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During tho deliberations of the 1961 and 1962 Herring Vlorking Group, all data
submitted on length, age and meristic characters were takon at their face value.
Equal weight was given to data whethor collected from 1,000 or loo observations. Indced
there is no reason why o samplo of loo fish or less should not give as good an
estimate of the growth and meristic characters of the population from which it came
as a biggor sample. Hewever, when differences occur between two such estimatss the
guestion arises as to what level do such differences beceme significant.,

1. Sampling for Length

In 1955 a full analysis was made of the sampling mothod in the East Anglian,
fishory. It was found that the 95% confidence limits on tho scasonal mean loength
were * 3.0 mm. These limits were tased on the biggest componont of variance bstween
samples and was that related to area of fishing. At any time din the scason the
largest fish tended to be in the north and cast. In ccmparing the mean length of a
sample of herring with the seasonal mean only a difference greater than + 3 mm would
nced to be considered to be possibly significantly different.

herring Using the 1961 data the variation in mcan length of three year old East Anglian
/’ has boen analysed. In East Anglia the fish taken for age detormination arc sclected

by length so that in the scale samplo there aro proportiornately many more larger fish
than in the market measuremeonts. This is so that a good agq/iength koy for the older
fish may be obtained. Markot measurcments aro made frem English and Scottish vessels
at Lowestoft and Yarmouth and tho agq/longth key is used to raise the four scts of
data soparately. Though the Scots usc¢ slightly smaller nots, the length distribution
of thres ycar olds is well within the retention lengths of the nets used and no bias
due to net selection is likely. The length measurements arc grouped by threo-day
periods and means were calculated for the three year old fish., Comparing the English
ard Scottish moans at Lowcstoft and Yarmmouth therec is no significant differencs betweon
thom. The 1981 scasonal mecan for throec year old fish was 24.35 cm with 957 confidonce
limits of + 3.4 rm. These are very similar to the limits on the mean of all ages in
1955.

Thus from two diffoerent years? data confidence limits on the secasonal mean of
about + 3 mm have beon calculated. This is the same order of difference as that found
at tho 1961 Working Group betucon the means within tho Southern Bight fisheriss. Buchan
‘spawnors arc on average 12 mm bigger than fish in the Southern Bight. A similar
difference in means is soon betweon the Thitby spawning fish (part of tho Bank stock)
and the Downs herring. Tho mean differonces betwoon known Bank and Downs samples lie
outside ths confidence limits of the scasonal mears within the fishories on Downs
herring.

Tho confidonce limits discusscd above are derived from three-day poriod means
and betweeon area differoncoes. Betwcen individual mecasurements within o thres-day
pericd or areca the variation may bo much greater than the limits on tho scasonal mean.
In East Anglia tho 95% confidonce limits of individual mecans is * 8 mri on the seascnal
mocan. The sources of such variation may be ecithor artificial, duc to mosh selection
or biassed sampling on the market, or may be rsal, dus to true differences in the
stock in, say, tho places wherc the boats fished.

For o fishery lasting over soveral months it is clear that the best form of
sampling for lcngth consists of a serics of length measurcomonts takon rogularly ovor
the whole period of the fishery. Occasional rescarch vessel samples of poeriodic
market measurements might give length distributions very different from the true
population. For instancc, tho rescarch vessol sanple might como from an area away from
tho main fishing concontration, and cven in taking an occasional market sample errors
of this sort might occcur. An example of the difforonce which can occur is taken frem
tho East Anglian data for the woeek cnding 25th October, 1959, The longth distributions
of samples frem two arcas not twenty miles apart are givens-
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Sast Anglia length distribution - Percentage

