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TAC reguiation

TACs have been in place since 1973, when a precautionary level of 50,000 t was established. In 1976, the TAC
was set at 9000 t, following a series of high catches (Fig.1, Table 1) and a reduction in stock size. From 1977 to 1988,
the TAC varied between 12,000 t and 23,000 t and was unchanged at 15,000 t for the last 4 years of that period. The
TAC was set at 5000 t in 1989 and maintained at that level for 1990, following sharp declines in stock size after the large
caiches in 1985 and 1986. For 1991-1993, the TAC was set at 7000 t since there appeared to be a slight improvement
in recruitment to the fishable stock. Tn 1994, the TAC was maintained at 7000 t, although it was decided by the NAFO
Fisheries Commission that no directed fisheries would be permitted for this stock and the 2 other flatfish fisheries on the
Grand Bank (A. plaice and witch). In 1995, the TAC was set at zero.

Catch trends

The nomanal catch increased from negligible levels in the early 1960's to a peak of over 39,000 t in 1972 (Fig. 1).
With the exception of 1985 and 1986, when they were around 30,000 ¢, catches have been in the range of 10,000 to
18,000 t from 1976-93. Canada and the USSR were the major participants in the fishery up to 1975, with Canada taking
virtually all the cateh from 1976-81 (Table 1). Canadian catches were consistenily around the TAC in the mid o late
1970's, but were under the TAC's in the early 1980's as much of the fishery for flounders was directed toward American
plaice in Div. 3L. Catches by other nations began to increase in 1982 as freezer trawlers started to fish in the NAFO
Regulatory Area on the Tail of the Bank (Fig.2). In 1985 and 1986, as well as in 989-1994, catches for all other nations
combined exceeded those of Canada. Canadian catches were stable around 6700 t from 1991-93, but declined to 0 in
1994, USA catches declined steadily from 3,800 t in 1985 to zero in 1991 and 1992 (Table 2), and were estimated to be
700 t in 1994, Catches by Spain and Portugal have also decreased to relatively low levels in 1992-94. South Korea, which
has begn involved in this fishery since 1982, and caught between 3500 and 5900 t per year frotn 1989 to 1992, has had
no vessels in this fishery since early 1993. It should be noted that the catches for S. Korea in many years mclude a
substantial amount of yeliowtail determined from breakdowns of catches reported as unspecified flounder .

The following table shows the cotches for 1993 and £994:

1993 1994

Canada 6,697 0
Others 6,868 2,069

Total 13,565 2,069

The 6,868 t for others in 1993 is made up of 3,900 t from European-crewed vessels flying flags of non-
contracting parties [NCP(E}] and 2,900 t from Korean-crewed vessels flying similar flags of convenience [NCP(K)], with
both estimates coming from Canadian surveillance. The remaining 68 t was reported by USA vessels. For 1994, estimates
of 550 1, 100 t, and 700 t were provided by Canadian surveillance for NCP(E), NCP(K), and USA respectively. The
remaining 719 t was caught by EU(Spain). In total, the catch in 1994 of 2069 ¢ was the lowest since 1964, when this
fishery was just beginning, ’

As in most years, catches of yellowtail flounder in 1994 were mainly from Div. 3N, including virtuaily all of the
catch in the Regulatory Area. Overall, the catches from this stock exceeded the TAC in each year from 1985-93, often
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by a factor of two (Fig. 1). However, there is still considerable doubt about the precise catch levels frorn this stock in
recent years, with up to one-third of the catch in some years (almost two-thirds in 1994) being determined from Canadian
surveillance reports and estimates of the proportion of yellowtait flounder in catches of unspecified flounder by S. Korea
(Brodie et al. 1994). Based on information from other sources, it was acknowledged that the 1994 catch may have been
as low as 1600 t or as high as 2250 t.

Commercial fisherv data

There were no length frequencies or age samples from the 1994 fisheries available. As well, there were no data
for Canada in 1994 to update the catch rate analysis presented Jast year (Brodie et al 1994) That analysis of Canadian data
from 1965 10 1993 showed that the CPUE in 199] was the lowest in the series, and that there was a slight increase in the
2 subsequent years, although the values in 1992 and 93 were the second and third fowest values in the lime series.

R ch

A) Spring groundfish surveys - Canada

Stratified-random trawl surveys have been conducted by Canada in Div. 3LNO since 1971 with the exception
of 1983, Stratification is based on depth and the survey strata are presented in Fig. 2. Strata deeper than 731 m were
fished for the {irst time in this time series in 1994, In virtually all years, very few yellowtail are caught deeper than 106
m on the Grand Bank.

