse of the other

two areas. L AS N e
® *  Comparing samples For the same year [(1958), from*

the nnrthern and southern slopes of the Grand . Bank also N
indicates no sxgnifxcant dlfferences between s!upss [rate

of fecundu:y increasa) (F =1.25" for Fos = 4.07) or adJusted :
means'a(F = o 50"for r-o5 = 4, 07) « ¥ ¢ .
(e) Cqmpansnn of yenrs )

¥ ) g A comparison was made between the iecundlty length
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o relatmnsh)ps of. samples -for 4 dxffere'nt years. . Ratés"‘uf #

“but not_vat the 11,, level iF.'. 4 99 fcr Fas

uggests the posslblllty ‘of

o o in. . the number of eggs prnduced' in d;fferEnL seasons.

Howevnr, some samples were comparanvely small, e. g.

_Feod: and feedlng o

Dlet composz\t1on B 5

Invertebrates, prmc1pally henthic forms, octurred

nas t freque—ntly in pla1ce stomechs th.h flsh bemg next in

frequency cf occurrence;, but’ ,: as a percentage of, total

©ow T food velght, fish far surpassed 411 other grnups (hg. 71
“and Table 7B). = . i e L L

5 ‘- Echinodernms were the pnnc1pal mvertebrate gruup o

and were represented almcsh entlrely by bBrittle stsrs

mphmoldea), sand ‘dollars and sea irchins (Ech1nc1dea .'

ol ) Representatwes of the main crders of Crustacea occurred

but’ were dommated by the Amphlpoda, Euphausxacea ‘Cumacea.

and Decﬂpoﬂ%"’ Most of the. mollus(:s were blvslves (Pelecypoda)

Flsh cons:Lsted ‘almost entirely of sand Launce, Ammodxtes'
L . <
- B dublus, aitd :dpelm, Mallotus villosus.
Mallotus viilosZs.
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areas

samples . -(DlVlASJl‘_On 3L) §

a

'(D‘»ivisuﬁx 3N (13 '=',<"6.o‘opx>~ (Fig




Division 3L (5%) - than in 3N czv) “(p 0. 01) and capehn accnun.ted

: . for 200 of the food as compared to, about 6% dn Qhe » ? gk ®

£ g . southeast area (P =<.Q.001). .Sand }a\mce (Ammodytes) ,

however, wére much more important in Divifion 3N,-occurring “
in 27 8% of the Stumechs and accounting for cve.r 801. cf

‘the total food weight agalnstlﬁ'{\ occurrénce of 4.2 ;md‘

~

~ .7 about 303 of the total we).ght in’ Division. 3L (P < 0.001
i in both cases) There were sxgmflcantly mm‘e empty
o, stomachs in Dlv151on 3L (PS 0.002) - T - . . ; RE

i . { ’l‘aklng size of 'flSh 1nto conslderatlon [Flg. 2

and+ Tahle .7), the same’ genersl pattern was obser

~—
for all sizes combmed 2. le) in D1v1smn 3L,

echlncderms, mclluscs and a'nne11ds were selected by .

>1gn1f1cant1y mo 14 sth An nearly all size, groups. 5

D;vzsmn 3N, howe‘vq«g, although echmoderms were 52111

“inportant, f)sh

3 /4‘ by: a11 size groups in Which they octurred *No. fish

.70 hottuges’ or - annelids were selected by the 10%cn’group

in n1v151on 3N (Table 7)

n the 20-29. and 30'59 cm groups 'in ..

v o welght o€ capehn

.D1v151om 3L ‘the d1str1butlbn by weight. folluwe;l xoughly i

< the pattern as the occurrence (Table 7). Generally .greater.~

.-percentages by we:ght of eclunoderms, molluses and annehds

'were fnund in D1v1510n 3L and- s).gm.flcsntly ,greater X L




Table 7.

Detailed comparison of the (A) percent occurrence and (B) percent of
total weight of food for each length-group for the various food types,
ICNAF Divisions 3L and 3N. Asterisks indicate significantly greater
anounts at the 5% level. Percent occurrence calculated from total no.
exanine:

(A) Percent occurrence

10-19em 2.29em 3039 em 4049 cm 0s9em g9 om |
Food type A N L N 3L N 3L N L N s N |
Coslenterata. 09 - o SRR TR R S T
Porifera 0! 09 03 07 o3 02 -
] 39 an3e 259 4T6e 268 sser 20
ol R e s e <
220 320 192 R 186 a1 164
W5 ;e 107 240 132 304 6 .
Al R B R e B = a
27 e o5 33 108 93]
26 s o00 25 105 82 .
o1 03 06 08 - 10
R e e ~
37 se 21 13 23 43 21
37 o4 21 720 21 43 2l
=R 2 e s
; 05 14 2 78 1530 43 Mde
7. 05 22 61 06 10
5 i gge gy e o =
2 Blewiigy e i o
o 29v o7 s 12 480 08 21
G4 16 99 13 82 09 610 22
100 08 190° 03 1620 - 670
sl sl Sl e el
2 o8 01 05 02 09 04
=L Eles e
35 76 ;e 155 aar 17 a0
06 51 37 90r 29 42 40 -
10 21wl 17 mee 30 d6er 6
LT 0 24 02 08 = lop -
42 R e RS R |
g1 ae LS i danf -
463 6.1 39 1e 282 3o s 23 269 4 28|
No. of stomachs w8 2 a6 48 @0 s ars
or whof contents e on
B) Percent of total weight at each size-group
10-19 em 2029 em 039 cm 4049 em 5059 em 6069 cm
Food type LN L N L N L N A N L 3N
Coslenterata o1 - 09 02 6.5t
Poriera - 03 03 <
Echinodermata 22 w2 w1 uz 138
idea on e, <
Ophiuroidea ug = i
Echinoidea - - 84
Crinoidea. S =
| Holothuroidea - = 2
a - - 30
lecypoda 37 25
Cephalopoda 2 25
S <01
Scaphiopoda - - e
Amnclida ko <o
Polychacta 2 = <01
phyrea LRt :
Unideatified o Lo R =
ustaces 71 w8 0 49
Amphipoda = o 02
imacea - 1 £
Copepoda - <0. =
| Decsposa - - 2 25
so = i =
| Euptnsiaces 04 - 57, 17
Mysidacea. - 2
Other Tov. SRR S T =
Ascidan S =
ccs S o s 2%
Mallotus EEER 0.1
Ammodsies = e s &
Other o e o1
|Sand, stones, and plants <01~ 011 0. &
Unidentiied <01 - <01 <0l =
Empty A =
No. of stomachs = s s =
ot wi of contents B4 L1193 4 30552
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Diet comparisons of plaice In ICNAF Divisions 3L

and 3N, l5e_rcent uc;urre)‘xce‘,calculated from total
numbe’r ‘of fish éxamined for each Division and percen't'
of total weight calcilated from total weight of fuad
for each Division (Phyla or other totals cross-

hatched, +7=¢ 1 0!) v . . ;




percen(ages of fxsh and rustateans in va)smn 3N The -

wexght of echmoderms and molluscs Temained

distribution’ h

roughly the ‘same ac, all_ zes .llowevpr, an mcrqase

the . cofisumption o'f fish with, ‘vpre'dator"si‘ze vas coupled

/m:h the opposite Seend for'. crusta:eans (Fig. 22). Except

‘for' the 10~ 19 em group in D1v1s1on SL, annellds were taken

in relatxvely small k(uantxtles.v

:CéloriC'valﬁe .of stomach c'ontenns

"flSh versus i’xsh size . (md pomt of the 10-¢m length
group) were made-~and covanance tests performed for !
seasonal dsta and fcr the total of ‘each ICNAF D1vi51on
(Fig. 23). Th,e rate of 1nc'rease \uth l,ength 1n the ',
caloric value of swmach ccntents per J.Do fish exammed )

dndicated a' smuan:y between data cullected ‘fot ‘the i

two - TCNAF Dlvlslons durn\g the’ Apnl June pencd only ) “i
C(F = D 81 and 0 01 for' ‘slope and ad;usﬂed means res-pectxvely ‘
for F“-n 5.12)." For the other two periods and for the. o
t‘o‘tals‘ an Sﬁls of :ovarumce 1nd1cated slgnxf;ca}t + R
. differences’ bctwefm the regressmn coeff1cxents for .the ’ )

two D:vxslons (F = 6. 38 for Jul*y~September, ‘15 39 for

October and November and E 40 for the tot 1s fur ‘Fgs

.+ with ‘the‘values, being lower fa*ninslom 3L than for
) ¥ - & Cwge ot =
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;)O Fig,'22. Percént ogcurrence (A) and percent,of total ._foo.de

