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Introduction

Priar to the 1960s the Div. 2J3KL cod stock supported fisheries catching from 200 000 to 300 000 tons
annually. During the 1960s good recruitment along with high exploitation rales saw catches averaging about 580 000
tons (Table 1; Fig.1). However, the stock was in a period of decline from the 1960s until the mid-1970s. Reduced
exploitation and some improved recruitment after that tims allowed the stock le increase until the mid-1280s, although
it has subsequently declined. Research survay data would suggest that the decline occurred earlier in the north (Div.
2J) and has been substantial each year since about 1990, The 1994 assessment of the stock was unable to determine
the absolute stock level but considered that it was at an all time low.

In an effort 1o provide further understanding of the population dynamics and biclogy of this ced stock,
information available since that time, as well further analysis on previously existing data, are summarized in the
Sections that follow. This summary represents a synihesis by the authors of the content and subseguent discussion
of papars presented at an April 1995 Newfeundland Regional Groundfish Stock Assessment meeting at which time
the status of the Div. 2J3KL cod stock was reviewed.

Physical Environment

Since the relatively warm peried from the early-1950s to late-1960s the cceanic conditions in the
Newfoundland region have been characterized by three cold periods; early-1870s, mid-1980s and the early-1990s.
During 1991 the total heat content of the water column was the lowest ever recorded on the Newfoundland. shelf.
These cald episodes resulted from the large scale winter atmospheric circulation over the Northwest Atlantic which
brought cold Arctic air further south than normal resulting in increased ice cover and a colder and fresher water mass
on the Newfoundland shelf.

During 1994 the annual air temperatures had increased in comparison to recent years. However, seasonally,
the winter lemperatures were below normal causing ice to form early, be of greater areal extent and iast longer than
normal off northern Newfoundland and southern Labrador although ice conditions off southern Newfoundiand at the
beginning of April were less than recent years (Colbourne, 1995). As a result ccean temperatures on the
Newfoundiand shelf measured at Station 27 were below normal during the winter over all depths but by July they had
warmed to 2.0°C abova normal in the upper water column and increased to near norma! in the bottom layers by late-
autumn. The summer area of the CIL along the Bonavista transect has returned to near normal but remained above
normal across Hamilton Bank and the Grand Bank. The July-August upper layer (0-50 m) was fresher than normal in
1994,

Ocean conditions in 1994 were closer 1o the long term average than in recent years. This may be beneficial
for biotic facters such as growth rates.

Stock Structure

Cod in Div. 2J3KL are considered as a stock complex in which the exisience of substocks or stock
components has long been suspecied. Most attempts te distinguish individual components have been complicated
because of extensive annual migrations undertaken within the stock, particularly the inshore-offshore migration.

Recent research with micro-sateftite DNA and antifreeze protein levels indicate that cod overwintering in &
sound in Trinity Bay are genetically distinguishable from cod overwintering offshore along the shelf-break of the Grand
Bank {Ruzzante et al, 1895). This differance cecurs even though cod from the twe areas intermingle during most of
summer and fall as a result of the inshore feeding migration by offshore individuals. This observation is consistent with
previous work by Templeman (1979} and general observations by fishermen as to seasonal differences in
characteristics of their catches.

Similar analyses to determine differences between offshore companents throughcut their range have not been
conclusive. There were differances in interpretation of results with the methodology used in the analysis as well as
between the years being cempared. Some of the problems encounterad may have been related to timing of sampling
or to movements of cod within the area. The identification of sulbstocks or stock componants would be important for
tha future management of this stock. The fishery should be managed o prevent any over exploitation of a stock
compenent. O
Spatlal Patterns of abundance and distribution
Temporal Changes

A maore southerly distribution of cod, three years of age and older has been reparted previously (Bishop et
ai., 1993; Hutchings and Myers, 1994; Lilly, 1994, Rose et ai., 1994; Taggart et ai., 1994}. This reportedly bagan in
1989 {deYoung and Rose, 1993). Differont reasons for the southward shift in distribution have been hypothesized: 1)




itis a direct result of colder ocean climate conditions; 2) it is a direct result of changes in the more southerly
distribution of capelin; 3) the changing pattern in distribution is not a ‘shift’ but & result of high fishing mortatity in the
northern areas; 4} it is a combination of fishing mortality and ocean climate factors.