Tables 3 to § give the mean weight per tow by stratum as well as the total biomass for Div. 3L, 3N, and 30
respectively. Most of the biomass for this stock occurs in Div, 3N (about 60% to 80% in recent years) and the index of
trawlable biomass has declined from 65,000 ¢ in 1986 to around 30 thousand tons in 1992-94 (Fig. 3). The preliminary
estimate from the 1995 survey is 36,000 t. Analysis of the 1994 data showed that approximately 90% of the biomass
estimate for Div. 3N came from stratum 361. In Div, 31., the biomass index has declined steadily from about 15,000 t in
1984-85 to less than 300 t in 1992-94 (the 3L resulis for 1995 were not available for inclusion in this paper). The decline
in Div. 3L can also be seen in Fig. 4, which shows the results of seasonal surveys in that division from 1983 to 1994, In
Div, 30. the biomass index fluctuated widely in 199294, after a period of relative stability from 1988 to 1991 around
15,000 t. The preliminary estimate from the 1995 survey is 8,000 t. Of concern are the estimates for 1992, 1994 and 1995
of less than 8,500 t, which are the lowest in the time serics {Table 5). Figs. 5-7 show the abundance trends by Division
up 1o 1994, with approximate 95% confidence intervals. The high degree of variability around the 1993 estimate in Div.
30 was generated by the high catch rates in stratum 352,

The spring survey abundance at age index for all three divisions combined is prescnted in Table 6, and total
abundance at ages 1+ and ages 5-7 are shown in Fig. 8. These surveys are usually dominated by yellowtail of ages 5-8
years, which was the case in 1994. Abundance of ages 1+ in 1994 was the lowest in the time serics, similar to the level
in 1992. Fig. 9 shows the size of year-classes as measured at age 5 in the surveys, indicating that the 1984-86 year-classes
appear to be larger than those of the early 1980's as well as those of 1987-89. However, it must be stressed again that
all year-class strengths observed from surveys in the most recent period are considerably lower than those observed during
the 1970's and carly 1980's. Some caution must also be used in interpreting the population sizes at ages 6 and 7 in 1993,
as about 50% of the totals at these ages came from Div. 30, where the 1993 estimate of abundance was shown to have
a very wide confidence interval (Fig. 7).

A further examination of the survey population estimates in Table 6 did not reveal any significant relationship
between age 7+ stock size and subsequent recruitiment, i.¢. a proxy for SSB in year n and recruitment at ags 5 in year n+5
(Fig. 10). This was expected given that survey estimates were used and that varying levels of fishing monality may have
been exerted on recruiting year-classes before the age of 5. As well, a positive relationship for many years in the 1980's
appears unlikely, given the 1985 and 1986 year-classes were clearly larger than their immediate predecessors. despite a
decline in stock size in the mid- 1980's. Nonetheless, the age 7+ population values from the 1992-94 spring surveys are
all at the low end of this time serics, which may be a warning sign for future recruitment.

B) Spring groundfish surveys - USSR

USSR/Russia has conducted stratified random surveys for groundfish in Div. 3LNO since 1983, and before then,
fixed station surveys which were post-stratified for purposes of comparison. However, there was no survey in 1992 and
the results from the 1993 and 1994 surveys were not available for inclusion in the 1994 or 1995 assessments. Abundance
and biomass estimates for yeltowtail from these surveys were presented in previous assessments of this stock, and like
the Canadian surveys, show a higher stock size in the 1970's and early 1980's, followed by a decline to lower levels in the
late 1980's and early 1990's. '

C) 1 b -

Stratified-random bottom trawl surveys have been conducted by Canada during the fall in Div. 3L since 1981.
From 1990 onward, this survey has been extended to cover Div. 3N and 30. The biomass index from these surveys ranged
from 38,000 t to 48,000 t in 1990-92, increasing to 67,000 tin 1993 and 1994 (Table 7, Fig. 3). It should be noted that
the low value in 1992 may be explained by the omission of stratum 375 and part of stratum 362 from the survey coverage
due 1o time constraints. The higher values in 1993-94 were caused by the estimate for Div. 3N, unlike the increase in
spring 1993 which was attributable to Div. 30. Abundance estimates and their approximate 95% confidence intervals
are shown, by division, in Fig, 11.




- 3 -

Age 7 was dominant in the catches in 4 out of 5 fall surveys (Table 8), but age 6 was the most abundant age-
group in the 1993 survey. Some caution should be exercised in evaluating these age compositions given the problems with
the 1992 survey and the possibility that the increase in 1993 may be due to a 'vear effect’ rather than an actual increase
in abundance. Age 7+ abundance in 1994 was considerably higher than the estimates from 1990-93. With the exception
of 1994, the spring and fall surveys show essentially the same picture of stock size (Fig. 3).

D) uvenile fish s -

During September-October of 1994, a stratified-random survey of the Grand Bank (Fig. 2) was conducted by
the rescarch vesscl WILFRED TEMPLEMAN. This survey constituted year £0 in a time series for juvenile flatfish and
since 1989 has increased coverage beyond 91 m out to 274 m depth (see Walsh 1986 for details).

