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MORTALITY RATES OF THE HERRING STOCK IN TﬁE NOPTH-WECTWRN NORTH SEA -
Alan Savilie

Summary

Mortality rates for the Buchan herring stock, calculated from unmodified
catch-per-unit-effort estimates of the Scottish drift-net fleet may have -
been biased in recent years by a tendency for the fleet to concentrate in -
a smaller and smaller area of high stock abundance. To correct for this
abundance indices have been calculated for each year from 1957 to 1969

on a statistical square basis and summed over the total areca of distribution
of the stock. The resulting mortality rates are higher thaon-those

derived from an overall catch-per-unit-effort and show a greater increase:
in the period after 1963-64 vhen the stock is known to have been subject
to much heavier exploitation. These new mortality estimates show a
significant regression on estimntes of the fishing effort on this stock.
The intercept on the mortality ax1s ngeu an estimate of nwthral mortallty
of 0,23 for thlg stock.

Introduction

fortality rates for the herring stock spawvning in the north-western North
Sca, based on the catch-per-unit-effort, ocnd age ccnpositions of the
catches, of the Scottish drift net fleet are availcble from 1930-31 to
date (Parrish and Craig 1963, Tarrish 1966, Sav111e 1967). These have
been videly used by various.Forth Sca Herring Assescment Groups, because
of the long series of data available, and because the Scottish drift net
fishery has probably been subject to fewer changes in factors affecting -
fishing efficicncy than any of the other fleets vhich hwve cons1°tcntly
explolted this area. o

The Scotiish drift-net fishery .in this arca however, has undergone |
considerable changes which must cast some doubt on the validity of using =
an unmodified catch-per-unit-cffort as an index of stock abundance and so
on the reality of mortality rates derived from these stock abundance -
indices. One of the more striking changes has been the reduction in the
size of the area fiched by the- Scottish fleet over the past fiftcen years.
Unmodified catches-per-unit-effort are a valid estimate of stock abundance -
in the situation where fishing is distributed independently of the »
distribution of fish or vhen the fish are distributed evenly over the whole
area. Neither of these conditions apply in the case of a herring fishery

- and it is possible that as a herring stock decreases in abundance the arca

over vhich it is distributed decreases rather than its density within the
area of distribution. A herring fleet con aggregxte onto the arca of
groatest density of fish so. quickly that, in this ‘situation, the catch--
per-unit-ecffort could then remain virtually unchanged despite a major
decrease in stock abundence, and the only evidence of this decrease -
would be the reduced area within which the fishing took place. Thié is-
the situntion in the Scottish drift-net fishery where the catchyper-unlt—
effort has shown little change in the rost-war period but there have been
major changes in the dlstrlbutlon of flohlng.

Boerema and Zijlstra (1964) and Zijlstre and Postuma - (1971) have discussed:
an analogous situation in the Dovms stock when the duraticn of the fishing
scason rather than the area of it declined as the stock decreased in size.



In this paper an attempt has been made to derive stcck sbundance indices
which correct for changes in the distribution of fishing and to estimate
from these mortality rates for the Buchan herring stock.

Material and Mothods

Data are available which permit all catchcs of herring landed at Scottish
porto to be alloc%tﬁd to the appropriate ICES statistical square

(1° longitude by & latltude) From these data and information cn the
numbers. of nets shot by each vessel the mean catch per 100 nets shot in
each squarc fished in each month can be calculated. These have been
converted to numbers.of fish from data on the numbers of fish per cran
for that square in that month. Regular sampling of the commercial catches
for age and racizal composition provided the data to convert these indices .
of total stock abundance to catches per 100 nct shot of each age-group
of autumn spawned fish., Fronm these data the catch in numbers of cach age.
group pcr 100 net shot in cach statistical square fished by the Scottish.
drlft-net fleet can be determined for each of the yecars 1957-1969.

It is knowm that the herring population fished’in the north-western North
Sea in the period May-July consists of a mixture of all of the major
spawming stocks of the North Sca (Cushing and Bridger 1966, Anon 1965).
As the objective of this paper is to obtain mortality rates for the
Buchan spawning stock consideration of these data has been restricted
to the month of August when this stock rcaches its peak of spawming
activity and when other information suggests that the Dogger and Dovms
components have left the arca at the end of the feeding period (Cushing
and Bridger 1966). A more difficult problem is to delimit .the area of
distribution of the Buchan stock in this month and in particular its
southern boundary. It has becn assumed that this stock in August
occupleg the arca in the north-westerm North Sca west of 1 E and north
of 56 N. These are also the limits which have becen used to delimit the
distribution of larval production of the Buchan spawning stock

(saville 1971) and are in agrecment with the area from which the data
for previous mortality calculations for this stock have been collected.

