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I. Introduction

Since the publication by Hodgson (1939) of the method of obtaining the
estimates of abundance of each age group of herring in the East Anglian fishery,
considerablp changes have token place in the magnitude of this fishery. Basically
Hodgsonts method is still used, but certain modifications have hnd to be made in the
rnethod of collection of length data and in recent years in the monner of obtaining the
annual catch per effort.

: In brief, Hodgson obtained length measurements cf herring bought by
procossers. These measurcnents, in units of a cran (5.5 crans = 1 ton) were grouped by
three-day periods and then raised to the total catch of the port. Using an age/length
keoy, obtained from laboratory biological samples, the raised length distribution was
split up by ages to give an estimate of the total number of fish in each age group

of the catch. The index of abundance was then obtained by dividing by tho total number
of landings made in tho three-day period. Finally, the anmual age distribution was
arrived at by taking a mean of tho three-day period catches por landing.

The method of obtaining the length measurements wos the first modification
nocossary. Hodgson obtained most of his measurements at various curing or kippering
yards. This technique was used, in the main, up to 1955, but by this timo, the
quantity of fish being processed in these methods was considerably reduced. In 1948
6dZ of the catch went to these processers but it had dropped in 1955 to only 28%.

Burd (1958) amalysed the market measuring progromme and showed that considerable bias
could be introduced if carc was not taken in the scurce of the measuremonts. The bias
could arise in two ways, by measuring in kipper yardswhere fish had been bought
selectively for size or by the difference in the areas of distribution of large and
small fish in the fisheory. All measurcments from 1955 onwards have been made when the
fish are unloaded from the vessels on to the quay. In this way it can beo ensured that
all areas fished are sampled for length.

At the time that the analysis of the market measuring scheme was taking
place, the second couso for alteration of the Hodgson method had not yet bscome so
important. However, in 1955 it was already apparent that the reduction in fleot size
which had already token place, might be impairing the search for the areas of
highest herring density. Tho full magnitude in the reduction in fleet size is very
evident from inspection of Table 1 which gives the number of boats taking part in the
fishery each year.(See page 2).

In toking the annual estimate of abundance as o mean of the three-day period
abundance indices low catches per effort in search periods would reduce the estimate
of abundance obtained whon contact had becn made with the main herring concentrations.
The abundance index as catch per landing would tend to include an increasing component
of t'inefficiency!, and underestimate of stock abundance would result.

The use of tho statistic 'landing! as the effort estimate also increasingly
tended to underestimate the true effort. More and more vessels tended to remain at
sea for two nights or cven three. In the irmediate post-war years, and in the pre-war
period, a landing was in most cases one night's fishing. As the ultimate usc of the -
catch per effort is in the calculation of mortality rates, it was essontial that for
their long-term annlysis as little bias as possible necd be accepted. For this reason
effort has, since 1955, boen collected as shots. The catch made by each drifter on
each night of shooting is recorded on the quay when the vossels land.
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Table 1. Number of English and Scottish drifters operating in the
EBast Anglian fishery

- English Scottish
Yeor Steon Motor Stean Motor Total
1947 111 4 211 84 4lo
1948 115 12 191 112 430
1949 122 13 187 151 473
1950 97 14 lo5 150 366
1951 loo 12 71 ' 181 : 373
1952 96 14 54 : 189 353
1953 82 15 34 : 180 311
1954 59 16 11 182 268
1955 42 20 5 174 241
1956 23 22 1 143 189
1957 16 29 - - 128 173
1958 11 28 - 133 172
1959 8 28 - 119 155
1560 ‘5 22 - 77 lo4
1961 1 22 - 96 119
1962 - 22 - 65 87

Despite the reduction in flcet sizo resulting in scarch being limited,
Cushing (1961) has produced evidence to suggest that the efficiency in the poriod
1946-54 was scaowhat higher than that in 1936. In the post-war period between 1946
and 1950 an increase in the efficiency factor of about 40% took place. After this
date o sharp decline took place, followed (especially after 1955) by increased
variability. Catch data in East Anglia are summarised by grouping into statistical
areas lo! of longitude by lo! of latitude. Using these areas Cushing calculated
fishing intensities, T, in the manner of Beverton and Holt (1957),for

