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Abstract

Both spring- and autumn-spawning herring are found along the west coast of Newfoundland (4R).
The 1999 assessment indicates that the status of the spring-spawning stock is in danger of
collapse. The autumn spawning stock is declining gradually while the exploitation rate has been
slowly increasing. Apart from the 1990 year-class, recruitment to the spring-spawning stock has
been below average (1965-1996) since the 1987 year-class. The spring-spawner spawning-stock
biomass (SSB) has declined to an historical low of 14,000 t in 1999. If the spring-spawner F0.1

catch of 2,300 t is caught in 1999, the risk that the SSB would not increase by even 20% by the
year 2000 would be about 40%, and the minimum SSB target of 38,000 cannot be achieved even
without fishing.

Recruitment to the autumn-spawning stock has been above average (1973-1996) since the large
1979 year-class, which has kept this stock at an intermediate level. The autumn-spawner SSB has
been declining slowly, from 80,000 t in 1984 to 42,000 t in 1998. An autumn-spawner F0.1 yield
for 1999 would be approximately 9,000 t and would result in a 90% risk that the SSB will
decrease by 10%, although there is a 70% probability that the SSB will not decline below 35,000
t. It is essential that fishing effort be reduced and be shifted to the north as much as possible to
avoid directed fishing on the spring-spawning stock.

Résumé

Les deux groupes de hareng qui fraye soit le printemps ou l’automne se retrouvent le long de la
côte Ouest de Terre-Neuve (4R).  L’évaluation de 1999 montre que le stock de géniteurs de
printemps risque de s’effondrer, tandis que le stock de géniteurs d’automne diminue
progressivement en même temps que le taux d’exploitation augmente lentement. Outre la classe
annuelle de 1990, le recrutement du stock de géniteurs de printemps a été inférieur à la moyenne
depuis la classe d’âge de 1987. La biomasse du stock reproducteur (BSR) de printemps a baissé à
un plancher jamais atteint de 14 000 t en 1999. Si le niveau de captures des géniteurs de
printemps à F0,1, fixé à 2 300 t, est atteint en 1999, le risque que la BSR n’augmente pas de même
20 % d’ici l’an 2000 est de 40 %, bien que la valeur cible minimum de la BSG de 38 000 t ne
puisse pas atteinte même en l’absence de pêche.

Le recrutement du stock de géniteurs d’automne a été supérieur à la moyenne depuis l’importante
cohorte de 1979, ce qui a maintenu ce stock à un niveau moyen. La BSR d’automne a diminué
progressivement, passant de 80 000 t en 1984 à 42 000 t en 1998. Une exploitation à F0,1 des
géniteurs d’automne pour 1999 serait d’environ 9 000 t et se traduirait par 90 % de risque que la
BSR diminue de 10 %, bien qu’il y ait une probabilité de 70 % que la BSR ne descende pas en
dessous de 35 000 t. Il est essentiel de réduire l’effort de pêche, et de l’orienter le plus possible
vers le nord pour éviter une pêche axée sur le stock de géniteurs de printemps.
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Introduction

Herring (Clupea harengus) are found throughout the waters of the northwest Atlantic
from Labrador to Cape Hatteras. In Canada, they are fished mainly in southwestern Nova Scotia
and the Bay of Fundy, within the Gulf of St. Lawrence, and around the island of Newfoundland.
Both spring- and autumn-spawning herring are found within the west coast of Newfoundland
(NAFO division 4R) herring metapopulation (McQuinn 1997). The two seasonal-spawning
populations are considered as separate stocks and are assessed independently.

The major spawning areas for the spring-spawning stock are located at the southern end
of the coast in and around St. George's Bay (4Rd) and Port-au-Port Bay (4Rc) although several
other spawning sites are known along the coast towards the north (Figure 1). Mature herring
arrive and spawn in these areas from the end of April to the middle of June before dispersing.
Autumn spawning is concentrated mainly north of Point Riche (4Ra) from mid-July to mid-
September (Figure 1). At other times of the year, these two spawning stocks are found mostly in
mixed schools in either feeding or over-wintering areas (McQuinn and Lefebvre 1995b). The
major feeding areas, i.e. off St. George's Bay in the spring, north of Point Riche and in the Strait
of Belle Isle in the summer and off Bonne Bay in the fall, are associated with concentrations of
copepods (red-feed) and/or euphausiids (krill) which are their main food items. Based on winter
research survey data (McQuinn and Lefebvre 1995b), they are believed to over-winter in the
deeper waters of the Esquiman Channel (Figure 2).

Description of the Fishery

Management Plan

Total allowable catches (TAC) have been in effect since 1977. Since 1981, 45% of the
TAC has been allocated to the fixed gear sector and 55% to the mobile gear sector. In addition,
the purse seine quota has been allocated more or less equally among the half-dozen active vessels,
and the gillnet allocation has been divided evenly between the regions north and south of Cape St.
Gregory. Since 1989, an additional inshore allocation has been made for the small-purse-seine
fishery.

The advised TAC has been estimated at 22,000 t since 1991, the only year in which this
catch level was exceeded (Figure 3). In 1994, a limit of 5,400 t of spring spawners was imposed
as a conservation measure for the St. George’s Bay component of the spring-spawning stock. In
1995, this spring-spawner cap was lifted, in favour of a delayed opening to fishing (June 15) of
St. George’s Bay and Port-au-Port Bay to protect these local spring-spawning components in
accordance with the recommendations of the west coast Herring Co-management Group
(McQuinn and Lefebvre, 1995a).