Avoraglng the statlgtlcal square abundancc indices would give a better
index of the total abundance of the stock than using the total catch
throughout the whole area fished divided by the total effort, in that

it would reduce the bias introduced by the tondency of fluhlng effort

to concentrate in arcas of high fish abundance (Gullend 1955). Hovever,
it would still tend to give a biascd index if all of the flect
concentrated in areas of high abundance as may well have happenecd in
recent yecars as the size of -thc Scottish flect and the area fished by it
has decreased. It has, therefore, been assumed that members of this
stock are prescnt in all squarcs, within the limits of the areca defined
above, where some catch has been reported in fugust in the international
herring catch statistics published in. Statistical News Letters. Catch-
per-unit-effort indices, in Scottish drift-net catch per 100 ncts units
have bcen calculated for all such.squarcs not fished by the Scottish
fleet by taking the catch-per-unit-effort of some other country fishing
that square in August of that year and multiplying by @ conversion
factor to Scottish units. The conversion factors used are given in Table
1. These werc obtained by averaging all catch-per-unit-effort ratios,
between that country's effort, and Scottish effort in squares fished by
both wnits of effort in August., This was first done on an annual basis
but, as there was no trend in any of the ratios with time it was assumed
that there was no major change in the efficiency of these other units of
effort relative to the Scottish onc over the period considercd and that
the overall mean provided the best measurce of relative fishing powers.
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These total catch-per-unit-cffort indices werce then cenverted to cotches-
per-unit-cffort of cach age-grecup of autumn spawners by using Scottish
age and racial data for adjacent squarcs. The indices of abundance . for-
each age group in cach sguare werc then summed. and divided by.the total .
number of squarcs in the area to give an average index for the-whole
arci. . :

Results v

The resulting indices of abundance are given in Table 2, and the
instantanecous total mortality rates calculated from them, in Table 3.

In both cases the corresponding total abundance indices and average
mortality rates on an unnodified catch-per-~unit-effort basis arc also
given for comparison. It can be geen from Table 2 that welative to the
index of abundance over. the whole distribution of the stock, the Scottish
fleet has consistently inproved its performonce since 1961.. This would
support the suggestion that in later yecars the Scottish effort has becen
progresgsively concentrating morce and morce on the arcas of greatest stock
abundance, It is also apparent from the abundance indices por age group
given in Table 2 that (a) since 1963 the stock has contained a higher
proportion of 3 years old fish than in the prcceding period and (b),that-
in absolute terms the cbundance of 3 years old recruits hags becn signific-
antly higher since 1963 than it was in the previous period.

The mortality rates given in Table 3 differ in two major respects from -
those calculated from unmodifiecd catches-per-unit-effort: (a) they
contain no negative values which, because of ammual differences in:
availability to capture, arc normally a feature of drift-net mortality
rates and (b) they are in general higher than the unmodified catch-per-
unit-effort ones. Although these estimates for mortality rates contain
no negative values it would appecar thot they are still subject to some
differences frem year to year in availebility to capture by drift-net.
This, for cxomple, would scem the most likely explanation of the very
low mortality.caleulated for 1965-66 vhen the stock vas undoubtedly
subjected to very heavy fishing pressure. Despite this these new
mortality rates would seem to be more realistic thon those estimated
previously. The unmodificd ones in the pericds prior to and including
1963~64, and after 1963-64, give mean mortality rates of 0.52 and 0.57
rcspectively. It is knowm that the catches of Buchan fish were much - -
higher and the stock was ruch more intensively fished afteor 1963-64 than
in the previous period yet the differcnce in the mecan mortality rates
between the two periods cn these estimatos is negligible, " "The now
nortzlity rates on the other hand give mean mortality rates in these
two periods of 0.59 and 0.87 xespectively. This incrcase in mortality
scems much more realistic.