S~ cm | 20 | 21 | 22 |25 |24 25 26 | 27| 28 | 29 | 30 | 31 X
Areco ™~

A 0.1 | 2.7 {19.5 [88.2 [21.4 | 1lo.5 | 7.5/ 4.0 |0.9 |o0.2 | - 23.61

B 0.1 | 2.0 jlo.2 |19.3 {15.8 ! 15.5 18.2111.4 4.6 {1.7 jl.o | 0.2{24.74

It is obvious that age distributioms derived from these two scts of data mwould be very
different. A research vessel or a single markot sample might have rosulted in fish
from cither A or B being taken as representative of the fisheory. As prescnted, both
sots of data aro given equal weighting, that from area A might, however, consist of a
singlo samplc of loo fish while that from B congists of some thousands. In this
situation one night be inclined to accept the larger sample. Just beecause the length
distribution is comprised of tun times as many measurements as that of A, this is no
rcason for claiming it to be a bettor represontative sample of the fishery, for it is
only o better sample of the catch from which it came. If, however, the larger sample
consisted of a series of many smaller samples from a scries of catches in the area
thon somo justification for rogarding it as a better cstimate of the population might
be made,

Again, the larger samplo might have been takon from an arca in which very
1little or no fishing was toking placo, ths smaller sample being o market sample from
the fishery. In this situaticn more weight might be placed on the latter sample if
the purpose of the measurements is to describe the population of fish in the fishery.

Thus, before the significance cf such differonces in means can bo discusscd
some essential background date is ncoded on how tho sampling was made and how the
area of this sampling was related to tho commercial fishory at the time.

In the case in point the length distributions are both derived from many sots
of narket measurcnents. Those from area A totalled somo 2,300 fish while those fron
B numbered 4,6ooc fish. The distributions may be considored as adoquato samples of the
fishing in the arcas from which they came. During the period in guestion 732 crans
were taken in area A and 3,157 crans in arex B. The respective catches per shot
wers lo.2 crans and 36.7 crans. The best estimate of length distribution for the East
Anglian catch from these two arcas during this poriod would be the mean length
distribution weighted by the arca catches por offort. However, this would not
reprosent tho length distribution c¢f the fishery at that time for a further 2,955
crans were lpnded in a third area and in obtaining a length distribution representa-
tive of tho fish in the catches, length data from this aren would also have to bo
incorporated.

In the above examploe, tho case has been taken where a singlce observation made
in either arocn A or B and not related to tho distribution of fighing at the timo
might lcad to considerable orror in describing the longth distribution of the stock
in the fishery. A second problem of intorprotation can be illustrated from the
"Statistical Newsletter", No.9 for 1959. In the Stock Records both Scotiish and

Polish length distributions are givon for Statistical Square E.16 for May. The
porcontagoe distributions are as follows:-
Length in cnm
cm 120 | 2L | 22 | 28 | 24 | 25 | 2 | 27| 28 |29 |30 | 31| 32| DNo. if_i
|Polish |0.2 | 1.1| 5.7 |12.9|18.5] 24.0 | 21.3 | 10.7 3.1|1.3{0.7 0.5 | 0.2{2,231 24.9%
Scottish 7.0, 23.0| 37.0 | 19.0 6.0!5.0}2.0 1.0 loo 26.2ﬂ

The Polish data is from trawl-caught horring while the Scots data is drift-net
caught., A simple explanation for the difference can be that of gear, a comparative-
ly non-selective trawl and a selective drift net. But this is most unlikely unlesg
the Scots vessel was using an unusually largo-sized flect of drift ncts. The Polish
data bascd on 2,231 fish should present a more reliable estimate of the trawlable
fish'if the measuremonts have been spread out during the fishing. There is no
indication whether these fish comprise ong somple or many. Neither can the catch date
help to give weight to one or other length distribution as being the best samplo
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of the fish in tho arca. 379 tons were caught by drift net and 372 wons by trawlors,
in tho main Polish. Thus, in this area wo have two length distributions which differ
by moro than the between area difference in the previous example. With the data, ac
proscnted, both could be taken as equally good, or bad, cstimates of the available
stock,

In both the provious examples, we have beon able to make a comparison of two
length distributions and discuss their rslative merits as adequate cstimates of stock. .
There remains the problematical question of how much weight can be placced on singls
samples taken over the North Sea at long intervals in space and time.