“weight (B) at various size _groupsfor the major
food tomponents ‘of plaice from IENAF Divisions 3L’
(s01id) -and 3N (hatched). Occurrence = (no. ‘of fish
in which ;tem appeared/tutal no. examined at each:
. .size citegory) x 100. Percent total weight = (weight
. oF particular. iten/total wt.‘ of food for-size

_categary) x"100. i S
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< s DISCUSSTON s
“Distribution R cea e
ACIZEJI‘dlng to Ncrman (1934) one specxes,
- Egoglossmdes Qlatesscldes, is recogmzed in® the North
Atlantic¢ with two subspec)es each with 1ts own geographlc .
rangeA The European s bspec1es, Hi Epcglossoldes ] .

blatessoides limandoides, (Bloch). (ommonly called the </—’
long rough dgb) .is found along the' coast' of northedst

Europe from g{e vrcmn:y ‘of Novaya Zemlya, (M111nsk1 1944),
. the Barents Sea, Spltzbergen scuthward 1nto the Baltlc,
around the Bnt1sh Isles ana as.far west as Iceland. ,The

H. Elaf.essoldes Elatessoldes,

" (Rabricius), the Americar plaice, has a sttrihutwn

Nurthwest Atlznmc suhspecxes,

’;-ex:endmg from-Greeriland to Cape Cod. ’ ) ’ 7 P o
' The European subspec:.es appears to be generally
‘smaller than the 'North Amencan subspec;es and Bagenal ' . P

(1955)_showed that, spec1mens fron the Clyje' Sea areat'c . .

. rarely grew beyond 30 cm and none were iound clder than 4 ~

\
six years, compared ‘to \ages upqtl\ 25+ .and -greater thanv =

60 cm in the Northwest Atlsn‘t rh Same of thxs of course

Vs early and reachlng thexr asymptohc size ‘at a relatlve‘ly v
L4 ynung age. It seens poss)ble that Icelamhc and Barents‘ : -

Sea populations” may ‘be intermediate forms




- 60 * g

Plaxce are distributed through the' Newfoundland

area and a hlgh proporticn of the fishing sets thmugh

the area produced at least some speclmens. The symbols m,
Figu{rés 3 and 5, while giving:sone indication of density, "

. may be a 11tt1e mlsleadmg in thls respect since "frequently

they represent s1ng1e-se-ts only. The Grank Bank is the (s E
Location of greatest plaice density and is the -location
- of the iargest commercial f'i~shery for this :spe:cies .in the .
o Northwest Atlantice - . 5 . g 8 ' .-. =
SR s @ Vcold” water Species, and appeais th prefer s
L }vater temperatures of .approximately " IQC -to _—1 c and depths
fanging from 50-150, Fath (92-275 m] Jowever, ‘in relating .

T t d1str1butmn- land abundance of plaice to temperature anﬂ

depth, :\t is poss:lble that the bottom" type may be :unportant .

and the preference Eor gram sue could take prece ente .
over. the mfluence of, temperature Un.furtunately, we have

“.. no data on wh_ich to base conclusions :in this rpspsv:t.

Stcck Dellnestwn* s £

2o

Generally, vertebral rand fin Tay counts were ‘not

7 partxcul arly useful in delme}tmg Amencan pls1ce stocks B the Grand Bsnk

5 s There . cduld be a number of contn,hunng factors such.as a

. ™ g small inherent var1ab111ty of meris 1%parts, s0° that when,
' [ -a number of year- classes were cumbmed,Adlfferences 1n fm.
e s rays or, vértebral numbers resultxng from’ the iufluence of

.. varymg ‘environmental 'cond:tmns may - have .canceled each ot =




“other ;out Then also. wit-h a relatwe;y long spawning :: ¥

" relatively smauqnshore plaice’ f;shery and ‘this"would:

per;od ‘there could.be a 'range of* !nvxronnenta] cnndluuns -

1nf1uenc1ng deyeloplng embryos throughout the spawrung 5

penod. i Sl . . . &

Because of the lack of.wide meristic differences, it

Jis sué’gested that American 1aice'in all'of ICNAF Subarea

3 thh the except;?n "of Divis on 3 (l"lenush Cap) elther .

belong to.a s1ngle stock or have consldsrable 1nterm1ng1mg

at least during egg And larvaI stages. e

. Tag-recoveries even up tn seven yesrsy after release i

| wete. mostly from Iocatxons less than 30 mxles (48 km)

from the release lccalny. The're was no evxdence/
substant)al mxgrauons between bank areas and Newfoundland

xnshore lncalxne houever, up to 1964 there-was only a - 3 -

pfﬁbably preclude racovenes from the 1954 tagging'on. the e

= nérthem part of the Grand Bank (area 1 F1g. Z) 1f mdeed \

‘tempe_ratl_xre wher gonditmns charge. - .“Al,tho'ug}} plaice

plalce d1d move 1ns‘hore4 < < . Bt e g

s Must fxsh mlgratmns_are nssocuted thh spawmng "

or feed.mg pattems er w:\th ges m env:.ranmen 2%

condxtmns or pethaps a comh w,n of a11 three.

the'slopes of the Grand Bank .a vsnety of temperatu ..

and feedmg cond1t1ons -is' avallable, thus requlnng very

11ttle mavement for pla:cs tb nd, their'pref




© rimited- churnal movements (P1tc 19&7), it seors douitful

‘. ‘and therefore there is nu large mass muvement as 15 evxdeni L

for ccd when the latter follow cnpelm towsrds the-- e

‘flatfish; spec'

envxronment,

£t P
of. plalce egg
about 4‘(:. obviausly 1o




’ from the Lahradot She.l{

cast of Ln,bradu and Newfoundlaml vrra,ny eggs 'md 1drvac
llam)lton Inlet Bsnk and the.

Nnrtheast \lewfoundland Shelf cnuld be transported to the’ 4

By the ™ same process, eggs and larvae from thew .

Grand. Bank
latter area could be swept beyonki “the contmental sh?lf S “\
l‘rost (1938) found earl?\sﬁ{ 'eggs ancf larvae 1n ! It

September over the northem half of “the’ Grand B

nvrthward to \ha Stralt “of Bélle Isle.

\1: present o’ evxdence of larval d\;xft across the Labradur .

éast,of

JSeas . ¢ Fan T3 i :
o o ) . Ay ¢
. - Although the southward. flow especi 'l.ly_,e

The latter author- - : { s
|
|




i Hamiltoh Inlet Bank ‘and the‘ Northeas't New'fuundlar‘xd Shelf

i A8 qu1te strong, Nevn\sky and. Serebryakov (19723 foqnd

. plaice cggs and latvae together along the O N P
e U i from Lahrador w the Grand Bank. Fhey suggested that, § . ¥
whereas t!ere are hlgh veloc1ty currenfs in the Hamilton

T Inlen Bank Northeast, Newfuundfand Sheif areas ,. there is;

! su(hme.nt eddy:ng to retam a substantml propnrtmn of .' -

larvae in “thé. spawning aréa. On.the Grand Bank, however,

# -_ tl X
Bt ,because :urrent velocltxes were ‘lower thcy concluded Erom B
the dlstnbutxon ‘of eggs and lz\rvae in the vxcmlty nf
spa\mmg aréas, that 1055 beyond the' ccntmental s{xelf

was mlnlmal‘ . i o e . . . i

. The probabile pattern of egg and*larvdl drift.

