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ABSTRACT

This paper reviews information on the biology, fishery and status of Atlantic cod (Gadus
morhua) in the area from the northern tip of Labrador to the central Grand Bank (NAFO
Subarea 2 and Divisions 3KL). This information was requested to assist in the assessment
of allowable harm under the Species at Risk Act (SARA) for the COSEWIC-defined
Newfoundland and Labrador population of cod. The COSEWIC population also includes
cod on the southern Grand Bank (Divisions 3NO), but those cod are not discussed in the
present paper. Information is presented separately for the 2GH and 2J3KL cod stocks.
Little is known about the cod in 2GH, so the bulk of the information comes from the
2J3KL (northern) cod stock. In addition, because the dynamics of offshore and inshore
populations of northern cod have differed since the collapse of the stock in the early 1990s,
information is presented for offshore and inshore populations separately for the period from
the mid-1990s to the present. As requested in the Terms of Reference for the assessment
meeting, information is provided on the recent trajectory and current status of each stock.
Targets for recovery of these stocks, and anticipated time frames to attain those targets,
have not yet been formulated, so a few observations are provided regarding historic stock
levels and the potential for stock growth. Data and estimates are provided regarding recent
levels of landings and discards. Because the impact of these human-induced mortalities
cannot be understood without consideration of the ecosystem within which the stocks are
embedded, information is provided regarding the possible influence of predators (notably
seals), prey (especially capelin) and the physical environment. The assessment of allowable
harm is reported elsewhere.



RESUME

L’information disponible sur la biologie, la péche et 1’état de la population de morue
(Gadus morhua) retrouvée de la pointe nord du Labrador jusqu’au centre du Grand Banc
(sous-zone 2 et divisions 3KL de ’OPANO) est évaluée dans le présent document. Cette
information servira a 1’évaluation des dommages admissibles en vertu de la Loi sur les
espéces en péril (LEP) pour la population de morue de Terre-Neuve-et-Labrador définie
par le COSEPAC. Cette population comprend aussi la morue du sud du Grand Banc
(divisions 3NO), mais celle-ci n’est pas incluse dans le présent document. Les
renseignements sur les stocks de 2GH et de 2J3KL sont présentés séparément. Peu de
données sur le stock de 2GH ayant été recueillies, la plus grande partie de I’information
porte sur le stock de morue du Nord (2J3KL). De plus, étant donné que la dynamique des
composantes cotiere et hauturiere de ce dernier différe depuis son effondrement au début
des années 1990, I’information recueillie sur ces deux composantes du milieu des années
1990 jusqu’a aujourd’hui est présentée séparément. Tel qu’établi dans le mandat pour la
réunion d’évaluation, de I’information est fournie sur la trajectoire récente et 1’état actuel
de chaque stock. Des cibles et des calendriers de rétablissement n’ayant pas été établis,
quelques observations sur les niveaux historiques et les possibilités de croissance des
stocks sont présentées. Des données et des estimations portant sur les niveaux récents des
débarquements et des prises rejetées en mer sont aussi présentées. Etant donné que I’impact
de ces sources anthropiques de mortalité ne peut €tre compris sans tenir compte de
I’écosystéme ou sont enchassés ces stocks, de I’information est incluse sur les effets
possibles des prédateurs (les phoques notamment), des proies (le capelan en particulier) et
du milieu physique. L’évaluation des dommages admissibles est présentée dans un autre
document.



1 Introduction

The Committee on the Status of Endangered Wildlife in Canada (COSEWIC 2003)
grouped all cod from northern Labrador to the southern Grand Bank (Fig. 1) within a

Newfoundland and Labrador population (or designated unit). This population was assessed
as “endangered” and listed on Schedule 3 of the Species at Risk Act (SARA).

In the event that the population is listed on Schedule 1, SARA provides that the competent
minister may issue a permit to allow for incidental harm in the period prior to
establishment of a recovery plan, provided that a number of conditions are met.

Under section 73(2), authorizations may be issued only if:

(a) the activity is scientific research relating to the conservation of the species and
conducted by qualified persons;

(b) the activity benefits the species or is required to enhance its chance of survival in the
wild; or

(c) affecting the species is incidental to the carrying out of the activity.

Section 73(3) establishes that authorizations may be issued only if the competent minister
is of the opinion that:

(a) all reasonable alternatives to the activity that would reduce the impact on the species
have been considered and the best solution has been adopted;

(b) all feasible measures will be taken to minimize the impact of the activity on the species
or its critical habitat or the residences of its individuals; and

(c) the activity will not jeopardize the survival or recovery of the species.

In respect to SARA Section 73, a scientific evaluation was carried out to identify potential
sources of harm and to determine a level of incidental harm, if any, that would not
jeopardize survival or recovery of cod in the Newfoundland and Labrador designated unit.
The assessment is reported in an Allowable Harm Status Report (DFO 2004b). The
purpose of the present paper is to document some of the details on the biology, fishery and
status of much of the Newfoundland and Labrador population, as provided to the
assessment meeting (Halifax; 25-28 October 2004).

As noted above, the “Newfoundland and Labrador population” of Atlantic cod includes all
cod in Northwest Atlantic Fisheries Organization (NAFO) Divisions 2GHJ3KLNO (Fig. 1,
2). This area extends from just north of the northern tip of Labrador southward to beyond
the continental shelf at the southern end of the Grand Banks of Newfoundland. The area
includes the Labrador Shelf, the Northeast Newfoundland Shelf, Grand Bank (including
Whale Bank) and a portion of Green Bank. Within this area, cod may be found from the
landwash to almost 1000 m on the continental slope.

The cod from northern Labrador to the northern Grand Bank (Div. 2GHJ3KL) were at one
time thought of as the Labrador — East Newfoundland stock complex (Templeman 1979,
1981). However, for management purposes, the cod in Div. 2GH have been considered
separately from those in Div. 2J3KL since the early 1970s. The term “northern cod” is



often used in reference to the 2J3KL stock, but sometimes the term has been used in
reference to the whole Labrador — East Newfoundland complex (2GHJ3KL) (Smedbol and
Wroblewski 2002).

The cod on the southern Grand Bank (3NO) have been managed as a third stock. This stock
will not be discussed in the present paper.

There are also cod on Flemish Cap (Div. 3M). This is a relatively small bank east of the
northern Grand Bank, from which it is separated by the 1000-1100 m depths of the Flemish
Pass. The cod on Flemish Cap are the most distinct of all offshore populations of cod in the
northwest Atlantic. There appears to be no interchange between cod on Flemish Cap and
cod on Grand Bank. Flemish Cap cod were not included within the COSEWIC
assessment.

For the purpose of assessing allowable harm to the “Newfoundland and Labrador
population” of Atlantic cod, hereinafter referred to as cod, it is advantageous in the first
instance to consider the three management stocks individually. This is because the bulk of
the population analyses have been conducted at this level of aggregation since the early
1970s; the dynamics of the three stocks have followed different (although similar)
trajectories over the past 3-4 decades; the vital rates of the fish vary geographically; and
the human and non-human factors that might be affecting recovery of the fish vary
geographically. An additional practical consideration is that two portions of the geographic
distribution of the “Newfoundland and Labrador population” occur outside Canada’s 200
nautical mile limit, and are therefore under fishing threat from countries other than Canada.
The smaller of these areas is on the northeastern tip (the Nose) of Grand Bank within
Division 3L (Fig. 2). The larger is toward the southern end of Grand Bank (the Tail of the
Bank) within Divisions 3N and 30.

It may be noted that assessment of these cod stocks was started in the early 1970s by the
International Commission for the Northwest Atlantic Fisheries (ICNAF). After Canada’s
declaration of a 200 nautical mile limit in 1977, assessment of the 2GH stock was taken
over by Canada. However, the 2J3KL stock continued to be assessed by NAFO, ICNAF’s
successor, until 1986, after which the stock was assessed by Canada. Because a portion of
the 2J3KL stock area is within the NAFO Regulatory Area, occasional reviews were
conducted by NAFO, and the results of the Canadian assessments were frequently
presented to NAFO. Bishop and Shelton (1997) provide a detailed summary of the
assessments of 2J3KL cod from 1977 to 1992. The 3NO cod stock continues to be assessed
within NAFO (Healey et al. 2003).

