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SECTION I THE FISHERIES 

INTRODUCTION 

I£!AF Res.Doc. 7~/l02 

Th.r. are .1~ .p.cies of the family Pleuron.ctidae fi.hed comm.rc1411y on the Scotian Sh.lf (ICNAF Divisions ~Vn, ~Vs, ~W, ~X) - ~itcb flounder [GtNPtoo.phatu. oNnogtoeeue (L.)], American plaice [HippogZo.soid •• pZat •• eoid •• (Fabricius)], Atlantic halibut C9ippogZo~.u. hippogZo •• u. (L.)], yellowtail flounder [Limanda I.~pugin.a (storer)], winter flound.r [P •• wdopZ.u~on.at •• a.BPiaanu. (Walbaum)], and Gr •• nland halibut [R.inhardtiw, hippobto •• oid •• (Walbaum)]. The Atlantic halibut and ite fiehery are not con.idered in this docum.nt. The nature of the halibut fishery in SA~, pro.ecut.d .ainly by longlln., and the high value of th' ap.ci •• ,.t it apart from the oth'r 'lPunder 4pecia', 

LANDINGS 

Landing. of flatfi.h (excluding halibut) from the Scotian Sh.lf incr •••• d from 10,000 metric tons in 1960 to 55,000 ton. in 1968, and ranged from 20,000-37,000 ton. in the 1969-71 p.riod (Tabl. 1). Canada has be.n the main e~p10it.r although the USSR has mad. sporadic, large landings sIne. 1965. 
A br.akdown of flatfish landings by sp.ci,. i. available fro. 1960 for most countries but only for 1970 and 1971 for USSR landings, earlier USSR landing. b.inl r.port.d 
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as "unspecified flounde~I". The average species composition 
in each Division in 1970~71 Soviet landings was used to p~o­
rate landings fo~ la~li,r yearl. ~he breakdown used was: , ' 

Division Plaice 

4Vn 50\ 

4Vs 49\ 

4W 32' 
4X 12\ 

Winter flounder Witch Yellowtail 

7\ 

11\ 

50\ 

42\ 

47\ 

60\ 

9\ 

14\ 

17\ 

• • • 

There were considerable differences between the Soviet catch 
compositions in 1970 and 1971, thus there is a high uncertainty 
associated with the bre,kdown by species for earlier years. 

On the basis of this breakdown, landings of Greenland 
halibut from the ~cotian Shelf have been negligible, the 
largest landing being 38 tons in 1969 (Table 2). Research 
vessel surveys confirm that Greenland halibut are scarce on the 
Scotian Shelf only occalional specimens being taken in the 
colder water on the eastern part of the shelf. This is the 
louthern extremity of the range of this northern, cold-water, 
species, and it is unlikely that it will ever playa significant 
role in the flatfish fiSherY on the Scotian Shelf. 

Winter flounder landings were also low, reaching a 
maximum of about 3,000 tons in 1971 (Table 3). Winter flounder 
is coastal species a~d ie abundant inshore in bays along the 
coast of Nova Scotia and particularly in the Bay of Fundy. 
Offshore, the only sizeable population is found in the shallows 
of Sable Island Bank as shown by research vessel catches 
(Table 4).' It is probably on Sable Island Bank where the bulk 
of the Soviet winter flounder catch is taken. However, it is 
likely that only the deeper fringe of ,the population is 
exploited as the bulk of the population resides in water 
shallOWer than that nevigable by large fishing vessels and 
also lies within the Canadian 12-mile fishing zone. The Canadian 
catch i, almost entirely coastal and made by small inshore 
vessels. Almost all is taken within Canadian ter~itorial sea 
and thus outside the ICNAF Convention Area. 

Thus, neither Greenland halibut or winter flounder 
is significant in a discussion of,the international flatfish 
fishery on the Scotian Shelf and are not considered further here. 

The landings from the remaining three species, plaice, 
witch, and yellowtail combined increased from about 10,000 tons 
in 1960 to 52,500 tons in 1968, fluctuating between 18,000 and 
34,000 tons in 1969-71 (Table 5). Landings from Div. 4X have 
been small - always less than 2,000 tons annually. The bulk of 
the landings have come from Div. 4W and Div. 4Vs. Canadian 
landings have been highest from Div. 4Vs while Soviet landings 
have been predominantly from Div. 4W. 
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CATCH PER UNIT EFFORT 

The c.tch per unit effort (cpe) of C.n.dian otter 
trawlers of 151-500 gross tons of plaice, witch, and yellowtai~ 
combined declined in Div. ~Vn and Div. ~Vs, but ~id not change 
greatly in Div. ~W and Div. ~x in the period 1965-72 (Table 6). 
For the Scotian Shelf as a whole cpe declined from 150.7 kg/hr 
in 1965 to 10~.5 kg/hr in 1972, a drop of 30\. This i. 
a •• ociated with landing. which were sub.tantially higher than 
the .tock •• upported in the pre-1965 period (Table 5). It i. 
almost exclu.ively the yellowtail .tock. which are responsible 
for this decline in cpe, falling from 72.9 kg/hr in 1965 to 
1~.8 kg/hr in 1972, a drop of 80\. 

These cpe data were obtained by averaging the monthly 
values in each Division and combining these by weighting by the 
area of each Divi.ion (to t~e 200 f.th contour). 

