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Abstract

In 1998, landings increased to 14,371 t from 11,936 t in 1997. With the exception of
large mobile gear, most sectors were able to catch close to their quota.  Landings in the
small mesh silver hake fishery decreased to 6 t in 1999 from 10 t in 1998. Landings of
pollock in the domestic redfish fishery, which also uses relatively small mesh gear, were
436 t. In 1999, the TAC of 12,000 t was prorated to a 15 month fishing year ending March
31, 2000 (13,440 t).  Landings to the end of August 1999 were 5,055 t.  In constrast to 1998,
members of most gear sectors indicated that they would not be able to catch their quota.

The stock status evaluation was based on an analytical assessment employing
landings statistics, sampling for size and age composition of the commercial catch, trends in
commercial fishery catch rate, survey information and examination of the spatial
distribution of the fishery and the resource.    Available indicators of stock status indicate
that biomass is less than average, recent recruitment has been poor, there is an absence of
older fish in the population, and there are spatial changes in the resource and fishery
distributions that are worrisome.  The F0.1 catch for the fishing year commencing April 1,
2000 is 7000 t.

Résumé

Les débarquements ont augmenté de 1997 à 1998, passant de 11 936 t à 14 371 t.
La plupart des secteurs, à l’exception de celui des gros engins mobiles, ont presque atteint
leur quota de capture.  Les débarquements de la pêche à petit maillage du merlu argenté ont
diminué, passant de 10 t en 1998 à 6 t en 1999.  Les débarquements de goberge dans les
pêches domestiques du sébaste, qui emploient aussi des engins à petit maillage, s’élevaient
à 436 t.  En 1999, le TAC de 12 000 t a été réparti proportionnellement sur la saison de
pêche de 15 mois qui se termine le 31 mars 2000 (13 440 t).  Les débarquements à la fin
d’août 1999 étaient de 5 055 t. Les pêcheurs de la plupart des secteurs d’engins ont fait
savoir qu’ils seraient incapables de prendre leur quota, une situation qui contraste avec celle
de 1998.

L’évaluation de l’état des stocks a été basée sur une évaluation analytique qui utilise
des statistiques de débarquements, des échantillonnages de la composition en taille et âge
des prises commerciales, des tendances relatives au taux de capture des pêches
commerciales, des relevés et des examens de la distribution spatiale des pêches et de la
ressource. Les indicateurs disponibles de l’état des stocks montrent que la biomasse est
inférieure à la moyenne, que le recrutement récent a été faible, qu’il y a une absence de
poissons plus âgés dans la population et que les changements spatiaux dans la distribution
de la ressource et des pêches sont préoccupants. La prise F0.1 pour la saison de pêche
commençant le 1er avril 2000 est de 7000 t.
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Introduction

Management Unit

The management unit for the pollock resource in Maritime waters includes NAFO
Divs.  4VWX and  Subdiv. 5Zc.  The convention for the Canadian management unit was
established following a review in 1989 (Annand et al. 1989), which involved examination
of results of egg and larval surveys, meristic and morphometric studies, and tagging work.
Prior to this, the convention for the management unit was NAFO Divs. 4VWX and  Subarea
5.  Within the management unit, however, the likelihood of multiple stocks seems high, as
differential movement of tagged juvenile fish has been noted depending on point of release,
along with significant variation in meristic and morphometric characters, growth rates, and
multiple discrete spawning areas (Annand et al. 1989).

History and Description of the Fishery

Landings and TACs since 1974 are shown on Fig. 1 and Table 1.  Landings from
1974 to 1980 averaged about 28,000 t, rose through the early 1980s to 45000 t in 1987.
Since then, landings have sharply decreased.  The TAC rarely constrained overall fishery
landings, although for a period of five consecutive years in the late 1980s, the TAC was
either met or exceeded.  The 1998 total allowable catch (TAC) for 4VWX5Zc pollock was
20,000 t, with landings of 14,381 t. With the exception of the large mobile gear sector
(Mobile > 100’), most sectors were able to catch close to their allocations.  In contrast,
landings for the partial year 1999 were 5,055 t (includes landings until the end of August)
against a 15 month quota  of 13,440 t (Fig. 1, Tables 1,2).  In  the 1999 fishing year,
members of most sectors had more difficulty catching their quotas through the first two
trimesters (Table 2).