The present paper first provides some background information on the biology and fishery
of the 2GH and 2J3KL cod stocks (Section 2), and then provides information in response to
six questions posed in the Terms of Reference for the meeting (Sections 3-8). The paper
also includes six Appendices, which provide additional information on specific topics. The
paper does not document information presented by participants other than the authors, nor
does it document any of the discussion that took place during the meeting.



2 Description of Labrador — East Newfoundland Cod

This section provides an overview of the biology, stock structure and fishery of the cod in
2GH and 2J3KL.

2.1 Brief overview of biology

There is not much documentation specific to the biology of cod in 2GH, so most of this
section refers to cod in 2J3KL.

2.1.1 Distribution

Distribution changes with age. Most scientific studies (Anderson and Gregory 2000; Lilly
et al. 2000a) agree that the major nursery area for the northern cod stock is shallow water
along the coast of southern Labrador and eastern Newfoundland, although young cod also
occur on the plateau of Grand Bank. For the coastal areas, the young-of-the-year (age 0)
cod are mainly inshore. By age 1 the cod start to appear in the offshore, and by age 3 or 4
they have a distribution that largely overlaps that of the older fish.

Historically, much of the northern cod stock overwintered near the shelf break in 300-500
m from Hamilton Bank in Div. 2J to the Nose of Grand Bank in Div. 3L. At some time in
the spring most of these fish moved onto the shelf, and many of them migrated during late
spring and summer into the shallow, coastal waters where they fed on capelin (Mallotus
villosus) that had approached the coast to spawn (Templeman 1966; Lear et al. 1986). The
cod then moved back across the shelf during the autumn. There is evidence from tagging
studies (Rose 1993; Taggart 1997) that the fish that overwinter toward the edge of the
southern Labrador Shelf and the Northeast Newfoundland Shelf approach the coast in a
southwesterly direction, move northward while inshore, and then move back offshore,
thereby completing clockwise circuits. The details are, of course, much more complex. For
example, north-south oscillations were seen in both the offshore, winter habitat
(Wroblewski et al. 1995; Taggart 1997) and the inshore, summer habitat (Taggart 1997). It
is unclear whether the offshore-inshore migration pattern has persisted since the collapse of
the offshore populations in the early 1990s.

Not all cod had this offshore-inshore migration pattern. For example, some cod moved
during summer to feeding areas on the plateau of Grand Bank. Others spent the whole year
in inshore waters, moving from deep inlets during winter to shallow feeding areas in
summer. The aggregation that overwinters in Smith Sound (Fig. 4; see Appendix 1) moves
northward during late spring and summer, and returns to the sound in late autumn or early
winter.

Cod occur over a very broad depth range. They may be found in very shallow water,
occasionally only a metre or two in depth, in inshore waters during late spring and early



summer. They historically tended to occur at 300-500 m along the shelf break in winter,
but have been found to 900 m or more (Baird et al. 1992b).

Cod have been found in water well below 0°C, even as low as -1.6°C (Colbourne et al.
2004), but most tend to occur in warmer water. The dense overwintering aggregations that
at one time occurred toward the edge of the shelf were in 2-4°C water.

2.1.2 Spawning

A review by Fitzpatrick and Miller (1979) indicated that spawning occurred on the outer
slopes of the continental shelf (Fig. 5). However, Hutchings et al. (1993) argued that this
perception was based to a considerable extent on sampling that was biased toward the outer
parts of the shelf. Their analysis of maturity data, collected over many years during winter-
spring research surveys in offshore areas, found that cod in spawning condition (containing
hydrated eggs) were not concentrated in the overwintering areas in deeper water but
instead appeared to be primarily on the shelf (Fig. 6).

The dense concentrations of cod that at one time overwintered near the shelf break were
frequently referred to as pre-spawning and spawning concentrations. Wroblewski et al.
(1995) reported that cod in spawning condition were indeed caught in these aggregations.
An ongoing question has been whether the cod actually spawn at their overwintering
locations (essentially below the jet of the Labrador Current), or whether they move
somewhat onto the shelf, perhaps through the channels, before spawning. Such movement
might increase the likelihood that their eggs will remain on the shelf rather than be
advected away. Pepin and Helbig (1997) provided a thorough review of the issue, and
presented evidence that spawning may occur over the entire shelf.

Spawning also occurs on the plateau of Grand Bank (Hutchings et al. 1993; Ollerhead et al.
2004) and in inshore waters (Hutchings et al. 1993; Smedbol and Wroblewski 1997).

Cod in 2J3KL spawn over an extended period. There is a geographic cline, with cod in the
north spawning earlier than those in the south. Templeman (1981) summarized various
reports on the spawning of cod. With respect to the cod in 2GHJ3K, he stated that “most of
the spawning of this stock occurs during March-May (mainly March-April) in deep water
along the slope ... there is also some later spawning in June in the deep channels and bank
slopes closer to the coast ... Cod spawning off northeast Newfoundland (Div. 3K) begins
in March but occurs mainly in April to early May with some spawning continuing to June.”
He also stated that “on the northeastern Grand Bank (Div. 3L), spawning occurs mainly in
April-June, but occasionally in years when temperature conditions are below normal
spawning is delayed until May-July.”

Spawning time of fish in the offshore was more recently determined from analysis of the
spawning stage of cod that were visually examined during research trawl surveys (Myers et
al. 1993b). The day of the year on which 50% of mature females were in a spent state was
Julian day 97 + 20 (April 7) for cod near Hamilton Bank (27J), Julian day 110 + 28 (April



20) for cod near Belle Isle Bank (2], 3K), Julian day 138 + 36 (May 18) for cod near Funk
Island Bank (3K), and Julian day 160 = 37 (June 9) for cod in 3L (< 201 m). The authors
thought that the method would over-estimate the mean spawning date by about 2 weeks.
Hutchings and Myers (1994b) used a similar approach to examine inter-annual variability
and found that spawning in 3L occurred on day 157 + 18 (i.e. June 6).

2.1.3 Growth

Analyses of biological samples collected from the late 1940s to the early 1960s
demonstrated a north-south cline in growth of cod in the Labrador-Newfoundland area. In
general, growth rate and theoretical maximum length (L, in the von Bertalanffy growth
curve) were lowest off Labrador and highest on the southwestern Grand Bank (Fleming
1960; May et al. 1965). These differences were attributed by May et al. (1965) to
differences in environmental temperature. They noted that there was a trend from north to
south of increasing surface temperature and decreasing volume of cold Labrador Current
water. Lilly (1982) postulated that seasonal access to prey might also be a factor. Cod off
southern Labrador do not feed for a long period during the winter and spring, whereas cod
on the northern Grand Bank have access to prey throughout most of the year.

Growth, as indicated by size-at-age of cod sampled during autumn surveys by Canada
since 1978 in 2J3K and since 1981 in 3L, declined during 1983-1985 and again in the early
1990s, especially in 2J (Lilly, 2001; Lilly et al. 2003). Size-at-age has increased in recent
years but is below peak values observed in the late 1970s. Much of the long-term
variability in growth is associated with variability in water temperature (Krohn et al. 1997;
Shelton et al. 1999).

2.1.4 Maturation

Analyses of biological samples collected during 1947-1950 demonstrated a north-south
cline in maturation of cod in the Labrador-Newfoundland area (Fleming 1960). In general,
both the age and length at maturation were lowest off Labrador and highest on the
southwestern Grand Bank. The age at 50% sexual maturity (Asg) was 5.36 off Labrador
(2HJ), 6.13 off the northern part of the Newfoundland coast (3K), 5.82 off the southern part
of the Newfoundland coast (3L), 6.26 on the northeastern Grand Bank (3LN), and 7.47 on
the southwestern Grand Bank (Div. 30, with some 3N).

