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ABSTRACT 

A review is  presented of the  da ta  cu r ren t ly  ava i l ab le  on small pelagic 
f i s h e r i e s ,  both inshore and offshore in  the  South P a c i f i c  Region. Most 
information concerns pole-and-line tuna l i v e  b a i t  f i s h e r i e s .  The b io logica l  
c h a r a c t e r i s t i c s  of small pelagics a r e  discussed with r e spec t  t o  exploi ta t ion .  
Estimates of y ie lds  and maximum sus ta inable  y i e l d s  a r e  compared wi th  those i n  
Southeast Asia fo r  the  same species  groupings. The lack of data on small 
pe lagic  y i e l d s  i n  most areas  of the  South P a c i f i c  is  discussed and ways t o  
a s s e s s  s tanding stock s i z e s  and p o t e n t i a l  y ie lds  a r e  suggested. 

Small pelagic f i s h e s ,  t h e  mackerel and herr ing-l ike species which 
genera l ly  a t t a i n  a  maximum weight of l e s s  than 500g, form an important par t  of 
t h e  t o t a l  marine f i s h e r i e s  production of both Southeast Asia and the  i s land 
nat ions  of the  South P a c i f i c  region. I n  Southeast Asia, small pe lagics  comprise 
about 20% of the  t o t a l  annual marine landings o r  a  catch of 1,300,000 t l y e a r  
(Table 1) .  I n  much of Southeast Asia, both pelagic  and demersal f i s h e r i e s  a r e  
exploi ted  a t  o r  beyond the  l e v e l  of t h e  maximum sus ta inab le  y i e l d  (MSY) and the  
maximum economic y ie ld  (MEY) (Marten and Polovina 1982; S i l v e s t r e  and Pauly i n  
p ress ;  Bailey e t  a l .  1987; Da lze l l  e t  a l .  1988). By con t ras t ,  t he  small pelagic 
f i s h e r i e s  resources of the  South P a c i f i c  region a s  a  whole may be only 
r e l a t i v e l y  l i g h t l y  exploi ted,  although i n  c e r t a i n  areas  they c o n s t i t u t e  
important subsistence f i s h e r i e s  and a r e  a l s o  used as  l i v e  b a i t  t o  catch tuna. 
I n  t h i s  paper, we review current  knowledge of South P a c i f i c  small pelagic 
f i s h e r i e s  resources and attempt t o  g ive  some indica t ion  of p o t e n t i a l  y ie lds  f o r  
small  pelagic f i s h e r i e s ,  based l a rge ly  on inferences from Southeast Asia, which 
is f a u n i s t i c a l l y  s imi lar .  

SMALL PELAGIC FISHES ADD NOMIHAL LAHDUGS IH THE SOOTH PACIFIC REGIOH 

Spec ies .  Taken 

The term 'small pelagic f i s h e s '  r e f e r s  t o  a  d iverse  group of planktivorous 
f i s h e s  t h a t  share the  same common h a b i t a t ,  t he  surface  layer  of t h e  water 
column, usual ly  above the  cont inenta l  shel f  and i n  waters not exceeding 200m i n  
depth. I n  P a c i f i c  i s lands ,  the re  is  t y p i c a l l y  l i t t l e  o r  no cont inenta l  she l f ,  
and beyond the  b a r r i e r  o r  f r ing ing  r e e f ,  t h e  descent t o  200m is  rapid.  Table 2  
l i s t s  t h e  small pelagic f i s h e s  of t h e  South P a c i f i c  region. 
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Many of t he  ind iv idua l  spec i e s  i n  each spec ies  grouping a r e  used as b a i t - f i s h  
f o r  pole-and-line tuna f i s h i n g  and t h e  taxonomy and d i s t r i b u t i o n  of t h e s e  b a i t -  
f i s h  a r e  descr ibed by Lewis e t  a l .  (1983a). These d a t a  a r e  summarized i n  Table 
3 and Fig.  1. Papua New Guinea (PNG) was taken  a s  t h e  western boundary of t h e  
South P a c i f i c  region.  A f u n c t i o n a l  r eg re s s ion  of t he  logari thm of the  number of 
small  pe l ag ic  bait-f  i s h  spec i e s  versus d i s t ance  i n  an e a s t e r l y  d i r e c t i o n  from 
PNG was negat ive  and h ighly  s i g n i f i c a n t .  Although not 

conclusive,  t h i s  a n a l y s i s  suggest  a c l i n e  of decreas ing  small pe l ag ic  spec i e s  
d i v e r s i t y  away from t h e  Indo-Australian a rch ipe lago  which i s  thought t o  be t h e  
evolu t ionary  center  of t h e  Indo-Pacif i c  fauna (Carcasson 1977). These r e s u l t s  
a r e  cons i s t en t  wi th  those  of S a l e  (1980) f o r  c o r a l  r ee f  spec ies .  

