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Introduction 

The main fishery for American plaice (Bippoglo8soides platessoiriss) 
in ICNAF Subarea 3 occurs in Divisions 3L and 3N and began in the late 1940's 
with the introduction of the otter trawler. The fishery has remained mainly 
Canadian. but in 3N, European trawlers, principally those of the :/SSR and 
Poland have gradually increased their share of t'le catch since 196'; ~o thli.~ 
by 1968 they were taking about 50% of the t"t.al lFig. 1). In recent y,,-ar 
plaice have beco!l!P the major species sought by the Nevfoundland otter tr~ler 
fleet. 

In preparing the assessment of Grand Bank plaice, certain difficulties 
were encountered because of the frequent. inadequacy or the sampling of the 
commercial fishery for 'lge determinations. "!'he or.ly "-6e-length keys and 
length measurements available vere those tJased on otolith ssmples collected 
at the St. John's Biologica.l Station. Sometimes research data were used 
when commercial data were lacking or inadequate. Another drawback vas the 
lack of information on discard!; whi,'h probably resulted in !ill under
estimation of the numbers caU8ht at the lC1ol'er ages included in the commercial 
landings. In this respect no information "as available on catches of plaice 
by draggers fishing cod primarily for salting; obviously there must have 
been a fair amount of discard!; in these operations. However, in spite of 
these draloJ"backs. the best available data have been utilized in this 
assessment vhich gives an indication of the status of the plaice fishery 
on the Grand Bank. 

Materials and methods 

Calculation of numbers caU5bt 

Privr tc. 1910 the USSR ann most other European countries reported 
their flatfish 1 andings merely as "unspecified flounder". At the 1971 
Allnual Meeting of ICl~AF. however, t.he USB? presented a breakdown of tneir 
1970 ; J.uunder landings indicating +.hat in 3N, plaice represented &bout 47% 
of ~he total flounder landings. . I. was aJ.SL) indicated that this was the 
approximate propnrt.ions in pr~v: .... years 1n the latter division. 

In a preliminary asseSSI!lE!I,t !"Jr the 1971 AnnUal \{eeting rpit~, 
i97lJ. th .. !,lroportion of plaice in the unspecified flounder landings by 
.,w-"pean countries from 3li was estimated from the proportion that plaice 
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was of the total Canadian landings of plaice, yellowtail and witch. however, 
for the present assessment the revised landings basen -")n the USSR 1970 
breakdown of unspecified flounder ':Res. Doc. 71/2(,) were used (Fig. 1). 
The difference betveen these and those originally estimated oy the CanaJiaIt 
nreakdOlin is !ndi,·ated in Fi~. d. Division 3L landings wert: pr.r.arily by 
Canada. 

Calculation of effort and catcn per unit effort 

The calclLlation of fishing effort was based on the nominal catch 
per unit effort of plaice by Canada (N) stern trawlers (501-900 tons) 
(Fig. 3). Jince the decliop of the haddock fisoery in the early 1960's 
most of Canada (N) effort in 3L and 3N between 75 and 200 metres has been 
confined to plaice, yellowtail and cod. In calculating the catch per hour 
for Canada (NJ from vhich total effort vas estim.ated. all tows containing 
plaice in sufficient numbers to be recorded as a cownercial catch on the 
vessels' log sheet vere used. Catches per hour where plaice accounted for 
more than 50% of the catch were also calculated (Fig. 3). 

;;,eparation of stocks 

Plaice from Divisions i.i and 3!l were treated as separate stocks. 
'ragging ina.l~ated that on the -irand Bank, I.laice are relatively sedentary 
(Pitt, 1969 witt minilllS. •. migrations noted oetween the northern and southern 
part.s of the Bank. Thus ven few plaice tagged 'l11 the eastern slope Just 
nortb of 46°N I3L\ were reCQv',red as far south as il')°30'N I3N). SimilarlJ' 
of the plaice tagged at I<SoN, jnly Eo minor number wert: recaptured north "f 
li6°N (3L). 

