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The study of fish populations by the analysis of commercial catches
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Statistically, the study of fish populations from an analysis of
commercial catches may be regerded as two successive sampling processes:
First, the commercial catch forms a sample from the total psopulation and second,
a samole is taken from the catch for scientific examination, e.g. length
measurement or age determination. In this vaper these two processes will be
analysed from the statistical viewpoint, in order to find a method of sampling
and subsecuent analysis gziving the least variance and bias, Roughly speaking,
the variance is the scatter, sbout their mean value, of successive estimates
of some quantity, e.g. the averaze length of fish in the catch. The kiag is
the amount vwhereby this mean value of the estimates differs from the true
value. Thus the variance will become obvious in any series of observations,
vhile bias may be difficult to detect. The fact that repeated samples give
very much the same answer can be no guarantee that there is no bias, or even
that the bias is small,

In a particular sampling system, the variance will be approximstely
inversely oroportional to the amount of sampling, that is inereasing the samp=-
ling will decrcase the variance, and vice-versa, Elas cannot be reduced by
increasing the amount of sampling, but only by using 2 correct sampling system.
The "best" system of sampling and subsecuent analysis, judged on a statistical
basis, will bec that which is as far as possible free from bias, and which gives
the smallest variance for a ziven sampling effect., Looked at another way,
it will recuirc the smallest amount of sammling to reduce the variance to
some desired lovel. The samoling wettern giving the smallest varisnce for one
estimate will not necessaily be thet giving the smallest variance for some
otier estimate; Cor instance the best sampling design to find the average
age may not be the best Tor finding the ratio of males to femmles, Therefore
the choice of sampling patitern depends, oossibly quite critically, on the
information ultimately reguired., In ovopulation work the most important
estimates arc for the fundamcutal sarameters: growth, natural and fishing
mortality and recruitment., Of these, the most difficult to estimate, and the
most ligble to sampling crrors, ave the mortalities., The methods of estimating
them, and the type of informetion recuired, are discussed more fully by
Beverton and Holt (No. 24). The most powerful estimetes are in the form of
indices of sbundancc for ezch age-group; i.e. numpers pronortional to the
totsl numbers of fish of that zze in the sca, the coefficient of pronortionality
being constant from year to vear. Less useful is the relative aze~composition
during each year; e.Z. ocrcentage age-comvosition. It mey noct be generally
realised that a fautc de mieux estimate of mortzlity may also be made, vhen
age-determinations are not available, from similar data on length-composition,
Beverton and Holt also discuss methods of estimeting fishing mortality alone,
which do not directly need sampling of the commercial cateh in the manner
deseribed here, though catch sarpling is nccded for estimation of total mortality,

For the ultimete purposes of this vaper, therefore, the quantities for

which estimates w11l be made, =nd bias and variance calculated, will be

% 4 fuller exposition of this subject by the same author is in Press.
(Fishery Investigations, Series II)
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indices of abundsincss Tor eoch aze and leongth groun. 4s an intermediate stewn,
but 2lso intrinsicellry very imsortant, tie numbers of {ish landed of each

age and length groun will be cotimated, This will elso give a relative age
and length comsosition. The latter provlem will be discussc@ in the first part
of this paner; tThe scecond ert will deal with estimation of the comsosition
of the stock,.

The direct sampling of the commercisl catel for length and age comoosition
prescnts in generel a stroightforward statistical vroblem, and the degree of
veriance may be readily celculated., Bias may arise both in the choice of the
section of the catch from which to sammle, and the choice of fish to be
measurcd vithin this sample., after the fish arc landed and sold, a single ship's
catch is likely to be divided smonz several different merchants, Bach vill
- tenc To buy thet size of Tish which is particulsarly suited to his requirements,
so that mcasurcments of fisu taken at any particular merchant sre unlikely
to e reoresentztive of the vhole landings, Thercfore, to avoid bizs from this
cause, the samples have to be taken directly from the landings, before the
catch of each: ship is split uwo. Even then biass mey occur vhen the cateh is
divided into ti.o or more categorics, on a basis of size or condition of the
fish, unless 2 czzmole is tzksn Prom every catogory, This i1s obviosus vhen the
basis ol categories is size, Dut it is also true vhon the catch is divided
according to the condition of the fish, For instancs 2t Lovestoft, the main
categories for wlaice arc large, medium and swmall, but particularly after the
spavning scason, thin and domaged Tish are sorted out, These last seldom
smount in weight to more then a few Zorcent of the total landing, but may
contain half the biggest and oldest fish. Obviously the mumber of old and
big fish would be scriously under-estimeted if the three main categories were
teken as represcabetive of the vhol: estch, This is illustrzted in Table I
below,