Total Catches

Since 1986, total herring landings from the west coast of Newfoundland have averaged
17,300 t (from 12,400 t to 26,400 t) as compared to an average of 14,100 t for the previous
decade (Table 1; Figure 3). In 1998, total landings were 16,100 t. Herring catches in western
Newfoundland are taken mainly by large (>85') and small (<65') purse seiners and to a much
lesser extent by fixed gillnetters from April to December on both spawning and autumn-feeding
concentrations. Since 1985, the proportion of the total catch taken by all purse seines has been in
excess of 80%, and even reached 98% in 1993 (Figure 4).
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The Purse Seine Fleet

From 1984 to 1987, up to 80% of catches from the large purse-seine fleet were taken
from October to December on autumn-feeding concentrations of herring in areas 4Rb and 4Rc
(Figure 5a). In 1988, the development of an over-the-side market to Russian vessels contributed
to a considerable increase in landings in the spring fishery in the St. George’s Bay/Port-au-Port
area from approximately 2,000 t in 1987 to 16,000 t in 1991 (Table 2a). This spring purse-seine
fishery accounted for over 70% of the total catch in 1990 and 1993 (McQuinn and Lefebvre
1997). This proportion has diminished to below 40% since 1994 when St. George’s and Port-au-
Port Bays were closed to commercial fishing during the spawning season. Annual landings from
small purse seiners have ranged between 3,100 t and 3,800 t since 1993 (Table 2b).

In 1997, the purse seine fleets had begun fishing in the St. George’s Bay in May, moving
into Port-au-Port Bay and Bay of Islands in June (Figure 6a,b). There was very little activity in
July and August (Figure 6c,d). Starting in September, fishing activity was renewed along the
southern half of the coast, although centred around Bonne Bay (Figure 6e,f). By November,
concentrations of herring were becoming scarce as schools moved offshore (Figure 6g).

In 1998, the purse seine fleets again began fishing in the southern bays in May, although
very few catches were being recorded by June and the fleet had moved northward (Figure 7a,b).
There was not much activity in July, but by August good catches were made off Bonne Bay and
north of Point Riche (Figure 7c,d) entirely on autumn spawners (Table 3a,b,c). It would appear
from this unusual displacement of purse-seine effort towards the north in recent years that herring
densities were higher in the north than in the south. By September, fishing activity again became
centred around Bonne Bay and Bay of Islands (Figure 7e,f) until the schools moved offshore in
November (Figure 7g).

The Gillnet Fleet

Due to limited market demand, reported landings from the fixed gears have generally
been below 10% of the total 4R landings since 1985 (Figure 4). Recorded landings from 1990 to
1994 ranged between only 140 and 840 t (Table 2c). There has been an improvement in sales in
the northern areas since 1995, which has increased the proportion of the catch from 4Ra (Figure
5b) as well as increased the total landings from 800 t in 1994 to 2,800 t in 1998.

Biological Characteristics

Data collection and Analysis

Random samples were collected by port samplers and by index gillnet fishermen in 1997
and 1998 (Annexes 1 and 2). These samples were frozen and sent to the Maurice Lamontagne
Institute (MLI) in Mont-Joli, Quebec for analyses (i.e. length, weight, gonad weight, maturity
stage and age determination). Reduction in sampling coverage over the past two years has
resulted in important sampling deficiencies for certain landings, i.e. 65% of total landings by area
and month were not sampled in 1998. For the calculation of the catch at age, samples from the
small seiner fleet were often used to estimate the age composition for the large purse seine fleet
(especially in the late fall fishery) and vice versa (in the spring fishery).

Individual herring were assigned as either spring or autumn spawners by relating the
maturity stage, estimated from a gonadosomatic index model (McQuinn 1989), to the date of
capture, using the 4R maturity cycle chart (McQuinn 1987a). In the case of immature fish, otolith
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characteristics were used as described by Cleary et al. (1982). Ages were determined from the
otoliths by counting the number of winter rings for spring spawners and the number of winter
rings plus one for autumn spawners (Cleary et al. 1982). All herring aged 11 years or older were
aggregated into an 11+ age-group. Otoliths collected from 1994 to 1996 were found to be more
difficult than usual to age, presumably due to the effects of colder sea temperatures on ring
formation (McQuinn and Lefebvre 1997). These otoliths were re-aged for the present assessment
with special attention given to the effects of a change in growth patterns on ring formation in
recent years.

Spawning Stock Proportions of the Catch

The proportion of each spawning stock in the catches varies among areas and seasons, as
well as between the inshore and the offshore, as shown by differences between the gillnet and
purse seine samples. In the spring (May and June), herring schools fished by gillnets in and
around the major bays in the south near the spawning beds are typically dominated by spring
spawners (Table 3a). Autumn spawners are more prevalent in deeper waters outside of St.
George’s Bay or north of Cape St. George in 4Rc as seen in the purse seine catches (McQuinn
and Lefebvre 1995b). In the summer and fall (July to September), catches are mostly autumn
spawners towards the north around the major autumn-spawning grounds (Table 3a) and are mixed
in the southern regions (Table 3b,c). In the late-fall purse seine fishery (October to December),
catches are a mix of spring and autumn spawners, although again there is a predominance of
autumn spawners towards the north and spring spawners towards the south (Table 3b,c).

