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1) Introduction -'---.... _.----
Für t:16 I.C~~i.S. Special Meetin[~ of 1947 on thc ej:-i'eot of the ~.rar on the 

otocJc..s of North Sea rieh, Margette and Holt (1948) gave Enßlish oatoh per 
uni t effort data for sole for eaoh nonth of 1946 and coqpared ther.: wi th the 
corresponding fi['J.1.res for 1938. They oonoluded that " ••• the very con
siderable increase in density by yreißht 01' this fish, in the area froLl which 
the vast I'll.jori ty were talmn in 1946, was directly attributable to the pro
tection froü fishin2: afforded by the olosure of:' these e;ro'.lnds." 

The post-\-rar trendn in Qbundnnce of sole hnve since been exar~ined in 
Llore detail, usinß data not available earlier oXId supplenentinß vith Darket 
DeasureDents oi' lenßth distribution sinoe 1946. Ase sanplins has been 
carried out sinoe 1950 by rw oolleae;ue Mr. Marsetts, but as this Lnterial 
has not yet been fully \lOrl:ed up, this prelir.unary note deals cnIy vdth the 
period fror.1 the resuLlption 01' i'ishinß in 1945 until the end of 1949. 

2) Total nortali ti[ .!!'9!.'~:0_()_J?C;:::..i!":;7.9::;:.;!e2.1~r:.<:: ... ;i;!:_c:!?..~9::2:':!~ 

The catch oi' sole per 100 heure i'ishin?: by :b:::t1E,:lish steru:l tra"üers · .. ,as 
used QS the basic index ci' abundance, but i t Tras desirable to reduce as far 
QS possible the ei'i'ect ci' seasornl i'luctuations, and -Go allCJ\l f'or the fact 
that the area fished ir.1Llediately af'ter the 17o:r increased nonth by l.1onth and 
was not identical to the pre-wo:r f'ishing area, Seasonal f'luctuations were 
nininisoo by tnldnp: the ratio oi.' the post-rrar neure i.'or eaoh nonth to the 
averaßC i'or the SOLle nonth in years 1931-38. Area differenoes were allcwed 
for by sur:nine: the catch per 100 hours over the statistical rectane).es that 
hr:cppened to be fished in eaoh post-<Io:r nonth ecnd onlculnting the pre-vror 
l'i8UXe far those SCIJ.18 rectru1[3leSe 

Figure 1. shows abundance ratios caloula ted in this ,my for roch Donth 
f'ron 1945 to 19~.9 and expressed as naturnl 10E'ßxithrcs. In the :first half of' 
1945 (ShQ(ffi shaded in :B'ieure 1) fishing "as virtually "inshore" in oharaoter 
ecndcf no oonpo:rative value. lly Septenber, the reotangles i'ished covered the 
ns.in area 02 the English sole :Cishexy (see Yfir.1permy, 1949 ) apart f'ron the 
Dost ea.sterly grou:ndsj indeed the saLle rectougles supplied, in SepterJber 1938, 
over 90% of the El18lish sole catch. In this f1Ol1th the density was SOLle eight 
tir.1GS the average pre-w= lovel; it thereai.'ter steadily deolined until by 
1948 the pre-vr= averaße (shown by the continuous horizontalline) Was 
ei.'f'eotively reached. Tbe oscillc,tions apparent in the data show that the 
catch per 100 heurs i.'luctuected Dore vridely than before the vror. This is .. 
probably the result of a tendency for relatively i'ewer vessels to fish 
specially for sole after the ,mx except at the peak of the sole f'ishing 
season, ovdnr;: to the p;reo..t oonteDporoxy abundDl1ce of plQioe. 

The deoline in G.bundance has been representcd aPi;rox:i.na tcly in li'igure I 
by the broken line. This has a slope oi' 0.75 and beoause the population is 
receivinp: recruits each yenr o..nd survivorn are inoreasing in weip.ht this ha.s 
to be regecraed as a ninir:1w"j cst:L:lD.te of the totnl nortali ty coefi.'ioient. A 
better estir.1E\te ceuld, of' course, be Lladc if aioe-deterrJinations were available 
i.'or the period, but f'ailinr these use has beeT! "nde of growth data i'or sole 
published by BÜclmanu (1935), viz,: 

