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Analysis of sex-specific spawning biomass
per recruit of the sailfish (Istiophorus platypterus)
in the waters off eastern Taiwan

A b s t r a c t — A n a ly ses  o f sex -sp ec ific  
yield  per recru it and spaw n in g  stock  
biom ass per recruit were conducted to 
evaluate the current status of the sail- 
fish  (Is tio p h o ru s  p la ty p te ru s )  fish ery  
in  th e  w a ters o ff  e a s te r n  T a iw an . 
N a tu ra l m o r ta lity  ra tes  e s t im a te d  
from  P auly’s em pirical equation were 
0 .2 6 /y r  for fem a les and  0 .2 7 /y r  for 
m ales. The current f ish in g  m o rta l­
ity  ra tes  were e stim a ted  as 0 .24 /yr  
and 0 .4 3 /y r  for fem a les and m ales, 
resp ectively , w h ich  are m uch lower 
t h a n  th e  e s t im a te d  F 0 4 (0 .6 2 /y r  
and 0 .79 /yr for fem a les and  m ales, 
respectively) and F SSB4Q (0 .4 6 /y r  for 
fem ales) which are com m only used  as 
ta r g et reference p o in ts in  f ish e r ie s  
m anagem ent. The e ffec ts of th e  f is h ­
in g  m ortality , n a tu ra l m ortality , and  
age at f ir s t  capture on th e  e stim a tes  
of b io lo g ica l reference  p o in ts  w ere  
ev a lu a ted  by u s in g  th e  M onte Carlo 
sim ulation . The resu lts  ind icate  th a t  
fa ilure to consider the u n certa in ty  in  
param eters such as natu ral m ortality  
or age at f ir s t  capture m ay lead  to 
the im proper estim a tio n  of b iological 
reference points. T his study ind icates  
the possib ility  of current fish in g  m or­
ta lity  exceed in g  the ta rg et b iological 
reference  p o in ts  m ay be n eg lig ib le  
for s a i l f is h  in  th e  w a ters o ff e a s t ­
ern  T aiw an. However, in  v iew  of the  
recent rapid increase in  fish in g  effort, 
it is evident th at the stock sta tu s and  
developm ent of the fish ery  need to be 
closely  m onitored.
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S a ilf ish  ( Is t iophorus  p l a t y p t e r u s ) is  
a c irc u m tro p ic a lly  d is t r ib u te d  s p e ­
cies (H o o lih an , 2005). S a ilf is h  is  a 
m em ber of th e  b illfish  fam ily , I s t io ­
phoridae , w hich also inc ludes m a rlin s  
a n d  sp earfish es , an d  is  considered  a 
byca tch  species in  com m ercial f ish e r­
ies. O ff th e  e a s te rn  coast of T aiw an , 
sa ilf ish  a re  econom ically  im p o r ta n t  
an d  seasonally  a b u n d a n t from  A pril to 
O ctober (ab u n d an ce  p e a k s  from  M ay 
to  Ju ly ). S a ilf ish  a re  m a in ly  ca u g h t 
by d r if t  g ili n e ts , a lth o u g h  som e are  
also caugh t by se t n e ts , harpoons, an d  
as  in c id en ta l byca tch  in  in sh o re  long- 
lin e  f ish e rie s  (C h ian g , 2004). T h ere  
a re  v ir tu a l ly  no d isc a rd s  of sa ilf ish  
in  T aiw an . For th e  p a s t  decade, th e  
a n n u a l la n d in g s  of sa ilfish  off T aiw an  
w a te rs  have  f lu c tu a te d  b e tw een  500 
a n d  1000 m e tric  to n s , of w hich  over 
50% have  come from  w a te rs  off T a i­
tu n g  (e a s te rn  T aiw an).

G lobally, la rg e  p re d a to ry  fish sp e ­
cies, in c lu d in g  b illfish , a re  d ec lin ing  
a t  a la rm in g  r a te s  b ec au se  of ex ces­
sive e x p lo ita tio n  (M yers a n d  W orm , 
2 0 0 3 ). R e c e n t in c re a s e s  in  th e  ex ­
p lo ita tio n  of b il l f is h  s to c k s  by  b o th  
com m ercial an d  rec re a tio n a l fisheries
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clearly  p o in t to  th e  n eed  for ac cu ra te  
as se ssm en ts , i f  th e  goal is to  develop 
su s ta in a b le  b illfish  fisheries (Uozum i,
2003). However, because few fisheries 
ta rg e t  sa ilfish , a s se ssm e n ts  have not 
b ee n  conduc ted , r e s u l t in g  in  few  or 
no effective m a n a g e m e n t m e a su re s . 
For sa ilf ish  in  th e  Pacific O cean  an d  
In d ia n  O cean , no a s se s s m e n ts  have 
b een  conducted , an d  stock  s ta tu s  r e ­
m a in s  u n k n o w n . H is to r ic a l sa ilf ish  
c a tc h  d a ta  from  th e  P ac ific  O ce an  
a re  sc an t, a s  a re  d a ta  on th e  le n g th  
a n d  ag e  c o m p o s itio n  of th e  c a tc h . 
T h is  la ck  of d a ta  p rec lu d es  th e  u se  
of m ost s to ck  a s se ss m e n t too ls such 
as  p roduction  m odels a n d  a g e -s tru c ­
tu re d  m odels (P u n t, 1997; P ra g e r and  
G o o d y ea r, 2 001 ; L iu  e t a l .,  2 0 0 6 ). 
H ow ever, r e c e n t  b io lo g ica l s tu d ie s  
on sa ilf ish  in  th e  w a te rs  off e a s te rn  
T a iw a n  (C h ia n g  e t ah , 2004 , 2006) 
have provided a n  oppo rtun ity  to  apply 
y ie ld  p e r r e c ru it  (Y / R ) a n d  spaw n ing  
b iom ass p er r e c ru it  (S S B / R ) m odels 
(G ovender, 1995; G riff ith s , 1997) to 
e s t im a te  b io log ica l re fe ren c e  p o in ts  
in c lu d in g  th e  f ish in g  m o r ta li ty  r a te  
co rrespond ing  to  th e  p o in t w here the  
slope of th e  y ie ld -p e r - re c ru i t  cu rv e
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e q u a ls  10% of th e  slope a t  th e  o r ig in  (F 0 G u lla n d  
an d  B oerem a, 1973) an d  th e  fish ing  m o r ta lity  ra te  cor­
resp o n d in g  to  a specific p e rcen tag e  (x%) of th e  sp a w n ­
in g  b io m a ss  p e r  r e c ru i t  a t  th e  u n f ish e d  level (F SSBx) 
for th e  e a s te rn  T aiw an  sa ilfish  stock. The s ta tu s  of th e  
fishery  for th is  stock  could be ex am in ed  by  com paring  
th e  f ish in g  m o r ta lity  a t  th e  c u r re n t  level (F CUR) w ith  
th e  biological reference po in ts .

