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Introduotion

One of tho methods of ost~ting tho relative abundo.nco of 0. fish spocies in an
exploited stock is to detonnino the co.tchos por unit of fishing offort. The fishing
effort of 0. trawler can be defined o.s tho product of the fishing power of this ship o.nd
the time spent fishing. Tho fishing power co.n bo detortlined by referenco to 0. standard
ship by camparing their catches when fishing at the sane time and place (Gulland, 1956;
Boverton & Holt, 1957).

Several factors may influence the reliability of this catch per unit offort o.s
a moasuro of the relative abundance, such as variations in catchability of the fish
caused e.g. by chnnges in behaviour to the gear, or changes in efficiency of fishing
operations and so on. This paper deals with the offects of unequal distribution of
varioua aga groups of plaico upon tha rolative abundance estimates of these ago groups.

Catch per unit offort of different age groups of plaico

The length distribution of tha total landings of plaice is dotertlined in the
usua1 way by stratified sampling in tho fish."1arkot at IJouidon (stratifiod by markot
categorios and by catogories of ships). Tho fishing offort is oxpressed in n~~ber of
hours fishing of 0. standard ship of 200 B.H.P. For this purposo tho actual nuober of
hours fishing of eo.ch ship has beon convorted to standard ship hours with corroction
factors based on tho relation betwoon the sizo of the co.tch of plaice und the engino
power of the ships (Zijlstro. & da Veen, 1960). The unit of fishing effort is 100 hours
fishing of the standard ship. Fror:l. totallandings and total fishing effort the catch
and the length distribution per unit offort are co.lculated.

" In addition to tho length neasure.nents, otolith sanples are collected for tho
age determination. By neans of length/o.ge koys (par three nonths) the length distribu
tions per unit offort aro cc,nvorted into ago distribution per unit offort.

The logarith~s of the n~~bors of plaice of oach aga group por unit offort landed
at IJmuidon have boon plottod in Figure 1 (averago of tho yao.rs 1958-62). Although tho
rate of decreo.so of the successive o.ge groups can, with certo.in provisos, bo used as 0.

measure of total mortality (catch curve method), for our presont purposo, tho
lfcoefficiont of docrease" is used solely to charucterizo tho age diatribution.

Figure 1 shows that the rate of dccrease is not constant, but cho.ngos at abt.
age group VIII. 1s this change real or co.used by bio.sod so.mpling or age determination?

If tho aga distribution of Figura 1 is separatcd into thoso of malo and fanale
plaice (Figura 2) it is evident that the bend in tho linc of Figura 1 is causod by the
summation of tho unequal ago distributions of both soxes. The deerease for males and
feI:J.ales is tho same till the age group VI, but for older ago groups tho "coei'ficient of
deerease" for feno.les is smo.ller than that for males.

" Is this picture of differont ago distributions of tho soxes constnnt throughout
tho yoo.r? On considcring tho ago distributions por qunrter of tho ymr, it is found that
the catch per unit effort as weIl as tho ratio oi' tho succcssive ago groups ropresentcd
by the "coofficients of decreo.so" aro var,ying in tho different seasons. In all eases,
however, the llcoefficient of decreaae" of the mo.loo 1s greator than tho.t of the females
(Figures 3-6). Tho highest va.luo for tho "eoefficients of decreaso" for both sexes is
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found in the socond quarter. Tho co.tch per unit effort for fer.m.les is highest in
tho 2nd quarter o.nd lowest in the 4th quarter. Thus, so.upling in one quarter of
tho year only, may give 0. falso pieture of the true abondunee rntio of tho
sueeessivo age groups. How could the most reliable data on the relative abundunce
of the vnrious nge groups be obtnined?

Plo.ico is not the principnl species in tho Dutch demersal fisherios. r~ny

vessels concentrato on fishing grounds where solo nbounds. Now tho distribution of
sole generally doos not wholly coincido with thnt of tho plaico. This uay be ono of
the reasons why tho abundanco of tho various ago groups of plaice in the landings
differs botween the seasons of the ycar.