The 1998 and 1999 landings continue the recent trend of comparatively  small
contributions to total landings in the eastern portion (4VW) of the management unit (Table
3, Fig. 2).  However,  management measures have had considerable impact on the fishery in
the 4VW component in recent years.  For example, the cod management unit in 4VsW has
been closed since September 1993, thus restricting opportunities for pollock fishing on the
eastern Shelf.  Further dissagregation of landings by NAFO Subdivision (Fig. 3) indicate
that landings in 4X have declined since 1991 except for  slight increases in 1997 and in
1998.   While landings from 4V were significant through the late 1980s’, they have dropped
markedly until 1993, when they recovered slightly.  Landings from 5Zc (Georges Bank)
peaked in 1993, and have  declined thereafter  until 1998 when  landings showed an
increase to its highest total since 1994 (Fig. 3). Examining the pattern of landings within
4X5 at a finer level of resolution, that of unit area, reveals that the fishery has become
increasingly concentrated in a few unit areas in the western portion of 4X (4Xp, 4Xq),
whereas in 1994 more unit areas contributed to overall removals (Figs. 4 and 5). However,
this concentration seems somewhat less pronounced in 1999 than was the case in 1998.
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The spatial distribution of the pollock fisheries is further summarized in Figs. 6 to 7,
which show the monthly distribution of 1998 landings of TC 1-3 and 4+ trawlers,
respectively.  The smaller trawlers largely fish in 4X, with key areas being German Bank,
Georges Bank and the lower Bay of Fundy.  The larger trawlers are more generally
distributed throughout the management unit, with significant landings made from the edge
of the Scotian Shelf in 4W and Georges Bank. To assess recent changes in the fishery
distribution, we also show comparable information for the 1991 fishery (Figs. 8,9).  A
difference which is apparent in the comparison of the fishery distribution of small mobile
gear is that the October/November fishery apparent in 4VW is no longer pursued.  For large
mobile gear, the fishery that was evident on the Shelf edge in 1991 was not present in 1998.

Table 4 shows landings information aggregated into trimester and gear categories1.
A variety of fishing gear is used in the pollock fishery, including primarily mobile gear
(otter trawls) and fixed gear (gill nets, handlines and longlines).  As indicated in Fig. 10,
there have been significant changes in the relative importance of gear types over time.  The
relative contribution of larger draggers has been much diminished, whereas the contribution
of smaller draggers and fixed gear has been steadily increasing.

The recent monthly distribution of landings by gear sector shows an increase in the
proportion of landings in the later months of the year (Table 5). Seasonal trip quotas and trip
limits were introduced in 1986 for the mobile gear sector < 65’. For example, when 1987
and 1988 is compared with the 1990s, the quota for the small gear sector for these two years
was caught by August 31 with very little quota remaining for the rest of the year and thus
very little fishing was done from September to the end of December. In 1989, “CHP”
management was put in place for 4X and 5Zc where the fishery was limited by the
aggregate total for cod, haddock, and pollock. Under the 1989 management plan, the fishery
for the small mobile fleet was closed at the end of June. In 1990 the CHP management
continued for the first half of the year in Div 4X resulting in very little pollock been taken.
The last 3 months of 1990 vessel quotas were used to divide up the remaining quota for the
mobile gear < 65’.

A recent development of note in the domestic fishery has been the expansion of the
redfish fishery on the Scotian Shelf in 1996.  This fishery uses smaller mesh size (90-100
mm) than the rest of the domestic otter trawl fishery.  Landings of pollock in the redfish
fishery  in 1998 were 436  t.

 Landings of pollock in the foreign silver hake fishery decreased  from 1996 (135 t)
to 1998 (10), 9 t Cuba and 1 t Russia.   Foreign landings to date in 1999 are 6 t, excusively
by Cuba.