Recent work examining fishing martality based on tagging data for the period 1654-1991% concluded that
fishing mortality was higher in Div. 3K than in Div. 3L (Myers et al.,, 1395b). There was no comparable tagging data
in Div. 2J in the late-1980s and early-1990s with which to make a similar comparison. Higher fishing mortality in more
northerly areas is consistent with the three hypotheses stated above. The lack of comparable data from Div. 2J and
the observation that cod straddled the Div. 3K/3L border during the late-1980s limit the interpretation of these results,

Acoustic data collected within the *Bonavista Corridor’, which straddles the boundary of Div. 3K and 3L, from
1963-1994 demonstrated an increase in density within the study area during 1890-92, compared to 1983-89 and 1983
(Fig. 2). These results are consistent with the hypothesis that there was an increase in lecal density during 1990-92,
in association with the decline of cod abundance in the north (Div. 2J3K). The decline in local density in 1993 was
hypathesized to resuit from a further southward shift in distribution of cod 1o the north cape of the Grand Bank, outside
Canada's 200-mile limit. Density continued to decling within the study area in 1994 .

Mean catch at two traps sites indicated a trend of decreasing catch rate in Div. 3K compared 1o Div. 3L from
1992-94, consistent with a sottherly shift in the juvenile population, as observed for adults (Table 2). For 1992 and
1993 there was a dacrease in the proportion of young Juvenite cod (ages 1 and 2) compared te clder juveniles (ages
3 and 4) from south to nerth in trap catches (Fig. 3). ’ :

Changing Distributions in 1994

An acoustic survey in June 1994 ohserved cod within four areas, ranging from the nerth cape of the Grand

Bank in the south 1o Hawke Channel in the north (Fig. 4). This was the first year that some of these areas were

surveyed, such as Hawke Channel, whereas other areas, such as the north cape of the Grand Bank, were surveyed
previously. Also it should be noted that many areas within the Div. 2J3KL area were nol covered by this survey,
Estimates of cod densities were highest on the north cape of the Grand Bank and in Hawke Channel and lower in the
Notre Dame Channel and St. Anthany Basin areas. Cod densities were very low compared to previous cbservations
made during spring acoustic sampling. Atthough analyses have not been completed there appear 1o be differences
in age structure between regions, where cod were significantly older in the north {Hawke Channel), comprising both
juveniles and adults (mean age >4 years). In the southern regions cod averaged <4 years age. Cod were in lowest
cendition (K} in the southern mast region the north cape of the Grand Bank. Adults sampled in the Hawke Channel
regicn were largely spent, indicating that spawning oceurred prior to June.

Pelagic juvenile cod were found extensively over the NE Newfoundland Shelf during late-August,
demonstrating that successful spawning of cod occurred in spring off southern Labrador in 1994 (Anderson and
Dalley, 1995b). This observation agrees with the June acoustic survey which onty found aduit cod anly in the north
{Hawke Channel}. Comparisens to previous surveys are restricted by the fact the 1994 survey was the first time
coverage was extended to the north. Comparing similarly surveyed areas offshore in 1994 1o 1993 indicates there were
more pelaglic offshore juvenile cod in 1994. Pelagic juvenile cod were distributed throughout the surveyed inshora
areas during 1994, consistent with previous surveys.

Juvenlie Cod

Juvenile cod surveys conducted between 1992-94 demonstrated that cod, ages 0-3 years, occurred
throughout the inshore areas along the east ceast of Newfoundland (Schneider et al,, 1995; Dalley and Andersen,
1995; Andersen and Dalley, 1995k0).

Pelagic and demersal juvenile ced surveys demonstrated strong cross-shelf gradients in abungance, whare
the inshore areas typically have the highest concentrations (Dalley and Anderson, 1935; Anderson and Dalley, 1995b).
With the exception of 1994, the spatial distribution of palagic juvenite cod was largely confined to the inshore areas.
This distribution was confirmad by demersal sampling conducted in the same yaar after the cod had settled. In the
1894 pelagic juvenite survey cod were sampled abundantly offshore (Anderson and Dailey, 1895b). Demersal
sampling in the ate-falt of 1994 did not sample 0-group cod on the bottom ofishore (Dalley and Anderson, 1995). It
was not possible to ascertain if the pelagic juvenile cod sampled offshore in 1994 migrated inshore or remained
undetected offshore during their first winter of life.

Beach seine sampling has demonstrated the abundant occurrence of C-group and 1-group cod below the
inter-tidal range to depths of 5-7 m (Schneider et al,, 1995}, A nearshore trawling experiment carried out in Novembesr
1993 demonstraled that 0-group and 1-group cod were abundant out to depths of 40 m, approximately 2-3 km from
shore {Anderson and Dalley, 1995a). Clder cod {ages 2 and 3) were less abundant at depths <40 m and mora
abundant at greater dopths.

Changes In Maturity, Walght, Age Composition and Condition

Observations from autumn and spring surveys indicate that both males and females have shown an
increasing propottion mature at younger age and smaller size since 1980-81 with the Jan. 1, 1995 estimates being
the highest in the time series {Morgan and Sheltan, 1895}. The trends observed were avident in all Divisicns {Fig. 5).