Catch At Age

The catch at age was generated for spring and autumn spawners (Table 4a,b) as described
by McQuinn (1987b), weighing the age compositions by the corresponding landing as grouped in
Annex 1 and 2. The catch-at-age matrix of McQuinn and Lefebvre (1997) was updated by
incorporating the most recent landing information for the recent years, by adding the catch at age
for 1997 and 1998, and also by extending the matrix from 1973 to 1965 using historical sample
and landing data.

Historically, spring spawners have been dominant in the catch, averaging 72% of the
catch in numbers (Figure 8), although this percentage has decreased to 55% or less in the last 5
years. This is partly due to a decrease in the concentration of fishing on the spring-spawning
stock. However, there has also been a decrease in the spring-spawning stock itself, relative to the
autumn spawners, as witnessed by a trend of decreasing percentage spring spawners in the late-
fall purse-seine fishery, from 75% in 1987 to 45% at present (Figure 8).

Since 1995, the 1987, 1990 and recently the 1994 year-classes have been dominant in the
overall spring-spawner catch (Table 5a). Since 1996, the 1988, 1990 and 1995 autumn-spawning
year-classes have been the most important contributors to the fishery from this stock (Table 5b)
although in 1998, the 1988 year-class was overshadowed by the two latter cohorts. The mean age
for both spawning stocks has shown a decreasing trend since 1990 (Figure 9; Table 5).

Length Frequencies

These northern Gulf herring stocks are characterised by pulses of strong year-classes
followed by a number of years of below average recruitment. This is particularly evident when
examining the pattern of annual length frequencies for spring and autumn spawners (Figure
10a,b). In the past, these strong year-classes tended to dominate the fishery for a decade or more.
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However, in the past decade, no single year-class has been dominant for more than 5-7 years
before being replaced by another. This could indicate that the recruitment pulses are more
frequent, but since there are few old individuals in the length frequencies, it is more likely the
recruitment pulses are not as strong as in previous decades.

Weight at Age

The annual mean weights at age of the catch were estimated for each spawning stock
(Table 6a,b) as the average of the weight at age of each sample (McQuinn, 1987b), weighted by
the corresponding landings as grouped in Annexes 1 and 2 for 1997 and 1998. The mean weight
at age in the fall purse seine fishery (October to December) was used as the annual mean
population weight at age (Table 7a,b) as this was the period of the year with the most constant
sampling throughout the time period. These weight-at-age matrices were used to calculate the
catch and population biomass-at-age matrices, respectively.

Maturity at age

Annual maturity-at-age matrices were derived from biological samples taken from purse
seines in the second quarter (April-June) for spring spawners and the third quarter (July-August)
for autumn spawners (Table 8a,b). These maturity-at-age matrices were used to calculate the
spawning-stock biomass-at-age matrices. Although a purse seine is a non-selective fishing gear,
purse seine fishermen avoid areas with a high proportions of young herring. These data are
therefore expected to be biased towards mature fish which will tend to overestimate spawning-
stock biomass, although the bias should be relatively constant over time.

Biological Condition

There has been a more or less constant decline in the weight at age of both spring and
autumn spawners since the early 1980s (Figure 11a,b). The overall condition factor (K) of west
coast of Newfoundland herring in the fall, as estimated by the equation:

K
W

L
S

T

= ⋅
3

100

where WS is somatic weight (g) and LT is total length (cm), showed a major decrease in 1993 and
1994 (Figure 12), corresponding with a general decrease in the temperatures of the cold
intermediate layer noted for the northern Gulf of St. Lawrence (Gilbert et al. 1997). However,
when put into the context of the last 30 years, average condition was much lower from 1973 to
1976. In 1995, overall condition rebounded to the high values seen throughout the 1980’s. A
decreasing trend has again been seen over the last 4 years, indicating a return to poor feeding
conditions, although average temperatures for the surface layer (0-30 m) where herring are found
have been above normal in recent years (DFO, 1999).

Predators

Four species of seals: grey seals (Halichœrus grypus), harbour seals (Phoca vitulina),
harp seals (Phoca groenlandica) and hooded seals (Cystophora cristata) occur in the northern
Gulf of St. Lawrence.  Harp seals and grey seals are the most important pinniped predators owing
to their abundance (harp seals), or time of residency in this area and possibly high incidence of
herring in the diet (grey seals). Pinniped consumption of herring in 4R has most likely increased
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over the past decade with the growth of the harp seal population. Annual consumption by both
harp and grey seals using the method of Hammill and Stenson (in press) and updated for 1998
was estimated to have reached in the order of tens of thousands of tons (Figure 13), and is most
likely concentrated on young herring between 25 and 30 cm. These estimates should be
considered as very tentative, as many uncertainties are involved in the calculations. The scarcity
of comprehensive diet information for pinnipeds in the northern Gulf, as well as their resident
times are two of the major factors limiting attempts to quantify fish consumption in this area.
However, the true impact of predation on 4R herring stocks cannot be evaluated until predation is
considered within the context of total natural mortality.