In publication of Stock Records I wculd suggest that length data should
be considered in two categoriecs:- (a) those data compossd of multiple samples
taken from commercial catches or rescarch vessel catchos working within the commcrcial
flceaet, and (b) individual samples taken at randerr in time or space from thoa ccrmercial
catches or research vessel hauls away from commercial fisheries. The former could be
roferrcd to, in publication, as:- :

'Longth distribution of the ..ieeeeveesc. fishery*,
the lattor might be referred to as:-

TLength distribution of smuples £rom ceeecevesaocoo?, glving tho area
cither os a statistieal square or fishing ground.

In this woy distinetion would bo clear botwoeen a systematic fishery sampling
tochnique and randoa sampling.

Tho utility of small samples becomos apparent whon 21l the data colleeted on
the Recruit Surveys is put GSegother. But such background is occsontial if individual
sample mears aro o be interpreted soatisfacterily.

6. sonapling for Loo

‘Tho estimate of age disbtribution of the fish in a fighery can boe no bettor
than the data from which the age matcial is collected. Thus before any variation
may be introducod from the method of selecting fish for age analysis, any original
variance on length distribution of the sampled catch will be inhorent in the age
data. In the analysis of the East Anglian sampling mothed in 1955 it was found that
duc to the variance oa length botweon arsas the 95% confidence limits on the estimate
of abundance of thres year olds wero # 11$5. Thoso were maximun cstimates dus to the
method of calculation and in practicc it is most unlikely that the limits would be so
wide., In thig section it is intendcd to discuss, merely, the bechnigues used in
taking fish for age determination.

At the English ports herring arc landed mainly in L/G cran boxes or in some
casocs %'cran baskets. Deopending on the mean length of tho fish these wnits consist
of betweon 200 and 3oo fish. Vith a fish whoseo length range in theo fishery is rarcly
over lo cm and with a standard devietion of about 1 cm about the mean, it would scom
quite unneccessary to mecasurs 2o00-300 fish te got an adequate estimate of the length
distribution of the fish in a box arnd hence catch of the boat. In practice it is
almost impossible to take loo fish from a box without some sclection taking placs.
This is illustrated in tho following table whers tho measurements of tho first
hundred fish takon from a box werc reccorded separately:-

HMean lengths in cm of':
Samplc No. ) First loo Remainder Diffcrence
1 25.49 24,96 (164) 40.53
2 25.55 25.02 (190) +0.53
3 26.05 25.57 (194) +0.,48
4 24,95 24.65 (2086) +0.30
5 25.37 24.71 (198) +0.66

Thus it is socn that in just taking, at randem, loo fish frem %+ oran boxes of herring

on Lowostoft markot a bias can bo introducced into any age distribution based on these
ish alonc., In this oxample the fish were not being takon for scale taking; when

this occurs a furthor crror may be introduced in that fish with fow scales are rojected.

An cxomple of thic type of bias is shoun in the following table, where the noan

lengths of the secals sarples of fish are compared with these of the rmaindar of She
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Mecan lengths in cm of:
Sample No. Sarple ' Remainder Differcnce
1 24.87 . 24.36 (185) +0,51
2 25.13 24,30 (164) +0.83
3 24,36 23.87 (105) +0,89
4 25.16 24.27 (94) +0,89
5 24,56 23.24 (67) +1.32
6 28.25 27.68 (87) +0.57

The full effocts of this type of bias on the estimate for age of tho sample, or
boats cateh from which the samples came, can be illustrated from data from North
Shiolds. Two saomples worce taken during the weck, consisting of a total of half o
cran of fish. All the fish wicre measured and lco fish for scale taking wero taken
frem ecach box. Age/length keys weore mado from ths two scale samples and theso
were then raised by the total length distribution to give an estimate of the age
distribution in the ships catches, from vhich the samples werc taken. The age
distributions for: (a) the scale samplc, and (b) the raised samples are given
below:-