A p er-rec ru it ana ly sis  req u ires  in fo rm ation  on grow th, 
m o rta litie s , a n d  se lec tiv ity  of fish ing  gear. C a tch  curve 
a n a ly s is  (R icker, 1975) is  th e  m o st com m on m e th o d  
em ployed for e s tim a tin g  to ta l  m o r ta lity  w hen  d a ta  on 
th e  age com position of ca tch  a re  ava ilab le . For a speci­
fied n a tu ra l  m o rta lity , F CUR could be com puted  sim ply 
by s u b tr a c t in g  th e  n a tu r a l  m o r ta l i ty  from  th e  to ta l  
m o rta lity . However, in  m ost cases la rg e  u n c e r ta in ty  is 
assoc ia ted  w ith  th e  es tim a tio n  of n a tu ra l  m o rta lity  and  
o th e r life h is to ry  p a ra m e te rs , w hich can  lead  to  la rg e  
u n c e r ta in ty  in  th e  e s tim a tio n  of F CUR a n d  b io log ical 
reference po in ts .

T he objective of th is  s tu d y  w as to  e v a lu a te  th e  c u r ­
re n t s ta tu s  of th e  sa ilf ish  fishery  in  w a te rs  off e a s te rn  
T a iw a n  by  c o m p a rin g  th e  c u r r e n t  f is h in g  m o r ta l i ty  
ra te  (e s tim a ted  from  an a ly z in g  le n g th  com position d a ta  
collected from  th e  fishery) w ith  th e  biological reference 
p o in ts  d erived  from  th e  p e r - re c ru it  a n a ly se s  (B u tte r-  
w o rth  e t ah , 1989; S u n  e t ah , 2002 , 2005). In  a d d i­
tion , a M onte C arlo s im u la tio n  s tu d y  w as conducted  for 
e v a lu a tin g  th e  in fluence of u n c e r ta in ty  a sso c ia ted  w ith  
m o rta litie s  an d  th e  age a t  f irs t ca tch  (tc) on th e  e s tim a ­
tio n  of biological reference p o in ts . T h is  s tu d y  provides 
a n  ap p ro ach  th a t  can  be u se d  to  a s se ss  th e  s ta tu s  of 
f ish erie s  for w hich  lim ite d  in fo rm atio n  does n o t allow  
u s  to  conduct a fu ll s tock  assessm en t.

Materials and m ethods

L e n g th  a n d  a g e  c o m p o s i t i o n  o f  t h e  c a tc h
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Figure 1
The fishing grounds where sa ilfish  (Istiophorus 
platypterus) are caught as bycatch in the gill- 
net, harpoon, and longline fisheries based at the 
Shinkang fishing port of Taiwan. Crosshatched 
area is where the gillnet and harpoon fisheries 
take place and the longline fishery takes place in 
larger area  indicated by oblique lines. Samples 
were collected during the period from Ju ly  1998 
to July 2005 to estim ate biological metrics for per- 
recru it analyses.

L en g th  com position d a ta  w ere o b ta in ed  by  m e a su r in g  
sa ilf ish  la n d ed  a t  th e  S h in k a n g  fish  m a rk e t in  e a s te rn  
T aiw an  (Fig. 1) d u rin g  th e  period  from  Ju ly  1998 to Ju ly
2005. S pecim ens w ere random ly  se lec ted  from  th e  la n d ­
in g s  a n d  m e a su re d  for th e ir  le n g th s  an d  w eights. The 
sex of each  specim en w as iden tified  from  th e  ap p earan ce  
of i ts  gonads. S am ples of th e  f irs t do rsa l fin w ere ta k e n  
from  1166 of th e  sam pled  in d iv id u a ls  for w hich le n g th s  
w ere m easu red  an d  used  to  age th e  sa ilfish  (C h iang  et al.
2004). These subsam pled  fish w ere used  to co n stru c t sex- 
specific age-leng th  keys, w hich in  tu r n  w ere u sed  to con­
v e r t the  length-frequency  d a ta  in to  age-com position data .

E s t im a t in g  m o r t a l i t y  r a te s

For each sex, th e  dynam ics of a s im u la ted  y e a r  class can 
be p ro jec ted  fo rw ard  from  one y e a r  to  an o th e r  by u s in g  
th e  exp o n en tia l su rv iv a l eq u a tio n  (Ricker, 1975):

w here N t = th e  n u m b e r of fish a t  th e  b eg in n in g  of age 
f,

M  = th e  in s ta n ta n e o u s  n a tu ra l  m o rta lity  ra te ;
F  = t th e  fish ing  m o rta lity  of fu lly -recru ited  fish; 

an d
S t = th e  fish ing  g ea r  se lec tiv ity  of fish a t  age t.

S electiv ity  is th e  re la tive  v u ln e ra b ility  of d iffe ren t age or 
size classes to th e  fish ing  gear. In  th is  study, we assum ed  
th a t  th e  se lec tiv ity  follows a dom e-shaped  d is trib u tio n  
b e c a u se  o u r le n g th - fre q u e n c y  d a ta  w ere  m o s tly  col­
lec ted  from  g ili n e ts . T h is  dom e-shaped  se lec tiv ity  can  
be q u a n tif ie d  w ith  th e  fo llow ing  n o rm a l d is t r ib u t io n  
d en sity  function :

~(M

N t+1 = N te<M+FS*\ ( 1 )
-  nr-

s} 2 k \

( 2 )
n o
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w here p = th e  age a t  th e  m ode of th e  d o m e -sh a p ed  
se lec tiv ity ; an d  

o  = th e  s ta n d a rd  dev ia tion  of th e  dom e-shaped  
selectiv ity .

T he expected  catch  (Ct) of fish  a t  age t can  be e s tim a te d  
b ased  on th e  ca tch  eq u a tio n  (Ricker, 1975):

C,=-
F S

M  + F S
*— NA l - e - (M+FSt \ (3)

T he p a ra m e te r s  of N 0, F, ¡u, a n d  o  can  be e s t im a te d  
s im u ltan eo u sly  by  m in im iz in g  th e  follow ing com posite 
objective function :

£ ( C t - C t)2 +(max(St) - l ) 2, (4)

w here Ct = th e  observed  n u m b e rs  of ca tch  a t  age t.

T he F  e s tim a te d  above w as considered  as  th e  c u rre n t 
f ish in g  m o r ta li ty  (FCUR) in  th is  s tudy . T he ap p ro ach  
o u tlin ed  above for th e  ca tch -cu rve  a n a ly s is  is  s im ila r  to 
th e  one described  in  R u d e rsh au se n  e t a l. (2008).

A to ta l of 1000 in d e p en d e n t b o o ts tra p  sam p les of F  
w ere derived  from  1000 se ts  of le n g th -freq u e n cy  d a ta  
d raw n  random ly  w ith  rep lacem en t from  th e  in d iv id u a ls  
of o rig in a l len g th -freq u en cy  d a ta .

P a u ly ’s (1980) em p irica l eq u a tio n  w as u se d  to  e s t i ­
m a te  M  for each  sex, a n d  th e  m e an  se a  su rfa ce  te m ­
p e ra tu re  a ro u n d  e a s te rn  T a iw a n  w a te rs  f itte d  to  th e  
eq u a tio n  w as abou t 26°C.