- coupled \uth mensuc.data then seem . to 1nd1cate a certain 3

- degree. of. 1nterm1ng11ng dunng early stages of pla1ce
from spawmng In d)fferent localities: However, once .the " w
. - 3 l.arvae have metmnorphosed and settled, ‘they probably make 3 4
. mxmmal movements although thete could Be a gradual .

) segregatxon accordmg to size and stage of maturity wmhln

-

- lpcalized ‘areas. Differences in the grovth curves (I‘lg. 13) , ¢
Y " for rhfferend areas of the Grand,Bank seems to support, this.
. ) . Since the maJor fishery fur plaice occurs on the - { ° %
~ Grand Bank:the delineation of stocks is mqst 1mportant’ '
w5 here® At présent the whole'of the bank is'managed as a
Wa slingle stock with a total aggregate Total Allowable.Catch ,
C e s
S ' ; o w
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allocated although the basis of the stnck assessment was
B hy ICNAF Division -[Sectmn 2). . S - P
“When the .ICNAF Divisiéns were-drawn up in the late
1940's the main.interest on’the Grand Bank was haddock and
g4 %and ke 1iiies Sepurating dis1s40ns were drang Bo S Wl
these species t® a great exteit. On.thé basis of the
taggi}ng studies, .it appears that.a correct division of X
plalce on the eastern and northeast parts of the Grsnd -
Bank would be into' 3 groups (Fig.-11) (dlso hg. 12) (a)
northérn group comprising the north ‘and nertheast slopes,f
(b) a southfx:n LToup, asld (2:) a central group:bet}veen (a)
_and (b) receiving some migrations from both'north and south,
but with possibly more intermingling from thé southern
group._ Add).tmnally, the hestern side (Division 30) of
the bank coulld' be split dinto southern and northeArn « .
components. * llowever, the ICNAF divisions_l do separate’ the
nothern and southern portions of the bank at-least and
f}isher“ie‘s statistics are ‘presstly only .avlillable i)y th'e';se ’
divisions. .lowever, some difficulty arises w_‘xthi'n-divisi'on.L
differenc’es V:’m‘size at age'when using avernhge s"iz.es to cnn\}e'rt
‘welghts to’ numbers etc., when the samples are not spread over

the whole dxv:.sion.

Sexual Maturity and Spnwnmg‘- * ’ ! \ T

Txme of spnwnxng g W

The genéru}l)’ accepted 1dea 1s thnt repruduct n




.of measuring light nt various depths. Plaice are : 7
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gland, in Fish at least, being st)mulnted by certain
exte.rnal anv1ronmentn1 factors . There is npt complete

agreement as tu whlch factors are important and how they A

»'ag:t. Atz and P1ckf0rd (1964) gave anextensive b1b11ugraphy

on the p‘xtu1tary gland anq its relation to reproduction e
b y is
of fishes. '

Temperature is the factur for which mformatlon is

available to,any degree, but(a?n\ot available for all
spawning areas during the spywhning season. The effects

.of temperature on the maturing lgnﬁgds mnyabe indirect -

resulting f;cm a redﬁcticn in feeding at low temperatures

Kehler (1964) shiowed: that cod ate less food at Tow tefigatatiaRL

Ahe also sh.owed that vhen fo\:d supplxes were low,: cnd

fzuled to complete the maturlty process. w
. ‘Spawning plaice. were taken’ from near bottom water
temperatures f’rom -1 s°¢ for the northern@rand Bank to
abdve 3°C: for Hawwke Channel, the Northeast ‘Newfoundlgnd’
Shelf and Flemish Cap. Nevinsky amd Serehrynkov (1975)
reportethhe most intensive spawnlng~.ﬂt 0 t to '2.5% in

the Northvest Atlantic. e ' "

The effeets of lxght on maturatlon of maring flsh

is ‘not as well known because of the cechnmal d1ff1cu1ty

l.general;y bottom dwellers, but some apparently leave
4 R 2 :

y o "
the bottom .at night. Plaice to the north in the areas




e " off Labrador and Northeast Newfoundland Shelf span later
than those from the Grand Bank in spite of the fact
that. they "are probably in higher temperatures.
. Time of spawning determined by Nevin;ky and
g 7 Serebryakov (1973) generally agreed with _tha;e‘ —_—
— -'presented here aﬁ(i Pitt(1966) although for the two © .
i . Grand Hnnk areas’ and St. P;erra Bank they reported some 5
‘ wpn\mmg as early as’ February and for a numher of locahnss SRS
.they indicated a longer."spnwnlpg permd :h»an reported
£ here. This \‘“15 perha_ps.because their»aeterninatign of
x : ‘maturity stages was ‘s.li‘gh‘tly different from the method
) usec’l_- here and their judgment of when, the peak i)ériod- A, &
was completed could also 'be at variance with that

presented here. 5 Kk

\
‘Age and size at sexual maturity .
According to Bagenlnl (1957) the European
4 - 'subspecies:' ﬂ. ‘platessoides- limandoides, femdles are

SD‘ mature ber.ween their, an and 3rd year at 17-20 cm,

In the Northwust Atlnntxc, the currespondlng average,

o “50 cccurs at age 12 14 (35- 45 cm) . Flemis)\ Cap Eerqales‘ o o
mtured much ycunger than ‘those from other areas' '
’ ' (7.76 years) amd t]\ey also have ‘the fnstest lnlgul R

. gruwth- rnte (rig. 14) p:obabl)-'hecause of the higher 2
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water temperatures. Alm (1959) indicated that fast early’

growth resulted in earlier development and maturation of

the gonads, possibly hecause of earller productlon of the

appyopriate hormones by the _P)tu1tary gland. “The relntmn ) z
of sexual. maturlty to changes in grewth will be dxscusscd ‘

in section 3. . " S
F‘}cundxty . : . *

Fecundity “of Grand Bank and 'St. Mary's Bay plaice
was, found to be directly reblated to l_ength and weight.
Age-fecundity gave a very:wide scatter of points and ‘was
'not particularly useful unless related, to the:‘\sizel at.age.

A comparison between rate of egg production
(regressmn Coeff]clents) for plaice-of the-European
aml North Americen ff‘rms indicates a remarkable similarity . >
as indicated ‘in Table 8. . 3 . )
. A indicated elsewhere, the Buropean form matures ‘g
at a much smaller- size (dohp to 15 cm) and at a, younger .

age (2 yrs) t'han pl:uce in the Nnrt\hwest Atlnntlc. Y

l‘rum the” avn\xlable data there was no md1canon

»(.rowth for diffe ent geographic regions
(‘rowth of flsh depcnds ultm\ately on the nva]labll\lty

: LN :
S . . ” - . ‘_
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Table 8. Comparison of- the regression coefficients’ for
« fecundity relationships of the North:American v
+ and Eurdpean forms of Hippoglossoides : .

Fog e w N platessoides. 2 ¥ e .
Log fecundity North American - European form -, - ‘,
. related to - form %
Log lenigth (cm) . 3.1709 ¢ ©  3.5533% ‘and'3.0621° v
. " ‘Log weight (g) . 0,901 1.13882 and 0.9461°
) Logage (years) - = 1.1781 . .  1.0033% and 1:0328° - .
Log av..wt. (g). 0.6848 & -7 ©0.6907% and 0.8117%
. . &7 0 e - j N ..
L. £ aFeln-um;y 1954 samples. \ p
e PMirch 1954 samples. . . g B

(Buropean date from.Bagenal1957a)




the avallabxlny of foud Rave been mvestxgated to ‘any

occurring when more

(and utilization of food with growth

foad 15 obtalned znd d)gasted than -1

malntenance:(ﬁrohn* 1957) Temperatures apparently control

the utlhzatwn -of foqd by \the fish soj.ghat cutsxdc these £

temperaturc lxnu-ts fio growth occurs regardless of ‘the

food suppl)’. OLhEr en\uronmental fnctors nay -have some’ 5
inﬂ‘ue’nce c;n_ r_he grewxh of fish but enly-tempe_rar.ure and :
great extent for most marine species. : .

