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Abstract

Reported herring landings in 1987 in the southern Gulf of St. Lawrence
(NAFO Division 4T) were 76, 545 t; approximately two-thirds of the catch was
taken in the fall gillnet fishery which had its largest catch since 1971 and
probably the largest in history. The current assessment is predicting twice
the mature biomass and much larger 1979, 1980, 1981, 1982 and 1983
year-classes than the previous assessment. This dramatic change in
perception of the resource is largely because of a change in the abundance
index. The new abundance index was calculated from gillnet catch rates using
a multiplicative model. Catch rates in the spring and fall gillnet fisheries
where the highest since 1974. Fishing mortality on fully recruited age
groups was estimated to be 0.24 for fall spawners. It was not possible to
calculate fishing mortality for spring spawners. Projected landings at F0.1
= 0.3 for 1989, are 21,000 t for spring spawners and 53,700 t for fall
spawners.

Resume

Les releves des prises debarquees de hareng en 1987 dans le sud du
Golfe du Saint-Laurent (division 4T de 1'0PANO) indiquent un nombre total
de 76 545 t; environ les deux tiers de ces prises ont 6t6 le r6sultat de la
p@che au filet maillant, qui a ete la plus productive depuis 1971 et
probablement la plus imposante jamais enregistree. 	 Selon 1'evaluation
actuelle, la biomasse des poissons a maturit6 serait le double de celle de
1'evaluation precedente, et les populations des classes annuelles de 1979,
1980, 1981, 1982 et 1983 seraient beaucoup plus abondantes. 	 Cette
variation considerable de la perception de la ressource est largement
attribuable a une modification de 1'indice d'abondance. Le nouvel indice
d'abondance a 6t6 calcul6 a partir de taux de prises au filet maillant au
moyen d'un modble multiplicatif. Les taux de prises des ptches au filet
maillant du printemps et de l'automne ont ete les plus 6lev6s depuis 1974.
La mortalit6 due a la peche dans les groupes d'age entibrement recrutes a
6t6 estimee a 0,24 dans le cas des geniteurs de l'automne. Il n'a pas ete
possible de calculer la mortalit6 due h la peche pour les g6niteurs du
printemps. Les debarquements prevus, h F0,1 = 0,3 pour 1989, sont de
21 000 t pour les geniteurs du printemps et de 53 700 t pour les geniteurs
de l'automne.
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1 • INTRODUCT ION 


This assessment of the 1987 herring- fishery marks the 12th· year that 
CAFSAC has provided biological advice on 4T herring. There have been 12 
previous assessments, including Winters et al. (1977), Winters (1978), 
Winters and Moores (1979, 1980), Cleary (1981, 1982, 1983), Ahrens and 
Nielsen (1984), Ahrens (1985a), Clay and Chouinard (1986), and Chadwick and 
Nielsen (1986, 1987). 

There are two recognized spawning groups: spring and fall spawners. 
Prior to 1965 4T herring were exploited primarily by gillnetters on spawning 
grounds; average landings for 1949-1964 were 32,000 t. In the mid 1960's, 
purse seines were introduced which primarily harvested mixed stocks of spring 
and fall spawners. Landings by the seiner fleet peaked at 175,000 t in 
1970. 4T herring were also fished on their wintering grounds in NAFO 
Division 3Pn from 1966-1972 (Figure 1). Purse seines were the major gear in 
the 1970 IS, but since 1981 over 80% of reported landings have been "by 
gillnetters. 

Total herring landings in 4T have followed a rls~ng trend since 1981. 
In 1987 total reported landings were 76,545 t, an increase of 30% over the 
previous year (Table 1). The largest fishery is that of gillnetters in the 
fall, whose landings of 51,931 t accounted for 68% of total 4T harvest. 
Gillnets are primarily set on spawning grounds inshore, whereas the purse 
seine fishery since the early 1980's has been primarily prosecuted in 
October-December, after the fall spawning period. Most seine activity in 4T 
occurs in the Chaleur Bay area, principally on the north side of the bay- in 
the general area of Shigawake-Chandler. 4T herring are also taken by seiners 
in winter in the Sydney Bight area of 4Vn. 

Quotas or total allowable catches (TAC) have been established since 
1972. From 1972-1981, the TAC ranged from 45,000 to 60,000 t, but was never 
achieved. From 1981 to 1984 TAC's ranged form 15,000 to 20,000 t, but were 
exceeded each year by at least 30%. In 1985 reported landings were slightly 
lower than the TAC of 32,500 t, but a substantial portion of the catch was 
unreported and the TAC may have been exceeded by about 30% (Chadwick and 
Nielsen 1986). The 1986 TAC was 43,375 t, which was exceeded by 36%. Advice 
from the 1986 assessment for the 1987 fishery was 6,600 t spring and 16,800 t 
fall spawners. Revised FO.1 catches from the 1987 assessment were 12,900 and 
31,300 t for spring and fall spawners. 

In 1987, the total quota for 4T was 72,750. Reported landings 
(76,545 t, Table 1) exceeded this TAC by only 5%, although the actual overrun 
was likely greater because of under-reporting in the fall purse seine 
fishery. TAC' s were allocated by season gear type, and area. The total 
spring gillnet TAC of 8,200 t was divided into: Escuminac in May (3,000 t), 
4T other than Escuminac in May (4,500 t), and 4T in June (700 t). The total 
fall gillnet TAC of 50,000 t was divided into: Isle Verte and Magdalen Islands 
(500 t), the Chaleur Bay (28,500 t), Escuminac and Western P.E.I. (2,000 t), 
Fisherman's Bank (9,000 t), and Pictou (10,000 t). A summary of reported 
nominal catches and TAC's are in the table below: 
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1980 1981 1982 1983 1984 1985 1986 1987 1988 


TAC 
Catch 

55 
40 

16 
21 

15 
24 

20· 
26 

19 
27 

32.3 
31 

43.4 
59 

72.8 
76.5 

72 

CAFSAC 
Initial adv. 
Revised adv. 

55 
55 

16 20 
0 

13 13 
18 

20 
30 

25 
32 

25 
44 

36.1 

In 1987, unreported landings were not considered to be a serious problem 
in the gillnet fishery. Based on anecdotal information from the fall purse 
seine fishery, however, it is possible that landings in this fishery have 
been under reported by 40% since 1981. In 1987, this problem was 
particularly acute because there was no on-site monitoring of the landings. 

Cumulative catches and daily fishing effort in each port were estimated 
by fisheries officers and reported to Resource Allocation Branch at regional 
headquarters, where the information was used to set timely season closures 
for each area. In fall 1987, daily boat quotas were also imposed on the 
gillnet fleet. These quotas were 20,000 Ibs. (9.07 t) in Chaleur Bay and 
Pictou areas, and 15,000 Ibs. (6.80 t) in the Western P.E.I. and Fisherman's 
Bank areas. The fall gillnet 1987 fishery did not open at predetermined 
dates as in previous years, but instead opened when percentage of roe in 
samples caught by test fishermen exceeded threshold levels set for each area. 

2. INPUT DATA 

2.1 Catch at Age Matrices 

As with previous assessments, we divided the 4T fishery by area, fishing 
season, spawning group, and gear type. Areas chosen were Statistical 
Districts 431-435, 436, and 437-439. Landings and spawning group affinity of 
the herring catch in these areas are given in Table 2. Fishing seasons were 
spring (prior to 1 July) and fall (after 1 July). Spawning groups were 
spring (spring plus early summer) and fall (late summer plus fall). Gear 
types were gillnet (including a small number of traps) and purse seine. 

For 1987 samples, herring were designated as spring spawners if they 
were caught before July and their gonads showed maturity stages 5, 6 or 7. 
Fish caught after 1 July with maturity stages 5, 6 or 7 were classified as 
fall spawners. Spawning group affinity of fish not meeting the above 
criteria was assigned by eye by an experienced ager on the basis of otolith 
morphology. 

The 1987 catch and weight at age were added to equivalent data used in 
previous years. Landings in the spring gillnet fishery are usually of mature 
spring spawners while gillnetters in the fall usually capture mature fall 
spawners. The fall purse seine fishery captures a mixture of spring and fall 
spawners, estimated to be 53% spring spawners in 1987. 
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Since 1981, 
gillnet fishery. 

Year 

catches of both 

74 75 76 

spawning 

77 78 

groups 

79 80 

have been dominated by 

81 82 83 84 85 86 

the 

87 

Spring Spawners 
GN Catch, Kt. 
PS Catch, Kt. 

8 
7 

8 
17 

7 
15 

5 
18 

9
15 

9
10 

9 
11 

6 
3 

8 8 5 8 11 
1 2 2 27

11 
7 

Fall Spawners 
GN Catch, Kt. 
PS Catch, Kt. 

5 
16 

4 
16 

3 
15 

3 
19 

4 
25 

5 
25 

4 
17 

11 
2 

1 0 14 1 8 19 38 
22124 

52 
6 

Catch-at-age matrices for gillnets, purse seines and all years are 
summarized for spring spawners (Table 3) and fall spawners (Table 4), 
1974-87. The 1980 year-class was particularly strong in both spawning 
groups. The mean weights at age are summarized in Table 5. Figure 2 
compares the catch biomass at age calculated from commercial samples for 1987 
with that projected by last year's assessment. Observed age composition is 
older than projected composition among both spring and fall spawners. The 
1987 assessment underestimated the strength of the spring spawners 1980, 1981 
and 1982 year-classes and the fall spawners 1980 and 1982 year-classes. 

Rev ised catch-at-age and weight-at-age matrices for the years 1984 to 
1987 were presented, but it was decided not to examine these revisions until 
the entire matrices (1974 to present) were available with adequate 
documentation. They will be reviewed in 1989. 