Tables 9-11 show the average numbers and weights in each stratum, along with biomass and abundance estimates
from Divisions 3L, 3N and 30 respectively from the juvenile surveys in 1985-94 (Fig. 12). Diy, 3L; In 1994, yellowtail
were found almost exclusively in strata 363 and 372 (Fig. 2), at a mean depth of 76 m (cv=.15) and 2 mean temperature
0f -0.5°C (cv=[.3). In all surveys, since 1985, these two strata have consistently been the areas of highest abundance in
Div. 3L and almost no yellowtail have been found beyond the 91 m depth contour. Both abundance and biomass has been
decreasing since 1985 (Figs. 12 & 13). The 1994 estimates (5.1 million fish; 2500 tons) were comparable to the 1993
estimates, both being the lowest in the time series. A similar trend was noted above in both the spring and fall regular
groundfish surveys. Div,3N: Most of the biomass of this stock has been found in this division. In 1994 vellowiail were
concentrated mainly in 4 strata (360, 361, 375 and 376; see Fig. 2), consistent with other years. Yellowtail were caught
at a mean depth of 58 m (cv=.15) and a mean temperature of 2.1°C { cv=286). In 1994, the abundance (951 million) and
biomass (241,000 tons) estimates were approximately twice the 1993 estimates (Fig. 12), due to large catches in strata
361, 375 and 376. These large catches accounted for the high variability estimated for the 1994 abundance estimtate

( Fig.14). Pror to the 1994 survey, the stock in Div. 3N had shown some modest increase from 1992-93, similar to the
regular fall groundfish survey (Fig. 11). Div, 30; In 1994, concentrations were mostly located in stratom 352 which is
consistent with ather years. Fish were located in a mean depth of 77 m (cv=.12)and a mean temperature of 0.9°C (cv=98).
The abundance (159.1 million) and biomass (57,000 tons) estimates were very close to the estimates from the 1992-93
(Figs. 12 &15) and are the highest in the time series. Noteworthy, are the large confidence intervals around the 1993 &
1994 estimates

Selected strata; Table 12 shows a comparison of average numbers and weights of yellowtail flounder denived from
independent day, night and combined estimates (sec Walsh 1988), from selected strata in the 1986-94 surveys. The 1985
survey was dropped due to poor coverage. Fig. 18 shows that estimates from day and night sets track very well the
combined estimates for the time series and a significant predictive relationship exists with these indices. In 1994, similar
to other years, 87% of the biomass of yellowtail on the Grand Bank is found in these 5 strata. The 1994 abundance
estumates of yellowtail derived from night catches were substantially larger than those derived from day catches. The
combined abundance (1022.5 million) and biomass {262,000 tons) estimates showed an increase of 46% and 40%,
respectively, over 1993 (Figs. 12 & 16). Most of the biomass was found in strata 361,375 and 376 in and around the
Southeast Shoal, and a large portion of this distribution was found straddling the 200 mile limit (Fig. 17}. However, the
large confidence intervals around the 1994 estimate, as seen in Fig. 16, is not typical of other estimates in this time series
and caution is stressed in accepting this large increasc in stock size due to a possible “year effect”.

Tables 13 and 14 contain information on the age composition of vellowtail in the selected strata in Div. 3NO from
1986-94. Estimates indicate that most year classes have become more abundant compared to the previous year. This is
a typical pattern of a “year effect” and probably reflects a change in availability or catchability to the survey gear. More
. than 60% of juvenile yellowtail, ages 1 to 4, were taken in catches in the NAFO Regulatory Area, consistent with other
vears (Table 15).

Figs. 19-21 show the relationships between the abundance of yellowtail .from the juvenile surveys and the
abundance from the spring surveys al ages 4, 5, and 6 respectively for the years 1986-1994, Although the 3 regressions
are all significant in the 1994 assessment (r= 84,76 & 86), the addition of the 1994 points weakened the relationships.
Some cantion must be exerciscd in interpreting the results duc to the low number of points (9) in cach fit and the nature
of some of the relationships, 1.¢. "2-point regressions’. The surveys generally agreed in estimating abundance at these ages,
eg. both series show the 1985 year-lass to be about the largest in the short time series and the 1982 year-class to be about
the smallest.

One advantage of the juvenile survcys is that it measures population abundance at ages 1-3, which are not
captured by the standard fishing gear used in the spring surveys, thereby giving an earlier estimate of the strength of
recruiting year-classes. Figs. 22-24 show the relationship between abundance at age in year n+2 in the spring surveys and
abundance of the same year-class in year n in the juvenile surveys, for ages 2, 3, and 4 respectively. The regressions were
significant for ages 2/4 and 4/6, but not for ages 3/5, The same caveats which applied to the previous set of figures also
apply here, given that only 7 points were available for cach relationship. Figs. 22 and 24 also indicate the point estimates
from the 1993 and 1994 juvenile surveys at ages 2 and 4 respectively.