In pelatlng the environment' to growth there is -
always the possibility that fxsh frequently change ;heir
habitat. FPlaice on tho castetn slope.of the Grand Bank
posslbly make seasur-lal mgratxons between deep and shallow»

water, thus Changlng t_helr env1ronmenta1 temperature

from 0. 5° to 2 T Iowever, posltxve corrélatlons were -

“
fbund hetween le gths a ages 5 and 15 years vand -average

bottcm temperatu (1‘ P S . ‘
r‘lhe Flem‘lsl\ C'lp and snuthwest (‘rar\d -Bank pop\.\lat]ons

are anong thé Sastest growing fish for the whole Nort_‘hwest~

Atlantic rangs of ‘this speczes and St. M‘ary s. Bay stock *

the slowést (Fig. 24). Other 1oca11nes have been -

in’cluded her{e to Fill -in most of the geograp‘hip range

‘6f this species nlslng fenale fish only.

‘. The Clyae populnlon of ‘the European fcrm gf 3

,Hi‘{;po,glosscldes platessmdes has a rapldv‘1n1t1a1 penod‘ ,' o

irequired for. ST




s

with ‘a comparatively short life span (Bagenal 1957).
Cap Cod plaice also has a rapid rate 6f growth in the
1n\1t1al year w1th very : few fish living beyond age’'10

(bux --1970) .

“The appare;n effects of changing population

.+'size op the gfowth of plaice.on the Grand Bank will be

< discussed in ‘Sectinn 3 P 3

i : ! - o
.Food and. fegding g —

= Ametican plaxce are normally nght at or near

. the buttom of hhe sea, hut there is evlder\ce that they

‘also assune lxmlted pelagic habitats and move to shallover
warer 1ayex‘s at nlght (Beamxsh 1966‘ and Pi'tt 19673)
Stomachs of Grand’ Hank plalce, while they ‘contamed such

= bent}uc forms ‘as echmoderms and pelec_ypods also cnntamed_ .
N pelagic forms: euphausiids, amphipods ‘and capenn. Sand
lance ( mmodztes) ,a maJor food 1tem, .are known Zn make
Verncal dxum,al movements although t.hey usually inhabit

the henthlc reg1on. E w
.

== The lmportance ‘of ﬁ,sh as a fucd fnr thls specles
15 clearly demonstratedA, De Groot (1969 and 197 )] predxctaﬁ
o v",' that Hi Egogloséoxdes BLntessoldes should be a f)s foeder
Lo because‘of the's tructure of the slimentary camal, gill ..
rakers and eye size althaugh most of the spec:unens that G
he e!(amlned were feedmg un 1nvértebrates. R meferences

to food of adulr. Amerlcan plalce by~ Huns tman- (,19135 and .
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» - Powles (1965) for the Gulf of- St. Lawrence -and Bigekow .

and Schroeder (1953) for the Gulf of Maine listed

_echinoderms, crustaceans and molluscs, as‘the principal

"t diet and Yanulev's (1962) brief reference to Division . - CoL
~e 3L plau:e food ,and feedlng gave echlnuderms > polychaetes, . '
; and pelecypods ‘as the- ma;|or food items. -However, the® . }

ﬁv:dence presented here 1nd1cates theh flsh,compnsed
P 50-83% 'of the total weight of food. In the\Enrents Sea,
. i Kumnrova (1939) 1nd;cated that” while benthic fnrms were"

impcrt;nt as food for this species, Eish,primarivly codl 4 R

and capelin and hadduck,'(vere also 'of importance..’
) The fact' that’ capelin and, launce nccurred ina s G
t sxgmfx:antly ‘greater proportxon of the stumachs in
. Division 3N (20. 6%) than” to the north (viv. 3w (9.1%)
. was probably )ust a functmn of the size of the, habltat
‘and the :elat)ve avallahlllty .of ‘the " prey spefies. On,

€ " the' sputheastem portion, of the bank’ (D}Vls:wn ZN) both &

the predator and pre‘y bey&md»th’e'shfach (91-m) éontour,
‘are cpncentrat%ed on a relatively steep slopg and are ;
- pres‘ent‘ed with rather .narrow éempérature zones, whereds !
© . to the north in Dlvlsmn 3L.with a larger area and a
‘ very gmdual slope the probabll:ty of ‘an encounter h’etween.
“the predator and prey was much le.ss. The same perhaps
applied’to pelagic or sem1-pe_1a_g1c ‘crustaceans’ whi‘lch

-cccurred most frequently in-the sbutherh samples. The
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.'special -importance qf echinoderms in Division 3L was
evident they accounted for about 303 of. ‘the total weight’

of fobd there as ccmp@red to less than 10% in DlVlS)un,

3N, Othet EVldEnCE of greater dependence on benthlc forms *

‘ip Djvision 3L was the more ,frequqnt o"ecurrer}ce, and a
1arge1:> percentage of the total weight of)pel’ecypod.s and ..
polychaetes. = - ' 'v » 2 »

‘The d1fference m caloric value of stomach conten'ts.
for the .two areas (DJ.VS; 3L and 3N) (F1g. 23) largely

reflects dlfferences in the amounts of flsh _consumed.

in D1v1smr\ SL plaice stomachs contained f1sh but not
1n such large numbers as in D1v151on 3N and total we1ghts
for fish were Higher ‘in the latter area. "

An interesting posslbihty is that the greater
consumption of hgh energy, faud in Bivision 3N as
oépo;ed to 3L pruduced t‘he observed faster grby}ing.and
ea)‘ller maturing (Pitt 1966) fish \‘.here. .Gocd correl‘n.tiuns
were shown between the size at age 5 and 15 ang the
probable bottom temperagure \u;h fa;ter growth in
Division 3N being.related to higher ayerage Atempera‘tlure
than-in Division 3L. McKenzie (1934 and 10'35). and Kohler
(1964) suggested that, for cod,. temperature was related
im‘iirectfy'tn ércwth inasmuch as it controlled food
cor;suv\ption‘.’ MacKi,pd{on (1972b) , };uiwever',‘ found no

‘significant difference between the standard metabolic'

> -




Low temperatures msy however reduce l)\a feedmg rate

because of: a reductmn 1n the rate of _dlgeshon.‘ Rae

(1965), for the lemon sale M crostomus k1tt), concluded

that quanuty and t:he type of- avaxlable focd'was the

'najo'r !easun or the dxff Tence be‘twee a'neas ).n the.

3 mte of growt rmn (1952) found that fis! feed g

g fake trout in Algonquin Park “Ontdrio, matured earher B Y

= aqd grew faster than the plankton feed s Hawevur,

- y . furt,her speculatlon on th' 3




" wheTe'.the producti'on of recruitsand. growth’ are maximi'zed._

“dnc ICNA!‘ Dlvlsmns 3L and 3N, will be present

pnmanly a, model thst has been vudely accepced in

flsher;es msnagement 4 &, R T

one needs to. knaw hcw ‘many fxsh can be removed ennually

N and $till allow-the sto_c_k to maintuin Lt;s'elf at a-level

e The flShety for plaice on che Grand Bank has

3 been in progress s;mqe the -late 1940'5 but 1t was enly

. compl te rec.ards uﬁ au‘

-in famy recent years that it has become of major N

1mportance and ]

regulatwn. g

Oy ow T Methods N
In, recént yearswmethods have been developed -

n‘umbe‘rs rem'évéd' The basic.data requ rements are.’

'1sh caugﬁt 1)1 the ‘study ared

1973 it came undér 1nternat10nal quota o F
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"', size and Total Auowapae qatch was- computed. |

ARREREE L S

chause certam “European cnuntrms up to 1912 reporced 14
theit fotal landings uf plalce yellow- ail flounder

(leanada 'ferruglne a) and witch (G thoceghalus cznoglossus)
~as "unspecified flatfish", However, the ICNAF Secretanat

.in 1974 rece1ved a breakdmm of the catches of the vanous
flatfish by European countnes for 1963-72 (Anon 1974) LI
For !he pre- 1963 périod the separanon of spec1es was
based on -the . proporuons “of these in Cahad;an landmgs.

i An 1mportant umxssion in these«dsta iias the -

amuunts ar plaice discarded by. certain, countries that

were fishing only for cod. .The discarded fish: are probably
all dead. 'Thus,is’is possible that Spanish pair trawlers
caught qual\tltxes of flathsh that neve\" appeared in offlcxal
‘stanstxcs. ]n the assessments made here ami for all of the
estimates of stock sue used for the ccn‘elatmns mth ‘growth
(Sectxon 3) only reported nommal catches of plaice were-used,
However, as” a separate exetcise the pnssxhle effect of ncm- b

repgrted by-catches nnd/or‘dxscards on estimates of stock

Calculatmn of numbers caught ! .
i Estmates of numbers caught at each age were
based on samples frum the Newfoundland commercial fleet.
Up 10 - the late 1950'5, random 1ength mensurements were

taken frum commez‘tlal landlngs duung 2-week, perlods, i o

normally on a quartetly basls, and fish sglected far




_otolith sampling.