The revised catch-at-age matrix, however, was used to make a preliminary 
comparison of age distributions among catches in southern (areas 431-435) and 
northern (areas 436-439) districts (Table 6). Catch-at-age matrices followed 
roughly similar patterns between the two regions. The 1980 year-class showed 
strongly in both regions in all years. The 1982 year-class, which was strong 
in the south, was weak in the north. This analysis will be repeated in 
greater detail in 1989. 

2.2 Commercial Catch Rates 

Two catch rates were calculated. The first was the same mean catch rate 
in the gillnet fishery which has been used in previous years. Catch per trip 
data were aggregated across areas and months, 1974-87, for five areas for the 
spring and fall fisheries. The spring fishery occurs up to June 30 and the 
fall fishery during the last hal f of the year. These areas were selected 
because they are areas of major gillnet landings where most of the catch is 
from discrete spawning aggregations. 

The number of nets used per trip was estimated from a series of six 
questionnaire surveys of fishermen in recent years. The ~987 survey 
indicated that the number of nets used in the fishery had not changed 
significantly since 1984. 
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An error in the number of nets estimated for the 1980-82 fisheries was 
corrected. In the 1986 and 1987 assessments we used the number of nets owned 
by fishermen who sold more than 50% of their catch to plants; we should have 
used the number of nets fished by these fishermen. This error came to light 
in a recent report by (Cleary and Hamel 1986), and results in a substantial 
change to the catch rates calculated for these years. The revised catch 
rates are summarized in Table 7. 

Year 

Spring Fishery 1980 1981 

Catch per trip 1.09 0.92 1.73 
No. nets old 39.2 41.4 39.7 
No. nets revised 20.2 18.6 20.4 
CPUE old 0.028 0.022 0.044 
CPUE revised 0.054 0.050 0.085 

Fall Fishery 

Catch per trip 1.45 2.15 2.33 
No. nets old 18.4 19.3 18.6 
No. nets revised 10.4 9.6 9.0. 
CPUE old 0.08 0.11 0.13 
CPUE revised 0.14 0.22 0.26 

The impact of these changes on the assessment would be minimal in the 
calibrations of fall spawners, because the adjustments were made at a time 
when both fisheries were exhibiting very low catch rates. The calibration 
procedure in last year's assessment fixed the origin at zero. Consequently, 
the slope of the line would not have been dramatically influenced by these 
changes. ' 

A second catch rate was calculated using a multiplicative model (Gavaris 
1980). The model was used to compare the relative variation of catch rates 
among, season, area or Statistical Districts, and year. Daily catch rate 
data were available from 1978 to present on purchase slips. Each slip was 
assumed to represent one fishing trip or one unit of effort. Slips without a 
date were not included in the analysis. Only days with a record of 5 or more 
slips were included in the analysis. This measure was taken to avoid the 
problem of truncation where the slips from several boats could be combined 
together. 

Previous attempts to use a multiplicative model to analyze-catch rates 
in the gillnet fishery have failed because of large within season 

1982 
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variability. In the 1987 assessment, it was noted that there was pronounced 
within season variation in the catch rates of 15 index fishermen. 

In this assessment an attempt was made to account for seasonal variation 
by separating catch rates into two categories. The first category included 
catch rates during the time period when the first and last 25% of the catch 
was taken; these would be the first and last quartiles on a cumulative 
frequency distribution of catch. The second category included catch rates 
during the middle time intervals, that is one quartile on each side of 
median. 

The cumulative catch and the daily catch rate of herring taken during 
1983 in Statistical District 65 are shown in Fig 3. It is clear that the 
catch rates around the time when the median catch was taken were higher than 
catch rates during the first and last quartiles. The reason for this 
di fference could be, because the giUnet fishery is directed at spawning 
fish, catch rates are high when herring move into an area for spawning but 
they are low both prior to and after spawning. 

In Fig 4 there is evidence that several spawnings occurred in the 1984 
fall fishery for Statistical District 65. In this situation the separation 
of catch rates into quartiles is not effective; a more detailed breakdown 
would be better. To avoid compromising objectivity, however, further 
partitioning of catch rates was not done. 

There are 34 Statistical Districts where herring are landed (Figs 5 and 
6). In the fall fishery, 10 Statistical Districts (SD) account for 99%. of 
the landings; (Fig. 6) only these were used in the multiplicative model. The 
analysis was significant (Table 8). In addition, examination of residuals 
indicated a reasonable fit of the model (Fig. 7). Annual variations 
inresiduals of four important statistical districts are compared to those 
resulting from the aggregated mean catch rate which has been used in previous 
years (Fig 8). It is clear that use of the multiplicative model gives 
considerable improvement in fit over the aggregated mean catch rate method. 

It has been previously suggested that the dynamics of stocks in northern 
and southern 4T would be different. Separate multiplicative models were used 
to calculate catch rates for northwestern (S.D. 65, 66, 67, 73, 82 and 92) 
and southeastern (S.D. 11, 13, 78 and 87) Gulf of St. Lawrence. While both 
analyses were significant (with north R2 = 0.39, F = 39.5; and south R2 = 
0.53, F = 57), the annual variation in catch rates had similar trends 
suggesting that the catch rates from both areas could be combined into one 
model. Nevertheless, it was clear that catch rates increased sharply in 1984 
in the south, but they did not increase until a year later in the north 
(Fig 9). 
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Gillnet catch rates standardized (to 1978-87 mean) 
78 79 80 81 82 83 84 85 86 87 

North 1.02 0.47 0.24 0.68 0.62 0.65 0.74 1.98 1.72 1.89 
South 0.54 0.44 0.32 0.66 0.63 0.62 1.41 1.65 2.10 1.61 

In the spring fishery, 95% of the catch is taken in 11 S.D. IS. An 
analysis which includes these areas is significant, (Table 9) and an 
examination of the residuals indicated reasonable model fit (Fig 10). 
Residuals of the model are shown in Fig. 11. Although there is considerable 
annual variation in the fit of the model, it is clearly an improvement over 
the aggregated mean catch rate. 

The final abundance indices for both fisheries were obtained by dividing 
the multiplicative model catch rates by the number of nets used in the 
fishery (Table 10). These final values (standardized to the 1978-87 mean) 
are presented in Fig. 12 and compared to the old (revised) catch rates which 
have been used in previous years. In the spring fishery, the 1987 catch rate 
from the multiplicative model indicates a more rapid increase in abundance 
than the old (revised) catch rate. In the fall fishery, the multiplicative 
model indicates that the catch rates reached a peak in 1985 and were stable 
thereafter; by contrast, the old catch rates indicate a gradual increase, 
with a slight decline from 1986 to 1987. 

Differences between the two catch rates can be explained as follows. ,It 
was shown in several important S.D.'s that there were large patterns in the 
residuals of the old catch rate around its mean: (Fig 8 and 11). Results of 
the multiplicative model, however, indicated that there were no area 
effects. Therefore the residuals in the old catch rate were due to the 
weighting of effort which is implicit when calculating an aggregated mean. 
This weighting would have given more emphasis to areas with high effort but 
low catches. 

The high catch rates in th~ 1987 fall fishery were corroborated by the 
results of the survey of 18 index fishermen. This survey indicated that 
catch rates had not changed significantly between 1986 and 1987. The index 
fishermen noted that catch rates in 1987 were probably under estimates of the 
true catch rate. This observation was because of the widespread imposition 
of trip limits and because of the increased number of novice fishermen which 
interfered with the normal fishing patterns of experienced fishermen. 
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tonnes/net/trip 

-1986 1987 

Area No. Fishermen X SO X SO 

Chaleur Bay 10 1.88 1.50 1.66 1.04 
Pictou 4 1.26 1.00 0.92 0.59 
Fishermen's Bank 4 0.91 0.42 0.94 0.53 

The time of median catches could be a useful indicator of peak spawning 
activity and they are summarized for several important Statistical Districts 
from 1978-1987 in Fig. 13. In the spring fishery most catches occur between 
days 130 and 140. Fish tend to arrive in S.D. 92 and 73 before the other 
areas. There is also some ev idence that the same stock spawns in both 
distr icts because landings in S. D. 73 are reduced when the season in S. D. 
starts earlier. 

In the fall fishery the spread in timing of median catches tends to be 
less than the spring fishery. In the years 1981, 1982, 1983, and 1986, the 
spread in dates of median catches was less than 10 days. This spread was 
greatest in 1979 and 1980 which were also the egg depositions which produced 
two of the largest year-classes in the past 20 years. 

2.3 Research Survey Data 

The November acoustic survey for 4T herring has been conducted using a 
single beam system since 1984. Results from the 1987 survey are summarized 
by Cairns et a1. (1988). Summed backscatter coefficients (m2 sr-1) for the 
past four surveys are: 

1984 1985 1986 1987 

Chaleur Bay 28,908 19,053 61,320 197,100 
Sydney Bight 33,069 38,106 33,288 124,830 

Because of uncertainty regarding interpretation of echo strengths, the 
value of this series lies principally in its indication of relative, rather 
than absolute, abundance. 