More recent information has come from analyses of samples collected during offshore
research surveys by Canada. Morgan et al. (1994) calculated Asp and length at 50%
maturity (Lsg) by sex and Division from samples collected within each year (1978-1992 in
2J3K; from 1981 in 3L). They found that females matured at an older age and larger size
than males. Asy for females did not differ significantly by Division, whereas the Asy for
males increased from north to south. Asg for both males and females decreased over the
period of sampling. For females, the decrease was from about 6.0 to about 5.5. The Ls, for
both females and males increased from north to south and decreased over the period of



sampling. For females, Lsy decreased from about 53 cm to 40 cm in 2], from about 55 cm
to 42 cm in 3K, and from about 57 cm to 47 cm in 3L. (Note that there was considerable
annual variability, and these numbers are just approximations.) The declines in Lsy were
much more distinct than the declines in Asp.

Annual estimates of age at 50% maturity (Aso) for females from the 2J3KL cod stock as a
whole have recently been calculated by cohort rather than by year, and have used data
extending back to 1960 (Lilly et al. 2003). The estimated age at 50% maturity (Asg) was
generally between 6.0 and 7.0 among cohorts produced in the mid-1950s and around 6.0
among those produced during the late 1960’s to the early 1980s, but declined dramatically
thereafter to a low of 5.0 for the 1989 cohort. Age at maturity remained low but variable
for cohorts produced during the 1990s. Some of the high year-to-year variability in recent
years may be caused by small sample sizes. Males tend to mature about one year younger
than females.

Olsen et al. (2004) provide evidence supporting the hypothesis that the changes in the
maturation schedule are a consequence of fisheries-induced evolution.

2.2 Stock Structure

Templeman (1962, 1979, 1981) used information from vertebral numbers, tagging studies,
time and location of pre-spawning and other aggregations, times and places of spawning,
and ancillary information such as growth pattern and relative year-class strength, to
determine stock structure within Atlantic Canada. His Labrador — East Newfoundland
stock complex, which was defined largely on the basis of high vertebral averages, occupied
the area from northern Labrador to Div. 3L. The two northern divisions (2GH) have been
managed as a separate stock since the early 1970s, in part because some of their
characteristics, such as growth rate, appeared different from fish in 2J (ICNAF 1973), and
in part because the severe fishing of the 1960s had a greater impact in 2GH than in areas to
the south (Pinhorn 1976).

The 2GH and 2J3KL stocks are not isolated entities. There are very few cod north of Div.
2G on the North American side of the Labrador Sea and Davis Strait, but there is some
support for the hypothesis that the northern Labrador Shelf may occasionally receive larvae
from West Greenland (Templeman 1981; Dickson and Brander 1993). There is no evidence
that this has happened to a significant degree for several decades.

There obviously has been intermingling between the 2GH and 2J3KL stocks. Indeed, as
noted above, the distinction between the two is weak.

The 2J3KL cod stock intermingles with the 3NO stock on the plateau of Grand Bank, with
the 3Pn4RS stock in the area of the Strait of Belle Isle, and with the 3Ps stock near the
coastal region of 3L.



Numerous studies have indicated the likelihood of substock structure within the northern
cod stock complex (see, for example, overviews by Lear 1986; deYoung and Rose 1993;
Smedbol and Wroblewski 2002). The evidence includes a north-south cline in size-at-age
and spawning time (see above), and a change in vertebral counts at approximately the north
slope of Grand Bank. Cod tagged at specific locations in the offshore in winter tended to
migrate to specific but broad areas of the inshore during summer and then returned to
approximately the area of tagging in subsequent winters. It was also known that cod
overwintered in various locations inshore and that some spawning occurred inshore.

After the stock as a whole collapsed in the early 1990s, it became clear that some
aggregations of cod could still be found inshore. Tagging studies conducted during the
collapse period indicate that the inshore of 3KL is inhabited by at least two groups of cod:
(1) a northern resident coastal group and (2) a migrant group from inshore and offshore
areas of 3Ps that moves into 3L during late spring and summer and returns to 3Ps during
the autumn. It is not known if there is currently movement to the inshore from the offshore
of 2J3KL.

Several sources of information are consistent with the hypothesis that there are distinct
inshore or bay stocks along the east coast of Newfoundland. The information includes the
presence of cod inshore in the winter, the historic existence of spring fisheries in the inner
reaches of Bonavista and Trinity bays before cod arrived at the headlands from the
offshore, the occurrence of spawning within the bays, and the paucity of returns offshore
from cod tagged inshore in the winter. In addition, the aggregations sampled inshore since
the mid-1990s by commercial fisheries, sentinel surveys, and research bottom-trawling
(especially within Smith Sound in winter) contain a high proportion of individuals that are
older and larger than those taken by research bottom-trawling in the offshore, especially in
Div. 2J and 3K. See Appendix 1 for additional details regarding the biology and
distinctiveness of cod in the inshore.

Genetic studies suggest that the northern cod conforms to an isolation-by-distance
structure, with cod from more distant locations tending to be more distinct (Beacham et al.
2002). There appear to be differences between the inshore and the offshore, and among
various areas of the offshore (Ruzzante et al. 1998; Beacham et al. 2002; but see Carr et al.
1995). Subpopulation structure at the level of individual bays is less strongly supported.



2.3 Brief overview of the fishery

The cod of Labrador and East Newfoundland have been exploited for centuries. Most of
the landings have come from the 2J3KL stock, which historically was by far the largest cod
stock in the northwest Atlantic.

2.3.1 2GH stock

Annual landings from the 2GH stock were relatively small (< 5,000 mt) during 1955-1964,
but increased dramatically to an average of 73,000 t in 1965-1969, due to a pulse of fishing
by non-Canadian fleets (Table 1; Fig. 7). Landings then declined to less than 5,000 t in
most years during the 1970s and early 1980s, to less than 1,000 t during the latter half of
the 1980s and to zero in 1991. The quota had been set at 20,000 t in 1974 and remained so
until it was reduced to 1,000 t in 1993 and 200 t in 1995. The reduction in landings through
the 1980s was due to the low availability of fish, not quota restriction. The stock was
officially closed to directed commercial fishing in 1996.

2.3.2 2J3KL stock

Annual landings from the 2J3KL stock increased through the 18™ and 19™ centuries to
about 300,000 t during the early decades of the 20" century. The early fishery was limited
to shallow water. Deep waters ceased to be refugia in the 1950s, when longliners with
powered gurdies were introduced to exploit cod in deep nearshore waters and distant water
trawlers from Europe started to fish the deeper water on the banks. Landings increased
dramatically in the 1960s as large numbers of trawlers located and exploited the
overwintering aggregations on the edge of the Labrador Shelf and the Northeast
Newfoundland Shelf. At the same time, the numbers of large cod in deep water near the
coast of Newfoundland are thought to have declined quickly as the longliner fleet switched
to synthetic gillnets. Total landings escalated from 360,000 t in 1959 to 810,000 t in 1968
(Table 2; Fig. 8), and then plummeted to 140,000 t in 1978. The landings by non-Canadian
fleets declined substantially when Canada declared a 200 nautical mile fishing zone in
1977. Canadian trawlers soon replaced the non-Canadian fleets on the winter fishing
grounds, and catches once again rose to above 200,000 t. In 1988-1989 it was recognized
that the stock size had been overestimated for several years, and that fishing mortality
during the 1980s had been higher than intended. Quotas were reduced, but not sufficiently
to prevent an increase in fishing mortality. During the early 1990s the fishery experienced
difficulty finding cod in the north. By the winter of 1992, the trawlers had difficulty
finding fish anywhere. In July 1992 Canada declared a moratorium on directed cod fishing.
Additional details on the history of the cod fishery of Newfoundland and Labrador,
including changes in technology and temporal variability in the spatial distribution of
fishing effort, may be found in many publications, including Templeman (1966), Lear and
Parsons (1993), Hutching and Myers (1995), Lear (1998), Neis et al. (1999) and Hutchings
and Ferguson (2000).