Abundance  Indices

Acoustic Surveys

Fall acoustic surveys have been conducted on a biennial basis since 1989 with the last
survey in 1997. The methodology and detailed result can be found in McQuinn and Lefebvre
(1999). The 1995 and 1997 surveys were undertaken in close collaboration with the west coast
large seiner fleet. This survey included the entire west coast of Newfoundland from St. George’s
Bay to the Strait of Belle Isle which adequately covered the stock area (Figure 14).

The 1997 total spawning-stock biomass estimate of 67,000 t [19,500 t of spring spawners
and 47,500 t of autumn spawners] was a decrease over the 1995 estimate of 86,000 t [38,000 t of
spring spawners and 48,000 t of autumn spawners] (Figure 15). In 1995, 64% of the herring
biomass surveyed was in the two most northerly strata, while in 1997, 80% was in the most
northerly stratum (McQuinn and Lefebvre 1999). The last four surveys have shown a constant
decline in the spring-spawners numbers at age (Table 9) and thus the spawning biomass, while
the autumn spawners appeared to be stable over the last three surveys. This is the first assessment
that this time series has been used to calibrate the VPA, along with the index-fisherman catch
rates.

Index-Fisherman Logbook Data

Abundance indices were estimated for both spring and autumn spawners from detailed
logbooks of daily catch and effort compiled by index gillnet fishermen since 1984 (Annexes 3
and 4) and standardised using a multiplicative model (Gavaris 1980). The categorical variables
for this model were year, month and fishing area, and were chosen to account for spatial and
temporal variability (Annexes 5 and 6). Prior to these analyses, catches were proportionately
allocated to spring and autumn spawners using the percent spawning-stock composition as
determined from the commercial samples (Table 3a). Most of these fishermen set their nets in the
vicinity of either the major spring-spawning sites in the St. George's Bay/Port-au-Port area
(Figures 16 and 17) or the autumn-spawning areas north of Point Riche (Figure 18).

The standardised spring-spawner gillnet catch rates from index fishermen indicated a
systematic decline since 1987 (Figure 19, Table 10). This catch-rate index increased slightly in
1991 and 1997, with the recruitment of the 1987 and 1990 year-classes to this fishery, although
neither year-class was sufficiently abundant in the southern bays to reverse the declining trend.
This index reached an historical low in 1998.

The autumn-spawning index-fisherman catch-rate series seemed to reflect the strong
recruitment of the 1979 year-class in 1985, and the 1986 year-class in 1992, both well above the
10-year average (Figure 20, Table 10). The subsequent sharp decline of this index in 1993 and
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1994 was unexpected given the low fishing effort on this stock. In addition, the recent recruitment
of the 1988 and 1990 year-classes, which should have been apparent after 1994, has not been
reflected in the index, which puts in doubt its usefulness as a measure of abundance. This index-
fisherman catch-rate series has also become less reliable due to (1) a decrease in participation in
the program (•3 logbooks annually since 1994, as compared to •4 previously) and (2) the
decrease in availability to inshore gillnets as the herring have moved farther offshore. This index
was therefore not used in the calibration of the autumn spawners sequential population analysis.

Questionnaires

Comments collected from written questionnaires sent to all licensed inshore herring
fishermen in 4R as well as comments collected from index-fisherman logbooks indicated some
improvement in the abundance of spring spawners around Port-au-Port Bay, St. George’s Bay
and Bay of Islands in 1996 relative to 1995 (McQuinn and Lefebvre 1997), although it was felt
that spawning activity had not yet improved significantly. The 1990 spring-spawner year-class,
which had been captured in the fall purse seine fishery since 1994, had started to spawn in these
southern bays. However, comments were generally negative in 1997 and 1998 (Annexes 7 and 8),
indicating that the improvement was short lived, and there was a widespread opinion that the
herring was small (Figures 21 and 22). Index fishermen logbooks stated that herring were scarce,
schools were small and catches were the lowest seen for many years (Annex 9).

North of Point Riche in 4Ra, the general opinion was that herring abundance was average
to good in 1995 and 1996 especially in the summer and fall, although along the Labrador coast of
the Strait of Belle Isle, comments indicated that the stock was in decline. Opinions were
increasingly pessimistic in 1997 and 1998, although spawning was noted throughout St. John and
St. Margaret Bays, around Ferolle Point (Figures 21 and 22). Fishermen noted that the herring
showed a mixture of large and small sizes.

Sequential Population Analyses

The stock status assessments was based on sequential population analyses (SPA) which
were calibrated age by age using the adaptive framework (ADAPT - Gavaris, 1988). The
formulation involved estimating beginning-of-the-year population numbers (N) at ages 5 through
11+ in 1999 and the age-specific catchability coefficients (q) by predicting the index-fisherman
gillnet catch rates at age (in numbers) and the acoustic survey population numbers at age, using
the minimisation of the residual sums of squares in the natural log scale as the objective criteria.
The spring-spawning stock analysis used the commercial catch at age, and abundance trends from
both the index-fisherman catch rates (1984 to 1998) and the last 4 biennial acoustic surveys (1991
to 1997) as input data. For the autumn spawners, only the acoustic survey time series was used to
calibrate the analysis. A summary of the formulations used in the calibrations is as follows:

Spring Spawners

Estimated parameters:
- year-class estimates: Ni,t (i=5,6…11+; t=1999)
- calibration coefficients: q(IF)i (i=3,4…11+)

q(RV)i (i=2,3…11+)
- number of parameters:  26

IF = Index Fisherman catch rates
RV = Research Vessel (acoustic) survey
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Model structure:
- M=0.2
- F for oldest age-group (11+) = F at age 10 (McQuinn, 1986).
- recruitment at age 2 in 1998, 1999 = average of medium recruitment level
- recruitment at age 2 in 1997 = average of low recruitment level
- no intercept term included

Input Data:
- catch at age: Ci,t (i=2,3…11+; t=1965-98)
- index Fisherman catch rates at age: IFi,t (i=3,4…11+; t=1984-98)
- population estimates (N) from research vessel (acoustic) survey:

 RVi,t (i=3,4…11+; t=1991,1993,1995,1997)
- total number of observations(i, t): 166

Objective function:
- minimize Σi,t ([(ln IFi,t)-(ln(q(IF)i Ni,t))]

2, [(ln RVi,t)-(ln(q(RV)i Ni,t))]
2)

Autumn Spawners

Estimated parameters:
- year-class estimates: Ni,t (i=4,5…11+; t=1998)
- calibration coefficients: q(RV)i (i=2,3…11+)
- number of parameters:  18

RV = Research Vessel (acoustic) survey

Model structure:
- M=0.2
- F for oldest age-group (11+) = F at age 10 (McQuinn, 1986).
- recruitment at age 2 in 1997 = average of medium recruitment
- no intercept term included

Input Data:
- catch at age: Ci,t (i=2,3…11+; t=1965-97)
- pop. estimates (N) from research vessel (acoustic) survey: 

RVi,t (i=3,4…11+; t=1991,1993,1995,1997)
- total number of observations (i, t): 40

Objective function:
- minimize Σi,t [(ln RVi,t)-(ln(q(RV)i Ni,t))]

2

Assessment Results

Spring Spawners

The spring-spawner ADAPT formulation estimated the population numbers and the age-
specific catchability coefficients in 1999 for ages 5 through 11+ (bias corrected) and produced a
mean square residual of 0.724. The coefficient of variation (relative error) ranged between 54 and
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91% for the estimated numbers at age, and between 21 and 48% for the catchability coefficients
(Annex 10). The majority of the values in the correlation matrix were below |0.2|, with a few
values between –0.2 and –0.4, indicating that the parameter estimates were relatively independent
(Annex 11). There were 6 of 126 (or 5%) of the IF standardised residuals, and 3 of 40 (7 %) of
the RV residuals which were above |1.5| and only 1 within the last 3 years. Of these outliers, none
involved important year-classes (Annex 12).  There were no obvious signs of age-effects in the
residuals, although there were some year-effects with the IF index. These diagnostics indicated
that in general, the model fit was adequate, although the CV’s were considered high (Anon,
1995). In addition, a comparison of the SPA results with the biomass estimates from the acoustic
survey were very similar since 1992 (McQuinn and Lefebvre, 1999), lending support to these
SPA results. The spring-spawner analysis did not suffer from a retrospective pattern (Figure 23).

This analysis suggested that the 5+ fishing mortality has risen more or less steadily on
this stock since 1987 (Table 11). Although the average 5+ fishing mortality had remained around
the F0.1 target level of 0.3 in recent years, it rose sharply to 0.46 in 1998 (Figure 24), mainly due
to the concentration of fishing on spring spawners in the southern bays in the spring of that year.

Apart from the 1990 year-class, recruitment has been below average since the 1987 year-
class (Figure 25). Even the 1994 year-class, which was a significant portion of the 1998 catch at
age, appears to be below average (Table 12). We have therefore not seen a renewal of the strong
year-classes of the 1970s and 1980s (Figure 26) and the high population numbers of the early
1980s have not been sustained (Figure 27). The spawning-stock biomass (SSB) has therefore
declined to an historical low of 14,000 t in 1999 (Figure 28; Table 13). If 20% of the virgin stock
size is considered as the biological reference point for a stock in danger of collapse as suggested
by the FFRC (pers. com.), that level would be around 38,000 t for this stock. This assumes that
the virgin stock size is equal to the maximum observed SSB, which was 190,000 in 1973.

An examination of the production schedule of this stock in relation to fishing over the
past 30 years (Figure 29) shows that losses through fishing have increased from an average of
4,000 t for the period 1965-1975 to 11,000 t between 1976-1986 and 1987-1997, while surplus
production (recruitment + growth - natural mortality) decreased from 12,000 t between 1965-
1975 and 1976-1986, to be in fact negative (-400 t) between 1987-1997 (Figure 30). We have
therefore been through a 11-yr period of low productivity where annual surplus production has
rarely been positive, and annual net production (surplus production - fishing mortality) has been
consistently negative. This is principally due to reduced average recruitment in the last 10 years,
brought about by either reduced survival of young herring with less favourable environmental
conditions, reduced spawning due to increased fishing pressure on spawning concentrations
and/or a possible increase in seal predation (although the consumption estimates are subject to
large uncertainties). Regardless of the cause, the production of this stock (growth and
recruitment) has not kept up with removals (catches and natural mortality) resulting in a declining
spawning-stock biomass which is presently at a very low level.