Acoustic estimates in both Chaleur and Sydney Bight rose three to 
four-fold between 1986 and 1987. About 75% of the herring encountered in 
Chaleur Bay in 1987 were concentrated in a large aggregation in the West 
Miscou stratum, which has shown low herring abundance in previous surveys. 
Because of light sampling intensity in the West Miscou stratum,-and because 
the large aggregation was found near the stratum boundary, it is possible 
that large quantities of herring could have been missed on the south side of 
Chaleur Bay in 1987 and in previous years. 
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The increase in Sydney Bight estimates in fall 1987 coincided with a 
major decrease in acoustic estimates for Chedabucto Bay in January 1988, 
leading to the suggestion that some herring 
Chedabucto Bay migrated to Sydney Bight instead. 

which normally winter in 

3. ESTIMATION OF STOCK SIZE 

3.1 Fall Spawners 

i) Age-by-age calibration 

The last year F was calculated two ways. First, using last year's 
technique, the gillnet catch rate was broken down across ages by using the 
gillnet sampling data. Fully recruited F's were chosen on the basis of 
regressions between spawning group gillnet catch numbers-at-age per unit 
effort and estimated beginning of year SPA spawning group population numbers 
at age. As with last year, the tuning regressions were forced through the 
ongJ.n. The selection criteria were based upon maximizing the correlation 
coefficient and minimizing the sum of squared standardized residuals of the 
last four years (1984, 1985, 1986, and 1987). This was repeated individually 
for each age group starting at the oldest age group (Age 9). The oldest age 
F was also fixed to this value. Subsequently the calibration proceeded age 
by age towards the youngest ages. A range of oldest age Fs were used to 
initiate the analysis. The F which gave the best relationships for all ages 
was selected. Fishing mortality rates at age 10 for all years were 
calculated iteratively as in previous years. The age 11+ and fishing 
mortality was set equal to that at age 10. Natural mortality was assume~ to 
be 0.2. 

ii) Adaptive Framework Method (AFM): 

The second method used was the AFM which uses a non-linear least squares 
technique called ADAPT written in apl by S. Gavaris, Biological Station, St. 
Andrews, NB. Fourteen parameters were estimated including population numbers 
for ages 4 to 10 in 1987 and the slopes of regressions between gillnet catch 
rate and SPA numbers for these seven ages. Natural logorithms were used to 
stabilize the variance. A previous formulation indicated that the intercepts 
were not significant. Oldest age (age 10) F's were calculated iteratively as 
the mean F for ages 6 to 8. The AFM was run using the new and old (revised) 
catch rates. It was initiated using the final F' s from the age structured 
analysis. 

iii) Partial recruitment: 

The results of the above caliabrations indicate that partial 
recruitments were probably incorrectly estimated in previous assessments. 
First, there was no change over the past three years in the distribution of 
mesh sizes used in the fall fishery (Fig. 14), and therefore, it could be 
assumed that the partial recruitment vector had also not changed. Partial 
recruitment in the 1987 gillnet fishery was calculated by comparing age 
structure of fall spawners taken in the gillnet fishery of areas 437-439 
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(Table 11). The resulting PR indicates that fish were not fully recruited 
until age 8 (Fig. 15). It should be noted that it was not possible to weight 
the acoustic samples by abundance, becau~e only one good sample was taken 
from the large Miscou school. This sample alone indicates that the PR would 
be 1.0 at age 6. 

A second estimate of partial recruitment was from an age-by-age 
calibration of SPA numbers against the abundance index. This method also 
indicated that herring were not fully recruited until age 8 and gave results 
similar to the acoustic survey. A third estimate was from the AFM which 
indicated that herring were fully recruited at age 9, but not at the two 
older ages. A comparison of the three methods is summarized in Table 12. 
Finally, a two-way analysis of variance of the historical gillnet partial Fls 
indicated that full recruitment did not occur until age 8 (Table 13). 

3.2 Spring Spawners 

i) Age-by-age calibration: 

The same method described for fall spawners was used. 

ii) Adaptive Framework Method 
For spring spawners, several different formulations of AFM were tried. 

First, models of gillnet catch rate against total exploitable numbers, with 
and without intercepts, and with dome-shaped and flat-topped PRls, were 
attempted but rejected because of high correlation between the parameters. 
Second, a ten parameter model (population numbers for ages 3 to 7 and slopes 
of regressions between catch rate and SPA numbers at age) was tried. Age 8 
and older were dropped from the model because of small catches in this part 
of the matrix. Natural logarithms were used to stabilize the variance. 

iii) Partial recruitment: 

The 1987 mesh size distribution was similar to that in the 1985 fishery, 
but slightly different from the 1986 fishery (Fig. 14). Because only few 
samples were collected during the 1986 acoustic survey, it was not possible 
to use this information to estimate partial recruitment. If it is assumed 
that the age structure of spring spawners sampled in the fall acoustic survey 
was from the same population exploited in the spring fishery then partial 
recruitments can also be calculated. This method indicates that recruitment 
is flat-topped for ages 6 and older. Secondly, the AFM indicated that the PR 
increased to age 7, but it was not possible to calculate the F I S at older 
ages (Table 12). 

A two-way analysis of variance on the historical gillnet partial Fs 
indicated that the PR was dome-shaped and similar to the recruitment vector 
used in 1987 (Table 14). In the fall fishery in areas 437-439, the 
experimental 2;t" gillnets (the predominate mesh size used in~ the spring 
fishery), captured a larger fraction of age 3 and 4 and proportionally fewer 
fish at older ages than the regular 2 5/8" mesh (Fig. 16). This experiment 
would also suggest a dome-shaped PR for the spring fishery. 
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4. ASSESSMENT RESULTS 

4.1 Fall Spawners 

i) Age-by-age calibration: 

The results of the age-by-age calibration indicated a fully recruited 
fishing mortality in 1987 of 0.27 (see text table below). The calibration 
plots of predicted and observed values over time indicate a good fit to the 
model (Fig. 17). 

AGE F R2 SS RESIDUALS 

5 0.15 
0.17 
0.19 

6 0.22 
0.24 
0.26 

7 0.22 
0.24 
0.26 

8 0.25 
0.27 

0.791 
0.796 
0.794 
0.921 
0.935 
0.946 
0.997 
0.998 
0.995 
0.926 
0.931 

0.291 
0.284 
0.299 
0.110 
0.080 
0.090 
0.022 
0.012 
0.016 
0.070 
0.070 

ii) Adaptive Framework Method 

Results of the 
parameters was low 

analysis ind
(Table 15). 

icated 
The 

that autocorr
coefficients of 

elation am
variation 

ong 
of 

the 
the 

estimates ranged from 30% to 40% except for population numbers at age 4 where 
it was 54%; this latter estimate was not significantly different from zero. 
The fit of the model was good (Fig. 18) and there were no patterns in the 
residuals. 

A comparison of ArM and the standard age-by-age analysis is given 
below. In general, the two methods give very similar results. The big 
advantage of the ArM is that confidence limits can be calculated for each 
value, for this reason the AFM results were used as the basis of yield 
projections. 
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AGE Age-by-age 

1987 POPULATION NUMBERS 

AFM 
FISHING MORTALITY 

Age-by-age AFM 

4 354,421 261,826 0.120 0.166 
5 232,640 257,998 0.170 0.152 
6 141,078 183,854 0.240 0.179 
7 219,899 213,595 0.240 0.248 
8 90,589 85,121 0.270 0.290 
9 50,524 44,945 0.270 0.309 

10 20,782 24,137 0.270 0.228 

The population numbers and fishing mortality matrices estimated from the 
AFM are summarized in Table 16. The table indicates that the 1980 year-class 
is particularly large but the 1979, 1981 and 1982 year-classes are also well 
above average. The average F for ages 6 to 8 was 0.24. 

The current assessment is predicting much larger 1979, 1980, 1981, 1982 
and 1983 year-classes than the previous assessment. The previous assessment 
estimated that the average F for ages 6 to 8 was 0.36; the current assessment 
estimates that the average F in 1986 was 0.17, less than half the previous 
value. This new assessment results in a doubling of the mature biomass for 
the past four years (Fig. 19) and a radically different view of the 
year-classes currently in the fishery, as seen below: 

Year 

78 79 80 81 82 83 84 85 86 

Recruitment 
(x106 ) at age 2 

Last year 76 265 244 314 383 204 318 159 159 

This year 97 350 341 458 767 493 534 397 379*
, 

* Geometric mean 1978-85 

Two factors could account for this dramatic change in perception of the 
resource the new catch rate, and the use of the AFM method for calibration. 
Summarized below are comparisons of the average unweighted Fls on ages 6 to 8 
for both methods and catch rates for the 1986 and 1987 assessments. 
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1986 Assessment 
catch rate 

1987 Assessment 
catch rate 

Method Old New Old New 

Old (age-by-age) 
New (AFM) 

0.36 
0.25(0.24)* 0.21(0.17)* 0.38 

0.25 
0.24 

* 1986 results based on 1987 analysis. 

Although the comparisons are not complete, they indicate that the new 
catch rate accounts for most of the change in the view of the resource. 
There also appears to be an interaction in effect between the catch rate and 
method. When the new catch rate is used, the two methods provide the same 
result. When the old catch rate is used, the results are quite different. 
Also with the new method the old catch rate provides more consistent results 
between the 1986 and 1987 analyses. 

There are two differences between the old and new catch rates: year 
span and pattern in the recent period. Without doing a run with 1978-87 old 
catch rate series, it is impossible to tell how much effect the recent trends 
have had on the analysis. It is evident however that addition of the 1987 
point to the old catch rate series generates a more pessimistic view of the 
resource than addition of the 1987 point to the new catch rate series. 

It is clear that the new catch rate series indicated catch rates in 1985 
had been underestimated and also a greater increase between the low period in 
the early 1980's and the high period (1985-87) than the old catch rate series 
(Fig. 12). Year span appears to be influential on how the models interpret 
recent stock size. The longer catch rate series generally creates a more 
pessimistic v iew a f the resource. In addition, the new method provides 
substantially lower F' s with this series. Without conducting a rigorous 
analysis, it appears that the 1974-77 data are influential on the calibration 
algorithm of both methods. The new method uses log transforms to stabilize 
the variance; transformations were not used in the old method. The use of 
transformations could explain why the longer, and presumably more variable 
catch rate series is being interpreted differently by the two methods. 

