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l ,  ?h .  cu l r  o f  Th r iL .nd  .hoe ins  the  3 rudy  a .e ! !

..d .h. firhins
@.!rliry ceffici!.!. or stolPlbw hat rcloblt
i n  l he  E . . t  . dd  rnn€ r  cu l t ,  t 970 - r9 r2  ( l . f t ) ,  o f
R@trelliga eglectuB in .he tt.r! of rh. culf,
1962-i9b7 (Jpp.r tienrt .^d or DeePretud in'ad'i
i n  t he  r i dd l .  r . r r  o f  ! h .  cu r r ,  1975-1979
(Loa r  r i gh i ) . . . , , , . . . , . . . ,

Ll.rioD.hip. b.!ree. th. l.nsth...d fi.hina
lorrllirr co€ffici€n!. ol Sdrrtda al.ngata ia .t..r
r - rx ,  1979-1930 { re ! r )  lnd in  sre. .  v -vr ,  L93l
( ( ish t ) . , . . . , , . . , , , . . , , , , . .

r.r.rioD.hi!. .nd th€ lishing
erhrirt c@f fi.ie.i. oa stuidd tdo6q@i6 ia
! i € .  r r l ,  1963 -1972  ( l . t ! ) . nd  i ' . r . r .  r -L r r
1979 -1930  ( r i sh r ) . . . . . . . . . .

. nd  rh€  r i ! h i i 3
.or..ri.r co.fficrent3 of N@rpteru jdpdicu n
re.s v-!rl, leal (1.r1) .nd lv. rud.P.ta id areu
I - l r ,  l t rS -19 t9  ( r  i sh t ) , . . . . . , . . . . , , . . . . , . , . . , , . . , . ,

Re t r c ion .h ips  b . t s€sn  th .
.o . .eL i i t  co . f  f  i c i ed ta  o f
i n  . rea8  l -V r ,  1973-1979 .

Lenerhr .nd th€ fi.hinS
eiptetut nenataph.M





IH' JOHNSON-SCIIUIIACHEi EUIIo.TON TO RAPft SENT

r31riB3x lsNCTn .XD FrSArrc

Tl. dd.l i. d.riv€d ond.r !h. .!.un!tion rh.r rilhi. lbe r.nr.
of rh€ xri:! r.4.h .nd .h. l.nsth .! snicn !h. ti.hiog -rr.ri., it
..ro, !h. r.t. of ch.4€ in rishin! mrr.Iirt co€frici.... .r .ny
I.ngth i. D.opo.eion.l !o ih. produc. ol !h. firhin3 @rtrriry c..ffic-

r . c i p r . c . I  o t  t h . . qu . t . .  o f  ! h .  d i f f . r . nc .  b . r ken  l h r r
l . aa th .nd  th .  r . na rh , !  l h i ch  !h .  f i . d ins  s r r . I i r t  i .  t . r o .  rh .
r..urt..r l.rd. ro lhe ..ru.tric ,tdid .orv. rh.r .i3h! b. r.f..r.d
to .. th. John.oo-S.h@.ch.r function.

Thr.. d!t. ..!r ot thr.. per{ic !Deci.. .nd tour...o de!...t.
of fiv..l.xr.el rD.ci.. r.r. u.ed ro..tiu!. th. !hr.. !.r4r.*. b,
th. GD..-tl.rto! r€.ult. of th. ..tiutio.. .nd rh.
.n.!y.€. ..r..r rh. 9rrder.r. .re Etl or vary $ll
d.lerdin.d in !h€ dd.l and rll rhr.e F..mr.r. .r. equ.llr irporr.nt
in tte ed.l, .h.t.for., .oo ol thd .rn be irnor.d. AII bu! oo. c.r.
initict. rn.t -r. th.n 9t r.r c.nt of .h. v..i.!ioo. i. lhe filhins
r.rt.litr co.ffici.nr. cr. b...pr.in.d by rh. ch.!s.r in th. firh

.h. tudel c.n rh. !.l.ri.n.hic!
b.i€.n ih. firh l.nsttu .nd the li.hin3 ooft.lity co.ffl.i.otr rery



rn th. u.u.l fi,h€rie. 4..!.dnt, ir i. sen.rrrly r..@d .h.!
rh. 3ro'rh .nd lor!.rfuy e.r&...r. thi. incr!d.. rn.
r..dpcio. ol .on!..nt fl3hin! Nrt.llty vith .ge dr r.n!th. t.v..!.o
and  uo r r  (19 t7 ) ,  f o .  . aep l . ,  . ! r lmd  co . . t sn t  f i l h l n8 .na  n . ru r r r

rh. fich,ble life rt.n of rh. fi'h in th.ir 6ll-rnoh
rield per r..r!it hor.v.r, .,.r. ot rh. v.li.iionr
io fi.hic @t.li.r. !!'rh.rdr., th.ir Dd.l r.' br!.d on !h. No.!h
s.. fi.h.. ..d ft.h.ri.. ehich .t th.t tix $re .!9r.:i t.lr i. .

rhr lheit r.rurp!io.. lrld r.u.. L fr*r rh., ...u*d
jurt ro. !h. .i!?ricity of in!.a..!i.. or.r th.

ri.h:bh ril..pm ol .h. ri.h. rict.. (19t3, l97t), o! tn. och.! h.nd,
c.!.r.!. sorth .nd sr..lirr in hi. -d.l for rh. blu.-

! rt b!! !.rh.r n .rr.*d rhd lr. atd ihl. ht
dh ia in !  rh .  t l t . . p .n . f  t h .  f i ' h  i n r .  v . r y  . ho r r  i n ! . . v . r . .& l
codpu t ing  !h .  y i . l d  obLa in .d  du r ins . r ch  i n t€ rv r r .nd  th .n . !@ln t  rh@
ut .o  3 . t  i h .  ro t . l  y l . t i r  f r o r  t h . . 6ho . r ,  Thu r ,
co r r y  rbo ! ! . on . r .n !  S rodh  .nd  @r t ! l t t y ,

rn t.n ..l, !h€ le.uprion of co.rt.nt filhing tu.t.lity t. .ot
rcr!:rr, !.u. i! ony c.3€. of ai.h.. .nd fi,h.ri... rh. fi.hinS
mrt.rir, i. rihl, ro idcr€!.e sirh !h..ir. of !h€ r.i..l au. io !..r
.erectivitr. rn.r i., once . trolp of fi.h.ot.r. tn. fi.ii.a a..r,
..y.r.rr a..r, rnll..oc of Lh.!.r. r.tria.d ir the !.r!, .tkr. c.n
.3c.p. lrd it. rh. .i:. of !h. fi.h.
Th. d.rr.. !h. fi!h, the 3r€ri.r rh. ch.n.. lh€y @y ..c.t. lro! tt.

,or.l.' rn. r.tenrio.
tncr...€ ,lrh th. .i,. of rh. ftlh !p to . crrtlin l.4th! .h.n thi.
frlction b.c.tr . .rroptoiicrrry con.t.nt .r l0o Der c.nt r.r.nrio..

ln !t tr.viou. repor. (som.nt, 1937)r I d.!c.ib.d !h. o.tnod
or  . ! t i . . t i n !  rh .  r i . h iq  mr t r l i r y  c .e r r i c i e .LB  r ro !  t h .  l . q th
cdro.ition d.t. .od !l,o s!v. rh. r.t.tion'hir bet*.n !h. l.4ih.
r.,t th. .o.tlici..t. or ri.hins Drr.li., or !h€ rihrd ri.h (Sadidd
elon4ota) in .h. c.lr or Th.il.ud, rithout .n er!!.n.Lion ol th.
aehit. of th. 6d.l d.!i!'tioo .nd th. €thod of cu.v. fi..i.t. si.c.
thi. fur.tion.l r.l.tionghi! i! v.ry u..l.l in !h. rBrirrtion oi th.
ri.ld 116 r !lv.n r.qth coe..irion d!t., i. th.! rh.

to .btiin th. pr.ci.€ md ,c.u.,t. yi.ld. Furhermre, rh.r. int.rvrr.
dr b€ v.!i.d ..cordins to the ancrd.nt. or gge, ehich no.. pr.f.r.bly
rhould b€ c.ll.d !h€ rrue,se ir nor knorn u in
Lh .  c r . .  o t  rh .  r i l h  i n  t be  cu l f  o t  Th r i l . . d .nd  o the r  i r o r i c . l  f i . h . . .



t he r€ fo r . .  t h€  os€  o r  rh i s  runc ! i on  i n  t he  y i . rd  . * i c r t i on  shou ld
b. .!D..io. ro e.iiq.ted fishi'a

co€ffici..re lsai.rr th. l€asrh3 !L'.y! .bo$ hisher v'ri..ion. in rh.
I r r8e .  f i . h ,  t h i3  the  e . r im . t€d  r i 3h i . s
mr raL i i y  i oc re .se  th .  f i 3h  i nc re 'ae | ,  I r  i . ,  r hen ,

i. i3 !r ,t.€DD! &d.l derivr-

. .  t h .  po . i r i ve  a lFp to r i c  exponer t i r l
l unc r i ond l  node l  (Fo r  rh i r  runc t i on ,  . . e  o roaenb :ush r  l 96 t ) .

l r o , rh  o r  t he  r i r h  ro l l o , .