iud
Thünen



A~e" ,<J:~U-b~ 

1V 
V 
VI 
VII 

I,en Q +11 (cn- 'I 
:;.::;, , .• <...'2v~ ",._~-•• ,/, 

31_0. 
33.5 
35.0 
36.0 

The :procedure 2.doJ?ted Vias firs t to OQ10ul2. te, fron a knovrledge of the 
leneth corxposition, 2.Yl index of the total ab1.mdru1Ce (ces 1oefore, hut in nurib€lrs 
instead of "'€lieht) 01' all fish of leneth 31 on. 2.Yld above in 19L,6; Zish 01' 

this size ra..Y1ee beinE'. ful1y rocrui ted 311d beyond the influence of ~1:e8.r 
seleotivity. :}roD BÜC:cLk'mn's data Q fish of 31 cu. \70l1.1d p;cow to 33.5 OD. • 
a yeex later; hence tlle :::'ish of 1enr;th 33.5 and upwards in 1947 con be 
regarded f:~ "trho survivors o)~ those oi' 31 OLl. ["<-nd (lbove in 1946. SiDile.rly, 
the sane p:roup Clm 10e idontit'iod QS coqJrisinr; fish 01' 35 CLl. Lmd above in 
19L~ t:'illd 36 OD. ugwo.rds in 1949. Indices of' the nurJerico.l a.bundance of 
these sections of' the pOi.)uICL"tion in the yoo..rs in q,uestion, toe;ether vvi th the 
vo.lu8s für the whole Zishcd :population, nre CeS follods;-

1946 
~ (a) Total Qbundrulce index'" 658 
(b) Index ror fish 0:2 31 CJ:.1. ["nd abov0 :.: 521:-

1947 ((a~ Total = 1~75 
(b 33.5 cn. emd abovo " 223 

1948 (( Q~ Total:= 163 
fl "&:; ~--, <1 (: , ... :'.. . -, _ ,0 3~ C." ,mJ ·,Jovc .. 63 

1949 
((al Total" 196 

b) .36 CD.. ond n.bovc ::: 25 
"Z 

l'T~turDl 108ari thns cf thc (b) nUJ:1bcrs 0.ro plotted in :';:Lr::ure ~, end are 
fi tted oloSGly by Cl strQieht line ho.vin,?; Q slopc oi' 1.02h No er0n.t o..cauraoy 
co..n bc D. ttaohed to -'chis :E'i:?:Llre, if only bccause the rr;roviTth rate after the 
WDr :cny hn.V8 difi'ercd froc;. th,:,~t; :found 0o.rlier by Büolrr"1.'0n.n.. Nevertheless" it 
is, as e:x:peotcd, ro..thcr r:;rcD.t8r tht..':..n th:::.t 02 l:ligure 1, [Lnd it S80GS 
reasonc.blo to oonoludo thil-G the toto.l nortD..lity coefficiont at that tine was 
botwoen 0.7 =d 1.0, correspondinr; to Q =te of betv!een 5(};~ CLnd 6356 por ye=. 

3) ~,~l?ar{l tion oi' ,fis~~:h~,r:; .P:;q~~",:t?:,~ ~t!.:ssJ~.1:~?~~.~. 

111üe above nortn.lit;y estirJc.tes refer, of course, to deaths fron 2.11 co.uses, 
D.1ld there is no yny 01' Qsseßsine; the rJ.agni tude of those due to fishing nerely 
froL1 the rCtte oI: decline oJ:'" stoal::" It C3.Il be done, however 1 by usin.?_~, in f)""" 

addition, -the ol)servi::..-ti()n thc~t the stock level when fishin8 resurJed in 194' was 
in the order, oE ~ tincs thc Cl,verD.,,::e pre-war vL"..luea ;1"10. 0. ::~Japer SUbL1i tted to the 
1954 I.C.;~.S. Sl'ecial llioetin'o on SOI.1plin8 :;: described briefly how the ro1dive 
mcreQse in stoolc ahltndnnce rosultinp' fro2 oessation of :cishinE:~ far [l knollffi 
period could 'be used to estinn.,te the order of L1<'J..r:.nitude oi' fishinC and naturoJ. 
Dorto.lity. Adoptiy.l.'::- the SL\:L10 nethod in the present instonoe ond usinS c,teD.in 
Bücl:a:-k'U1n l s r~ro\j;rth dcj~c .. , i.!ü is found thc'lt the ooserved incren.se in e.bundanoe oi' 
sole eLfter six yenrs "i7ithout fi3hinF'~ oould result frou ar10T cenbinati:on of fishing 
(F) andnaturül l:lortality (Ni) coefi'icients defined by the fuH hne of Figure 3. 
It' it is assuoed, for eXFlI::'l')le, that -ehe totoJ~ nortalit-y coeflicient of 1.0 
found froLl 'oho date. 0:: ::"ip;u.re 2 ap)lied also in the period 1931-38, then i t C2.Yl 
be Shm"ffi on _~li~:~ure .3 by ['-~ 1ine vlhose co-orc1inates flt any point CLdd up to 1,,0. 
l"nis is tho brokon lino 02 thn t diQ,';t'nn, ,md it intorsocts the ful1 lin3 at 
F = 0.9, M = 0_1. 