Ago 3 IR 5 6 | 7
A No. | 44 83 55 1
B Yo. | 290 222 | 111 14 |13 T

It is gecn that whon the total leongth samples are used that the relative abundances
of two and three year olds arc reversed. It is also scen that proportionately far
more older fish arc toaken in the scalo samples than those in the youngor age groups.
The use of an agc/iongth kecy cnables o better estimate of ago distribution to be made
in data whoro an extonsivo age analysis would not be possible.

In the provious soction theo caso of differing lergth distributions within
an areca was discussed. Tho age distributions for this same area ars also given in
tho Statistical Nowslotter. The Scottish length distribution is evidently bascd on
the same fish as tho age distribution, as thore arc loo obscrvations in each.
However, in the Polish data, though some 2.231 length obsorvations were made only
146 fish provided information for the age distribution. By using an ago/length key
from this age samplc full opportunity could bo taken for improving the reliability

of the ago distribution.

For July 1959, two length distributions wore published by Schubort (Ann.
Biol., 1961) for the Fladen Ground. Theso have means of 24.32 and 25.87 cm: tho
samplos numborod 707 and 1,515 rospsctively. In Table 42 which gives the %o ag
compositions of all samples for July only ons age distribution is given based on
387 fish. The length data is from trawl catches and it is well krown that fish
from such sources arc rather devoid of seales. If the age sample is frem thosc
fish having scales, then therc may be bias in the distribution. But again if it
roprosonts a sub-sampling of onc of the larger length somplcs scome improvemont in
the data could be madc by using the full length distribution via an ago/length kay.

Becausoe of tho variations in tho length of samples taken from a fishery,
there will bo an inherent sampling variance for age. C ly by minimising this
variance in the initial sanpling technique can it be minimiscd in the ago data.

However, we can cnsure that our age sample is the best that can be
obtained from thc available matorial. Biasses due to selcetion of fish for scale
taking may be climinated by using an age/iongth koy to raisec the scaled sample to
tho full length sample. If otoliths are used then this type of bias is eliminated
but there still remains the bias of taking fish from a greater number as was
illustrated above. Again, age/iength data can eliminatc this orror.

Tith tho publication of Steck Records often there may be occasions vhon
noro length data is available but is not published for lack of age data to
accompany it. Such data when processed with an age/iongth key for the arca from
which it came, could give maluable additional information on stock abundancea.
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In publication of age date a similar distinction to that suggested in the
previous section could be made. Those age distributions obtaincd from many age
samples or based on extensive longth measurcments, and token from the commercial
fishery might be toermed 'Age Distribution of the ...... fishery?!. Similarly all
other data could be referred to as 'Age Distribution from .....Y', again giving the
arca or ground.

3. Sampling for Growth and lMeristic Characters

More oftcn than not such data as 1, and other growth data, which have been
obtained directly from the scalc samples, arc accepted as represcentative of the fish
in the fishery. Howecver, if the samplo taken feor age is biassed then, in consequence,
the 13 distribution for the fishery must also carry this bias. 1, is corrolated with
total length, therzsfore if therc has been selecticn so that the smaller fish arc
missing from the young agoe groups, then these will give 1, distributions with too
high values. In systematic sampling frem a fishery as cppescd to research vessels or
occasional sampling, this orror rarely occurs. Vhen this crror doos occur it tends
to undereostimate the numbers of low 1 in the stock.

The following table shows the relation between the maturity stages of four
year old figh in June, 1961, at North Shiclds.