Table I Hyoothetical cxarnles of catch by categories of a Liovestoft trawler

Larze | HMedium | Small | Thin |Total
Veizht landed (stones) = & 30 ¢ 100 K80 {1 10 620
Veight measured " =3 10 | 5 3 10
Raising Pactor =/3 3 l 20 160 1
Length grouwn (em) 2529 | 30-3h | 35-39 | 4O-bh | L5-L9 | 50+ | Total
Larse c 16 33 15 64
Number [iedium D 2 L7 27 76
Mezsured! Small A 26 L4 8 75
Thin F 71 15 1 | 1 50
Larze Cx53 48 99 L5 192
Number |Medium D x 20 40 940 | 540 1,520
Landed |Small E x 160| 4,160 | 6,560 | 1,280 12,000
Thin Fx1 7 15 1k 14 50
Totel 5,160 | 6,600 | 2,227 | 603 113 | 59 143,762
Potal Less Thin | 4,160 | 6,600 | 2,220 | 588 59 | 15 113,712

In this sample vhich thouzh imaginery, is realistic, the wcight of the
hin fish is barely 1+ of the vhole, but they contain neerly o cuarter of
those fish above 50 cm.

The choice of samole within 2 category is »robably unimportant, the
difference in composition betreen different parts of the seme category being
likely to be smell, If such o diffcrcnce does oiiist, it is likelyr to be most
parked betveen the first and last fish landed, 4,2, orobably hetieen the last
and Tirst fish caught. Durinz ome month -t Lomestoft t7o samples were taken
from the same category off a number of different ships, the samples canprising
respectively the first and ls=st fish londed, Iio significant difference was
found between sam lec from the same shin, though there wos cousiderable
‘differences betiecen shins. : : : -
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Bias may also arise through personal-selection within the sample taken
for measuring. If only a2 fraction of the fish available for selection are
picked up and measured, this fraction, will for most people, contain rather too
maeny big fish, Often too, the tos few fish in a2 box have been selected and put
there %o impress the buyers., For instance,a sample of 50 fish picked carelessly
off the top of a box of small ulaice (containing altogether same 300 fish) may
have an average length some half-centimetre greater than the rest. This is an
important difference when the whole length range is only a few centimetres.
This bias is easily avoided by measuring all the fish in a box, which makes
selection impossible, or by taking all the fish from one side, so that the
sample measured consists of all the fish originally to one side of the box, and
again selection is impossible or difficult. This same problem arises in
sampling a haul by a research vessel, Here again it is best, if at all possible,
to take the vhole catch as a sample, But, because there may be a tendency for
the big fish all to go to the side, even taking all the fish in one part of the
catch may give an unrepresentative sample. Such selection will be most likely
to occur when the size-range of the fish is great. Por instance it is more
probable in a sample of cod, vherc the biggest fish may be over 10 times the
size (by weight) of the smallest, than for herring vherc the biggest may be
only twice the size of the smallest,

The variance in the lenzth distribution may often be reduced by a suitable
choice of sampling method, In a paner read at the last meetinz of the I.C.E.S.
at Copenhagen (Gulland, 1953), it was shown thet the variance using a large number
of small samples vas considerably less than vwhen the same nuiber of figh were
measured in & few big samples. For instance, for medium plsice, the same accuracy
can be obtained with a quarter the effort by teking samples of 50 fish in each
sample, than with rather fever samsles of 40O fish in each sample. This
result, indicating zn upper limit to the efficient size of samwle of around
50 fish, has been found to be applicable to 21l soecies of fish (cod, plaice
and hake) for which it has been tested,

The wvariance may also be reduced, and possible bias eliminated, by
stratified sampling. That is, the total landings may be divided up into a
number of different strata e.g. by ports, method of canture, time of landing
etc, Samples are taken from each separate stratum snd estimates made of its
length composition. These senarate estimates are then combined to give the
length composition of the total landings. The more dissimilar the strata,
the greater is the benefit gained by using stratified samoling,

The most advantageous stratificetion is therefore the division provided by
market categories based on size, The estimate of the length distribution of
the catch of the vessel which is sampled is, of course, cbtained by the use of
stratified sampling, (see Table I), but the estimates for the landings of all
vessels may or may not involve the use of categories. The two methods are
demonstrated in Table 2, which shows the further analysis whereby the catch
of one ship, given in Table 1, is raised to give the total catch of all
ships.
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Table 2,