It also appears that the partial recruitment vectors used in the past 
four assessments were inappropriate. They had suggested that herring were 
fully recruited at age 5, when in fact it appears that herring were not fully 
recruited until ages 7 or 8. The previous partial recruitment vector was 
calculated from a gillnet selectivity study done in the 1984 fall fishery. 
This study assumed that selectivity curves were normally distributed around 
modes. Results of this year's assessment and of gillnet experiments in 1987 
indicate that selectivity curves are not normally distributed but heavily 
skewed. 
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4.2 Spring spawners 

i) Age-by-age calibration: 

The results of the age-by-age calibration were not conclusive. 
Maximization of correlation coefficients indicated F's below 0.002. 

ii) Adaptive Framework Method 

Attempts to calibrate with AFM were also not definitive. The best 
calibration was found with the ten parameter model. It indicated that a 
fully recruited F in 1987 of 0.27 and an F in 1986 of 0.34 which compared to 
last year's F of 0.40. The results are summarized below: 

Year 

78 79 80 81 82 83 84 85 86 

Last year 52 116 109 240 176 149 97 118 118 

Age 2 nos. 

(x106 ) 

Biomass age 4-10 44 25 14 10 12 34 42 56 55 


This year 55 118 97 258 281 332 647 245 186 

Age 2 nos. 

ex1 06 ) 

Biomass age 4-10 42 25 13 10 11 32 53 90 155 


The analysis indicates a large increase in the size of the 1981, 1982 
and 1983 year-classes. These age groups, however, are not well estimated by 
the method, and thus, the analysis should be viewed with caution. For 
example, the population estimates were not significantly different from zero 
and had coefficients of variation which ranged from 75% at age 7 to 130% at 
age 3. • 

The poor calibration of spring spawners resulted from the relatively 
greater contrast in the catch rate series (which has varied by five fold 
since 1978) compared to gillnet catches which have varied by less than two 
fold for the same period. 

5. PROGNOSIS 

A projection was done for fall spawners only. The 1987 numbers at ages 
2 and 3 were set by the age 2 geometric mean population numbers for the 
period 1978 to 1985. Above average recruitment is suggested from the high 
incidental captures of age 2 herring in the Gulf ground fish surveys eTable 
17). The catch in 1988 was assumed to be 60,000 t of fall spawners. Mean 
weights in the per iod 1988 to 1991 were assumed to be as estimated for the 
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1987 fishery. The average partial recruitments for 1985-87 were used in the 
projection. 

The 	 following input parameters were used to run the projection: 

Fall Spawners 
Age Nos. 

(x103) 
Catch 
(x103) 

Wt. 
(kg) 

PR 

2 379,000 60 0.158 0.007 
3 294,983 7,838 0.233 0.117 
4 261,826 36,397 0.248 0.619 
5 257,998 33,057 0.282 0.642 
6 183,854 27,392 0.312 0.765 
7 213,595 42,696 0.341 0.891 
8 85,121 19,515 0.366 1.00 
9 44,945 10,884 0.373 1.00 

10 24,137 4,477 0.395 1.00* 
11 10,184 1,889 0.404 1.00* 

* 	Assumed to equal to age 9 PR. 

The results are summarized below: 

SUMMARY OF PROJECTIONS 
Year 1987 1988 1989 1990 1991 

Population 
Biomass (t) 389031 362394 338423 322422 311350 

Catch (t) 57060 59646 53653 49116 45715 

F or Quota 57060 .30 .30 .30 .30 

Compared to the 1987 projections, 1988 catches at FO.1 have increased by 
more than two fold. 

It was not possible to do a projection for the spring spawners. A 
projection was made using information from the assessment of fall spawners. 
In the historical time period, trends in biomass have been similar in both 
stock components. If it is assumed that current fishing mortalities on the 
spring spawner are similar to those of fall spawners, then during 1978-86 2+ 
spring spawner population biomass as estimated by AFM would average about 34% 
of the total. 
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The 1987 acoustic survey indicated a similar proportion. Of the 
combined acoustic backscatter in Chaleur Bay and Sydney Bight (north of the 
Pt. Aconi line). 30% was spring spawners. 
Based on an estimated proportion of 30% and assuming that population 
structure and exploitat ion rate are similar for both spawning groups, a 
projected FO.1 catch 1989 to 1991 would be: 

Year 

1989 1990 1991 


Catch (t) 21,000 20,000 19,000 
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TSl.le 1. C'atctes (t) of I'eI::I:irl:J by g:m- cn:I by S:BDl in N\FO Divisim 4T 1971-1~. ~ fi::tery 
l'.ICD.I.'S fmI JEnsry to Jse; tte fall fi::tery fmI.lJ.ly to Dn1tJer. 

GIW£fS ~.w:s 
(::n:1 otrer inSlJre) (::n:1 otrer 0 ffS"ure) 

YEAR SPRThG FAlL SPRThG FAlL TOTAL 

1971 14074 10327 13316 97129 134846 

1972 8137 9585 948 34910 53580 

1973 11713 7920 7185 13539 L!0357 

1974 8285 419f 8681 13988 35153 

1975 7119 4741 18566 14139 44565 

1976 6611 3419 17217 12205 39453 

1977 4926 3285 19887 16726 44824 

1978 8484 4853 EnI8 31756 53141 

1979 7444 5700 13899 2QS20 4n43 

1900 6443 6784 13330 13886 ~3 

1981 6545 10726 20 3663 21154 

1982 6742 14130 0 3100 23981 

1983 8545 13858 0 3470 25873 

1984 5269 15SU2 0 2009 2J;l30 

1985 7(J)8 23654 0 3685 34437 

1986 7828 m56 0 11247 59031 

1987 11114 51931 0 13500 76545 

http:fmI.lJ.ly
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Ta:li.e 2- UnJirJ;Js n::I ~ affinity of t-err~ in-4T, 1~1sm, by year, st.ock area, SBIBl1 

gear. Untirg t:ang! (t), JHQ!Ii: of ~ spEW1BI.'S aan;J smpled fish (~), n::I tte ra.ntler of fish 
used in ~ affinity <EteI:mirstims (N) are lhwI for ea:tI year. n-e ~ SBIBl1 is .In.Bry to 
.l.re; tte fall SBIBl1 is .:w.y to [Ba'er. FUed gear la1:Iirgs are prinmily gillret, to: alsl :irel.ui! 
la1:Iirgs fmn ~ n::I ~~. M::tlile gear is primari.lY p.II."Se seire, Illi: alsl ircluEs 
IBliSl sei.res n::I otter trads. 

Year Areas 431-435 Area 436 Areas 437-4?fl 

~.irg 

Fixed MDile 

Fall 

Fixed MDile 

~rirg 

Fixed MDile 

Fall 

Fixed MDile 

~rirg 

Fixed MDile 

Fall 

Fixed MDile 

1978 t 2317 5762 560 3619 J796 0 322 1106 2352 22.56 4568 19218 
01
,0 % 8 0 10 85 2 28 72 -2 53 
N 3076 1514 370 527 371 134 1041 1428*" *" *" 

1979 t 836 13m 1234 39 3532 118 572 672 3034 4 3929 19585 
01 90 22 0 0 86 2 17 89 12 51 
N 4171 1323 727 96 485 188 344 287 2269 
'0 

*" *" *" 
1Sl30 t 2353 13332 1618 8254 1730 10 1059 82 3354 0 4574 5232 

01
,0 % 24 0 5 100 2 11 100 12 72 
N 4275 1196 941 194 % 190 390 1709*" *" *" *" 

1Sl31 t 2010 21 2224 167 1974 0 1618 1 2540 0 7087 3020 
01
,0 100 100 0 5 100 0 85 0 16-
N 2B27 86 106 302 489 919 1%8 537*" *" 

1982 t 1417 0 3526 0 2604 0 1!JZ1 0 1418 62 7820 2579 
01
,0 98 0 100 0 99 2 53 
N 3075 'Z39 371 6234 1134*" *" *" 

1Sl33 t 1584 0 4726 0 4771 0 1440 0 2008 0 7552 3470 
01
,0 92 0 93 4 % 1 51 
N *" 11!JZ 681 188 113 1133 1031 

1984t 536 0 7'ZJ5 0 3670 0 1222 0 1063 0 7385 2009 
01 
,0 72 0 91 1 85 4 62 
N 127 447 

I 

4()l 1?fl 878 867*" 
1Sl35 t 1893 0 8483 0 3489 0 1297 0 1716 0 13874 3685 

01
,0 100 0 99 0 89 10 68 
N 115 236 277*" *" *" *" 

1Sl36 t 2855 0 12253 0 3297 0 1267 0 1676 0 26163 11247 
01 ,a 84 1 83 0 88 17 49 
N 163 683 2I.l4 272 595 668*" 

1Sl37 t 3321 0 18161 0 3798 0 1953 0 3995 0 31817 13500 
01
,0 88 0 100 0 93 6 53 
N 260 1625 222 124 315 1286 518 

*" Sarple size is iraEq.Jate to irdicate percent of Eprirg spaw-ers. Percent of Eprirg spaw-ers is 
estimated fran sarples taken :in ot.ter years fran tre sare area. 
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Tahle 3. Catch at age aatrines for wing aping 4T hearing, in 1(110's of fish.