Micro-otelith age determination of pelagic juvenile cod demenstrated that cod larvae hatehed primarily in Juns
1994, with an extrapolated spawning period which would have cccurred during May, and possibly late-April. There
was no evidence of spawning after this time in 1994. This observation contrasts with samples from 1992 and 1993
which demanstrated that successful spawning occurred primarily during June and July.

Condition factors as measured by body weight relative to length fluctuated without apparent trend from 1977
until 1989 after which they declined through 1982 in Div. 2J and to a lesser extert in Div. 3K. There was no apparant
decline in Div. 3L (Bishop st af., 1995). This pattern was supported by estimates of the overall leve! of feeding of cod
during the same time pariod, particularly for Div. 2J (Lilly, 1995b). However, tha dectining trend in condition appears
reversed in 1993 and 1994. This was not reflected in feeding success data for the same period.

Changes in growth rate and proportion mature at age are important in the determination of the amount of
recruitment necessary for spawner biomass replacement i.e. for year-classes to produce sufficient spawnar biomass




to equal that of their parents. Using the most recent assessment results, obtained using the ADAPT framework, it was
concluded that the decrease in recruitment and growih over the 1980s played a majer role in the stock decline
{Shelton, 1995). - :

The growth rate of Attantic coed populations is strongly related to age at'maturity and this is influenced by
temperature (Myers et al,, 19985a),

During the food and subsistence fishary in Div. 2J3KL in 1994 it was generally observed by fishermen that
cod were of average condition. There were some reports of thin' fish observed in some areas during the similar 1593
fishery {Kulka et al, 1995) but the extent of these abservations are unknown.

Autumn survey average lengths and weights at age for the dominant age groups (4-7) declined for most
years from the late-1970s to early-1980s until 1992 with decfinas most pronounced in Div. 2J. The 1983 and 1994
values have shown general increases {Bishop ot al, 1995). Cod older than age 7 wara virtually absant in the autumn
surveys of 1993 and 1994 (Tables 3-6).

The Fishery in 1084

The foed fishery was generally cansidered a 'failure’ i.e. catch rates were low and cod generally small {Kulka
et &l, 1995). The catch totalled 1 308 tons and was taken mainly in Div. 3L (367 tons} and Div. 3K {932 tons).

Catch beyond the 200-mile limit in 1994 was estimated by the surveillance Branch of DFO to be about 50
tons.

Fishing Mortallty

The history of exploitation of Div. 2J3KL cod since 1554 as estimated from tag return data from 122 tagging
experiments was presented (Myers of al, 19950}, Very high rates of exploitation in the late-1980s and early-1990s
were estimated. This would be consistent with the hypothesis that thase populations collapsed because of overfishing.
The fishing mertality in the early- and mid-1980s was generally higher than that estimated from the VPA. The fishing
martalities astimated in the late-1680s to 1991 were very high, above 1, and similar to those estimated from VPA. The
fishing mertalities were high even if the assumed natural mortality was 0.5 for the period.

A separata analysis of inshore compenants of the Div. 2J3KL stock complex using tagging data (Myers and
Barrowman, 1985} indicated that the {ishing mortality has been very high on the inshore companents of the cod stocks
since 1948, when the estimated fishing mortality was greater than 0.5. These results are consistent with the hypothesis
that inshore stocks have been virtually eliminated by overfishing. There is a need to define inshore stocks and to
institute conservalion measures specific to inshore populations.

Estimates of the recorded by-caich of the cod in the shrimp fishery appeared to ba small (Kulka, 1995). The
Nerdmore grate was mandatory in 1894 in some areas which reduced the by-catch.

An analysis of the ratio of the catch to estimatad bicmass from the research survey indicated; 1) that the
fishing mortality from the very limited food fishery and ofishore foreign calch is significant, and 2) the high fishing
mortality estimated by other methods were not obsarved (Fig. 6). This analysis suggests that efforts should continue
toward reducing fishing morality until the stock recovers.

Pradator-prey and Competlitlon Interactions

Cod are ealen by a variety of predators, including seabirds, squid and varicus fish, including cod itsalf
(cannibalism), but the non-human predater of greatest concern in recent years is the harp seal. The harp seal
populaticn has been increasing and is now estimated 1o number about 4.8 millien (Stenson ef af. 1995). Although cod
is a minor component (3% of the harp seal diet. It is estimated that harp seals consumed hetwean 46 000 to 140 000
tons annually in Div. 2J3KL. Most of these cod are juveniles of ages 1 and 2. The impact of this remaval on the
dynamics of the cod stock has not been assessed.