Hypothetical example to show the use of categories to
obtain total length distribution from that of a single

shinp.
Large Medium Small Thin Tatal
Total ‘jeight landed A 750 1,500 3,840 110 ‘6,200
Weight landed by sampled ship B 30 100 480 10 620
Raising Factor &4/B 25 15 8 11 10
] length (cm) | 25-29 30-34 | 35-39 | L4O-hk | L45-L9 | 50+ | Total
Large C 48 99 L5 192
Number | Medium D L0 9L0 540 1,520
in %ﬁill g 4,160 6,560 1,280 12,000
n ¥ 7 15 10 A 50
Sample | mota1 @ 4,160 | 6,600 | 2,227 603 113 59| 13,762
Large C x 25 1,200 2,475 {1,125 4,800
Total | Medium D x 15 600 | 14,100 | 8,100 | 7| 22,800
Number | Small E x 8 | 33,280 | 52,480 | 10,240 96,000
Landfad Thin F x 11 77 165 154 154 550
g%; Total G x 10 | 41,600 66,000 | 22,270 | 6,030 | 1,130 | 590}137,620
L (ii) | Sum of Categs, | 33,280 53,080 | 24,417 | 9,465 2,629 {1,279 1124,45C .

Ignoring categories,

the total length composition is obtained by

multiplying the catch of the sampled ship (row G )by the ratio of total catch to

sample catchi.

the sums in the last row,

The result is given in the last but one row.
the individual categories my be calculated, and then added together, to give

The composition of

Because the sampled ship contained relatively more

of the category small and less large, it is to be expected that, by ignoring
categories, the numbers in the smaller length-grouss would be over-estimated

and those in the larger sizcs under-cstimated.
comparing the totals in the last two rows.
rcduction in variance, by this usc of catcgories

so, by

This can be seen at once to be

The gain in accuracy i.e.

is indicated in Table 3.

This shows, for the Lowcstoft plzice landings of October - December 1950, the

estimated numbers landed and their variances, in cach S5-cm. length group. Three
methods of calculation were uscd; (i) treating the landings as a whole
(ii) dividing the landings according to market categorics or (iii) dividing
the landings into areas of capture.
Table 3. ZEstimates and variances of the mumbers of plaice
in each length group landed by Lowestoft trawlers
in Qctober - December, 1950 using three methods
of estimation.
Length-Group 20-2U 25=~29 | 30-34 | 35-39 ! LO-uk | L45-49 50-5L4 55+
Estimated Numbers Lended x 10-3
Method (i 26,81 | 2,063 932 | 276,51 132.6 | 66,01 35.50 | 22,22
Method (ii)(categ.) 28.56 | 2,213 952 | 267.2 | 118.6 | 58.98 | 31.83 | 19.46
Method (iii)(Area) 22,62 | 2,037 975 | 295.5| 4128.8 | 66,62 | 32,76 | 18,40
Variances x 10—6
Method (1) 42,58 [18,29L | 2,778 | 392.7 | 132.5 | 29.42 | 16,48 | 8,78
Method 1i)§categ.) 29.56 | 2,17k | 1,320 | 143.5 30.8 | 14,73 3.50 2.99
Method (iii)(hrea) | 32.68 |14,22h | 3,301 | 626,5| 147.5 | 35.06 | 10.38 | 6.56

Besides stratification by market categories, when these are sufficiently
well defined to be applicable, the English landings are also divided by ports
and by month of capture. While these stratifications do not reduce the veriance
to anything like the same extent as does the use of market categories, they are
of great importance in eliminating possible bias. This is because it is much
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easier to tazke a truly random samdle ot one vort for a short neriod than fram
landings at scversl jsorts and extending over = long period. Thus, without
stratification, onc section of the landings is very likely to be over-represented
in the samples. For instance more plaice from North Sea trawlers are landed at
Grimsby then ot Lowestoft; at the same time, for practical reasons, more fish
can be measured zt Lowestoft than at Crimsby, Thus, the Lowestoft landings are
over-represented in the samples; they contain, moreover, rather smaller fish,

80 without stratification by dorts, there would be o blas towards under-estimating
the averaze size of fish,

For mucih theoreticel pooulation work the Ikmovledge of the age-composition
is rather more impmortant than that of the length-composition (see Beverton and
Holt No. 2L;. TFortunately, the age of most commercial fish in Eurovean waters
can be determined from scalecs or otoliths with a fair degree of accuracy.

Apart from any definite errors in the sze-determinations, a definite bias can

be introduced by ignoring in the calculations those otoliths or scales which are
difficult, but not impossible, to rcad. These will generally be the larger or
more slowly groving, and hence older fish, and their omission would give a bias
towards under-estimating the average age. The degree of this bias for the North
Sea plaice age-determinations is indicated in Table 4. This is based on the
regular plaice sampling ot Lowestoft, for which an age is attached to every

otolith read, those which are difficult to read being recorded as doubtful e.g. 87.