. h .  l . i 3 t h  . f  r h e  l i . h  o f  r 3 e  t ,

r h .  o . r i o u b  o r  r l r  i ! ! t ?  l . . 3 r h  o l  . h e  I i . h  . ! . u @ d

th€  s ro*h  co . f l i c ienr

i.nt! ol .he fi!h rho.. .iz.! r$s€ fron th€ l€qth,
d .n . ! . d  by  Y , , r  eh i ch  rb .  f i 3h  E r r . l i t y  i 3  ze ro  .nd  th .  d r t i r ! . .
r.n8.h. This i! rb. r.q. of
chan3 . '  i n  f i ' h i ng  no r t . l i t y .  I , r i r h i i  r h i r  r . nse  o f
do r ! . r i i t  c .e r t i c i en t .  r i r r  r i i o t r y  i n . r . . 3 .  r  t h .  I . q rh .  i nc !€ . ! .

r . ynp to r i ca r r y  uL t i n . t .  l . t s th .
A..uiq tlrther or chrn3. df
co . f f i c i €n t '  dec r i . e .  cu rv iL io€ . r y . r  t h .  f o l l o ' i 4  ro f t ,

of  rb .  r i sh ins  @rr . I i t y  coer r ic -

(2 )



change  o l  rh .  I i . h inB  @r ! .L i t y ,

?

l be  t i r h in3  - r t . r i t y  co . r r i c i e . t ,

.!r

Lhi. r..uir€nent i. thererore fulftll.d.
runc t i o .  i r  r he  $ymet . i c  l i sm id .u rv . .

rhich i. .6r lDity.

the fi!.t .ttroridiio!, it eill b€ ...@d that
then aqu.tio! (2) be.o{. I

li tu troh .h.r lh.r !h€ t.nsrh of rh. fi.h h'r re'ch.d rhe
ultir.i. l.q!h, it .!ot. 3ro'i.r. th...for€, Lt dll n.ver br 3...t.r
thro Lbo. ^ccordiu !o (2) and (J), ir i. obviour
d.ci.... in fi3hila *rt.rity rill b.c* co..r..t .t Lh€ urri..!€
1.!t.n. ty inr4r.!ing €qurtio! (3)r

vher. l. comt.rt .r. .. pr.viou.ly a.fin€d,

Th. €4re'.ion, r. i1lu.tr.t.d ir .qu.rio! (4), iirhr be

identic.l to th. John.o.-s.huD.ch.. luDciion .3 exDresr.d bv
cro..nb.ugh (196t) htu extrer.ion
d€.din.tor or rh. .rDo..nt i. th. poriiiv. ltn tut in our .qurlion
(6 )  i t  i .  t h .  ! i n ! . . i s . .  1n  f . c ! ,  i l  h i r  p . r { . r . r r c '  i .  n . l t t i v€
tb. iro .rF...i.n. A..ordins to hit, th. err.ne't
.rpr...i.n e.t b. n4.rive. rn .qu.tioD (4), .i!c.
be  e i i h in  i h .  r : ns .  o f  r . qLh3  rh i . h  o r * tn . r . . !  l . nd  end  r i , , oo ,

Th. John.o! schcorch..

Accordiq to .qu!!ion (4), rh. .ct"aI
rirhing rrt.liLr co.ffi.ien! i. .qul io a 6ich muld
!h€ t€nath of .h€ fa.h b.c@e. i'tinii.. tr rev.r' .ince .h. l.narh of
Lh€ fi.h h.. at6 uDp.r litrit .r !h. ulrimie re4.h, .he
hisbe!r ro.3ibre ri'hins nori,liLr co.rtici€nr ir ob..ined |h.n ihe
1€n3rh of !h€ fish i. equ.I .o !h. urtftale l€.3.h. Th..efor., tha
hth..! po!.ibIe firhiry oorialfty co.ffici€nt d!!



! L ! iN re  f i sh i , s  m . taL i t y  coe r f r c i€n t ,  deno t .d  by  F ( r -  ) .  The  Easn i

u r ! i r . t .  t €ns lh  (L - )  . nd  the
2 . ro  (Y ) .  The r  b€ t l e . i  t  : dd

f ro t r . qus t i on  (4 )  rha t  t he  r i sh i ! s  oo . t r l i t y  coe r f i c i . n t  i s  ze ro  e !  Y ,
i .  i nc .e {€3  ! ! p id l y  rh .  i n f rec t i on  po i l t  ' ad  then  rhe

mrL . r r r y . . i r r r -Fn r ,  I n , r  u l r ' ha r4  f L {h ,nc  ro rL r r i ! y
coe f f i c i . n t  i g

xrTEoD or cur9i lrrruc

t he  sub rc r i p r  i  r i r L  be  u3€d  i ! 3 !e3d ,

t(.n!for!.!ion, .qu.!ioo (4J h€cd€.,

e h e ( e  i  d e n o ! e !  t h e  i r t r  p a L r  o f

r i n .  l hen  l lF i
rec i r roc . l  o l  ( L i  -  Y  J .  t n  p r . c ! i c . ,  ho*v . r ,  t h i3  p . raoe te r  i s  no !
room bu t  ou3 r  €qu . t i o r  ( t )  con l r i n .

-Y ,  r n  dand  3
€ . t i c . t ed  by  ya ry ins  1 ,  ! n t i l  ! h€  re !u r t  o f  t he  p lo t  i !

n in imuo  3un  o l  nax imun .oe r t i r i en t  o r  co r re la t i on ;  rh i s
o r l  ,  a .d  rhe

and  B ,  re . r€ . r i ve1y .  rh i s  Ls  rhe
ued  io  uy  p rev ious  !eDor t  ( somia t r i r  1937 ) ,

exDreBs ion  i n  eauar ion  (4 )  i €  t he  de !e rE in i s ! i c

(4 ) .  rh€  ! rans lo ro ! ! i oo  s i ve !  i n  equa i i on  15 )  i r  b . r€d  on  the  sssunp-

! i sh i  hand  s ide  o r  equa ! i o r  (a ) ,  o r  i t  i s  n ! l t i p l i c ! r i v€  ! .  ! he  rhoLe
r i sh r  h lnd  r i de  equ l l i on ,  Le t



o f  d r  B ' d  L
r h e  f t i b o d  d . . . . i b . d . b o v € ,  r h € 3 e  € r r i o ! € s
t  ( ln r i  -  rnFc i )z  nor t  rF i  -  F .L )2
s . . . i ! r ,  . h i s  ! . u r l Ly  resu l ta  i n  t h .  b i ! ! . s  i .  t h€  es r i t r . ! . r ,  r l t I oueh
in  3oE  cas . r  rh .  b r , {  o ign r  be  8n . l l .  vh i ch  i r  conpurea
r ron  e rna  i r  r he  unde res r i ns (e  o (  d  lR i ckp t ,  j 9 l 5 , ,  A t rhouSh  R i c€ '

! i i i o i z .  I  (F !