P e r - r e c r u i t  a n a ly s e s

Yield p e r  re c ru it  (Y / R ) of sa ilf ish  in  th e  w a te rs  off e a s t ­
e rn  T aiw an  w as e s tim a te d  from  th e  follow ing model:

R =1 -£(FS,.+M)
Xe (5)

w here W t = th e  m ean  w eight of fish  a t  age t ; an d  
tc = th e  age a t  f irs t cap tu re .

M ean  w eight a t  age w as com puted  as  a  pow er function  
of m id y ear low er jaw  fork le n g th  (Lt):

Table 1
Biological param eters used  in  the per-recruit analysis  
for the sa ilfish  (Istiophorus p la typ teru s)  in  the w aters off 
eastern  Taiwan during the period from July 1998 to July  
2005. VBGF is the von B ertalanffy  growth function, L œ = 
the asym ptotic length, K  = the growth coefficient, t0 = 
the hypothetical age at length  zero; Length-w eight rela­
tionship is W = A x L B , where W = rought weight (in kg) 
and L  = lower jaw fork length  (in cm); M aturity fraction  
param eters rm = the slope of logistic equation fitted to the  
m aturity data collected, and tm = the age at 50% sexual 
m aturity.

Param eter Fem ale Male

VBGF

K

to
Length-w eight relationship  

A  
B

M aturity fraction  
r m
t„

250.29 cm  
0.138/yr  

-2 .9 9

2 .3 2 3 4 x l0 -6 
3.1013

1.525 
5

240.539 cm  
0.145/yr 

-2 .781

1.1 9 3 3 x l0 -5 
2.7828

T he m a x im u m  life sp an  (tmax) of sa ilf ish  in  th e  w a te rs  
off e a s te rn  T a iw an  w as u n k n o w n  b u t w as e s tim a te d  by 
u s in g  th e  em pirica l re la tio n sh ip  of Taylor (1958):

2.996 
K  ’

(8 )

T he eq u a tio n  for sp a w n in g  s to ck  b iom ass p e r  re c ru i t  
(S S B / R ) is

SSB/ r - frt x W t x e  l~tr (9)

Wt = a x L t , (6 )

w here Wt = th e  m e an  w eigh t a t  age t th a t  w as ca lcu ­
la te d  from  th e  von B e r ta la n ffy  fu n c tio n  
a n d  le n g th -w e ig h t re la tio n sh ip  for fem ale 
sa ilf ish ; an d  

f r  = th e  f ra c tio n  of fe m a le  s a i l f i s h  t h a t  a re  
m a tu re .

an d  m id y ear low er jaw  fork le n g th  w as e s tim a te d  from  
th e  von B e rta la n ffy  g ro w th  function

L t = L  J 1 - - J T ( f + 0 .5 - f 0 ) (7)

w here K  = th e  g ro w th  p a ra m e te r ;
L œ = th e  average asym pto tic  le n g th ; an d  
t a = hypo the tic  age a t  le n g th  of 0 (R icker, 1975; 

see Table 1).

In  th is  case f r  is  rep re se n ted  by a logistic equa tion  fitted  
to  m a tu r i ty  d a ta  co llected  from  sa ilf ish  ca u g h t in  th e  
e a s te rn  w a te rs  off T aiw an  (C h ian g  e t ah , 2004, 2006). 
T he logistic eq u a tio n  can  be w r i t te n  as

f r t  =  -

1
rm{t tm)1 + e

w here rm = th e  slope of th e  log istic cu rve ; an d
t = age a t  w hich 50% of fish a re  m a tu re .

( 1 0 )
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Table 2
Scenarios designed to exam ine the effects of uncertain ty  of F, M, and tc on the estim ates of biological reference points of sailfish  
(.Istiophorus p la typ teru s)  in  the waters off eastern  Taiwan. Scenarios A -D  were used to evaluate the effects of changes in  a single  
parameter, scenarios E -H  were used  to evaluate the results of changes in  com binations of two param eters, and scenarios I and 
J  were used  to evaluate the results when three param eters were subject to uncertainty. (aF=standard deviation from the boot­
strapped estim ation; M  = natural m ortality per year; tc = age at first catch)

Param eters

aF M

Scenario Fem ale M ale Female Male h

Base 0 0 0.26 0.27 5
A 0.046 0.045 0.26 0.27 5
B 0 0 0 .2 -0 .3 0 .2 -0 .3 5
C 0 0 0 .15-0 .35 0 .15 -0 .35 5
D 0 0 0.26 0.27 5 -7
E 0.046 0.045 0 .2 -0 .3 0 .2 -0 .3 5
F 0.046 0.045 0 .15-0 .35 0 .15 -0 .35 5
G 0 0 0 .2 -0 .3 0 .2 -0 .3 5 -7
H 0 0 0 .15-0 .35 0 .15 -0 .35 5 -7
I 0.046 0.045 0 .2 -0 .3 0 .2 -0 .3 5 -7
J 0.046 0.045 0 .15-0 .35 0 .15 -0 .35 5 -7

Biological  r e f e r e n c e  p o in t s

The follow ing biological reference p o in ts  w ere e s tim a ted  
in  o rder to  d e te rm in e  th e  c u rre n t s ta tu s  of th e  sa ilf ish  
fishery: F 01, F SSB2S, a n d  F SSBi0. -Pssb2 5 , an(  ̂ ^SSB40 a re  
f ish in g  m o r ta lity  r a te s  co rresp o n d in g  to  th e  25%  an d  
40%  of th e  sp a w n in g  b io m ass p e r  re c ru i t  a t  u n fish ed  
level. T he choice of 25%  or 40%  w as re la tiv e ly  a r b i ­
t r a r y  for th e  fishery, b u t th e se  v a lu es have been  u sed  
as  d iffe ren t levels of reference po in ts  for o th e r re la tive ly  
long-lived m a rin e  fishes (e.g., G riffith s , 1997; K irchner, 
2001; S un  e t ah , 2002, 2005). The sp aw n in g  p o te n tia l 
ra tio  (S P R ) is  th e  S S B / R  a t  a given f ish in g  m o rta lity  
d iv ided  by th e  S S B / R  w ith o u t f ish in g  (G abrie l e t ah , 
1989; G oodyear, 1993; K a tsu k a w a  e t ah , 1999; W ata- 
n ab e  e t ah , 200 0 ; S u n  e t ah , 2002 , 2005) an d  can  be 
ca lc u la ted  as

S P R  = -
S S B / R

( 11)S S B / R  |F=0

S e v e ra l a u th o rs  h a v e  a d v o c a te d  d e s ig n a t in g  F 0x 
or í ’ssBéo a s  ta r g e t  re fe ren c e  p o in ts  a n d  i ’SSB25  a s  a 
th re sh o ld  re fe ren ce  p o in t in  o rd er to  o b ta in  n e a r  op­
t im a l y ie ld s  w hile  m in im iz in g  th e  lik e lih o o d  of stock  
co llapse  (G u lla n d  a n d  B o erem a , 1973; D eriso , 1987; 
H ildén, 1993; S un  e t ah , 2002, 2005). We adopted  these  
ta rg e t  a n d  th re sh o ld  reference p o in ts  in  th is  study.