Table L, Average age of Lovestoft and Grimsby otolith sammles, showing
difference between definite and doubtful otoliths

Number of Fish Average Age
Length Group

gueries | Definite Total | Cueries | Definite Total

25-29 cm 22 338 360 L.l L. 4.1
30-34 cm 27 332 359 5.7 5.2 5.2
35=39 cm 46 313 359 7.6 5.1 6.3
LO=Id. cm 70 170 240 8.8 7.0 7.5
L5=49 cm 29 139 238 11.0 3.7 9.6
50~5L. cm 120 117 237 12.2 10.9 11,6
Total 384 1409 1793 9.8 6.1 P 6,9

Qut of the 1793 otoliths czamincd, a little under a quarter, (384) were recorded
as doubtful, but the proportiocn of doubtfuls varied greatl- with the size of fish,
Orly 5% of the smallest (25-29 am) length group, but over half the biggest

(50-54 cm), wrere Coubtful.

Taking all the otoliths together, the averzge agze of the cueried was nearly
four years greater than that of the Jefinite, and their omission wrould
apparently reduce the average age from 6.9 to 6.1 years, a very considerable
degree of bias, This difference is nartly due to the queried, vithin any
length group, beirg rather older than the definite, but also to the avcorage
size being considerably zrester; 44,8 cm against 36.8 cm for the definite, The
latter difference must be real, and cannot be the effect of any errors in the
age~-determination of the difficult otoliths. The former difference may either
mean that the sge of the slowver growing fish is herder to determine,vhich is
quite likely, or that there is a tendency to over-estimate the age when the otolith
is difficult to read.

Because ther are likely +to be perhans a year or so out either way, the

inclusion of doubtful otoliths =ill tend to blur the differences Letveen zdjacent.
year-classes. The otcliths belonging to 2 strong year class, bubt recorded in %

error zs belonging to an adjacent, weak year class will not be balanced by

the otoliths in fact belonging to the weslk year class, bubt recorded as belonging
to the strong year class, Therefore when there is a narticular interest in the
comparative strengths of year-classes rather than in 2 correct overall age-
distribution, it may be better to risk a bias in the age comiosition, and omit
the doubtful otoliths,
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The age composition mey be obtained b¥ sam ’;lv'
the same way zs for length-~distributions. Torever length of a fi
usually gives o zood guide to its age, and also mny length neasurements may
be done as cuickly as one age-determination, the age comcosition may be often
most casily oontained from a larze number of l‘ngtql measurements, andé a relatively
few age-determinations, > cribed and usedé by Pridriksson

(4193L) and othors, and is 5 taken from Table 1 of Fridriksson.

Por zze in exsctly

Table 5. G’e—len‘zt,_ ker aoslicd to cod

Jlr)

Humbers T Tonber Aged | Total

ngth e x )

bene Totel (x) | 4zed (7) /
5

100 +
95~99 20
. 90-0L 50
35-59 72
80-8L4 168
75-79 480
70-74 210
69 95
| Total 1,100

e

o
T~ R OOWm =

5+
Ul ~J\0 CO -
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N

o
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N

(@]

-
Q
Q

30 70 701 399
Perx centag 30 70 1 63.7 3643

GO0

Here 100 fish were measurcd anC had their age determined, =nd a further 1,
2 ish,

were measured, The differcnce between the age-compositi oq haged on 100
and that based on 1,100 is very wsrked. This is because there is s big
difference betwecn tne length compuasition of the two se‘ts :)f £ish, and also in
the age-composition of different length-groups. The sractical advantages of the

method would the: e‘"orc be exoected to he ~“cauest when there was a big variation
in length composition betueen succes 3O ‘hien the fish grow cuickly
and feirly uniformiy. 3otk these co in many commercial
fisheries,

=y -

Possible bias in

method is small, =sssuming the length data to be
unbiassed. It could ’ot t‘vxrougiz samoling too many fish of one age, but
only by samnling age within a single length-group, which
seerms unlikz1ly to hapo Any tendencr 0 include tco meny big, or small, fish
in the sample for age, is immcdictely corrzcted for, This can be taken advantage
of to ”1ve better sccurncy for tiie older und scarcer fish, In a rendonm sample,
one or two length-zrouw: : few age-grouns, Will usuelly vredominste, and the
abundznce of these aze: 5onehly accurately, Conversely the
older age-groupns will occur only rorely, rud thoir abund nece will be only poorly
determined, It is often ezt to mor the zbundance of most year-classes about
equally well, and thiz may be zchieved vy using an mi"e—l’ gth key and taldng
sarmlez for ""C—QC*""""' mt»_cn not randoml s, Sub 30 a3 to give sbout egral numbers
in each length-zrous.