Perhaps the best test of the reliability of nortality cstimntes is the
relation they bear to some measure of fishing effort on the stock., The
problem normally is that of estimating valid measures of fishing effort

on the stock in cuestion. The Nerth Sca Herring Asscssment Group (Anon
1970) gave two cstimates of fishing effort cn herring in the north-western
North Sca, cne bascd on catch-pcr-unit-effort of the Scottish drift-nct
flect, the other on the catch-per-unit-cffort of Dutch trawlers. These
two sets of effort estimates do not bear a constant relaticnship to one
another, presunably at least in part because of the differing availability
frem year to ycor to trawl and drift-net capturc. As therce is no basis
for considering cne nore relinble thon the other the mean of the two has
been token as the best index of effort in the north-~western Noxrth Sca.



However, this stock is fished not only in the north-westcern North Sca during
the summer fecding ond- sparning fisherics but also, at this tine, in the
southern part-of its range in the central North Sea and during the. winter.
and spring periods in the north-castern North Sca. The -total catches of
herring taken in these threce areas in terms of numbers of fish per age
group are given in-the Report of the North Sen Herring Asscssment voriking
Group (Anon 1970). The mortality rates given in Table 3 refer only to
auturm spavmed fish with 2 or morc winter rings. Accordingly the catches -
per age-group in each of these areas has been summed for fish with 2 or
nore rings to give a total. catch in cach arca. A more difficult problem,
and one for which currently there is no fiim soluticn, is the proportions
of the vorious North Sca autumn spawning stocks in the north-eastern and
central areas.  For the former it has been assumed that the only major
components of -autumn spawvning fish in the arce are Buchon ond Dogger stocks
and the total cntch by numbers in each year has been-partiticned between
these two stocks- in proportion ‘to.their larval abundance indices for that’
year. For the contral North Sea the catches reported in Statistical News
Letters from that arcs have bcen summed for statistical squares north of
and south of 56ON in cach year and the ratios of the total catch reported
fron ncrth of 56 N to the total for arca. 1Vb has becn token as- the :
proportion of Buchan fish in the total central North Sea catch for that
year. By then sumnming the cstimated catches of Buchan fish in the three
arcas total catches. of Buchan fish in each year wore obtained as given .
in Table 4. The effort cstimates for the north-western North Sen were
then multiplied by the ratio of the total catch of Buchon fish to the
total catch in the north-wectorn North Sca to give an index of total .
effort in each year on the Buchon stock. The rosulting annual cstimates -
of effort are alge given in Table 4. As the nortality cestimates are
measured from August of one year to August of the following yoar: the
neans of -each year-pair have been taken as the relevant measure of effort.
These have been plotted agminst - the corresponding.mortality rates in :
Figure 1, which also shows the fitted regression line Z-= 0.234 + .00646X -
vhere Z2 = total instantaneous mortality rate and X = fishing effcrt - :
calculated as described above. This regressicn is significant at the
0.002 probability level. if one omits the dubious value for 1565-66. It

is also of interest that the intercept cn the 7 QXlu, ie at no fishing’
effort and so corresponding ito natural mortality is 0.234 + 0.005 close’

te the value widely accepted as the best approximation to the probable -
natural mortality .rate in an 2dult herring population. The 1965-66"
nortality is obvicusly under-estimated and it would scen best to omit

this point from the regression. "Even if it is included however, the .
regression is gtill significant ot the 0,02 probxblllty lovel wnd thc
intercept 10 not vgry dlffercnt ot 0 230 :
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TABLE

1

Factors used to convert cotches per unit effort by
other fleets to equivalent Scottish drift-net
catches per 100 nets shot.

Type of Effort

Conversion factors

German lugger trawl

per 10 days fishing
German lugger drift-

net per 10 days fishing

Netherlands herring trawl
per 100 hrs fishing

Nethorlands drift-nets
per 10 shots

Polish steam trawl
per 10 days fishing

0,0836
0.0871
0.0673
0.1009

0.0387




Abundance indices in numbers of Autumn spavned fish per 100 net shot by Scottiéh drifters

TLELE 2

in the Horth-Western North Seaz in August, 1957-1969.