Me»rs; recently“, svtra,\‘,_ifie& samples -
svere taken fram each 2-¢m group based on a. method ’ .
descrlbed by Gulland.(1955). Since both- mdom and S
stratified samples were adjusted to the measured ’
frequency; both fiethods . gave conparabie results' s !
however. the- strscihed method glves better representatwn
at ‘the smaller and larger length gTOUpS . . . EE

The mechanlcs of estimdting numbers measured’. o \ ‘
at each,2-cn_ length group were: adjusted to tig total catch of the .
“sampled bcat by the ratio of the welghts of the sampled ;
boat and the sampled fish and’ then to the tctal numbers N
caught (quarterly’ of ‘semi-annually) at epch Iength by '

the ratio of wexght lsnded (total) and the welght of ‘all

sampled boats. JIn all cases the catgh and landmgs‘ were

" Broken dawn by sex from the proportional wexght of sampled
fish. Fmally, age- length keys were applied to the 4
length frequenc{ of lotal numbeTs at length to give the

fumbet caught' at age. : =
. ' When suffxc;e?lt daps/ere avallable, age- length

_Lkei's were compiléd, for Januaty-June and. July December to

“take care of possible’ growth dunng ‘the year that could

“bias -the results when adjustmghtc maasured frequen(ues.

Esumates of ﬂshmg,effurt and catch per’ unit effcrt

mforman}n was obtained from fishing-logs .

recorded o1 'boatd most trawlsrs operatmg from Newfoundland
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p'u'rts. The Newfmmdla‘nrl based traw)ers catch a n;a] or - . 5
s, propartzon of the fotal: ‘plaice Tandings frum the Grand ot

Bank so. that these log ;e:ords are probably representatlve .

ofthe whole plaicﬁ“fxsﬁery for this o
& . . The basic ynit af -fishing effcrt was che number o Ty

of huul‘s fished by Canadlan stem cotter, trawlers 501 900

toris (ICNAF tonmage Class 5). Up’to 1964-65 the Canadian
fleet was composed almost entirely of 5ide trawlers g% "3 .
151-500- tons (xcm\p tonnage Class 4). Svlnce then‘ how‘ever,

stern trawlers were phased in fairly rapidly so that hy

s 1972 nost of ‘the fleet. uons1sted of nus type. |
To convert eaTlier sxde trawlér information to-
... standard stern travler equivalents ,: munthly catch per
hour by Newfoundland side trawiers (Class 4) for
. : & individual unit arens were: plotted agalnst compnrable .
" data for stem trawlers (Classss). The slopé of the

line of best fit drawn by eye, passmg throvgh -the .

ongu had a slope of ‘0.8 and the 13(:";6,1‘ was - used- ta

convert Class 4 effort to Class 5. ™ e
Catch’ per hour was campiled in two wnys (a) )
| .7 'nain’species plalce"\frnm catch and effnrt da'ta where : T &
: pla:u:e uas taken» in the largest qusnutxes in Telation .

v *© to other spec1es naking up- the catch from & particular it

r.np from - a smgle statuxicaf srea (directed flshery] ’
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and effort where any quantity Aof plaice w‘és cé‘:ghc. . v '
Stsndarduanun«of the US.S.R. and other # ce

‘European. 1end1ngs by large fuctury trawlers (ICNAF  ~ ° 7

tannage Class 6.and 7) presented dlfflcultles since: 5
ms,uffulent data were available’ to make compar1san with o
i Ganachan catches. . Total effort for ICNAF Dzvrsxcms 3N
and 3L was therefore estlmated by daviding total reported
catch of a11. count'rzas hy r.atch per hour by‘Canadmn.‘ e . *
’ class 5 trawlers. et . ’
Total. catch (ALl countries) 3
* Catch per huur Canadmn class .5 otter trawlers

Cslculatwn of possihle éiséards and numbers cxught-‘by , .

ndn- repomng countries S : e,

“The only real 1nfcrmat10n avauame from non- ., vel oy

T reportug counfhes was * catch and effort for cod from -

paxr an‘d regular otter traulersA Based on thgs 1nformanon,

assumptmns were:. made to nge estimates of d;scards.

Data from Divisions’ 3L and SN were.” eombmed for these

celculations. ’ . . 5 & . 5

P Methud 1 used the cod catches uf Spam, Portugal

nnd FrPnce (M}¥by pmr o;ter trawler and assumes thﬂt' ‘the
total catches om these’ gea.x‘s vere made upof a. certain

proportmn of fla £xsh w:th the tutal catch of - cod md "



IR R, »
the reported nominal catch:‘_ :5 give total ‘plaice‘and‘ '
" . flatfish-in the total catchi (cod and flatfish) was

. ' - probably not the same for all TCHAF Divisions and ih

order ta be as realxsnc as poss:ble, discﬂrds for

each Divisioh were estimated sepafately. Thus in
Figure 35, '5_;)5{ 508, S0t refer to percentage of
plaice. of totalicatch in*Divisions 5L, W and 30, |
respe‘ctively. e E © ’

¢ . ’ v +.Method 2 used e’f’fort'_d‘a\:a: by the same cpun'tr‘ies
'land gears with Spaniish otter trauler ha'ur‘ as a s’tandard

! 'unn of. effort, 1a e. catch pér hour of Spanish otter
’trmlers was div1ded intu total CBtch of szun. Pcrtugal
land France (M) ‘to detgm.tpe;total standard hours for
 ekeh year.’ This‘effurt_'w;;s co‘n‘vertqd_ into - American,

o, A piaice ‘catches using Canada (N}’cuich per hour and

V Qg_suming thesé countries cai}gx:é plaice () at the sdme .
"rate"as ‘the Cafiadian :rawlérs"(moé), ()" at 503 and .

(c) at 108, These estxmated catches were . added tu known

noninsl catches (Flg. !ﬁ) !

New estimates of numbers caught at age (C )were

Al R esfimatnd by multlplymg the cnl:ulated numbers used in

prevmus nssessments gf these. stocks by the ratio of

d 5 3 the new catch esti maﬁes ‘to ‘the prevmusly recorded

lsnd:mgs, dzes .o oo

Wl - . yeliowtaif flounder catcheé.. Smce proportlon of .
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Where C1 = gew estimates: of nurber caught at

age t in ycar n, "Ct the prévicus estimates of this value,

’W1 the reported nominal catch for'year-n, \and Wz the

estimated c;tch by. me.thods 1 or 2.

v This method was conmsideréd jusf.ifi'ea $Tnce Length
frequenc:es from Spanish palr travleTs in xhe prevxuusly-' 3
mentwned cammermu ;;qierment m 1974 wbre simlar to ;those
grom the Canadian r.rawler fzshery for the sane, penod
(Unpub repoFt by ¥ ﬁhe St. John's Biologicdl Stauon)

The various esnmates of catch at age were sppluﬂ
to Pope‘s (1972) Cohort Model (Appenrhx l) and populstlcn
sizes for the various similations’ calculated “Promithese,
Total Allowable Catches were estmated. These calcilations ~
were. thus s:\mmulauons of what could have taken pla:a in’

the f1shefy 1f the non. reported cstches vere as great

as :he estimates ngen.