Harp seals ted primarily on capetlin priof te the mid-1580s, but since that time have preyed mainly on Arctic
cod (Stenson and Lawsen, 1995). Such changes could be related 1o changes in abundance or distribution cf either
prey. The biomass of Arctic cod, estimated from autumn bottom-trawl surveys, was relatively low until 1884, but has
been generally higher and more variable since 1985 (Lilly, 1995). The abundance of capelin has been difficull 10
determine in the 1990s because of the divergence between estimates from acoustic surveys, which declined
substantially after 1989, and various inshore indices, which did not reflect such a decline (Carscadden, 1995).
Howaever, thera was no decline in capelin biomass in the mid-1980s which might account for the change in seal diet.
Both ¢capelin and Arctic cod on the Northeast Newfoundland Shelf experienced an eastward shift in the 1980s, with
the change being more pronouncad in capelin (Lilly, 1995). It is not knawn if sueh changes influenced the feeding
ol geals. fn 1994 harp seals consurnad an estimated 73% 000 to 1.7 million tons of Arclic cod and 288 000 te 1.0
million tons of capelin (Stensoh ef af., 1995).

The biological intaractions ameng capelin, Arctic cod, cod and seals may be complex. Capelin is consumed
by the other three species. Arctic cod is consumed by seals and eod. Cod is consumed by seals and by larger
congeners. In addition, capelin, Arctic cod and juvenile cod have similar food requiraments, sc there is potential for
compatition among them.

Feading

The temporal pattern of change in stomach contents of cod has varied by Divisien (Fig. 7), {Lilly, 1995). In
Div. 24, the average guantily of capelin in stomachs was nil or low during 1991-1994, reflecting the absence or low
abundance of capalin in Div. 2J as determined during accustic surveys. The condition (somatic and liver indices) of
the few cod remaining in Div. 2 also declined in 1991 and 1992, but the somaiic condition index recovered in 1993
and 1994. Tha liver index was not yet available for 1993 and 1994

In Div. 3K, the average gquantity of capelin and other food in stomachs was refatively high in 1993, but the
quantity of capelin declined in 1994. There was no corresponding decline in somatic condition. In Div, 3L, neither
stomach contents nor somatic candition declined in 1993 and 1994,



Changes In Co-occurring Groundfish Species o

Witeh fleunder biomass estimates from Div. 2J3KL have declined from 45 000 tons in 1983-84 o an all tima
low of 900 tons in 1994 (Bowering, 199%). American plaice biomass from Div. 2-3K has also declined over the same
temporal pericd from approx. 120 0CC tons in 1962-83 to b 000 tons in 1994, as well, the lowest in the time series
(Brodie et &/, 1995). The depth distribution of witch and plaice has changed from the 1980s to the 18805 with the
proportion of the biomass increasing since 1989 in deeper water. The age composition of American plaice has
narrowed from a maximum age in fall surveys of 16 in 1989 to a maximum age of 12 in 1993. Age compositions waré
not available for witch for the past two years bul previous analysis have shown a decline in maximum age from 26
in the mid-1870s, to 17 in 1981, and further to 14 from 1986-92.

The declining biomass trends in these two species in NAFQ Div. 2J3K cannct be explained by the removals
of the commercial fishery, The ratic of annual catch/RV biomass, a proxy for exploitation rate, never exceeded 9% for
American plaice. The situation is not as clear for witch because of uncertainties with survey coverage of the stock area
and a fishery concentrating on pre-spawning aggregations.

There are similarities in the abundance and distribution pattarns of cod, American plaice, and witch. All have
shown declining trends cver the same time period and a tendency to be found in desper water, Unlike cod, there is
no evidence for & change to a more southerly distributicn for plaice.

Recruliment Trends

Recruitment 1o fishable sizes (ca age 3) was compared using research surveys and reconstruction of recruitment
for cateh data {VPAs). |n 6 different stocks from 1980 onward the VPA based trend in recruitment declined, while the
research vessel astimates did nct decline {Myers et af, 1995a). This can result from increased discarding and
high-grading, such that juvenile fish are under-estimated by VPA reconstruction. in each of the 6 stocks, high juvenile
mortality was associated with high adult mortality, consistent with the hypothesis of discarding. Based on VPA
reconstruction calibrated against research surveys (ADAPT) recruitment fell below replacement levels in the early-
1980s (Sheiton, 1995). The recruitment required 1o replace spawner stock rose during this period dua to increased
fishing mortality and declining weights-at-age. .

Abundance estimates from the fall survey declined for fish at ages 2, 3 and 4 in 1994, compared to 1983 and 1992
in Div, 2J3KL (Bishop et a/., 1995). This points to a continuing decline in recruitment to fishable size classes due to
weak year-classes in 1990-1892. \

Pre-recruit juveniles have been measured at the pelagic stage from 1991-1994 (Anderson and Dalley, 1995h), at
age O+ to 2+ in the coastal zone {depth = 0-10 m) from 1953-1964 and 1992-1994 (Schneider at al., 1995), and at
ages 0+ t0 3+ from the shelt break shoreward 1o depths of ca 40 m (Dalley and Anderson, 1995).