( l 9a l )  l nd  n . r koe ' r y  (1933) .

l !  i t  @nr ion€d €arL i€ r  th . t  rh .  e . r i lncee or  tb€  co . ta ic i€nr !
o r  r i .h ine  io r . r l f t y  o r  .h .  r i .h  ( . .e

.nd  l ) .  rh€r€ro .€ ,
a 3 3 m e d  f r . i  € o o . ! i o i  ( 5  ) :

F,  -  c .  
-B  rL l  _  L . )

6€re  E (F i )  i .  t h .  expc . ted  v3 tu .  o r  F i  (  -  t be  r i sh r  h :nd  . i de
e r r r . r . i 64  o f  . qu . (  i on  (5 ) )  rnd

d .n  o . r d  % ' i . ; ce  02 .  r n  e ' s  i c . ,
8 (P i )  i r  no .  tmh
equ . t i o .  (7 )  i !

r ; '  " " -b l (L r_Lo)  
.  p " , . r ,

The  ob j . c ! i ve  l unc ! i on
hav€  to  b .  n in in i zed

.;i

3qo.r€.. ssD, rr)ich @uld

i3  o f  rhe  fdLLo l i os  fo rn ;

(..€ Rr.*oe.ky, le31;

!qua .€ .  . . ! i t r . ! . '  by  .o le ins  rhe

t:
t^"rt [l [l



It .hourd b€ not€d that imtsd of eorvi.e !,
by u.in8 the lorlolins

@€d ade .rrlmrtion..
By letlins k te lhe .ub..ripr
L  -  l ,  2 ,  3 ,  . . . . ,  ( .  i o s ,

o2)

(r5)

u7)
( l3 )

(19)

[I FIfl [I
.o!,id.r r., Db 8nd Dc,
.t.E of it€ralion, $ere
D. ,  Db  l nd  Dc : r  f o l l o , r :

Th. proce.! of
1 . .B  thsn  ' e€  'D .c i f i . . . . as r€d
r i t u r . . f  lO -3 ,  t he  f i n , r  e ' L in . t . r . r e  ob ! ! i n .d ,  Bu t  b . ro r .  t h i .
r!.3. c.n be c'rried o!t, th. ele@nt! of !b€ drtic€.
.qu r i i ons  ( r r ) . nd  (12 )  h . v€  r i r s t .  r e t  J i t ,  J i 2 .nd
Ji3 b. th€ fir.! pdci.L deriv.rive. or 3(ri) ,iLh re!9€ct !o q, ! .nd
Y ; .v.lu.!. r! !, b 'dd l-o (iSnorins
the.. €l.o.ntr of !h€ mcricer be c.r.ul.t.d by th.



io qFrt. tn i.v.r.. !t.ir 6 tb. r.lt-h..! .id. of .qotid
(u) o. !h. r.trtr on rh. rilht-h.nd.id. oa (lt), th. a.lldll.
.yrbol. till b. u..d. L.r d 5€ .h. dli.rln.rr of rh. r.fr-h.nd .ld.
otrll ot (ll) .nd r, bbr .c, rb, .. .od b. b. !h. .r4.!. of !h.
hv.... u!!tr @ft..p.nttq to th.lr upp.r ..... id .qu.tr.n (12).
Th. crt.!l.ilo! cm b. c.rri.'r oui r. folld:

(2r)

(29 )

(!o,

(r!)

l32t

(a l )

(!4)

(3t)

€6)

( !7 )

&@rdloa to th r!.i!.qu.rt@ (r2), D., Db

t triJzi2

t  01J213

t giJltJn

t riJitJi

t liJl2Ji3

d - ra.D.cc + 2.AB.rc.Ac - ar.lcz
- la.rd2 - cc.A!2

.b-(ac. !o-aB.cc) /d

.. - (^B.rc - .^c)/it

b . - (at , lc- rA. tc) /d

t22)

(2at

125'

\76'

l21t



rt€n th. inDdr rn€ r..ult. of .q6iim (5). .r.
3 ! .P  o t  r t . r . t i on ,  P . i  r .  c ' l cu l ' ! ' d  f ro  €qu ' r ro '

(6 ) .  rh . !  ! h€  c r r rL .d  ou t  l o r  equ r i i o ! .  l l 9 )  . .  ( 17 ) .

!h. d.e v.Lu. of ., b Dd Ln hv 'qb'tfu-
t i a !  t he  re ; l r '  o I  l l t ) ,  ( 16 ,  . . d  ( l t )  i . ! o .qd . t i o . .  ( 16 ) ,  (17 )  rnd
(t8i. th€ ler 'h' n€e Pci r!-
.qu..ior (6). rirh rhe ... r.i' .qu.iio.. (19) ro (37) .r. ..rcuhr.d.
thi. Foc..r i. r.p..!.d u..iL !h. r.quir.{.... rr. *., i... |h.d D.,
Db .od Dc lre r.r. th.d rh€ ltc.ilic tr....i3..d v.ru..
! h .  r i . . l  ! s ! i ! . t . . . . .  ob i . i i . d .  I h .n ,  t h .  r . . i do . I
v . . i . ! c€  . . d  ! h .  e r r i . nc ._cov . r i r nc .  . ( i r  o r  ! h . . . t i d . r . . . ou ld  b .
. . t i ! . t . d  b r  us ins  rh .  f i n . t . . t i n . t . .  i n  ! h .  l o l l o t i . !  eqo ' t i oD . '

( r3)

..t.trori. ..ri-r... ltdv.r. .' do.. no!' in
ro  th .  u .b i . r . d  . . ! i r . . d  r . . i du . l

i r  i '  u !u . l l r  q . r i L rv . l r  b i . . . d  o . . ve r . r . i d t . d .
rill be nde rilh Lhir f.* i. rind.

(ssr) .ud !h. vrriro.e ..ou.d !h. !...
c.lc!r.r.d frd !h. folroriq .qu.tion.:

L
F

:;l
'1

tsr  -  [e i ( ! i - i )2

lhe r.ishred rritho!!ic n..i ehi.h it c@!rt.d bv

t l'i

ln ord.i ro d.r.rrin. roushly th. cnirud. of tha r:rittion!
o f  f i . h in r  mr t . r i l y  € rp t . i ned  bv  Lh .  ! r . i . i i on3  i n  rhe
iLi r".slb", lhe irod. co.rrici.n. 

"r 
arterii..cr.. (R2) .ho"rd b.

f o r l o r i nc . i p r .$ io . :



(n  -  t ) l (F )

th . .q f . .  r oo t  o f  t h i . . o . f r i c i . n !  o f  d . .e tu iMr ion  i s  t h . . o f t . t a r i on
.o.rfi.ie.., R, sinc. .2 i. poriliv.L, bir..d, borh R2 .nd r v.uld h.
!nder€..i-!.d. rr. .!iLl !€., u..ful indic.tor. of th.
l o . r  ! 4n i i ud .  o r  r r . h in3  o r r . l r r y  v . r i ! . i oo . . rD l . r . ed
r ion .  o f  rh .  t i . h  r . ns rh .  i .  t h .  -d .1 .  Fo r . reD t . !  r ?  e i l l  b€  !h .
1.... f.!.tion of th. v.ri.iion6 or th. ri6hilr

{hich c.n b. .xprain d by rhe ch.na.r or .h€

.r.o b€ co.d*..d !. d...rib€d br i*Lo$tv
(193 ] )  by  d i r i d in !  rh .  . r l r ' . r .  i n l o  i k  . t . i d . rd  . r ro r .  T i .  .Dd l r i
.rror of !h. €.ti!.!. i. rhe roriri{..q,rr. r@! of rh. dilsoorl

esrio.t.d va.ia.c.-coe.rkn.. drrix. rhi! r-v5ru.
.EL i ! r i . . l  p rop . r t i . . .B  i n  ! h .  L inc l r  c . . e .  Thu r r  i r

i. .n .orrodo... of r.r .ourd b.
torldina erp.€..ion:

Th.  v . r i rb i r iLy
...o. of rh. ...iut€ by

t h i !  es i i r b i l i l y  i nde r  dy  b€  exp r . r . . d  €3 .  f r { { i on  o .  p . r c .n r . se ,  ! .

'It .hould b. rde .o.hor. d6
.tth.r rh. f-...r
hrpolh€.ir h....3e th..n.L v.ri..c. i. not kno$,
..come.d rh. confidenc. r€8io. b. drNn (..e fo. .xanpl. Dr.pper snd
sn i th ,  1931) ,  Th i !  i r  r . t h . .  t ed iou r  o r  eu .n  i oDo . r i b l€  rh .n  one  i .
conc€ rned  r i r h  v i : r ,  i f  e .  i n re rp r . r€
th . .e .u r r .  r i l h  t h .  u to . r  cau t i on .  . h€ . i r r  i . . o t  @re . . r i ou !  t h ln

i ' d€ '  i ' . . l cu l . t . d  by  d
th. e,ti'.!., to. ehtl.



- ]1  -

x I!r[rl,s, riPrr n ra rxD P rrrallrs

sevenre€n reLltioNbip. .nd th€ firhins
er!!titr co.ffici€nr3 of eishr rpe.ie! of fi.hes lrod rh. GuIf of
Th.illnd (a.e riaur€ l for rhe r!dd, !rea3) reie €.rinared and ln.rrzed
rhc Delesic firh€s iacltd.d Stol,aptM letetulob@ lNrEpelrt,
E@x8lldgd regXeetw (e.n xepeo) and Deeqtet Ndtudal.. t..rt.en

d€n..ear faah.s incLuded !h@e
s@iaa sp?. and Eeipt tu !pp, rro ap.cier or a@ida *t. s,
.lengata.ad S. ad@q@i. <ri.nz.dron). ohil€ rhe rhree 3p..i€. of
th. oiher 3enu!, n6.r! nqipt@ spe. .*. E. i.p@ttu, i. MqtLd
(Er..kr) rnd ry. mtdphbtu lbre.k t).