CATCH OF SPRING SPAWNERS ALL GEARS

I 1974 1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987
---+---------------------------------------------------------------- ------ --------------------------

2 	 I 5260 1521 15931 3351 14434 21741 21382 6141 924 424 207 125 315 150
3 	 I 8736 27837 8498 58673 14121 13689 42580 17775 33383 10821 3476 8473 5021 1643
4 	 I 3285 18829 27893 6874 65301 5856 5689 8250 6201 31206 11033 11330 17265 6777
5 	 1 1647 3260 6746 10264 4692 33954 3096 1304 1476 393413838 11707 20651 25483
6 	 I 21560 16243 2237 3563 6956 2130 15768 868 337 1104 1509 5368 16048 16091
7 	 1 3699 20158 465 604 1277 3072 3269 4444 217 70 116 2036 5797 14764
8 	 I 4128 2683 8805 498 1182 707 2033 755 339 50 11 364 1667 6291
9 	 I 6245 3395 1034 6513 191 203 740 756 114 17 11 249 538 799

10 	 I 947 5457 1488 510 3584 718 320 108 2 2 22 1 117 588
11 	 I 2529 6157 19853 13472 1992 3488 2910 1198 110 10 34 1 461 155

CATCH OF SPRING SPAWNERS IN GILLNETS

1974 1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987
---+---------------------------------------------------------------- ------ -------------------------

2 	 I 108 8 1 86 38 55 541 45 68 1 13 2 8 0
3 	 I 4911 14874 2338 13965 6459 7667 22219 13031 32597 5160 1877 6602 3882 542
4 	 I 1974 3710 18058 3301 27332 3056 3567 7527 6047 29194 7932 9341 12248 5140
5 	 I 1191 1377 2307 3691 1386 20895 1406 1270 1475 364611970 9663 14241 19778
6 	 I 14032 1793 535 540 1902 556 9528 785 326 1019 1195 4543 9205 10281
7 	 I 2600 6672 97 42 315 1404 216 3197 177 36 52 1655 1961 9436
8 	 I 2272 1925 2946 59 262 110 1074 79 332 1 0 257 284 3487
9 	 I 2532 1628 419 1084 96 63 104 285 113 1 0 197 8 662

10 	 I 338 2640 292 1 1361 362 140 38 1 1 0 0 63 468
11 	 I 469 1660 2894 1497 1164 1672 2134 1009 109 1 0 0 425 104

CATCH OF SPRING SPAWNERS IN PURSE SEINES

I 1974 1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987
---+----------------------------------------------------------------- ------ ----------------

2 	 I 5152 1513 15930 3265 14396 21686 20841 6096 856 423 194 123 307 150
3 	 I 3825 12963 6160 44708 7662 6022 20361 4744 786 5661 1599 1871 1139 1101
4 	 I 1311 15119 9835 •3573 37969 2800 2122 723 154 2012 3101 1989 5017 1637
5 	 1 456 1883 4439 6573 3306 13059 1690 34 1 288 1868 2044 6410 5705
6 	 I 7528 14450 1702 3023 5054 1574 6240 83 It 85 314 825 6843 5810
7 	 I 1099 13486 368 562 "962 1668 3053 1247 40 34 64 381 3836 5328
8 	 I 1856 758 5859 439 920 597 959 676 7 49 it 107 1383 2804
9 	 1 3713 1767 615 5429 95 140 636 471 1 16 it 52 530 137

10 	 I 609 2817 1196 509 2223 356 180 70 1 1 22 1 54 120
11 	 I 2060 4497 16959 11975 828 1816 776 189 1 9 34 1 36 51
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Table 4. Cates at age matrices for fall sp®rwig 4T herring, in 11]O's of fish.

CATCH OF FALL SPAWNERS IN ALL GEARS

--- I - 1974 1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987+ - --------------------------------- ____ _____
2 	 1 5403 96 93 205 1514 2906 1369 109 184 35 9 30 331 603 	 I
4 	 I

5715 2090 277 3037 19348 6217 32429 10075 9273 4782 1135 3736 4372 7838
5 	 I

17524 4169 1758 7676 27378 35031 9995 33204 21526 23879 27519 17694 35927 36397
6 	 1

6097 25621 5034 3604 14092 27629 23278 5971 26147 10971 16248 24072 26265 33057
7 	 I

4235
10666

6860
3262

28944 3622 3973 11109 8343 2606 5663 13643 12972 12625 35034 27392
8 	 I 2827 4854

4154
1849

22200 3465 2323 4130 978 2344 2409 6718 5798 20078 42696
9 	 I 5444 2159 3510

2219
1412

13853 3128 637 977 1004 1867 1386 2144 10143 19515
10 	 I 4295 3568 737 2761

1606
890

5242 848 216 641 623 480 431 3308 10884

it 	 I 19110 20635 16451 16704 16259
702

10386
320

2966
108
872

132 114 154 203 535 4477
162 309 174 1 667 1889

CATCH OF FALL SPAWNERS IN GILLNETS

1974 1975 1976 1977--- I 	

----------------------
1978 1979 1980 1981 1982 1983 1984 1985 1986 1987

----- ------21
3 	 I

1
125

1
1

1
39

1
122

5
351

1
128

25
7254

i
6851

1
3542

------ -i
792

-----o
931

6------0
2755

--- -
258

3605

-----
4 	 1
5 	 I

4258
1765

1602 276 1879 4389 7809 3293 28863 18645 21648 26518 16301 34220
6890

34758
6 	 I 515

8163
1227

1455
5839

340 3104 3821 4027 5537 23280 10465 14918 21838 23241 30368
7 	 I 1876 742 465

253
3215

593
614

1883 929 2471 5308 12544 12214 11787 30308 21905
8 	 I 180 616 243 133 3440

402
484

836
185

974 2250 2223 .6236 5473 17661 36853
9 	 I 2070 403 419 81 83 694 210

830 960 1782 1308 1993 9361 15868
10 	 I 730 315 50 468 178 it 139

104
53

491 589 .446 332 2961 9975
It 	 I 4813 1800 2143 1162 1785 1418 620 866

131
61

81 154 197 518 4337
260 171 0 614 1882

CATCH OF FALL SPAWNERS IN PURSE SEINES

1 1974 1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987
---+------------------------------------------------------------------------------------------
2 	 I 5402 95 92 204 1509 2905 1344 108 183 34 9 30 73 54
3 	 I 5590 2089 238 2915 18997 6089 25175 3224 5731 3990 204 981 767 948
4 	 I 13266 2567 1482 5797 22989 27222 6702 4341 2881 2231 1001 1393 1707 1639
5 	 I 4332 17458 3579 3264 10988 23808 19251 434 2867 506 1330 2234 3024 2689
6 	 1 3720 5633 23105 3369 3380 9226 7414 135 355 1099 758 838 4726 5487
7 	 I 8790 2520 3689 18985 2851 1921 3294 4 94 186 482 325 2417 5843
8 	 I 2647 4238 1606 2086 10413 2644 452 147 44 85 78 151 782 3647
9 	 I 3374 1756 3091 1331 1523 4548 638 112 150 34 34 99 347 909

10 	 I 3565 3253 687 2293 712 691 181 55 1 33 0 6 17 140
it 	 I 14297 18835 14308 15542 14474 8968 2346 6 101 49 3 1 53 7
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Tthle 5. %r iqt at age narks for spring and fall spariirg herring in 4T.

MEAN WEIGHTS (KG) OF SPRING SPAWNERS

1974 1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987
---------------------------------------------------------------------- - ----- -----------

2 	 I .095 .090 .104 .133 .133 .133 .133 .124 .117 .146 .144 .103 .101 .181
3 	 I .160 .154 .177 .172 .172 .172. .172 .173 .170 .178. .168 .160 .159 .214
4 	 I .202 .185 .210 .213 .213 .213 .213 .232 .202 .214 .202 .210 .213 .210
5 	 I .238 .229 .247 .247 .247 .247 .247 .277 .247 .242 .220 .244 .251 .235
6 	 I .275 .266 .275 .287 .287 .287 .287 .318 .295 .252 .281 .288 .284 .276
7 	 I .291 .298 .271 .291 .291 .291 .291 .346 .285 .310 .224 .359 .325 .301
8 	 I .319 .304 .304 .310 .310 .310 .310 .366 .299 .254 .320 .409 .309 .314
9 	 I .320 .316 .310 .348 .348 .348 .348 .376 .305 .398 .312 .428 .331 .323

10 	 1 .328 .329 .333 .324 .324 .324 .324 .369 .312 .375 .241 .324 .279 .332
11 	 I .348 .357 .353 .359 .359 .359 .359 .413 .420 .385 .216 .359 .299 .402

MEAN WEIGHTS (KG) OF FALL SPAWNERS

1974 1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987

.035 .119 .119 .119 .119 .076 .094 . 143 .137 .119 .16? .158 
2 	 I
3 	 I

.047

.126
.040
.115 .111 .177 .177 .177 .177 .143 .151 .174 .214 .249 .221 .233

4 	 I .190 .169 .184 .245 .245 .245 .245 .242 .155 .249 .244 .279 .242 .249

5 	 I .235 .215 .217 .283 .283 .283 .283 .273 .189 .285 .290 .312 .294 .282

6 	 I. .255 .248 .253 .313 .313 .313 .313 .317 .237 .317 .306 .355 .331 .312

7 	 I .283 .272 .276 .338 .338 .338 .338 .326 .324 .343 .344 .384 .374 .341

8 	 1 .314 .288 .283 .359 .359 .359 .359 .348 .237 .362 .367 .404 .386 .366

9 	 1 .327 .314 .300 .380 .380 .380 .380 .394 .285 .365 .380 .405 .404 .373

10 	 I .331 .325 .323 .364 .364 .364 .364 .328 .380 .348 .416 .423 .436 .395

11 	 I .354 .362 .349 .395 .395 .395 .395 .427 .389 .398 .361 .395 .424 .404



-24-

Table 6. Pleroa#a je cddl at age of fall spetnirq 4T herring cot in ghlnets in are 431-435
(soLth tem QAlf) and arm 436-439 (mein (uilf).

