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Introduction

At the ICNAF Assessment Subcommittee meeting in January, 1977
it was concluded that the catch per effort in the Georges Bank nerring
fishery was declining for the Polish, German and USSR fishing vessels,
The decline in abundance was attrihuted te the passing of tne strons
year classes, 1960 and 1961, through tne fishery and to the poor
recruitment since the entry of these two year classes into the fishery.
Egtimates of decline in stock abundance from egg studies conducted by
the USSR were more severe thdm the decrease estimated from catcn per
effort data and it was agreea tnat other techniques should be investi-
gated to obtain estimates of mortality for assessment purposes. Tne
longest series (1951-1968) of catch per effort data availabtle for Georges
Bank herring are taose of the USS5K, however, in 1965 and 1766 the USSR
diverted part of their effort to other species (Table 1). I have tried
to resolve this change in effort in 1965 and 1966 to have a conmplete
series of catch and effort data for the estimation of mortality, T
have also estimated mortality using the virtual pepulation tecnnique
(Gulland, 1965). These estimates are only preliminary pecause of tie
limitations of the data and should not be considered as final. llope-
fully, tiie estimates can be improved as better information bhecomes
available.

Apalysis of USSR Catch and Uffort Statistics

Detailed catch and effort statistics for the USSR fishery in
LCNAF Subarea 5Z were taken from the ICHAF Statistical Lulletin., In
1965 and 1966, the herring catch was listed as "mixed" or was
incidental to catches of other species. When herring were caught with
other species of fish, I estimated the effort expended on herring from
the percent of herring in the total catch. The effort data were ad-
justed in this manner for five years during the period 1961 to 1967.
The USSR effort, by vessel tomnage class and gear, for Georges Bank
herring is given in Table 2, Apparently, tihie percentage cateh of herring
was not related to abundance as the percentages for large trawlers
(greater than 1300 tons) from 1963 turoush 1967 except for 1365 varied
only from 21-32 percent even though the abundance of herring changed
considerably on Georges Bank during this period. Tne same situation
held for the small trawlers, This provides some assurance tnat the
by-catch of herring in tons was a function of effort and not of abund-
ance and that the percentage by-catch of herring can be used to estimate
effort, The true effectiveness of effort on herring is not unown when
that effort is directed toward anotner species and it may be quite
different than when effort is directed specifically toward herring.
The estimated effort for herring s'ould be more realistic, lhowever,
than using the total effort expended for all species of fish on Georges
Bank. '"~r example, the effort used in determinir: catch per effort by
the USSRk presented in the Report of the Interim Me2ting of the Assess-
ment Subcummittee {(ICHADI" Comm, wec., 70/3) is the total number of hours
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fished by a given vessel regardless of the composition of caten as long
as tihat catch containea herring. If all the effort in 1965 and 1491
were credited to herring, [isihing effort would be overestimated and the
catch per effort for herring would be underestimated. For example, in
1966, medium USSR trawlers fished 61,000 hours in a mixed fisiery taking
63,626 tons of several species of fish. Herring made up only 10.4% of
the catch. Assuming the entire 61,000 hours were fished for herring
produces a catch per effort of 0.12. Using 10.4% of the effort produces
a more realistic catch per effort of 1.12.

The effort by otter trawling ifrom medium trawlers rose steadily
through 1964, declined in 1965 and 1466 and then increased greatly when
the fisherv concentrated mainly on tihe two strong year classes of 1960
and 1961. The number of drift nets increased greatly in 1962, This
coupled with a slight increase in large trawler (greater than 1800 tons)
effort produced a large increase in effort over that of 1961 and this
will be reflected in the estimates of mortality. The fishing effort by
the large trawlers fluctuated little except in 1965 and 19f6. The
effort for 1965 is probably an underestimate as it 1is based on a per-
centage catcii of herring that was muci lower than for the other years.

the catecih of herring by large trawlers in 1966 was twice the
catcn in any otiier year even though effort was directed to other species.
‘The catcin of medium trawlers, i.ez. 131 to 5300 metrie tons, was only '
about 0,000 metric tons in 1905 and 1/ compared with an average of
65,300 metric tons for the other years from 1962 to 1968. The medium
trawlers caugiat more herring tuan any otier tonnage class vessel in
every year excepit 1965 and 1906, Since tus 1960 and 1961 year classeas
were plentiful at this time the low catch ror the medium trawlers is
further indication that tae V88K diverted effort to otuer specles and
the cateh per effort for uerring in 1255 and 1964 for tue medium trawvlers
may underestimate the true abundance (Table 3). The decline in avundance
as indicated Ly the catch per elfort data is rapid after 1%0c.

