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Introduction

The main fishery for American plaice (Hippoglocsscidee platessoides)
in JCNAF Subares 3 occurs in Pivisions 3L and 3l and began in the late 19L0’s
with the introduction of the otter trawler. The fishery has renained mainly
Cenadisn, but in 3N, Eurcpean trawlers, principally those of the USSR and
Poland heve gradually increased their share of the catch since 1965 so that
by 1968 they were taking about 50% of the total (Fig. 1). In recent year
plaice have become the major species sought by the Newfoundlend otter traw.er
fleet.

In preparing the assessment of Grand Bank plaice, certain difficulties
were encountered because of the frequent inadequacy of the sampling of the
cocmmercial fishery for age determinations. The only age-length keys and
length measurements available were those based on otolith samples collected
st the 5t, John's Biological Staticn. Sometimes research dats were used
when commercial data were lacking or inadeguate., Ancther drawback was the
lsck of information on discards which probably resulted ip an under-
estimation of the numbers caught at the iower ages included in the commercial
landings, In this respect no information was available cn catches of plaice
by drsggers fishing cod primarily for salting; obvicusly there must have
been a fair amcunt of discards in these operations., However, in spite of
these drawbacks, the best available data have been utilized in this
assesement which gives mn indication of the status of the plaice fishery
on the Grand Bank.

Meterials and methods

Calcuiation of nuwbers caught

Prior to 1970 the USSR ana most other Europesn countries reported
their flatfish ‘sndings merely as "uaspecified flounder". A%t the 1971
Annual Meeting of ICNAF, however, the USSR presented e breakdown of thelr
1970 :sounder lendings indicating *het in 3, plaice represented sbout L7%
of the total flounder landings. .+ was aisu indicated that this wag the
spproximate propnrtions in prev: -+ vears in the latter Adivision.

In a preliminary essessment !ar the 1971 Annuay Meeting (Pity,
i971}, thr proportion of plaice in the unspecified flounder landings by
nurnp2an countries from 3§ wes estimated from the propartion that plaice
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was of the total Canadian landings of plaice, yellowtail end witch. however,
for the present assessment the revigsed landings basen o-m the USSR 1970
breatdown of unspecified flounder ‘Res. Doec, T1/26) were used [Fig. 1}).

The difference between these and those originally estimated by the Canadisn
nreskdown Is !ndi.-ated in Fig. 2. Division 3L landings were pr.rmarily by
Cansda.

Latceulation of effort and caten per unit effort

The caiculetion of fishing effort was based on the nominal catch
per unit effort of plaice by Canada (N) stern trawlers (501-%00 tons)
{Fig. 3). Jince the decline cf the haddoek fisnery in the early 1960's
most of Canada (N) effort in 3L and 3N between 75 and 200 metres has been
confined to plaive, yellowtail and cod. In celculeting the catch per hour
for Cenads (N) from which total effort was estimsted, all tows containing
pleice in sufficient numbers tc be recorded as a commercial catch on the
vessels' log sheet were used. Catches per hour where plaice accounted for
more then 50% of the catch were also calculated {Fig. 3).

peparation of stocks

Plaice from Divisions i and 3N were trested as separate stocks,
Tagging lnaizated that on the Jrand Bank, tlelce ere relatively sedentary
(Pitt, 1969 wit' minims. migrations noted petween the northern and southern
parts of the Bank. Thus very few plaice tagged n the eastern slope just
nortk of Y6°K (3L) were recovered as far south as W5°30'N (3N). S5imilarly

of the plaice tagged at 45°N, unly & minor number were recaptured north of
LETH L 3L).

ancther reason for separating Grand Bank plaice int. gtwo main
stocke was the Jifference in the growtn pattern Fig. 4). Plaice from
3L were consistently smaller at comparable ages than thogse from 3H and
alsc fewer of the older age groups vere caught in 3N,

Plaice in 3§ are confined to a relatively small erea along the
southeast end easiern slopes of the Grand Bank since the 7% end 200 metre
contours are relatively close in this area. In 3L, on the other hand,

the glope 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 & strohg
possibility that 3 depends on 3L for recruitment probably at the pelagic
larval level, Vertebral numbers (Pitt, 1963) indicated ncu significant
differer 'e betJzen north and =outh tank sreas., Preliminary results from
“Licheri s eegearvr betng - osductea =t toc Bt. Jehr's Gtation indicated
o signiticant genetic differences between the *wo ..NAF livisions.

Since the adults spparently migrate very little, = intermixing of the
sreas probsbly occurs iuring the larval pericd.

