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LECIURE 1

the Bxploi t . t ion of Fish Stocks and the HiBror iccl
Develolment of Flshery.

I  .1 Introduct lon

I propose in this ser ies of four leclures to consider holt
lha 3ee f lsh populet ion is affected by f ishing operat ions. This
is a quest lon of great pract lcel  inportence. l le h{ve a lot  of
natural wealth of food ln the sea. lrhich is there for the
caEching.

( i )  " l to l '  can \re bes! exploi t  these r iches, !o ge! the
maximun stecdy yield,  without l "rast€ of ef fort?r l

( i i )  "Are we in danger of so deplet ing the f ish srocks
that the yteld nust fal l? In anothenords, r ,Are ne
ln dsnger of over-f ishing?rl

( i i i )  rr ln generel ,  what is the relar ion bet\reen yleld
(catch) and intet |s i ty of f ishing?ri

These are some of the prsct ical  quesrions which occur,  anal
f ishery resesrch attempts to f ind ansirer to then. My series of
lectures \r111 deal ei th these problens.

l , le may dist ingulsh between t l ro naln kinds of f ishery, thst
for lhe f ish that swi[r  near the surfsce, and thet for the f ish
l iv ing on or near the botton. The pr incipal f ish in rhe f i rst
category ere the sardine and the meckerel, and in the second
category the soapper,  plaice, raya, sh!f inps snd so on. We wi l l
nol '  concentrate on bot lom f ishing, which 1s calr led out malnly
ni th otte!  t rawls, shich rre st tong nets towed along the bot lom
of the see by special ly constructed vessels named traslers.

Modern trawl lng, as i t  is pract ised today, ts the outcorne
of a long htstor ical  development,  the out l ines of which we wi l l
f lo i '  proceed to consider.  Then ne rdi l1 consider hoH the populat ion
of f ish is affecled by f ishing operst lons. In trscing the
develoFnent of a f ishery, I  \ r i l1 discuss the hlEtory of the
develoFnen! of certain typical  f lsheries in England ([orth See),
Japan (Easl China Sea) and in That land (the Culf  of  Thai lanC).



1.2 Hlstory of the l rawl f ishery ln E$gland

My f i rst  example 1s lhe history of t rar. l  f ishery in England.
In the 1870's,  botto$r f lshi t lg in England l 'as carr ied out enl i le ly
by sai l idg boats, and the pr incipal rnethods enployed lrere trar,r l ing
and l in ing. The traol  used was not the otter t rael ,  but the bean
trel l r l .  In those days, 1,000 sai l ing l rooden bean tranlers (up to
70 gross tons) rdere working the offshore erounds of the Nor: lh sea
down to s depth of 50 fethons.

Then, the steam po\dered engine was introduced in 1882, and
these ne\r steam traolers gradual ly ousted the sal l ing tralr lers
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and from about
1894 o rards, the
beam tralrl gave
place to the more
eff ic ient ot ter
traqr l .

fhe introducl ion
of stean great ly
lncreased the ren8€
and poner of the
trawlers. The use
of lce for naintain-
1ng lhe catch in
good condit ion had
conre in ebout 1865,
snd enabled the
stesner:s to br lng
ln fresh f ish fron
d {stant groundE
beyond the Norlh Sea,
such es Icelendic
l teters ( in 1892),  the
Faroe groundg Bhortly
af ler)  and both eree6
aoon became imPortent
sources of Bt l t iah
f i s h  s u p p 1 l e s .  T h e
treulers went ss fsr
south as lhe coas!
of Morocco tn 1904,
end flshing ln the
ri.ch norihern grounds
of the Barente Sea
and the \raters off
the coasts of Norray
and Russla cotlElenced
in 1905, as sholrn in
F t g 6 .  I  e n d  2 .
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Fig. 2,  ceneral-  stat ist ics of the Engl ish
ale-rnersal f isheries.

1.3 l i lstory of the Japanese demer8sl f ishery in the EaBt China
ard the Yel low Seas

M)' second exarnple is the history of th€ Jepenese demer€a1
f ishery ope.at ing in lhe Eest Chlne Sea and the Yel lon Sea. Up
!o the i980rs, e very smal l-scsle hand-l in ing f ishery using
6rna11 sai l ing vessels of around 5 Sross tons hed been ceri ied
out in the coastal  waters off  the west coast of Kyushu Island.
Afterwards, thts handltning developed into 1on8-1lning r i th a
slngle boat.  Then they introduced the thother-boet systemrr ln
this long-1ine f ishery around 1900.

This mother-boet was a felr ly big l rooden sal l lng vessel of
about 50 gros6 tons cerryin8 4 to I very $nall row bo.ta nhlch
operated 1o:rg-1inin8. The f ish caught by the8e blg sal l ing long-
l inete were yel1ow see-breen ! , ,hich is st i1l  one of the hlghest
pr iced f ishes in . Iapen.



1 n  t h e  e a r t : /  s t a g e s  o f  t h i s  1 o n 3 - 1 j n e  f l s h e r y ,  t h e  f l s h i n g
grounds were not fat  f ron th€ shore, but af ter the "hot_bul l
e n g i n e "  w a s  i n t r o d u c e d  i n t o  t h e s e  m o t h € r - b o a t s ,  t h e  f l s h i n g
grotrnds suddenly expanded along the Ryukyu archipelaSo to Talwan'
l r l rer€ large stocks of yel loU s€a-bream existed.