The catch per effort data in Table 3 were used to obtale esti-
mates of fisning power for eacn tomna.c class. The fisiiing power ratios
for eacn year were weighted by the annual catcn to obtain an avera;e
value from 1961 througn 1367, Using the tonnage class of 151 to 51
tons as a standard, the fishine power factors were: for 1800 metric
tons and up, 2.67, for 909 to 1300 wmetric tons, 0,60, for 501 to Y904
tons, 0.83, and for drift nets, N.0). These values were used to oktain
total adjusted fishing effort by the USSK fleet on the Georges Bank
herring (Table 4). The total international fishing effort by all
countries on Georges Bank herring was estimated hy dividing the inter-
national catch in tons by the USSR catch per adjusted fishing effort
(Table 4). The international effort and the VUSSR effort were the same
until 1965 when nations otner than the USSR also began te [ish for
herring.

Using the mean weights of the dominant year classes in the
annual catch, an average number of fish caught ver year was obtained
from the weight of the total catch., The numbers of herring caught for
each year were then divided into year classes using age composition
data (Noskov, A.S. and G, P. Zakharow, 1963; Dragani., E., 1964;
Bogdanov, A. S., personal communication)., The mean lengths and weignts
of herring from Georges Bapk are given in Tables 5 and G. The mean
weights were obtained from the length data and a regression line of
weight on length provided by Draganik and Zukowski (ICNAF Doc. 67/53).
Two types of curves are presented in that document, for full herring
and spent herring. The conversion from length to weight was made using
the curve for full herring., Estimates of catch per effort of the USSR
fishery are given in Table 7. These were used to estimate total mortal-
ities (Z) for each year classg (Table 8). The mortalities are arranged
both by age and year to show the increases in Z. If fishing mortality
1s a function of fishing effort, the mortalities can be expected to
vary due to the increase in effort in 1962, the decline of effort in
1965 and the increase after 1Y66. The mean 7 for ages 5 and up decreased
from 1962 through 1966 and then increased sharply. These values are
average values of year classes of unequal abundance wiiiclt do not cover
the same aye span and thus are limited in usefulness. lecruitment
before 1:46 senerally was completed by age 5, After lY6H recruitment
was completed much later. This change in age of recruitment can be
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seen as a steady decline of ? at age 5 with time from tue 165>k vear
class through the 1962 year class. Tiis is also reflected in age £ and
is probably the result of the 2 strong year classes passing through the
fishery. The increase in Z with age is very striking especially after
age 6 and may explain why Georges Rank ierring do not aave the long
life span found in some other herring stocks,

Virtual Population Techniques

Although the comparative strengtiis of the strong year classes,
1960 and 1961, are not known, herring populations have shown variation
in year class strength of over fivefold. Sucih variation in year class
strength would probably cause the catchabllity coefficient (a) to ve
far from constant. Just the presence of a strong year class may reduce
the availability of weak year classes wnicii occur during the same year.
Because of the possibility of variation in availability and hecause
such a large catch of nerring from Georges sank has come from the two
strong year classes, 1960 and 1951, the virtual population techinioue
(Gulland, 1965) was applied to the total international catch of .erring
from Georges Bank. Tae virtual population technique is carefully laid
out by Gulland and the reader is referred to his work for details.
Virtual populations are simply those fish present at the begimming of
a year which are caught in that vear and in subsequent years. The
virtual populations are given in Table 9, The relative strengths of
the 1960 and 1961 vear classes are obvious even though effort is not
considered. Aprarent total mortality rates z! were estimated as ratios
of virtual populations at the beginning and end of eacn year for ages
2 through 8 (Table 10). Recruitment, as also shown by the catch-effort
data, occurs at age 5 as indicated by the jump in mean mortality from
0.12 to 0.44, Since the cumulative catch is used to obtain the virtual
populations there can be no negative values as were nresent with the
catcn-effort data.

