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4It 1. Introduction

The Dutch floet of lo.rge tro.wlors is fishing noarly cxclusivcly for herring
und rnnckerel tho i'Jhole yoar round. Only during the winter months other rish, o.g.,
haddock, whiting, coalfish, rnny fonn u more important purt of tho by-co.tch. All spooies
are caught by the sume ships, with about tho sume goo.r und often during the sumo
fishing trips. It is not possible, thereforo, to sepo.rnte the datn by ship or fishing
trip into thoso of 0. horring fishery, 0. m~ckerel fishory und ~ roundfish fishory.

From ull ships datu uro collected on cuteh, fishing hours und rishing urea.
From these stutistics tho catch per unit offort is calculatod by spocios, month und
statistical rectunglo. Tho data rererring to herring und mackerel uro publishod
annually in ths Statistical NO\'Jslotters.

It uppoo.rs from the d~ta on catch per unit of offort that the rigures for
roundfish do not dopond on tho ubundance of roundfish only, but are gre3.tly influencod
by the possibility to mako good herring catches. It has, thererore, been found tr~t

no rcliable estinntes or the ubundanco or roundfish aan bo obtainod rrom tho
stutistics of tho Netherlunds t trawlor fleet •

The datu on horring und r.:.uckorel shoi'J soma of the probler.:.s which are
encountered \vhen trying to ostimato tho ubundance or two rish specios which ure auught
by tho sume fishery in vnrying proportions in thc course or tho yeur.

This puper doscribos the mugnitude of theso difficultios und tho methods
used in the Netherlands t herring und mackerel investigutions to eliminute, ut least
purtly, the sources of error arising from thom.

2. The Distribution of tho Fishing Effort

It .uppears from the du tn that prnctica.lly tho wholo North Soa is fished
for herring und muckorel in tho courso or thc yeur, with tho oxccption of the Gorma.n
Bight. However, thero exists pra.ctica.lly no pluce in tho North Sea whorc fishing for
herring und muckorel is goir~ on during the wholo yeur. If tho monthly distribution
of tho fishing effort in the North Sea is compured for u nunber of successivo yeurs,
it uppeo.rs thut evory year pructicully tho sumo urous ure fishod in the sumo months,
with peaks of thc effort ut corrosponding times.

Tho fishory has u sea.sonnl charucter, und follows cvery yoar more or loss
tho sume pattern.

For our presont purposo tho North Sou has been divided into rour uraus, in
each of which in purticulur the ubunda.nce of horring shows u different seasonul
o.spect. These ureus are shown in Figuro 1. In Figuro 2 tho monthly figuros of tho
fishing offort ure given ror oo.ch of tho ureus scparutoly.

Tho gruphs show clcnrly tho soasonnl fluctuutions in fis hing effort within
each urea. In tho beginning of the yeur the ureus "North" und "Northoust" ure fished,
until April-Muy whon most of the f:Lshing shifts to uroo. II No rthivest" , with u peak of
fishing in June-July. Tho ureu "ContraI" is fishcd r:m.inly in August, September und
Octobor. Towurds the end of thc ycar the truwlors ure roturning to the urous HNorth"
and "Northeust".

This sousonul distribution of tho efrort cun be understood if wo turn
to tho distribution of thc herring und r.:.uckerol.
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3. The Distribution of Herring o.nd lb.ckerel

Apo.rt from the fluctuo.tions in fishing effo~t in tho four o.reo.s in the
course of the yeo.r, Figuro 2 o.l~~" shows the co.tch per unit offort per month for
herring o.nd mo.ckerel in those o.reo.s.It 1s cleo.r frcm these gruphs that the se~son

of tho gre~test co.tches is different in oach o.~oa, for ,both speoies.

V'ilien compo.ring the gro.phs of the "fishit1g c.f'fort "Iith"those of the co.tch
per uni t effort i t co.n be s oon tho.t in I:lO,ny CO.S es the grophs coincide. Howevor, in
other co.ses thera is no relo.tion o.t 0.11.

In the fishe:ries in the o.roM "North-west". 0.nd ""centro.11', 'tho peo.ks of
the oo.tchper unit effort of he~ring o.nd those cf the effon correspond ro.ther
closely,wherens" tho peo.ks of tho co.tch pe~ uriit eftort of mnckerel o.nd those of the
effort donot show o.r~ ~eio.tion. It 1s cienr tho.t in these o.reo.s the main fishery
is concentrutedon herring ~nd thnt the no.ekerel c~n be oonsidored .o.s 0. by-co.tch.
Whon fishing for the herring, the sMps I:lD.y o.ceidento,lly eo.tch 0. good quantity of
I:lo.ckero1 in one yeo.i-, o.nd. I:liss the tlo.cke~el concentrations 'in other yeo.rs. For this
~eo.son.tho co.tch per unit effo~~ of mackerel I:lo.y vo.ry considero.bly r~om yeo.~ to yoo.r,
without thes e vurio.tions hnving o.ny rolo.tion with the reo.l vo.rio.tion in o.bundo.nce oi'
I:lo.ckerel. Estimatos of o.bundo.nco of I:luckcrel based on co.tch por unit cffort in
thoso o.rous will, thereforo, not bo relio.ble.