S im u la t io n  s t u d y

T he M onte C arlo  s im u la tio n  ap p ro ach  w as ap p lied  to 
eva lua te  the  sensitiv ity  of e s tim a tin g  biological reference 
p o in ts  w ith  r e s p e c t  to  p a r a m e te r s  F, M,  a n d  t . To

q u an tify  th e  u n c e r ta in ty  of F, F  w as a ssu m ed  to  follow 
a n o rm al d is tr ib u tio n  w ith  a m e an  an d  s ta n d a rd  d ev ia ­
tio n  (aF)— th e  la t te r  e s tim a te d  from  th e  b o o ts tra p p ed  
e s tim a tio n  of F. However, th e re  w as no in fo rm atio n  on 
th e  d is t r ib u t io n  of M  a n d  tc. We a s su m e d  a u n ifo rm  
d is tr ib u tio n  for M  an d  tc by re fe rr in g  to  th e  e s tim a tio n  
of P au ly ’s em pirica l equa tion  an d  th e  age a t  fu ll r e c ru i t ­
m en t from  th e  age com position of sa ilf ish  in  th e  w a te rs  
off e a s te rn  T aiw an. The va lues of M  an d  tc w ere sam pled  
random ly  from  th e  co rrespond ing  u n ifo rm  d is trib u tio n s  
defined in  Table 2. Ten scenarios w ere designed to  exam ­
ine  th e  effects of d iffe ren t com binations of th e  u n c e r­
ta in  in  p a ra m e te r s  F, M,  an d  t c on th e  e s tim a tio n  of 
b io log ica l re fe ren c e  p o in ts  (T ab le  2). S c e n a r io s  A -D  
w ere u sed  to  e v a lu a te  th e  effects of ch an g es in  a single 
p a ra m e te r ,  sc en a rio s  E -H  w ere u se d  to  e v a lu a te  th e  
re su lts  of changes in  com binations of two p a ra m e te rs , 
an d  scen a rio s  I an d  J  w ere u sed  to  ev a lu a te  th e  re su lts  
w hen  th r e e  p a r a m e te r s  w ere  su b je c t to  u n c e r ta in ty . 
For each  scenario , 100 rep lica te s  of biological reference 
p o in ts  w ere e s tim a te d  by u s in g  th e  p a ra m e te rs  of F, M,  
or tc random ly  d raw n  from  th e ir  a s su m ed  d is trib u tio n s . 
T he m e d ian  an d  th e  in te rq u a r ti le  ra n g e  w ere u se d  to 
q u an tify  th e  ce n tra l tendency  an d  v a r ia tio n  for th e  d is ­
tr ib u tio n s  of e s tim a te d  biological reference po in ts .

Results

A g e  c o m p o s i t i o n

L e n g th  d a ta  w ere o b ta in e d  for 12 ,323 sa ilf ish  (3532 
fem ales an d  8791 m ales), an d  age d a ta  for 1166 of th ese
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Figure 2
The len gth -freq uency  d istr ib u tion s (5 -cm  in terv a ls) o f fem ale (b lack bars) 
and m ale (w hite bars) sa ilf ish  ( Is tio p h o ru s  p la ty p te r u s ) in  th e  w aters off 
ea stern  T aiw an during th e  period from  J u ly  1998 to Ju ly  2005 . M ost f ish  
caught w ere 1 6 0 -1 9 0  cm in  lower jaw  fork len gth .
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Figure 3
The age-frequency d istr ib u tion s for fem ale (black bars) and m ale (w hite  
bars) sa ilf ish  (Is tio p h o ru s  p la ty p te r u s ) in  th e  w aters o ff ea ster n  T aiw an  
d uring the period from  J u ly  1998 to Ju ly  2005 . M ost fish  caught were 4 -7  
y ea rs old.

fish (446 fem ales a n d  720 m ales). The 
ra n g e  of low er ja w  fo rk  le n g th  w as 
8 0 -2 3 9  cm for fem ales an d  78 -227  cm 
for m ales (Fig. 2). Age com positions of 
sa m p le s  co llec ted  d u r in g  th e  e n t ire  
s tu d y  period  in d ic a te d  th a t  m ost s a i l­
f ish  c a u g h t off e a s te rn  T a iw a n  a re  
la rg e r  t h a n  th e  age  a t  50%  m a tu ­
r ity , a n d  p e a k  in  le n g th  a t  5 y e a rs  
(F ig . 3). A ccord ing ly , th e  e s t im a te s  
of age a t  fu ll r e c ru itm e n t (tc) a n d  th e  
sam ple  size d u r in g  s tu d y in g  periods 
a re  show n in  Table 3. The es tim a tes  of 
tc v a rie d  from  5 to  7 y ea rs  for d iffe ren t 
tim e periods. Few sam pled  fishes w ere 
older th a n  11 y ea rs  for bo th  sexes an d  
hence age 12 a n d  h ig h e r  w ere com ­
b in ed  in to  th e  12+ group  (Fig. 3). The 
em pirical es tim a tes  of m ax im um  lifes­
p a n  (tmax) w ere 13 y ea rs  for m ales  an d  
21 y e a rs  for fem ales.

M o r t a l i t y  r a te s

T he e s tim a te s  of F  w ere 0 .2 4 /y r for 
fem ales a n d  0 .43 /y r for m a les  b ased  
on th e  sam p les  co llec ted  d u r in g  th e  
e n t ire  s tu d y  p erio d . B a sed  on b o o t­
s tra p  ana ly sis , th e  s ta n d a rd  deviation  
of F  w as  0 .0 4 6 /y r  a n d  0 .0 4 5 /y r  for 
fem a les  a n d  m a les , resp ec tiv e ly . In  
add ition , 79% of b o o ts tra p  rep lica tes  
of tc w ere 5 y ea rs  old an d  few w ere 6 or 
7 y ea rs  old. The va lues of M  es tim a ted  
from  th e  P a u ly ’s em p irica l eq u a tio n  
w ere 0 .26 /y r for fem ales an d  0 .27 /yr 
for m ales . In  th is  study, the re fo re , F  
of 0 .24 /y r for fem ales an d  0 .43 /y r for 
m ales , tc of 5 y e a rs  an d  M  of 0 .26 /y r 
for fem ales an d  0 .27/yr for m ales w ere 
se t a s  th e  base  case values for th e  su b ­
sequen t ana lyses. S ensitiv ity  ana ly ses  
w ere  a lso  co n d u c te d  for e x a m in in g  
th e  re su lts  of Y / R  an d  S P R  an a ly se s  
by a s su m in g  v a lu es  of 0.20, 0.30, an d  
0.35 for M.