Calculatmn of fishing mortahty (F) and, stock sxze
The basis of the method uséd in esumgtmg
fishing: mortality and stock ',size is’ the Baranov (inE)

catch equation g ot
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and E ‘@;'Ad‘ A res‘pect’ively fishi‘rv;g‘ and total .mort:!]iityv
during year n." TE e

3 The .recent use. nf thls method in f:shenes
assessments for which W. E R1cker (Personal“ communxcag’mn)

has _suggested the title “sequen;lal comxju:stlon of the rate

-of fishing and’stock size" developed from che virtual

population method first introduced by Detzhuven “22)

“and"later by Fry. (1949 and 1957)° and again further modified

by Gullxmd tlgﬁi)“ By this method (Gulland's mnd:\ﬁcauon)

year-classes that h.we ‘passed completely, through the fnshery"

can be used to calculate hsh.mg murtahty and stock su.e.

. Dethlls of this method are ngen by. Schumacher (1970)

The calculatmns are:'based -on the sunmations, of the 3
cuntrib,utaon that each age group makes to.a year-class$.
Thus the numberof fish of ‘the year,-cias.s :x which are
caught'in year n or'lstér is given by |

v »xvn = xcn +‘ x nﬁl

' -(where xC“ = catch of fish of x year- class in year n)

etc.,

Thus sutvwal nf x year class in year n.is. g].ven by

g el xvnq [ T

i3 e xvn : 3 g
Howevar, since this method uses cnly year-classes
thur. have ‘passed completely through the: fuhery, 16

abviously preclu‘ 'rthe use of data from tecsn‘t yea




. : Csa - A
and since in the case of American plaice on the Grand

Bank "the mos ent yeais were the periods  of grestést

‘fishing actiyity, it would be desirable hence to bring

P esgimates of 'stock size up to date as Far as possible.

. ' * o " Jones - (1961 and 1968) .d.escribed‘ a method that
allowed. the célculation of F and stock size when‘ a yeir-' ’ *

« _ n. class had nuc completely passed throjgh the fxshery and

' ‘could thus’ provide current F' values. His stag‘tlng point °

was.. the ratio’

& . T *: . _— :
i . n+l ‘where CP anﬁl‘.le are the catch of a
n B bs .
) particular yeéar-class in year m.and n+l respéctively. D

" His method is alse described in detail by Schumacher '

(1970). .. ’ ‘ -
) _} " More recently a, further modification pf these
methods ‘was davelopsd by Pope (1972) based on estmateﬂs . =

iy . i of popul}atxon sizes of a cohort of fish at successive

g z age 1nte”r\;als‘from wl’xid‘x sétimatﬂs of total niortsut'y
B + " itcan be denved and by subtracting M (Natural Mortality) g
) valués of F' can be obtained for each age" group. Details ' g ) "

. . nf ﬂus Method "Pope s Cohort Analysxs", is described ¢

: v v i e in, detall in. Appendlx No. 1. This methpd was_used.in

.'“the assessment presen:ed

eTe o

“For- each method md far 311 pnpulatmn models it
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* ‘and thus probably also the"estimates of 'stock size, . . -

-85 - <:_'

In presenting datajon stock size only fully .-
recruited age gioups were. presented.. Thus in Division'
3L males afe fully recrunéd to the fishery at age.12

and females at 15 whereas-in 3N the currespond1ng ages

" .
are 10, and 13 years. However, smce the numbers

E x
Tesénted are males and femnles cumbined, very few

males would be included in totals starting at the.age -

of £u11 recrmtmenc of the females, hence _in’addition to

the age 15" £ish.and older; 13 and 14° yeer olds were alse |
‘,included for Division 3L and 11 and - 12 year olds fnr

D1v151cn 3N.

0bv1ou51y the accuracy of fishing munalxty and |

stock size 15 dependent on estlmntes of numhars caught

and as pointed out ptevia\rsly, because of the lack of

'data on discards, catch e§t1matas.sre probahly minimal

The ‘Brediction of |stock and catches: (Tables 10

and 11 was' acconplished by wsirg the. Birdnov, cntch

equation with known or estimated valuas ‘of two of N

~(Stéck numbers),. catch numbers, or-F . IE I

Tk i.e. xn" ;%.jglie_-zil)
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The 1973 populatxon nnd catch estimates (nmbers)
weresused to calculau F values for 1973 and,the
population at: the begmnxng of 1974 (Tables m and 11).
Then using the latter and the 1974 catch, a pro;ectxon
‘for 1975 population was made with F valurs at Fo - (see.

- pages97 § 98) and partial vecruitment vliues,uc:tches for

1975 were calculated. Average recruitment at \:ha yaungest

recruitment age was assumed and’ the process repeated to i
give 'cstches “for 1976, To' get weight, numbers ‘at aée

| * were simply multiplied.by corresponding mean weights for

the most recent data.

Es_tintion of natural lor::ality uf_ American plaice,,
| (Huntsman 1918 and Powles 1969) 5
. Huntsman (1918) estmnted that the total
llottlllty nte for males and femsles combined, from an
| unexploited population of plaice from-the southern
part of ‘the Gulf 6£St. Lawrence wes 12,58 per annun’
(i = O.-14_). **Huntsman's gata::_us'éd to fi§ a clt-ch pu’rvg
gave an M'of 0.21 for.ages 9:22 -and 0, -18 for ages
“24 (Fig. Z5A). Powles (1969) from L8 snmple collected

;!
{ in 1950" just at r.he bsglnmng of’ tha otter. tuwlsr

_fisharx for _this/spec!.gs =st§mnted Z .at 0.13‘qs‘|ng thg




*

Jagkion (1039) method of aversge survival, e
8=~ Mp g st My s
) '_)‘9' ENJp e cer Mg
wherée N = mnnber_of fi_sh‘of’vt‘m‘a‘g,e’group in the
- sample, .However, : using ﬁobson and Chapman's (1961)
modification gave a value for z of 0:26 + o‘?sz. .
Fitilng a §traignt Line to these dutd. (i.e. the
catch curve method)" for f:.sh, age 10 to 19 gave a Z
# vg}ue of 0.19 an{d 0.26 for-,agesvg-ls (Flg, 29A). Povwles
l(igeg) calculated fishiig and natural inortali.ty_‘c'cefficients‘
for plaice tugéed in the M;:gdslen Shallows of the Gulf
3 “of st. Lawrence using’ a me thod develcped by Palohenno
- (1958)° ‘calculated M.at 0., 11 to 0.16 (sexes cMmed)
"This method is apparently sub]ect to conslderable ‘error
since it 1nvolves estimations of fishing murt)lmty» j
coefficients. (F) frnm taggmg retusns £rom nssumed v‘alues
of Mand %p mdependent estlmate of 2 £rom catch- curves.
Male plaice normally hnve_.a shortet leespan
than females. Males as l‘:;eviousiy indicated also become .
sexually mature at an earlier age.  These facts sl‘xvgge's"t‘
that natural mortality was probably di £ferent ‘for the .0

sexes. hence indeperident 'cnlculations‘ were made.

Natunl morulxty coeffluent est:Lmates t'rom age cumpusxt.um

of unexplolted po;ulations of; plaice ® =

‘The reruvel small pnpulntmn of- plaice
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St.. Mary s Bay was not explruted comme:cxally unt),l the

nid-1960's ., ‘Tagging data (Pitt 1969) (and Section l)
indi/c#ed that this pupulptlon is discrete and hence

not /affected by exﬂoiza:ion on the Grand Bank (Fig. 253).

Hamilton Inlet Bank (ICNAF Division ZJ) also

l‘Jl-P

supports a small ‘pldice populatmn that is probahly also

discrete from the Grand Bink.

.This area. is'at present

'heavily expinitez} primarily for cgci and since plaice -

some times frequent‘the same habitats as cod, ‘some
‘plnce were removed by fishing.

" f15h1ng xntens:ty in t;h1s area was 'much less than/m

However,; prior to 1960

recent years, resultmg inless, :han ‘an avernge yield

of 40, 000 -tons of cod annually fur 1954~ 50 BS covrpared

to 260 ‘thousand tons m 1960 and 280 thousmd tons in

.1961 (May 1967).

V" Age_ composition of research samples from st.