SECTION II - SPECIES ASSESSMENTS 

~ITCH 

DISTRIBUTION AND ABUNDANCE - RESEARCH VESSEL SURVEYS 

Canadian re.earch vessel .urvey catch per tow data 
averaged for 1970-72 (for s'tratification .cheme and methodology 
.ee Halliday and Kohler, ICNAF Res. Doc. 71/35) indicate that 
~itch are distributed widely on the Scotian Shelf (Fig. 1), but 
in low concentration.. Localized areas of high ebundance occur 
along the edge of the Laurentian Channel, in "the Gully" 
between Sable Island and Banquereau banks, in the deep hQle. 
north of Banquereau and in the deeper holes at the mouth of the 
ijay of Fundy, i.e. predominantly in depths greater th.n 100 fath. 

Survey ebund.nce .stimate. do not indicate any 
substantial changes in the 1970-72 period (Table 7). PopulatiQn 
number .nd bioma •• e.timate., uncorrected for catchability, were 
about 20 million fi.h with a bio •••• of about 10,000 ton •• 

L~NGTH AND AGE COMPOSITION OF SURVEY CATCHES , 
Witch less than 20 cm are virtually ab.ent from .urvey 

~atches and very few le •• than 30 em are caught, except in DiY. 
4Vs, where moderate nu.bers of fi.h 20-30 cm are caught (Fig. ~), 
fish over 60 em are rare. Full recruitment to the su~vey gear 
apparently Occurs at age 8 for both males and female. (Fig. 3). 
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Very few fish as young as age 6 are tak.n. Only in Div. 4Vs 
are age groups 5 and 6 moderately repre •• nt.d in catch ••• 
F.males old.r than age 12 are common but f.w mal •• ar. in 
this age cat.gory. 

NOMINAL CATCHES 

Nominal catch •• fluctuat.d betw.en 5,000 and 22,500 
metric ton. in 1960-71 (Tabl. 8). The Canadian fishery has 

• • 

b •• n fairly .tabl., ranging from 5,000-9,000 tons. How.v.r, 
nominal catch.s by the USSR have fluctuat.d gr.atly and may 
haye be.n a. high a. 13,700 tons in 1968. Mo.t Sovi.t landin,s 
w.r. from Diy. 4W but Diy. 4Vn and Div. 4V. ara important to 
tha Canadian fish.ry. 

Although ott.r trawl.r. pr.dominate in the fi.hery, 
si,nificant quantities ar. taken by Canadian Dani.h and 
Scotti.h •• in. v •••• l.. In 1969-71, •• in.r. account.d for 
3S\ of the Canadian land in,. (18' of total landin,s by all 
countri •• ). 

CATCH PER UNIT EFFORT 

a.tw •• n 1965 and 1972 catch rat •• of witch by 
Canadian otter trawl.r. d.clin.d in Diy. 4Vn but incr •••• d 
.lightly in Div. 4W and Diy. 4X, r •• ulting in no major tr.nd. 
in catch rate. for the Scotian Sh.lf •• a whole between 1965 
and 1972 (Tabla 9). 

LENGTH AND AGE COMPOSITION OF COMMERCIAL LANDINGS 

There have be.n no biological .amplin, data for 
Soviet witch landings r.ported to ICNAF. Thus it ha. b.an 
n.cessary to assume that Soviet trawl.r landings haYe the .am. 
size and age compo.ition as tho •• of Canadian trawl.r •• 
In.ufficient Canadian .amplin, data are available to tr •• t 
years and Divi.ion. s.parat.ly. Thus the av.ra,. 1970-72 
len,th and a,. compositions w.r. d.rived using the 12 ott.r 
trawl and 4 Dani.h •• ine samples available for th.s. y.ars 
(Fi,. 4). The samplas ori,inat.dfrom Diy. 4Vn, 4Vs, 4W. 

Commercial landings are composed of fish 30-60 em 
long and age 5 to over 15 years. Danish sein.rs take small.r 
and younger fish than ott.r trawl.rs. Femal •• are lar,er and 
older than males in landings of both g.ars but particularly 
in otter trawl landings. V.~y f.w 5 y.ar olds occur in 
commercial landings, full re:r~itm.nt to the ,.ar occurrin, 
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at age 7 in the Danish seine fishery and age 8 in the otter 
trawl fishery for males, and at age 8 in the Danish seine 
fishery and about age 11 in the otter trawl fishery for 
females. Few male. over sge 12, and few females over age 15, 
are caught. . 

MORTALITY 

Catch curves from commercial and survey age compo­
sitions give estimate. of in.tantaneou. total mortality (Z) 
of 0.33-0.56 for .ale. and 0.30-0.50 for female. (Table 10). 
The lower estimates of Z in Div. 4X are understandable as 
landings are low in relation to estimated population size from 
surveys. Value. of Z • 0.55 for males and Z • 0.50 for female. 
are taken aa be.t e.timate. of mortality in the fi.hed 
population. 

No estimates of natural mortality of witch are 
available. As this is a fairly long-lived species, and as 
females are more abundant than males at older age. and thus 
probably have a lower natural mortality than male., values of 
M = 0.20 for males, and M = 0.15 for fe.ales are assumed. 

YIELD PER RECRUIT 

The Severton and Holt yield per recruit model was 
applied to males and fe.ales separately, using the following 
parameters: 

K 

t o 

Male. 

(asymptotic weight) 1.90 kg 

(rate of completion of growth curve) 0.12 

(growth correction factor) -0.04 

(age at entry to exploited area) 5 yrs 

(mean age at entry to exploited phase) 6.5 yrs 

(last age of significant contribution 15 yrs 
to fishery) 

C6 

Females 

5.1 kg 

0.07 

5 yrs 

8 yrs 

20 yrs 



Growth parameters were obtained from Powles and 
Kennedy (1967, ICNAF Res. Bull., !: 91-100). Value. of tpl 

and tA were estimated from age compositions of commercial 

landings. Three values of " were used, 1.0, 1.5, 2.0 • 

For males, the current value of fishing mortality 
(F) of 0.35, assuming M = 0.20, is close to optimum (Fopt as 

defined by Gulland) and gives about 93\ of maximum yield per 
recruit (Fig. 5). For values of M less than 0.20, current F 
is close to that giving .aximum yield per recruit. 