The cffect on the va: the age-comrosition, of the uss of an age-
length key, and of non-randon iz shoum in Table (5. his zives, for the
Lowestoft »lzice landings of January and February 1950, the cotimcted numers
landed in each age-group, =ad their variance and coefficient of varietion. These
have been calculated £ or t"* mothods; (1) by direct age-samy - and {(ii) by
use of an aze-lenzth key. Thirdly {iL: variance and coefficient of variation,
to be exvected if,in usj_n,g an « 55y the same tobtal nurber of o*colltns
had been taken, but with more from bi. Tish, and fewer from small ITish, have been
calculated,




Table 6. Number an. variznces of zgc-grouns of

41
[¢]
w
cf
)
o1
=

in Januvary and Febmary 1950, a: t methods

hge (I jIm | v | V| VI VII|VII| IX | X | X |XII+
B 'J:Lrect _n.\_“ _éample
Num?crs x 10—2 lo194 936 62. 510 260 154 | 179 i 148 80 55| 123
Variance x 10~ 13,683 193,000 119,000 22,300 13,750} 6L5 {4,490 | 304 1,150 | 1,660{1,320
Coeff. of Var. 31.3 31.8 2%.3 2Ll | 21,2116.5 37 11148 1 B2.4 | 7ha0) 28,5
Ty | | " izedlensth Key
Number x 10-3 215 | 1,114 | 1,870 629 1 3241 4531 472 | 127 70 52{ 88

3
Variance x 10-0 | 1,545 | 8,300 | 15,100 | &, 550 |2,070| 875 | 932 | 6461 3781 299, 288
8

Coeff, of

Var, 18.3 .2 5.1 Geb | 14a21 19,3 1 17.7 120.0 1 27.71 33.3] 19.3

ige-Length Koy (re*‘-r sed nunbers)

Variance x 10-6 | 2,990 |12,300 | 17,400 | 5,400 (2,270| 671 | 632 | 383 | 232| 222| 161

Coeff. of

Var. 25,1 10.0 7 1 10,7 i 14.9 16.S 0 k.6 115,51 21,71 28.71 k.

As the estimates of veriance, parbicularly for the direct sampling of age,
are based on only =z Tew samples, they are not likely to be very accurate, In
particular the estimateld variances for the VII and IX grouss are almost certainly
too low, and those for the VIII and XI group too high. Comparison of the figures
for the methods show that, because they contained xulgxmvel" too many large fish,
and too few small, the r.lrec’c age-samples give, for the VII and older age-groups,
estimates higher than with the a;e—l\,nfr*h ke and consistently lower for ages
IT to IV, ZExcept for tha VII and IX groups the variance using an age-length
key is less, and usually considerably less, tnan that for direct age zampling.
Admittedly some of this improveoment must be set against the effort involved in
the samples measured, but not examined for =ge, but the greater part of the
improvement is duc ne chancs in method, and mesns o definite reduction in
the variance for a glven gssvelis =z o‘“t The last 470 rows of Table 6 show
hov increasing the provortion of large fish otolithed has increased the
accuracy smong the older fish, =%t comaratively smell loss of accuracy among
the younger fish. The abundsnce of ths latter is still Imown zelatively
more accurately, but this effect couvld, if necessary, he eliminated or even
reversed by taking still more otolithiz from the older fish

llg

Becausc the a;e-lenbt
growth, which is liable
does »rovide a2 mor. oY 1eo
length studies on onc section of B
section for '.:m_c:-, length-mes au : f“uaole. ”’o* instance, market
measurements of the commercial cztelr ma™ be converted to an age-cor@oslt}.on by
: taken from thce cateh of = ressareh vessel, Again,
when several couﬂtrles are fishing one srea, it mar hopoen that age and length
measurements moy be done by only one country, but thot lv_ th-peasurements are
done by several, Ffor instance, at sreszent only length-peasurcmeats are being
carcied out on sammles of the catches of cod Zrom Icelend lznded by English
trawlers, For, at lesst, = Tirst agproximation, age-samples Trom Icelandic

qc}: ondy on the age-at-longth i.e, the
H le age-composition, it

wohy wesultsz zained from age and

vub’
catches from similar areas co 'ld be uscd to form an age-length key applicables
to the English catche;a, and thus to defermine the mumber of fish of each age-

group in the English andlngu.