Mary's Bay 1957-60 and Hnmxlton Inlet Bank 1957-59

" we

.on- ﬁhﬁ assumption t]

- ‘incidental to ‘tod catches was prob,ably ‘mininal.

at for these populatznns Z =M

Thus, for 1957- 59 'remova] ‘of pluce

vhence used ‘to ;nlculnte nntural mnrtality cueff1c1ents

A

» strazght line f;ned to' the descend:mg 1unbs of the catch

st Mary's Buz

" Hamilton -Inlet Bank .~

Males

Females

- Males

x ‘Faxgaleg R

0.24

0.18
0.30

‘0.22:

curves (Fxg. 25B aid C) give estimates of M as follows~
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! T “090 = M

For the latter area the pussﬂulny exists that

oo that “this would be mote thap 53 (F = 0.05) at the

"o catth and effort data to esnmate natural mertallty is

* .\/b%sed on; ¢he prenuse Lhat tatches of fxsh at various’ ages

depend mi abund:mce of $ish at th

expended._ ‘e data required are numbers of fish taught -

¢ for a senes of-yearrclasses-over a permd of years -

. ‘durmg the explnited ,phase. and effort expended by the [
i

fleet t0 ~catch ﬁsh of the ear c.}asses. it

Bevarton snd Hol: (1957] gave a method. of

'I'l'calculanng natural mortshty wherg the effort .was

changmg over a permd of .time. ~Thus fishing -

Y tant of catchabxhty" or the
umt of effort and f is ‘the’
-

';thére was some’ fxshmg mortal)ty, but it is dlfﬂlcun to;

-
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< It wt‘mld’, therefore, appear that a series of . . ) :
values for the total mortality ci;efficient (2) calculated
for different levels of effort (f) wouldsgive a linear
. relatxonshxp havmg an 1nt.ercep£ of M and a slope uf q. AL
Nou baslcally the c-l:ulatxon to Z depends on the catches. Y
and effort for lga gr}{ (or groups) of a series of

year classes, 1.e.

NN : 2 = Log, | M}_ ; .
: F o s Y L Cosfa i
= P whére-v Cy = catch in 'numbers durmg year n of fish of

Lhe Year- class born in year X and f the total effort.

in-‘year n. * sl 1 ' iy
: If the f:shery and hence ‘the s-upung occurs at

i
one parnculsr period of the year only then can Z be ¥ . g
% plotted dlrectly lgl)nst £ Tt A e 5 §

H

xn/n

L ydge",[ xcnu/ n~1J_ =qf e ML o

However, this ‘is rarely zhe case uml for most =
_fisheries 'the f:slung is spread uve? the whole year and . " F

the survlval rate is not.a smple f\mctiun\of the. survxvul-

el in either year rr or. n+l, but in, fact is related. to svernge

X abundanr_a in year n and n*l. Hence a corract_mn fzctcr,

has to be npplxed to nccount fo! th




: avemge values of £, and f,

"and m+1 to' the mean effort in: the two years, or in effect,

vutually the same values of M,

Y92 - ;

rates are us\mlly based on nverage, ‘annual m(& esof

abundance. To take the correction into accaunt an iterative:

procéedure must’ be applxed * This procedure is descubed ' -
in detail by Ricker (1958) and was followed hére.
Palohe:mo (1961) showed that mscead oi’ the lung il

i 1terat1ve nethod of Eeverton and Hult _the original values’

of Z cuuld be: fltted to values of -f which are.in fact

w1 oo L

1% q xf(fn Y EL) M

This in effect relates survival between years n

fr‘om the mid-pdint of year n to the middle of year n+l;
assumin‘g‘of‘ course that effurt is spread fairly evenly 3 &

,throughuut the two years. When compared 'to the Beverton

: and Holt method Palohejmo found that his_ method _gave®

Us1ng hotbh the Eeverton and Holt's , a.nd ‘Paloheimo’s
methods appl;ed to, 14-, 15- and ‘16~ -year-olds. for males
and .17-, 18- and 19- year nlds fur femalas gsve the results.
indicated in F)g. 26.. Except fof 'the 3N males,_sxgmflcant
é_cftélatifms wer‘e’ oﬁtéined. Because of the: wide sgatie‘x- .
of Z 1n‘ relation to f nm‘I !s(f 4-‘vfn+1) the errors of the ’

estimate were relatlvely lsrge. “This is apparently usual ",

,for estlmates made by ‘these methods (Ricker 1958;¢

Palnhggmo 1961.). The.,ugson f£or the ‘poor fit:for. IN




. - 93~ . . .

males is the hlgh values of z for low effort 1evels . The
only eéxplanation that can be given for nus A% 'thes

possibility of ‘errors in the orxgmal age-length keys »

“Which were sometimes based on’relatively small samples.

Editing g of the data:by elxmx.natmn of hxgh values of

Z gave, a better correlatxon and M, values lof 0. 17 and

.- 0.22 for Beverton and Holt's and Palohelmu s methnds

resgecuvely.

. As a further estimate of natural mortality

‘coefficients, unweighted estimates of Z were calculated -

. from catch curves.:for axenes of year—classes (F]g. 27)
and plutted agaxnst the mean of the effective effatt as
calculated by the Palohenl\o method (Flg. 28). These
showed fairly close agreemeit'with estimates by the

two previous methods. Again, high estimates of Z fiom

" relatively low levels of ‘effort for 3N males produced ' -

' "a high value for M. Sm'ce estimates of Z- from catch

curves are really averageivalues, there was Toss variation *

.and hence lower values for.the star;dayd error of the

estimate of M. -

"Calciilation’ of yield 'pér recruit

The renncnsmp between averagé.yield and the
amount of fishing (fishir{g effort, or fishing mortahty)
is ususlly expressed on yield-per-recruit curves (Fig. 29)

Yields- per-recrux: were cnlculated separataly for males
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TCHAF DIVISION 3L~

27,

Catch curves ‘of pluce (a) ‘from va;smn 3L,
1940-48° year- clssses for females and 1943-51' for

" males (b): for D1vision 3N, 1944-49- year- classes

' for females and 1947- 54 £6r males. - Ling's fitted
12-19 (female), 9-15 (male). - w

e e e
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and females on the basis of a million recruits annually

at age 5.

During the pre- recrulted phasa, fxsh are sub]ected

to. naturnl moxtllxty (M) only hut as recr\utmnt to the =

ﬁshery occurs, they ‘are sub)ected to an increasxng rate
of ishing mortahty in add1t10n to nntural mortahty.

Points on-the yield-per rscrult ‘ecurve are calculated. |

: by summlng the wexght contnbuted to. the catch by each

age group durmg the exp

. of F on the xis of the yzeld per-recruit curve, 1 e.’

| ¥ield in v'sth: (y ) = 2 7, [“1 ﬁm (1-;.“’ i’*"’)]

whem W. = mean ﬁeight at qge,, , = stock Si;e (-numb;ars)l
at the bopnning of: the year, . l = age n « life spm,
P. = partxal rectuitnent (%) at age ¥, lnd F lnd M P
fxs]nng ind. natural lortality. : B . o

- The yield curves. (Fig.:29) -are e:senually flat-
tom;ed thhout an ‘obvious nxm\u yield per- recruxt point
( ). Hence the Fo 1 level was selected as the.puxnt

on r.he curve where the fxshery should be in terms of

ited phase at suitnhle mtervnls




. The sustsmable y1e1d ‘per recru1t on. the" avemge

BT '98'1\ TS

15 'thus somewhat arbxtrary and is 1ntended as .a

Areference point at whlch to regulace the fishery.

reaches apprnxmately 902 of the MSY on-a "flat:-

topped" cu'rve. I . & =

* - The calculation uf Fo 1 is by grapluc _means,
as 1nd1cated for D1v1slun 3L mules in F1g. 29 A
tangent .ab. is'.drawn to the curve at. the ongm i

it pnmt are selected

and at levels of F yxeld per-'

on. ab_and-a lme, ac, drawn, tc pass through polnts

.whu:_h are 10% of those selected on ab."- The [-‘0 i ‘is

In D:wmsxon\ 3N catches -

determined. by a’ tangent. to the curve pafallel to aci
1R£'sux,‘rs WRE Ry ag

Trends in nomital catch 1955 73 -7 .

ln D1vxsxon 51. annual lnndlngs mcreased very “

. gradually from 1955 to 1&66, st a 1eve1 ;usc below

zn 000 tons . In (1967, 1andmgs increased sharply,
reachm\g a penk of approxlmately 52- 000", tons Ain’ 1969
then decllned to. about ZD 000 tons -in 1973 (Flg. 30).

enrly years were around ¥ '.\

.+.5,000. tons ,»v«mcreased shnrply in 1964, peaked a: sbnut .