6. 

M = 0.15, 
(Fig. 6). 

For females, the current value of F = 0.35, assuming 
is close to that giving maximum yield per recruit 
If M is less than 0.15 then F is above Fmax If 

M = 0.20, F is at the Fopt level, or 92\ of Fmax 

There is some doubt as to the tpl value particularly 

for females. With gradual recruitment, the 50\ recruitment 
point is difficult to judge by eye. However, this is not 
critical to the conclusions over the most likely range of tpl 

for females of 7.5-8.5 years old (when M = 0.15) (Fig. 7). 

CONCLUSIONS 

Although landings since 1965 have been higher than 
prior to 1965, there are no indications from cpe data that 
overall abundance of witch on the Scotian Shelf has declined 
since 1965. However, fishing mortality rates for both sexes 
are close to that giving maximum yield per recruit. These 
mortality rates are average value. for the 1965-72 period. 
This implies that removals should not be allowed to significantly 
exceed those of the 1965-71 period when they averaged about 
13,000 metric tons. 

Discards of witch at sea by Canadian vessels are 
negligible as pre-commercial size are not vulnerable even to 
small mesh trawl gear (see Fig. 2). However, this also 
precludes estimates of future recruitment from research vessel 
surveys. 
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PLUCE 

~ISTRIBUTION AND ABUNDANCE FROM RESEARCH VESSEL SURVEYS 

Plaice are widely distributed on the Sco~i.n Shelf, 
~ut major concentr.tions occur only in Div. ~V in depths less 
than 100 f.th, particul.rly in the cold water area to the north 
qf Banquereau (Fig. 8). Biomass estim.tes from rese.rch vessel 
Surveys (uncorrected for catchability) in 1970-72 range from 
.bout ~O,OOO-51,OOO metric tons (T.ble 11). Declines are 
~ndicated in Div. ~w and Div. ~x but not in Div. ~V. Population 
~umbers declined from 190 million in 1970 to 1~3 million in 1972, 
_eclines occurring in Div. ~V, Div. ~w .nd Div. ~X. 

~IZE AND AGE COMPOSITION FROM RESEARCH VESSEL SURVEYS 

Length r.ng. in survey catch.s was 10-70 em with mod.s 
normally between 20 and 30 em (Fig. 9). The length-fr.quenci •• 
~r. consistent in distribution within areas among years. Survey 
qatches in 1972 cont.ined fish from ·age 1 to over 12 years but 
fge 1 flak were extrem.ly r.r. and age 2 were poorly repr •• ent.d 
(Fig. 10). Plaice .re not fully r.cruited to the small .e.h 
,urvey trawl until about age 7. 

COMMERCIAL LANDINGS 

Landing. incr •••• d from l.s. th.n 3,000 tons in 1960 
to 1963 to over 10,000 tons in 1966-71 (excluding 1970), and 
may have been as high as 20,700 tons in 1968 (Table 12). Th. 
~anadian fish.ry has been predomin.ntly in Div. ~V, while the 
~oviet fishery was mainly in Div. ~W. 

Ov.r 90\ of the l.ndings are caught by otter trawl. 
Ip 1969-71. 5-8\ of Can.dian l.andings wers caught by Danhh 
~eine gear (3-5\ of total landings) .nd 2-6\ by long-line and 
~and-line (1-3\ of total landings). 

~IZE AND AGE COMPOSITION OF COMMERCIAL LANDINGS 

There are no av.ilable bi.ological sampling data for 
~pviet plaice landings. Thus. it has been nec.ssary to as.um. 
that Soviet landings are identical to Canadi.n landings in siz. 
and age composition. There were in.ufficient Canadian •• mpling 
data to treet gear., ar.a •• nd y.ar. separately thus, all 
,amples for 1968-72 (l~ ott.r trawl and 1 Danish •• in.) were 
~ombined to give av.ra,e size and age composition of landings 
In this period. Tw.lv. of th. samples us.d were fro. Div. ~V • 
• ~d thr.e from Div. ~Vn. 

C8 



____ ... rl~· '-''"'.~~. _________ ~ ______ _ 

8. 

Landings of males ranged in length from 30-55 cm with 

a predominant mode at 38 cm (Fig. 11). Landings of females 

ranged in length from 30-7~ cm with a predominant mode at ~8 cm. 

Occasional 5 yr-olds and a few 6 yr-olds occur.in 

the landings of males which appear to be fully recruited to 

the gear at age 9. A few males older than 15 years are landed. 

Ages 5 and 6 are absent frem female landings and 7 yr-old. are 

scarce. Full recruitment to the fi.hery appears to occur at 

age 11. About 29\ of females landed are older than 15 Years. 

CATCH PER UNIT EFFORT 

Catch rates of Canadian trawlers of 151-500 gross 

tons between 1965 and 1972 imply that plaice abundance on the 

Scotian Shelf increased between 1965 and 1969 then declined 

through 1972 (Table 13). The decline in catch rates between 

1970 and 1972 of 2~\ agrees well with the decline in survey 

estimates of population numbers of 25\. However, survey .biomass 

estimates increased in 1971 then dropped in 1972 to 13\ below 

the 1970 level. 

MORTALITY 

Total mortality rates (Z) estimated from catch curves 

from commercial and survey age compositions (Table l~) ranged 

from 0.~6 to 0.79 for males and 0.~9 to 0.80 for females. 