A number of different indices of trands in year-class strength now exist: pelagic density and distributicn
{Anderson and Dalley, 1995b), beach seine surveys of demarsal fish in shallow water {Schreider ef af, 1995),
Campelen trawl surveys in deeper water (Dalley and Anderson, 1935).

The 1994 year-class appears to be stronger than the 1983 and 1992 year-classes, based on several different
indices at age 0+ (Table 7). The 1993 also appears to be stronger than the 1992 year-class, based onindices at age
0+ and at age 1+ (Table 8). In most instances the 1991 year-class ranked lowest in abundance. It will be at least 3
yoars until it is known whaether this trend is reflacted in the RV survey. The beach seine survey can ba used to reliably
rack relativa cohort strength (Schneider et al., 1995), with precisicn similar to that of the fall research survey. The
precision of the other indices needs to be evaluated.

Blomass trends

Autumn research vessel survey estimates of biomass and abundance in Div. 2J3KL have shown savere
declines in recent years and the 1984 point estimate is the lowesl in the series (Bishop et al.,, 18995). No aggregaticns
of fish were found,

Estimates from spring research vessel surveys in Div. 3L have also declined substantially in recent years
with the 1993 and 1994 being at similar but low levels (Bishop et af, 1985).

Anecdotal information from the food fishery in Septamber of 1994 indicated thal there were no areas with
reports of “good” catch rates comparable to that experienced in the years prior to 1992 (Kulka et af, 1995)

The June 1894 accustic survey bad no large catches comparabie {o those ob’(a}ned during 1930-1993
survays. No high density aggregations of adults were tocated as had been the cass in previous years.

Given the levels cof precision in spring and autumn surveys it is not possible to canclude that the change in
hiomass and abundance from 1993 tc 1994 was significant. Howaever, al} indices indicate that this stock is still at an
axtromely [ow level,

Summary

The Div. 2J3K1. cod stock remains at a very low lave!, probably in the order of 1% of that in the early-1980s.
The stock consists mainly of young fish with virtually none older than age 7. The stock reduction since the moratorium
nas oeourred athough catches have peen mueh reduced. The majority of the calch since the moratorium have come
from inshare areas where it has been shown that separate stock components are likely to exist, mainly in the deep
water bays.

Tha reasons for the drastic declinag in this stock ramain unresolved. Hypotheses suggest a variety of potential
causes, such as, adverse environmental conditions, underestimation of fishing mortality, and increased predation.
Although water temperatures were anomalousty low during the early-1990s, there are indications of a return to more
normal conditions. Analysis of tagging concluded, as did previcus results from VPA analysis, that fishing mortality in
tha late-1980s and early-1990s was high, assuming a constant rate of natural martality. Since the moratorium, fishing
mortality would have been reduced in the cffshore areas as catches were very smalt. By-catch mortality of cod in the

" northern shrimp fishery declined from 1992-84 with the introduction of the Nordmore grate. Harp seal numbers have
.increasaed substantially since the early-1980e and thair censumption of cod as well as other fish species has
increased.

Since 1990-21 cod have shown an increasing proportion mature at younger ages with the propartion for 1994
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being the highest in the time series. This may be a response to pepulation declines. Estimates of the abundance of
pre-recruits (ages 0-2) have been obtained in recent years usmg a varle[‘y ofmdlces The abundance in 1994 at age
G was greater than in 1992 and 1993.
Prognosls
All the indices available indicate that this steck is at an extremely low lével. The reasons for the drastic

decline in recent years remain unresolved. Stock reduction since the meraterium has oceurred although catches have
. been much reduced. Projections of recovery time are not possible until thers is evidence of the presence and survival

- of a substantial year-class. The increasing trend in pre-recruit indices is encouragmg but it is premature to base any
predictions on their strengths.
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Table' 2 Annual Mean Catch rates From Japanese Pelagic Traps in NAFO Divisions 3K and 3L.