Figs. 25-27 show the relationships between the abundance of yellowtail from the juvenile surveys and the
abundance {rom the fall surveys at ages 4. 3, and 6 respectively for the years 1990-1994. There appears Lo be little or no
predictive relationship between the estimates from both surveys ,which are approximately a month apart. Although there
are only five points in these regressions, they indicate that the 1993 fall survey estimates may be anomalously high



Fig. 28 shows the trends in catch rates for the three surveys: spring, fail and juvenile, 1986-94. In Div. 3L from
1989 onward the catch rates track the trends in the population quite well. In Div. 3N, there is a wide divergence in the
catch rates between the juvenile and spring surveys and consequently they do not show the same trends. However, the fall
survey estimates show a similar trend with the juvenile surveys from 1992 onward. In Div. 30, only the juvenile catch
rates track closely the spring survey trends. Of course the fall time series is relatively short by comparison to the other
two series.

wei m

From 1990 onward, yellowtail sampled for otoliths during the Canadian surveys were weighed at sea. The mean
weights at age from the spring and fall surveys in Div. 3N and 30 are shown in Fig. 29 and the results from the juvenile
survey for Divs. 3LNO are contained in Fig. 30 . Overall, there do not appear to be any significant trends in the average
weights at age during the period 1990-%4, although there is some interanmzal variability.

Distributional Analyses

Yellowtail flounder inhabits the continental shelf of the Northwestern Atlantic Ocean from Labrador to
Chesapeake Bay at depths of 10-100 m, (Bigelow and Schroeder 1953). This species has reached its northern limit in
commercial concentrations on the Grand Bank off the coast of Newfoundland. The abundance of yellowtail declined
sharply in the mid to late 1980's following a period of increased catches (Fig. 8). In particular, the annuai [ate summer/fall
juvenile fish surveys, 1986-1994, all showed a systemaltic deeline in abundance in Div. 3L (Figs. 4, 13 &31). In the three
1994 surveys, the stock was almost exclusively found in Div. 3NQ, concentrated on the Southeast Shoal and the adjacent
area (o the west, below the 43°N (Fig. 17). Analyses were performied to look at the relationship of stock abundance and
occupied range using a variety of techniques.

Bottom temper ial distributi

Yearly biomass estimates were used from the spring surveys from 1973-94 (no survey in 1983). Changes in spatial
distribution were expressed as the biomass ratio of yellowtail in Div. 3L to that of Div. 3NO (Fig. 32). The relative
biomass has been declining stcadily since 1985 Weighted linear regressions were used to test whether temperature (derived
from survey data) may have affected spatial distribution of yeilowtail on the Grand Bank. Using temperature data and
biomass estimates for the same year we found the decline was uncorrelated with temperature (F, , = 2.18; = 34
p=.1578) (Fig. 33A). Lagging the temperature by one year improved the correlation (F, ;, = 4.70; r = 48; p = 0464),
however there is a lack of a linear refationship (Fig. 33B). Yellowtail flounder is a eurythermal specics and the stock on
the Grand Bank is associated with wide fluctuations in bottom temperature { Fig. 34) { Walsh 1992). Yellowtail on the
Scotian Shelf have been shown to tolerate wide fluctuations in temperature and salinity without changing their distribution
(Perry et al. 1988). Certainly, Grand Bank yellowtail may inhabit a wide range of temperatures, but, it doesn’t rule out
that they may have a preferred shorter temperature range under ideal conditions.

k sizi 1al distribution

A statistical ellipse technique was used to describe the central tendency of the survey catch data to allow
quantification and visualization of distributional data. Contour ellipses provide a flexible and casily interpreted method
of dala examination (Warren et al. 1992). Statistical ellipses are centered on the sample means of the X and Y variables.
Their major axes arc determined by the unbiased sample standard deviations of X and Y, and their orientation will result
from the covariation between the X and Y variables. Hence ellipses provide information on the central tendency as well
as onientation of the data (SYSTAT 1984). It becomes possible to overlay the results of a number of years of data on a
single figure facilitating easier visual examination. The method was applied to the Divisions 3LNO spring fishing station
positional data at 50% probability (SYSTAT 1984). For this analysis, each position was weighted by the log transform
of the yellowtail catch (kilograms), Thus the resulting ellipses indicated the central tendency of the distribution of
yellowtail within the survey area. Besides examining the location of the distribution of the fish, we also examined the
geographic area of that distribution. The area contained within each ellipse was determined using image analysis (NIH
image analysis system, Vivino 1993).

Fig. 35 shows the ellipses for select years over the time series. When the stock size was high in the late 1970's
and mid-80's the area of distribution was very wide. As the stock size decreased there was a reduction in the size of the
cllipses and area distribution . This southward shift and aerial contraction oceurred predominately in the 1990's when the
stock was at its lowest. Area distribution cstimated from the cllipses and trawlable biomass from the surveys show that
both indices tracked each other fairly well up to the mid-80's, however, there was a difference in the timing of the decline
in both indices in the late 80's. The southward contraction began after the biomass declined (Fig 36). Arca distribution
and trawlabie biomass were significantly correlated (r = 75) although the fit in latter years is not particularly good.
{Fig. 37).

Further evidence for this range contraction was demonstrated by Myers et al. (1995) who u._';ed the Gini concentration/area
distribution index to show that there was an increase in the concentration of yellowtail, as stock area decreased. on the
Grand Bank from the early-mid 1980's to 1994 {Fig. 38).