Survey estimates for the Scotian Shel.f as a whole, obtained by 

weighting Division estimates by survey population estimates 

were Z = 0.65 for males and Z • 0.60 for females. The.e are 

higher estimates tban the Z • 0.~6 for males and Z • 0.5~ for 

females obtained from com~ercial data and which are applicable 

to Div. ~V. However, the catch curve method give. estimates 

which are historical, and commercial data reflect exploitation 

rates as far back as 1962. while survey data reflect exploitation 

rates during the 1966-72 period when landings were highest. 

Thus survey data may give a more accurate estimate of mortality 

during the most recent per-Iod of the fishery. Value. of Z • 0.65 

for male. and Z • 0.60 for females are used here. 

No estimates of natural mortality are available for 

Scotian Shelf plaice. Pitt (ICNAF Res. Doc. 72/15) obtained 

estimates of M • 0.25 for males and 0.20 for females in Subareas 

2 and 3, while Powles (1969, J. Fish. Res. Bd. Canada 26: 1205-

1235) obtained values of M varyIng between 0.11 and 0.16 for 

Sexes combined in the southern Gulf of St. Lawrence (Div. ~T). 

Considering the longevity of the species, Pitt's estimate. are 

likely to be maximal. However, his values are used here. 
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GROWTH 

Survey mean lengths at age for each Division were 
weighted by estimated population numbers at age to give 
estimates representative of the Scotian Shelf as ~ whole 
(Table 15). These estimates are smaller than mean lengths at 
age from commercial landings which are representative of 
Div. ~V. Survey estimates were used to calculate parameters 
of the von Bertalanffy growth equation as younger ages were 
better represented in the data and because the data were 
average values for all of the Scotian Shelf. 

The values obtained were: 

Males remales 

L ~~.6 cm 229.8 cm a 

K o .ll~ 0.013 

t 
0 

-2.16 -3.70 

Ages fitted 2-12 2-15 

While the L. estimate for males is biologically realistic, 

that for females is not. However, the curves fit the data ~ell 
over the range of ages fitted and should be adequate for use in 
the Beverton and Holt yield equation. 

YIELD PER RECRUIT 

The Beverton and Holt yield per recruit equation was 
calculated for males and females separately using the growth 
parameters cited above and other parameters as follows: 

Males remales 

W (derived from La J 0.76 kg 236.9 kg a 

tp 2.0 yrs 2.0 yrs 

t pi 7.5 yrs 9.5 yrs 

t). 20 yrs 2S yrs 

Values of tpl were estimat.d visually from age compositions of 

commercial landings. 
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Yield per recruit curves for males are flat topped 
when M is in the range 0.15-0.2;; (Fig. ·12). When M .. 0.25, 
the current value of F • O.~O io clo.e to F t' and gives about op 
80\ of the yield per r~cruit ob~ainable at very high value. of 
F. If M is less than 0.25, then F i. above F t and ·clo.er to op 
the asymptotic value. 

If M = 0.20 for femal •• , the current F value of o.~o 
is higher than F and yield p~r recruit i. over 90\ of that opt 
obtainabla with very high F value. (Fi,. 13). If M is le.s 
than 0.20, then F is above Fmax 

CONCLUSIONS 

Although landin,s increa.ed in 1965, catch rates also 
increased until 1969, then dropped to about 1965 levels by 1972. 
However, fishing mortality rate, representative of the 1966-72 
period were close to F t and little lain in yield would accrue op 
from further increase. Thus, any sub.tantial increase in 
landings above the 1966-71 average of 13,600 metric ton. is 
~nlikely to be sustainable. 

Moderate quantities of plaice are discarded by the 
Canadian fleet and these have not been taken into account in 
this analysis. Increase in regulation .esh size from ~.1/2 inches 
to 5 1/8 inches on 1 January 197~ <should result in some increase 
in sustainable yield. 

The occurrence of substantial quantities of fish in 
the 20-30 cm size range in research vessel catches indicate 
that it should be possible to predict recruitment to the fi.hed 
~opulation of 30 cm+ fi.h. 
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YELLOWTAIL 

DISTRIBUTION AND ABUNDANCE FROM RESEARCH VESSEL SURVEYS 

Yellowtail haa a localized distribution on the tops 
of offshore banks in depths less than 50 fath (tig. 14). 
Densest concentrations ~re located on Banquereau, particularly 
on the Eastern Shoal, S&ble Island and Middle banks. Biomass 
estimates from research vessel surveys in 1970~72 (uncorrected 
for catchability) range from 18,000-24,000 metric tons 
(Table 16). Population numbers varied from 85-100 million. 

SIZE AND AGE COMPOSITION FROM RESEARCH VESSEL SURVEYS 

Survey catches were composed of fish with a length 
range of 10-50 cm but ~cst fish lay within the size range . 
20-40 cm (Fig. 15). Modal lengths of Banquereau yellowtail 
lay between 30 and 35 cm, while those of Sable Island and 
Middle Bank fish lay between 25 and 30 cm. Catches in 1970 
and 1971 contained fish aged 2-10yrs but on Banquereau most 
were 5-7 years old in 19.70 and 6-8 years old in 1971, while 
those in Div. 4W were predominantly 3-6 years old in both 
years (Fig. 16). Full recruitment to the survey ,ear appears 
to take place about age 6 for both sexes. 

COMMERCIAL LANDINGS 

Landings increased from less than 1,000 tons in 
1960 to over 5,000 tons in 1964 and to over 9,000 tons in 
1968, subsequently decli~irig to about 1,800 tons in 1971 
(Table 17). Sovlet landings have originated mainly from 
Div. 4W and Canadian landings from Div. 4Vs. Virtually all 
landings are made by ottar trawlers. 