'Herring Neck Holyrood

<3

- 3K 3L
1992 5.72 471
1993 5.24 , 6.67
1994 1.39 12.99
Table 3. MEAN NUMBERS PER TOW OF COD AT
AGE FROM Ap'l‘UMN RV. SURVEYS IN DIVISION 2J.
| 1979 1980 1981 1982 1983 1984 198% 1986 1987 1984 1969 1990 L99% 1992 1993 1994
e e e e e L e L T e e e e e me s
1 0.00 0.36 0.00 1.06 1.99 ©0.52 0.06 0.03 0.08 0.75 0.24 .12 © 0.01 0.00 0.00 0.0
2! 0.31 1.54 4.16 3,09 14,10 5.30 1.51 2.28  0.41 2,855 12.8% 1.39 1.29 0.06 0,33 0.10
3 1.37 1.32 3.06 18.26 -16.83 16.75 9.06 8.49 1.93 2.3 8.09 8.64 3.35 0.BS 0,18 0.19
4| 11.46 4.48 2.29 6.42 25.9% 16.55 22.07 31.24 4.43 4.62 5.87 4.06 16.09 0.47 0.33 0.11
S | 16.81 20.37 4.22 4.47 16.46 26.70 13.65 70.31 24.93 7.74 5.6% 2.14 S.48 1.07 0.11 0.07
61 16.19 20.80 17.01  4.28 8.85 10.19 16.54 41.2% 25.16 - 25.28 7.85 1.50 0.99 0,14 0,131 0.01
71 2.31 12,38 15.23 13.24 4.54 2,46 7.32 21.61 7.37 29.34 13.26 1.07 0.56 0.01 0.01 0.03
8 0.73 1.79 .63 11.65 12.34 1.5 1.,26: B8.71 5,29 5,49 9.01 1,96 0.35 0.00 Q.00 0.00
9 | 0.50 0.52 2,00 7,91 5.61 3.50 0.86 .72 2,21 3,91 1.28 @¢.97 0.26 0.00 0,00 0.00
0t 0.28 0.38 0.51 1.33 3.56 1.50 1,18 0.66 0.38 1.92 0.67 0.21 0.14 0.00 Q.00 0.00
111 0.28 0.24 0.08 0.36 0.74 0.66 0.43 0.60 0,05 0.31 . 0,33 0.06 0.02 0.00 0,00 0.00
12 | 0.11 0.29 0.14 0,17 0.24 0,32 0.22 0.35 0.18 0,14 0.11 0.04 0.03 0.00 0.00 0.00
13 ¢.04 0.09 0.15 0,10 0.11 0.05% 0.03 0.11 0,08 '0.08 0,00 .00 ©0.01 0.00 0.00 0.00
14 | 0.08 ©¢.31 0.21 0.22 0,13 0.02 0.02 0.11  0.09 0.02 0.00 0.00 Q.01 ©.00 0.00 0.00

6+1 20,52 36.76 44.95 39.25 36.12 20.286 27.87 74.15 40.80 .66.49 32.51 5.82 2.36 0.15 0.14 G.04

Table 4' MEAN NUMBERS PER TOW {ADJUSTED FOR MISSING STRATA) OF COli AT -
AGE FROM AUTUMN RV SURVEYS IN DIVISION JK.

|

==+

1 .00 0.18 0.01 0.22 0.83 0.26 0.01 0.35 0.38 1.14 1.79 1.08 0.02 0.03 0.01 0.01
2 | 0.13 1.01 1.25 1.71 3.36 3.22 0.65 2.41 .90 2.43 14.36 .82 2.05 0.24 0.56 0.05
3 2,13 1.37 5.14 1.66 7.29 5.58 2.96 4.84 2.15 4,12 15.80 18.77 5.59 0.95 0.55 0.26
4 | 14.46 1.98 3.22 4.72 6.17 9.64 4.56 24.10 3.88 3.1 15,91 18.07 24.42 0.78 0.48 0.1i2
5 23.80 11.16 3.51 4§.65 10.88 7.77 6.21 29.07 9.38 3,91 11.98 12.00 17.25 1.78 0.15 0.08
6 ! 14,15 12.19% 11.72 2.61 3.33 7.98 3.09 20.18 7.26 E.36 10.53 8.75% 5.2 0.66 0.18 0.01
Tt 3.63 2.64 g.48 5.50 2.25 2.96 2.98 10.33 3.48 2.89 11,60 6.01 2,32 0.13 0.05 0.02
8 1.82 1.27 2.63 5.36 3.96 1.48 0.92 6.22 2.44 0.97 6.62 6.65 0.93 0.03 0.01 0.02
9 1 0.44 0.47 0.48 1.56 3.07 2.37 0.69 2.37 1.2% 0.456 3.00 2.17 0.55 0.00 0.00 0.00
L0 | 0.38 0.32 0.23 0.60 1.07 1.43 0.64 0.79 0,62 0.27 2.18 0.66 0.25 0.00 0.00 9.00
11 0.2¢ 0.03 0.19 0.16 0.38 0.59 0.54 0.98 0.32 .07 0.94 0.24 0.01 0.00 0.00 0.00
2 | 0.06 0.1% 0.19 0.07 0.16 0.28 0.1¢ 0.68 0.17 .09 0.35% 0.06 0.02 0.00 0.00 9.00
3 0.04 0.07 0.06 0.06 0.07 0.10 0.06 0.25 .11 0.02 0.26 0.00 0.01 0,00 0.00 0.00
4 | 0.12 0.13 0.11 0.12 0.23 0.21 0.05 0.18 0.23 0.07 .17 0.00 0.01 0.00 0,00 0.00