                                           
     1  Mobile gear included bottom otter trawls (side and stern), midwater trawls (side and stern), bottom pair trawl,
midwater pair trawl, shrimp trawl, and Danish and Scottish Seine.  Fixed gear included gillnet (set or fixed), longline,
jigger, troller lines, mechanized squid jigger, handline (baited),trap, pot, weir and miscellaneous.
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Using a spatial mapping approach, trends in the total area occupied by the mobile
gear fishery were examined. The mapping process begins by applying a grid to the
geographic area containing the data and calculating an attribute value (in this instance the
average pollock catch rate) for each of the individual grid cells. These values are determined
by calculating a distance weighted mean from each point whose sampling radius overlaps
the center of that cell.  The distance weighted averages for each cell are calculated as:
                                                                                     i = n

Zc=  Σ  (fiwi(d)zi) / Σ(fiwi(d)),
                                                                       i = 1

where zi = the catch rate of pollock caught at the ith location , fi is the number of
observations at that point location (in this instance 1 for each trawl location), and w(d) is the
distance weighting. The distance weighting calculation is controlled by the user. The user
can define both an inner (α) and outer sampling radius (γ) which together make up the total
sampling radius.  In this instance, the outer sampling radius was 14 km. If the distance from
the point location to the center of the grid cell is > (α+γ) then the weighting  is 0, if the
distance is less than α then weighting is 1, if the distance is > α and less than (α+γ) then the
weighting is calculated as

w(d )= (2 x (1 - β1))  (-d  /  (β1 x γ)) x ((γ - d) / γ)

where d is the distance from the point to the center of the grid cell,  and  β is the defined
decay rate (for  β ≤ 0.5,  β1=β, else β1=1-β). β,s >0 and < 0.5 give exponential decays,
β=0.5 gives a linear decay, β,s > 0.5 and < 1.0 give inverse exponential decays (domes),
while β=1.0 gives no decay.

Results of this spatial mapping analyses indicated that from 1990 to 1998, the area
occupied by both the small (Tonnage Classes 1-3) and large trawlers (Tonnage Classes 4+)
has declined (Fig. 11 ).  However, over the same time period, the number of large trawlers
involved in the fishery has declined, as have the landings by that sector.

During consultations with industry in September of 1999 (Table 6),  fishermen
reported generally poor fishing throughout the management area. Notable exceptions to this
were eastern 4X and 4W in the Emerald Basin and area west of Sambro Basin where
fishermen experienced the best fishery in years; this is opposite of what has been seen for
the past few years (pollock now scarce in western 4X). Fishing on Georges Bank was noted
to have started slowly but improved in August and September. As was noted in the previous
assessment, fish were not found in some of the traditional areas, the size range was variable
and there was a lack of large fish.

Catch at Length and Age

Results of age determination testing done in 1999 are summarized in Appendix I.
The agreement “within reader” was judged to be satisfactory. Comparisons with the
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previous age reader were also generally satisfactory although some potential bias was noted
for the older ages (8+). Overall, there has been a slight decline in mean commercial fishery
weights at age through the late 1980s and early 1990s, but the decline appears to have
stabilized by the mid 1990s (Fig. 12).  At the oldest ages in 1996 and 1997, there were some
anomously high weights calculated, but those appear related to a very small sample size of
such fish in recent years.

The Canadian catch at age was developed using the approach established in Neilson
and Perley (1996).  For this assessment, the 1998 catch at age was updated with samplings
and landings information not available in the last assessment and the 1999 catch at age is
provided up to August 31.  In general, sampling levels seemed adequate for the construction
of the catch at age in both years, although there are fewer samples available by the end of
the second trimester in 1999 compared with 1998. Recently, samples have been collected by
National Sea Products Limited and various other fishing groups have significantly improved
the sampling coverage. Figs. 13 and 14 summarize the components of the 1998 and 1999
catches at age disaggregated by area, gear and trimester in relation to the landings for that
combination.