SIZE AND AGE COMPOSITION OF COMMERCIAL LANDINGS 

There are no available biological sampling data for 
Soviet yellowtail landinis. Thus, it has been necessary to 
assume that Soviet landi~gs are identical to Canadian landings 
in size and age composition. 

There was insufficient Canadian sampling data to 
treat areas and years separately thus all samples for 1962-69 
(total of 20, 6 from Div. 4W, 14 from Div. 4Vs) were combined 
to give average size and age compositions of landings in this 
period. 
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Landings of male. ranged in length from 25-50 em 
with a mode at 36 em (Fig. 17). Landings of female. ranged 
in length from 30-55 cm with a mode at 38 cm. 

A few 4 yr-olds and a few fish over l~ years old 
occur in the landings but most are 5-8 years old and there is 
little difference in the age composition of males and females 
(Fig. 17). There are slightly more females aged 7 and over 
and fewer 5 year old femal~s than males in the landings. 
Both sizes appear to be fully recruited at age 6. 

CATCH PER UNIT EFFORT 

Catch rates of yellowtail by Canadian otter trawlers 
on the Scotian Shelf declined by 80\ from 72.9 kg/hr in 1965 
to 14.8 kg/hr in 1972 (Table 18). This decline occurred in 
both the Banquereau and Sable Island-Middle Bank concentrations 
to the same degree. 

MORTALITY 

Total mortality rate, Z, was calculated for males 
and females and for Banquereau and Sable Island Bank concen­
trations separately, from catch curves of 1960-69 commercial 
landings and 1970 and 1971 survey age compositions. Mortality 
was also calculated from the mean survival rates between 1970 
and 1971 surveys (Table 19). 

Mean estimates from surveys were Z = 1.08 for males 
and 0.74 for females on Banquereau, and 1.88 for males and 
1.09 for females on Sable !sland Bank. These were considerably 
higher than mortality ratelJ from commercial age compositions of 
0.66 for males and 0.74 for females. However, as commercial 
age compositions reflect mortality rates from about 1955 while 
survey data reflect those of the more recent period from 1965, 
survey data are likely to nive the more accurate estimates of 
current mortality rates. 

To obtain a single average value of Z representative 
of the whole Scotian Shelf. the values for malea and females in 
each area were averaged. woighting by the sex ratio in commercial 
catches, to give Z = 0.89 for Banquereau and Z = 1.43 for Sable 
Island Bank. The values wore then averaged, weighting by the 
popUlation numbers in each region as determined in 1970-72 
surveys, to give Z = 1.23 :'or the Scotian Shelf. 
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There are no .,timate. of natural mortality of Scotian 
Shelf yellowtail. Lux obtained a value of M a 0.22 for New 
England populations (Lux, 1969. ICNAF Res. Bull •• 6: 47-52). 
Natural mortality could t,e expected to be somewhat-higher than 
that in more long-lived species such as plaice and witch. and 
the values M = 0.20-0.40 are considered here. Age compositions 
imply that there is little difference in survival of male. and 
females. thus natural mortality ia assumed to be the aame for 
both sexes. 

GROWTH 

Mean length. at age from Canadian research vessel 
surveys are almost identical for .alas and females and between 
Banquerea~ end SabieIsland Banks (Table 20). Therefore ell 
survey ~ata were co.bined to calculate von Bertalanffy growth 
equation parameters giving: 

1< = 0.063 

to = -2.10 yrs 

YEAR PER RECRUIT 
" 

(W = 3.a'kg) a 

The Beverton anJ Holt yield per recruit equation was 
calculated !lsing, J:heJrow':h,parameters cited above and other 
parameters, as .follows: 

tp .. 2.0 yrs 
, . 

tpl .. 5.5 yr. 

t), = 12 yr. 

These values were obtaine.1 by Inspection of com.ercial age 
composition. 

T~king Z = 1.10 when M ~ 0,30, F = 0.90. This is 
abov~ Fopt (0.50) and glvl,s about 95% of the yield per recruit 

obtainable at very hig~ Vi lues of F (Fig. 18). If M = 0.20. 
current r is above r = 0.80. and if M = 0.40 current r is max 
still above F t and give! about 90\ of the yield per recruit op 
obtainahle at very high F values. 
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CONCLUSIONS 

In the 1965-69 period when landings averaged 6,250 
tons after a period of lower landings, cpe fell from 72.9 kg 
per hour to 2~.8 kg/hr - a decline of 66\. In 1970-72 cpe 
has remained at the low level of about 15 kg/hr, implying 
that current lower levels of landings are not resulting in 
further stock decline. During the 1965-72 period, r has been 
above r t and yield per recruit has been close to maximum. op 
This implies that the sustained yield of yellowtail from the 
Scotian Shelf is lower than 6,000 tons per annum. 

There are moderate quantities of yellowtail discarded 
by the Canadian fleet, and probably also by other fleets fishing 
regulated species. Thus, the increase in regulation mesh size 
from ~ ~/2 inches to 5 1/8 inches on 1 January 197~ could result 
in some increase in long-term yield. Research vessel surveys 
indicate that 2-4 yr olds are in part vulnerable to small mesh 
trawls and thus prediction of the strength of incoming year 
classes may be possible. 

SECTION III - GENERAL CONCLUSIONS 

Individual species assessments indicate that witch 
landings should not greatly exceed 13,000 tons, plaice landings 
13,600 tons and yellowtail landings should be less than 6,000 
tons to obtain rational exploitation of the flatfish resources 
of the Scotian Shelf. Thus total landings should probably not 
exceed 30,000-35,000 tons. Combined landings of these three 
species exceeded 35,000 tons only in 1968. 