Table 5L MEAN NUMBERS PER TOW (ADJUSTED FOR MISSING STRATA} OF COD AT |
AGE FROM AUTUMN RV SURVEYS IN DIVISION 3L.

|

+
11 0.37 0.41 0.65 0.36 0.01 0.04 0.186 0.05 0.02 0.03 0.05 0.01 ¢©.00 0.00
2| 0.36 2.74 3,58 7.58 1.22 1.1% 2.77 1.680 0.70 0.69 0.80 0.39 0.25 0.02
31 6.29 1.97 13.64 11.43 9.65 2.53 2.02 4.54 4.08 6.03 1.58 2.99 0.89 0.07
41 2.62 6.60 5,27 18.89 12.84 11.82 3.91 2.38 J.68 14.08 4.41 4.56 1.39 0.14
5 2.49 2.80 7,61 5.18 -10.91 10,19 9.43 4.96 1.89 9.71 4.49 4.43 0.62 0.09
6 | 3.72 2.07 1.41 10.52 5.17 10.44 7.13 6.09 2.56 5.60 2.59 2.76 0.30 0.04
71 5.24 1.72 1.36 1.69 3.43 3.27 3.33 4.62 2.60 l.as 0.46 0.73 0.06 0.02
8 | 0.97 1.56 2.36 1.18 0.71 2.47 1.31 2.16 0.%9 3.08 0.235 0.06 0.01 0,00
9 | 0.20 0.29 1.27 1.03 0.81 0.986 1.00 1.03 0.71 1.69%9 0.25 0.04 0.00 0.00
10 | .07 0.09 0.45 i.08 0.40 0.38 .10 0.54 0.21 0.67 0.09 0.03 0.00 0.00
i1 1 0.04 0.05 0.12 0.43 0.29 0.48 0.13 0.13 0.08 0.31 0.07 0.01 0©.00 0.00
12 0.03 0.086 0.06 0.25 0.11 0.26 0.22 0.10 .04 0.20 0.02 0.02 0.00 0.00
13 |} 0.12 6.06 0.19 0.18 0.07 g.18 0.18 0.13 0.03 0.10 Q.01 Q.00 0.00 Q.00

Table 6 . MEAN NUMBERS PER TOW OF COD FROM AUTUMN RV SURVEYS IN DTV, 203KL. . .

i979 léHO 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1991 19494

|
-———
0.4 0.27 0.16 0.51 1.04 0.36 0.02 0.14 0.21 0.59 0.66 0.40 0.03 0.01 0.00 0.901
é i 0.3; 3 30 1.59 2.49 6.09 5.57 1.10 1.85 1.56 2.14 8.25% 1.91 1.34 0.29 0.37 0.05
31 1.94 2.48 5.11 5.88 12.31 10.79 7.27 4.77 2,04 3.93 8.98 10.93 3.365 1.78 0.60 0.16
41 11.78 3.83 2.74 5.93 10.65 15.23 12.35 20.70 4.03 3.20 8.30 12.%5 13.97 2,30 0.83 0.13<C
54 16.79 13.23 1.26 3.83 10.88 11.34 10.01 31.29 13.23 5.29 6.20 8.61 9.00 2,72 0.34 0.08
6 1 10.%3 13.31 9.67 2.79 3.88 9.59 7.28 21.29 11.61 10.57 6.52 5.64 3.31 1.42 0.22 0.02.
T 2.27 4.99 8.78% 5.82 2.44 2.30 4,24 10.14 4.38 190.1) 8.23 3.%0 1.10 0.3%5 0.04 0.02
8 | 0.92 1.19 3.66 5.31 5,35 1.37 0.92 5.26 2.67 2.58 4.84 3.98 0.50 0.04 0.01 0.01
9 | g.31 0.37 10,74 2.59 2.94 2.09 0.78 1.37 1.38 1.55 1.62 1.68 0.35 0.02 0.00 0.00
10 1 0.26 0.23 - 0.23 0.57 1.42 1.30 0.67 0.58 0.34 0.79 0.98 0.55 0.16 0.01 0.00 0,00
11 1 0.19 0.11 0.10 0.16 0.36 0.54 0.41 0.68 0.17 0.15 0.43 0.23 0.04 0.00 0.00 0.00
12 1 0.06 0.1%6 0.11 0.09 0.14 0.28 0.15 0.42 0.19 0.11 0.16 0.12 0.02 0.01 0.00 0.00
13 1 0.04 0.05 0.10 0,07 0.13 0.12 0.06 0.19 0.13 0.08 0.10 0.04 0.01 0,00 0.00 0.00