Four year olds, North Shields, June 1961

~~ Mat. ' ‘

Eﬁ\\\\\‘ I I-I7 II |II-IIT | III | III-IV | IV |IV-V |V |VI |VII Total
20

21 16 16
22 49 62 111
23 26 109 7 142
24 95 16 | 19 18 148
25 39 55 9 6 2 13 124
26 9 3| 22 12 28 3 87
27 5 9 4 18
28 5
29

30

31

32

Total 91 314 19 ! 108 39 48 9 20 | 3 651

It is socn that thore is a clear correlation botwoen length and maturity stage.
Any bias which may occur from tho mcthod of obtaining the fish resulting in an
unrcpsesontative length distribution, for example, will thus be imposed on the
maturity distribution. This distribution, far from ropresenting that of the fishery,
will only be represcntative of the bianssed sample from which it was derived.

This table illustrates o sccond point. It is clear that the fish in low
maturity stoges have a lower mcan length than those in the higher stages, and by
this mcthod it is possible in the feeding fisherices of the northern North Sea tec
scparate Bank and Downs components.

For exemple, using maturity/iongth keys in the Thitby and 'Haisborough!
fisheries, it was possible to scparate Bank and Downs components in the 1961 scason.
The mean lengths for age arc given on page 63— '
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Ape in years

Maturity Area 3 v 4 ; 5
Spawnors Whitby 25.71 27.06 27.55
tHoishorought 25.43 26.55 27.58
< IV Whitby 24,17 24.79 27.48
< V tHaisborought 24,76 25.35 26.84
East Anglia 24 .38 25,89 27.07

Tho low maturity fish at Whitby and Haisborough have the same
.mean length and meristic characters as the East Anglian samples.

In the feeding fisheries of the northern North Sea similar techniques would
enable further light to be brought on the relative abundances of Bank and Dowps
stocks in those fisheries.

Hewevor, while this type of analysis can be performed on any samples to describe
the maturity distribution of the fishery, it is neccssary to romove any sampling bias
if possible. This may be improved by raising the maturity distribution by the total
length distribution obtained from the arca. Tho effect of such a raising may be
illustrated from a North Shiclds samplo:-

Percentage in Maturity Stages

I !I/III II |II/IIT | III iIII/Iv IV |Iv/v, Vv | VI | VII

Sample | 1 6 2 1 29 9 23 16 |13 - -
Raisecd | 2 25 2 1 35 9 12 9 6 - -

It is cloar that tho maturity distribution of the sample bears only small
similarity to that in the fishery.

It is generally accopted that the vertebral numbor is detcimined in the egg
at an early stage in development. No clear corrclations have been demoustrated
between vertebral rumber and length or any other growth character in the North Sea
fishorics. In part this may be due to the limited vertebral range. Zijlstra (1961)
has showed that in the coentral North Sea rscruit herrings there was a gradual
decreasc in vertobral count with time on the spawning ground. In the Southern Bight
the reversc appeared to be the caso.

As mean vortebral counts in Bank and Downs spawning stocks arc consistently
different, thon the conventional mcthod of prosenting mecan vertebral count by
maturity stage by age groups would acppear to be the best possible method of
presentation.

Discussion

Sampling for age and meristic charactors ic a time-consuming oporation, ono
whoso vory naturo tends to preclude any onc country adequately sampling more than
a }limited number of fisherices.

At this time whon religble estimates of total mortality and effort on the
different stocks are badly ncodeod it scems ratural that full advantapgce should be
token of whatover data is collected from the fishories. This paper has pointed out
how, even ot this prosent level of sampling, some improvoment might be made in age
and longth data by fully using the availablo information. If full stock data from
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market sompling were available from each major fishery for each month then how much

morc valuable would be the research vessel samples when viewed against this backgrourd.

Are we still too far from the time when each major catching country is internationolly
csponsible for providing stock data from at least one of its fisheries?

References

Zijlstra, J. J. 1961 "On the reocruitmont mechanism in the Nerth
Sea herring". ICES Herring Symposium, Dcc.No.29.

-Q=0=Q=