¢l

In considering the commercial catch 25 a sammle of the naturel pooulation
of a species at the ages liszble to capjbture, it ig useful to distinguish sampling
for the density, or abundzmce, andé sarpling for structure, i.e, length or age
composition. In assessing the densit), each naul mey be considered as giving
a sam“le of the density o the fish at the nosition of the haul, and we will
suppose that for & given haul;

U:
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where d; = ocatchin L™ haml
¢ = density of fish at the position of * haul
¢ = constant

that is, a single haul will take, on the aversge, a fixed proportion of the fish
present. This is probably true for such gears as trawls and seines, though
other kinds of gear such es long lines, may become saturated in heavy fishing,
e.g. when most of the hooks are ccoupied, and take a2 smaller proportion when the
density is high. However, on our assumption, when the results of severel hauls
are combined, we have

LD

or, taking the mean

d = ¢D
= C,D
where é_. = mean catoh per haul, i.e., ocatch per unit of effort
D = average density of fish at the fishing positions
D = aversge density of fish over the whole region
¢’ = constent

The constant ¢ will be different from ¢ , in general larger, because
fishing will be done where the fish are most abundant, so that the average density
at the fishing positions will be grester than the average over the whole area.

As we are only attempting to find o mmber proportional to the density, or
asbundance, it is not necessary, or indeed possible, to know the value of c’
Strictly then, bias will be impossible, but an anslogous effect will be steady
long~term changes 'in the average value of ¢’ particularly from year to year.
Possible sources of varlatlon in ¢’ include

(i) Random hsul-to-heul variations
(ii) Weather
(iii) Behaviour of the fish
(iv) Skill of the fishermen
(v) Changes in the ddstribution of the fleet in space
- and time
(vi) Changes in the power and size of the ship, type of
gear eto,

The first of these, though it msy be large =2nd give a2 coefficient of variation
of say 60% for a slngle haul, becomes negligible when the mmber of hauls is
large. For instance, in the mean of 10,000 hsuls - not & very large mumber in
relation to the activities of a whole fleet - a coefficient of variation of 60%
for a single heaul, is reduced to only 0.6%. “Thus the variance from this cause
may be reduced to & reasonable value, by having catoh~per-unit-effort figures
for possibly only a small sample of the fleet. Similarly the effects of weather,
when averaged over a whole year, msy be expected to be small, though possibly
important over smaller periods of time., Changes in the behaviour of the fish,
perticularly for lines or gill-nets, which depend on the fish catching themselves,
can have a large effect, partioularly between different seasons of the year.
However, the behaviour is likely to be the seme at a given season, from one year
to the next; also changes in behaviour asre lisble to be difficult to detect

and estimste and will not be considered further in this psper. Similarly the
aikcill of the fishermen will be assumed to be conatant.

The most importsnt source of variation of € is formed by changes in the
fishing power of the ships or geer, as these mgy be considerable; and,st least
as important, they are likely to change consistently and steadily from year to
Year. For instance, between 1923 and 1927, the introduction of Vigreron-
Dehl geer raised the fishing power of steam trawlers by some 50% \Bowman 1932)
and thus, relstive to pre-1923; the-density-of fish-ofter 19275 a3 ,

_ the catch per hour of stesm travlers, nu be nm—esﬁmteaw 508
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changes in the power of ship, have been taking place, over a longer period, in
e English distant water trawler fleet. To a falr approximatibdn, the fishing
cower of these trawlers is proportional to thelr gross tonnage. In 1930 the
aversge tonnage of newly built distant water trawlers was some 350 tons; this
has increased to 450 tons in 1947, and to some 600-700 tons now, The effort
statistics on which the catch per unit effort figures are based must therefore
be celibrateds This problem is further discussed by Bewerton and Parrish in
another pesper (No. 25) at this meeting,

The relation between ¢ and ¢ and hence the value of ¢’ will depend
on the relative distributions of the fish and the fishing, This is best
discussed in two parts. PFirst, on a single fishing ground, there will be a
difference between the aversge density at the actusl positions of the ships,
and over the whole fishing ground, and secondly there will be a difference

between the average density on the fishing grounds, weighted by .the amount of

fishing on each, and the average over the whole region inhabited by the stock.
The first of these is dependent on the ability of the fishermen to find small
local concentrations of fish, end 1s largely a matter of skill, though it may
be affected by such items of gear as radar, or Decca, for more accurate navigation,
or echo~gounder for better location of the fish, The second difference, ‘which
mey be termed the concentration, will depend on the decision of the fishermen
on which ground to go to, whether, for instance, to go a long way from port for
good catches, or to stay nearer port for poorer catches, It is likely to be
particularly important when two or more species inhabit more or less separate
areas within the same region, e.g. haddock snd plalce in the North Sea.  Here
a real increase in the density of heddock might mean more shipa would fish for
haddock rather than for plaice. They would thus leave the plaice srea; the
cetch of plaice, for the same total North Sea effort would drop; and the
apperent density of plaice would decrease. .