In tho ureo.s "North" o.nd "North-eastll tho situo.tion is I:lore cOI:lplicuted.
The cutch por unit effort of muckerel shows 0. peo.k in tho tlonths April-May, und thc
curves of fishing effort o.lso, whereas tha co.tch per unit effort of horring is low
in thes e months. Thus, in thos e ureo.s, the period April-Muy cun bc considercd o.s
the I:lo.ckeral seuson in which fishing will ba concontro.ted on this specios (see ulso
Figura S). During the rc:n.o.ining of the yoo.r tho floet is s curching for horring, und
peo.ks in the cutchcs of hcrring ure obscrved in Februo.ry-Mo.rch o.nd in Septembor und
October in both o.reo.s. In winter, thc co.tches of herring too r.~y bc low, und in thnt
seo.son the fishery r.~y o.lso be influenoed by tho possibility to obto.in 0. reo.sonable
by-co.tch of roundffsh.

It co.n be ooncluded thnt tho distribution of tho fishing offort of tho
Notherlo.nds f fleot of lo.rgo tro.wlers in tiI:lc o.nd spo.ce is t1o.inly dctermined by the
distribution und o.bundunce of tho herring. Only in tho months April-1b.y, in the
urens llNorth" o.nd "North-eo.st 11 the fishery is t1o.inly directed towo.rds mackerel.

4. Tbe Estimo.tion of the Abundo.nce of Horring o.nd Uuckerel

As cun be expected from the doscription given o.bove on the distribution of
fishing effort und of the cutches of herring and muckerel, the nnnuo.l figurcs of
co.tch per unit effort of t1o.ckerel show 't'lide vo.ria.tions in succcssive yeo.rs. The
figures per yco.r-cluss fluctuo.te so I:luch thnt it is impossible to obtnin o.ny
relio.ble estir.~te of tlorto.lity froI:l thc~. Only thc tlortnlity cstimo.tos of mo.ckerel
bo.sed upon dnto. on co.tch per unit of effort by yco.r-class obtainod from tho o.reos
IINorthll und "North-west ll in the I:lonths April-Mo.y proved to bo roo.::lonubly consistent.
This indico.tes thut thc co.tch per unit effort gives 0. roliuble estit1o.to of tho
o.bundnnce of muckerel in this ureo. o.nd period.

Becuusc, o.s concluded a.bove, tha fis hing effort of the fleet is ~~inly

directed towurds thc herring, it is probable thut tha co.tch per unit effort per I:lonth
reo.lly gives 0. I:leo.surc of tho o.bundunce of herring, oxcopt in tho mackcrol seuson o.nd
0. roo..

Ibo seo.sono.l fluctuo.tions in both thc fishing effort und tho herring
cutches go.ve ris 0 to the question in which wuy tho uverogo unnuo.l co. tch per unit
cffort should be co.lculo.ted in order to obtuin the best estimo.te of the o.bundanco of
tho herring stocks. If for euch nreo. the o.verage catches per unit eff'ort for euch of
the twolve months of the yonr ure o.verugod, the figures of the months with low
co.tches, und o.lso those of thc hcrring cutches during tho mo.ckorel SOQson, r~ve thc
sumo weight in the o.nnual figure o.s the vo.luos of the months of high cutchos.

If thc toto.l ycurly lundings ure dividcd by the toto.l effort in auch uran,
the cutchos per unit effort in the months of the highost fishing effort hnve much
I:loro influenco on thc o.nnuo.l figure thnn thos e of the months of 10\"1 fishing intens i ty.
This is still I:lorc so if thc o.bunda.nce of the herring in each urea und yenr is
determinod fren tho cutches in the thrco top r.lonths of thc seo.son only (uvorngine
tho duto. cf the threo monthJy meo.ns ) •
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Euch of these three methods has its own advantages and disadvantages and
may,lend to different' results. Table 1 gives the figur~s, obtained for each aroa by
applying each of the threomethods tothe data ~f the yenr~ 1958-62~ The rosults show
that in' the areas· ~'Nerth-wost" und "Central ll the three methods of calculation givo
aboilt tho stimo est1mate er. tho trondsin the catch per unit offert frem year to
year (the actual figufe beine; of courSe~ ut n different ievel), although the rate
of tho fluetuations i8 diffeton:b. In tho arons "Uorthh und "Uorth-east ll

, however,
the three methods of calcul~tion givovery different results. Because the uge
composition of the 6atch i6 of~on differont from month to ~onth, the various ways of
calcuiation n1so load to different waighing cf tho successivo ugo-groups •.