Furtheroore, the distribution of plaice in the 1300. is pnrtly 0. function of
tho length of the fish, to tho offoct thnt with incrensing longth plaice is found
nt greater depth. This effect also causos differoncos in tho arcas of distribution
of males and fenales, the lo.tter growing faster than tho forner. Since the n~~bers

decroo.so with increasing age (and thus with longth) tho density of plaice is ofton
101'1 in tho area whoro the big fish occur. Therefore, if fishing for plaice, the
vcssols tend to concontrate in nreas where young plaiee and thoso of medi~ ago
prodominute rather than in arcas whero the big ones oceur rather sparsely. For
these reasons it is likely that the relative o.bundance of the older age groups will
bo underestL~ted, the uore so tho older the fish iso

In the sPU\'Ining season adult plaice of 0.11 ages eoncontrate on the Spa\7ning
grounds. This givos an opportunity to try to sample tho various ago and length
groups more representatively. There are, however, 0. fcw eomplications. First the
older plaice arrive in the spavming area, and onJy lo.ter on the younger ones.
Moreover, the position of the nrea of optiI:l~~ spawning shifts in the course of the
spawning season. If the fishery covers, howevor, the whole spawning area throughout
the whole spawning season, it will bo possible to obtain 0. roliable pieturo of tho
ago eanposition of the adult stock.

The principal spawning arcas in the southern lrorth Sea ean bo located in
the Southern Bight and in the Gernnn Bight. The lattor is heavily oxploited during
the spawning season by the Dutch fishing fleet, whereas the forner is left a~ost

untouched during spawning. It is, howovor, possible to eolleet sufficient saupIes
fr~ tho Southern Bight area also.

Cntch per unit effort of mature plaice of different ngo groups

... In tho first quarter of 1960 and of 1961 r.~turo plaieo was snuplo~
oxtonsively from landings at IJI:l.uidon and Scheveningon. Tho landir..gs eaue froI:l. three
regions, viZe the Southern Bight and thc Gernan Bight spawning areas and a transition
zono (Figuro 7). Longth/age keys wore calculated for each area por furtnight in tho
case of uales, whercas for mature femules (oecurring !luch less frequently in the
snmples) only one longth/ago key by area and seuson could be produeed.

The age distributions per unit effort of the males were calculated por
fortnight and by averaging these figures the o.go distribution per unit offort for the
whole season has been found. For tho females tho age distribution per unit offort
per area was ealculated directly for tho whole season.

In Figuros 8-10 the average age distributions (for 1960 and 1961) aro given
by area and sex. Clenr differenees do oceur beti'Jeen tho araa.s. Althoue;h the youngest
ndult oale ago groups are of about the saI:l.e abundanco in the threo o.reas, tho
"coofficient of decrcaso" in the Southern Bight arGa is I:l.uoh less than in the Gorna.n
Bight and tho transition area. The abundaneo and tho abundance ratio of tho age
groups of the feoales in both spawning araas do not differ much, whereas these values
in the transition area are quite different. Furthernoro, it is striking to find thnt
tho abundanco of the f~alos is in general mueh less than that of the I:l.ales. This
will partly be eaused by 0. difforonco in bohaviour bot\~ecn malroand fcmalos. TIhereas
mature fcmalcs spend 0. rclativoly short tiI:l.6 on the spawning grounds only, tho nales
stny thero for weeks and weoks o.s was found in reccnt taggir~ expuriments on uature
plaico. Another fact is thnt tho detorI:l.ination of the cnturity stage is moro
diffieult in I:l.ales than in fe::lUles. Tfun.t is culled I:l.uture in males oay ineludo
partly spent nnd nearly ripe individuals, whorcas in far~lcs tho critorion mature

·can be defined !lore precisely. The differoneo in the "coefficionts of decrease" of
thü I:l.alos from both spawning aroas reflect a difrercnce in mortality rato. which is
partly caus cd by differences in fishing intensity at the spawning grounds. It has
nlso boen ShOi7.n (da Voon. 1962) that tho plaice of tho tvJO spawning ureas belong to
separate spawnine; com~unitios.
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Fron recent tagging experiments on m ture plo.ico in both SPo.wning o.reo.s
it o.ppeo.red tho.t with thc oxccption 01' :the'first 'qunrter 01' thc yca.r v/hen tho
lo.ndings consist I:lo.inly 01' Gerna.n Bight grcup plo.ice, 0. mixturc 01' the Southcrn
Bight o.nd Gemnn Bight groups is lo.nded. The difference in the o.bundo.nce rotio
01' thc vo.rious o.ge groups betweon sensons, described in the prcvious section, I:lo.y
therefore pnrtly bo due to seo.sonnl difforences in thc proportions 01' both plnico
groups in the Inndings.