Juvenile and sub-adult yellowtail flounder are consistently found concentrated on the Southemn Grand Bank,
mainly in the Regulatory Area, and as they mature their distribution radiates in a west and northerly direction (Walsh,
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1992}. This movement may be a function of density and it may be assumed that intraspecific competition for prey items
may be the stimulus, However, historically the major portion of the biomass has always been located in the Southern
Grand Bank area thus one can assumed that this area , which also acts as a nursery area (Walsh, 1992), is the most
preferred habitat. The extensive sand sediments on the Southeast Shoal and the central part of the southern Grand Bank
appears to be the preferred substrate for age 1-group, older juvenile and adult yellowtait flounder { Walsh, 1992). These

-areas are mainly composed of sand and to a lesser degree gravely sand, i.e. 10-50% of sand is gravel. This type of
substrale is also found in certain areas of the northern section of’ the Bank in Div. 3L. Sediments also indireetly influcnce
distribution by the composition of benthic food items preferred by yellowtail flounder which feed exclusively on surficial
and interstitial macrofauna. Sandy substrate could also provide places for the newly settled to hide and avoid predators.
On the southern Grand Bank there is a southeast to northwest change in bottom type with an accompzmymg change in
concentrations of juveniles,

Although the severity of the range contraction (1990 onward) is coincident with the period of intense cooling of
waters on the Newfoundland and Labrador shelves ( Colboume and Narayanan 1994) | it is tempting to say that this
contraction is solely due to temperature. However, the wide tolerance to changes in temperature and salinity, exhibited
by this species, casts some doubt on this relationship. The underlying assumption is that distribution patterns define
preferred substrates in this specics and that when stock size was high then vellowtail dispersed, in significant amounts,
further north into Div. 3L (Brodie and Walsh 1994). We hypothesize that the contraction of the range of this species on
the Grand Bank to the preferred habitat in the southern area is a function of low stock size. The consequence of this
«contraction is that this change in avatlability could strongly influence catch rates and may explain the “year effect” seen
in the 1993-94 surveys.

Assessment

Sequential population analysis (SPA) has been employed in the past to assess this stock but has not been used
since 1984 as the basis of advice. Since then, it was concluded that the very high values of mortality at the older ages
could not be fully explained and that the SPA models attempted were not appropriate. In 1990, the previcusly noted
difficulties with the catch at age were raised, with the conclusion being that catch at age based models, such as SPA, were
not suitable for this stock. Confidence in the catch and catch at age data for this stock remains at a low level, especially
with the lack of sampling from fisheries in the Regulatory Area from 1992-94. Thus, evaluation of stock status continues
to rely hcawly on the interpretation of the independent indices of abundance.

In the recent assessments, there were 5 indices used to evaluate this stock (Canadian spring and fall groundfish
surveys, USSR/Russian groundfish surveys, Canadian juvenile groundfish surveys, and CPUE from the Canadian
commercial fleet) and most indicated that the stock is still at a low level compared to historic values. In the current
assessment, there are no new data for 2 of these indices (Russian surveys, Canadian CPUE}. The decline in stock size in
the mid- to late-1980's was caused by poor recruitment from the year-classes of the early 1980's and a rapid increase in
catches to about 30,000 t in 1985-86 from 10,000-15,000 tin 1980-83. The year-classes of 1984-86 were stronger than
their immediate predecessors and likely were responsible for the increased catches from 1989 to 1991,

Given the continuing inadequacies with the catch and sampling data, and still-unresolved questions about the natural
mortality at age for this stock, it remains impossible to estimate the levet of fishing mortality in recent years. However,
available data suggest that there has likely been incrcased fishing mortality at ages 5 and younger in the late 198('s and
carly 1990's than in earlier years (Myers 1994 ). Examination of the catch to spring RV biomass ratio (Fig, 39), which
is assumed to reflect the exploitation rate on the stock, shows some interesting patterns. During the two periods of highest
catches from this stock (early 1970's and mid 1980's), the catch/biomass ratio was above 0.25. [n the years between these
periods, when the catches were stable at a lower level, the catch/biomass ratio was usually below 0.12, and the stock
biomass was at its highest levels. A similar index based on the juvenile surveys (Fig. 40) showed that, during the same
period, catch/biomass ratio remained stable as biomass increased up to 1993. A decline in the 1994 ratio was difficult
to interpret due to the uncertainty about the high 1994 biomass estimate. Caution is stressed here about inclusion of
Juvenile age classes in the calculation of the catch/biomass ratios to reflect what is really happening in this stock, since
the size composition of the commercial catch has changed several times over the history of the fishery

Summg;x

Surveys prior to 1994 suggested that the 1987 and 1988 year-classes were average at best and well below
estimates in the early 1970's and mid-1980's. In 1993, the juvenile survey also indicate that the 1989 to 1992 year-classes
may be average to well below average. Because of the year effect in the 1994 juvenile survey, it is difficult to say anything
about recruitment in this survey. The biomass estimates in 1994 (spring and fall) and 1995(spring), although slightly
higher, are similar to recent average biomass in recent years. The juvenile survey showed a large increase in stock size in
1994, however, it should be treated with caution since this is probably an anomalously high estimate.