ACS 	 Catch at age

Areas 431-435
	

Areas 436-439

1984 	 1985 	 1986 	 1987
	

1984 	 1985 	 1986 	 1987

2 0.0 0.0 0.5 0.0 0.0 0.0 0.0 0.0
3 0.7 3.8 3.9 2.2 1.8 1.5 3.2 5.5
4 53.6 25.3 46.8 21.6 32.5 9.9 16.9 21.2
5 20.1 43.6 14.6 23.2 28.9 49.8 22.4 14.9
6 13.5 17.2 23.6 10.5 19.8 30.9 24.6 15.3
7 8.3 6.7 6.4 23.1 13.1 7.2 18.8 22.4
8 2.1 2.1 3.2 9.3 3.1 0.2 10.0 10.0
9 1.1 1.1 0.6 6.1 0.5 0.0 3.3 6.1

10 0.4 0.3 0.2 2.5 0.3 0.6 0.5 2.8
11 0.1 0.0 0.3 1.6 0.2 0.0 0.5 0.9
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Tiille 7. Catch (t) JB' 9.' ISSful trip, rudEr of rets fiSled JEr tdp aIJ CJ\E .irmx far ~:irg aIJ 
fall i.rIhre gil.J.ret fiEhries of WlJ Divisim 4T. 

Sprirg F i::te!i: 	 Fall Fi::tery 
YEAR 	 Catch (t) JEr t'Ult:er of CA..E i.rd:Dc Catch ( t) JEr t'Ult:er of CA..E i.rd:Dc 

SI o:::essful. nets fisred tms per net sux:essful. nets fisred tms per ret 
trip1 per tr:ip2 per trip trip1 per trip3 per trip 

1974 1.2> 20.6 0.09J 2.r:fi 7.6 0.39 

1975 1.29 30.1 0.043 3.63 7.2 0.50 

1976 1.34 29.9 0.045 3.13 8.9 0.35 

1977 1.89 27.9 0.058 3.56 9.3 0.38 

1978 2.22 29.4 0.076 3.21 11.4 0.28 

1979 1.49 34.4 0.043 1.78 11.9 0.15 

1900 1.[9 20.2 0.054 1.45 10.4 0.14 

1981 0.92 18.6 0.050 2.15 9.6 0.22 

1982 1.73 20.4 0.085 2.33 9.0 0.26 

1983 1.79 22.5 0.000 3.45 7.3 0.47 

1984 1.5(J 26.5 0.072 3.02 5.3 0.57 

1985 1.81 27.2 0.~7 4.59 5.2 0.88 

1sa; 2.47 27.1 0.[91, 5.91 5.2 1.14 

1987 2.91 21.8 0.133 5.13 4.8 1.05 

1 - For CCJTtJired Statistical Districts 11, 65, 66, 67, 73, 75, 78, 80, 82, a"d 92. 


2 - For CCJTtJired Statistical Districts 63, tA, 65, (6, 61, 68, 70, 73, 75, 76, 77, 78, 8), 82, 83, a"d 

92. 

3 - For CCJTtJired Statistical Districts 63, tA, 65, (6, 61, 68 
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Ta:.J.e 8. I8:ults of a"Blysis of c:al:ch rates .in fall gi..lJ.ret fiSa:y LBirg the nultipHrative nr:ml. 
n-e three a:tet}ries are: sta;jstical distXict (1), q.mtile m cumulative c:al:ch CUl'Ye (2), aY.I year 
(3). 

REgressirn of tvldtiplicative MxEl 

tvldtiple R.............. .638 
M.Jltiple R 5:Js:red...... .407 

Il.I'W.-YSIS CF VARI.AN:E 

Source of Variatirn [F 5.ms of Sq..ares t-eal S:juares F-ValLe 

Inte~t 1 1.055E!llJ5 1 .055ElllJ5 

fEgressirn 
TYIE 1 
Type 2 
TYIE 3 

19 
9 
1 
9 

1.32CIDIl3 
5. 13CElllJ2 
1.89~lllJ2 
4.%5£lllJ2 

6.97€£lllJ1 
5.7(I£lllJ1 
1.895ElllJ2 
5. 522ElllJ1 

57.957 
47.352 

157.388 
45.871 

fesid.als 1603 1.93lEDl3 1.2OlflDlJ 

TOTflL 1623 1.Cl3E£lllJ5 

I£CH:SSI(}.l aHFICIENTS 

Categ:)I'Y Crx:l3 Varict>le O:x3fficia1t Std. Error f'b. (])S. 

1 65 InteI'Cl:¢ 7.916 0.111 1623 
2 1 
3 86 
1 11 1 0.316 0.007 343 

13 2 0.376 0.132 91 
66 3 1.454 0.lJJ1 260 
67 4 1.034 0.105 167 
73 5 1.686 0.177 47 
78 6 -0.482 0.516 5 
82 7 0.635 0.284 16 
87 8 1.263 0.0)5 227 
92 9 0.814 0.121 110 

2 2 10 0.728 0.058 566 
3 78 11 -0.831 0.176 62 

79 12 -1.421 0.143 113 
80 13 -1.~ 0.137 138 
81 14 -1.023 0.119 251 
82 15 -1.115 0.122 ~ 
83 16 -1.0)5 0.121 213 
84 17 -0.6% 0.126 177 
85 
87 

18 
19 

-0.007 
-o.0S6 

0.131 
0.125 

149 
179 
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Tcble 9. Iesul.ts of a-alysis of catdl rates in ~ g:i:1..1n:t. f:ifrery usi.rI) tte RJltip]jmtive 1IIXEl. 
l'te three cater}lcies are: st:a:istica1 district (1), q.mti.le (J'l CUIUlative catdl D..Il've (2), a"d year 
(3). 

~iCll c:f M.11.tiplicative f'vtxEl 

t1..Jltiple R.............. .588 
M.11.tiple R ~... ••• .346 

Source of VariatiCll IT 

Intercept 1 

REgressiCll 20 
Tyt:e 1 10 
Tyt:e 2 1 
Tyt:e 3 9 

Ferid..als 1195 

TOTAL 1216 

.oMLYSIS (f' VARIAN:::E 

5Jrsof~ 

6.7(f£CDJ4 

4.96SBlD2 
1. iUEOOO2 
7.97(£0001 
2.1~0002 

9.411£0002 

6.84S£CDJ4 

f£t:R:SSICN IlIFFICIENTS 

~ S:jlBres 

6.7(f£CDJ4 

2.48~ 
1.iUEOOO1 
7.97(£0001 
2.434:0001 

7.87~-D01 

F-Vall.e 

31.548 
21.692 

101.274 
30.004 

Cat8C})ry ~ VariciJle Ch:!fficiB1t Std. Error r-.h. ilis. 

1 65 Jrtercept 6.002 0.117 1216 
2 1 
3 78 
1 11 1 -1.217 0.349 7 

13 2 -0.591 0.193 26 
r:Jj 3 -0.030 0.161 41 
67 4 1.178 0.244 15 
73 5 0.726 0.075 235 
75 6 0.262 0.133 68 
78 7 0.230 0.101 175 
00 8 0 • .Dl 0.095 222 
82 9 -o.~5 0.102 173 
92 10 0.100 0.115 100 
2 11 0.543 0.(154 459 

79 12 -0.211 0.128 96 
00 13 -0.519 0.126 100 
B1 14 -0.512 0.121 122 
82 15 0.D!12 0.120 129 
8J 16 o.m; 0.113 202 
84 17 0.158 0.139 00 
85 18 0.456 0.120 131 
87 20 0.912 0.122 135 

http:q.mti.le
http:Iesul.ts
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Tcble 10. FirBl cat.dl rates based m tre nultipJic:3:i:.le 1lIXhl. 

Spr:in.;J Finry Fail Finry 

kgltrip t/ret/trip hqltrip ~ts t/ret/trip 

1978 1435 29.4 .05 2151 11.4 .19 

1979 1162 34.4 .03 1199 11.9 .10 

1900 854 20.2 .04 741 10.4 .07 

1~1 861 18.6 .05 1792 9.6 .19 

1982 1499 20.4 .07 1633 9.0 .18 

1983 1584 22.5 .07 1666 7.3 .23 

1984 16n 26.5 .06 2483 5.3 .47 

1~5 '2269 27.2 .08 4939 5.2 .95 

1986 3013 27.1 .11 4972 5.2 .96 

1~7 3500 21.8 .16 4658 4.8 .97 

http:nultipJic:3:i:.le
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lane 11. CaIpar.is::n of ~ 00IpCBit.ial of fall ~ terrirg takBl by 2 5/8" gi..lJrets, ~ 
ta.s d..Ir:in:;J acnstfu 9.Jl"IIe)'S, ~ by fXJl'Se seirers In areas l(5l-4YJ dJrirg fall 1~. 

.. .... 
Af£ gi.l.lret cruise gillret partial seire gillret partial 

percent percent percent: recruitrle1t percent percent: recruitrle1t 
ataJe at aJe cruise based en atcqa seire based 01 

percent cruise percent seine 

1 0 0.3 0 0.00 0 0.00 
2 0 10.5 0 0.00 0.3 0 0.00 
3 5.6 40.5 0.14 0.05 4.4 1.25 0.44 
4 21.8 19.4 1.12 0.44 7.7 2.84* 1.00 
5 15.6 8.3 1.87 0.73 12.6 1.24 0.44 
6 15.4 7.4 2.09 0.82 25.7 0.60 0.21 
7 22.4 8.9 2.51 0.98 27.4 0.82 0.29 
8 9.9 3.9 2.55* 1.00 17.1 0.58 0.20 
9 5.7 0.9 6.24 1.00 4.3 1.35 0.]3 

10 2.8 0.04 65.31 1.00 0.7 4.29 1.00 
11 0.9 0 1.00 0.03 29.8 1.00 

* ~ a::nsicEred to be fully recruited. 
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T~12. Part:ial recrui.tlIIrt estinEted ftr 1!UJ aJlpared: to vahBI USB:I :in 1$7. 