Around 1910, the Prini t ive one-boat trenl  dr iven by an
engrne using th€ "JaPanese style Danish seinerr nas introduced in

t h e s e  w a t e r s .  I n  I 9 I 8 ,  t h e  f i l s t  p a i t  t r a \ t l ,  t h e  e P o c h  m a k j n g
g e a r ,  a p P e a r e d  i n . t h e s e  f a l e r s ,  T h i s  P a l r  l r a w l  i s ,  a t  p r e s e n c r

one of the most i  portant tyPe6 of n€ts used in the offshore
oaters of Japan. I t  was developed fron the Primit ive one_boat
t y p e  l . a w l .  I n  i t s  e a r l y  s t a g € '  t h e  g e a r  s n d  v e s s e l  d i d  n o t
di f fer f ron lhe or iglnal  tyPe and the mein di f ference existed in
t h e  m e t h o d  o f  o p e r a t i o n ;  t h a t  i s ,  i n  t h e  c a s e  o f  t h €  P a i r  t r a w l ,
the trawl warps uere Pul led by two vessels at the same t i r ie instead

B e c a u s e  o f  t h e  i r  v e r y
pair  t ra$Is in these l taters

120 jj 12' 
'n

strong f ishinB po er,  the number of
increased repidly and long-l inels w€re

!:otu}

T^IlnN

fhe expansion of fj.shing glounds
of Japanese trawf fisherY in the
East china sea and the Yellow sea.

B!adual ly rePlaced
by this nei. t  ef fect ive
f lshing method. They
l,er:e f ishing not only
for yel  lon sea-br€am
b u t  a l s o  f r o  c r o a k e r ,
h a i r  t a i l ,  c o n g e r  e e l ,
e l c .  6 n d  t h e l r  f i s h i n g
grounds also gradual lY
exlended !o the coast
of Uainland China durin8
lhe period from 1920 Eo
1930. They discovered
good shrimP ground6 in
the Yel low Sea, and
their  landif lgs reached
their  f i rst  maxinurn
eround 1940 Es sho\rn
in Figs. 3 and 4.

1r0 E

25N



'a

19JO 1950 195O

Fig. 4. Genelal statistics of Japanese trawf
fishely operating in the East China Sea.
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1 , t  H i s t o r y  o f  r h e  T r a s l  f i s h e r y  i n  T h e i l a n d

My third example ls rhe history of the demersal fishery
in Thai land. In i ts €ar ly per iod, the Thai f ishery was almost
al l  l imited to fresh naters. There wes only a l i l r1e f ishing
in the shal low sea waters near the 6hore and the product ion was
q u i t e  i n s i g n i f i c a n t .

Later,  sea f isherles developed using bamboo stake traps
and there was Chinese purse seining for some specles of pelaglc
f l s h e s .  D e m e r s a l  f i s h e r i e s  d l d  n o t  e x l s r  u n l i l  t h e  e a r l y  l 9 5 O r s .

In 1952, trair l ing nas f i rst  introduced into Thai waters.
Four wooden vessels from 47 to 90 gross rons equipped with otter
board rraqrl  nets l . 'ere used. They made 6everal  experinental  hauls
in the Gulf ,  but th€ results were not sat isfactory du€ to the
lack of experlence of the crews and the tr tals se;e diEcont inued.

In 1953, another f ishing conpany conducted €xperimentel
trawl ing tr la ls tn the Culf i  horrever,  their  at tenpts rete also
not successful  because of lack of technicsl  expertef lce as wel l
a B  d l f f i c u l E i e s  o f  s e l l i n g  t h e  c a t c h e s  i n  l o c d l  m a r k e t s .

These attenpts descr lbed above, honever,  Save a good hlnt
to the 1oca1 f isherEen. In the fol lowing year,  Thei f ishernen
invented a nel. '  k ind of bean trawl for shr inps in very shal low
waters using very smal l  vessels of less than 20 gross tons.
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In 1961, exper{nentel  ot ter t ranl ing wes eonducted
egein in the eulf by the Thei Covefirtnent I'ith the essistance
of Germeny. After testtng several types of denersdl gea!, they
ceme to the conclualon that ott€r trewling was nost sulCable
for these rraters.

icar
total lardin8r

t'".t(il"*l
!ran1 unit3

( { )
(L)/(r)

(Dotric toDs )

1961
1962
r 963
.1964

1965
1966
196',1
1968
1969
| 9?o
1911

121
111

3?1

448

,82
'tu
w7
961

140

o7'l
403
r50
642

,54
glso

164
850

194

201
1101

2 127
2 45'l
2605
2 B?O

3 201

I  3 l l
I 403
3 450
3 608

117

119
151

151
156

182

237
261
279

316

Table 1. The Thai tral'ler statiBtics
flo[t 196L to 197I (Onit: lretiic ton)

Encouraged by
Cover @nt, ot ter
trewl fishery in the
CuIf expanded very
rapidly es shown in
Table 1. The toEal
annuel landings
fron lhese trawlerr
in the Gulf adount
to noEe lhan 70
percent of lhe total
marlne produc! lon
of Thai land.