These results can be understood from the biology of the herring and the
sonsonnl distribution of the fishery. The horring populations within each of the
urens are of a heterogeneous nature, and ure greatly changing in the course of the
year. The fisheries in the areas "North-wost" and "Central" are more er loss
restricted to one main soason. It cannot be oxpected that with such u seasonnl
fishory tho threo methods of ca1culation give very differont resu1ts. The fisheries
in the areas "North" und "North-east", hOVJever, are carried on throughout the whole
year. In this cuse it cnn be oxpected that more or loss independent changes in the
ubundance of the vurious parts of the herring stock do uffect the ostimate of tho
annuul figura of catch per unit offort differently for each of tho three methods of
ca1culution.

For these reasons anothor method of estimati~ abundance has been adopted
in the Nether1ands t herri~ ihvestigations. On tho hypothesis that the horring in
the North Son consists of various groups each with their O\'ln spa'"lning area, for '";hich
hypothesis many urg~ents have beon brought fo~~ard in the course of the years, the
ubundunce estimates are dete~ined from tho catch per unit effort of spawning herring
within the spawning area. Theso duta aro used for calculations of mortality eto.

The monthly data on catch per unit effort in tho four arms desoribed
above ure considered to give 0. roo.sonab1e estimate of tho abundance of horring in
each month. These datu, togethor with the data on stock composition,. meristio and
other racial cho.racters in ccmpo.rison with those obto.ined from the in~estigations on
spuwning fish can be used for otudies on migration and mixing.

S1X:L.'1lUry

The Netherlo.nds t fleet of 1arge truwlers is fishing for both herring und
mo.ckerel. The fishing effort varies greatly be~~een uraas und soasons in tho course
of the year. This is mo.inly reluted with the distribution of tho herring. The dutu
on catoh per unit effort of mackere] give 0. ronsornb1o estimate of the abundance of
muckere1 in purt of the North Sea and in the months April-Uo.y only.

The annuo.l figures of co.tch per unit offort of herring by arca give
different roaults for the changes in o.bundur.ce in successivo ycars,
dopendent on whether the unr.uu1 figures ure busod on toto.l co.tch and totaloffort,
or on tho monthly datu of co.tch per unit effort. For more re1io.b1e estimatos of
ubundunce of horring, in the Netherlo.nds t horring investigutions the cutch per unit
effort is deterr:rl.ned fram spuwning herring in the spm"Jning o.reus. The monthly dutn
on catch per unit effort by uroo. of the North Sea outside the SPo.wning season co.n be
used for studies on migration und mixing.
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Tab1e 1. Cutch in tons of herring per 100 hours' fishing of D.

trawler of 500 H.P.

I
,

Centra1 North-east II Year I b I 'I
I b da , c a I c

1958 44,9 20,5 47,8 14,2 10,2 5,0 17,9

1959 I 50,2 30,2
I

62,1 8,8 8,4 4,7 14,9
1960 27,6 18,4 28,9

I
10,5 9,4 13,8 13,1

1961 34,1 25,5 41,3 6,0 5,1 6,3 7,7
1962 20,0 14,2 I 29,9 6,6 5,5 2,9 13,0

II- -

Year No rth-wes t North1--.

I Ia b c u b c I d

1958 20,4 21,8 38,1 17,6 10,4 15,7 5,8
1959 43,6 26,7 53,1 I 12,7 14,0 5,5 9,9
1960 28,8 21,4

I
28,4 13,1 12,6 16,1 10,3

1961 15,7 11,4 22,6 7,3 10,2 7.,9 6,4
1962 13,3 1,8 I 11,7 I 8,0 12,5 29,3 6,6I

a. total catch
total effort x 100

b.

c. und d.

Mean catch per yeur as u meun of the monthly manns.

Menn catch of the three top months of a season.

Central c: August, September, October.

Ju1y, August, September.
Jo.nuary, February, March.
September, October, November.
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Figura 2. The catch per 100 hours fishing of herring and mackerel of a trawler
of 500 B.H.P. and the effort expressed in numbers of hours fishing of u trawler
of 500 B.H.P.
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Figure 3. Catch per 100 hours fishing of mackerel of a trawler
of 500 B.R.P. in the areas N. and NE. in the period 1959-1962.