SffiI~ SPAW'£R FAlL SPAlUR 
Last yr. This year Last yr. This year 

Assess. PFM Acat.stic Assess. Acat.stic Pq:!:-by~ PFM 
survey 

1 0 0 0 0 0 0.00 0 
2 0.05 0.(1)1 0 0.(1)1 0 0.(1)1 0.001 
3 0.53 0.04 0.02 0.17 0.05 0.17 0.17 
4 1.00 0.18 0.24 0.58 0.44 0.44 0.54 
5 1.00 0.32 0.66 1.00 0.73 0.63 0.49 
6 1.00 0.59 1.00 1.00 0.82 0.89 0.58 
7 0 • .50 1.00 1.00 1.00 0.98 0.89 0.80 
8 0 • .50 1.00 1.00 1.00 1.00 1.00 0.94 
9 0 • .50 1.00 1.00 1.00 1.00 1.00 1.00 

10 0 • .50 1.00 1.00 1.00 1.00 1.00 0.74 
11 0.50 0.74 1.00 1.00 1.00 1.00 0.74 

* ~ exnsidered to be fully recruited. 
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TItlle 13. A 9..IIIIHy of a bo-way alalysis of varia'l:e m tte historical. gi.ilret partial f's far fall 
spIIII"etS. Est.in&:.im is dTe al a 1n scale us:irJ;J tte lmt )6Jr as tte referen:e caI:aj lIy. 

GIW£r FI9-lItii MJUALlTY 

1978 1979 1980 1981 1982 1983 . 1984 1985 1986 1987 


2 .OOJ .OOJ .OOJ .0lJ .0lJ .OOJ .CDJ .CDJ .OOJ .OOJ 
3 .003 .001 .032 .026 .010 .001 .003 .a:B .W .D47 
4 .1lS7 .[94 .052 .184 .an .(8) .058 .070 .125 .115 
5 .102 .142 .ce5 .124 :09 .070 .074 .ffi2 .138 .156 
6 .078 .142 .121 .100 .170 .1SU .1ce .077 .117 .192 
7 .an .117 .184 .127 .126 .100 .138 .056 .161 .207 
8 .225 .143 .114 .476 .638 .140 .079 .1lSO .154 .220 
9 .010 .152 .172 .100 .705 1.al1 .D47 .026 .120 .247 

10 .w .002 .076 .004 .204 .282 1.484 .026 .052 .262 
11 .072 .153 .228 .982 .155 .e68 2.075 .OOJ .100 .2f:B 

ftS~ (005 - PfID) AfUID LN F Ml\TRIX 

Ar£ 78 79 80 81 82 83 84 -85 86 87 

2 .686 .101 -.!JIB -.957 -.943 -.700 -.627 .876 2.012 "'!.:J17 
3 -.289 -1.047 1.275 .706 -.204 -1.916 -1.016 1.352 -.()!() 1.178 
4 .467 .500 -.685 .4B -.453 -.366 -.m 1.107 .180 -.376 
5 .653 .765 -.314 -.421 .217 -.740 -.586 .748 -.024 -.299 
6 .m .655 -.191 -.742 -.195 .153 -.])3 .852 -.])2 -.:3)'+ 

7 .170 .371 .140 .345 -.588 -.581 -.160 .598 -.074 -.221 
8 .991 .316 - .:137 .471 .787 -.~ -.963 .262 -.366 -.412 
9 -1.771 .715 .158 -.680 1.220 1.984 -1.152 -.236 -.278 .D41 

10 -1.~ -3.ce7 -.1QS -.m .533 1.005 2.847 .Jl5 -.567 .646 
11 .106 .640 .357 1.449 -.374 1.581 2.552 -5.885 -.470 .D45 

Year 
effects .252 .314 .620 .896 .876 .694 .628 .140 .670 1.(llJ 

~ effects: 
Coefficients 
~llTBli.zed 

2 
.00 
.001 

3 
.014 
.043 

4 
.167 
.503 

5 
.211 
.635 

6 
.235 
.710 

7 
.258 
.779 

8 
.331 

1.CDJ 

9 
.238 
.717 

10 
.137 
.413 

11 
.257 
.776 

http:Est.in&:.im
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Ta:ue 14. A 9.IIIIB.')' of a ~ a'1':llysis of varial:::e entre hi.storical gi.l.lret partial F's for I¥:irg 
spwers. EstinEtatim is ctre en a In s:::ale usirg tte last year as tte referen:e cal:elpry. 

= 
SPR:w:i GlWEf FI9-I:w:i tmTJlJ...ITY 

1978 1979 1900 1981 1982 1983 1984 1985 1986 1987 


2 .001 .001 .007 .CIII .CIII .CIII .CIII .CIII .CIII .CIII 
3 .241 .~ .491 :81 .193 .025 .008 .014 .022 .lD4 
4 .257 .226 .383 .421 .228 .268 .051 .049 .032 .036 
5 .104 .475 .1% .262 .137 .212 .172 .1l32 .100 .058 
6 .146 .069 .651 .185 .099 .133 .101 .an .111 .102 
7 .067 .218 .0% .792 .058 .014 .((1) .207 .0% .174 
8 .050 .037 .361 .049 .203 .CIII .CIII .057 .058 .151 
9 .011 .017 .059 .222 .117 .001 .000 .128 .002 .225 

10 .111 .054 .051 .034 .001 .001 .000 .000 .057 .216 
11 .248 .244 .591 .679 .134 .002 .000 .000 •liE .134 

f£S:ra.w..s (CBS - PRED) AfnN) LN F IvlATRIX 

ACf.. 78 79 -00 81 82 83 84 85 86 

2 •liE -.119 1.50) -1.413 -.327 .ns 1.n8 .001 -.675 -1.499 
3 .650 .927 .486 .253 .700 .579 .697 -.342 -.916 -3.034 
4 -.on -.332 -.558 -.177 .072 2.136 1.n8 .108 -1.311 -1.632 
5 -1.131 .266 -1.373 -.796 -.582 1.754 2.850 .493 -.333 -1.148 
6 -.651 -1.513 -.029 -1.003 -.766 1.432 2.465 .755 -.c:m - .ffi4 
7 -.912 .144 -1.%8 .%6 -.779 -.272 .%7 2.069 -.253 .440 
8 -.103 -.533 .987 -.712 1.559 -2.lfJ4 -2.851 1.875 .879 1.391 
9 -1.166 -.852 -.m 1.234 1.457 -1.465 -2.4m 3.132 -1.805 2.240 

10 1.784 .l)l2 .128 .025 -2.201 -.)79 -1.749 -3.373 1.%3 2.854 
11 1.a14 1.068 1.199 1.623 .865 -1.598 -3.133 -4.757 2.538 .992 

Year 
effects 1.te4 1.688 3.582 2.690 1.137 .170 .0!J6 .234 .647 1.00 

~ effects: 
Coefficients 
~l'ITBlized 

2 
.000 
.002 

3 
.~ 

.391 

4 
.187 
.866 

5 
.216 

1.CIII 

6 
.187 
.868 

7 
.112 
.519 

8 
.037 
.174 

9 
.024 
.111 

10 
.012 
.057 

11 
.(f:{) 

.231 

87 
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TEble 15. A SlJIIIBj' of res.dts of tre firBl. cal.ibraI:.im lBirg tre rDl-.1.irEBr least SJ..IB.'eB ca1..ibratim 
(*H). l1"ere are 14 paraEters: pa11IIelers 1 to 7 CI."e JXP,J1at:ims rudlel's for SJ!S 4 to 10; 
paraeters 8 to 14 are slq:es of regress.i.aB bebeen gil.lr'I:!t catch rate B'd 9lA I"I..IIf:eI:s for SJ!S 4 to 
10. 

APfRlXJMI\TE STATISTICS ASSlMIN:i LThEARITY f\£AR SOJJTI~ 

Orthogonality Offset ••••••••••• 0.018243 
Mean Square Residuals•..••.•••• 0.33'1671 

PAR. EST. 510. ERR. T-STATISTIC 

1. 2. ;()35eE1ID5 1.3599t£1ID5 1.84091EOIID 
2. 2.3495~5 9.5031~ 2. 3713ffJlDJ 
3. 1.6925CEOOO5 6.oo572E1lD4 2. 78111EOIID 
4. 1.9875L£1ID5 6.38971EIlD4 3.11OSElDJ 
5. 8.1l462tE1lD4 2.6078IClD4 3.oo54IOIID 
6. 4.3983EJDl 1.3887'E.lD1. 3. 1670aJID) 
7. 2.~IIlD4 7. 32407EIlll3 3.411(([OIID 
8. 5.3118~-{l)3 1.1004:£-003 4.4999E£0llJ 
9. 4.~-{l)3 1.0527tI:-Q03 4. 5344~0IID 

10. 5.29932E-003 1.1782(£-an 4.49782EOJlj 
11. 6. 9984ff.:-{l)3 1 • S6Il32E-Q03 4. 48?£JSEOIID 
12. 5.6719e£-{l)3 1.264Ji£-Q03 4.485~ 

13. 4. 0058t£-Q03 1.11i~-{l)3 4.57021EOIID 
14. 6.8345(£-003 1.5045j[-{lJ3 4.5424fE1lD) 

a:m::LATI~ Ml\TRIX CF PARPt£TERS 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 


1 1.1ID .(J42 .00l .009 .121 .131, .129 -.ll36 .002 -.358 -.097 -.ll36 -.(83 -.IN5 
2 .042 1.00J .143 .132 .145 .169 .184 -.128 .301 -.117 -.131 -.132 -.328 -.130 
3 .00:1 .143 1.1ID .158 .172 .217 .252 -.315 .376 -.168 -.195 -.334 -.219 -.185 
4 .009 .132 .158 1.1]]) .236 .284 .327 -.412 .260 -.m -.39l -.443 -.278 -.376 
5 .121 .145 .172 .236 1.1lll .2h9 .n -."7)3 .246 -.337 -.401 -.257 -.~ -.376 
6 .131 .169 .217 .284 .2h9 1.00J .n -.255 .328 -.~ -.4(1) -.330 -.359 -.366 
7 .129 .184 .252 .327 .n .n 1.1lll -.~ .?£J9 -.JiD -.337 -.378 -.363 -."7)3 
8 -.006 -.128 -.315 -.412 -.393 -.255 -.348 1.1lll -.2h3 .241 .3(]) .m .259 .293 
9 .002 .301 .376 .2hD .246 .328 .?£J9 -.2h3 1.1lll -.228 -.252 -.200 -.281 -.253 