I he  eou rc€3  o f  d . ! . . nd  Ber t . l . n f f y ' !
s i ren  i n  T .b le  l .  l n  t h i .  l sb le ,
rrovided. rl rhe cod€d s8e. d€t. .re .v8ilrbl., th€

ere reeltin.i.d frotr €qu.Lion (r) dire.rry by i!.r.-

do logy  o t  t he  .a r iM t ion  , i r r
t. @ntioned h€re th.! the errib.L$ given.re cdpured b, rci8hred

rlosL of the r€nsrh cobpos;Lion da.a,re rdbri.hed in Lhe reDorL
l. The ueublaehed dlts or the dwr',r fi.h4 ,.r€

kindr, Drovided exc€pt fo. thor. of s. otdoaqu4-
da (Richardson) plovid€d by ui.r s. rn.on! fr@
h.r p.per (Intone, 1976). The d,E of ,. @zadld y€r..ed..e.il.bl.
by  x r .  s .  chu l l&o rn

,iz. .orpo3ition dzt. ar s. lbt talob@ {ruDp€rr) kre
r.Porr€d by rEbr.renon 097?).

By  u ins  se r ta rsn t r y ' r  s i ven  i o  Tah le  1  snd
d5r., rhe fiahing rc.r.1ft, co.ftici.n!3 r..e

€.Lioared bt .h€ Derhod de3c.ib€d by stu.oi (1937). rh€ uniLt r{-K
r.ri9s sre a83med ercert Fdt R, @gleotB (v& Repe.), the x-r i.tio
i. .a.!ned to be 0.5 becauc rhe unity I-K ra!io r€8ult. in the
unre,.6n'b1J, lot e.rio.c€s of co€ffici.trts of tishins @*rlfty. The
input vsLues of 0.5 .r.ePr in
figure, 0,21, is used rhen the ir very Io, o. iha
h*he r  f i gu (€  i 6  u !€d  ' hen  sone  es t i d red  r i sh ins  r c r ra l i r y  co . f f i c i -

exploft!!io! 4iio.,
F /2 ,  i u . r  b€  

" i r h in  
rh€  ranee  o f  0 .7  to  0 ,9  as .u3s€ . r .d

r .F f t  ( soman i .  1937) .

in thie .ePort rere



, nd  T .b le  3  fd !  rhe  d€ne ! ra l  r i 3he3 ,
and  the  f i sh ing

oor .e l i r y  coe f l i c i en ! !  o f  t h€  rh ree  rpec ies  o r  p . l , g i c  r i 6h . r ,  r h i l e
tho3€ of rhe deoe.sar in Fisure3 3 to 6.

! .ng iq  r roo  0 .006t6577
Eor D. @aati tustuctua lvzn (,npen), uhiLe thst
or 6. hetetuXabrc (Rupp.ll) ri.3

v ( F J ,  d i . h  3 r e
0 . 4 3 3 4 9 0 9 6 ,  0 , 7 r 7 9 3 0 1 5  r n d  0 . 7 3 9 5 4 3 9 5 ,

e . r i . nces  d r  t he  th r€e  eB t ins tcs .  v (a ) ,  v (b )  a .d
v ( I -o )  eh i ch  a .e  the  d i r sonaL  e lenen t r

3 i ! en  i a  rab re  ? ,  Th€  e * iu ! .d  v . r i ances  o r  b  , re
iho t .  o f  a  ! r .  ! h .  l ea6 t .  a l t houeh

v . r i aoces  o f  Lo  i h . y  d re  . t i r L  v€ ry  l o r  a5  coopared  ' i t h
v (b ) ' 3 .  . o r  e i ,D r re ,  v ( . ) ,  v (bJ ,nd  v \Lo )  o r  D .  navds i .  . t . . q ! t l ,  t o
0 ,00797534 ,  0 ,77s11041  snd  0 ,09323561  and  rho !e  o f  i .  r eg leo tw  l rad
rknpe i )  . i .  0 ,03435179 ,  3 ,93007095  rnd  0 ,15044433 'esoec t i ve l y .  rhe

th . .  a  . nd  b  a re  Do3 i t i . ve rv

The  va r iab i r i r y  i nd i ces  eh i ch
l i on r  o r  t he

rh€  va r i s t i dnE  o r  ! h . se  $ t i ng le r

.he  rh ree  es t i na ! . s ,  rhe  sa r iab i t i t t

o !h . r  l eo  . ' r i € re5 ,  !  , nd  b ,  t he  f i su re .
vlrilbility indic€s of a and b for D, tudai ana s.

h4l;et.lbb@ l[DppeIr) .re le3s lhan 25t. Th€ hish€ar
o f  b  sh i ch  equar  r3 . ta t21  fo i  t he  ra r re r  3pe . i e .  ! nd  23 ,39162  fd r  rhe
f i r3 i ,  Th .  va r i ab i r i r y  i nd i ces  o t  . l i e

equ 'L  ro  12 ,797? : , i d  r3 . l 4 l3 l  f o r  D .  ndaaAs i  and  s .
heterolobro llnpperr), vali.bility indice. ol the
3.!e e.tiutes tor R. reeleca8 2.. r,r3€r rhan 25t

€qu ,L  !o  29 ,67611  fo .  a  and  ?3 .5 t r01  fo .  b  i nd i c r t i os
rha r  i d  ! h i3  c , se  a  i s  h i shd !  rh .n  l ha r  d f  b .



a .e  c i ven  i i  T rbLe  ? .  The

f r f t  0  (P  <  0 .010 )  the  p .obab iL i t t  i s  re33  rhen
t.t s_ hetenl.bus

(RuppeLr), of a a.d Lo for ,, 'turl5t lnd ot L<, to. t], f;egle.tuo lwn
Kamp€n) .  These  , re  ve rL  d€ re r i i ned

ranse  f rob  96 .71042  fo .
R. heltLectrc lvan Kanpen) to 99.oj98t tor D. nmajsi .

t he r  96 .730411
97 .63442  and  99 ,03932  in  l he  f iEh ins  oo r r . l i l v

t i shes .  rhe  co . .e ra ! i on  a l l  h ighLy  s i sn i f i c !o ! i  t he
c . r cu ra ted  cd r reLa t i on  coe f f i . i eo rs  a re  0 ,93 ] i 5  (d f  -  9 ) ,  0 .9354
(df - lr)) and 0.9952 (dr = 5) for F. hetLectus tt'n Kanpen) s. hetera-
, rDb  (Rupper r )  aad  0 .  n@dde i .  respec t i ve ty ,  , h i t e  rhe  c r i t i ca l s  e i t h

0 .715 ,0 .634  and

in  i he  es . i na tes  o f
F .  neg lec taa  l \ an  (anpen)  a re  csdsed  b r  d rLy  one  pa i r  o f  da r ,  (L  =  15 .0 ,
F  -  0 .2661SJ  !h i ch  i s  i t r d i . a t . d  by  rhe  s r rov  i n  F i su .e  2  (qpper  r i sh r ) ,

7 ,9224  and  u .605 r_  va r iadce ,  32 ,  i 3  o .o l l i 4o l?  and  !h€
v {F ) ,  i 3  0 .70 r21456 .  The  coe r f i c i en t

i nc redses  ' hdu r  ??  sod  equa ts  93 .66322 .  Th€  r iDa i  es t imared  ua r i rn .e
cov r r i aoce  q ' r r i x  beconeE

yar i l b i l i . y  i nd i ces  a le  0 .21165191 ,
0 .026 t4663  respe . r i ve l y ,  Bo th  ss ! i na ted  va r ian .e  and

va . i , b i l i t y  i ud i ces  r i su .es  s i ven  i n
Lo  4 .725  \ , t t  =  3 ,  e  .