Separation of males and females

From the begimning, the neeceszity ot seperating males anc femmies
appeared evident since each produced parameters that were guite different.
Growth curves (Fig. 4) indicated that the males wers samsller at corresponding
ages from sbout age T or B, Females generally live longer than the meles;
very few 20-year-old males were encountered wherees females up to age 30
were sometimes encountered (Fig, 5 and 6). The 50% maturity polnt of males
is Bt age T (about 25 cm) in 3L and sge 5 (about 27 cm) in 3N, whereas
for femeles it is 1b years {43 cm} and 12 years (50 em) in 3L and 3N
respectively (Pitt, 1966). The commercisl length frequencies indicated
a prepouderance of males at the lower size ranges which produced higher
values of F at younger age groups than for the temales but the explanation
for this is pot forthcoming at present. GSome commercial snd research
figures ure shown to illustrate this (Fig. 7).
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Calculation of fishing mortality

The method developed by Fry {1949, 1957) and modified by Gulland
{1965} and Jomes (1961, 1968) was used to estimste fishing mortality (F)
for each age of the year-classes ipcluded in the cebches of 1555-68 for
3L and 1956-68 for 3§, The methods of calculation are described in detail
by Schumacker [1970) and his procedure was used here. The method reguires
an estimation of natwral mortslity (M) and an estimate of (E) for the
older age groups.

The best eatimates of patural mortallty were 0,25 for males and
0.20 for females (Pitt, 1672). In the assessment presented at the 1971
Meeting values of 0,25 and 0.15 for males and females respesctively were
used.

A few trial values of F for some of the older age groups suggested
an F of 0.45 glving an B of 0.64 Tor males and 0.60 for femeles., These
gave values of E {1-e™%) of 0.32h and 0,331 for males and females
respectively.

Because of the sbsence of male plaice beyond age 1L in the 1§70
commercial catches, estimates of F for 1968 for fully recrulted males
in 3L (Table 1) were derived from calculeted stock size at the beginning
of 1968 and the catch 4n 1968, This method was mlsc used to get estimates
of F for 1465 and 1970 for the fully recruited sge groups (Tabls 5).

Calculation of yield per recruit

Yield per recruit curves using the partial recruitment values of
Tables 1 to U were calculated for the males and females for both areas on
tke basis of 500,000 recruits each of wmales and females &t age 3. The
¥ield curves were then combined to give an average yield per recruit
(Fig. 8). The welghts of fish used in calewlating yield per recruit ware
everage weights celculated from 19067-68 commercial age-length curves.

Yield per recruit at various values of F for fully recruited age
groups for meles, females end combvined male and female are presented
(Fig. 8) for both divisions as well as the mvernge yield curve for
combined male and female showing percent of maximm yield (Fig. 9).

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

Estimsticn of stock size

Stock esize was caleunlated for sge 10 and over from 3L and for
age 8 and over from 3N. Males end females were calculated separately
and combined for presentation here to give some indication of totel stock
aize (Tables & and 7).

Results

Fishing mortelity and yield per recruit curves

Generally speaking, estimates of F at corresponding ages were
higher for the males than for the females, This cen perhaps be attributed
to the greater vulnersbility of males at smaller sizes and earlier ages
than the femsles.

The regression of the averege value of F for all age groups and
for those fully recruited on the ennwal fishing effort (Fig. 10 and 11)
gave highly significant correlatioms, Howewver, for each plot of fotal
average F positive intercepts were produced., Since conly one type of gear

was used to fish pieice and also since plaice probably d¢ not have marked
seasonal distributional patterns, it was Telt that the calculation of

effort was probably s good messure of fishing intensity. The values of |
calculated for the early years appear to be too high in proportion to the
level of fisghing effort. It is also possible that effort was under-
estimated in those early years. The other possiole reeson why the
regression line dild not pass through the origin is the possibility that

M was too low, However M would heve tc be increased drastically to produce
an apprecisble lowering ip the veiues of F. Standard errors of the estimates
were all about 0,0k,

The estimstes of F for 1969 and 1979 from stock size and catches for
f1lly recruited age groups compared with those estimates from the fitted
lines of Fig. 10 and 11 ere shown in Teble 5. For 21l esstimates except
the 1966 3W males the F's from the fitted line were higher than the
caleulated velues; the disparity between the two being greater in 3L.

A comperison with the vaiues presented at the 1971 ICNAF Annual
Meeting {Pitt, 1971) (Table 5) indicates that the new assessment generally
gave lower estimates of F. OSome of this can be attributed to the inecrease
in the value of M for females from 0,15 to 0,20, The tebles of F pre-
sented at the 1971 Annun] Meeting erronepusly contained some initial values
of F caleulated from the assumed value of E (l-g™°}, These wers
eliminated in the reviged tables, The inclusion of the 197C data and
the revised numbers landed in 3N, as previously mentiopec, also tended to
reduce the mean values of F.