It is important to note that stock size is well below that observed for most of the 1970's and early to mid 1980's,
and that recent stability at this level should not be viewed as a sign that recent catch levels and exploitation patterns have
been appropriate. There are also concems that the stock distribution has contracted to a relatively small area west of the
Southeast Shoal and the high catch rates may play havoc with assessment of this species.. It is also difficult to ignore the
fact that many groundfish fisherics on the Grand Bank have either collapsed or been reduced to very low levels, which
leads to the question as whether yellowtail can maintain stability at its current low level.
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Divi

e 1. Nominal catches by country and TACe (tons) of yellowtail in NAFO
sions 3LNO. .

South

Year Canada France USSR Korea? Other® - Total TAC
1960 7 - - - - 7

1961 100 - - - - 100

1962 67 - - - - 67

1963 138 - . 380 - - 518

1564 1286 - 21 C- - 147

1965 3,075 - 55 . - - 3,130

1966 4,185 - 2,834 - 7 7,026

1967 2,122 - 6,736 - 20 8,878

1968 4,180 14 9,146 - . - 13,340

1969 10,494 1 5,207 - 6 15,708

1970 22,814 17 3,426 - leg 26,426

1971 24,206 49 13,087 - - 37,342

1572 26,939 358 11,929 - 33 39,259

1973 28,492 368 3,545 - 410 32,815 50,000
1974 17,053 60 6,952 - 248 24,313 40,000
1978 18,458 15 4,076 - 345 22,894 35,000
1976 7,910 31 57 - 59 8,057 9,000
1977 11,295 245 97 - 1 11,638 12,000
1978 15,051 375 - - - 15,466 15,000
1979 18,116 202 - - 33 18,351 la,000
1980 - 12,011 366 - - - 12,377 18,000
1981l 14,122 558 - - - 14,680 21,000
1982 11,479 110 - 1,073 657 13,319 23,000
1983 9,085 165 - 1,223 - 10,473 19,000
1984 12,437 89 - 2,373 1,836% 16,735 17,000
1985 13,440 - - 4,278 11,245"% 28,963 15,000
15886 14,168 77 - 2,049 13,882°% 30,176 15,000
1987 13,420 51 - 125 2,718 16,314 15, 000
1988 10,607 - - 1,383 4,166"° 16,158 15,000
1989 5,009 139 - 3,508 1,581 10,207 5,000
1930 4,966 - - 5,903 3,117 132,986 5,000
1991 6,589 - - 4,156 5,458 16,203 7,000
1992¢ 6,809 - - 3,825 123 . 10,757 7,000
1993¢.4d 6,697 - - - 6,868 13,565 7,060
1994 - - - - - - 7,000
1935 - . - o= - - ' - 0

‘See text for explanation of South Korean catches.

*In¢ludes catches estimated from surveillance reports in scme years. See Table 2.
Provisional .

isee text for details of 1993 catches.

*No directed fishery permitted.
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Table 2 .

Mean numbers and weight (kg) of yellowtail per tow, by stratum from r.v. juvenile surveys in Division 3L. Numbers in parentheses are the
number of successful 30-minute tows in each stratum. The stratified mean number and weight per tow (kg/30 min.), abundance {millions), and biomass

Table @

Div, 3LNO from 1990 o 1994,

- 15 -

Biomass estimates (*000 t) of yellowtail, by stratum, from fall R.V. surveys in

1990 1991 1992 1993 1994
Div. 3L, (Total) 1.3 0.6 0.6 0.7 0.0
Div, 3N
360 20 43 5.3 14.0 6.6
361 6.4 11.1 15.6 19.3 26.7
362 4.4 4.1 0.6 0.2 0.6
375 1.7 3.3 - 5.4 21.0
376 12.5 4.5 4.1 15.7 52
QOther 0.1 0.4 0.0 0.0 0.3
Total 28.1 271.7 25.7 54.6 60.5
Div _
329-332 0.4 0.6 0.3 1.2 0.0
© 337-340 1.0 4.0 0.2 0.9 0.1
351 3.5 1.4 0.1 3.2 0.5
352 4.6 13.3 10.9 5.5 5.7
353 1.6 0.0 0.0 0.4 0.0
Other - - - - 0.2
Total 11.2 19.3 11.6 11.2 6.3
Div. 3LN@ Total 40.6 47.6 37.9 66.5 66.8

{t x 10%) are shown at the bottom of the table.