The virtual population technique requires that a constant value
of natural mortality be known as well as the exploitation ratie (i =
F/F+¥) for age ntl of a series of data of n ages. To determine a first
estimate of i, the apparent total mortality rates were plotted azainst
the total international fishing effort for each age, Since this tech-
nique requires that q be conmstant, only data after 1964 were used when
the 1960 and 1961 year classes provided the bulk of the catch. Using
values after 1964 reduced the number of data points but rroduced reasou-
ably straight regression lines with correlation coefficients of 0.90 to
0.95 for ages 5 through 7, Estimates of M, however, varied from (0,04
to 0.69, A first estimate of M used in the virtual population tecihnique
was, therefore, arbitrarily chosen as 0.30 and values of . were deter-—
mined from the estimates of Z given by the catch per effort ratios.
These values were 0.75 age 6, 0.80 age 7, 0.85 age 8, and 0.88 age 9.
The corrected estimates of 7 as estimated from the virtual population
technique (Table 11) were generally greater for ages 5 and 6 than tnose
produced by the catch per effort ratios (Table 8). Values of Z at
ages 7 and 8, however, were similar to the values obtained from the
catch-effort data. BRoth sets of total mortality rates (catch-effort
and virtual population) show an increase with age. Tne increase is
especially great from age 7 to age 8. Older herring are very difficult
to age. Because of this difficulty, age readings usually have been
categorized as ages 1 through 7 and "age 8 and up."” If some age 9 or
age 10 herring have been classified as age 8, the mortality at age 8
could be overestimated. The mortality rates of the older herring
therefore are not as reliable as the estimates of mortality for the

younger herring.

Using the corrected values of Z in a regression against total
international effort produced values of M for age 4 of 0.31 (0.27-0.36
confidence interval); for age 5 of 0.31 (0.19-0.43); for age 6 of 0.44
(0.33-0.54); and for age 7 of 0.88 (0.67-1.09),. The correlation co-
efficients of the regression lines varied between 0.87 and 0.96. The
confidence intervals about the values of M 1.e., the Y intercept, were
quite wide due to the limited number of data points. llowever, q was
reasonably constant from age 5 througi age 7 varying from 0.62 X 107
to 0.67 X 1073, Only 3 points existed for age 8 and these were scat-
tered. uxtrapolating the estimates of M for ages 5-7 produced a value
of 1.11 for ape 8,
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Maximum estimates of the rate of exploitation (p = _i-u(l—e"z))

and maximum values of fishing mortality (F) were calculate5+%for eacn
year and year class. The maximum rate of exploitation is equal to the
catch divided by the virtual pooulation. Fishing mortality equals
-log, (1-w). This, of course, assumes that there is no natural mortality.
These data are given in Tables 12 and 13. The fishing mortality cdoes
not seem to .aave been excessive in the 1960's although it increased
greatly from 1905-1968. Lxtrapolating tihis increase througi 176 gives
reason for concern especially since tue catch of tume 1960 and 14’8l vear
classes 1s nearly completed and recruitment of subsequent year classes
nas been poor. If effort continues at its present rate or increases
without tiie appearance of a strong yvear class, we can anticinate a
furticr decline in the spawning stoci. of herring on w.er, 23 baon.,
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Table 1.
Russian catches of haddock and hake in the ICNAF Area 5
(Metric tons)

Year Haddock Silver Hake Red Hake
1961 —————— ——————— emeee
1962 lj 1,134 41,900 0 —meem———
1963 2,361 107,357 3,475
1964 5,483 167,308 3,588
1965 81,3882 281,431 @ 0000 emme—ee
1966 48,409 121,373 82,889
1967 2,318 69,984 37,593
Total 141,585 789,353 127,545

1/ Both red and white hake
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Table 2,
Fishing effort on Georges Bank nerring by tie USSK

Tonnage class (Hetric tons)

A1 = 500 501-900 _ 901-1800 >1800
Otter Drift Otter Otter’ Otter
Year trawl net trawl trawl  travl
1961 | 216, 386* 15,381
1962 13,316 1,105,566% 18,910
1963 32,780 106,079% 13,082
1964 66,753 244 15,864
1965 5,956 303 12 9,469
1966 6,344 360 82 39,462
1967 | 111,989 208 370 11,622
1968 | 145,607 12,372
1969 | 234,634 17,453
*number of nets
Table 3.

Catch per effort on Georges Bank herring by the USSR

in metric tons per hour or net

Tonnage class (Metric tons)

151-500 501-900 901-1800  >1800
Drift Otter Otter Otter Otter
Year _ net trawl trawl trawl trawvl
1961 0.14 2.38
1962 0.08 1.38 2.36
1963 0.07 1.28 3.461
1964 1,231 0.71 3.20
1965 1.03 1.36! 1,42 3.12
1966 1.12 1.07 2.85 2.78
1967 n.82 n.83 n.32 2,70
1968 0.h42 2.207
1969 0,412 1.932

1 Average of two values weignted by catch,
2 Preliminary data.
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Table 4.
Adjusted fishing effort (LONN hours) by the USSR and total
international effort on Georges bank herring in number of
hours of fishing by a standard vessel of 151-500 tons

| USSR ADJUSTED FISHING EFEQBT
Tonnage class (Metric tons)