The effect of varying distribution of fishing within one ﬁshing ground is
difficult to estimate, but the effect of concentration can be estimated and
allowed for, provided sufficiently detailed information is availsble,

Suppose the whole region is divided up into a mmber of small sub-areas, in
each of which the catch and effort are known, Then we can write, for the 1at sub-
area.

‘Di = "chq'.
where D; = Density in L™ sub-area
¢ = Constant
d; = catch per unit effort in i sub-area;

assuming that the effects of non-urdiform distribution within the area
may be taken as constant.

Then if N; = total mmbers of fish in i™ sub-area

Q; = areaof i™ sub-area
and similar symbols ud.thaut "the sub-script dmote the values for the
whole region, then

LN ‘

N; = a, D
N = aD
“+ aD' = N = YaD
= Yatd:
. D - ‘Z)mk

i.e, the denslty index is the weighted mesn of the catch per unit effort in each
sub-area, the weighting factors being the size of the sub-areas. This equation is
effectively the same as that developed by Beverton and Holt (in Press) Beverton

and Parrish (this meeting) for the effective overall fishing intensity ?d
For if f; and ¥, ere the intensity (i.e. effort per unit m} and catoh: il
L™ sub-area; and Y the total catch,
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- A mmerical value for the concentration is given by the ratio of the
simple fraction-total catch divided by the total effort - to the weighted index
of densitye.

’
That is ,concentration = _ ad = —cc—"-
' a;_d;
or if there are n sub-areas, each of equal area
nd

concentration =
| T

This ratio has been calculated for British steam trawlers fishing in the
central North Sea (region IV b), west of 4°E, for the years 1947 to 1952, The
. sub-areas used were the usual statistical rectangles, approximately 30 miles
square, For plaice the ratio has varied between 1.64 in 1948, and 1.42 in 1950,
a decrease of 13%, and for haddock between 0,61 in 1947 end 0.86 in 1949,
en increase of 40%. While for plaice, the preferred species in this region, the
ratio is greater than unity, that for haddock, inhsbiting a very different part
of the area, it is rather less than unity. The changes in the concentration.
imply that the simple ratio of total catoh to total effort may change by 13%
for plaice, and LOX for haddock purely becanse of changes in the distribution
of the fishing, without any real chenge in density.

Ideally, the choice of sub-areas should be such, (i) that they cover the
whole stock of fish, (ii) that within each the distribution of fish and
fPishing is regular, and (iii) that some fishing is done in each, = as to :
provide an index of density. Often the fishing activities of a single country
do not cover the whole stock. For instance, the English trawl fishery extends
only erratically east of 4°E, s0 that English statistics slone camot give a
‘fully accurate index of the whole North Sea plaice stock; nor does the limdt
of oconsistent English trawling asppeer to correspond with any limit of a real
biological subdivision of the pleice stock. However, the fishing by all
countries taken together does cover pretty well the whole North Sea. Therefore’
provided the units of effort of each country are properly calibrated, see
Beverton and Parrish (this meeting), an aocurate index of density for the
whole North Sea stock could be obteined by detailed combined intermational
statistics.

A final source of variation in the relation between catch per unit effort
and density lies in possible variation in time. This corresponds almost
exactly with the effectsin changes in digribution in space and may be corrected
in the same way. In many fisheries particulerly for pelagic species the cateh
per unit effort changes, die to changesin behaviour of the fish, e.g. spewning
concentrations, from season to season within the year. In general, more
fishing will be done at times when the catch per unit effort is high, and if
in one yeer proportionslly more fishing is done at this time, the total catch
will increase, giving an apparent increase in density. Just as for uneven
spatial distribution, the year may be divided into periods, within each of
which the oatch per unit is more nearly constant. Then, the anmal index of
density, relatively free from changes in the temporal distribution of fighing,
will be given by the mean of the catch per umit effort within each period.
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All these cq“rect may be conined- topether to give the hest infex of
density for the year, ’c yin each interval of tm and sud-area, the density

index is the catch ':;»e‘: stondexd vnit of eflort, and the density 1(1» ex Tor th
year over the whole v g1: will be the mean of thesc senarzte catches ner unit
effort, The ratio of thi ',nde:; to the averazge density will be as ncar as
voszible constant. The area covered by the stock generally remains constant

from year to ear, so the inder of Jensity wrill serve
index of abundonce, ov total numbers. I the zrea is
of abundance will be areaxindex of Jdenzity.