0 .005 ) ,  5 .1?3  (p  <  0 .001 )  ,od  33 .?46  (p  <  0 .001 )
reEu l !3  0 f  ! he

!he  va r iab i r i ! y  i nd i . € r  a id  rhe

a3  i n  Tab re  2 .  a le  d i scussed  onLy
o f  f i sh ing  no . ra ra ry  a r  o r  a r .und

lhe  n idd re  pa r r

2 ,34634371  -0 .461 t9542
-a,46rt9t4z o.497015t6



i i sh i i s  no . ! . l i t ,  coe t f i . i . n ! ! !  F (L - ) ,  a re
estiialed io be a.d 0.t445 ro( s. hetatulbba l[upp.rr),
R, realech,8 \van kaDpen) {nd ,. Mld&t re3pe.iiveLy. rt eouLd te

at S, hetetulnbd
D. nratu'lbt t\. co.fficieot! in.r€ase rith th€
lens rk  r . p id l y

o r  rhe  r i sh  ( r i s ! re  2 ,  l . r t  l nd
ld ,e r  r i sh t  r€3pe . ! i v€ l y .
l i ! h i ns  Eo r t ! l i ! y  coe l f  i ca€n !3  , c . i n

or th€ rilh lPPro.ch the rditr@
te4.h.. on !h€ P. Errtucf,@ (van vJnpen) !h. ri!e, of
!h€  f i sh iq  oo ( t . l i t r  co . r f i c i €d t3  e i t h

do for rbe other tro
.p€c ies .  rn . t€ ,d ,  t he  r3 !e3  o I  i nc re r3e  i nc r i n .  ve ry  3 ro t l y  r l t housh
the  l eos tha  o t  l . n3 th ,  Acco rd i r y  ! o

uL r ina !e  L .n3 rh  o r  t h i r  6pec i . .  i !  19 ,94  cD  .nd  . s
d i rp la r€d  i n  F i8u re
o ,  rhe  f i r r . d
! l t iDs r€  v . l ! .  o f  0 .41 t? .  Thu3 ,  i d  t h i r  3o€c i€3  !hc  f i sh ins  !o t . l i r y
cb rnse fub rup rLy  i o  a r r . i n  rhe  ! r ! i t r . t e  f i 3h i4  @r t . l i ! y  co€ f f i . i e . t .
t h i s  ab rop r  o r
l€asrhr dr lhe ftich th€ fiahins

rh i3 . .q .  i !  abou t  3  o .  f r6  11 ,3154  to  19 .9407  cn .

th . .o r l ys€3  o l  i he  d€oer l r l  . p . c ie t  a .  s i ven  i n
lab le  3  r . v . r l  r ha !  i n  t h i r l e€n  ou t  o l  f ou . t€en

12 ,  re  ru ihe !  l n rL l  rans ing  f ron  0 .00056941  ro r
rh. renate . tu6.,pAa^ (Bre€k . ! )  i t r  de ! !  r - r x ,  l 97s /1979  io
0.06195413 rd. the 6arz s. erdnssta in !.e,3 v-vr in 1931, lhil. lhe

rh .  ne .n ,  v ( r ) ,  . r e  0 .59716913  .nd
unexpl!in.d lari!n.. of the reoal. It. iapqaw io

s r€ . !  v - v r  du r iq  l 93L  i !  e rc .p t i on , l l y
.nd .he  ro ! .1  v ! r i ance  i .  e r t i na i ' d  ! o  b€  1 .04346747 .
do r  so  3u rp r i . i ns ,  3 ince ,  r c  i L lua ! ( s ted  i t r  F i su .e  5  ( l o * i  l . r t ) ,  i t

h i eh  e . r i ! . r . d
i ,  caused  by  !h€  i n  t he  r i r h ins

ln . x r l a ined  v . r i ! . c€  i 5  , bou !  2 .14
r ides  th .  h i shes t  r i su re  s i ven  above ,

v.ri.nce-.ov.riance !.tricer 3hor
L ! . s i nc . ! h€

.e3idurL v.riance! lt. japfiiaa rnen



€qua l  ro  r . 17055136 .  14 .10$3161  lnd  0 .3?011990  re3p€c r i v . r y .  The
nte s. nn sq@L. (iich.rdron) in

1979  ro  l 93o . l . o
of h s.d Lb r(€ quiie hish and €qu,L to 3.74059310 3od 0,t30t1492 $ile

i .  on le  0 .0220 t r33 .
€s r ima ted  re . i duaL  v r r i ance  o r  t h i r  rpec i . r  i 3  no t  a t  h i3h . .  t h . c  o r
l he  ro rne r  rp€c ie r .  Fo r  rhe  reca in iq  l r eLv .  c r3€ . ,
va . i roce .  o f  .  l r e  l es .  t hen  rhe  B r8n i tud .  o f  0 .10  e rce l t  f o i  r h .  M le
I .  j ap^ iw  ra  1931 ,  v ( . )  i 3  0 ,20730402 .
es t i na ted  vs r i snces  than  !h .  d3n t l ude  o l
4 ,0  €nd  i n  i i n .  v l r i anc . r  l r e

. l . v .n  o f  rh *e
O. l0  excePt  ro r

eldgqta in u... r-rx du.ins 1979 b 1930 in dich v(L.) i' 0.t2634911.
th. .*i..E€d vlri.nc..

v (b )  i .  . b€  h i sh .3 r  i n  v . l u .  i ,  v (L . )
and v(') io the in th' c.r.3 of .n. r.rzL. n, w.dp?id
(8Leek€ r )  i n  ' r e .d  to  1979  and  o r
renare N. japdiw in area6 v-vr durins lesl in ehich v(.) i. 3(..ier
than  v (Lo ) .  I h i r  i n  on l y  t h ree  o r

The  v . r i . b iL i ! y
tbe f€drle r, japdt@d due to the vcry hish v.rirnc. oa !h. r..idur!.
l d  t h i s  ca3 . ,  t h .  v r r i sb i l i t y  i . d i ce !  o f  r .  b .nd  Lo . .e  44 .003 t011 ,
t6.21t2642 and 9.36t0941 re3pectiv.ly. r6e 6are s, uAo.4@LB
(R ich . .dson )  i n  l 9?9 - l93o . t3o

b :od  Ld  vh i ch  s re  e . t iG red  ro  b2  25 .2414121 ,
19 -7024 l l z .nd  9 .7223611  resp€* i v . l y .  ro r  t he  rda in ing  r r . t v .  c . . e ! ,
t he  va r i . b i l i r v  i nd i ce . . r  r  a re  l . . r  t h rn  201  and  r i t  o f  ! he !  ! i .  l € . .
! hao  151 ,  E igh t  v . r i sb i r i t y  i nd i . € r  l o i  b . r .  1e . !
i 3  1e33  !h , .  ? r l ,  ! r c ;nd i . . r , r e  l o * r  ! h .n  3 t r
for fhe fen'Ie,5, .Loh4dtd is 35.o36eat1 in 'reas v-!r in 1931, 0f th€

vs r i rb i r i t y  i nd i c .3
th. n'r. n, @3oPfL6 <nr..k t) in

a reas  v - ! l  i n  l 93 r  i s  9 ,6433531 .  i . . .  . bou t  t h€  3 !e  l l g . i i ude . .  t ho re
o r  i h .  e r .ep ! i . . . t

i t  c rn  be . r ! t . d

b tor rhich ih€ pr€ciEion i. r..h.r

i he  t - t e6 t .  s i ven  i n  r , b le  3  !u3e€r t  t h . t  ! i nce ,
ro. th€ fen.t. N. idtditu, t vaLd€ or '.' ir 2,272
(d f  =  3 ,  P  <  0 .100 ) ,  rh i s  pa !ane ! . !  i .  no t  r c l l  de ! . ro i . . d .  Ho ,eve r ,
t h i6  caLcu r r t€d  r  i 6  sL i3h r l y
(P  <  0 .050 )  l l d  rha t  b  i !  ' i sn i f i c .n !