10 -.358 -.117 -.168 -.m -.337 -.366 -.360 .241 -.228 1.1lll .270 .240 .246 .2h7 
11 -.097 -.131 -.195 -.39l -.401 -.405 -.337 .:nJ -.252 .270 1.IID .295 .278 .313 
12 -.006 -.132 -.334 -.443 -.257 -.330 -.378 :m -.200 .240 .295 1.1]]) .259 .290 
13 -.(83 -.328 -.219 -.278 -.~ -.359 -.363 .259 -.281 .246 .278 .259 1.1lll .273 
14 -.095 -.130 -.185 -.376 -.376 -.366 -.393 .293 -.253 .2h7 .313 .2S0 .273 1.ClIl 

http:regress.i.aB
http:cal.ibraI:.im
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Taili:! 16- Esti-terl J:qJllatim rud:Jers «(11)'8), fiSlirgllDltality n me&1 J:qJaJatim biaRass (t) fer 
fall~. 

A:FU..ATI~ ~ 

1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 


2 970)1 350366 341498 458709 767287 492SJ} 534389 396533 201117 22IlS98 
3 163790 78I:W3 284226 278356 375460 620035 403446 437513 324626 164361 
4 tE251 116593 58275 203361 218783 299010 509864 3292H7 354825 261826 
5 41448 47481 63761 3&567 136454 159647 223202 392541 253587 257'E8 
6 9'J68 21184 13875 31140 26255 aa:m 120781 168041 299604 183854 
7 9791 4566 7'192 3811 23138 16372 59753 87149 126157 213595 
8 23166 4tE1 1636 2233 2235 16823 11224 42843 66106 85121 
9 3153 6432 1166 763 945 921 121134 7936 33137 44945 

10 2016 1128 523 187 430 193 191 9459 6107 24137 
11 36832 16689 4847 1510 527 524 215 47 7614 10184 

FI9-I.If'.£ KRTALlTY 

1978 1979 19f1l 1981 1982 1983 1984 1985 1986 1987 

2 .017 .009 .004 .000 .000 .000 .000 .000 .002 .000 
3 .140 .1JJ2 .135 .0l1 .lJ28 .008 .003 .009 .015 .054 
4 .420 .0 .210 .197 .115 .092 .062 .061 .119 .166 
5 .471 1.030 .517 .187 .238 .079 .084 .070 .122 .152 
6 .581 .866 1.092 .097 .272 .188 .126 .007 .138 .179 
7 .lB6 .826 .<l33 .334 .119 .177 .133 .076 .193 .248 
8 1.001 1.232 .562 .661 .686 .131 .147 .057 .186 .290 
9 .828 2.3)9 1.630 .375 1.J86 1.376 .0l5 .062 .117 .m 

10 .657 1.122 1.DtE .987 .411 1.021 1.997 .024 .101 .228 
11 .657 1.122 1.(B3 .<l37 .411 1.021 1.997 .024 .101 .228 

t-£AN FUU.ATI~ BICWSS 

1978 1979 1900 1981 1982 1983 1~ 1985 1986 1987 

2 14073 37621 36753 31593 65362 63869 66354 42766 25405 9400 
3 24620 16486 42753 35375 507Ol 98640 78134 98287 64554 28J96 
4 16142 21495 16829 40581 29088 64556 109470 00852 73530 54596 
5 8683 7758 12928 13418 20884 397(}4 56352 107323 63755 61329 
6 2396 42ffi 2463 8582 8281 23139 31534 51865 84133 47745 
7 2711 1173 1563 983 6454 8605 17485 29239 39JJ7 58707 
8 5570 1239 587 616 363 5217 6920 15264 21171 24629 
9 3123 1768 469 385 204 186 4100 5932 11473 13138 

10 6891 2003 667 'lfIJ 246 102 47 3610 5035 7756 
11 9769 3658 1076 377 153 120 31 16 2787 3347 

2+ 9398) 97489 116009 132119 181739 304139 370429 435154 39(E52 308824 
3+ 79:KJ7 59868 79335 100526 116377 240269 304075 392383 365447 299344 
4+ 55286 43382 36582 65151 65673 141629 225941 294101 30)393 271248 
5+ 39145 21887 19754 24571 36585 77073 116470 213249 227362 216652 
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TSll.e 11. Ca1pBris:n of est.mH:es of h:9.Tirg year class strergt:h fmo Virtual. Pq:J11atjm Analysis 
(VPA) Nith estinItes fmo gra.n1f":un SUl"'Ie)6. VPA estinItes are rurber of boo year old fall ~ 
(:in 100'9) fur EHil year class :in 4T. Gro..rdfiSl estinItes are for n..nt:Jers of 1 )&U' old a"d 2 year 
old terrirg :in the Qdf of st. I...aNrerm soth of the I...a..Inri:.:i 0laTel.. 11"ese est.iIIIi:es are cErived 
flUll data m the rurber of h:9.Tirg ca.qr.. :in gt'OlJ'Xif.iSl1:oe, the cross-sectimal area traversed by 
taed rets, a"d by tte area of the s:Utem GJlf. t-err.irg bebeen 170 a"d 210 IRD ~ 8IBJIEd to be 1 
year old, a"d t:h:J3e bebea I ZJl a"d 2Q) RIA ~ asa..aa:I to be 2 years old. 

=========================================================== 

Year of rtniJer of fish rtniJer of fish rtniJer of fish 
hatchirg :in year class at :in year class at in year class at 

ega 2 fran VPA 8J8 1 fran ega 2 fran 
grcx.rdfish surveys gro.rdfish surveys 

1976 
1977 
1978 
1979 
1900 
1981 
1982 
1983 
1984 
1985 

97001 
350366 
341498 
458700 
7672B7 
492BaJ 
534389 
396533 
201117 
22QS98 

97f:RJ39 
47103453 
34282281 

fJHE7 
3419]] 

15407641 
782875 

4956114 
11236471 
8503119 

-O.2B 

25215CE3 
521461 

2475882 
514134 
6483]] 

2903743 
64693681 
30149852 
83698961 
569'jJJ97 

-0.40. 

*' Correlatia1 bet'neefl VPA ~ gro.n:1fish survety pq:ulatia1 est.imates. 



HERRING LANDINGS: GULF OF ST. LAWRENCE
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Fig. 2. Comparison of catch at age of 4T herring calculated from commercial
samples with catch at age projected by VPA.
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Fig. 3. Cumulative daily catch (top panel) and daily catch rate for (bottom panel)
the herring gillnet fishery in statistical district 65, 1983.
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Fig. 4. Cumulative daily catch (top panel) and daily catch rate (bottom panel) 
for the herring gillnet fishery in statistical district 65, 1984. 
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Fig. 5. Distribution of catch by statistical district ln the 1987 spring gillnet 
fishery compared to the previous nine years. 
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Fig. 6. D~stribution of catch by statistical district in the 1987 fall gillnet 
f~shery compared to the previous years. 
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Fig. 7. Plots of residuals of multiplicative model in fall gillnet fishery.
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MUltiplicative Model Mean 
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Fig. 10. Plots of residuals from multiplicative model for catch rates ~n the 
spring gillnet fishery. 
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Multiplicative Model 	 Aggregated Mean 
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Fig. 11. 	 Annual variation of residuals for three important statistical districts 
in the spring gillnet fishery using predicted values from the 
multiplicative model (left panel) and aggregated mean (right panel). 
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Fig. 12. 	 Catch rates in the herring gillnet fishery comparing results of 
the multiplicative model (mm) to the aggregated mean (am) : spring 
fishery in top panel; fall fishery in bottom panel. Catch rates have 
been standardized to the 1978-87 mean. 
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1:'..o.lg. 13. Timing of catches for selected statistical districtsand fall gillnet fisheries. 
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Fig. 14. Distribution of mesh 

70 1 
I 
I 
I 

60 -4 

I 
i 
I 

:r:: 50 -t 
:.J 
i 
~ 
:.J 
...l 
:0( 40 -i.... ,,... 
~ 
lI.. 

i-

0 
30 -i 

I 

z w 
(J
c:: ,w 
0- 2.0 .-: 

f 

10 ""1 

0 

2.00 2.25 2.6.:3 2.88 

IJ 1985 Q 1987 

2..;;8 

MESH SIZE (iNCHES) 
+ 1986 

FALL FISHERY 

lOa 

90 

ao 

:r:: 70 
~ « u 

50 
I~ 

I.t.. 
0 

g 
so 1I 

i-z w -401 
(J 
II:: 
~ 30 Ja. 

20 J 
to 

0 
2..00 2.215 

c tge!5 

slozes in gillnet fishery, 1985-87. 

SPRING FISHERY 

.
, 

2.632.38 2.se 

IotESH SIZE (INCHES) 
+ 198E1 Q 1987 



40 

-50

Cruise vs. 	 Seine vs. gillnet age composition 28' 
~ 

24~EI Cruise .::::::l!J Gillnet 
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Fig. 17. 	 Observed predicted population numbers at ages 5 to 8 using results 
of age by age calibration. Coefficients of determination for each 
calibration plot are also given .. 
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Fig. 18. Predicted and observed popUlation numbers at ages 5 to 8 AFM 
calibration. 
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