Compnrison 01' nbundnnce cst~o.tes 01' ~ge ~rouPsJ bo.sed on so.I:lples 01' lo.ndings

throughout tho yeo.r. with those obto.1nod fron so.I:lpling the spo.vming stock

To.king into account thnt tho o.nnuo.l lnndings 01' plo.ice in thc
Netherlo.nds consist 01' 0. nixture 01' fish belonging to tho group SPo.wning in tho
Gemo.n Bight o.nd thnt spo.wning in the Southern Bight. it could bo expocted thnt
tho "coefficiont of decrenso" 01' tho o.go groups estiI:m.ted from tho nnnuo.l lo.ndings
should bo intermedio.te beti'leon thoso obto.ined from the two spo:rlning arms. It is
not c,,"Io rthy. howover, tho.t the o.nnuo.l figura for fe:::J::l.le plo.ico is highor thnn thoso
found for both SPo.wning nrea.s. Tho o.nnuo.l figure for r::.o.les COr.l,OS very elose to tho
high figura obto.ined for the GOr:::1a.n Bight SPo.wning group, though a. fo.r lower figure
would ho.ve becn cxpocted for 0. I:lixturo (the lo.ndings in tho 3rd quarter o.g. I:lo.y
consist for I:lore than 60% of Southcrn Bight plnice).

Pro.ctically 0.11 plnico reachcs I:lo.turity o.t an o.go of four or five yeo.rs.
It is very unlikoly thnt thc low "coofficicnt 01' decrcas eil for spawning plo.ico of
5 to 10 years of o.go is duc to dolnycd recruitmcnt to spo.wning. It is, therofore,
concludod thnt the hypothesis dcvclopcd o.bove. tho.t in the o.nnuo.l lo.ndings thc
o.bundo.ncc 01' older plo.ico is undcrestioo.ted, is correct. The nost relio.ble
inforoation on tho o.bundanco ratio 01' thc yoa.r-classes 01' plo.ice o.nd thus on
norto.lity will indood bo obtaincd fron so.npling the SPo.wning stock.

It is obvious that for 0. study of thc ti'JO SPo.wning COr:l."nunities 01' the
North Seo. plo.icc, snI:lpling 01' the spawning stock is essential, sinco in thc
re:J.o.ining part 01' the yco.r the lo.ndings are 0. nixture 01' thos 0 two groups.

It should, howovor, bc r~cmbcrod that tho sex ratio in the sOI:lples froI:l
the SPo.wning stocks gives 0. COI:lplotoly fo.lso picture 01' the real sex ratio, grossly
underestino.ting the f~les.

S~~~ry o.nd Conclusions

The co.tch per unit effort 01' the different o.go groups 01' plo.ice has been
determined fron so.oples 01' Netherlo.nds t lo.ndings throughout tho yeo.r end has boen
coopo.red with the catch per unit offort 01' tho different nge groups 01' SPo.wning
plo.ice.

The following results hnve beon obtained:-

1) The o.ge distributions 01' nnle o.nd f~alo plaicc nre dif~eront. In fcmo.les
old fish are rcIo.tively much nore o.bundant.

2) Tho o.bundo.nco ratio 01' young o.nd older plo.ice 01' thc so.oe sex obtnined in
vo.rious sc~sons is different. Probo.bly this is pnrtly due to tho fact that
in nost seasons plo.ice is only 0. by-co.tch 01' the Dutch solo fishory, o.nd
po.rtly to tho fnct thnt thc lo.ndings consist 01' vnrying proportions 01' the
ti'JO r:min plo.ice spawning cor.munitics. which do::lonstro.te different nge
distributions. '

3) So.mples 01' the spo.wning stock conto.in rolo.tively nore old fish tho.n so.nples
to.ken throughout the year, even if adult fish only is considered. It is
concluded that, beco.use 01' the, different distribution 01' young o.nd old
plo.ico. the old fish is not proporly represonted in thc lo.ndings outside
the spo.wning seo.son. The snnples 01' tho SPo.wninc stock givo 0. relio.blo
picturo 01' the o.gc composition 01' thc total stock. The o.go cOI:lposition 01'
nature pInico is difforent in tho two spo.wning nroo.s studied.

4) Tho sox ratio from sumples of the spawning stock is not represcntative for
thc tot0.1 o.bundo.nce 01' males o.nd fan0.1es nnd'is vcry different fron thc sex
ratio determincd fron so.nples collected throughout the yenr.

5) Tbe older nge groups 01' plo.ico spo.wn earlier o.nd in o.nother part 01' thc
SPo.wning o.reo. tho.n the youngor o.ge groups. For 0. corroct o.bund.'l.nce
esticnte it is necessary to snople throughout tho wholo SPo.wning senson o.nd
over thc ontire spo.vming ureu.
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