C. .
f = .ﬂ—.
C/gij

where C,. is the catch in tho ith squaro in tho jth poriod and C/,;; is the catch
per shotvin the 1th square in the jth period. Using the effioiendy intensity the
estimate of officiency used by Cushing was:-

nunbsr of squares
nuaber of shots

e
Efficiency factor = fx

This was further corrected for the reduction in the number of squarecs fished over

the period 1935-57. The increased variability in the efficiency factors observed
after 1955 could be reflecting true changes in efficiency in techniques or only
increased variability in catch per effort in a period of declining stock. The question
of the reliability of the catches por offort as good abundance indices firstly of

the catch and seocondly of the stock was particularly important. It was in this
context, and to a lesser extent to give information to tho flects, that echo-survoys
wore bogun in 19566 covering the Southern Bight during the migration of herring to

tho spawming grounds. Some of the results of these surveys have already beon
reported by Tungate (1988), Burd (1959), Veldoz and Cushing (1961) and Burd (1961).

The distinction between the abundance indices of the fish in the fishery and
that in the stock is not an unimportant one. Ideally with an adcquate market
sampling programme and with the fishery cxploiting the whole stock there should be
no distinction between the two indices. However, while it is rolatively easy to
obtain abundance indices of the age distribution in the catch, proper stock estimates
riay bo more difficult. For exomple, mesh solection may produce a bias in that too’
fow large, or small, fish are caught; this will cause the stock to be under- or
overestimated. Burd (1963) has shown that in a period of sudden increase in length,
such as happened in East Anglin in 1950/51, tho abundance of the older fish was
underestimnted. Bias could not be detected in any of the subsequent years. Again
Bolster (1962) has shown a relation botwecn the size of the average catch under
different wind and tide conditions. As fow scasons are alike in weather condition
tho mean catch per ceffort may be biassed by this factor, so affecting tho stock
estimato. Theso effoects, while always having beon present in the drifter fishery,
may quite easily be enhanced with the low stock and low effort now involved.
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In tho succeeding sections, tho present method used to obtain the annual
age distribution will be described and some comments will be made on the improve-
nents which could lead to better estimates of stock size.

IT. Bast Anglian Annual Afms Distributions

During October and November, English and Dutch drift-net vessels aro
fishing widely over tho Southern Bight; the English tend to tho western side and
the Dutch to the eastern half. To eliminate or at least minimize some of the
biasses in catch per offort due to limited search it was thought worthwhile tc try
to combine the Dutch and English nbundance data. In collaboration with our Dutch
colleagues, J. J. Zijlstra and K. H. Postuma, in 1958 the first age distributions
using the combined data for the 1956-58 seasons were published in the Fish Stock
Record.

Weekly abundance indices per age group, expressed as number of fish per
net per shot were obtained for Dutch, English and Scottish vessels. Some idsa of
the initial variobility of the data can be obtained by inspection of Table 2, which
gives two weeks in the 1957 season.

Toable 2. Abundance indices from English, Scottish and Dutch vessols
as numbers of fish per loo nets per shot

vesscols tended to catch the rocruits.
vias obtained by toking o grand mean of all the weokly estimates.
However, in this year there was a

renarkable oxomple of inefficient search on the part of the English based drifter

giving satisfactory results up to 196o0.

fleot.

1957 L Age in yvears
‘Ebek 43 z 3 4 5 6 7 8 S 1o lo+
English 8.0 | 364.0{188.0 | 24.0 9.0 5.0 0.3 0.6 1.6 l.0
Scottish { lo.2 {495.0{215.0 | 18.0 8.0 | 5.0 0.3 | 0.3 0.6 0.3
Dutch - 165.0|172.0 | 50.0 | 36.6 12.7 7.6 | 4.2 - 3.6
1957
Week 44
English 0.5 | 224.0[1l02.0 | 28.0 | 25.0 | 14.0 9.0 | 2.0 2.5 1.5
Scottish 0.5 | 136.0{ 53.0{ 1l.0 8.0 4.0 3.0 | 0.0 0.5 0.5
Dutch - 1299.0/228.0| 75.0 | 80.0 | 32.0 |13.7 | 5.5 5.4 6.6
In both weeks the Dutch vessels tended to catch more older figsh. The British

The annual abundance estimate for each age

This method was

During the first two weeks of October only about 450 crans wore caught.

The Dutch drifters worked further east during this pericd and landed some 6,000

crans.

shoals was made.