1.5 Gen€ral  t rends ln the develoFrent of a f ishery

Looking beck over firy three exaflple6 of the development
of demersal f isherle8 descrlbed ebove, which I  have given you In
lhe very b.oadest out l ine, dr i t t lng aI1 ut lnecesslty deleI l ,  we see
that they ere eaaentially the seme process. We heve the seme
story of continued expension of ftshing grounds, nlth lmprov€menr
in technical n€thoda; thst is, idprovenent of flahing geer and
v e s s e l a .

In lhe cese of the Engl lsh dometsal f ishery, they started
from l lnlng with snal1 sai l ing boels !o the sei l ing benn trar1,
then !o the old slyIe otter board trewl with a 6tean vessel,  and
f inel ly to the modern otter board (V.D. systen) trewl wlth a
notor veasel.  Flshlng grourds in the eerly stages $ere l lEi ted in
depth to only 50 frthons in the Nolth Sea. Then they expaoded to
the ent ire area of the North See dnd f lnal ly beyond thei!  t redi t ional
l ralers to the Nolthero At lat | t ic,  and to such waters aa those off
Icelend, Norway end Russla in the north, end to the coastal  l raters
of Morocco in the sou!h:
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In the Jepanese denetaal fighery ln lhe Eest China Sea,
they 6terted fron hahd-l in ing \r i th 3n411 BaiLing vessels,
progressed to long- l  in ing- ul th single vesse16, then long-l in ing
uslng blg eooden sai l ing ves6els with the nolher-boat systeni
!hen, that aystem with the hot-bul l  enSine, then the.Danish seine
(Jepanese Btyle of one boet trawl),  and f tnal ly they inventei l
the peir travl lrith a notor driven r9lnch for tackling the warp.

Their  f ishing gfounds ln the early deys were l imited to
the coastal  $aters of Kyushu I81and. then they expanded to the
soulhern parts of rh€ East Chlne Sea bet lreen Japan and Tal l ran,
to the coestel  wdters of Mainland Chlne, and f lnal ly to the
Ye1low SEr in the northern palt  of  thet erea.

The f ishing ardunds of the nodern Thsi t rawler f leer have
also expended beyond their hq|le waters of the eulf of Theiland
to nore distant areast such aE the offshore waters of Burna,
Bangladesh and so ot|.
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LECTURE 2

In my second 1eclure I  propose to conslder f l rst  of  s l l  l rhat
he8 happened in the North Ses, East Chlna Sea, end the Culf  of
Thal land, vrhere the trsul  f isheries heve developed greet ly as I
explalned in my f i rst  lecture. What hes happened in these watets,
aa a resul!  of  the inlensive f lshlng for denersal f ishes? Hort
has thls affecled lhe stbcks of f lsh? Has the !ote1 yield (catch)
diminished? Is the yield per unit  of  f ishing efforr  (catch per
haul)  the same as i t  \ r6ed to be? These are some of the quest ions
we nugt tYy to answer.

2.2 Decreese of f ish stock density ln the Norrh Sea

As I  mentioned already, rhe total  landing of denersal f ishes
by Engl ish trawlers has lncreesed yesr by year as shoa'n in f ig.2.
Hordever,  stock denBity ( ' ry ield per unit  of  f ishing effort" ;  sometlnes

expressed in rrcatch

per dayrs absencerr or
rrcatch per haulr ' )  of
each f ish species hss
decreased merkedly year
a f t e r  y e e r ,

1919 1924 192a 1912 1916

In Fig.s ls shown a curve of the

The Deplel lon of the Older Fishing crounds

Introduct ion

Fiq. 5. Haddock. Landing per
dayr s absence by Engl ish stean
trawlers fron Noxth Sea,

. q q

"haddock" (Ga&ts aeglefinus) tror' r|.e
lo 1937. You wi l l  see that the trend
tePldly at f i rst ,  then slo\r lng do!, 'n.
also nany other f lsh specles, such as
etc. shoned lhe sarne decl ining curves

yield per dayrs ebsence of
North Sea for the period 1919
is very def lni tely dor" 'neards,
Not only this haddock, but

, plAice (Paeutonecte1 plate|ea)
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1921 :.929 19j7 1945 195J 1960
Fig. 6. Annual changes of stock density of ye11ow
sea bream in the East China Sea (Japanese otter
t r a w l e r s .  U n i t :  K a n  =  3 . 7 5  k s ) ,

2.3 Dimini8hed f lsh slocks in lhe East China Sea

],et u5 tuln nolr  to lhe Easl China Ses, i ,here the Jepanese
pelr  t ranler f leet has operated intenslvely stnce 1920. I  wi l l
shor' you a very typical example. "Yellow sea breann ff?izrs
tunifranus ) vh1,ch belongs to the feni ly Sparide, is an economlcel ly.
lmporlant f ish found abundanl ly in the soughern part  of  the Easr
Sea, I t  is an estebl ished fect that for more than 50 yeers
cont inuourly fron lhe t lme long-1ine f ishing !r .s adopted in this
erea et the beginning of this century, and fron the r ine pair
trawl f ishery was introduced in these weters around 1920 to 1925,
lhere were nuch lerger catches of yel lon sea bream 1n these \relers
thsn of any other kind of f ish.