It Dust be eLr.;}hc.sized tho.t na ?:reat o.caure~cy CC-.1'1 oe ::lssip;ned to these 
~'li9Jlres.. The use 0:2 -ehe 'Jtlr-tine incre[;,se in -'ehe V[EX.:y described depends on the 
Clssw::'Qtion thnt the Dyerap,e level 02 reoruitnent durirv: the WQ..l'" wo..s not p;.X'eat1y 
di~'?eren t fron thn.t durin ": the pre-v7fLr eicht yen.J:'s; vvhile both the i::7'OYfth &.'1. tn 
tmd the cstllJtltes O:i..' tot2.1 LJ.ortality 'i/ere obtQined 2.t tines other th~'?Jl those to 
Ylbich tl1ey have ~Jeen .:lpplied. N'evGrthelesG, the chn.np;es in s taole a.bundance 
durin'-· c.nd o.::'ter the 'Yßr for:o 0.. oonsistent l)ioture Tfhich \'{ould seen to perwit 
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.. only one kind ol' inte~retn.tion, mr1ely, 

4.) 

Ca) That the total Dortality coefficient of North Sea solo is 
hif):t, and probably Qbove 0.7 ('" 50}~ per year) 

(b) That the DQjority of this, probably Lloro than throe~quarters, 
is due to fishinr::. 

11esh Eo.i',-:!~!:;i;h:;?;_:2:~_!h<;...!:..'?l::._ fisher;y; 

SODe idea of tIm long-te= ei'fect oi' Desh reGUlation 0-'1 the North Sea 
sole i'isher".{ can be obtained i'ron these rough estiuates oi' i'ishinp: and 
no.tural r.1orto.lity, usine; the yield oquo.tion developed by S.J. Holt o.nd uy
seli' (seo Beverton, 1953), and est:inatos oi' other p=anetors e;iven in the 
Appendix to this paper. 

PiGUre 4 shovJS t\70 cu!:'ves oi' yield per recrui t ar,ainst Desh sizo. The 
upper is calculated vrith a total norto.lity coei'i'icient of 1.0 Dade up oi' 
P =: 0.9, M :: 0.1, o.nd the lower vrith a total oi' 0.8 oonsistine; of F :: 0.6, 
M :: 0,2. Whilo these oannot be olainod to be liniting values, the data 
pres:ented above sUE':e;ost th".t the true values of P o.nd M =e likely to be 
vrithin then, The curvos =0 expressed as yield per recruit to enable the 
effect of nesh regulation to be nssessed independently of' the lo.re;e f'luctuatians 
in year-olass strength which ch=acterise the North Sea sole populo.tion. POl" 
exsJ:lple, the upper curve predicts a D,'.xiI:Jl.1IJ yiold per recrui t wi th a lI1esh of' 
about 100 J:1I:l,; if' tho nesh in use prior to reGUlation is taken as 65 I:~;1" this 
represents o.n increase of' Dore than 5C% in the yield per recrui t. Therefore, 
if' tho level of recruitDent after reGUlation relI1ains unohane;ed, the average 
yield coulCl. be expected to increase by this perccmtage. If' rooruitnent 
happens to increase, the actuQl yield viould inoroaso by a corrospondingly 
f;reater anount; whilo if' there should happon to be a. lanl3 series of' pOOl" 
year-ola.ssos the yield Llay even f'all bolmi its ori,,,ina1 level, But whether 
f'ew or =y recruits entor the fishery in tho future, the upper curvo of 
FiGUre 4 prediots tha t to obtain the p;l:'ea test yield f'ra.1 then Vlould require 
a lI10sh of' about 100 cn. 