It vas not till the third weck in October that real contact with the
Taking o straight mean of the weckly abundances tho English and

Scottish values are biasscd downwards by the weeks of low catch when there was
It has boeen cbseorved from the echo-surveys that the first two

inefficient search.

weeks is tho critical period when effort can bs oxpended fruitlessly. Once

contact is established the fishing tends to stabilize, though again at the end of
the season vessels tend to remain too long in the Smith'!s Knoll area bofore

breaking away to the southern grounds.
catches poer shot, which do not represent the stock which has, by new, passcd
through the fishery arca.
o further modification wos made in the method of obtaining an annual abundance

indox.

assessnent of any improvement in the age data.

Scottish vessels and the Dutch luggers.

Again ineffective effort may give low

In order to minimize the effects of ineffective fishing,

If the British and Dutch vessels are working on the same stock of herring
then it would seecm reasonable to suppose that similar ostimates of abundance of the
age groups in the two fisheries would be obtained.

This criterion was used for

Vlockly raised age distributions wore calculated for the English and
For each country o sensonal mean was
obtained by weighting each week'!s abundance index by the catch using the

following relation:
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seasonal mean = n

where x ,b, is the abundance of an age group as number per. net per shot in waek
a, b, c, *otc. and A, B, C «ese. is the catch in the same period. A sinmple mean is
taken of the Dutch and British raised age distributiorsso obtained. The effects of
weighting may be appreciated with reference to the 1960 data, Table 3.

Table 3. Number per net per shot in 1960

English and Dutch Age
Scottish
Unweighted 199.3 169.8 3
Weighted 249.2 221.7
Mean 235.4
Unweightad 68.4 114.8 4
Weighted 85.2 133.2
Mean 1o9.2
Unweighted 9.9 16.8 5
Weighted 12.5 19.1
Mean
Unweighted 2.7 5.6 6 |
Weightod 3.2 6.5
*ﬂean ' 4.8 1

The effect of weighting is less, in this particular case, in the Dutch data than it is
in the English and Scottish data. The weighted English and Scottish data are closer
in number to the Ducth data.

The combined age distributions for the drift-net fishery in the Southern Bight
are given in Tablo 4 below:-

Table 4. lumber per net per shot for the Southern Bight British
and Dutch drift-net fisheries

Age in Years

Year 2 i 3 4 5 6 7 8 9 | 1o lo+

1956 2.5 227.3| 72.2 | 43.6 | 24.9 [8.5 |4.3 |3.6 2.2 2.8 391.9
1957 2.8 183.0 79.0 | 17.1 | 13.1 |6.5 (2.9 | 1.3 l.0 1.4 308.1
1958 0.5 110.8| 76.2 | 22.0}{ 8.0 |2.9 |1.3 | 0.7 0.4 0.2 223.0
1959 l.o 156.7 1 42.5 | 26.4] 9.4 2.2 |1.2 0.8 0.2 0.2 240.6
1960 13.0 235.4 109.2 | 15.8{ 4.8 {0.9 [o0.2 | = - - 379.3
1961 2.4 482.0| 68.8 | 30.0| 3.5 [0.3 - | 0.0 - - 587.0
1962 6.6 38.9(191.3 | 22.3 | 10.9 {0.5 {0.2 | - - - 270.7

These values are considered the bost estimates of the composition of the drift-net
catch. For the individual countryl!s fisheries the weighted mean abundance index is

preferable to a simple mean.

The extent of the improvement made may be seen in the mortality rates.
Comparing those derived from the above data with those from the English data only,
it is seen that a great omount of the variability is removed, see Table 5 (page 5).
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Tablo 5. Mean instantanecous mortality rates, Z, for age groups
3=7 in 1956-1962

Yoar Combined English alone
1956/57 1.26 1.60
1957/58 1.12 - 1.19
1958/59 l.02 0.92
1959/60 1.35 2.23
1960/61 1.70 0.88
1961/62 1.15 l.02

III. Drifter Catch per Effort as a Stock Index

Using the technique of echo-survey (Cushing, 1952) the distributions in
space and time of pelagic fish traces during the East Anglian fishery have been
reocorded in recent years. Though individual traces maoy not be herring, a general
identification of the contoured echo-densities with herring has beecn made. The echo-
patches move south at the same rate as the fishery for herring and concentrate in
the areas of tho herring spawning grounds in the southern North Sea and eastern
English Channel. More critically, when drifter catches have been distributed over
areas of varying echo-concentration correlations, as in Figure 1, of herring catch
on echo-lovel have been obtained. The distribution and abundance of these echo-
traces have been used to give and independent estimate of abundance, against which
the observed drifter catches per effort may be compared.