In 1998 a directed fishery was reopened for small (< 65 feet) vessels operating in the
inshore. The quota was increased from 4,000 t in 1998 to 9,000 t in 1999, but was
subsequently reduced to 5,600 t for 2001 and 2002 (Tables 2, 3; Fig. 9). Catches came
primarily from the index/commercial fishery, but food/recreational fisheries made an
important contribution in some years, most notably in 2001. When the fishery opened in
1998, good catch rates were experienced in many areas from the Baie Verte Peninsula in
central 3K to St. Mary’s Bay in southern 3L. However, in succeeding years the catches and
good catch rates became increasingly concentrated in southern Bonavista Bay and northern
Trinity Bay.

In the spring of 2003 it was announced that all of 2J3KL would be closed indefinitely to
directed commercial fishing and recreational fishing. Sentinel surveys (see below) would
continue. By-catch would continue, but at an unspecified level.

3 Present/recent species trajectory
3.1 2GH stock

Little is known about the historic and recent trends in biomass of the 2GH cod stock.
Indeed, it is not clear that the stock is a discrete unit. Most of the fish caught in the area
may have come from the most northern portion of the northern cod stock complex, which
declined dramatically in the late 1960s due to intensive fishing. There have been no
attempts since the early 1970s to conduct an analytical assessment because, as noted by
Murphy et al. (1992), catch levels have been low, representative sampling data are not
always available, and catch rate data are limited. The research surveys also are not very
informative because coverage has been infrequent and often not at the appropriate season
and depth. Murphy et al. (1992) provided abundance/biomass estimates from six surveys in
the period 1978-1991, and Smedbol et al. (2002) provided a figure of biomass estimates
from those surveys and additional surveys during the latter half of the 1990s. There was
clearly a substantial decline in biomass from the early 1980s to the late 1980s, and no
significant catches have been obtained in more recent surveys. It appears that the biomass
of cod in this area is at an extremely low level.

3.2 2J3KL stock

The 2J3KL cod stock complex comprises populations in both the offshore and the inshore.
Since the mid-1990s, the offshore populations have been at extremely low abundance,
increasing the prominence of inshore populations and making it easier to discern their
dynamics. These inshore populations appear to have been more productive than offshore
populations since the collapse of the stock in the early 1990s, and it was these inshore
populations that sustained a small directed cod fishery in 1998-2002.



The historic inshore fishery would have caught cod from the inshore populations and also
from offshore populations that migrated to the inshore to feed on capelin. The bulk of the
historic inshore catch came from these migrants. The inshore fishery will not return to its
former prominence until such time as a substantial biomass of cod builds up once again in
the offshore and these fish make summer feeding migrations to the inshore.

In this overview, the stock will be discussed as a unit for the period prior to the mid-1990s.
For the period from the mid-1990s to the present, the cod in the inshore will be discussed
separately from the cod in the offshore, partly in recognition of the different dynamics and
partly as a consequence of the different sources of information.

3.2.1 Basis for historical and recent assessments.

Assessments up to 1993 were based on sequential population analysis (SPA) of the stock as
a whole. SPAs are based on catch-at-age (commercial and food fisheries combined), and
have been tuned in ways that have continuously evolved and have entailed the use of one
or more series of commercial catch rates, research bottom-trawl indices, and sentinel
survey indices. Sequential population analysis of the stock became problematic in the early
1990s and annual updates were discontinued for awhile after 1993. There have been
several subsequent attempts at modelling the whole stock, including “illustrative” SPAs in
1998 and 2002, but these have not been accepted within the stock assessment process.

The problem that developed in the early 1990s was a lack of fit between SPA model output
and the autumn research vessel index. The survey index declined precipitously during this
period, and there is insufficient recorded catch to account for the decline. There are three
classes of potential contributors to this lack of fit: the surveys may have overestimated the
relative abundance of cod for several years; there may have been a substantial
underreporting of landed and/or discarded fish; or a large quantity of fish may have died of
natural causes (Shelton and Lilly 2000). To illustrate three of many possible scenarios for
the history of this stock, the results of the 1993 assessment (Bishop et al. 1993) and two
“illustrative” SPAs will be presented in this overview. One illustrative SPA retains the lack
of model fit (Lilly et al. 1998b), whereas the other has sufficient unreported catch added to
enable the model to fit the survey index. This latter model is based on the exploratory
analyses of Shelton and Lilly (2000) and is described in Smedbol et al. (2002). Note that an
assumption in this model is that there was a tremendous quantity of cod caught but not
reported during the early 1990s. However, a similar result would have been obtained if it
had been assumed that the “missing fish” died of natural causes.

The second problem that confounds assessment of the northern cod stock as a whole arose
during the mid-1990s. For many years, the only fishery-independent index for this stock
was that provided by the DFO autumn bottom-trawl survey. Although it was known that
there was always some cod landward of the survey, it was assumed, not unreasonably, that
the proportion of the stock landward of the survey was approximately the same every year.
This clearly changed at some point during the early 1990s. Since about 1995 the quantity
of cod in the inshore has represented a much higher proportion of the stock as a whole than
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had previously been the case. In addition, there have been larger and older fish caught in
the inshore than have been caught in the offshore during the bottom-trawl surveys,
especially in the 2J and 3K portion of the survey area. Thus, the research vessel survey has
not represented a consistent portion of the stock as a whole during the period 1983-present.
In 1995, new indices were started when sentinel surveys began monitoring catch rates with
gillnet and linetrawl on traditional inshore fishing grounds. Although it is thought that
these surveys provide useful indices of local inshore density, they may not reflect changes
in the stock as a whole, since they do not extend into the broad expanse of the offshore.

Recent assessments have been based on a variety of sources, many of which are of
relatively short duration. The major fishery-independent index has been derived from the
DFO autumn offshore bottom-trawl surveys in 2J3KL. These surveys started in 1978, but
for various reasons the index currently used is from 1983-present. There is also a DFO
spring survey in 3L only (1985-present). Indices in the inshore have come from sentinel
surveys with gillnets and linetrawls (1995-present), DFO bottom-trawl surveys in new
inshore strata in 3KL (1996-present), and catch rates during commercial inshore fisheries
(1998-2002). Tagging studies have provided estimates of exploitation rate and exploitable
biomass in the inshore of 3KL (1999-2002). Hydroacoustic studies have provided estimates
of biomass in Smith Sound (1995-present) and selected areas in the offshore. There have
also been several series of studies of juvenile abundance in the inshore. A questionnaire
completed by fish harvesters has provided opinion on changes in fish abundance over time
and space.

During the 2003 assessment, a sequential population analysis for the inshore alone was
conducted based on catches and indices from the inshore (1995-2002).

The COSEWIC assessment was based in part on the 2001 stock assessment (as
documented in a Stock Status Report (DFO 2001a) and supporting research documents
(mainly Lilly et al. 2001)), a Stock Status Update in 2002 (DFO 2002a), and some
preliminary analyses presented during the 2003 assessment meeting. (Additional comment
regarding the data used in the COSEWIC assessment is provided in Appendix 2.)

The following summaries of trajectory and current status are based on the 2003 assessment

(as documented in a Stock Status Report (DFO 2003) and supporting research documents
(mainly Lilly et al. 2003)) and a Stock Status Update in 2004 (DFO 2004a).
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3.2.2 Trends in the stock as a whole (1962 — early 1990s)

3.2.2.1 Biomass

Total (3+) biomass of the stock as a whole collapsed from almost 3,000,000 t in 1962 to
about 500,000 t in 1976, and then increased to just over 1,000,000 t in the mid-1980s (Fig.
10). There then followed a steady decline toward a crash in the early 1990s. The actual
time course from the mid-1980s onward is somewhat uncertain, but the stock clearly
reached an extremely low point by about 1994.

The spawner stock biomass (SSB) collapsed from about 1,500,000 t in 1962 to about
125,000 t in 1977, and then increased to 400-500,000 t through most of the 1980s (Fig. 11).
The SSB declined rapidly after 1988, with perception of the time course varying among
models.

3.2.2.2 Recruitment

Recruitment increased from about 700,000,000 individuals at age 3 for the 1959-1960
year-classes to a peak of almost 1,200,000,000 for the 1962 year-class, and then declined
steadily to a low of about 140,000,000 for the 1970-1971 year-classes (Fig. 12). There
were then 3 periods of moderately good recruitment. The last of these (the 1986 and 1987
year-classes) is of great interest. These year-classes appeared to be moderately strong when
young, but they seemed to disappear rapidly. Perception of the strength of these year-
classes, especially the 1987 year-class, varies considerably depending on the data and
models that are chosen.