6+1 14.57 20.41 23.38 17.40 16.66 17.59 14.50 39.91 20.88 25.97 22.89 16.14 5.49 1.85 0.27
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Table 7 Ranking of year-class strength based on different pre-recruit indices for different ages. BS - beach seine surveys, DS -
demersal juvenile cod surveys; PS - pelagic juvenile cod surveys. In - refers to Inshore; Off - refers to offshore. :

Year- AGE (years}
Class 0 i 2
BS DS PS BS DS BS DS
In m | om In oF ) In | In Off In In
1989 N . . - ; - - - - -
1990 - - - - - - - - 2 2
1 1991 - - - - - 3 3 ! 3 3
1992 3 3 1 as 2 2 2 2 3 ) |
1993 2 2 1.5 3 3 1 I 2 - -
1994 | ! 3 N . ] ] ] ]

Table 8  Abundance indices of year-class strengih based on different pre-recruit indices at different ages. BS - beach seine surveys
(mean cod/tow); DS - demersal juvenile cod surveys (cod/tow); PS - pelagic juvenile cod surveys (cod/ 10,000 m’}. In - refers 10
Inshore; OfT - refers to offshore.

Year- AGE (years)
Class 0 L 2 r 3

BS DS PS BS DS BS DS DS

In In | oOff In Off B In [n Off In In | Of In | OF
1989 § - - . - . - - - - - 540 | 5.54
1990 - - - - - . - 039 | 3228 | 626 | 088 | 6.63
1991 - - - - 0395 [6d40 | 328 | 023 | 468 | 621 | 308 | 241
1992 864 | 003 | 107 | 103 999 | 8364 | 145 | 094 | 5254 | 607 | .
1993 2064 | 003 | 105 [ 102 165 { 1379 | 269 - . . - -
1994 6092 [ 002 { 151 | 1ua] - - . . ; ; ] ]
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Figure 1. Cod in Divisions 2J3KL:

Year

Inshore and offshore landings and TAC's.
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Fig. 2. Relative acoustic areal densities of cod measured within aggregations located in the

Bonavista Corridor area (northern 3L, southern 3K) in June, 1983-1993. Densities are mean

counts from randomly chosen blocks within the aggregations. Counting method was modified
~ duration-in-beam method. All identified aggregations sampled independently with trawls.




11

g3

YEAR=

w
xoo o
Ll L iyh <
Qo
p L
3 2
2 4
o0 N
oy n
O~ ]
- e ~
o
0 +
[ | "
(31, o
e " R -
(]
< ¥ <
00 ‘ n
G .4oo¢¢oooooooo¢ooo2
. 6 2 . n.“-“.“.“.“.".h.n.“.n.ﬂ.n.“o".“.u.“on.".”.“.“s"o“.".".“¢".“."m“ -
o
< <+
A1) "
N o
A | .".“.“.”.“.“.m.“.m -
(o)
LI i LA | T T L 3 ¥ T T I )
o o o o o o o o) o
0 [ 0 [4] o -

LENNET

COMM

HOLYROOQOD

H.NECK

ST.LUNAIRE

BELLEVVUE

YEARwQ?2

LI
o4
on

-3
1

ni
N

AGE

2 3 4
HOLYROOD

KOO O0G0

EXTYXEIRIXYY]
SRR

o

2 3 a

BELLEVUE

CROTIESR Pl Itgaeddtivinsertty
Oob‘..t‘aco.-v.-...-00-..-.’l-oo&.o.to...b&o.tt.Q-ttoooo-ﬁ .b

<

2 3 4
H.NECK

o;ooooo.ooooooooooo_::

L0 OO OO e
P Y

<

2 3 4

-oaoo.o.oaﬁonoooqo-ano
-000-&»-9.% lo-OOQO.-.o-'.'.vo.-‘buooov--f

0
I T ¥ T ¥ T A T T LU T T
o o e} o o) o o o
~ © W o -

80

IN3J¥3d

COMM

ST.LUNAIRE

Fig. 3. Catch age compositich from Japanese pelagic traps from 4 sites in Div. 3K (St. Lunaire, Herring Neck) and

Div. 3L {Bellevue, Holyrood} in 1992, 1993,



Cod areal density {fish/m2}

& Gadus 243, June 1994

Q 0.06

. 0.0002
Scale: 1 em = 259.6 km

Fig. 4. Map of acoustic den51ty d1str1but10n of cod within survey area (outlined) in June 1994.
Numerals indicate four discrete aggregations: 1) Hawke Channel; 2) St. Anthony Basin; 3) Notre
Dame Channel; and 4) north Cape of Grand Bank.
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Figure 5 . Ag\e and length at 50% maturity (Jan.1l) for cod in Div. 2J3KL.
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Fig. 7 . Mean stomach fullness index of cod (36-71 cm only) by
Division and vear. The fullness index is partitioned into
capelin and all other prey combined. Updated from Lilly (1993)
and Taggart et al. (1994). .
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