Year 151 - 500 501-900 901-1800 >1800 Total Total
Otter Drift Purse Otter Otter Otter USSR International
trawl nets seine  trawl trawl trawl effort _+_____eﬁ£g££______

1961 19,5 41,1 60.5 i hN,5

1962 13.3 94,5 50.5 163.3 163,3

1963 32,8 9.5 36.5 78.9 78.9

19h4 66.8 0.2 42 .4 109.3 119.3

1965 6.0 0.4 25.3 31.7 34.8

1966 6.3 0.3 n.1 105.4 112.1 130,5

1967 | 112.0 0.2 0.2 31.0 143.4 253.5

1968 145.6 3.0 178.6 511.0

1949 234,6 * L6.6 281.2 760.9

|

*purse seine effort not available

Table 5. Mean lengths {cm) of herring from Georges Bank in Aug.-Sept,

YEAR CLASS
Year 1955 1956 1957 1958 1959 1960 1961 1962 1963 1964 1965 1966

1960 27.61 25.6!

1961 30.55 29.31 27,8 24,9!

1962 31.8% 30,6 29.3' 27.8! 25,5l

1963  33.0% 31.41 30.4! 29.41 27,91 24,3!

1964 33.01 32,1! 30.6' 29,4' 27,31 23,71 20.75

1965 34.85 34,18 33,3! 32,0! 30.8' 28.9! 27.1! 25,16

1966 34,02 33.02 32,02 30,62 29.42 28,02 25.82

1967 36,23 33,08 31.8% 30.43 29,23 27,73 25.33 20,65

1968 34.16 32,9% 31.7% 30.3% 29.1% 27.1% 25.5"

1969 34.1% 33,05 31.8% 30,56 29,36 27,65 25.16

! From Boyar, H, C. 1968
From Boyar, H. C. 1967

3 From Perkins, F. E. 1968

' From Perkins, F. E., 1969

> From U.S. Research Cruises
; Average value for age group
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Table 6. Mean weights (grams) of herring from Georges Bank
YEAR CLASS

‘ear 1955 1956 1957 1958 1959 1960 1961 1962 1963 1964 1965 1966
961 265.0 232.5 195.2 133.2
962 300.8 268,0 232,5 195.2 144.5

963 342.0 290.4 262,0 235.0 197.6 122.4

964 342.0 309.6 268.0 235,0 183.,2 111.9 78.4

965 423.0 391.5 355.5 306.0 274,0 222,5 178.4 136.9

966 387.0 342,0 306,0 268,0 235.0 200.0 150.2

967 396.0 342.0 300.8 262.0 230,0 192.8 140.7 77.2

968 391.5 338.4 298.,2 259.0 227.5 178.4 144.5

969 391.5 342.0 300.8 265.0 232,5 190.4 136.9

Table 7. Catch per unit of adjusted effort by the USSR fishery
on Georpes Bank (millions of herring ner 100 nours
of fishing by a standard vessel of 151-50) tons)

- YEAR CLASS U T T
¢ 1955 1956 1957 1958 1959 1960 1961 1962 1963 1964 1965 1966  Totalk
L 0.99 2,66 0.70 0,22

! 0.79 1.8 0.56 0.24

} 0,09 0,22 1,00 2,15 0,98 2.81

' 0.35 .99 1,30 2.33 1.52  0.17

v 0,04 0.08 0.26 0.34 0.69 2.81 0,84 0.25

. 0.09 0.47 1.%0 1.27 0.24 0.06

0.01 0.15 1.30 1.13 0.37 0.11 0.01 n,01
i 0.01 0.43 0,95 0.47 0.49 N.02 0.06
0.04 0,32 0.39 0,52 0.50 0.08 0.01