3.2.2.3 Natural mortality

Natural mortality has been assumed to be an instantaneous rate of 0.2 per year. As noted
above, the catch reported for several years in the early 1990s is insufficient to account for
the rapid decline in the bottom-trawl survey index. One possibility is that there was an
increase in natural mortality at that time (see, for example, Lilly 2001).

3.2.3 Trends in the offshore alone (1983 - 2003)

3.2.3.1 Biomass

Trends in total abundance and biomass in the offshore are deduced from indices derived
from the DFO autumn bottom-trawl surveys. The indices that have been routinely
documented (e.g. DFO 2003, 2004) have been computed for those cod captured within
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“index” strata, which are those survey strata that have been occupied most consistently
since the initiation of the autumn surveys. (These are strata in the offshore to a depth of
500 m in 2J3K and 200 fathoms (366 m) in 3L.) The indices (Fig. 13) were variable during
the period 1983-1990, with one very strong positive outlier in 1986. The indices then
declined very rapidly to reach a low in 1994. Values were slightly higher in 1999-2001 but
have since declined (especially biomass). The average index of abundance in 2001-2003
was 3.6% of the average in the 1980s (1983-1988, excluding 1986), and the corresponding
index of biomass was 1.8%.

Indices of spawner abundance and biomass in the offshore (Fig. 14) were derived from
catches and sampling during autumn bottom-trawl surveys and commercial weights at age.
Because the surveys were conducted during the autumn, it was thought that the population
estimated in a given year would provide an appropriate basis for computing an index of the
spawner population in the following spring. As described in Lilly et al. (2003), the spawner
biomass on January 1 in year y was computed as

20
Z(Na—l,y—l X I:>ma—1,y—1 ><V\/a,y)
a=1

where N is population number, Pm is proportion mature, W is individual weight, a is index
of age (a=1-20) and y is index of year (y=1984-2003). N was computed by areal expansion
of the stratified arithmetic mean catch per tow in index strata in Div. 2J, 3K and 3L
combined. Pm is the proportion of female cod that were mature, as estimated from a probit
model fitted by cohort to observed proportions mature at age. W is the weight on January 1
as estimated from mid-year commercial weights. Weights derived from sampling of the
commercial catch are used so as to be consistent with the weights used in the inshore SPA
(see below). [Note that the computation of spawner biomass as described here differs from
computation of the total biomass as illustrated in Fig. 13 in that it uses commercial
weights-at-age, rather than the actual weights in the survey catches, and in extrapolation
from a mean catch per tow rather than a summation of biomass estimates calculated for
individual strata. (In some years, some strata were not surveyed.)]

The index declined quickly after 1990 to reach a minimum in 1995. There was a slight
increase during the late 1990s and no trend during the past few years. Despite the increase
in proportion of fish mature at age (Section 2.1.4) and an increase in commercial weights at
age (Lilly et al. 2003), the average index of abundance in 2001-2003 was 1.7% of the
average in the 1980s (1984-1989, excluding 1987), and the corresponding index of biomass
was 1.5%. (Note that this spawner index has not yet been updated with survey data from
the autumn of 2003.)

13



3.2.3.2 Recruitment

The index of recruitment derived from mean catch rate at age during the autumn bottom-
trawl surveys (Fig. 15) shows the 1980-1982 year-classes to be relatively strong, and the
1986 and especially the 1987 year-classes to be equally strong. As noted above, this latter
peak of young fish seemed to disappear rapidly and made only a very small contribution to
the spawning stock. All year-classes since the very late 1980s have been very weak in the
offshore.

3.2.3.3 Total mortality

Age specific mortality rates (proportion of population dying in a year) were calculated
from catch rates during the autumn 2J3KL bottom-trawl surveys. The rates for all ages rose
to very high levels by the early 1990s, and remained extremely high for a few years after
the start of the moratorium in 1992 (Lilly et al. 2003). The paucity of older fish (7+) in the
surveys since the early 1990s prevents estimating total mortality on these older ages. For
younger ages, mortality has remained very high (Fig. 16).

To date it has not been possible to distinguish the relative contributions of fishing and
natural mortality to this high total mortality. Reported by-catches in the offshore have been
small (see section 8.2), so considerable attention has focused on the possibility that natural
mortality is high. Most attention has been directed to the impact of predators (see
Appendices 4 and 5).

3.2.3.4 Information from hydroacoustic studies

Trends in the biomass of cod are also available from hydroacoustic studies that have been
conducted in two specific study areas in the offshore. Hydroacoustic studies were
conducted in Hawke Channel in 2J in June 1994-1996 and 1998-2002. The biomass
decreased by half from 1994 to 1995 and decreased further in 1996 (Anderson and Rose
2001). Biomass varied between 2,000 and 7,000 t during 1998-2002 (G. Rose, Memorial
University of Newfoundland, St. John’s, pers. comm.). Hydroacoustic studies have also
been conducted at various times since 1990 in the channel between Funk Island Bank and
Grand Bank, an area sometimes referred to as the Bonavista Corridor. Estimates from
spring studies declined from about 450,000 t in 1990 to less than 25,000 t in 1993 (Rose
and Kulka 1999) and to less than 5,000 t in 1994 (G. Rose, Memorial University of
Newfoundland, St. John’s, pers. comm.). Biomass in the area was extremely low through
the mid-1990s, but increased somewhat in recent years (about 1,000 t in June 2000 and
2001 and about 9,000 t in June 2002) (G. Rose, Memorial University of Newfoundland, St.
John’s, pers. comm.). Most of the cod caught by bottom-trawling in support of the
hydroacoustic surveys in recent years in Hawke Channel and the Bonavista Corridor have
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been younger than age 6 (G. Rose, Memorial University of Newfoundland, St. John’s, pers.
comm.).

3.2.4 Trends in the inshore alone (1995-2003)

Information on the size and behaviour of inshore populations started to accumulate only
after the offshore populations declined to an extremely low level. By 1994 it appeared that
there were no cod concentrations remaining in the 2J3KL area, but that perception changed
in 1995 when a dense aggregation of cod was discovered in Smith Sound, Trinity Bay, and
sentinel surveys started throughout 2J, 3K and 3L. The sentinel surveys were designed to
provide catch rate information from traditional gears fished by commercial fish harvesters
on traditional inshore fishing grounds. Hydroacoustic studies have been conducted on the
Smith Sound aggregation annually to the present (although with some changes in
methodology) and the sentinel surveys have also continued to the present. When it became
apparent that an inshore fishery would be conducted in 1998, a tagging study which had
started in 3Ps in 1997 was expanded to 3KL. This study, which continued until 2002, has
provided information on exploitation rates and, together with information on catch, has
enabled computation of the biomass of cod accessible to the fishery in each year. By 2003
it was thought that there was sufficient information to conduct a sequential population
analysis for the inshore alone, using catch-at-age and indices from 1995-2002.

3.2.4.1 Hydroacoustic studies in Smith Sound

The hydroacoustic surveys conducted during winter in Smith Sound (western Trinity Bay)
provided biomass estimates that increased from about 10,000 t in 1995 to about 26,000 t in
2001, and then declined to about 20,000 t in 2003 (Rose 2003; Lilly et al. 2003) and to
18,000 t in 2004 (DFO 2004). (Note that the perception of an increase of 16,000 t from
1995 to 2001 requires that an estimate of 21,000 t in April 1997 (Porter et al. 1998) be
discounted.)