..mother rf!ason for separat.ing Grand Bank plaice ~r>t _ two main 
st.ocks was the Jifference in the growtn patter:, 1"1g. 4). Plaice from 
3L were consistent.ly smaller at comparable ages than those from 3li and 
also fewer of the older age groups were caught in 3N. 

Plaice in 3D are confined to a relatively small area along the 
southeast and eastern slopes of the Grand Bank since the 75 and 200 metre 
contours are re~atively close in this area, In 3L. on the other band, 
the slope is very gradual from 75 to 200 metres; hence the overall area 
is much greater. 

Although 3L and 3N were dealt with separately. there is a strong 
possibilit.:.' that 3... depend!; on 3:l.. for recruitment probably at the pelagic 
larval level. Vertebral numbers (Pitt, 1963) indicated Ill, significant 
cltffp:r",n'e hetloleen 'lorth and "outh tank areas. Preliminary res'llts :from 
l, 'he!:.:;. ~"'se 9.~.,-., toe 1 1,t. !Iduct ,-.J ,,-t tt,c St. J ohro'.: ~. ~a'" l "f. indicated 

lI0 .;;ignin"lIllt. genetic differences betw~en the ".w," ;~'" .. lvisions. 
SiIlce the qdults apparently migrate very littlE", tnr.ermixin" of the 
"1l'eas probably 0Cr.-urs luring tire larval period. 

Separation of males arid females 

From the beginning, the nece,;.'it.y of separating malelS ana fema.l.es 
appeared evident since each produced fJarameters that were quite different. 
Growth curves (Fig. ,,) indicated that the males were smaller at corresponding 
ages from about age 7 ;)r 8. Females generally li va longer than the males; 
very few 20-yea.r-old males were encountered whereas females up to age 30 
were sometimes encountered (Fig. 5 and 61. The 50% maturity point of males 
is at age 7 (about 25 cm) in 31 and age 5 l about 27 cm) in 3N, whereas 
for females it is 14 years (43 em) and 12 years (50 cm) in 3L and 3N 
respecti vely (Pitt, 1966). The commercial length freauencies indica.ted 
a. preponderanLe of males at the lower si~e ranges whi~ produced higher 
values of F at younger age groups than for the females but the explanation 
for this is not forthcoming at present. Some commercial and rE"l>earcb 
figures tU'e shown to illustrate this (Fig. ,). 
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Calculation of fishing mortality 

The method developed by Fry (1949, 1957) and modified by Guliand 
(1965) and JOIles (1961. 1968) was used to estimate fishing mortality (F) 
for each age of the year-classes included in the catches of 1955-68 for 
3L and 1956-68 for 311. 'I'he methoOs of calculation are described in detail 
by Schumacker (1970) and his procedure was used here. The method reC!.uires 
an estimation of na~ural mortality (M) and an estimate of (E) for the 
older age groups. 

The best estimates of natural mortality were 0.25 for males and 
0.20 for females (Pitt, 1972). In the assessment presented at the 1971 
Meeting values of 0.25 and 0.15 for males and females respectively were 
used. 

A few trial values of F for some of the older age groups suggested 
an F of 0.45 giving an E of 0.64 for males and 0.69 for females. These 
gave values of E (l_e- Z ) of 0.324 and 0.331 for males and females 
respectively . 

Because of the absence of male plaice beyond age 14 in the 1970 
commercial catches, estimates of' F f'or 1968 f'or full¥ recruited lI1ales 
in 3L (Table 1) were derived from calculated stock size at the beginning 
of 1968 and the catch in 1968. This method was alao used to get estimates 
of F for 1969 and 1970 for the t'ully recruited age groups (Table 5). 

Calculation of yield per recruit 

Yield per recruit curves usin& the partial recruitment values of 
TallIes I to 4 vere calculated for the males and females for both areas on 
the basis of 500.000 recruits each of males and females at age 3. T.he 
yield curves were then combined to give an average yield per recruit 
(Fig. a). The weights of fish used in calculating yield per recruit vere 
average weis,nts calculated from 1967-68 commercial age-length curves. 