While long-term changes in efficiency can be detected by such techniques
as that of Cushing, the initianl variability in the catches per effort cannot so be
exanined. Oneo might expect that an abundance index of stock derived from the cffort
of some 400 vessels, as in the irmediate post-war period to be mores reliable than
that derived in recent years from a fleet of loo drifters. Use of radio- and echo-
sounders in recent years and coupled with the fact that only the most expert
skippers and the best ships have survived the decline might counter any decline in
efficiency. Any numerical enuncration of this type of effect is intangible.

One factor, which in recent years, has had a considerable cffcct onthe
size of a drifterts catch has been the sffect of westerly winds. Bolster (1962)
analysed the average catches made on nights when the wind lay across and in line
with the tide. As the tidal stream in the Smith's Knoll region runs roughly
north/%outh, winds from westerly quarters will hold the drift net across the tidal
flow and present the biggest area of nets to fish moving south. Bolster showed
- that in the period 1952-6 the average catches !'in line! werc between 50% and 707
of those on nights when the nots lay across the tide. He also showed that on
*across?! nights bigger catches were takon on spring than on neap tides and that the
ratio of theose was of the same order as the ratio of tho distances over which the
nets would theorstically travel. Under periods of low abundance of herring, as in
recent years, theso factors might become importont in biassing the stock estimates
from the drifter's catch per effort.

In the period 1950-62 the porcentage of fish nights with westerly components
has varied between 11% and 78% with an average of 49%.

The ocho-surveys have shown clearly that with the reduced fleet, location of
the areas of high fish density is slow at the commencement of the season. An example
of this limit in search may be taken from the 1957 season. High density echo-
patches were recorded in the first two weeks of October; +theseo areas were not
exploited until 16/17th October. The catch, effort and catch por effort within and
outside the patches are given below:-

Dato In Out
October 1957 Catch Effort Catch/Effort | Catch [Effort Catch/Effort
7-9 96 2 48.0 1,174 | 201 5.8
11-13 - 1,433 | 216 6.6
16-17 4,889 242 20.3 8.5 1 8.5
18-20 1,913 247 7.7
21-22 6,140 174 35.4

The drifters evidently tdiscovered! the patch between 13th and 16th and subsequently
concentrated on it.
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An extreme example of the degreec of dissociation between British drifters
and the echo-patches occurred in 196o. 1In this year the main density of fish
traces moved down the eastern side of the Southsrn Bight. It was only late in
October that the British fleet moved east and south of the Brown Ridges into the
area of high echo~-density. This could account for the bias in thse 1960 stock
estimate referred to in the previous section.

Using the echo-surveys Burd (1959 and 1961) calculated stock indices
using a relation between the echo-density of the patches and tho corresponding
catch por effort of the English drifters. The regression, Figure 1, of catch on
echo-level for 1957 has been taken as standard as the echo-sounders used have
been Kelvin Hughes MS 29 recorders since this date. Echo-traces expressed as
mm per mile on the ships?! course are contoured at four levels: 0, <5, <9 and

>9 mm per mile. For each survey echo-level 1 is takon as the minimum echo-level
in which catches are recorded. The arca of cach contoured echo-level is measured
for each cruise and raised by the mean catch from the regression in Figure l. The
weighted mean catch per shot, i.e. [ catch/shot x area  was called the Stock
Density Index. The values Total area obtained for ths
last eight years compared with the drifter catch per shot appear below:-

Stock Density Index Drifter Catch
Year as crans/shot Crans/shot
1956 41.9 24.8

1957 22.2 22.1

1958 18.2 17.8

1959 17.8 ' 15.0
1960 24.0 18.7
1961(0ct.) 29.4 ( Oct.) 23.2
1962(0cti) 23.0 ( Oct.) 13.7

The drifter catch per shot is soen in most yecars to be rather similar to tho
independent estimate of stock obtained from the echo-surveys. Two notable
exaeptions are those of the 1962, 1960 and 1956 seasons, when it is evident
that either the drifter search was relatively poor, or some other effect was
reducing the catch per shot, or again that the echo-survey was misleading.