3.2.4.2 Sentinel surveys

Catch rates in the sentinel surveys in 2J and in 3K north of White Bay have been relatively
low since the start of the surveys in 1995. However, fish have existed in sufficient density
to enable moderate to high catch rates in some times and places from White Bay to the
southern boundary of the stock. Catch rates declined almost everywhere after 1998. In
2003, the highest catch rates generally occurred in southern Bonavista Bay and Trinity Bay
in northern 3L and in St. Mary’s Bay in southern 3L adjacent to 3Ps. The sentinel survey
data were standardized to remove site and seasonal effects and to produce annual indices of
total catch rate for 3K and 3L combined. Gillnets and linetrawls were treated separately
(Fig. 17). Gillnet catch rates increased from 1995 to 1998, declined to 2002 and increased a
little in 2003. Linetrawl catch rates showed relatively little change from 1995 to 1996,
increased in 1997, and then declined to a low in 2000. There has been variability in the past
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few years, with the 2003 value being similar to the 1998 value. However, the linetrawl
catch comprised a higher proportion of small fish in 2003 than in 1998.

Note that the sentinel surveys provide information on spatial and temporal variability in
cod density. However, it is not clear how they can be used to provide estimates of
population abundance or biomass. They have been used, however, as tuning indices within
the inshore sequential population analysis (see section 3.2.4.5).

3.2.4.3 Commercial/index fishery

Commercial/index fisheries were conducted during the summers and/or early autumns of
1998-2002. (See Lilly et al. 2003 for information on these fisheries, including management
advice from the Fisheries Resource Conservation Council (FRCC), quotas and landings.)
Catch rates in this fishery were calculated from catch and effort data recorded in logbooks
maintained by commercial fish harvesters in the <35 foot sector (Fig. 18). Catch rates with
gillnets, the predominant gear, were consistently low in 2J and northern 3K. During the
period 1998-2002, catch rates declined in both southern 3K and southern 3L, and have
remained high only in northern 3L, most notably in southern Bonavista Bay and northern
Trinity Bay. The area over which high catch rates could be attained declined from 1998-
2002.

The catch rate data were standardized to remove site and seasonal effects and to produce an
annual index of catch rate for 3K and 3L combined. The index declined from 1998 to 2002
(Fig. 19).

3.2.4.4 Exploitation rate from tagging data

Two approaches have been employed to estimate exploitation rate from the tag return data.
One method (Brattey and Healey 2003) estimates annual exploitation of the fish tagged
within each tagging experiment. This calculation takes into account all recaptures,
irrespective of where and when the recaptures occurred. The spatial and temporal patterns
in exploitation rate are complicated (Lilly et al. 2003), but it may be noted that exploitation
rates were much higher in 3K than in Trinity Bay. The second approach attempts to
estimate the exploitation rate of cod within a specific area and time when the commercial
fishery has been open. With this approach, the exploitation is calculated from the recovery
rate of all fish that are estimated to be within the area during the specified period (Cadigan
and Brattey 2003). The exploitation rates were estimated as the number of tagged fish
caught and reported, divided by the number of tagged fish estimated to be available, with
adjustments for reporting rate, tagging mortality and tag loss. The number of tagged fish
available to be caught by a specific gear type within a specific area and time interval was
estimated from the tagging data, individual growth, gear selectivity and a model of rates of
movement of fish among areas. There were eight geographic areas in the model. Three of
these are within the northern cod stock area: inshore Div. 3K, inshore northern Div. 3L
(Bonavista and Trinity bays) and inshore southern Div. 3L (Conception Bay, the eastern
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Avalon Peninsula, and St. Mary’s Bay). Exploitable biomass was estimated for each of the
three regions in 3KL for weeks in which reported landings were sufficient to provide
reasonable estimates. The estimates for 2002 were 3,000 t for inshore 3K, 14,000 t for
inshore northern 3L and 7,000 t for inshore southern 3L, for a total of 24,000 t. This was
substantially less than estimates for 1999 (43,000 t), 2000 (47,000 t) and 2001 (59,000 t).
Taken together, the estimates for the 4 years suggest that the biomass of cod available to
the fishery in 3KL has been less than 60,000 t. However, it could be argued that the
biomass has been even lower than that, since the estimate for 3K in 2001 was 24,000 t, or
40% of the 59,000 t estimate for the whole of 3KL that year. There is concern that this
estimate for 3K may be high, since there were no tagging experiments in 2000 and 2001
prior to the fisheries that year (aggregations could not be located), and the increase in
natural mortality applied to 3K still did not fully account for the substantial decline over
time in the rate of recapture of fish tagged in 1999 and after the start of the fishery in 2000
(Cadigan and Brattey 2003). Additional information supporting a low biomass for 3K
includes the decline in catch and catch rates, and the difficulty in finding fish to tag.

3.2.4.5 Inshore sequential population analysis (SPA)

The recent trend in biomass in the inshore is derived from a sequential population analysis
(SPA) that incorporated catches and indices for the period 1995-2002. Stock biomass (ages
3-10+) decreased from about 60,000 t in 1996-1997 to less than 40,000 t in 2002, and then
increased a little in 2003 (Fig. 10). Spawner biomass increased from 26,000 t in 1995 to
41,000 t in 1998, but subsequently declined to less than 15,000 t at the beginning of 2003
(Fig. 11). [It may be noted that the inshore SPA incorporated an assumption (based on
analysis of tagging data) that the instantaneous rate of natural mortality was 0.5, which is
much higher than the value of 0.2 that was used in the whole stock SPAs cited above.]

3.2.4.6 Recruitment

Analyses of catch rates at age in the sentinel surveys reveal that the 1990 and 1992 year-
classes were stronger than other year-classes during the 1990s (Lilly et al. 2003). The
relative strength of the 1992 year-class and the weakness of subsequent year-classes are
also evident in output from the inshore SPA (Fig. 12). Year-class strength improved during
the late 1990s (DFO 2004a).

3.2.4.7 Natural mortality

The exploitation rates estimated from tagging experiments that were conducted in Notre
Dame Bay (3K) and Bonavista Bay (3L) tended to be high in the year of tagging and then
to decline in subsequent years, even though exploitation rates from tagging in later years
tended to be high in the year of tagging. This was more evident in 3K than in Bonavista
Bay. One possible explanation for this phenomenon is that the proportion of the cod
available to the fishery declined faster than estimated. This could be due to a movement out
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of the area, perhaps to the south or even to the offshore. A movement southward, perhaps
to the Smith Sound population, is possible. A movement to the offshore seems unlikely,
since very few cod of commercial size have been caught during the offshore research
vessel surveys. A second possible explanation for the phenomenon above is that the level
of natural mortality (assumed to be an instanteous rate of 0.2 per year) has been set too
low. In contrast to findings in 3K and Bonavista Bay, exploitation rates from specific
tagging experiments in Trinity Bay, and especially in Smith Sound, tended to increase over
time. It seems that “disappearance” of cod was less noticeable for cod in Smith Sound.

This problem of the “disappearance” of cod was addressed by Cadigan and Brattey (2003),
who made ad hoc adjustments to the level of natural mortality in their model to improve
the fit between model output and the input data. They found that the best fit was achieved
with an instanteous natural mortality of 0.8 in inshore 3K and 0.4 in both inshore northern
3L and inshore southern 3L. Note that this natural mortality, which is equivalent to an
annual death rate of about 55% in 3K and 33% in 3L, was occurring on fish that were at
least 50 cm at the time of tagging. (In consideration of such high mortality, an
instantaneous natural mortality rate of 0.5 was used in the inshore SPA. This is equivalent
to an annual death rate of 39% in the absence of fishing.)

4 Present/recent species status

4.1 2GH stock

The abundance/biomass of the 2GH stock is extremely low, but there is no estimate of the
present size.

4.2 2J3KL stock
In the absence of a whole-stock SPA, there is no estimate of the abundance/biomass of cod

currently in the whole of the 2J3KL stock area. Information will be presented for the
offshore and the inshore separately.

42.1 Offshore

Over the most recent three years (2001-2003), the indices of total abundance and biomass
computed from catches in the index strata during autumn bottom-trawl surveys have
averaged 56.2 million individuals and 22.4 thousand t (Table 4). The actual population size
remains unclear, because the length-specific catchability of cod has not been determined
for the Campelen trawl in the 2J3KL area in the autumn. (Note that one measure of
catchability is computed within SPAs. However, the last non-rejected SPA for this stock
was tuned with catch rates from the Engel 145 trawl. Furthermore, the population
estimated by that SPA would have included an unknown but possibly fairly large number
of cod that were landward of the survey area at the time that the surveys were conducted.
Interest here is on catchability of those cod that are actually within the survey area. There
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is an indication from other stocks that the catchability of the Campelen trawl may exceed 1
for cod.) The average index of abundance of cod in the past 3 years has been 3.6% of the
average in the 1980s (1983-1988, excluding 1986), and the corresponding index of biomass
has been 1.8%. The values in 2003 were 2.7% and 1.0% respectively.