Y /R  a n d  SP R  m o d e l s  a n d  b io log ica l  
r e f e r e n c e  p o in t s

In  th is  study, se lec tiv ities  for fem ales an d  m a les  w ere 
a ssu m ed  to  be dom e-shaped, an d  th e  e s tim a te d  se lec tiv ­
ity  cu rves a re  show n in  F ig u re  4. The e s tim a te s  of.FCUR, 
F 0 1( an d  Y / R  u n d e r vario u s va lues of M  a re  su m m arized  
in  T able 4. For th e  b ase  case, F cUR (0 .24 /y r for fem ales 
an d  0 .43 /y r for m ales) w ere su b s ta n tia lly  lower th a n  the  
corresponding  biological reference po in ts F 0 x (0.62 /y r for 
fem ales an d  0 .79/yr for m ales). The e s tim a te s  of Y/J?CUR 
w ere 3.37 kg  for fem ales an d  3.72 kg for m a les  an d  th e  
e s tim a te s  of Y / R 0 1 w ere 5.11 kg  for fem ales a n d  4.68 kg

for m a les  (Fig. 5). E ven  in  th e  m ost conservative  case, 
w hen  M  w as a s su m e d  to  be 0.2, F cUR w as s ti l l  low er 
th a n  F 0 x for bo th  fem ales an d  m ales .

The effect of v a ry in g  tc on Y / R  is  show n in  F ig u re s  
6 a n d  7. A t low levels of F, Y / R  g e n e ra lly  in c re a se d  
rap id ly  over th e  ra n g e  of tc v a lu es te s te d . T he v a lu es of 
t c th a t  m ax im ized  th e  y ie ld  p er r e c ru it  dec reased  w ith  
th e  m a g n itu d e  of M  a n d  in c re ase d  w ith  th e  level of F  
b u t ty p ica lly  ra n g e d  betw een  2 an d  5 y ea rs  for fem ales 
an d  m ales .
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Table 3
Sam ple sizes and estim ates of age at full recruitm ent for female and m ale sailfish  (Istiophorus p la ty p teru s ) by year in  the waters 
off eastern Taiwan during the period from July 1998 to July 2005.

Sam ple Age at Sam ple Age at
size full recruitm ent size full recruitm ent

Fem ale M ale
1998 131 6 1998 525 6
1999 702 5 1999 1943 5
2000 387 7 2000 578 7
2001 358 6 2001 730 5
2002 349 7 2002 576 5
2004 484 5 2004 1123 5
2005 1121 6 2005 3316 5
Overall 3532 5 Overall 8791 5

Table 4
E stim ates of current fishing m ortality (ECUR), current 
yield per recruit (Y /R c u r ), and the reference points of F 0 j 
and Y /R 0 j at different levels of natural m ortality  (M ) for 
female and m ale sailfish  (Istiophorus p la ty p teru s ) in  the  
waters off eastern  Taiwan during the period from July  
1998 to July 2005. F 0 j = the fishing m ortality rate corre­
sponding to Y /R 0 p Y /i?0 j = the point of ayield-per-recruit 
curve where the slope equals 10% of the slope at the origin.

M
(1/yr)

f cue
(1/yr)

F o.i
(1/yr)

Y / f cur
(kg)

Y /R 0.
(kg)

Fem ale
0.20 0.26 0.54 5.36 7.08
0.26 0.24 0.62 3.37 5.11
0.30 0.22 0.69 2.45 4.13
0.35 0.20 0.80 1.63 3.19

M ale
0.20 0.46 0.70 5.79 6.66
0.27 0.43 0.79 3.72 4.68
0.30 0.41 0.83 3.06 4.04
0.35 0.38 0.91 2.21 3.17
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Figure 4
The estim ated  se lectiv ity  curves for fem ale (dashed line) 
and m ale (so lid  lin e) sa ilf ish  (Is tio p h o ru s  p la ty p te r u s ) 
in  th e  w a ters o ff e a ste r n  T aiw an . S e le c t iv ity  is  th e  
relative  v u ln era b ility  of d ifferent age or size c la sse s  to 
th e  f ish in g  gear. In th is  study, se lec tiv ity  is  a ssum ed  
to be dome shaped  because len gth-freq uency  data were 
m ostly  co llected  from  g illn e ts .

T he ra p id  g ro w th  a n d  re la tiv e ly  la te  tc (5 y ea rs )  of 
sa ilf ish  in  th e  w a te rs  off e a s te rn  T aiw an  p roduced  low 
Y / R  an d  h ig h  S P R  a t  c u r re n t fish ing  m o rta litie s  com ­
p a re d  w ith  reference p o in ts  (F igs . 4 a n d  7). T he e s t i­
m a tes  o fF SSB25, F 88Bi0, S P R  an d  Y / R  u n d er th e  various 
v a lu e s  of M  a re  s u m m a r iz e d  in  T ab le  5 a n d  F ig u re  
8. T he b a se -c a se  e s t im a te  of F cUR for fem a les  (0 .2 4 / 
yr) w as low er th a n  th e  co rrespond ing  reference po in ts 
F 88B40 (0 .46/yr) an d  F 88B25 (0 .94/yr); th e  c u r re n t SPR  
w as e s tim a te d  to  be abou t 57.20%  of i ts  u n fish ed  level. 
U nder th e  low v a lue  of M  (0 .2/yr), th e  e s tim a te  of .FCUR 
for fem a les  (0 .2 6 /y r) w as low er th a n  F’ssBéo (0 .36 /y r) 
an d  su b s ta n tia lly  low er th a n  F 88B2S (0 .67/yr). In c re a s ­
in g  tc to older th a n  six  y e a rs  of age w ould en su re  th a t  
th e  S P R  w as m a in ta in e d  a t  a v a lu e  h ig h e r  th a n  th e

th resh o ld  level (i.e., 25%  of i ts  un fish ed  level) a t  a lm ost 
an y  level of f ish in g  m o r ta l i ty  (F ig. 9) w ith  re la tiv e ly  
li t t le  effect on Y / R .

S i m u la t io n  s c e n a r io s

T he box plo ts of th e  e s tim a te s  of F 0 x an d  F cl]R/F0 4 a re  
show n in  F ig u re  10 for scen a rio s  A - J  w ith  th e  a s su m p ­
tio n  of u n c e r ta in ty  in  F, M,  an d  tc defined in  T able 2. 
A lth o u g h  th e  m e d ia n s  of th e s e  tw o q u a n t i t ie s  w ere  
close to  those  of th e  b ase  case for m ost scenario s , th e  
v a r ia tio n s  of th e se  q u a n titie s  w ere d iverse  dep en d in g  
on th e  a s su m p tio n s  of u n c e r ta in ty  of th e  p a ra m e te rs . 
For scen a rio s  A -D  w ith  only one p a ra m e te r  sub jec t to 
u n c e r ta in ty , th e  e s tim a te s  of F 0 x w ere in d e p en d e n t of
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Figure 5
Y ield per recru it ( Y /R )  a g a in st f ish in g  m o rta lity  per year  for 
fem ale (A) and m ale (B ) sa ilf ish  ( Is tio p h o ru s  p la ty p te r u s ) in  the  
w aters o ff ea stern  T aiw an. •  = F cUR and O = F,

Table 5
E stim ates of current fishing m ortality (ECUR) and the reference points of S S B /R SSBx: and SP R  at different levels of natural mor­
ta lity  (M ) for female sailfish  (Istiophorus p la ty p teru s ) in  the waters off eastern  Taiwan during the period from July  1998 to July
2005. F SSBt = the fishing m ortality rate corresponding to S S B  /R SSBt ; S S B /R SSBt = a specific percentage (x%) of the spawning  
biom ass per recruit at the unfished level; SPR (spaw ning potential ratio) = the S S B  /R  at a given fishing m ortality divided by the  
S S B /R  w ithout fishing.