Catch per unit effort

Except for a siight rise in 1963-65 the catchk per hour of Canade {N)
trawlers in 3L has declined steadily since 1958 from sbout 1200 kg per
hour to 45C kg in 1G70 and 430 kg in 1971 {total plaice, Fig. 3). The
slight Increase in 1963-65 can probably be attributed te the intreduction
of the stern travwler and the greater demand for this specles.

Up to 1962 the main effort in 3% was for haddock. At this time
the effort for plalee was relatively low; however, some large catches
were made on the virgin stock at the socuthern part of the bank. With the
reduction in the haddock stocks, effort was diverted tc plalce end the
fleet began fishing previously unfished concentraticns slong the eastern
slope. It was probably this diversion of effort and the introduction of
the more efficlient stern trawlers that resulted in the incresse in catch
per hour in the mid-1960's. Eowever, from the peak of sbout 950 kg {total
platce) in 196L the catch per hour has declined very rapidly to about 3L0
kg i 1970 and 281 kg in 1971 (Fig. 3).

Stock size (Tebles 6 and 7)

For 3L the stock size calgulations indicate that the total stock
size remained relatively stable until 1966, when an aspparent rapid increase
ocourred in 1947 and 1968. However, since the most recent years and the
younger age groups produce the most unreliable estimates of F from virtue,
populaticn analyses this msy not be real, The size of the fully recruited
stock 15 years and up in 3L has however, been reduced by mere than e half.
In 3§ there appears to have been & gradusl increase in the total stock
size since 1956-62 and then a more rapid increase in the total stock to a

higherlevel. The size of the fully recruited stock in 3N remained roughly
at the same level until 196k when it appeared to inecresse. This periocd
corresponds to an increase in the catch per unit effort as Just noted
which was ettributed to & diversion of the effort to previocusly unexploited
areas, If only a portion of the stock was being fished prior te 1964-65,
the stock size calculated represented a portion of the stock only. Ino
3L, on the other hand, the whole ares has bean fished falrly evenly since
the start of the fishery.
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Discussion
e

Division 3L

Even with the big disperity between the estimated values of F for
the fully recruited meles end females in 1968, 0.92 and 0.50 respectively,
the positicn on the yield curve ranges from 80 to 85% of the maximum yield.
(Fig. 9). The optimm F in 3L occurs at 0.50 which is mbout 80% of the
maximum yield. In 1968 total landings were about 37 thousend tons, The
1969 catch of about 50 thousand tons gave probable fishing mortelity
rates of 0.8 to 1.0 for males and 0.67 to 0.55 for the females (Table 5},
thus spparently well beyond the "optimum yield". For 1970 with 40 thousand
tons landed the ranges of F were apparently 0.65 tc 0.9% for males and
0.48 to 0,65 Tor females again above the optimal level, but less than 90%
of the meximum.

The catch per hour by Cmnada (N) trawlers (Fig., 3), which accounts
for 90-95% of the cetch has declined drastically especielly since 1967.
The 1971 landings by Canads (N} in 3L were dewn slightly to sbout 3b.5
thousand tons with 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 W0 thousand tons and possibly should be even lower at 35 thousand
tons. This 1is close to the 1967 level (F = 0.55 for males and C,bL6 for
females) with total landings at 37.5 thousand tons.

Division 3N

For 3N the 1967 and 1968 estimates of males and females were in
the 0.4 to 0.52 range (Table§ ) with landings of 25 and 21 thowsand tons.
The levels of fishing in these years were apparently beyond the calcuiated
cptimal value (0.40) (Fig. 9). The probable values of F im 1969 when 15
thousand tons were landed vere males 0.4l and females 0,37 or close to
the cptimum F. In 1970 with 20 thousand tons landed probable F levels
were 0.50 to 0,59 for males and 0.48 to 0.57 for femalee, again beyond
the optimal level.

The catch per hour by Caneda (N) has declined very rapidly since
1564 and slipped to 2B0 kg in 1971 (Fig. 3} with Canada (¥} which pormslly
takes more than 50% of the catch, landing 8 thousand tons.

A totel larding of not mere than 20 thousand tons 1s suggested
at the most and even 15 thousand tons may be more realistic.

General

Minimel fluetuation in year-clags strength apparently oeccurs with
probably no complete failure ss reported in some species, This is on
the plus side end helps preserve a stable stock provided fishing pressure
is not too gremt. However, because of the slow rate of growth of this
species, the restoration of the fishable bicmass is relatively silow.
Furthermore, it is not koown what effects a drastic reduction in the
spawning stocks would have on the populaticn. This msy 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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