The information provided above is based on the index strata alone. The autumn bottom-
trawl survey has been conducted to 1000 m or more for most years since the early 1980s.
Over the most recent three years (2001-2003), the abundance and biomass of cod in strata
deeper than the index strata have averaged 2.0 million individuals and 1.6 thousand t
respectively (Table 4). In addition, new strata have been occupied within the bays and
adjacent to the coastline of 3KL since 1996 (excluding 1999). Over the most recent three
years (2001-2003), the abundance and biomass of cod in the inshore strata have averaged
27.8 million individuals and 2.8 thousand t respectively (Table 4). Note that the average
abundance is strongly influenced by catches of many small (age 1) cod in 3L in 2003.

The extent to which the inshore strata are monitoring the populations of cod that have been
caught in the sentinel surveys and commercial and recreational fisheries in inshore waters
is not known. Most of the recent inshore fisheries have been conducted in water depths
shallower than those routinely fished during the surveys. The fisheries catch fish of ages
and sizes that are not well represented in the surveys.

Over the most recent three years (2001-2003), the indices of spawners from the index strata
have averaged 6.5 million individuals and 10.7 thousand t. The average index of spawner
abundance in 2001-2003 was 1.7% of the average in the 1980s (1984-1989, excluding
1987), and the corresponding index of biomass was 1.5%. The values for 2003 were 1.6%
and 1.3% respectively.

4.2.2 Inshore

The various measures of the relative or absolute quantity of cod within the inshore of
2J3KL in recent years have been based on several different methods conducted at different
times of the year. They are not directly comparable to one another, but they are
complementary.

As noted above, one may distinguish two major groups of cod within the inshore of 2J3KL
in recent years. A third group cannot be distinguished at present.

(1) One group is the resident fish — those that spend the winter in 3KL. The largest
overwintering population is that which is found in Smith Sound. Other
overwintering populations occur in other deep inlets of western Trinity Bay and in
inlets in Bonavista Bay (particularly in the southwest) and Notre Dame Bay. To
date, no overwintering populations have been identified to the west and north of the
Baie Verte Peninsula. [There is a small, resident, highly distinct population of cod
in Gilbert Bay in southern Labrador (Green and Wroblewski 2000; Morris and
Green 2002; Morris et al. 2003). Gilbert Bay has been identified as an Area of
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Interest under the Oceans Act. The Gilbert Bay population will not be considered
in this analysis.]

(2) The second group of cod within the inshore comprises those individuals that
overwinter in 3Ps, migrate into 3L in spring or early summer, and migrate back to
3Ps in autumn or early winter.

(3) A third group, migrants from the offshore of 2J,3K and 3L, would at one time have
been much larger than the other two, but this group is now very small. There has
been no tagging in the offshore in recent years, so there is little information to help
determine whether cod that overwinter offshore have been migrating to the inshore
during recent summers.

The series of winter hydroacoustic surveys in Smith Sound has been surveying one
overwintering population of resident cod. The biomass estimates of this population have
declined from a high of 26,000 t in 2001 to 23,000 t in 2002, 20,000 t in 2003, and 18,000 t
in 2004 (Rose 2003; DFO 2004a). There are additional populations elsewhere in 3KL, but
there are no estimates of their magnitude. Each is thought to be much smaller than the
Smith Sound population. It is thought that the overwintering resident populations in 3K
suffered higher natural and fishing mortality during the late 1990s and early 2000s than the
Smith Sound population, and that the 3K populations may currently be well below their
levels in the late 1990s. However, these populations may now be experiencing improved
recruitment.

The other estimates of the quantity of cod in the inshore of 2J3KL are based to a large
extent on information that comes from the fishery. The fishery in 1998-2002 was
conducted during summer and/or autumn, a time when most of the cod that overwinter in
the inlets of 3KL. move into shallower water and migrate along the coast. Some move in a
direction that would ultimately take them southward, but most move northward. These
resident cod are joined by cod from 3Ps. (There is also a possibility of movement of cod
out of the northern Gulf of St. Lawrence through the Strait of Belle Isle, but this has not
been identified in recent years.) Thus, population estimates derived from mark-recapture
(tagging) studies and from sequential population analysis apply not just to the resident fish
but to all cod that are within inshore waters at the time of the fishery.

The mark-recapture (tagging) study provided the following estimates for the biomass of
fish available to the fishery in 2002, the most recent year of directed fishing: 3,000 t for
inshore 3K, 14,000 t for inshore northern 3L and 7,000 t for inshore southern 3L, for a total
of 24,000 t. This total was substantially less than estimates for the previous three years.

The sequential population analysis (SPA) provided estimates of the total (ages 3-10+)
population for the beginning of 2002 of 43.0 million individuals and 36.4 thousand t and a
spawning stock of 7.2 million individuals and 13.9 thousand t. Comparable values for the
beginning of 2003 were 62.5 million individuals and 46.4 thousand t in the total (3-10+)
stock and 8.3 million individuals and 14.0 thousand t in the spawning stock.

In summary, the quantity of cod estimated to be in the inshore in approximately mid-2002
was as follows: 20-23 thousand t for Smith Sound alone as estimated by hydroacoustics; 24
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thousand t in the exploitable population as estimated from mark-recapture; and 36-46
thousand t of ages 3-10+ as estimated from sequential population analysis.

4.2.3 Stock as awhole

The estimates of abundance and biomass for the inshore and offshore have not been
summed to provide an estimate for the stock as a whole. The reason for this is that, as
noted above, there is no information on the catchability of the Campelen trawl (with
respect to cod of various sizes in 2J3KL during the autumn). It is not even known whether
the catchability is less than or greater than one.

In the absence of a single SPA spanning the period from 1962 to 2003, and the reluctance
to combine the recent information on the inshore and the offshore, no estimate of the extent
of the decline of the 2J3KL stock as a whole is provided in this paper. Note, however, that
the COSEWIC (2003) report did provide estimates of the extent of the decline. A few
comments on those values are provided in Appendix 2.

5 Expected order of magnitude / target for recovery
5.1 2GH stock

A target for recovery of the 2GH cod stock has not yet been formally discussed and
documented.

There is very little information from which to determine historic levels of population size.
If one assumes a 3+ population of about 310-320 million fish in 1964-1965 (ICNAF 1973)
and an average individual weight of 0.8 kg (a little lower than the average of 0.83 kg
computed from 3+ population numbers and biomass in the 2J3KL stock in 1964-1965, as
estimated in the 1993 assessment), then the biomass in the mid-1960s, just before the
severe overfishing by non-Canadian fleets, may have been about 250,000 t. A target for
recovery would presumably be lower.

5.2 2J3KL stock

A target for recovery of the 2J3KL cod stock has not yet been formally discussed and
documented.

An important issue is whether the stock is to be treated as a single unit or subdivided into

two or more components. A level of subdivision that has been suggested is between
inshore populations and offshore populations.
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5.2.1 Whole stock considerations

5.2.1.1 Biomass

The whole stock sequential population analysis may be consulted for information on the
historic levels of population size. Spawner stock biomass declined from about 1,500,000 t
in 1962 to about 125,000 t in 1977, and then increased to 400-500,000 t through most of
the 1980s. The SSB declined rapidly after 1988, reaching a low in about 1994-1995. The
highest average biomass over any four consecutive years in the 1960s was 1,415,000 t
compared with 431,000 t in the 1980s.