tal catch of all year classes divided by adjusted effort
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Table 8. [Estimates of Z from ratios of catches per unit effort by vear class, vear ard ape
- T YEAR CLASS CoTT Ty -
s;ar 1955 1956 1957 1958 1959 1960 106l 1962 1963 1964 1965  Nean*
361 0.23 0.46 0.23 -0.12 1.39
162 2,22 2,05 -0.58 -2.18 1.%7
161 1.04 0.78 -0.29 0.19 a,a7
164 0.33 1.06 0.63 -0,19 0.59 -0.41 0.75
65 1.39 0.40 0.40 0,41 0.06 .51
166 2.65 1.11 0,38 .12 -0.44 -0.60 N.47
067 3.44 1.12 0,18 -0.26 -1,49 -u,8% -1,86 0,79
64 2,44 1.07 n.21 0,06 =3,1r -0,30 1.02
T T T YEAR CLASS T T e -
je 1955 1956 1957 1958 1959 1960 1961 1962 1963 1964 1965 _MNeank*
! -0.41 -1.86 -1.14
} -0.12 0.19 0.59 0.06 -0.60 -0.89 -0.30 -0.15
b 0.23 -2,18 -0.29 -0.1?2 -0.41 -0.44 =-1.,49 -3.12 ~0.99
g 0.46 -0.58 0.78 0,63 0.40 0.12 -0.26 -0.06 0.19
' 0.23 2.05 1.04 1.06 0.40 0.38 0.18 0.21 0.69
' 2.22 0.33 1..3%9 1.11 1,12 1.07 1.21
] 2.65 3.44 2.44 2.84
'weighted by catch in weight of each year class, ages 5 and up only ) T T T
‘unwéighted mean
Table 9. virtual populations of herring from Georges Bank
(millions)
At YEAR CLASS T
ginning
of age 1955 1956 1957 1958 1959 1960 1961 1962 1963 1964 1965 1964
2 683.3 9%0.9
3 354.2 1,397.1 1,378.2 665.1 683.1 1391,1 88.6 5.6
4 259.5 341.,2 345.0 1,175.7 1;211.5 656.6 675.2 1387.8 58.8
5 454.6 217.2 301.5 268.0 921.0 1,182.6 625.5 647.2 376.,6
f 196.7 293.8 124.0 132.0 126.1 824.6 1,016.1 533.6 394.8
7 136.7 19.8 47.3 24.3 102.5 575.4 731.1 2941.,2
8 3.1 8.7 12.7 41.4 246.8 245.0
9 1.6 2.5 28.0
Table 10. Apparent Total Mortality Rates (Z/)
YEAR CLASS T T
ge 1955 1956 1957 1958 1959 1960 1961 1962 1963 1964 1965 Hlean
2 0.13 0,03 n.n3
3 0.04 n.17 0,13 9.01 0.01 0,01 0D.41 n.11
4 0.18 0.12 0.25 0.25 0.02 0.05 0.04 n.n3 n.12
) 0.44 0.55 0.83 0.75 n.11 0.15 0.16 M, 49 n.44
6 0.36 2.70 0.98 1.69 n.21 0.6 0.33 0.61 0.91
7 2.83 1.69 0.65 .91 0.85 1.n9 1.34
] 2.07 2.81 2.18 2.%
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Table 11, Corrected estimates of Z from virtual ropulations,
assuning M = 0,30,
TTTTTTTYEAR CLASS T o -
Age 1957 1958 1959 1960 1961 1962 1963  “ean
2 0.31 - n,31
3 .32 0.33 0.35 0.30 0.31 .33
4 0.40 0.38 0.45 N.43 0.31 D.33 0.33 n.38
5 0.70 .95 0.78 0,37 0.39 0.40 0.66 Nn.A1
6 1.10 1.61 0,45 n.5% n.54 0.77 0.84
7 1,72 0.83 1.08 1.01 1,22 1.17
8 2,09 2.81 2.20 2.37
Tabhle 12,
Table 12. Maximum rates of exploitation for Georges
Bank herring
YEAR CLASS B Weighted
ir 1955 1956 1957 1958 1959 1960 1961 1962 1963 1964 1965 mean*
1 0,31 0.35 0,16 0.04 0.31
2 0,94 0,93 0.42 0.12 0.81
3 0,84 0.8 0.62 0,56 0.22 0.16 0.45
A 0.82 0.8 0.53 0,22 0,12 0.03 0.45
15 0.48 0.19 o0.10 0,02 (0.01 0.14
6 0.87 0.60 0.30 0.14 0.05 0.01 0.30
7 0.94 0,57 0.28 0.15 0.04 0,01 0.03 0.44
8 0.89 0.66 0.45 0,39 0.03 0.34 0,62
ighted by  catch in tons of each year class -
Table 13. Maximum values of F for Georges Bank herring
YEAR CLASS T T Veighted
ir 1955 1956 1957 1958 1959 1960 1961 1962 1963 1964 1965 me an*
w1 0,36 0.44 0,18 0,04 n.38
2 2.83  2.70 0.54 0.12 2,27
3 1,83 1.99 0.98 0.83 0.25 0.17 0.69
¥4 1.69 1.69 0.75 0.24 0,13 0,03 0.76
15 0.65 0.21 o0©,11 0,02 0.01 0.16
16 2,07 0.91 0.3 0,15 0,05 0.01 0.41
17 2.81 0.8 0.33 0.16 0,04 0.01 0.03 0.70
18 2,18 1.09 0,61 0,49 0.03 0.41 1.12

sighted by catch in tons of each year class
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