            Landings from the vessels participating in the small mesh gear silver hake fishery
were attributed to the foreign small mesh gear fishery for the purpose of constructing the
catch at age.  An age-length key derived in combination from the 1999 survey and
commercial samples was applied to the length-frequency samples available from the
Observer Program.

As in the past assessment, length-weight parameters were calculated as the average
a and b parameter values from the summer RV surveys over the past five years.  Since
recent spring or fall surveys are not available, the summer values were used for the 1st and
3rd trimesters as well.

 The resulting catch at age and weight at age appear in Tables 7 and 8, respectively.
The 1999 catch composition is shown in Fig. 15, both with respect to the predicted age
composition and the ten-year average age composition. The 1999 age distribution continues
the trend seen last year of considerably fewer older fish observed than predicted.  Age 5
(1994 year-class) fish dominate the 1999 catch at age with the age 7+ fish lower than the
predicted value although comparable with the ten year mean. Age 3 fish were also less
evident in the catch at age than predicted, and compared with the 10 year average.

 The catch at age is also shown on a proportional basis (each age shown as a
proportion of the total caught in a given year) in Fig. 16 and Table 9.  Both strong (ie. 1979)
and weak year-classes (ie. 1978) are clear in this representation of the data.  The
comparative absence of older fish is also apparent, but during 1974 to 1980, a similar
absence is noted.
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Instantaneous growth rates were calculated from the commercial fishery catch at age
(Fig. 17) over ages 3 to 4, ages 4 to 5 and ages 5 to 6.  Since 1992, these growth rates have
increased, and in 1998 are the highest observed since 1990.

Distribution and Abundance

Research Surveys

  The overall trend in catch per tow is shown in Fig. 18.  Regarding abundance
trends from the survey, results for pollock are considered typically highly variable, and it is
difficult to track cohorts from year to year (Fig. 19).  Given these observervations,  otoliths
collected during surveys have not been aged since 1997.  However, some figures from
previous assessments that contained age-structured data from the surveys are repeated here,
as they are illustrative of important points.

Age by age distribution plots for 5 year blocks of summer surveys are presented in
Figs. 20 a-c. There appears to be a comparative absence of fish of age 8+ in the 1993 to
1997 period compared with the two earlier time periods.  Survey length composition
information shows that there were fewer large fish in 1998 and 1999, compared with the
ten-year average (Fig. 21).

Fulton’s condition factor (weight/length3) was also calculated for several length-
classes of pollock collected during research vessel surveys.  There was a trend of declining
condition from 1989 to 1995 for fish larger than 30 cm in Div. 4X (Fig. 22), but more
recently, condition has been variable and without trend.    Moreover, no trend was observed
for pollock captured in Divs. 4W and 4V.

A measure of resource concentration is the proportion of the survey stations
encompassing 75% of the annually estimated survey biomass.  The pollock resource
became more evenly distributed from 1970 to 1992, and has become less evenly
distributed (more concentrated) from 1992 to the present (Fig. 23). A measure of the
geographic range is the proportion of annual surveys sets where pollock occurs. The
proportion of non-zero survey sets has followed an increasing trend until 1993, and
decreased until 1998 (Fig. 23). For this resource, these measures of spatial distribution are
relatively new, and their interpretation is still under development. Taken together,
however, these two measures of the spatial distribution of pollock indicate considerable
changes in the patterns of pollock distribution through the 1990s.

Industry Survey

A collaborative survey with ITQ mobile gear operators has been ongoing for the
past five years.  While the survey was not used in the assessment as an index of abundance,
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it provides important information on distribution and size composition and the catch rates
can be compared qualitatively.  The distribution of catches over the past four years of the
survey is shown on Fig. 24.  The geographic distribution of the catches in 1999 appears
similar to that observed in 1998. A striking contrast in the size composition of the catch was
also noted, with the catch in 1998 and 1999 being considerably smaller in length, on
average.  There was also a relative absence of fish larger than 40 cm in 1998 and 1999 (Fig.
25).  There was a slight increase in mean catch per tow (Fig. 26) from 1998 to 1999 but the
values remain low compared to earlier years of the survey.