It is obvious that the spring-spawning stock is in need of a strong recruitment pulse to
reverse the steady decline in the mature biomass. Throughout the past 30 years, this stock has
been supported by very large year-classes, up to 4 time the size of the standing stock which
produced them, and which appear on roughly a 10-12 year cycle (Figure 29). Over 15 years have
passed since the last large recruitment pulse (1980 and 1982 year-classes).

Autumn Spawners

Because of the uncertainties with the index-fisherman catch rate, only the acoustic survey
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population estimates were used for the autumn-spawner SPA. As this index was last estimated in
1997 and is still a short time series, the autumn-spawning population was estimated only up to
1998 and was less certain than the spring-spawner analysis. The coefficient of variation (relative
error) ranged between 60 and 148% for the estimated numbers at age, and between 30 and 42%
for the catchability coefficients (Annex 13). This, along with the correlation matrix (Annex 14)
and the mean square residual (0.350) indicated that the model fit was not very robust, although
the standardised residuals showed few outliers and no year-effects. The acoustic time series was
too short to conduct a retrospective analysis for this stock.

The SPA showed a very rapid decline of in autumn-spawner population numbers between
1965 and 1976 (Figure 31), the equivalent of 175,000 t in population biomass, even though the
annual catches of autumn spawners averaged only 4,400 t during this period, indicating that the
stock reduction was due to factors other than fishing in 4R (Table 14). This agrees with the
conclusions of Moores (1983) who showed evidence that prior to 1973, there was a major
migration of herring, and particularly autumn spawners, from the southern Gulf of St. Lawrence
(4T) stocks into southern Division 4R. Therefore, the autumn-spawner SPA results will only be
considered from 1973 onward, as suggested by Moores (1983).

The SPA indicated that the autumn-spawning stock has not experienced as high an
exploitation rate in recent years as the spring-spawning component. The 6+ fishing mortality had
risen slowly since 1985 but was still below the F0.1 target of 0.3 in 1997 (Figure 32; Table 15).
The spawning-stock biomass has nonetheless been declining slowly since 1984, and was
estimated to be 42,000 t in 1998 (Figure 33; Table 16). The population estimates showed a well
balanced age structure with an above-average 1994 year-class dominating the 1998 population
(Figure 34). Recruitment has been above average since the large 1979 year-class which has kept
this stock at an intermediate size (Figure 35).

The questionnaire responses also indicated that the situation with this spawning
component north of Point Riche (the major spawning zone) is relatively good, although the
percentage of responses indicating a positive outlook has diminished over the past few years.

The production schedule (Figure 36) shows that annual surplus production has been
mainly positive since 1976. Comparing the first half of the time series (1973-1984) with the
second half (1985-1996) shows that average annual losses due to fishing were relatively constant
around 4,500-5,000 t in both periods, while average annual surplus production has declined from
3,000 to 1,600 t (Figure 37). The mature biomass has therefore declined by only 3,400 t annually
between 1985-1996 (average annual net production), compared to 11,600 t for the spring
spawners (1987-1997).

Outlook

A summary of the various stock status indicators have been tabulated with respect to their
data quality (or knowledge status) and their inference about stock status, to produce an overall
view or Report Card for each stock. Observations have been noted for each indicator, along with
an interpretation, including the uncertainties associated with them. For the spring spawners, most
of the indicators are either in the “Danger” or “Collapse” category (Annex 16). For the autumn
spawners the majority of the indicators are in the “Pivotal” category, signifying that the stock
cannot be considered healthy, but is not yet in danger of collapse (Annex 17).

Uncertainty about year-class abundance creates uncertainty in forecasted yields. This
uncertainty is expressed as the risk of not achieving various reference targets. The primary
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reference targets defined for these stocks are (a) BBUF: the lowest observed historical spawning-
stock biomass which produced good recruitment (b) BLIM: 20 % of the maximum observed
historical spawning-stock biomass, i.e. “virgin stock size” (Figures 38 and 39) and (a) FBUF: the
long term average F0.1 of 0.3 (Figures 40 and 41). Catch projections were therefore estimated
given various scenarios in relation to these reference points using risk projections (Gavaris,
1993). These uncertainty calculations do not include variations in catch at age, partial recruitment
to the fishery, natural mortality or future recruitment. In particular, because the recruitment of age
2 fish in 1997, 1998, 1999 and 2000 is unknown, a level of recruitment must be assumed. Three
levels of recruitment (poor, medium and good) were derived for the SPA and risk projections.
These levels were defined as the geometric mean of the third poorest, the middle third and the
third best  recruiting year-classes observed at age 2 during the historical time series (Schweigert
et al. 1998).

For the spring spawners, a medium recruitment was assumed for age 2 in 1998 and for
the projections in 1999 and 2000. In addition, the ADAPT formulation was unable to estimate the
recruitment at age 2 in 1997. Since this cohort was below average in the catch at age, the mean of
the low recruitment level was assumed in the analysis. With these assumptions, a calculated F0.1

yield for the spring-spawner stock in 1999 would be approximately 2,300 t (Figure 42). A status
quo catch of 6,500 t in 1999 (the 1998 spring-spawner catch) would result in a 100% risk of a
further decrease in the spawning-stock biomass. A catch of 2,300 t would result in a 40% risk that
even a 20% increase in mature biomass would not be achieved by the year 2000 (from 14,000 t to
17,000 t). The minimum SSB target of 38,000 (BLIM) cannot be achieved in 2000 even without
fishing. A catch of 2,300 t therefore cannot be recommended if the primary objective is to rebuild
this stock.