However,  s ince 1925 th€ catch has narkedly and steadi ly
decreased year by year disproport lonately ui th the increase in
f ishing vessels.  The curve of "catch per haulrr  shows a more
drast lc decl ine. This decrease cont inued up to the beginning of
l lot ld l |ar IL I t  is interest lng to note that the suspenslon of
f lshi .ng operat iong durlng the War aFpears ro heve benif l ted the
stocks of this f ish. In 1947, l rhen f ishlng operar ions were
resurned, there \rere latge catches of the f ish for several  years,
and the value of I 'catch per hau1" recovered largely,  Thls pros-
peri ty holrever,  did not last long 6s shorn in Fig.6. The catches
and "catch per hau1" fol lowed a sini lar pett€rn to the pre-nar
si tual ion and a remarkable decrease has resulted ' rhich is
cotr t i l ruing.

U

rcz

101

100

to

.  ̂ -2
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2.4 Annual chanses of catch rate of research vessel PIIAI{oNG
2 ln t .he cul f  of  Thet land

Noqr, we cone to rhe Culf  of  Thai land. Wilh the increese
in lhe number of t rarr lers in the Culf  of  Thei land a nonitor i f lg
survey in lhe Gulf  has b€en conducled annuel ly by the Marine
Fisher: ies l ,aboratory in B.ngkok since 1963.

The nain purpose of this survey is to detec! the change
in the density of the demersal f ish stocks which are exploi ted.
The regulsr survey nade by PR.A]4ONC 2 (\rooden stern trawle!, 75
gross tons, 320 HP diesel)  coverE the ent ire coaslal  $aterg
ranging fron about 10 to 50 netere in depth in the Gulf  f ron
the Thai-Canbod ien !o the Thai-Malaysian borders.

According to the resul ls of this scient i f ic oork, the
average catch in Kts, per hour in the Gulf  decreased annual ly
from 1961 to 1970 ss shown in Table 2. The decreasing trend of
c a t c h  i n  K g s ,  p e r  h o u r  s e e r n s  c o  b e  n o r ;  n . r k e d  f r o m  1 9 6 l  r o  1 9 6 6 ,
and then becones gradual ly slower after 1966.

T h e  g e n e r a l  s t a t l s t i c s  o n  t h e  N o r r h  S e e ,  E a s t  C h i n a  S e a  a n d
the GuIf  of  Thai land n€nt ioned above have shoc'n us a good deai,
The' '  h lve shown that in nany cases the stocks have become smal ler
a s  t h e  i n t e n s : . t y  o f  f i s h i n 8  h a s  i n c r e a s e d ,  t h a t  t h e  y i e l d  p e r  u n i r
o f  g e a r  h a s  d i m i n i s h e d ,  s n d  a l s o  t h a t  t o t a l  c a t c h  h a s  d e c l i n e d .
They ha.re afforded clear evidence of over-f lshing. Up to now, I
h a v e  u s e d  o n l y  t h e  s t a t i s t i c a l  i n f o r m a t i o n  l , ' h i c h  i s  a v a i l a b l e .

ln ny nexE lecture, \ re ni l l  study the problem using more
s c i e n t i f i c  a n d  n o r e  t h e o r e t i c a l  i n e t h o d s  i n c l u d i n S  b i o l o g l c a l
c o n s  i d e r a t  i  o n s .

of Muls In k6/h
J e a r '  r 9 6 l

1961'196?.
1 9 5 1
1964
196'
1 9 6 6
1967
1968
1 ) 6 )
1 9 ? 0

1 t l

200

19i
7r l
7 1 1
i t . )
?:o
? 1 U

?97,80
?1',|,ry.)
?56.O4
?21.6n
17 r .20
110 .77
1 t \ , o i
10t. i?
1O? .1 , !
97 ,4r',

I OL., CrO
9 l  o l
t1t , ,X'
? ') .86
6 0 . 1  ?
1 1 . 9  !
1 9 , 6 1
Jr.r1
)4:)o
J2,'t2

Table 2. Annual
of R/^/ PBAMONG 2

changes of the catch rate

in the culf of rhailand.



LECTURE 3

Anelysis of e Fi6h Populst ion

3.1 S ize-compos l t  ion o! a f ish populat lon

It is a very well-knowr fect thet the average size of the
f ish exploi ted by f ishing becones 3aa11er l t r  accordence with the
decreasing density of f i6h populet lon, ehich caused by the
increased intensity of f tghlng,

My first exanple is the heddock in the North Sea. Change6
i!  the size-composit ion of the catch of haddock heve laken p1ace,
as indlcated by the relat ive ploport ion of lhe stat ls l lcal
categorles, Lerge, Mediun and Small ,  into l rhich the size of f ish
are dlvided, l fe essr lne, of  course, lhat the size-cor0posit lon of
the catch indlcates lhe B ize -conposi t ion of the f ish populat ion,
or rather,  of  lhat part  of  i l  whlch ls above the olninur size of
Ianding.