(P  <  0 .025 )  and  Lo  i .  { . . y  b i shLy  3 i3 ! i f i csn !  (p  <  0 .0o1 ) .  Th i s
'.' ir @! .o bad thar the

ao.rin€ai dod€l ie nor .cc€pr.ble. rtr f.ct, if ir ir r€jected re bishr
!he  r t sk  o r  r . . i . c t i ns  th .  t r u€  hy ro theu is .  F r rLhe r ,

(hc  h ieh  L -va lue3
L l i ' r een  d r t 3  s . t ! j  n iDe  o I  Lha

, re  ve ry  h i sh l y  r i an i t i c .o t  (p  <  0 .00 t
o r  P  <  0 ,001 ) .  rh i r r€€n  da ra  se r .  i nd i . ! ! e  t 6 , r  l he

b  r i €  s ign i f i c .n !  (P  <  0 .025  o r  I  <  0 .0 t0 )  aod  rha r  i he
! i 3n i f i c . ! !  (P  <  0 .005  o r

P  <  0 .001 ) .  on .  c . s€  o r  ! h .  ! h i . t € .n
r i gn i r i c .n r  (P  <  0 ,050 ) ,  .  i .  h i sh l y  ! i s . i r i c !n t  (P  <  0 .010 )  and  L  i g
v€ ry  nLs i l y  s i sn i f , . . n r  rP  0 .001 ) ,  s , i c€  {ne  r - r . s !  i s  no r  ! n  e ia . t

conclulio.! cln not b€ draen .t .ny !t:!€d prob.bilirt
of the Plr.E€rer! in th. nodel

. . .  d i f r e .€o r  f . o t r  z . ro .nd .1L  th r€€  p . l aR le rs
in rh€ mdel so ih,t no.e or lb€o c.n be isno.ed,

Th .  . i ud€  ee ! iEac .3  0 f  l he  co€ f f i c i €n t r  o f  de te r r i . . . i o i  13
giten in TabLe fou.!.€. co.fficienr. or

.nd  equ l r  ! o  33 , t166 t
N, japditu i,a.r.ee v-vl durin3 r93l ftire rhe r€nainins thirteen are

raq ida  f roo  9 t .0917 t  f o (  rhe  oa r€
s. ndoqqMiq (ri.h!rdEon) in a(eas r-lx during
99.94232 for the terere r. nee.prLan (Dl€€k.r) io .r€.s t-!x dn.ins
1973  co  1979 .  rn  a lL  c .3e ! ,  rhe  .o r re l . r i on  coe f f i c i en rs  uh i .h  r . n3e
trd 0.9409 (df = 9) for the feoale . j.pdncw 6 0,9997 (df - 3) ror

nas .p rLd  \81 . . \ . t )  3 .e  sLL  h i sh ry  3 i sD i r i can i  (P<  0 .010 )
rhe r€1o . . ,  €eeq  ,nd  iE  Doe i t i ve l y
b i .3ed ,  i !  cou ld  be  s ta red  tha t  i n  dLmsr  o f  rhe  c r0€3 ,  mr€  rhsn  952
or  rhe  va r id ioos  i n  l i 3h ing  Mt . l i r y  co€ f f i c i e . t r  csn  be  expLs ioed  by

mr ! .L i ! y  coe f f i c i €n t
lhe func!ion oi !h. fi3h reqLh3 in th€ foro of rhe

derived mdel or rhe Johneoo-schun.che. fu.ction.

r i su r€  3  i l Lu !L r . re3  the  !e rs t i onsh ip .
cd€fiicienls oI S. elongata in arers r-!x drrin8

1979  .o  1930  ( l e r ! )  du r ing  l 93 l  l r i sh . ) .  Acco rd ins  ro
.i3e 6pidly lor s lhile 3nd rhen lhe

idc rease .  F inaL r r ,  even tuaLLy .pg ro l ch  th .  u t l i n r l e
coe f f i c i en l r  o f  0 ,6267  a ld  0 .5093  fo r  l he  n . te  snd  l he

f@.te fish reapecrively ca3es (uprer and ro€r lerl) lnd
0 .1349  fo .  t he  f i sh  r . spec t i v . r y  f o r

rh€ lltrer (upper md ro{e. risht). ror s. /dooq@,t5 (Rich,rdson), in
rqu .e  4  l he  r cau r t3



1963 .o  1971  (upper  €nd  Louer  l e r ! )  du r ing  1979  to  1930
(nDper  snd  Lo re r  ! i sh r ) .  Th€  shapes  o f  rhe  l i t ! ed  cu rves  ' r e  s in iL . r
!o !ho!. of s. eldgato, tnat i3, !r ti.tt ihey incr..!e rspidly bur
.3  rhe  f i ' h  b€cooe  th .  f L3b iq  r c r ! . l i . y  co€ f f i c i en t3
€venro .L l y  ! r r : i n  t b€ i r  u r i i oa t€  f i l h i l s  @. t r r i t y  co€ f I i c i e . t .  o t
0 .3 t09  dd  0 .7691  th .  t .@Ie  l i sh
t i r s !  c . r€s .nd  0 . t130  to !  t he  f t I .  r nd  feDa la  t i ' h

,nd f.nrre x. iaP.ntd!8
in . re . .  v - v l  s i n i l . r  cu .ves .  r i t h in  the  redse ,  o r

i n  r i su re  t  ( t . f ( ) ,  t he  r i t t . d  cu rv€s  do  no t
.pp io . ch  !h€  u l t i na ! .  f i r h ios  !o r ta l i . y

in rh.t risure are f,r troD rhe tuxinu
l€ns lh !  o t  2 t .?240  cn  fo r  t he  tuLe
l i ve l y  (T .b l€  l ) .  i l osve r ,
r i . , I r y . ! r , i n  ! he  u l t i o . t €  r i sh ins  no ! t . l i t y  co . r r i c i . n rs  o r  1 .3160
.nd  2 .0592  fo r  f i t h  r€ 'pec t i ve l y  (F i su re  5 ,  uPP. !

a . co rd ins  to  r i su t .  t ,  !PP . r .nd  l o * r  r i 8h t ,  rhe  re ! !L i r  o l
th€ ptotr fo( the haL€ tueapd.n ltL.eli.r,
du . i ng  1973  !d  r9 r9  i nd i ca te  ths !
d i f f e r€o !  f o r  e rch  the  as .end ins  l i nb  o I  rhe  r i t t ed

Ih .  f i t t . d  i e3 ! . . t i on
u l !L ! . t .  f  i sh iDg  m . l i r ,  coe l f  i c i . n r

o r  0 .29 t6 ,  on  l he  f i ! ! . d  cu rYe  ro .  t h .  f d ! l .  r r rh
incr€.!€r lt€epLy but !. th€ fi3h

th .  . u rvP  ih ruPr lY
i t s  uL ! i t u re  f i €h ins  no i ta r i ! r . oe l r i . i eo t  o r  I  1623

rc ii th. c.se ot R, tugl..tu' {v.n K:npenJ. rt
i .  c ru .ed  by  rhe  ro  La  ' h i ch  tn  l h i r

9 .3121  o .  t r@ 6 .350 r  d  ro  16 .7610  @,

in  P i s l t e  6 ,  t h .  shsPes . r  t h .  l i t t ed  r ca r . r . i o '
lid !.mre d. @at@ha@ <31..r..)

durins 19rB ro 1979 .hou rhat
o l  t he  p ro t3  l dok

l€ns rh  o f .bou t  o r  t he  r i t t ed
a re  ro !8h l y  i h€  Do in t ,  t he  f i t i €d
res r€ ' r i o .  l i ne  e i l r  ! ven !u . r r y  a t ! ! i n  i t s  uL r io . !e  r i 4h ins  b r . . r i t v

0 ,  r616 ,  The  l enB th
r? .7543  co .  f ron  6 .2961  o  !d  19 .0499
f€@r .  b . tond  th€  r .ns th  o i  14 .0  the  f i t r ed  cu rve  do .s

r lD id rv  ss  i n



sdddenLy  a ! !a iN  i ! 6  u r ! i na !e  l i sh i ! 3
i s  9 . t t 6 l  r ,  f r t r  6 .1050  cm to  15 .3611

tl . netut.prore
(BLeeker) is the (ea. Kanpen) add rhe
raa le  i [ .  i . s r r r t o ,  (BL€eker )  i n  a rea r  l - v l  du l i n8  1973  to  1979 .

acco rd ins  !o  l be

rcgtec-tts \van
Kftpen), rhe leoate x, 'es"pri,n (BLe€ke!) N- wt.ph.'
t u  (8 r€eke r ) .  t he  r i l l ed  cu l ve  i nc resses  ! , p idLy  , t
r i r s t  bu t  as  !he  f i sh  becone3  I r r se .
dec l i n€  a3  nuch
l t l a in  l he  uL t i u , t €  coe r rL . i en t .  r r  i 3  obse .ved

qu i te  sMI r ,  r sn3 ins  R ,  , . g lec t t s  \ uan  Kanp€n)  to  9 ,31
. ne.ari.f; (steeke( ) .

N. japanic8, D. natudast, 3. hetercL.b8 <RuppeLL) ald o!he. specie3
ne . ! i o red  ro r

6 igno id  cu ! !e5 .
rhe  ra !e  o r  r i se

e i r L  eve . t ua rLy
rc . ra1 i r y  coe f f i c i en r .

F i3u re  2  ( l e r !  and  Lo re r  r iBh ! ) ,  F i su re  l , . i gu re  4 ,
r i gu re  5  (  l e r t  and  upper  r i sh t )  a rd  ! i su r .  6  (upper ) .