An attempt to define a limit reference point for spawning stock biomass (Bji,) was made
during a meeting in November 2002 (Rivard and Rice 2002). It was decided that a By
could not be identified, but it was anticipated that the limit would have to be higher than
300,000 t for the stock as a whole. A target for recovery would presumably be greater than
a Blim-

Difficulty with establishing a By, was related primarily to the fact that certain By
candidates were “poorly defined by the historic stock-recruit data.” It was stated that the
data can be examined again when the SSB reaches 150,000 t, by which time there might be
more data in the range in which information is scanty at present. A difficulty with this is
that there may not be much catch in the offshore as the stock builds up toward the 300,000
t mark. Thus, there may not be a useful SPA with which one can gauge progress or explore
Biim candidates.

In the absence of an SPA, progress toward the target may have to be assessed from the
indices of abundance and biomass derived from catches during the research bottom-trawl
surveys. The relationship between SPA biomass and research vessel index has not yet been
computed. (A difficulty is that the last non-rejected whole stock SPA for this stock was
tuned with an index from the Engels 145 groundfish trawl, which was replaced with the
Campelen 1600 shrimp trawl in autumn 1995.) It is also possible that SSB could be based
on hydroacoustic surveys supplemented with trawling. Attention would have to be given to
the comparability between biomass estimates from SPA and estimates from the
hydroacoustics.

5.2.1.2 Distribution

As described in Section 2.1.1, a large portion of the 2J3KL cod stock historically migrated
from offshore overwintering grounds to inshore feeding grounds. Opportunities for
monitoring the return to historic distribution patterns may come from two sources; the
resource assessment bottom-trawl surveys in the offshore during autumn, and sentinel,
index or by-catch fisheries in the inshore during summer.
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In the offshore during autumn, cod are currently broadly distributed at low density. See, for
example, Fig. 20, which illustrates catch (kg) per standard tow during the 2001 and 2002
surveys. Similar plots for number per standard tow for 1995-2002 are provided by Lilly et
al. (2003). The weight per standard tow in 2002 may be compared with the weight per
standard tow averaged over the period 1980-1988 (Fig. 21). The two panels in this figure
are not directly comparable, because the left panel is based on standard tows (30 min at 3.5
knots) with the Engel 145 trawl and the right panel is based on standard tows (15 min at
3.0 knots) with the Campelen 1800 shrimp trawl. Nevertheless, the difference is
remarkable. A target for recovery might be a return to a pattern similar to that illustrated in
Fig. 21 (left panel). This would include the presence of cod in abundance over much of the
shelf, possibly with aggregations in four broadly defined areas (Lilly 1994): (1) from the
northern limit of the survey to the coastal shelf off northern Newfoundland, especially the
northern tip of Hamilton Bank and near the isthmus leading to Belle Isle Bank; (2) the
outer trough between Belle Isle Bank and Funk Island Bank; (3) the outer trough between
Funk Island Bank and Grand Bank, and from there southeastward along the northeastern
slope of Grand Bank; and (4) the plateau of Grand Bank.

In the inshore during summer, cod are currently distributed throughout the area, but
densities are very low north of White Bay. Highest densities are in Trinity Bay and
Bonavista Bay. It is thought that the fish currently inshore have very low representation
from migrating populations that overwinter offshore. As the offshore populations recover,
one might expect to find relatively high summer densities (yielding good catch rates in test
fisheries such as the sentinel surveys) in areas from central Labrador to the southern
Avalon Peninsula. The distribution of such catches might be similar to that reported by
Templeman (1958, 1966) (see Fig. 22a,b).

5.2.1.3 Size-age structure

The historic size/age structure varied from north to south, from shallow water to deep
water, and from gear to gear. One can refer to length compositions from the 1930s
(Thompson 1943) or the 1950s (Templeman and Fleming 1956, 1963). For example, Fig.
23 illustrates size composition by gear from the Bonavista area in 1950-1953. The fish
caught on deep-water longlines tended to be much larger than those taken in traps, which
were set in shallow water. The length composition of the deep-water fish peaked in the 60-
80 cm range, but there were cod up to 100 cm and beyond. It is important to note that this
length composition was obtained at the time that the deep waters off the headlands were
just being opened following the introduction of longliners. During the next decade (1952-
1962) the mean age of the deep-water longline catch off Bonavista declined from 13.4
years to 10.0 years, and the mean length declined from 76.4 cm to 67.4 cm (Fleming 1965).
Commercial length and age compositions are more readily available from the 1960s
onward. The catch at age matrix routinely reported in assessment documents (e.g. Lilly et
al. 2003) includes good numbers of fish up to age 20 in the early to mid-1960s, but older
fish were poorly represented during the late 1970s and 1980s, and declined dramatically
during the early 1990s. There is also considerable information available from research
vessel surveys from the 1970s onward. See, for example, Fig. 24, which illustrates the huge
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decline between the index of population numbers estimated for 1987 and that estimated for
1997. In this specific example, there were 160.4 million fish longer than 50 cm in 1987, but
only 2.6 million in 1997.

5.2.2 Consideration of inshore populations separately

There is interest among some inshore fish harvesters in having small fisheries in the
inshore alone. Directed commercial cod fisheries were indeed conducted during the
summers and/or early autumns of 1998-2002. There is also interest among some members
of the general public in having recreational/food fisheries in shallow, coastal waters.
Recreational/food fisheries were open during the late summers or early autumns of many
years during the period from 1994 to 2002.

5.2.2.1 Biomass

Defining a target for inshore populations will be problematic. It may be assumed that these
populations have always existed, but that historically they were much smaller than the
populations that migrated to the coast during the late spring and summer. Quantitative
measures of the size of these inshore populations go back only to 1995. The current
biomass is less than that observed during the late 1990s, so it is obvious that the inshore
populations can be larger than they are at present. However, it is not known if they can
grow beyond the level seen during the late 1990s.

As noted above, an attempt to define a limit reference point for spawning stock biomass
(Biim) for the stock as a whole was made during a meeting in November 2002 (Rivard and
Rice 2002). No consideration was given to a By, for inshore components alone.

5.2.2.2 Distribution

A target for distribution of inshore populations will be problematic. The resident inshore
populations that are known at this time or have been discussed in the past (see Appendix 1)
occur from the inner reaches of Trinity Bay to western Notre Dame Bay. It is not known if
these inshore resident populations can expand beyond their current distribution. The much
broader distribution of the historic spring-summer catch, with the bulk of the catch taken at
headlands and along open coasts (Fig. 22a,b) is primarily the distribution of the fish that
migrated to the inshore from the offshore.

5.2.2.3 Size-age structure

It may be assumed that the inshore populations at one time had a size-age structure similar
to the fish in the deep water off the headlands. Although the age structure of the fish
currently in the inshore is not as broad as it was historically, the size structure is good, at
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least in Smith Sound in winter and in the area from Trinity Bay to eastern Notre Dame Bay
in summer.

6 Time for recovery to the target
6.1 2GH stock

Because the cod off Labrador and eastern Newfoundland declined from north to south, it
may be anticipated that rebuilding will occur from south to north. That is, recovery of cod
in the inshore and offshore areas of 2GH may not be expected until after recovery is well
under way in the northern parts of 2J3KL. As noted above, there is as yet no indication that
recovery has started in the offshore of 2J3KL.

It is also possible that recovery on the northern Labrador Shelf could occur by reseeding
from West Greenland. This seems unlikely, because data supporting previous arrivals of
larvae from West Greenland are weak, and because the West Greenland cod stock is itself
currently at a very low level.

6.2 2J3KL stock

6.2.1 Consideration of the offshore

There seems little possibility of recovery by rejuvenation of the cod that are currently in
the offshore as long as total mortality remains as high as it has been since at least the mid-
1990s. The mortality rate is so high that there has been no sustained improvement in the
abundance/biomass or age/size composition of offshore populations during the decade
since the collapse. Very few cod survive beyond age 5 and 50 cm.

The possibility of recovery of the offshore by immigration from adjacent areas is unknown.
There are very few cod to the north in Div. 2GH, and the stock to the south (3NO) is at a
low level. The potential for cod currently in the inshore to repopulate the offshore remains
uncertain. Genetic studies using microsatellites have demonstrated a population
substructure between most inshore and offshore areas. It has been suggested (Beacham et
al. 2002) that this substructure indicates a low likelihood that inshore-spawning cod will
contribute to offshore recovery. However, evidence of substructure may not preclude
inshore