Year

Depth {m) Stratum Category 1985 1586 1987 1988 1989 1990 1991 1992 1993 1994

93-183 328+ Av.No./fset - - - - 0.00(3) - 0.00(5) 0.00(3) 0.00(3) 0.00(3)
Av.wt./set

93-183 341 Av.No./set - - - - 0.00(4) 0.00(5) 0.00(4) 0.0K5) 0.00(5) 0.00(4)
Avowt. fset

93-183 342 Av No./set - - - 0.00(2) - - 0.00(2) 0.00(2) 0.00(2)
Av.owt, /set

53-183 343 Av.No.Iselr - - - 0.00(2} - 0.00(2) 0.00(2) 0.00(2) 0.00{2)
Av.owl. fsel

187-274 344 Av.No./set - - - - 0.00(2) 0.00(3) 0.00(4)
Av.wi./set

187-274 347 Av.No./set - - - - - - - 0.00(2) 0.00(3}) 0.00(3)
Av.owel, fset

93-183 348 Av_No./set - - - 0.00(7) 0.00(4) 0.00(7) 0.00(12) 0.00(11) 0.00(7)
Av.wt, /set

93-183 349 Av._No./set - - - 0.00(5) 0.00(7) 0.00(7) 0.00(8) 0.00(7) 0.00(5)
Av.owt. fset

5791 350 Av.No./set 58.00(5)  7.83(6) 37.97(5) 0.88(8) 0.00(4) 1318 0.50(6) 0.43(1 0.54(4)
Av.wt./set 25.50 3.58 370 0.49 0.58 0.24 0.20 0.23

57-91 363 Av.No./set 53.80(5) 4B.89(5) 42.47(6)13.71(7) 7.25(4) 15.99(4) 13.60(5) 17.40(5) 14.90(4)
Av.wi./set 21.00 2.1 19.65 7.54 3.39 8,06 6.67 8.84 7.15




™~
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Table 9 . {Cont’d).
Year
Depth {(m} Stratum Calegory 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994
93-183 364 Av.No./set - - - - 0.00(11) 0.00(5) 0.00(6) 0.0017)y 0.13(16) 0.20(11)
' Av.wt./set ‘ T 003 0.06
93-183 365 Av.No./set - - - - 0.00(4) 0.00(3) 0.00(4) 0.00(6) 0.00(6) 0.00(4)
Av.wt./set
184-274 366 Av.No./set - - . - . . . 0.00(3)  0.00(2) 0.00(3)
Av.wt./set
184-274 369  Av.No./set - - - - - - - 0.00(3) 0.00(3) 0.00(3)
Av.wi./set
93-183 370 Av.No.fset - - - - 0.00(6) 0.00(3) 24.98(3) 0.00(8) 0.00(7) 0.00(5)
Av.wi./set . ' 0,48
5791 371  Av.No./set 2.25(4) - - 1.20(5) 6.50(4) 4,003y - 1.08(3) 0.33(3) 1.44(3}
Av.wt./set 1.88 070 370 1.95 0.65 0.08 0.71
5791 372 Av.No./set 93.06(9) 101.00(8) - 64.83(8)41.00(8) 78.75(4) 58.21(4) 34.67(6) 5.60(10) 7.37(5)
Avowt.fset  -39.49 48.13 3431 20.21 40.21 © 21.57 9.25 2,72 3.80
57-91 384 Av.No./set 35.25(4y - - 1.00(5) 0.25(4) O.Sﬁ(i) 0.00(3) 0.00(4) 0.75(4) 0.00(4)
Av.wt./set 22.88 0.18 0.43 0.47 ; 0.45
93-183 385  Av.No.fset - - - - 0.00(5) 0.00(4) 0.00(6) 0.00(13) 0.00(12)  0.00(6)
Av.wt. /et
187-274 386 Av.No./set - - - - - - - 0.00(3) 0.00(3) 0.00(3)
Av.wt. fsel
Table 9 . (Cont'd).
Year
Depth (m)  Stratum Category . 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994
185-274 389  Av.No./fset - - - - - - - 0.00(3) 0.00(3) 0.00(3)
Av.wt. fsel '
93-183 390  Av.No.fset - - - - 0.00(4) 0.00(3) 0.00(4) 0.00(4) 0.00(4) 0.00(3)
Av.owt_fset
185-274 391 Av.No./set - - - - - - - 0.00(2) 0.00(2) 0.00(2)
Av.wl, fset
Mean No./set (# sets) §7.16(27) 55.73(19)  (0) 29.53(29) 5.18(84) 9.06(51) 7.64(67) l3.39(122) 1.43(123) 1.46(53)
Abumtunce (Nos x 10%) 42,0 N 260 14.3 ] 19.7 119 5.02 5.0
Mean wt./set 25.15 26.35 14.98 2.63 4.61 3.44 1.09 0.7 0.71

Biomass ("0001) 229 17.7 13.6 7.3 1.4 8.9 3.8 2.5 2.5
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Table 13 . Average numbers per tow at age of yellowtail from selected strata in juvenile survéys of NAFO Division 3NO (strata
352, 360, 361, 375, and 376) 1986-94,