A ' " ' ' " " . " p . . ' , |
or n- Egl..t* (vsn lknpen), lhe f€n,la . nesogion

(Bre€ker) and ref,atdph.tuE <Breeket, and their rishe.i€3
o r  i f  i t  i 3  t be

Loo ,  s ince  i t

ot lhe rensth

th i s  b ias  o !  i f  i t  i .

T h e  N d e r  i s  d e ! i v e d
f i s h  L e n s t h s  l o d  c o e f t i . i e o l e .  T h e  f i n , L  i e s u l t
o r  r h e  m d e l  d e r i v , ! i . n  i d  t h e  d e t € r n i d i 3 t i .  r o r n  a s ;



rhere d, B md rhe r.3r p.r.tr€ter, Y is the
ten8 ih  . !  r h i . h  l he  f i r h in8  bo r ta l i t y  i 3  re rd .  t h i .  € rp re63 io .  i .
of Lh€ ..!€ typ. fun4ion. ,ith th. 'inor

in our mdel rhe
po . i r i l e  s ign  ! !  i .  t h€

foncrion. {orcu.i, ,irhin the r.n3ih idrerv,r J.@

renslh dt lhe fi3h, the r.quireneot of lhe rohnson-s.h,m,.he! function
th . !  t h€  e rponenr  exp . . ! ! i on  nu ! !  b .  ness t i ve  i !  f u r f i l l ed .  t he
u r rLe rc  f i . h i i s  d4 . I i r y  coe f l i c i e . t  ! i r h  ! h .  r i i she r t  p . . r i b l€

! .d  i tB  r i . hc . i . .  i t

i e  . i L . i . . d  as  rb€  f i eh  l . r y th  becon . r  i n f i n i ! € ,  Th€  @d.L  i .  ' n

r . t e r3 !  u l i ns  l h r t  i n  s i x t€en  o r  t h€
reL3  o r  90 .1?z  i he  e . ! i l r t ed  un€& l r i ned  o . .e ! i du r l

v . r i a r . e r , 31 ,  i n . e l . ! l on to
n..n, vlF) r.d 0.07. The r€n&inins rnd erceptionll one
c .s€  o r  t . 33 l r  t he  € . r i d . ! ed  i !  ( . t he r  h i sh .nd
€q$ I  t o  0 ,149 t2142  in  the  reDA le  I , ,  ,@atc !6

t931 .  I n  th i s
vrrianc. i3 crused by very hish vari.rion6 in rh. ri3hins mri.liry
o f  t h€  r r . 3€  f i . h .  Tbu ! ,  i n  Benea l ,

e3 !an . t . d  v r . i . . . . .  s re  sub jec . .d  ro
th€  po r3 ib iL i r y  o r  pos i t i ve  b i . s .3 .  Th . r .3n . r l  € . r im ted  un€xp l . l ned
vsrisn.ea ln rel*ion !o the to!!l variances reeuLr in the very hish
.oerricienr. or detertrinrtion vhich .re, in the ro.h€r rixteen c.r€p,
.o re  rh rn  952  rh i re  i n  rhe  r c rs r  t h i s .oe r r i c i . n i
i. ebout &. taz.
ce r r i c i en t .  r re  h i sh ry  s i rn i r i . . n !  (P  <  o .0 r0 ) ,  A l t housh  th . . ! r t . d

i3  no t  . i ac ! ,
! be  co . r f i c i . d

bec , "3e  c2  i s  po3 i i i v . l y  b i ! . ed ,  rh , t  t he  de r i v .d

re la t i on8h iP l  be t {e€n  l he  r i 6h  req rhs  snd  i be  f i ah ins  tu r t . l i r y
coe f l i c i ed ts  ve ry  * i t h  t h€  u le  o f

94 . t l t  o r  t he  oo re  thao  95 !  o r  t he
v r r i a t i o . r  i .  t h€  f i sh ins  Nr ra r i ! y  coe f f i c i en l s  c . .
t h .  ch ! i 3e .  i n  l he  f i r h  Le .B rh3 .  . , 3e  o r  5 ,331  o f



The  re r !L t6  o f  rhe  app rox iEg re  r - res rs ,nd  c ro re  exan inaL ions
of rhe varkbilily indic4 ree€sr !.v€nteen or t3.321

r ign i f i can r  (P  <  0 .005  o r  P  <  0 .001 ) .  r , o  o r
or lbodi ll.76t rev.ll th!! tso e..i@tee ..e highry sisnific.nr (P <
0 .010 )  bu ! .h .  o th€ r . ' ! i u . ! € . ,  u .u . l l y  1o . . .  ve ry  h i ch l y  l i so i f i c ,n !
(P  <  0 .00 r ) .  The
ahout 23.t31 indicaLe th.t th€ e!Libat.3, b, are sisnificrnr (P < 0/050
or  P<  0 .02 t ) ,  r h i l €  l he  es t iM les ,  s ,  . r e  h i sb l y  . i sn i f i csnL  (P<  0 .010 )
o! v€ry hishly signific,nt (P < 0.001) .nd lhe e.rin.teer Lo, r.€ '.ry
hishr, .isniric.nr (P < 0.00r). an or ebolr t.331 the
.3 t i . s i e ,  a  i s  no t  s i sn i l i can r  (P  <  0 . r00 ) ,  b  i s  a i sn i f i csn t  (P  <
0.o2t) rnd I-o cieniricftt (E < 0.00r). rhu3, rhe
c l l cu l . red . - v i l uea  o f  t 0  ou !  o f  5 l  (3  x  17 )  . r l i n . reB  o r  t 3 .o4 l  r . .
high o. v.ry high rhiLe ooly o.€ or 1.961 ie lox.nd h€nc. rh. corre.-

Lhe e3ti.ate, ,, for the remle x. idPdiao ,hore ind€x i3 hish.t
.hout 44.001. to the codclueion

inport:nt ro Lhe none of Lh6 can be ignored. Th.
v l r i . t i o$  o t  l he  ea l i u les  o f  l bese  pd . ,ne !€ r3 . re  l oe .nd  r€ lu l r  i n

diffe.d .mns th€ rh..e eelitr..€s. Lo i6 lhe @3r
precis€ in rhe mdel, .nd this is indic.t.d by its v.riabil r indic..
, h i ch . r . . 1 l  r€e !  t han  l 0 l  . nd  a2 . l 5 l  o t  . ban  5 I .  t he
nex r  r c3 t  D r . c i se  es t i $ee  i 3  r . r :  . bou !  3? . l t i  o l
i nd i c€a  s 'e  l e rs  !h .n  20 t .od  47 ,061  l 5z .  abod t  r l . 77z
of rb€ v.ri,bilite inilice. are b€rre.n 251 and 301 and the l.rL .nd
€rceprionarrr hisb index or rbolr 5.332 or .he total i3 abour 44.001.
Th. Dr€ci.ion of b is r.ther lo{ lhe. cdp,r.d
e r r iM t€ . ; . . r r  t 2 .9 l I  o r  i r 3  va i i ab i t i t r  i nd i ce .  r re  l e ro  rh rn  201 ,
lbour 29.411 of.hen r!.a€ trm 231 ro l5l .od rhe rensiniq 17,65t ar€

o r  l i t r ed  c r r ves
o t  P -  r yg  e ra

(van  Rd !De1) .  r . .  rB l c . re r )  and  rhe  ' e ra le  / l J .  4 -a -
taeharus laberet) rises rapidry st firsr bur as lhe fi.h b€c.o€ lsrser
.trd le.g€r rhe not decrease .s ch €s !t should,

!  i s t r " i d  cu rves ,
Lo , tLa in  rhe  r r r iM le  f i . h iq  r c r !3 l i r y  coe f f i c i en ! .

b i r .  o f  Lo  o .



rh€ Trpe r c!ru€, dich ir ob..!v€d in c!!€s of sale:dd spp.
, j@dn@! s. hetMlobut lrlpr.Lrt, D. mfuaAti 'd otber 3re.ies

Dnrioned fo. .b. Ttp. A curve, h!. . riniL3r shape to
..rre.ric risloid curv., tt* i. ir ri3er .r rirs.

r.pidr, bui .. rh. filh 3.o$ i..r..3€ bec6e. lclrer
.nd  lM l l . r ,  r inar ry  .b€  .u rv .  r i l l  €v .n tu . t ty .ppro .ch  i r .  uL t tn . !e
li.hinl @.t.Li.y co€f f ici€nt.

aaxf,olltoc&{EMs

th. .u!ho! {i.h.! Bodrsnich .nd Hir. s. Intons

t l . ,  s .  chu I l a .o .n .od  h i .  co r l €agueg
fho fde !h€ ,. @tdon d.ra.v.iL!bl. io l{i'! P. Noch@$ ,hose

ro .cc.rid.i€ th. 8rot.h
lho!. eir. cmFsitioo ro ...idr€ .h€ coeffici€nrs of
f i . h in3  @. . ! t i r y ,  t i r hou r  l ha  th i .
Do3 . ib le .  F in . rLy , r r r . n r . . . r . . l r o  aL9EAFDEC/TD
. . r . . i r r ry  Dr .

v.ru,bl. comcrr.
rhich r€r. !..ful in i&provin! thi3 reporr.



llroRNcsrRoJKUL, s. .nd T, BooroanrcH 0932),
ttei.pt4rB jap.aicw orf !h€ ert co.rt
(chu6po.n-ro sloui), t931,
Pub l i c . i i on  No .  7 /1942 ,  l 2  p .