M -̂ CUR F sSB40 Fssb25 SSB /R cur s s b / r SSB40 s s b / r SSB25 SPRcur
(1/yr) (1/yr) (1/yr) (1/yr) (kg) (kg) (kg) (%)

0.20 0.26 0.36 0.67 32.50 26.56 16.60 48.96
0.26 0.24 0.46 0.94 22.22 15.53 9.71 57.20
0.30 0.22 0.54 1.22 17.42 11.14 6.96 62.57
0.35 0.20 0.70 1.73 12.97 7.52 4.70 68.95

th e  changes in  F  b u t w ere very  sensitive  to  th e  un ce r- case. H igher e s tim a te s  of F 0 B could have re su lte d  from
ta in ty  in  M.  A dd ing  th e  u n c e r ta in ty  in  tc re s u lte d  in  tc w ith  v a lu es la rg e r  th a n  5 y e a rs  (base  case) se lec ted
s lig h tly  h ig h e r e s tim a te s  of F 0 B th a n  th a t  for th e  b ase  in  th is  scenario . In  th e  case of th is  study, h ig h e r tc pro-
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Figure 6
Y ield -per-recru it iso p le th s a g a in st f ish in g  m orta lity  per year and age at 
f ir s t  capture ( ic) at d ifferen t lev e ls  o f n a tu ra l m o rta lity  (M ) for fem ale  
sa ilf ish  ( Is tio p h o ru s  p la ty p te r u s ) in  th e  w aters o ff ea ster n  T aiw an.
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duced h ig h e r e s tim a te s  of F 0 4 for sa ilfish  in  th e  w a te r  of 
e a s te rn  T aiw an. For scenarios E - J  th a t  inco rpo rated  the  
com binations of u n c e rta in tie s  in  F, M,  an d  tc, la rge  v a r ia ­
tio n s w ere observed  for e s tim a te s  of F 0 l w hen  a h ig h e r 
level of u n c e r ta in ty  w as a ssu m ed  for M  (scen ario s  F, H, 
an d  J ) . E ven th o u g h  com binations of p a ra m e te rs  w ith  
h ig h e r u n c e r ta in t ie s  w ere considered , th e  u p p er bounds 
(the th ir d  q u a rtile )  o f í ’CUR/ í ’0 4 w ere lower th a n  1 for all 
scenario s . T h is  re s u lt  im p lied  th a t  i t  w as h ig h ly  u n lik e  
th a t  F cUR could exceed F 0 v  In  co n tra s t, th e  effects of 
ad d in g  u n c e r ta in tie s  in  F  an d  tc w ere re la tiv e ly  m inor.

F ig u re  11 show s th e  box p lo ts  of th e  e s t im a te s  of
^S S B éO » F s SB25> ^ 'c U R ^ 'o . lS S B é O , a n d  ^ 'c U R ^ 0 .1 S S B 2 5  f ° r  S C e '  
n a rio s  A - J  (w ith  u n c e r ta in ty ). S im ilarly , h ig h e r levels 
of u n c e r ta in t ie s  in  M  r e su lte d  in  h ig h e r v a r ia tio n s  for 
th e  e s tim a te s  of F SSB40 an d  F SSB2B (scen ario s  C, F, H, 
an d  J ) .  M oreover, th e  e s tim a te s  of F,SSB4o a n d  F SSB2B 
w ere obviously h ig h e r th a n  those  of th e  b ase  case w hen 
th e  u n c e r ta in ty  in  tc w as considered (scenarios D, G, H, 
I, a n d  J) , w hich m ig h t re s u lt  from  fem ale fish younger 
th a n  tc b e in g  less v u ln e ra b le  to  fish ing  gear. Therefore, 
h ig h e r  v a lu es  of S S B / R  w ould be o b ta in ed  w hen  la rg e r  
values of tc w ere se lected  an d  h ig h e r es tim a te s  of F,SSB40 
an d  F SSB2B w ere rev e a le d  for th e se  sc en a rio s . For a ll

scenario s , th e  m e d ian s  of F CVIi/F SSBi0 an d  F CVIi/FSSB2B 
w ere 0.71 an d  0.37, respectively , w hich w ere s im ila r  to 
th o se  of th e  b ase  case (Table 5). The u p p er b o u n d arie s  
of ̂ cuR ^ssB éo an d  í ’c u r / í ’ssb25 w ere su b s tan tia lly  lower 
th a n  1 for a ll th e  s c e n a rio s  a n d  no s im u la tio n  r u n s  
w ere observed  to  have th e  v a lu es  h ig h e r  th a n  1.

Discussion  

M o r t a l i t y  r a te s

T he Y / R  cu rv e  is  so f la t-to p p e d  th a t  m a x im u m  Y / R  
can n o t be well defined a n d  m ay n o t be a t ta in e d  u n d e r 
an y  p rac tica l f ish in g  m o rta lity  ra te  (Fig. 5). R eference 
p o in ts  such  as F 0 4, F SSB2B, an d  F,SSB40 have often  been  
used  to develop fishery  m an ag em en t s tra teg ie s . P rev ious 
s tu d ie s  have in d ic a te d  th a t  Y / R  an d  S P R  a re  sensitive  
to  v a lu e s  of M  (G riffith s , 1997; K irch n e r, 2001; S u n  
e t ah , 2005). In  th is  study , how ever, th e  e s tim a te s  of 
F  cur w ere m uch low er th a n  th e  ta rg e t  levels of F  0 4 or 
FgSBéo except for th e  scenario  w hen  M  w as a ssu m ed  a t 
th e  low er bou n d  of 0.2. M oreover, th e  e s tim a te s  of F CUR 
w ere never la rg e r  th a n  th e  th resh o ld  level o fF SSB25 even
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Figure 7
Y ield-per-recru it iso p le th s a g a in st f ish in g  m o rta lity  per year  and age at 
first capture (ic) at different levels of n atu ral m ortality  (M) for m ale sa ilfish  
( Is tio p h o ru s  p la ty p te r u s ) in  th e  w aters off ea stern  T aiw an.
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w hen  M  w as a s su m e d  to  be 0 .2 . T h is  r e s u l t  
w ould in d ic a te  th a t  th e  stock  of sa ilf ish  in  th e  
w a te rs  off e a s te rn  T aiw an  a p p e a rs  to  be m od­
e ra te ly  exp lo ited  an d  h a s  re la tiv e  low r is k  of 
b e in g  overfish ing.