If nc non look at the .verege percent.ge of Smell for the
pre-lforld lfar I €ight-ye.r perlod, ne find tt to be 507', But ln
lhe period 1922 Lo 1929 lt wss just over 707. while in the 1ate6t
elght-yeer period i t  rose to over 85%, In 1936 and 1937 l t  uas
over 907".  The percentage of Large fel l  fa l l ly Bt€adl ly through
the ehole post-eer perlod, fron over 20% dorrn to 31" and n" i,n
ths lsst t ro years. There has therefore been e very blg chanSe
ln the size-coi, lposl t lon of the landl.ngs, eDd, by inference, in
t h e  s i z e - c o r d p o s l t j o n  o f  t h e  s t o c k .

The Second exernple ls the yellos s€s breftn ln the Eas! Chlns
Sea. There are four nerket l iz€ cetegorles of thls f iBh, nssely,
Large (more then 25cn tn fork lengrh);  Mediun (20 to 24.m); sne1l
(15 to 19 cm) end Dead snel l  (1ess than 14cm), In 1949, the
pelcenlege of Deed Sme1l ln the totel catch flonr Jenuary to llarch,
I'as found to be I47". In 1952 it rose to about 221. ln the seme
season, and i t  l res over 30% in 1957, In 1958, thts vslue dent up
to nearly 40%. In contrest,  the petcentege of Large ln the tot41
catch in the same s€ason $as 13% ln 1949. wht le i t  decreesed to
97" in 1958.

Ite mus! remarnber thet the percentages of the neiket size
cateSorles relale to l relSht of f ish, end thet l f  turned lnto
rrtllrbers of indivtduel flsh, the grolring pr€ponderance of rrsmellrl

or rrDeed Sdall( nould be even more msrked.
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No\r these data, rough end approxirnale aa they ar€,undoubtedly
show thet th€ rale of nortellty in lhe 6tock hea considerably
lncreesed es described in the fol lowing part 'of  my lecture.

3.2 4c9.-.r3!9ir-9!-l1r!-!@
the data about quantlties end Bize of fiah lended give us

sone lnfofination concernlng the stetus of flsh stocks. Ho\rever,
in order to rneke clear the ploblen under consideration through
acient i f ic study, sode other factors, namely accurate rate of
rnortal l ly and rate of growth ere essent lel ,  They have to be
deterrnined by other l lnes of enqulry,

We can assess the age of the individusl  f ish with a
constderable degree of accuracy. Crowth is seasonal and pel iodlc,
Blowing down or ceesing l I I  lhe rdnter monlhs in most cases. Thig
rhyttE of gronth is mirrored in the structu:.e of certain skeletal
parts,  auch e6 th€ scelea the otol isks, the verEebtae and the
opercular bones. These show ln dlverse rrays alternating bands or

I€llov sea }!eam

rlngs which indicele
sr,I@er and rrinter
Sronth, I t  i3
possible, for
exarPle, by count ing
the derk rir.'interrl

r ings in the scale
of a yel1ow 6ea
bream to dscertain
i ls age in yesrs
as sholrrr  ln F18.7

Ll.ght zone
Dark zon€
Light zone
Dalk zone

Centlal
zone

Fig. 7. Light anal alark zones app€arlng
in the basal area of scal"e.



l " l i th this powerful  technique of age-delerninai ion, ae can
e 5 c i n a t e  r a t e s  o f  g r o w t h  a n d  r a t e s  o f  n o r t a l i c y .  A l l  r h a r  ' s

n e c e s s a r y  i s  t o  n a k e  c l e a r  t h e  r a t e  o f  g r o w r h  a n d  t o  e s r a b l j s h
t h e  a g e - c o r n p o s i t : o n  o f  t h e  s t o c k  f r o m  y e a r  t o  y e a r ,  F i g .  8

E

f

€

30

20

10

0
7

AGE
Fig. 8.  Growth curves of
(Variat ion of s ize of the

11

ye11ow sea bream

1000

800

500
00

200

shows average rates of growth of the yel lov sea brean frorn the
East China Sea, rrhi le Tabl€ 3 shol 's the average age-composir ion
of the sane f ish fron the same rraters, \ rhich \rere est imared by
S .  S h i n d o .  I n  t h i s  t a b l e ,  f i s h  o f  t h e  0 - a g e - g r o u p ;  r h a t  i s ,

Age- group 0 I I I I I I IV V I V I I

N o . p e r  n i l e 49 406 345 t49 40 I

l a b l e  3 Age-composlt ion of the yel lo! , /  sea bream,
( E a s t  C h i n a  S e a ,  R e g i o n  V ,  O c t . - N o v .  1 9 5 5 )

f ish iess than a year old, are pract ical ly absenr from the
c a t c h ,  b e i n g  t o o  s n a l l  l o  b e  c a u g h . .  T h o s e  o f  t h €  l - a g e  g r o u p
are Pres€nt in considerable nurnbers, but are exceeded in nffrber
by the l l -age group f ish, those between trro and three years old
We see here the €ffect of  net selecl ion. The tra\r l .  l ike nanv
o t h e r  f : s h i n g  i n s t r u m e n t s ,  i s  s e i e c t ; v e  i n  i r s  a c L i o n ,  f o r  r h ;
lange of s ize of f ish caught dep€nds upon the size of the mesh
used in the cod-end. The smal lest s ize of yel low sea bleam
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ere not caugh! in their  t rue proPort ions, many escaplng through
the meshes of the trawl.  I t  is considered that the l l -age group
is st i l1 sf fected by nec select lon, bu! not to a narked degree.