(1930). L.nsth c.!r.. i t ioo,
th...d tin brem ltthtptetus re6.pri.n)
J€nu . r y  1973  -  t { s r ch  1979 .  DepL ,  o l  a i sh .
L ion  No ,  4 /1930 i  2 t  P .

F i !h . ,  D€n€r . .1  F ieh .

voN (1933) .  A  qun t i i r t i ve  rh .o ry  o t  o rsan i .  s roe th
rs .n  r i oLosy ,  l 0 (? ) :a l -211 .

{ .  .nd s.  r .  ro l r  0et7) .  on
ri.h ropul.rion., ti.h. Iov..t, Lordon,

in  rh .  cur l  o f  Th . i l ,nd ,

. (1931). si:e cdrdirion a.d srorih or ltqiptew @ntoph.re
x..ch 1979. D€P!. of ti!h.tn th. culr of Th.il.nd! J.no.!y 1973 -

Ddc r . . l  F i ! h ,  PubL ic . t i on  no .  l / 1931 ,

(1932! )  Lensrh ,
Drt.rit, or scDtda ela@ato in Ln curr of thriLand,
D€r r .  o f  r i ,h , ,  De, . r3 . l  F i ,h . ,  Pub l ics t io i  No.  l2 l r93?

-(1932b). Lenslh conFsilion ot SauP^7a dodqt@i6 z.a
in  !h .  cuL f  o f  Thr i r ,nd ,  r93r  (chmporn  (o  sanu i ) ,  D€pt

P J b l , c r r i o o  N o .  l 1 / j q 3 ) ,  l o  p

(t972), L.nslh fr.qucicy di.rribuiion ot rne sr.Iephd6
heterctobtd lsuplerr) Th.il.nd. ept. ot Fi,h.!
Pe r . s i c  F i she . i € !  I nve ! t i es t i on r ,  Annu . r  R .9o r t .  p .26 t -23 t

Frs{ERlEs {1934) ,  Pe l rs i .  r i3h . r i . r

,nd  r i .  snrTH ( l931) .
ed ,  JohD r i rey ,

(196 t ) ,  ce .e .a l i z i t i on  and  reD . r .o . !e r i ze ! i on  o f  ! de
! iF6 id  .nd  o ihe r  t ron l i n . ! r  runc t i dn r .  s i d . t i c ! ,  2 l :  t 03 -7 r4 .



!|.mIGt s. {1976). on .h. tftt ..act of F@44 uftl@qmis
(rich.rden). rotri.s P.0.. ot t..i,s., slrloBcr r.r. !tuh.

.nd r. loo|r|lrxlcrl (lrl2). L.a!h, ardh .nd mrLrriry
of ri..rd fi.h, s@in @da.A6a., lo !h. culr or rh.il.od,
1979-1930. D.pt. of !irh., D.xr.:l !t.h. tutticrlioo r{o. 6/1932.

{1933). onltn..t r.t!...io! od.lin8.
In ,, ne. Yort aod t...1, 2t5 D.

RlcrcRr r.B. (1935). l{.ndboor ol .o.pu!.!1o.. lo! hiolosicsr 3t,ri3rica
popu l . r ion . .  l i .h .  t  . ,  td ,  c .dd . ,  Eu l l .  t |o .  u9 ,  300 e .

cmpur.tld .n.l ior..p!.l.tion of hiolo3ic.r 3t!risrics
Eopll.lion.. !i.h. i... !d, c.n.d.r !!ll. o. l9r, $2 p.

Scur||[, P. (193t). A! ulttt. ot ..rch curv. u.ina l.nslh cdpo3i-
.ion d..: rirh .pDli..ti@. t. rh. ll..rd tt.tt t9arida elowt )
i. rh. culr of n'.il.nd. alrtDSC n...rch p.*r s.ri€. ilo: 15.

c. lr lI Afi i.ai 0, 3llttAlcCSlar (t96r). Irtiu-
ao..h ot .hub *r.r.l (a. Bgla.twt tt the

of !b. Gllt of tt ll..d. D.t!, of Fi,n., p€rlsi.
ai6herie. hr..tia.tion., A@.1 a.lolt, t. {l-5?.
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.rti*lioD of the firhi.t mrL.rily c4ffici.ri. of
3 .pec i . .  o f  f i sh€ r  i .  r h .  Go l r  o r  Tn l i r : nd .

S. lbtetuLobs L..t .nd 3a,92oo 0.1930 D€t.*@nr ol rilh€rie.
(1934)

R. reglectu ra.r ..... L9,94O7 0.29a1 R....itr.!.d fr6 suconD$oR{
of !h. culfr 1962-196r .t 4L. (t96at

D. n@\angn *.ddl. pr.r 23,3114 0.1374 r...Lidted trd Nuclt{oRx
of  !h€  cu l f ,  t9 t t -1979 (p . r .on , l  cmun ic , i iob)

S. e1,@gata .t... L-I:[,
lrr9-1930 dt. ,9.9532 O.lo20 i..'ti'rt.d 116 lr)omrnrcu

f.!.1€ 4?.44t6 0.10!r .^d arcRxc{arnoJKl (r$2!)

S. elaqdta .r..' \-\r I
l93l Ml. t5.7ar4 O.l22t i...tlMt.d frm BooNrANrcH

f6rle 40.2043 0.1037 .nd arloR}|cHrnoJxrJ|- (r93?b)

S- ttu:Loq@i.. .tear r-rr,
1979-1930 ur€ t2.4749 O-l!33 r...th..ed f!6 l{EBr{€s(UL

f.n.r. 42.2373 0,03t0 .nd rooNrAnrci 0931)
.r..r r-Lx, 1979-1930

31.3043 0 .1 ! t4  lb id .
r.!.1€ 43,0222 0.0304

x. iqdi.e. n..s r-\L ,
l93l Ml. 2t.2240 0.1594 r...!inar.d frd ]rroNcxl|l-

fed.l. 21.1724 0.0973 nOJruL and 300NlA Iff (1932)

I. n8oprid 'te.. r-\tr,
1973-1979 rl! 19,5004 0.1153 r...tir..€d frE 300 9 nrcH

f .o . l€  16 .7620 0 . t77 t  ( l9m)

N. tuMtaphotu ercal r\]"tL,
1973-1979 ere  19 .0499 0 .1793

f6 . r !  r t .36 l l  0 .?70r  (1931)

* R.€3ti!.r.d using Lh. c.u!!-Ne!ron 6.thod.



s@.rlred results of th€ ...i!a!€d r.latlonsnbs @!rce!
rh€ f16hin3 ooit.tty co.fflcretrts of

of !e1'31c f1.h€. rn rh. culf of Tha and.



s@.rLed r.$lt. of th. ..tl!ted r€latloBhlp. b€ie..n
th. 1ena.6€ ana tn. f1.hi4 drtarrry 6efftct.!r. .f
rt. .p€ct€8 of d@Eal fl.l'@ tn tr'e ftrf or ftdr,nd.



sMertzed resurts of rhe eeumeed r€1.t1omhlps De$een
the 1en3rhl and the fl.hlng mrt'llry coefflclents of
flve spect€ of derer8d ftsh6 1n the culf of Thalrard
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sum.!t'€d rsult. of rhe ..tltuted !€lartoEht!. b.!'ee!
.h€ l.nath dnd rte ft.htne ioraltty co.fftctelts of
frv. rpccrer of d@r..l fi.h€€ ln t1'. cntf of Thdt$d
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of rbe *crnated relattonsblDs betseen
the 1e!9tft6 and the rtdhlns mrcality coetflclenrs of
flve dpecleE of dmrs'1 rlshes r. rhe c!1f of Th3ltand

x, BtutophM l1to.156i

F .wdopuw l l ' o .4 ' ' 4

rdrricd (i4) .,rl