.tons 1;\ 1969. Smce then, catches have averaged about
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‘Division 3N and later in Division 3L.

- 100 -

4 . . :
15,000 tons annually. On the southwest part of the Grand
Bank [Dlvxslon 30) except for large reported catches by

the Eurdpean flee m '1966- 69, as mantionad earlier,

. catches have remamed gene:ally below 210 000 tons.

The ringrease in plaice-landinfgs during the early

and mid-1960's;

i
s/ can -be'easily explaxne‘d. Up to 1961-62,
the haddock f1shery was Very important to Canadian e

farelgn ﬁshmg ﬂee:s. As-haddock- stocks declzned and . %

f15h1ng by Newfou{ldland based component of the Canadian - i ol B

fleet expanded, éffort was, dn'acted to plaice first'in

'he ‘Eurf)pean

fleet mnmly U.S.S.R., fished pr].marily in Divisions

3N and 30 with much'of the }:atch of plaice bemg a by—

catch probably in” the fishery directed to :atchlng co
There 15 no mdlqatlan thah the increase in landlngs was -’

hecause of 1mproved nvaxlalulxty of plaice.

o
Fxsh:.ng mortality (F) fur fully rer.rulted plaice ¥

 Estimates of F 3 ca.r—rdsmﬂmg ages were genemlly
hxgher for males ﬂmn females (Table 9). Although males.

were, usually smaller at comparable ages, they apparently

became vilnerable to cupture earlier, since length

for both research and commereial catches '

frequenc:

. Jmhcar.ed a prepondsrance of mnlas at 1ower size groups

(Pitt 197:}). The reason for this is not apparent, but

v
i
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the 50%. maturity point for -males is age 6 (about 24 cm)

*.'in Division 3L and age 5 (about 26 cm) in Division 3N,
whereas for females it is .1f years (40 cm) and™0 years
<L @lem in Divisions 3L and 3N mspecnvely. Just how

Tearly maturation of nales could :esult in earlier /

i S vulnérability is not clenr Males are fully recruited
’at age 11 in D1v1510n 3L and age 9 in Divxsion 3N
i * .. “whereas fm- females the corrsspundmg ages are 15 and

13 years. (Pitt 1973).

... . -Values of F in'Division ‘3L were. generally. 0,15~

0.25 for both males and females- up ‘to theearly 1860's:

(Table 9) “For* males the ‘rate mcreased after 1961 to

cwn S Y1018 ino 1969 -and 1, 06 in 1970, however,\ these could be. -

aben—unt since they were calculated £rom data producmg rd

e values 'fof. ages 12 snd 13 only, hwever F. 1ncr&ased -
+to 1.2 'in 1972 Bnd was 1.05 in 1975. Fur femnles
aversge values of F were generslly lower up to 1971 but )

28-in 1972 and 1973.

* reached mnx:mum values of 1.26 and:1.

¥ ik 2 v In D1v1smn SN there was no real J.ncressednl’ -

‘for males until 1966 whun a valua of. 0. 48 was. Cal:ulnted

and the h)ghssb value 139, was ‘calculated for. 1973 (Table *

Vi ‘9). For femalss, F increased gudually from'o 10 m 1956

to 0. 30 in 1965 with an' ;overill. upwud ‘trend gi mg a .

peak value of’ 0 78 in’ 1973




619 8L°0 CT-TT be
| T 90 £TTT, 090

ST 6570 2T-0T, B'0:
BTCT 2570 - TT-0T 95
“oTT 560 TH0¥
LT S0 ET0T
STAT §9°0 PI-0T 4507 -
ST 460 »TeOT B0

ST-ET 0670 MI-OT - TE0
9T-ET; ¥2°0 $T-0T' ST°0 -

o'te
st

€L8°ZE”; OT6T, 19°0 MITT 190 |

oez*
105"

ozt Te'0 YT 10
[ S T
0z5T, 920 S1-ET 1v°0
szt v
yoesst o
0z 92°0 . 9T-2T. 6270
© OBt €20’ 9-eT eseio
0z-sT .Lz°0° 9T-ET 6L
0zt selo ‘or-erineo
0Z=ST' ST'0 9T-ET. TT°0"
0ZST U0 9TTT 910
O0ZST_$T°0 - ST-IT ST°0

‘zg0'te . ozs1 55°0 €1-LT'90°,
Ty srest - t
Bto’or " 61-sT

g eeoowo weor 6o vor, s
T e ero weor et CLe st
. ST-ET TR0 bT-OT 610 Uss e
Rt sto wor!ogto s et
T-ET . 4170 YT-0T 0F'0 09 . 905°
1T ST'0 W01 22°0 90, 085’y

6'c 6T’

o oot'e”

o056 o vt

. oot (o ()

cEbY 4 w2 awaed ‘wnom) WA
STRRI | T TE | WIw) 330533 TRMTEON;

B

. T UOTSTATT

ST i

“uAows €36 O3 307 UEY. poiTaroas ATTOS 36j 8V 4 30 GSNTRA NG PHYIL SUOTHTATA DI W03 eoyerd so}
(3)' Aa7Tvaon BUTUST) SNOSIERTEISUT S6UAAY PUE /330730 3TUR Zod U9V, ‘310370 THIOA /SIEIND 30 IETT 16 WIAVL

C e

1.3 10:4
6.9

.43
66

'50.0°

39.0

7
2
2

a2
“a.6

6.3

30,1

30.1

T 248



"Caveh per: unit efl’ar; oo g 5o,
i W downward trend 4 in catch per hour for both weight

: (r-lg 318, Table. 9) and numbers-caught ‘(Fig. -318) was

* evident in m ision SL. Weight landéd per hour pclmed

“from 1578 kg (pla;\ce iR catch) in.1955 to* appmxma:e‘ly
430: kg in"1971 and 1972 wnfl a smuar ‘trend when plaxce .
was the main specles sought. For’ numbers caught pet
‘hour the trend is similar but sl:ghtly mote :.rregular.

The' “increase 'm numbers Per. hour fox, 197173 can be

In mnnslcm 3N the trend up to 1964 1s not clear,

~but” from 1956 to mz there was an uvgrull declinein..

kg‘ m 964 (plalce main spem.es) follawe& by a gsneral

»downward trend. For numbers caught T hour the” pabtem

is s)mllar except chat the 1960 peak’ is more prcnnunced

(Flg. 31BR As"a f\uther ndex_ of nbundsnce the numbers

5 caught of the oldér.age graups were also presented

(Flg S’IB)' For both dwisions a general dwrm&rd trénd

dis evx@en_t 7

declinein stock abundance, of. fully

d

e




" ) 105 -

recruited pla{;e' (15 'years and oldér) ‘and at @ ;;;g}‘qiy. -
younger age (13 years and older or 75:80% recruited)
was'evident in Division 3L -(Fig. 32) for the period
11955-73. - In Division 3N, lmwever, the fully recruited
stéck’;\ppeared £6 decline from 1956 to 1962 then ¢
increase’ to reach a peak in 1965 and 1966, followed by . .

Td downward trend "to 1972 with an' upward trend ‘again in

i estxmatss were used heré., 2,

’a.nd for the stnck [¢5 years and older .. Tn Di

"1973. With ‘slightly younger fish-included (11 years and .
. older, 75-80% TécTuited), the, stock appeared to- increase

i abundance from 1959 and réached ‘a’peak in 1966, followed: "

by a dec_ljne to 1972 and Li!\ increa‘se in 1973. g ®

Relgtlng catch per unit effo