As the separation of landings by species prior to 
1970 is largely guesswork, the level of landings associated 
with the mortality rates calculated is only approximate. 
However, in total these errors should largely balance out. 

Important aspect of these fisheries, particularly 
relevant to plaice and yellowtail, are the quantities discarded 
at sea, and the quantities ~aken incidentally in small mesh 
fisheries, and it has not been possible to consider these here. 
Some estimates of the effects of discards should be possible 
with available data although this is far from complete. An 
assessment of the effects of small-mesh fisheries, however, 
cannot be made until data on the quantities involved and their 
size and age compositions are collected. If the effects of 
these factors could be miniuized, some increase in yield from 
Scotian Shelf flatfish stocks should accrue. 
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Tab 1 e .. 

- 16 -

: Winter flounder - A. estimated population biomass (metric tons) 
and kg./tow. B. estimated )opulation numbers (xlO-') and no./tow, 
from Canadian research vessal surveys, July 1970-72. 

A 
1970 1971 1972 

ICNAF 
Strata DiY. Biomass \kg/to, Biomass kg/tow 8iomass kg/tow 

40-42 4Vn - - - . - -
43-52 4Vs - - - - - -

, 

40- 52 4V - - - - - -
53-66 4W 520 0.30 790 0.46 3,120 1.82 

70-95 4X 380 0.21 240 0.13 220 0.12 

40-95 4VWX 900 0.18 1 ,030 0.21 3,340 0.67 

B 

ICNAF 1970 1971 1972 
Strata Div. Popn. no. No·/ tow Popn, no. NO·/ tow Popn. no. NO·/ tow 

40-42 4Vn - - . - - -
43-52 4Vs - - - - - -

40-52 4V - - - - - -
53-66 4W 1.8 1. 03 2.2 1. 30 5.4 3.12 

70-95 4X 0.5 0.28 0.5 0.27 0.4 0.24 

40-95 4VWX 2.3 0.46 2.7 0.55 5.8 1.17 
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Table 6 

Year 

1965 

1966 

1967 

1968 

1969 

1970 

1971 

1972 

- 20 -

Catch per ~nit ettort (kg/hr trawling) ot 
plaice, witch and yellowtail on the Scotian 
Shelt - Canadian otter trawlers ot 151-500 

Plaice Witch Yellowtail 

42.9 34.9 72.9 

67.8 22.4 49.5 

58.0 28.7 47.4 

61.6 30.9 49.7 

73.5 31. 7 24.8 

72.7 20.9 14.0 

61. 0 31.3 14.7 

54.9 34.8 14.8 

All 
Div. 4Vn Div. 4Vs Div. 4W Div. 4X Divisions 

1965 195.9 487.4 86.3 5.8 150.7 

1966 153.7 535.1 32.4 6.1 139.7 

1967 225.7 435.5 62.3 8.2 134.1 

1968 173.0 478.3 67.2 10.1 142.2 

1969 152.3 454.4 50.1 10.9 130.0 

1970 134.6 392.6 30.6 7.8 107.6 

1971 135.7 338.8 61. 2 9.0 107.0 

1972 112.4 321.1 71.4 7.1 104.5 

07 



- 21 . 

T~b1e 7 Witch flounder - A. estlm.t~d popu1atlon biomass (metrlC tons 
and kg./tow. B. estimated ,opu1atlon numbers (x10-') and no./taw, 
from Canadlan research vess!l suryeys, July 1970-72. 

A 
1970 1971 19 r 2 

ICNAF 
kg/ tc,w Strata Dly. Blomass. Blomass kg/tow 81 omas s kg/tow 

40-42 4Vn 1 ,190 3.56 3,440 10.31 880 2.64 

43-52 4Vs 4.120 3.83 2,960 2.76 3,140 2.92 

40-52 4V 
. 

4,020 2.85 5,310 3.77 6,400 4.55 

53-66 4W 1 ,640 0.96 1 ,420 0.83 I ;1 ,170 1. 26 

70-95 4X 2,750 1. 50 980 0.48 4.150 2.25 

40-95 4VWX 9,700 1. 96 8,800 1. 76 10,340 2.08 

I 
B 

1970 1 q71 1972 
ICNAF 

no. I No. Ito. 
Strata Dly. Popn. No. /to~ NO'/to~ Popn. no. Popn. no. 

0 

40-42 4Vn. 2.? 6.64 10.6 31 .68 2.4 7.06 

43-52 4Vs 10.0 9.29 5.3 4.89 6.8 6.27 

40-52 4V 12.2 8.66 15.9 11 .23 9.2 6.46 

53-66 4W 4.1 2.40 3.1 1. 81 4.2 2.45 

70-95 4X 4.7 2.55 1.6 0.87 5.9 3.21 

40-95 4VWX 21.0 4.23 20.6 4.14 19.3 3.87 

I 

08 
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- 2~ -

Table 9 Catch per unit effort (kg/hr) of witch on the 

Scotian Shelf by Divi.ion Canadian otter 

trawlar. of 151-500 gros. tons. 

All 
Year Diy. 4Vn Diy. 4Ve Diy. 4W Diy. 4X Diyisions 

1\165 88.7 94.4 23.9 0.7 34.9 

1966 72.3 59.5 12.3 1.0 22.4 

1967 80.3 82.4 14.0 1.7 28.7 

1968 86.3 80.0 19.9 2.4 30.9 

1969 46.6 83.4 26.6 3.6 31.7 

1970 50.5 61. 3 10.0 2.2 20.9 

1971 64.4 66.9 32.6 3.4 31.3 

1972 56.4 79.6 37.7 1.9 31+.8 

Table 10 Witch Div. 4VW:C - instantaneou. total mortality 

- Z. from catc~ curves. 