L
éﬁr 3 4 ° ¢ 7 ° > 4 (1/10 cz(:gr/lE}))er shot)
1957 9520 4900 5017 | 1642 | 1082 743 | 2076 | 24979 206.4
1958 2160 6187 | 2521 | 2990 | 1167 | 671 | 1024 | 16721 - 204.5
1959 17500 1349 2665 839 | 1334 367 419 | 24473 211.6
1960 5632 12768 290 | 1244 372 537 513 | 21357 188.1
1961 825 1879 9610 519 | 1436 726 954 | 15949 209.9
1962 1781 827 897 | 3607 194 388 455 8150 119.0
1963 12835 496 469 569 | 3292 108 620 | 18439 278.0
1964 7809 7183 255 187 345 | 1415 270 | 17465 237.8
1965 7885 2548 | 4103 96 | 122 | 191 | 1192 | 16137 210.3
1966 | 17830 6376 | 2876 | 4825 | 129 74 | 1473 | 33583 311.9
1967 3081 | 12113 | 2522 | 1268 | 2096 41 | 524 | 21645 422.8
1968 | 10280 1518 | 2516 | 440 | 545 | 450 | 338 | 16087 238.8
1969 9830 | 1098 647 474 289 147 | 373 | 12857 398.5




TABIE 3

Total instontanecus mortality rates of Autumm-spavned fish in north-western North Sea

1957-69
Ages ¢ ’ s | aiss Average for Détto
Yors 3-4 4-5 5-6 -7 7- +8+ 3h§§:1g§xofgi C(}g
1957-58 | 0.43 | 0.66 | 0.52 | 0.34 ] 0.47 | 1.01 0.547 0.207
1958-59 | 0.47 | 0,84 | 1.10 | 0.81 1.16 | 1.40 | 0.87 1.25
1959-60 | 0.31 9.53 1 C.76 | 0.81 | 0.9% 0.43 | 0.44 0.42
1960-61 1,10 | 0.28 | -0.58 | ~0.14 | -0.67 | 0.09 { 0.34 | 0.591 | -0.05 | 0.521
1961-62 | -0,03 | 0.74 | 0.98 | 0.98 | 1.31 1.31 0.92 0.74
1962-63 | 1.28 | 0.57 | 0.46 | 0.09 | 0.59 { 0,31 0.38 0.52
1963-64 | 0.58 | 0.66 | 0.92 | 0.50 | 0.84 | 0.99 | 0.65_] 0.57_
1964~65 | 1,12 | 0.56 | 0.98 | 0.43 | 0.59 | 0.35 | 0.757] 0.497
1965-66 { 0.21 | -0.13 | -0.16 | -0.29 | 0,50 | -0.06 | 0.03 0.52
1966-67 | 0.39 | 0.93 | 0.82 | 0.83 | 1.14 | 1.08 | 0.59 1-0.872 | -0.13 | 0.566
1967-68 | 0.71 | 1.57 | 1.75 | 0.84 | 1.54 | 1.23 | 1.32 ] 1.34
1968-69 | 2.23 | 0.85 1,67 | 0.42 | 1.31 | 0.75 | 1.67] 0.61 i




TABLE 4

Estimates of Total fishing effort on "Buchan" stock 1957-1969 and regression

of mortality on fishing effort.

e s Total
Total catch C?ch gf g;ihlgg instantaneous
of Buchan 18 R orw effort of | =~ mortality
Year . years old in N.¥%. | Bffort on
fish 3 in N.W North rate of
years old Nnrfﬂwéew Sen pairs (X) "Buchan"
© c ‘ stock (Z)
1957 | 1813.9 x 10 1197.9 x 10 31.3 0.54
58 | 1614.6 " 911.3 " 23.2 0.87
59 | 3171.5 " 2060.7 " 34.9 0.44
60 | 1486.0 " 622.4 " 17.5 0.34
61 | 1561.7 " 330.1 " 8.6 0.92
62 | 1257.7 " 220.6 " 6.1 0.38
63 | 1529.4 " 171.3 " 1.1 0.65
64 | 2393.7 " 360.0 " 11.0 0.75
65 | 4229.1 n 1758.9 " 51.3 0,03 .
66 | 3781.5 " 1571.2 " 41.9 0.59
67 | 2076.2 " 667.9 " 19.5 1.32
68 | 2534.5 " 1515.5 " 168.0 1.67
69 | 1929.6 " 1048.6 " 56.6
Regression equation of mortality of Buchan stock.on mean effort of yoar pairs

(omitting 1965-66).
% = 0.234+ 0.0065X.

t = 4.49

Regression equation of mortality of Buchan stock on mean eflfort of year pairs

(including 1965-66):

2 = 0.230 + .0056X.

t = 2064‘6

P = 4002
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