Yield per recruit at various values of F for fully recruited age 
groups for males. females and combined male and female are presented 
(Fig. 8) for both divisions as well as the average yield curve for 
combined male and female showing percent of maximum yield (Fig. 9). 

The optimal fishing levels were calculated in the method suggested 
by Gulland (1972). 

Estimation of stock size 

Stock size was calculated for ege 10 and over from 3L and far 
age 8 and over from 3N. Males and females were calculated separately 
and combined for presentation here to give some indication of total stock 
size (Tables 6 and 7). 

~ 

Fishing mortality and yield per recruit curves 

Generally speaking, estimates of F at corresponding ages were 
higher for tbe males than for the females. This can perhaps be attributed 
to the greater vulnerability of lD;Il.1es at smaller sizes and earlier ages 
than the females. 

Tr.e regression of the average value of F for all age groups and 
for those fully recruited on the annual fishing effort (Fig. 10 and 11) 
gave high1y significant correlations. However, for each plot of total 
average F positive intercepts were produced. Since only one type of gear 
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'Was used to fish plaice and also since piuce probably dO not have marked 
seasonal distributional patterns. it W"as felt that the calculation of 
effort vas proba.l:lly a good measure of fishing intensity. The values of' r 
calculated for the early years appear to be too l1igb in proportion to the 
level of fishing effort. It is also possible that effort vas under
estiIlU!.ted in those early years. The other possi-ole reason why the 
regression line did not pass through the origin is the possibility that 
1>1 was too low. However M would have to be increased drastically to produce 
an appreciable lowering in the values of F. Standard errors of the estimates 
were all about 0.04. 

The estimates of F for 1969 and 1970 from stock size and catches for 
fuJ.Jy recruited age groups compared with those estimates from the fitted 
lines of Fig. 10 and 11 are shOli'!l in Table 5. For all estimates except 
the 1969 31.1" males the F's from the fitted line were higher than the 
calculated values; the disparity between the two being greater in 31. 

A comparison vith the values presented at the 1971 ICNAF Annual 
Meeting (Pitt, 1971) (Table 5) indicates that the new assessment generally 
gave lower estimates of F. Some of this can be attributed to the increase 
in the value of M for females from 0.15 to 0.20. The tallIes of F pre
sented a.t the 1971 Annual Meeting erroneously contained some initial values 
of F calculated from the assumed value of E (l~e-z,. The::\e were 
eliminated in the revised tables. The inclusion of the 1970 data and 
the revised nllIIlbers landed in 3N, as previously menti.onea, also tended to 
reduce the mean values of F. 

Catch per unit effort 

Except for a slight rise in 1963-65 the catch per hour of Canada (N) 
trawlers in 3L has declined steadily since 1958 from about 1200 kg per 
hoUl' to 450 kg in 1970 and 430 kg in 1971 (total plaice, Fig. 3). The 
slight increase in 1963-65 can probably be attributed to the introduction 
of the stern. trawler and the greater dem&nd for this species. 

Up to 1962 the main effort in 3N was for haddock. At this time 
the effort for plaice was relatively low; hwever, SOUle J.a.rge catches 
were made on the virgin stock at the southern part of the bank. With the 
reduction in the haddock stocks, effort was di veTted to plaice and the 
fleet began fishing previously \Wfished concentrations along the eastern 
slope. It vas probably this diversion of effort and the introduction of 
the IIIOre efficient stern trawlers that resulted in the increase in catch 
per hour in the mid-1960 I s. However, from the peak of about 950 kg (total 
plaice) in 1964 the catch per hour nas declined very rapidly to about 340 
kg in 1970 and ~81 kg in 1911 (Fig. 3). 