muaily well as an
iasle then the index

t;‘-;;ﬁU iz itz relative size
thoil varicnce. Even a small
. very consistent composition of the
sosition of the nopulation at
of Zwuls in a

may be considered in

Inestimating the structure of
and age comsosition, bjas is . fer
number of hauls on the same svot will
catch, though this mey ‘;ell ot e

hat spot, Thus the variance .
comnc“m_ul fleett activities
tro varts first the struetn ulation at the fishing vosition may
not be trJ_.LCu.l of thet of the = ; secondly the structure of the
catch may not he the same as that o the nonulation at the vosition of capture,
The first of these hes the same effect as the tneven 4igribution of fishing
and density of Zish,and may be deealt with in s similar wry. For instance, in
the North Seca plaice fishing, if i . T2 the continental coast-
grounds typicelly Lnntelm_nv_ small o of on the Dozger Bank -
typicelly containing lerge »l:ice - small nlaice would be
landed, ané the ay ~:'en't; t.( wture of : tered. 3By
dividing the ares into sub-are: and trec tkn t;_\ C-i\,(l;,l't" of each age o longth
group sevarztely, in the aame vy =8 in obt&;nz.ac, a correct density index for
the whole nopulsticon, a corrcet structure for the vhols nopulation may be
cbtained. This method involves not only estimates of structure, but also of
abundance, bubt this is unavoideble if the structure of the *rhole nosulation, i.e.
the relative abundance of different groups, is to Ge estimated when they are
seperated into partly different areas. If no estimates of deansity canbe made,
some idce of the structure of tie populetion, marticularly of its change, can
still be obtained which will not e disturbed by changes in the distribution of
the fleet. Susnose the whole region is divided up into areas in each of which
the structurc is uniform, and hence may be estimated at once from the ocatches,
Then the true structure will be the wreijhted mocan of the structures in each
area, the weighting fzctors being the abundance in each area, Thds will now

not be known, Lut 1f some other constant weighting factors are faken, then the
resulting estimate for the structure will be unaitered "o "qnges in the
distribution of ths fisuing bebveenthis various areas. It will not be the

true structure, but will be rcasonobly close, and in payrticuler will reflect
quite well changes in thie mobulotion structure.

ams

snell.

Q
3

EaN

The landincs of fish from a o rbiculsr area wili Jdiffer in structure from
the true wopulation in thet orea, This may be due to rejection of small fish,
selection of swell fish throug wones of the net, or escavement, that is
differential cazpturc of large *ishy other than by mesh selection.

The first two sre only i’{O“ta 1t imited and usually easily discovered
size range, but the second of thesc is much more difficult to determine,
Escapement will be noti cea‘ol\, 1 tTo o2 mora gears O’)e-atlno on the same part
of & stock have catches with different structuresz e.g. the long-line, gill-net
and -urse-seine cotches of cod at Lofoten (RoL_e;sen, 1953). Then escanement
rust be taking olace for at least two of these gears - probably long-line and
g2ill nets. Though this means that the long-line and gi’l net catches are no use
for direct estimation of the zopulation, it also means that the effeet of the
gear on the population cannot be represented Dy the same mortality coefficient
for all age-groups, If the non-renrcicntaitive gear takes a fair proportion

of the total catch, so that its ¢ffect on the vopulation is important, then

the cateches from it will have to be sampled, to give the catches and hen::e ;
the mortzlities, in cach age—group seperately. This problem is discussed further
b - Hargetts (ho. 28), :
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The ebove review is not an exhausiive survey of all sources of oias and
variance; also, particulerly in estima populati

several likely sources of error have been ntioned, but assumed to be
small in default of methods of correctis ' Somz comfort however,
that the major sources of variation have Deen Mccovﬂtu, for in one
fishery may be gained from an analysis of the Lowestoft nlaice sam ling
For the three biological years Avril 1930-iarch 1953, the expected variance in
the estimated numbers of each yoar class were caleulated. From these the expected
variance in the exponential mortality mtes "ms calculated, and was 0,034, Al

the same timc the actual observed variance for the set of 14 separate estimates’
of mortalitys, for the 6 most abundanit =nd fully recruited ye%.u—classes for th

two pairs of years 1350-5% and 195‘1—52 #as calculated, and was 0,027. The
reasonably close agreement between the w0 ic o fair indication that the

knowni and calculabhle sources of varisnce are the most important, That is,

the samplingz of a fish noorulstion by & CO”"‘\’S'_"Clal flect can in some

circumstances at least »Hrobanly give estimates within a »redictable and

not too large mergin of error,
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