Commercial Catch Rates

As reported in the previous stock assessment, a standardized catch rate series was
developed for mobile gear.  Catch and effort data from the International Observer Program
(IOP) were included2 for tonnage classes 4+.  For the smaller tonnage classes, data from
ZIFF were used. The data for 1989 were omitted from the analyses for TC 1-3 since this
was the year when a combined cod-haddock-pollock quota was attempted for areas 4X5
(Mohn et al. 1990), and anomolously high pollock catch rates were observed.

Trips were selected which had directed pollock catches (when pollock landings
were equal to or greater than 50% of the total landings by weight) and where effort and
catch are both greater than zero and grouped to the sub-trip level from 1982 to 1999 (first
two trimesters of 1999 only).  Factors in the catch rate standardization included vessel,
year, month, tonnage class, NAFO unit area and mesh type (square vs diamond). In
instances prior to and including 1993 where the mesh type field was blank, it was
assumed to be diamond.  In 1994, all such records were deleted.  In 1995, if the mesh type
field was blank, it was assumed to be square mesh.  We included NAFO unit areas 4Vn,
4Vs, 4Wg, 4Wh, 4Wk, 4Wl, 4Xm, 4Xo, 4Xp, 4Xq, 4Xr, 4Xs and 5Zj only in the
analyses, as other areas did not have sufficient data to warrant inclusion.  Even though
area 5Yb was considered to have sufficient data, it was excluded, since there is thought to
be landings incorrectly attributed to that area.

All main effects were found to be significant and gave patterns in catch rates that
were expected and intuitive (ie. increasing catch rate with increasing tonnage class,
seasonal patterns in catch rates which were consistent with previously published results
(Figs. 27-29, Hanke 1993).  Two tonnage classes had relatively few observations of catch
and effort (TC 1 and 6), and they were omitted from the final run.  Also, catch rates
during the May through October period were judged sufficiently similar to be combined
into one level for the analysis of seasonal effects on catch rates.  The results of the
multiplicative analyses are shown in Appendix II. As with previous analyses of catch

                                           
2
 Four ORACLE IOP tables were used to generate catch rate data: TRIVES, GEA,CAT and SETNO tables.  To

extract the appropriate data, these tables were linked to each other by the trip number which is the key field for
all tables.  Gear is then keyed to set number by the gear code and set number is keyed to the catch by the set
number, yielding an output file with pollock dat selected for area, gear type, tonnage class,  main  species caught
(MSPEC= pollock)
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rates for this resource, the amount of variation in observed catch rate explained by the
model was comparatively low (17%).

As explained in the following section, this year’s assessment used data from 4X5
only, as compared with previous years,  when data from the entire management unit were
employed.  The catch rate series for 4X5 employed only smaller otter trawlers (TC1-3).
The two series show similar trends (Fig. 30).

Sequential Population Analyses:

Estimation of Stock Parameters

The adaptive framework of Gavaris (1988) was used to calibrate the sequential
population analysis with the commercial catch rate data shown in Table 10.  Last year,  the
following model formulation was used:

Ca,y = catch a= 2 to 12, y = 1974 to 1999.67 (first two
trimesters of 1999)

Ia,y = OTB catch rates        a= 3 to 9, y = 1982 to 1999.67

where a is age, and y is year.  The model provided estimates of the abundances of ages 4 to
12.

The OTB catch rate index was considered a midyear index and compared with
midyear population abundance.  The statistical error in the survey size sample data was
assumed to be independent and identically distributed and the error in the catch at age was
assumed negligible.  Natural mortality, M, was assumed constant at all ages and equal to
0.2.  The fishing mortality rate, F, for the oldest age (12) was taken as the arithmetic average
of ages 7, 8, 9 and 10.

Based on a yield per recruit analysis documented in Neilson and Perley (1996), the
F0.1 fishing mortality was taken to be 0.30.