Z Z 

~'F·II~~se ;Hyision Males Ages Females Age~ 

CIO\'l'",,,,j:ia 1 age compositions 1970-72 4VW 0.56 8-12 0.50 ll-l't 

UU ~\\rvey age compositions 4Vs 0.55 8-12 0.47 8..,.11 

,t .. It .. IlW 0.1l5 8-12 

" t· .. .. IlX 0.33 8-12 

i ; ; ( 

010 



Table 

- 24 -
11, American plaice - A. estimated population bibmass {metric tans) 

and kg/tow. B. estimated population numbers (xl0 ) and no./tow, 
from Canadian research vessel surveys, July 1970-72. 

A 
1970 1971 1972 

ICNAF 
Strata DiY. 810mus kg/tow 810mass kg/tow 81011155 kg/tow 

40-42 4Vn 1 ,760 5.29 5,380 16. 12 6,210 18.63 

43-52 4Vs 27,070 25.16 32.630 30.33 23,770 22.10 

40-52 4V 28,830 20.46 38,010 26.46 29,980 21.28 

53-66 4W 10,050 5.86 9,810 5.72 6,610 3.86 

70-95 4X 6,860 3.73 3,430 1.85 3,060 1.66 

40-95 4VWX 45,470 9.21 51 ,250 10.31 39,650 7.99 

B 
1970 197] 1972 

ICNAF 
Strata DiY. Popn. no. NO·-/ tow Popn. no. NO·/ tow Popn. no. No·/ tow 

'0.42 4Vn 11 .. 6 34.91 7.7 23.14 24,7 73.93 

43-52 4Vs 102-.4 95.16 . 103.8 96.48 74.4 69.19 

40-52 4V 114.0 SO.81 111. 5 79.11 99.1 70.32 

53-66 4W 52.3 30.51 37.0 21. 55 33.1 19.28 

70-95 4X 23.7 12.86 11.2 6.08 10.4 5.66 

40-95 4VWX 190.0 3S.2:' 1 59. 7 32.15 142.6 28.72 

011 



Y
ea

r 
4V

n 

19
60

 
89

6 

19
61

 
41

7 

19
62

 
75

0 

19
63

 
1

.2
3

7
 

c 
19

64
 

93
8 

... 
19

65
 

1
.6

9
2

 
N

 

19
66

 
2

.2
1

5
 

19
67

 
1

.9
8

4
 

19
68

 
1 

.6
41

 

19
69

 
2

.3
6

5
 

19
70

 
2

.0
6

9
 

19
71

 
2.

47
0·

 

T
a
b

l.
 

1
2

.:
 

A
m

er
ic

an
 

p
la

ic
e
 

la
n

d
in

g
s 

fr
om

 
th

e 
S

co
ti

an
 

S
h

el
f 

by
 

IC
N

A
F 

D
iv

is
io

n
 

an
d 

co
u

n
tr

y
 

(m
et

ri
c 

to
n

s 
ro

u
n

d
).

 

IC
N

A
F 

D
iv

is
io

n
 

C
 

0 
U

 
N

 
T

 
R

 
Y

 

4V
s 

4W
 

4X
 

T
o

ta
l 

C
an

ad
a 

F
ra

n
ce

(S
P

) 
Ja

p
an

 
Po

 la
n

d
 

R
om

an
ia

 
U

SS
R 

19
2 

78
6 

1
.0

3
5

 
2

.9
0

9
 

2
.8

4
4

 
2 

16
4 

85
3 

21
0 

1
.6

4
4

 
1 

.5
62

 
9 

11
2 

86
8 

26
7 

1
.9

9
7

 
1

.6
9

5
 

21
6 

14
0 

77
8 

25
9 

2
.4

1
4

 
2

.1
1

5
 

18
2 

1 
.0

5
9

 
61

7 
51

9 
3

.1
3

3
 

2
.8

3
8

 
67

 
25

 

3
.0

4
2

 
3

.0
9

0
 

54
2 

8
.3

6
6

 
5

.5
4

3
 

11
9 

2
.5

2
5

 

5
.9

7
9

 
4

.7
0

6
 

63
7 

1
3

.5
3

7
 

9
.1

1
2

 
20

 
4

.2
8

8
 

6
.8

9
5

 
80

1 
1 

.1
06

 
1

0
.7

8
6

 
1

0
.5

2
0

 
10

4 

9.
52

1 
8,

59
1 

94
1 

2
0

.6
9

4
 

9
.8

2
9

 
11

4 
1

0
.6

8
4

 

5
.7

1
4

 
4

.7
5

6
 

86
8 

1
3

.7
0

3
 

9
.3

0
0

 
60

 
12

 
4

.2
8

0
 

3
.1

7
7

 
2

.4
8

2
 

63
5 

8
.3

6
3

 
6

.3
0

3
 

19
 

5 
1 

84
 

1
.8

9
6

 

5
.2

9
5

 
5.

99
1 

54
5 

14
.3

01
 

7
.5

1
3

 
18

 
6

.7
0

0
 

-.
!!

L
 

US
A 63

 

73
 

86
 

11
7 

9 
19

4 

17
9 

7 
11

0 

16
2 67
 

51
 

55
 

70
 '" '" 



Table 13 

- 26 -

Plaice : catch per unit effort (kg/hr) on the 
Scotian Sholf by Division - Canadian otter 
trawlers of 151-500 gross tons. 