Froo the data given by Shlndo, \re can deternlne the
p€rcentage of mortal icy fron one a8e grouP to the neKt as fol lons:

Frorh the I I  group to the I I I  group, 85 percent,  ( I I I / I I  =
345/406 = 0.849 = aboul 85%), probably nore l f  soroe of the I I
group escape fr :oin the net.

From the I I I  Broup to the IV group, 43 percent.

Fron the IV group lo the V group, 27 percent.

Then from the V group to the VI group there is 1i l t1e
apparenr norral i ry,  only 15 percent,  whi le from the vI group
to the VII  group there ls a mortel i ty of  17 percent-nearly the
same as lhst of  V to VI.  Ho$€ver,  es I  wi l l  ment ion laler,  the
mortal i ty rales descr ibed above would not be true because
recrul lnent (young f ish which are ner. ly added to the f ish stock)
ls not conslant;  i t  I 'as incteasing year by yesr in those years.
Therefore, re must exanine the number of f ish of i 'same year blood' l
(fish rhich hatched out in the same yea! end l'e have to trac€
then by suce!sive years after hetching in accordance with their
jncrease in age. Theiefore, percentages descl ibed above show
m e  r e l y  e x a n p l e s  o f  c a l c u l a t i o n s ,

3,3 Relat ion bet\reen the f ishlng intenslty and the age-
conugqi t ion.

In relat ion to the effect of  f ishlng on the age-composit ior,
of  the slock, i re may refer here to che signi f icant conparison
shofn by Thonpson between the stocks of haddock ln the North Sea
and lhose around the is la[d of Rocka1l,  s i tuated in the open sea
o f f  S c o t l a n d  -

Thls is an ar€a r ich in haddock which, l rhen Thompson wrote,
v,ras l i t t le f ished by trawlers, Fron scele samples taken from this
area in 1929 i t  was possible lo calculate lhe relat ive Dumbers of
th€ di f ferent year classes from the fourth ondards and to compare
ih€m with the strengths of the lypical  yeer-classes of 1920 in the
North Sea in successive years. The data are shown in Table 4.



Flohlng grounda 4 6 7 8 10 11  L2  13  14 Total

North sea 909  410  149  54  31  4  0 .6  0 . r  0  0  0 1568

Rockal l  Is. L29L 757 343 86 211 148 32 158 l7 | 12 3056

Teble 4. ltaddock. CoDparison of nunerlcal catch of
older age-clesses et Rockall (Mey. 1929) end
of the typlcal 1920 brood in succesalve years
in the North See. (er(pressed ltl catch per 10
hours' f lshlng of ege-cla66)

I t  wi l l  be aeen thet there were f . .  ro."  oid f ish tn the
Rockall populatlon, these occullln8 in cons€dereble nunbers up
to ebout toelve yaar6 old; wherea6 ln the North See population,
lrhlch was heevily ftshed, thete wete very felr over €lght years
of a8e.

The rate of reduction was obviously nuch less tn the Rockall
stock, (an gverage of 32 pelcent) l rh{ le fo!  the North Sea stock
t l  t ra6 642. Th15 contres! in a8e-compoeit ion betneen a l lght ly
ftshed populetlon and one thet 1s heavily ftshed is Just irhet
one nould expect 1f flshing ls the maln ceuse of the reductlon
lrr sveaege age of the heavily flahed stock.
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4 .1

LECTURE 4

I ' lanagerent of F isherles Resources

The conceD! of "}Iaxlmun suslainable vleld"

I n  m y  l a s t  l e c t u r e ,  a t  f l r s t ,  I  p r o p o s e  t o  o u t l i n e  l n  i t s
very simplest fof in th.r  nodeln vlew of the relat lon between lntensity
of f i8hing snd totel  y ield.  Up to e cer lain polnt you can increase
yield by lncreasing f ishing, bul  af te!  this naxioun point is reached
t h e  n o r e  y o u  f i s h  t h e  l e s s  n e i g h l  o f  f t 6 h  y o u  c a t c h .

The proposit ion is elmost sel f-evldent,  i f  one considers the
fect that intensive f ishing must force scocks do!.n to a 1ow level
of average size, but the ectual demonstret lon or proof of the
thesis has been suppl ied only in recent yeers. Various people
have contr ibuted Eo this modern theory of over-f ishing.

We should expect alao to f lnd in a vlrgln or unf ished stock
a very di f ferent distr ibut lon of s lzes and ages from that sholrn
ln the l re1l-exploi ted stocks of t l re present day. l tere again

The idea tha! there rnust be for eech f ish an opt inum rat€
of f ishtng has been in the rninds of f lsheries sclent ists for nany
years. Hordever,  the elaboral ion of the theory of the opt irnum
calch is due mainly to a fel ,  people; f l rst ,  to the Russian norker
Beranov, \rho in papers publ lshed ln 1916 and 1925 polnted out that
the 1evel of  the stock depends f lainly upon the anount of f lshing,
and lhat the possible yield 19 l in l led,

I f  our conclusion is correct lhat in the present condit ions
of intensive f ishing, the maln fector ln the horls1i ty ls the effect
of f ishing operat ions Ehenselves, and the nortal i ty caused by
nalural  facto.s.  is less inportant,  i t  fo l lo lrs that the age-
distr ibul ioo of that part  of  the 6rock which was subjected to
f ishing operat ions is essent ial ly determind by the amounl of f ishing.

l le should except in a heavi ly f ished Etock to f i$d that
the proport ion of older f ish is less thqn in a rnore l ight ly f ished
srock, s lnce the nortal i ty rate is high€r.  That ls very clear,
and as l re have seen, experience bears i t  out.  Lel  me hele recal l
Co yo\rr  at le[ t ion the comperison between the Rockal l  and the North
Sea stocks of haddock in my previous 1eclure.
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experi .ence conf ihs expectat ion. I t  is a kno&'n fact that a
v i r g i n  s c o c l .  c o n E a i n s  a  b i g  p r o p o r t i o n  o f  l a r g e  f i s h .