S e x -sp e c i f ic  p e r - r e c r u i t  a n a ly s e s  
a n d  se n s i t iv i ty  a n a ly s e s

M ost assessm en t m ethods req u ire  h isto ric  in fo r­
m a tio n  on ca tch , effo rt, an d  ca tc h -a t-a g e  (or 
ca tch -a t-len g th ). The lack  of long -te rm  fishery  
s ta tis t ic s  u su a lly  m a k es  i t  d ifficu lt to  ev a lu a te  
th e  s ta tu s  of p o p u la tio n s  exp lo ited  by sm all- 
scale fisheries  or ta k e n  in c id en ta lly  (e.g., Gov- 
ender, 1995; B a rb ie r i  e t ah , 1997; G rif f ith s ,  
1997; Jo n es an d  W ells, 2001; S u n  e t ah , 2002,
2005). P e r-re c ru it an a ly ses , w hich re q u ire  only 
p a ra m e te rs  re la te d  to  life sp a n  an d  m o rta lity , 
com bined w ith  a n  an a ly s is  of ca tch  cu rves, can  
become a n  a lte rn a tiv e  m ethod for ev a lu a tin g  the  
s ta tu s  of a fishery. B ecause p e r-re c ru it ana ly ses  
can  provide th e  e s tim a te s  of biological reference 
p o in ts  a n d  th e  ca tch  cu rve a n a ly s is  can  y ield
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Figure 8
Sp aw n in g  p o ten tia l ratio (exp ressed  as a percentage) a g a in st  
f ish in g  m orta lity  for fem ale sa ilf ish  (Is tio p h o ru s  p la ty p te r u s ) in  
the w aters o ff ea stern  T aiw an w here age at f ir s t  capture ( ic) = 
5 years (so lid  dots are S P R cur levels; horizon ta l dashed  lin es  
are leve ls for the b iological reference poin ts of P SSB4 0 and F SSB25, 
and •  = F c u r ).
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Figure 9
Spaw ning-potentia l ratio (S P R )  isop leths aga in st fish in g  m ortality  per year  
and age at f ir s t  capture ( ic) at d ifferent lev e ls o f n a tu ra l m orta lity  (M ) for 
fem ale sa ilf ish  (Is tio p h o ru s  p la ty p te r u s ) in  w aters o ff e a ster n  T aiw an.

M=0.20

th e  e s tim a te  of c u rre n t fish ing  m o rta lity  ra te , th e  s ta tu s  
of a f ish e ry  can  be re a d ily  d e te rm in e d  by co m p arin g  
c u r re n t fish ing  m o r ta lity  w ith  th e  biological reference 
points. N evertheless, few re su lts  of previous s tu d ies  have 
b een  d iscu ssed  as  to  how th e  biological reference po in ts 
b a se d  on p e r - re c ru it  a n a ly se s  w ere in flu en ced  by th e  
u n c e r ta in t ie s  of biological p a ra m e te rs .

In  th is  s tudy , th e  effec ts  of F, M,  an d  tc on th e  e s ­
t im a te s  of F Q 1( i ’SSB4 o> a n d  F SSB2B w ere e v a lu a te d  by 
u s in g  th e  M onte  C arlo  s im u la tio n  m e th o d . A lth o u g h  
o th e r  p a r a m e te r s  (e.g ., g ro w th ) a re  e s s e n tia l  in p u ts  
for p e r - re c ru it  a n a ly se s , we focused  on th e  effec ts  of 
F, M,  a n d  tc w h ich  a re  g en e ra lly  m ore d ifficu lt to  e s t i ­
m a te  ow ing to  a lack  of enough  a u x i l ia ry  in fo rm a tio n  
(C h en  e t a h , 2 0 0 7 ). In  a d d itio n , th e  a s s u m p tio n  of 
se lec tiv ity  of f ish in g  g e a r  could in flu e n ce  th e  re s u lts  
of p e r - re c ru it  a n a ly se s . G enera lly , long line  se lec tiv ity  
is  a s su m e d  to  be asy m p to tic  a n d  g illn e t se lec tiv ity  is 
a s su m e d  to  be dom e sh a p e d . In  th is  s tu d y , a d o m e­
sh a p ed  se lec tiv ity  w as a s su m e d  for in c o rp o ra tin g  in to  
th e  p e r - r e c r u i t  a n a ly s e s .  S a i l f is h  in  th e  w a te r s  off 
e a s te rn  T aiw an  w ere exploited  by v ario u s  f ish in g  g ears  
a lth o u g h  la rg e  p ro p o rtio n  of th e  ca tc h  w as m ad e  by 
g il ln e t .  H ow ever, in s u f f ic ie n t  le n g th - fre q u e n c y  d a ta

reco rd ed  by f ish in g  g e a r  le ad  to  d ifficu lty  in  e s t im a t­
in g  th e  se lec tiv ity  for d iffe ren t f ish in g  gear. T herefore, 
co llecting  th e  in fo rm atio n  from  fish in g  g e a r  for leng th - 
f req u en cy  d a ta  is  n e c e s sa ry  to  e v a lu a te  th e  in flu e n ce  
of d if fe re n t se le c tiv ity  a s su m p tio n s  on th e  r e s u l ts  of 
a s se ssm e n t.

Im p l ic a t io n s  o f  s e x -sp e c i f ic  a s s e s s m e n t  
a n d  m a n a g e m e n t  of t h e  s p e c ie s

U ozum i (2003) in d ic a te d  th a t  th e  problem s in  th e  stock 
a ssessm en t of sa ilfish  a re  th e  in a b ility  to  ob ta in  re liab le  
biological p a ra m e te rs , s ta n d a rd iz a tio n  of ca tch  p er u n it  
of effort, an d  a m echan ism  to develop reliab le abundance 
in d ic es . S a ilf ish  a re  know n  to  be se x u a lly  d im orph ic  
(fem ales grow  fa s te r  an d  to  a la rg e r  size th a n  m a les  
(C h ian g  e t ah , 2004; H oolihan , 2007), fem ales becom e 
m a tu re  la te r  th a n  m a le s , a n d  sex  ra t io  v a r ie s  w ith  
le n g th  (C h iang , 2004). T h ese  a t t r ib u te s  in d ic a te  th a t  
sex-specific a s sessm en ts  should  be done to  ev a lu a te  th e  
s ta tu s  of sa ilfish . T he sex-specific p e r-re c ru it an a ly se s  
w ith  th e  co nsidera tion  of p a ra m e te r  u n c e r ta in ty  u sed  
in  th is  s tu d y  provide a m ethod  for e v a lu a tin g  m a n a g e ­
m en t s tra te g ie s .
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Figure 10
Box plots o f the e stim a tes  of F 0 j and F c u -R/F 0 j for scenarios incorporating the u n cer ta in ty  in  
to ta l m o rta lity  (Z ), n a tu ra l m orta lity  (M ) and age at f ir s t  capture (tc) for fem ale (A , C) and  
m ale (B , D ) sa ilf ish  (Is tio p h o ru s  p la ty p te r u s ) in  the w aters o ff ea stern  T aiw an. The center  
lin e  rep resen ts th e  m ed ian  and the boxes rep resent the q u a rtiles . The w h iskers ex ten d  1.5 
t im es th e  in terq u a rtile  range. O pen circles are ou tliers. H orizonta l dash  lin es  ind ica te  the  
leve ls of reference poin ts at base case.