If however, the recruitment of the 1998-2000 year-classes is low, as has been observed
since the 1990 year-class, the calculated F0.1 yield in 1999 would be around 1,200 t, and would
result in a 70% risk of the SSB not increasing by even 10% (Figure 43). This projection illustrates
the sensitivity of the projection calculations to the recruitment assumption, and the need to be
prudent when determining the TAC in 1999.

A medium recruitment was assumed for the autumn spawners at age 2 in 1997 and for the
projections in 1998, 1999 and 2000. A calculated F0.1 yield in 1999 for the autumn-spawning
stock would be approximately 9,000 t (close to the 1998 autumn-spawner catch), although the
flatness of the probability curve indicates that there is much uncertainty around this value (Figure
44).  With this catch, there is a 90% risk that the spawning-stock biomass will decrease by at least
10%, but only about a 25% probability that the SSB will decline below 32,000 t (BBUF).
Additional uncertainty arises because these projections are two years into the future (from 1998 to
2000) and because medium recruitment at age 2 is assumed for 1997 through to 2000.

The autumn-spawning stock has historically received less fishing effort and has
constituted less of the total catch (<28%) than the spring spawners because it is distributed more
in the northern areas farther from the principal landing ports. This has resulted in a wider age
distribution in this stock, with the 1990 year-class appearing as strong and the 1994 year-class as
above average. Although the autumn-spawners are at an intermediate stock size, the mature
biomass is declining slowly due to reduced production in the past decade.

Management Considerations

The 4R herring stocks can not support the present TAC of 22,000 t, nor recent total
catches (between 12,000 and 16,000 t), and fishing will therefore have to be reduced to a
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sustainable level. Precautionary principles suggest that this would be no more that 9,000 t for the
autumn-spawners and that no directed fishery be prosecuted on concentrations of spring
spawners. It is recommended that a harvest limit be imposed for the southern half of 4R. To avoid
a repetition of intensive fishing on any other component, either spring- or autumn-spawning, it is
recommended that fishing effort be reduced and spread-out along the remainder of the coast and
throughout the year as much as possible. The continuation and enhancement of the index-
fisherman program in St. George's Bay and Port-au-Port Bay is essential for the close monitoring
of spawning activity in this area and as a spring-spawner abundance index.

The present assessment indicates that in general, fishing mortality on these stocks has
been increasing over the past 12-15 years and had been around F0.1 for the spring spawners
between 1991 and 1997 (Figure 40). The closure of St. George's Bay and Port-au-Port Bay in
1995 had the desired effect of slowing the decline of this stock by concentrating fishing on the
autumn spawners, of decreasing the quantity of spring spawners in the total catch and of allowing
these fish to spawn undisturbed. However, the present analyses show that the resumption of
fishing in these southern bays in 1998 was premature, and that the concentrated harvesting of
spring spawners in the spring fishery resulted in a sharp increase in fishing mortality, well above
F0.1 (Figure 40). This is in agreement with comments received from fishermen as well as the
index-fisherman catch rates which suggest that the stock has continued to decline since 1997 and
has now reached an historical low. It is projected that the 1994 year-class will not be sufficient to
bolster the spring-spawning stock.

The present analyses indicate that the spring-spawning stock has declined to a point
where fishing must be curtailed to avoid a collapse. This dangerous reduction in the SSB has
occurred even though the average fishing mortality has been around the F0.1 target of 0.3 since
1991. The autumn-spawning stock has been declining gradually while the exploitation rate has
been increasing since the mid-1980’s (Figure 41). These divergent trends have occurred in the
autumn spawning stock despite above-average recruitment over the past 15 years and a fishing
mortality well below the F0.1 target. This suggests that the target exploitation rate may be too high
for these stocks and should be re-evaluated.

As a general guideline, over the past 30 years, the annual surplus production for the
spring spawners has averaged 7,700 t (Figure 30), which approximates the long-term sustainable
harvest for this stock. In contrast, the actual average annual harvest has been 8,700 t, which is
1,000 t above the sustainable level. However, because of the overwhelming influence of incoming
year-classes on surplus production, there are large inter-annual and inter-decadal variations in
production (Figure 29). Comparing the production over the past decade (1987-1997) with the
previous decade (1976-1986), it is clear that surplus production was above average (12,000 t)
between 1976 and 1986 mainly due to the recruitment of the 1980 and 1982 year-classes, and
well below average - in fact negative - since 1987. In the mean time, the catch biomass remained
relatively stable at 11,000 t over these two decades (Figure 30), but well above the long-term
sustainable level of 7,700 t (annual surplus production).

The autumn-spawner long-term annual sustainable harvest, estimated in the same fashion
as for the spring spawners although using data from 1973 to 1996 (see section Assessment
Results - autumn spawners), appears to be in the order of 2,300 t, while the annual harvest of
autumn spawners has been closer to 4,700 t over the past two decades (Figure 37). As with the
spring spawners, the periodic appearance of large year-classes is mostly responsible for
maintaining a positive average annual surplus production (Figure 36), and most of that can be
accounted for by the strong 1979 (50,000 t) and 1990 (22,000 t) year-classes. This leaves these
stocks in a very precarious position when the production frequency of these strong year-classes is
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reduced, as has been the case in the past decade.
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Figure 8. Proportion of spring-spawning herring in the total catch and in November catches in
subarea 4Rb from 1979 to 1998.