I t  is fair ly obvious lhat i f  f ishing is noderate, laking,
say, 30 percent by nurnber of the stock year by y€er,  the average
age and neight of  the f ish in Ehe stock and in the cetch wi l l  be
greater than they \rou1d be i f  f ishlng were more lntense, say, at
the rete of 60 percent reduct ion annue11y, The age-distr ibut jon
of the rwo stocks subjected !o cont inuous f ishing at the two ratea
would be di f fer€f l t ,  on account of the di f ferent rates of nortal i ty.
There would be a grealer proport ion of older and heev{er f ish in
th€ nore l ight ly f ished stock. In the stock sublected to a 60
perc€nt reducEion there would be feoer of the o1d and heavier f ish,
and the catch would consist  more of sme1l€r and l ishter f ish.

I f  l re inagine the intensity of f ishing to be cont inously
increased, t 'e see that lhere rnust come a t lme when thls wi l l
result  in a decrease 1n the total  $eight of  the catch, because
the catch wi l l  co'ne to consist  nalnly of qui te snal l  f ish of 1oI{ '
average weighr,  giv ing a total  \ reight less than the qreight of
the sna11€r nunber of older ard larger f ish yielded by a less
intense f ishery. I t  fol lor, 's also thsl  a very intense f ishery
nay acrual ly yield no rnore lhan a very moderate f lshery, boEh
b e i n g  w e l l  u n d e r  t h e  p o s s i b l e  m x x i m u m .

shoe you a very simple nathenat ical
9 and Tabl€ 5. These f igure and

table sho!,  the effecr
on an or iglnal  stock
o f  1 , 0 0 0  f t s h  o f
. n n , , r l  h 6 r . e h r , d .

reduclion in nurnber
d f  5 { )  r n d  8 0  n F r . e n t ,

Here, I  would l ike co
nodel which is shoirn in r ig.

Fiq.  9.  Reduct ion of  a s tock by
Pcrcent  and 80 percenr  annual ty .
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L e t  u s  l o o k  f i r s t  o f  a l l  a t  t h e  f a t e  o f  a  s i n g l e  y e a r . -
group of f ish. Th€ f ish of age I  have not been affected at
al l  by f ishing, and they have just enlered the stock. After
one year,  i f  they are subjected to a 50 percent reduct ion
through f ishlng and natural  nortal i ty,  thej .r  nwrber wi l l  be a
sho'n in the second column of this Figure, nanely 500 f ish.
At the end of the next year 250 f ishJ and so on. Sini lar ly,
i f  the percentage reduct lon annual ly is 80, lhe nwrbels lef t
al  the end of successive years wi l l  be 200,40 and so on as
shown in Tab 1e 5.

S tock Wi thdrawals
of B0% annual ly

Wi lhdrawal s
of 50% annual ly

I
2
3

5
6
7
8
9

10
1 l

1 ,00u
200
1+0

8

800
1 6 0

3 2

2

-

1 , 0 0 0
500
25t)
r25
62
31
16
8

2
1

500
25C
125

6 2
3 I
l 6

8

2
I

T o  i a 1 I  , 250 r ,000 2 ,o0o
' l  

,0c0

T a b l e  5 .  R e d u c t i o n  o f  a  s t o c k  b y  5 0 7 "  a n d  8 0 %  a n n u a l l v ,- ( a f t e r  
T h o m p s o n ,  1 9 3  7 ;