The updated ADAPT run using last year’s formulation continued to display time
trends in residuals, and a pattern of declining trends of year-class estimates with additional
data (the so-called retrospective pattern) was apparent for many year-classes, particularly
the larger ones.

The following changes to the ADAPT model formulation resulted in an analyses
that showed significant improvements in the residual (Fig. 31) and retrospective patterns:

1. Include catch and index data from NAFO Divs 4X5 only, 1982 to 1999.67.  This
change necessitated recalculating the catch at age for the smaller area. In the
time available, it was only possible to complete the catch at age reconstruction
as far back as 1982.  Also, the reconstruction for 4X5 includes Canadian
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removals only (foreign removals were only 2-4% of the total landings in 1982 to
1984, and the fishery was almost exclusively domestic thereafter).

2. Include TC 1-3 mobile gear catch rates in the catch rate index only.
3. Include index ages 4-7 only.

VPA Results

The complete stock assessment results are shown in Appendix III.

Age 5+ population biomass was at the maximum in 1985 then fell steadily to a
minimum in 1995 (Fig. 32). With comparatively low quotas and the recruitment of the
moderate 1992 year-class, the population has grown slightly since 1995.  Recent
recruitment has followed a declining trend since the 1992 year-class.

The exploitation rate at ages 4-7 reached a maximum in 1991, then declined until
1996 (Fig. 33).  Since then, the exploitation rate has been variable, but close to the F0.1

target (24%, F0.1=0.30). The 1999 exploitation level is presently estimated to be the lowest
observed since 1982.

Prognosis

During recent years, there has been a change in the pattern of partial recruitment to
the fishery, with older ages less available (see F at age tables in Appendix III) .  Projections
assuming full recruitment for older ages have led to a mismatch between observed and
predicted age compositions.  To account for this, a dome shaped partial recruitment pattern
was used. The revised partial recruitment vector is shown in comparison with that used last
year in the text table that follows:

Age Last Year’s PR This Year’s PR

2 .01 .01
3 .01 .01
4 .40 .45
5 .80 .80
6 .90 1
7 1 .6
8 1 .15
9 1 .05
10 1 .05
11 1 .05
12 1 0
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Average weights at age used for the projection are from the fishery and those
observed during the period 1992-1996, a period of stability in the weight at age data (Fig.
12).  These average weights at age were then converted to beginning of year weights at age
for calculation of beginning of year biomasses.

Projections are provided for the fishing year commencing April 1, 2000 and ending
March 31, 2001.  Based on discussions with industry during review of the stock assessment,
it was assumed that total additional removals for the current fishing year ending March 31,
2000 will be 4000 t, on top of the landings reported until the end of the second trimester of
1999 (5055 t). The complete projection results are shown in Appendix III.

With these conditions, F0.1 landings for the fishing year commencing April 1, 2000
would be about 5700 t in 4X5. Growth in biomass by the beginning of 2001 fishing year
implied from the above fishing option would be about 20% (Fig. 34). In the fishing year
starting April 1, 2000 a catch of 5700 t implies a negligible probability of not obtaining a
10% increase in biomass by the beginning of fishing year 2001 (Fig. 35).

Consistent with the approach to the assessment, the projection results provide
guidance for 4X/5 only.  Using the proportions of pollock biomass observed during surveys
of 4VW compared with 4X over the past four years as a rough approximation of the
distribution of the resource, it is suggested that the estimated catch at F0.1 for 4X/5 be
increased by 20% to about 7000 t to give an estimated F0.1 catch for the management unit as
a whole.

Summary

This year, the stock assessment includes a compilation of attributes of stock status.
While the attributes are generally those traditionally included in an assessment, other more
novel indicators are also included.  Summarizing these attributes in a tabular format
facilitates comparison  and should be an aid for decision makers (Table 11). Most of these
attributes indicate that the pollock resource remains depleted.  Biomass is less than average,
recent recruitment has been poor, there is an absence of older fish in the population, and
there are spatial changes in the resource and in the fishery distributions that are worrisome.
Caution in establishing harvest levels is required.
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