Stock size (Tables 6 and 7) 

For 3L the stock size calculations indicate that the total stock 
size remained relatively stable until 1966, vhen an apparent rapid increase 
occurred in 1967 and 1968. However, since the most recent years and the 
younger age groups produce the most unreliable estiIll8.tes of F from virtua.l 
population analyses this mB3" not be real. The size of the fully recruited 
stock 15 years and up in 31 has however. been reduced by more than a half. 
In 3N there appears to have been a gradual increase in the total stock 
size since 1956-62 and then a more rapid increase in the total stock to a 

hi&t!erlevel. The size of the fully recruited stock in 3N remained roughly 
at the same level until 1964 when it appeared to increase. This period 
corresponds to an increase in the catch per unit effort as Just noted 
which was attributed to a diversion of the effort to previously unexp10ited 
areas. If only a portion of the stock vas being fished prior to 1964-65. 
the stock size calculated represented a portion of the stock only. In 
3L, on the other hand, the whole area has been fished fairly evenl¥ since 
the start of the fishery. 

'" Q 
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Discussion 

Di vision 3L 

.ti:ven with the big disparity betveen the estillll:Lted values of F for 
the fully recruited males and females in 1968, 0.92 and 0.50 respectively, 
the position on the yield curve ranges from 80 to 85% of the maximum yield. 
(Fig. 9). The optimum F in 3L occurs at 0.50 which is about 80% of the 
me.x111I\lJ1l yield. In 1968 total landings were ab..,ut 37 thousand tons. The 
1969 catch of about 50 thousand tOllS gave prohabJ.e fishing mortality 
rates of 0.89 to 1.0 for me..les and 0.67 to O.':l~ for the females (Table 5); 
thus apparently well beyond the "optimum yield". For 1910 with 40 thousand 
tons landed the ranges of F were apparently 0.65 tc 0.9<' ('cr males and 
0.48 to 0.05 t\'r females again above the optimal level, but Ies:> than 90% 
Clf the maximum. 

The catch per hour by Canada (N) trlWlers (Fig. 3). which accounts 
for 90-95% of the catch hBS declined drastically especially since 1967. 
The 1971 landings by Canada (N) in 3L were dovn slightly to about 34.5 
thousand tollS vith the catch per hour declining only slightly from. 450 kg 
in 1970 to 431 kg per hour in 1971. 

It is suggested that the landings of plaice from 3L should not 
exceed 40 thousand tons and possibly should be even 10W'er at 35 thousand 
tollS. This is close to the 1967 level (F :: 0.55 for males and 0.46 for 
females) with total landings at 37.5 thousand tons. 

Di vision 36 

For 3N the 1967 and 1968 estimates of males and females vere in 
the 0.46 to 0.52 range (TableS) with landings of 25 and 21 thousand tons. 
The levels of fishing in these years were apparently beyond the calculated 
optimal value (0 • .40) (Fig. 9). The probable values of F in 1969 when 15 
thousand tons were landed were males 0.44 and females 0.37 or close to 
the optimum F. In 1910 with 20 thousand tons landed probable F levels 
were 0.50 to 0.59 for males and 0.48 to 0.57 for females, again beyond 
the, optimal level. 

The catch per hour by Canada (N) has declined very rapidly since 
1964 and slipped to 280 kg in 1971 (Fig. 3) with Canada (N) which normally 
takes more than 50% of the catch, landing 8 thousand tons. 

A total landing of not more than 20 thousand tons is suggested 
at the most and even 15 thoUliand tons m8¥ be more realistic. 

~ 

Minimal fluctuation in year-class strength apparently occurs with 
probably no complete failure as reported in some species. This is on 
the plus side and helps preserve a stable stock provided fishing pressure 
is not too great. However, because of the slow rate of growth of this 
species, the restoratiOJi of the fishable biomass is relatively slow. 
Furthermore, it is not knCJWll what effects a drastic reduction in the 
spawning stocks would have on tbe population. This mq be doubly 
important in the case of a stock like 3N which probably depends on 
recruitment from the more northerly 3L stock. 
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