All 
Year Div. 4Vn Div. 4Vs Div. 4W Div. 4X Divisions 

1965 93.6 144.3 11.8 3.4 42.9 

1966 81. 0 260.4 12.8 4.2 64.8 

1967 135.7 191.7 15.3 5.5 58.0 

1968 86.7 206.5 211.6 6.8 61.6 

1969 105.2 265.1 19.4 6.3 73.5 

1970 811.1 276.1 16.0 4.5 72.7 

1971 70.9 216.5 23.9 2.9 61.0 

1972 56.0 193.2 22.0 11.5 54.9 

Table ,14 Plaice Div. 4VWX - instantaneous total morta lHy 

-z. from catch curves 

, • " , :: ". ! ':., P~"¥ij1':f 'Ii 'iP 
i , 

Z z 
P'~i' ~lfS!! Div; sion Ma les .. ~ges Females ~ 

~O,'"'""rF i a l age compos i tf ons. 1968-72 4V 0.46 9-14 0.54 1~'114 

,~,~ ~~r~ey age compositions 4Vn 0.73 7-12 0.80 IhH 

~ " " " 4Vs 0.58 7-12 0.55 1~11 

I, " " 4W 0.79 7-12 0.61 7·l~ 

" " " " 4.X 0.55 7-12 0.49 ~ .. 1? 

)91~ ~~r~'Y estimates weighted , , 
, ~V population numbers 4VWX 0.65 0.60 
, 'ii 

013 



Table 15 

- 27 -

Plaice: mean langth (cm) at age from 1972 .urvey 
catches and 1968-72 commercial landing •• 

, , 

Male. remale. 

~ Surveys Commercial Survey. Commercial 

2 16.7 16.7 

3 20.7 21. 3 

4 21.4 22.4 

5 25.3 25.3 

6 26.6 27.9 

7 27.0 33.5 29.5 

8 33.4 35.9 31. 7 39.4 

9 31.8 36.3 36.3 40.8 

10 33.2 37.6 37.9 43.2 

11 34.8 39.7 42.1 44.9 

12 35.3 39.6 46.0 47.3 

13 Ill. 0 116.2 116.5 

14 - 42.5 48.6 49.8 

15 41.4 50.0 48.1 

014 



Table 16 

- 2,0 -

Yellowtail flounder - A. estimated population biomass (metric tons) 
and kg/tow. B. estimated population numbers (xl0-0) and no./tow, 
from Canadian research vessel surveys, July 1970-72. 

A 
1970 I 1971 1972 

ICNAF 
Strata DiY. Biomass kg/tow Biomass kg/tow Biomass kg/tow 

40-42 4Vn - - - - 140 0.42 

43-52 4Vs 9,750 9.43 7,960 7.39 13,910 12.91 

40-52 4V 9,750 7 . ,~o 7,960 5.64 14,050 9.95 

53.66 4W 12,370 7.21 9,800 5.72 9,430 5.50 

70-95 4X 270 0.14 280 0.15 580 0.31 

40-95 4VWX 22,390 4.59 18,040 3.63 24,060 4.84 

B 
1970 1971 1972 

ICNAF 
Strata OiY. Popn. no.. No· /to• Popn. no No·/ to Popn. no NO·/ tow 

40·42 4Vn . . - - 0.3 1. 04 

43-52 4Vs 31.4 29. 19 26.9 24.93 44.0 40.83 

40-52 4V 31. 4 22.28 26.9 19.02 44.3 31 .41 

53-66 4W 68.1 39.68 57.5 33.52 44.4 25.89 

70-95 4X 0.7 0.37 1.0 0.53 3.0 1.64 

40-95 4VWX 100.2 20,16 85.4 17.17 91.7 18.46 
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Table 18. 

- 30 -

Yellowtail : catch per unit effort . 
(klthr) on the Scotian Shelf by Diviaion 
- Canadian otter trawler. of 151-500 Iro •• 
ton •• 

All 
Year Diy. IIVn Diy. IIV. Diy. lilt Diy. IIX Divi.ion. - -
1965 13.6 2118.1 50.6 1.1 72.9 

1966 0.11 215.:2 7.3 0.9 119.5 

1967 9.7 161. i. 33.0 1.0 111.11 

1968 0 191.li 22.7 0.9 119.7 

1969 O.S 105.9 11.1 1.0 211.8 

1970 0 55" :? 11.6 1.1 111.0 

1971 0.11 55. II 11.7 2.7 111.7 

1972 0 118.:1 11.7 0.7 111.8 
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~ 32 -

Tabl. 20,: Y.llowtail : •• an l.n,th at a,. (c.) f~o. 
1970 and 1971 Canadian ~ ••• a~ch v •••• l 
.urv.y. co_bin.d. 

Banquer.au Sable Island Bank 

m Mal •• r •• al •• Mal •• r •• al •• 

2 15 .8 17.5 17.0 

3 21.1 22.0 21.0 21.3 

4 25.8 25.3 25.6 24.7 

5 27.S 27.5 27.2 28.4 

6 31. 7 31.7 2-9.7 31.5 

7 35.1 35.6 32.7 34.4 

8 34.11 37.9 35.8 38.3 

9 111.3 111. 2 111.6 

10 43.0 43.8 44.1 
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WITCH 
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Fia. 2. Witch: length-fr.quency of the Scotian Shelf population 
by ICNAr Division •• ~imat.d from Canadian r ••• arch v •••• l 
surv.ys, 1970-72. 
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Fig. 7. Witch: yield per recruit of females for M = 0.15 and 
mean recruitment ages to the fishery of 7.5-8.5 yrs. 
Dots indicate 1965-~2 values of F. 
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rig. 15. Yellowtail: length compositions of the population 
by Division from Canadian research vessel surveys, 
1970-72. 
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Fig. 16. Yellowtail : age COl.lposition on banquereau and 
Sable lsland-Middle banks in 1970 dnd 1971 from 
Canadian researr.h vessel surveys. 
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Fig. 17. Yellowtail : length and age compositions of 
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