Age 1986 1987 1988 1989 1990 1991 1992 1993 1994
1 21.48 - 30.48 5.67 3.68 4.33 0.30 2.66 151 17.78
2 16.95 113.11 15.01 17.88 42.22 30.80 4,77 28.57 83.98
3 27.29 88.50 40.07 40.20 76.71 184.53 61.94 35.44 141.25
4 10.05 80.17 27.81 125.86 96.74 75.49 67.50 7288 117.97
5 18.99 20.09 17.27 62.01 139.22 107.27 63.95 54.45 107.40
6 41.41 - 15.05 18.19 43.82 54.33 90.41 70.65 82.93 174.80
7 33.87 37.65 31.45 58.22 38.43 53.05 59.63 79.21 146.99
8 41,66 46.10 17.47 24.57 22.25 3513 30.24 42.37 90.55
9 8.07 4.40 2.37 2.87 2.7 9.12 5.73 9.11 6.30

10 0.62 0.12 0.02 °  0.09 0.15 0.00 000  0.00 0.00
11 0.08 0.00 0.00 0.01 . 0.04 0.00 0.00 0.00 0.00

Av. no./tow 240.47 _ 439.67 175.33 319.21 471,12 586.70  367.27  448.97 893.02

*Incomplete survey, stratum 352 not surveyed.

Table 14 . Abundance (Nos x 10°) at age of yellowtail from selected strata in Div. 3NO
estimated from juvenile surveys (strata 352, 360, 361, 375, and 376) from 1986-94.

Age 1986 1987 1988 1989 1990 1991 1992 1993 1994
1 240  25.7 6.3 4.1 4.8 0.3 2.9 39 199
2 189  95.4 16.8 2000 472 34.4 5.3 319 10056
3 30.5 747 44.3 449 858  206.3 69.2  39.6 157.9
4 1.2 67.6 31.1  140.7 101.4 84.4 75.5 81.5 1319
5 212 170 19.3 69.3 155.6 119.9 71.5 105.6 120.1
6 46.3  16.1 20.3 49.0 607 101.1 78.9 927 195.4
7 60.3  31.8 35.2 65.1  43.0 59.3 66.7 88.6 164.3
8 46.6  38.9 19.5 275 249 39.9 . 33.8 47.3 101.2
9 S 9.0 3.7 2.7 3.2 3.0 10.2 64 10.1 7.0
10 0.7 0 0 -0 0.2 0 0 ] 0

Total 1+ 268.7 370.9 196.0 423.8 5266 655.8 4106 5019 9983
5+ 184.1 107.5 97.1 214.1 2874 3304 2573 3443 583.0
7+ 1165 744 57.4 95.9 711 109.4 i06.9' 1460 272.5°

1to 4 84.6 263.4 93.0 209.7 239.2 3254 1529 1569 4103

‘Incomplete survey; stratum 352 not surveyed.
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Table 5. Percent abundance of the 1985-93 year-classes in the various selected strata from the
1994 juvenile survey.

lec - ntage
o Mean  Abundance ,

" Year-class™ Age len.(em)  millions 352  360° - 361 375 376°
1993 1 6.7 19.9 3 32 11 5 50
1992 2 10.5 100.6 3 19 9 7 61
1991 3 16.6 157.9 7 13 13 i5 52
1990 4 221 131.9 4 9 10 27 50
1989 5 271 120.1 14 8 19 14 45
1988 6 322 1954 16 9 27 17 31
1987 7 374 164.3 23 6 36 15 .20
1986 8 433 101.2 19 6 43 15 17
1985 9 4

498 .10 9 36 27 16

%93% outside 200-mile limit.

*8$9% outside 200-mile limit.

60

- Canada + Total # TAC

Year

Fig. 1. Catches and TAC's of yellowtail in Div. 3LNO.
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Fig. 5 Abundance estimates of yellowtail (with approx. 95% C.1.)
from Canadian spring surveys in Div.3N..
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Fig. 7 . Abundance estimates of yellowtail (with approx. 85% C.1.)
from Canadian spring surveys in Div.30.
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Fig 11 Abundance estimates of yeliowtail (with 952 C1.) from Canadian
fall surveys in Div. 3L, 3N & 30.
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Fig 12 Trends in biomass of yellowtail from the Canadian juvenile groundfish
surveys of the Grand Bank (Selected strata are 352 in Div. 30; 360, 361,
375 &376 in Div. 3N) No survey in Div. 3L and 30 in 1987.
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Fig.13 Abundance estimates of yellowtail (with 95% C.I.) from the Canadian
fal} juvenile groundfish surveys in NAFO Div. 3L, 1986-94. Note: no
survey in 1987.
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Fig. 15 Abundance estimates of yellowtail (with 95% C.1.) from the Canadian
fall juvenile groundfish surveys of Div. NAFO 30, 1986-94.
_ 1600+ Juvenile Groundfish Surveys -
@ 1400 — Yellowtail, Div. 3NO
o
= 1200
=
=2 1000 -
w '
g
s = NS
S 400 A l
2 A
< 200 ~
T L \ T T \ T i T
1986 1987 1988 1988 1990 1991 1992 1993 1894
' YEAR

Fig lGAbgndancz estimates of yellowtail (with 959 C.1.) from the Canadian
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