T h ere  is  a  p o ss ib ility  th a t  th e  low F  e s tim a te s  m ay 
be a n  a r t i f a c t  o f a n  in f lu x  of f ish  from  o u ts id e  th e  
s tu d y  a re a . S uch  a b ia s  could occur i f  th e  p ro b ab ility  
t h a t  a  fish  w ill m ove from  d is t a n t  w a te rs  to  w ith in  
ra n g e  of th e  e a s te rn  T aiw anese fleet is  su b s ta n tia l an d  
in c re a se s  w ith  th e  age of th e  fish  (S u n  e t ah , 2005). 
In  p rin c ip le , e s t im a te s  for M  could  be o b ta in e d  from  
r e s e a r c h  (su c h  a s  ta g g in g  s tu d ie s  to  d e te rm in e  M ; 
H a m p to n , 2 0 0 0 ). H ow ever, in  th e  s h o r t  to  m e d iu m  
te rm , th e  v a lu es  for M  w ill have to  be o b ta in e d  from  
th e  r e s u lts  of s tu d ie s  for o th e r  sto ck s of sa ilf ish . T hey  
have b ee n  s im ila r  to  th o se  o b ta in ed  by  P a u ly ’s (1980) 
m ethod . T h is  d ifference should  be ev a lu a ted  in  re la tio n  
to  e n v iro n m e n ta l  fa c to rs . A lth o u g h  r e c e n t a n a ly s e s  
of m o le c u la r  m a rk e rs  do n o t su p p o r t  re c o g n itio n  of 
s e p a ra te  A tla n tic  a n d  Indo-P acific  spec ies  of sa ilf ish  
(G ra v e s  a n d  M cD ow ell, 2 0 0 3 ), th e re  is  no ev id en ce  
to  in d ic a te  t h a t  s a i l f i s h  becom e in c re a s in g ly  lik e ly  
to  m ig ra te  to  T a iw a n  w ith  in c re a s in g  age. A lth o u g h  
P rin c e  e t al. (2006) e x a m in e d  th e  ta g g in g  r e s u l ts  in  
th e  e a s te rn  Pacific O cean , th e y  co n s id ered  th is  s p e ­
cies a  sin g le  stock . I t is  u n c le a r  w h e th e r  th e  sa ilf ish  
po p u la tio n  in  th e  Pacific O cean  com prises a sing le  or 
m u ltip le  stocks, a n d  th e ir  reg iona l or global ab u n d an ce

is  u n k n o w n  ( E h rh a rd t  a n d  F itc h e tt ,  2006). A ta g g in g  
p ro g ra m  in  w hich elec tron ic an d  conven tional ta g s  a re  
u se d  to  e x a m in e  th e  s p a tia l  m ovem en t p a t te r n s  an d  
stock  s tru c tu re  of sa ilf ish  in  th is  g eo g rap h ica l reg ion  
w ould prove beneficia l for th e  su s ta in a b le  m a n ag e m en t 
of th e  species.

T h ere  a re  no m a n a g e m e n t m e a su re s  for sa ilf ish  in  
th e  w a te rs  off e a s te rn  T a iw a n  a t  p re se n t. In  th e  w a­
te r s  off e a s te rn  T a iw an , sa ilf ish  a re  ta rg e te d  by th e  
g illn e t f ish e ry  a n d  c a u g h t in c id e n ta lly  in  th e  long line, 
h a rp o o n , a n d  se t n e t f ish e rie s . T h is  m a k es  i t  d ifficu lt 
to  effectively control th e  fish ing  effort of th e se  fisheries 
for sa ilf ish . In  th is  case, th e  iso p le th s  of S P R  in d ic a te  
t h a t  in c re a s in g  t c to  a n  age  b e tw e e n  s ix  a n d  sev en  
y e a rs  old w ould  like ly  r e s u l t  in  m odest g a in s  in  te rm s  
of S P R  (on th e  o rd er of 40% ) a n d  also  hedge a g a in s t  
r e c ru itm e n t overfish ing . For exam ple , th e  ta rg e t  level 
of 40%  S P R  could be ach ieved  a t  even double v a lu es  of 
F  cur i f  t c for fem ale sa ilf ish  w as la rg e r  th a n  five y ea rs  
( th e  age a t  se x u a l m a tu r ity ) . O f course  th e  efficacy of 
in c re a s in g  t c w ou ld  be m it ig a te d  by an y  s u b s ta n t ia l  
re le a se  m o rta lity . A t p re se n t l i t t le  is  know n ab o u t th e  
m o r ta lity  r a te s  of fish re le a se d  from  g illn e t a n d  long- 
lin e  v esse ls  o p e ra tin g  off e a s te rn  T aiw an , an d  f u r th e r
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Figure 11
Box plots o f th e  e s t im a te s  o f F ssb 4 o(A), ^ ssb 2 5 (®)> -^cur^ o issb 4 o(^) 
for scen arios incorporating th e  u n cer ta in ty  in  to ta l m o rta lity  (Z), n a tu ra l m orta lity  (M ), and  
age at f ir s t  capture (tc) for fem ale sa ilf ish  (Is tio p h o ru s  p la ty p te r u s )  in  the w aters o ff ea stern  
T aiw an. The cen ter  lin e  rep resen ts th e  m ed ian  and th e  box rep resen ts  th e  q u a rtile s . The 
w h iskers extend  1.5 tim es the in terq uartile  range. Open circles are outliers. H orizontal dashed  
lin es  ind ica te  th e  leve ls of reference poin ts at base  case.

s tu d y  is  n eed ed  before we can  confiden tly  recom m end  
in c re a s in g  t c a s  a  m e a su re  to  p rev e n t overfish ing .

In  sum m ary , sex-specific p e r-re c ru it m odeling coupled 
w ith  M onte C arlo s im u la tio n  an a ly se s  a re  effective in  
e v a lu a tin g  th e  s to ck  s ta tu s  of b illfish  b ec au se  of th e  
sex u a l d im orph ism  a n d  u n c e r ta in ty  in  key life h is to ry  
a n d  f ish e ry  p a r a m e te r s  of th e se  sp ec ie s . T h is  s tu d y  
rev e a ls  th a t  sa ilf ish  in  th e  w a te rs  off e a s te rn  T aiw an  
ap p e ar to  be m oderately  exploited an d  have re la tiv e  low 
r is k  of b e in g  overfished. However, in  view  of th e  rec en t 
ra p id  in c re a se  in  fish in g  effo rt, i t  is  ev id en t th a t  th e  
stock  s ta tu s  a n d  developm ent of th e  fishery  need  to  be 
closely m onitored .
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