If tho magnitude of the drifter catch each year is as depondent on
westerly winds as Bolster has indicated, then for the study of anmual fluctuations
in sbundance the seasonal catch per effort must be a biassed one. The only
comparable data from year to year are the catches on nights of westerly winds.
These nights should in goneral also give the highest abundance estimate, as the
fleetts efficiency is highest undor these conditions. For this reason Burd (1961)
called this index the !Most Efficient Drifters! catch per shot and whon correlated
with the Stock Density Index gave a highly significant regression (Figuro 2a).
Comparable data to the 'Most Efficient Drifters? catch per shot is unfortunately
not available for the combined East Anglian aburdance index. Ons would hopo,
however, that such refinement of the catch data might not be necessary with th
increnosed weight of data available. These data expressed in number per net per
shot are not directly comparable with tho Stock Density Index which is in crans,

o volume measure. In plotting the regression of the combined East Anglian
sbundance index on Stock Density Index in Figure 2b, the former has becen converted
to crans using the number of fish per cran from the Lowestoft and Yarmouth
landings. Vhile there would appear to be an even botter correlation betwcen ths
1957-62 observations than that in Figure 2a, 1956 is far out, resulting in a
non-significant correlation for the data as a whole. In 1956 there was a
difference of 1.79 times in the magnitude of tho British catch per offort for the
whole season and that based on thefllost Efficient‘Drifter'catch/%hot, the latter
being the greater. If such an effect is observed in the catches of one country
it is likely thot a similar effect would be noticed in the Dutch data. Ratios of
the seasonaliMost Efficient Drifter? catch per shot to the total drifter catch
‘per shot have been calculated for the British data and are shown below:-

Year Ratio Yoar tid
1956 1.79 1960 1.23
1957 1.27 1961 1.0%9
1958 1.27 1962 1.45

1959 1.24
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These rotios hnve bsen used to raise the combined East Anglian sbundance indices
for each year and these data have been plotted on the Stock Density Index in
Figure 2c. A highly significant correlation results, p > .o00l.

It would appear that the use of the combined East Anglian abundance
index does not wholly eliminate bias dus to westerly wind offects. This is not
surprising as both drif'ter fleets are likely to be affected in the same way by
wind. In the main, however, it would seem that this ccmbined index is a better
one than either the British weighted index or the 'Most Efficient Drifter! index.

Tho Stock Density Index is derived from the total echo-traces recorded on
the surveys. In this way it will include a certain number of ochoes derived frecm
fish other than herring. The Index will therefore be to some extent an over-
estimate of the herring stock. The correlation betwecn echo-level and observed
drifter catch, Figure 1, includes a variance on catch due to inclusion of non-
herring traces in the echo-levels. Dependent upon how important this proportion
was, the average catch poer echo-level would be biassed up or down from the true
herring abundance. The Stock Density Index will be to a greater or lesser extent
an overestimate of the stock available, if other species form an important part
of the oecho-traces. Tho correlations (Figures 2a and o) of !Most Efficient
Drifter! and the combined East Anglian indices both have intercepts not
significantly different from zero. This would suggest that the Stock Density
Index is a good measure of tho abundance of herring and that either of the two
catch indices mre giving reliable stock estimates.

Sumnmary

In recent yecars therec has been a dramatic decline in the drifter fleet
working from the East Anglian ports in October and November. There has also
been a reduction in numbers of the Dutch lugger fleect.

Tith the roduction in quantity of herring being landed at Lowestart and
Yormouth and the change in marketing, it became necessary to revise the Hodgson
method of estimating the abundance of each year-class of herring in the catches.
As reduction in aroa of search was a major cause of inefficiency in the drifter
fleet the first modification was a combination of the catch and age data from
Dutch and English sources. A second modification was introduced in 196o when the
seasonal abundances were obtained by using the weekly mean sbundances weighted
by the catch. A considerable reduction in the variability between the anmal
mortality estimates resulted.

From the echo-surveys made during the fishery it could be seen that poor
cover of the high echo-densities by +the drifters often took place earlr in the
season. The surveys also afforded a method of assessing abundance. This Stock
Density Index was found tg bo highly correlated with the catches on nights of
westerly winds when the drifters were working at their most efficient level.
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Figure l. The relation between echo-level and
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Figure 2(a), (b), (c). Relationship
between the stock density index and
various estimates of abundance from
catch data.
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