In the lower curve of' Fip;ure 4 the ef'feot of' increasinl3 the size of lI1esh 
is much less, ovrine: prir.nrily to the natural norta1i ty coef'f'icient being twice 
as ln.rge 0.8 before. Nevertheless, tbe !:'lI:l:xiraUl:1 of tho curve is at a nesh cf 
about 85 r;n., and represents an iLlprovenent in yield per reorui t of sODe 2'3};; 

. above that for a 65 lJH. nesh, 

The irJportant oone1usion to be dr:um fraJ J3'if'P.re 4 is not, however, a 
question of exaotly how nuch Dore yie1d is to be e:X:jJected f'rOlI1 the use of any 
particu1= size oi' lO188h; this ole=1y ommot bo sta.tod f'ron the liJüited data 
eX{u;Jined hore. 1\'hat natters at the f1OI:lent ie whethor or not a. 75 DLl, 01" 80 lI1D. 

Desh would be hCllIUful, in the 10n8 run. The oonclusion f'rcJIIl FiGUre 4 is that 
the use of a 75 rl"l, or 80 In. ood-end ;.lesh is nost unlikely to cause any 
reduction in the average level of' yield tci a.ny fishery based on the nain adult 
stock of Nqrth Sea sole; on the contrmy, tho avai1able evidenee SUf:.8ests that 
adefinite increase vrould result" 

f;PJ'.~:::i_i_JC_ 

Values of paraneters used in calculatine; the curves of Fie;ure 4 (other 
than those of i'ishing and natural 1I10rtality) aro QS f01lovm:-

1) Parar.leters of the von Bertalanf'fy e;rowth equa.tion: 

Woo 
K 
t o 

== 482 ."p. 
:: 0,42 
= 0.3 yrs. ~ i'itted to BücklI1ann's datQ 

2) Mean 1en8th at recruitraent == 20 cms. 
This is the averae;e size at which fish becone fully exposed to fishine. 

It is not knoom accura.tely, but the above fie;ure is not thousht to be far 
wrang. If the true va.lue should be hi,,:her th.= 20 cn., the effect would be to 
reduce the anount by whioh the yield is predicted to increa.se i'or a gi'\l'6~ 1l:lcrease 
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in E1esh. Tho mosh sizes EJ.vJ.,n2~ the grcn.test yields (i. e. the Enrimtl of the 
ourves of l i1igure 4) VlTould, however, rer:lD.in unchane:ed; so tho.t the LlO.in con
c1usicn of thiß pa;}er - that ffießhes up to 80 m'1. vrru1d not be detrmenta1 -
is unaffected. 

3) Se1ection f'Qotor " 3.4 

This is the constnnt oi' proportiona1ity in 'ohe eCJ.uation 

5C5'~ 1enfith " 3.4 x eod-end mesh size 

and i3 o3.sed on reoent dO:GQ frorl several sources 

h) Range oi' seleotion osive 

The spc,n of lcnp;th betveen the 25';; =d 737; po;i:nts, whieh is a 
oonvenient Deasure of' the sprc[;.d of thc selBction oßive, is taken as 3 Ctl .. , 

this Eit').lre ae:ain cooinp: fron recent expcrir:1onts. A kna.vledge of the spread 
of thc sc1eetion or:ivc is needed vrhcn oomputin,': thc proportion of undcr-' 
sized fish in thc catoh r8sultin:~ fron the uso of any pccrticul2X' Dcsh size • 

iicvcrton R J-' F (lo r;3) , - '" .... .!.. /./ 

Büe):,DDIm, A. (1935) 

Mareetts, A.R. Dnd 
Holt, S.J. ,(196r8) 

Wir,lpenny 1 R. S. (1949) 

. llef~:s~~~ 
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Untursuohunsen über die Nnturc;esehiehte 
der coeezunse, die Seezuno:eribevl)lkerunr: 
und den Seezunmaufang in der Nordsee. 
Ber~ JJüutsoh. igiss. KC1:n. Meeresforsch, 
N. ,Z, (2), L,9-114. 

The Effcet 0:;' thc 1939-45 War: on the 
En[:::li,,:,h Horth Sea Trn,wl Pishex'ies. 
liD.,?p. et Proo.-Verb., 122, 2G-46. ---
The English Stecu.1 Tro.vller Fishery far 
Soles in 1947. 
Ann. BioI., J±, p. 112. 
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