Figure 9. Mean age of spring- and autumn-spawning herring in NAFO division 4R herring
landings from 1965 to 1998.
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Figure 11a. Mean weight of spring-spawning herring at ages 4 and 6 from 1964 to 1998.

Figure 11b. Mean weight of autumn-spawning herring at ages 4 and 6 from 1964 to 1998.
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Figure 13. Estimated annual herring consumption by harp and grey seals between 1972 and 1998 in NAFO Division 4RS.
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Figure 15. Spawning-stock biomass estimates and 95% confidence intervals for spring- and autumn-spawning herring in NAFO division 4R from 1991 to 1997
from the biennial acoustic survey.
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Figure 19. Standardized catch rates and 95% confidence intervals for spring-spawning herring
from index-fisherman logbooks between 1985 and 1998.

Figure 20. Standardized catch rates and 95% confidence intervals for autumn-spawning herring
from index-fisherman logbooks between 1984 and 1997.
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Figure 23. Retrospective analysis of the SPA for spring-spawning herring from 1998 back to
1993.
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Figure 24. SPA estimates of annual instantaneous fishing mortality (5+) for spring-spawning
herring from 1963 to 1998. The F0.1  reference level is indicated.

Figure 25. SPA estimates of recruitment at age 2 for spring-spawning herring for year-classes
1963 to 1994 (year-classes 1995 to 1997 are fixed at low or medium recruitment levels).
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Figure 26. SPA estimates of population  numbers at age for spring-spawning herring from 1965 to
1998.

Figure 27. SPA estimates of population numbers for ages 2+, 4+ and 6+ for spring-spawning
herring from 1965 to 1988.
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Figure 28. SPA spawning-stock biomass estimates and catch biomass for spring spawning herring from 1965 to 1999.
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Figure 29. SPA estimates of biological production of west coast of Newfoundland spring-spawning herring from 1965 to 1997 showing gains
through recruitment and growth and losses through natural mortality (M) and fishing. Surplus production (what is available to fishing) is
expressed as gains minus losses due to M, and net production is expressed as surplus production minus losses due to fishing.
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Figure 30. SPA estimates of biological production of west coast of Newfoundland spring-spawning herring for the period 1965-1997, and by three
periods of 11 years (1965-1975, 1976-1986, 1987-1997) showing surplus production (what is available to fishing) and losses due to
fishing. Net production is expressed as surplus production minus losses due to fishing.
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Figure 31. SPA estimates of population numbers for autumn-spawning herring from 1965 to 1998

Figure 32. SPA estimates of annual instantaneous fishing mortality (6+ weighted) for autumn-
spawning herring from 1973 to 1997.
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Figure 33. SPA spawning-stock biomass estimates and catch biomass for autumn-spawning
herring from 1973 to 1998.

Figure 34. SPA estimates of population numbers at age for autumn-spawning herring in 1998
(ages 2 and 3 are assumed fixed at medium recruitment).
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Figure 35. SPA estimates of recruitment at age 2 for autumn-spawning herring for year-classes 1975 to 1994 (year-classes 1995 to 1996 are fixed
at medium recruitment).
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Figure 36. SPA estimates of  biological production of west coast of Newfoundland autumn-spawning herring from 1973 to 1997 showing gains
through recruitment and growth and losses through natural mortality (M) and fishing. Surplus production (what is available to fishing) is
expressed as gains minus losses due to M, and net production is expressed as surplus production minus losses due to fishing
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Figure 37. SPA estimates of  biological production of west coast of Newfoundland autumn-spawning herring for the period 1973-1996, and by two
periods of 12 years (1973-1984, 1985-1996) showing surplus production (what is available to fishing) and losses due to fishing. Net
production is expressed as surplus production minus losses due to fishing.
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Figure 38. Stock-recruitment relationship and biological reference points (BLIM and BBUF) for
spring-spawning herring from 1965 to 1994. Spawning stock biomass (SSB) in 1999 is
indicated.

Figure 39. Stock-recruitment relationship and biological reference points (BLIM and BBUF) for
autumn-spawning herring from 1973 to 1994. Spawning stock biomass (SSB) in 1998 is
indicated.
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Figure 40. Spawning stock biomass versus 5+ fishing mortality with biological reference points
for  spring-spawning herring from 1965 to 1998

Figure 41. Spawning stock biomass versus 6+ fishing mortality with biological reference points
for  autumn-spawning herring from 1973 to 1997.
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Figure 42. Risk Analysis for spring-spawning herring with the probability of not reaching various
objectives given various quotas in 1999 assuming medium recruitment from 1997 to
2000.

Figure 43. Risk Analysis for spring-spawning herring with the probability of not reaching various
objectives given various quotas in 1999 assuming low recruitment from 1997 to 2000.
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Figure 44. Risk Analysis for autumn-spawning herring with the probability of not reaching
various objectives given various quotas in 1999 assuming medium recruitment.
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