l f  r h e  p r o c e s s  r s  L a r r i e d  o n  I n t r  I  t l ) :  o r g i n a l  I , 0 0 0  e , e
e  i . m i n a : e d  t h r o u g h  c a . , t . r e  o r  n a E u r a l  c a ' s e s ,  i h e  d ; s c r : b | l  o n
by numbe!  and age of  the f ish th l rs  renoved f ron the stock is  as
s h o w n  i n  c o l u n n s  2  a n d  4  i n  T a b l e  5  f o r  t h e  t w o  r 3 t e s  o f  r e d u c E i o n .
I f  \ r e  m a k €  t h e  s a f e  a s s u n p t i o n  t h a t  t h e  n a - i o r i l y  a r e  c a u g h t ,  i . e ,
t h a t  t h e  r a t e  o f  n a t u r a l  n o r t a l i t y  i s  c o n s i d e r e a b l _ y  l e s s  t h a n  t h e
r a E e  o f  f i s h i n g  m o r t a l i t y ,  t h e  w i t h d r a o a l s  n a v  b e  t a k e n  t o  r e p r e s € n t
t r i t b  a p p r o x r m a E e  : c c  J r a c y  t h e  a ; e . d  s t r i b ' r t  r o n  o f  t \ e  I i e l d  o f  L h r s
y e a r - g r o u p .  I f  w e  k n o v  t ' e  a v e t a g e  w € i g h t s  o f  f i s h  i n  e a c h  y e a r  o f
l i f e  ( a s  s h o r { n  i n  F i g . 8 ) ,  w e  c a n  c a l c u l a t e  t h e  t o t a l  w e i g h t  o f  f i s h
l o E t  t o  t h i s  y e a . - g r o u p  e a c h  y e a i ,  o f  w h i c h  t b e  b l u k  w ; 1 1  b e  c a t c h .
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I t  is of  lnterest to note thet the evldence about total
nortal i ty l rhich ls avai lable fron studies in Scot lanal and in
the East China Sea indicate chat the ennuel percentage reduct ion
fron al l  causee is of the order of 60 to 70 percent,  There is
direct s lat ist ical  evidence that the haddock 6!ock 1n the No.th
Sea and the yel low sea breem 6tock ln the East China Sea are
being overf ished; that is,  increased expendi lure of ef fort  hag
resulred in decreesed totel  catches.

The general  concluslon which we may draw fron these
considerst ions ls that " there nus! be for ev€ry f lsh specieE en
opt inum rete of f ishingr ' .  When the rate exceeds thl6 opt inum,
th€ yield wi l l  fe11, in spi te of the lncreased effort  expended.
This rete of f ishing which glves The maxlmun 6ustainable
(steady) yield ( l rSY) is the mos! inportant concep! for the
managenen! of fisheries resourcea ln the see. The lorrer culve
in Fig. 10 sholrs one of the exanple8 of USY nhich rras celculated

by Shindo for
yel1ow see breeD
slock ln the
East China Ses.

Fishing Mortal i ty Coeff ic ient

(Rar€ of f ishing)

Fig. 10. Diagrarn showing rhe !4sy
(!,laxir,unl sastainable yield) .



4.2 The managenent of the sea f isheries

In ny ser ies of lecEures f i rst ly,  I  t raced in a felr  typical
cases the grolr th and expansion of a f lshery, showing how i t
gradual ly exiended i ts geo8raphical  range and inproved irs technical
nethods of f ishing. Humen beings as predatots have exploired the
f lshery resources of the environment nore and more fu11y.

Secondly,  I  have shoL'n that this process of exploirat ion
has gone too far,  €special ly on the older and neerer f ishing
grounds wtich have been f lshed intensively for many years, and
that a state of ovetf i8hlng, inplying sheer \raste of f ishing
effort ,  hes set ln.  I  have tr ied lo explain the very simple
p r  i n c  i p l  e s  u n d e r t y j n g  o v e r f i s h i n A .

Nor I  return to the start ing point of  my lecrules, uirh

What has man done about this overf ishing problenj whar
steps have to be taken, and what steps can be raken co renedy
r h i s  ! n s a t r : s f a c t o r y  s r a t e  o f  a f f a i r s ? .

I t  i s  c l e a r  t h a t  m e n y  f i s h  s t o c k s  a r e  b e i n g  e x p l o i t e d  i D
a aasteful  and uneconomic mani.r^- What acr ion should be taken?

I do bel ieve that you can f ind our answers to rhese quesrjons
in ny short  lectures given here,

A t  p r e s e n t ,  e a n y  j n t e r n a t i o n a l  f i s h e r i e s  a g r e e r n e n r s  o n
c o n s e r v a t i o n  o f  f i s h e l y  h a v e  b e e n  e s t e b l i s h e d  i n  t h e
P a c i f i c  a n d  A t l a n t i c  O c e a n s ,  T h e  b a s i c  i d e a  o f  t h e s e  a g r e e n e n t s
i s  t h e  c o n c e p t i o n  o f  i l S Y  r t l a x i n u m  s u s t a i n a b l e  v j e l d )  d e s c r j b e d
above. Hooever,  the nost i inportant rhings ls "how ro real ize
t h €  H S Y "  t h r o u g h  t h e  a c t u a l  i n p l e n e n t a t i o n  o f  p o l i E i c a l  a n d
t e c h n i c a l  m € a s u r e s  o $  c o n s e r v a t i o n  o f  f i s h e r v  r e s o L l r c e s .

POSTSCRIYI

I n  t h e s e  f o u t  l e c t u r e s ,  i r  i s  n o t  p o s s i b l e  t o  c o v e r  n o r e
d e E a i l e d  n a t t e r s  c o n c e r n i n g  t h e  s y s r e n  o f  b i o l o g i c a l  a n d  s r a t i s r i c a l
s u r v e y s ,  s u c h  a s  p o p u l a t l o n  s t u d y ,  m e t h o d  o f  c a l c u l a r i o n  o f  I ' I S Y
p o i n t s ,  e t c ,  b e c a u s e  n r o r e  r h e o r e t i c a l  e x p l a n a t i o n  w o u l d  b e  n e e d e d .
Here, the author only l . , ishes to give an introduct ion ro ihe problen
a n d  t o  i n d i c a t e  v e r y  b r i e f l y  t h e  b € s r  n a y  r o  u r i l i z e  o , r r  f l s h e r y
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