b a n d i n a s  vUh t h e  except i o n  o f  t u n a  b a i t  f i eher  i e q  

Data on small  p e l a g i c  f i s h  landings i n  t h e  South P a c i f i c  reg ion  a r e  r a t h e r  
sparse.  Nominal product ion of small  pe lag ic  f i s h e s  f o r  s i x  d i f f e r e n t  P a c i f i c  
I s l and  na t ions  a r e  given i n  Table 4. Information on subs i s t ence  ca tches ,  f o r  
example, i s  gene ra l ly  lacking and thus is not included. It should be c l e a r l y  
understood t h a t  t h e s e  da t a  a r e  no t  comprehensive. No information,  f o r  example, 
on the  volume of ca tches  of smal l  pe l ag ic s  i n  French Polynesia  was found i n  t h e  
l i t e r a t u r e ,  a l though t h e s e  f i s h e s  a r e  known t o  be an important component of 
catches i n  t h i s  l o c a t i o n  ( ~ a g n i s  e t  a l .  1974). The d a t a  c l e a r l y  h igh l igh t  t h e  
gaps i n  t he  present  knowledge of small p e l a g i c  r e sou rces  u t i l i z a t i o n  i n  t h e  
region.  

. . 
ishzne m e t h o d s  a n d  g e a r s  

Small pe l ag ic  spec ies ,  used f o r  l i v e  b a i t  i n  F i j i ,  PNG, t h e  Solomon 
I s l ands  and K i r i b a t i  a r e  caught by l i g h t  a t t r a c t i o n  and t h e  u s e  of a s t ick-held 
l i f t  ne t  o r  Bouke-ami. The deployment and ope ra t ion  of Bouke-ami n e t s  has been 
descr ibed i n  d e t a i l  by D a l z e l l  (19801, Muyard (1980) and McCarthy (1985). The 
Bouke-ami net  is mounted on t h e  deck of t he  pole-and-line tuna  v e s s e l  and i s  
dismantled and stowed when not  i n  use.  Tuna v e s s e l s  normally employ two o r  
t h r e e  s k i f f s  with a genera tor  t o  power 1-1.5 kW submersible lamps. These lamps 
and those  mounted on  t h e  deck of t he  tuna v e s s e l  a r e  used t o  aggregate  t h e  ba i t -  
f i s h .  S imi la r  systems a r e  a l s o  used i n  t h e  Ph i l i pp ines  t o  capture  small 
pe l ag ic s  although t h e  use  of submersible lamps in  t h i s  reg ions  i s  no t  common, 
and sur f  ace i l l umina t ion  i s  predominant. 

I n  PNG, va r ious  small-scale  gears  a r e  used t o  cap tu re  small  pe lag ic  
f i s h e s .  The gold spot  h e r r i n g  H e r k l o t s i c h t h ~ e  auadrimaculatus and big-eye scad 

~ruwenophthalrnuq a r e  captured i n  t h e  North Solomons by hand-held scoop 
n e t s  (Hulo 1985). A group of men w i l l  c a r e f u l l y  surround a school i n  knee-deep 
water then c lose  i n  scooping the  f i s h  i n t o  baske ts  c a r r i e d  on t h e i r  backs. 
Scoop n e t s  a r e  a l s o  used i n  t h e  North Solomons t o  c a p t u r e  f l y i n g  f i s h e s  ( i b i d ) .  
The fishermen a t t r a c t  t h e  f l y i n g  f i s h e s  on a moonless n ight  by a kerosene 
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p re s su re  lamp mounted on a canoe. This type of f i s h i n g  is found a l s o  i n  t h e  
Micronesian i s l a n d s  of Palau (Johannes 1983),  K i r i b a t i  ( ~ e e s  1985) and most of 
Polynesia  where it has  developed t o  a h igh  degree. I n  t h e  Marakei I s l a n d s  of 
K i r i b a t i ,  ca tches  of f l y i n g  f i s h e s  taken i n  t h i s  f a sh ion  account f o r  about 40% 
of t h e  t o t a l  f i s h  landings from t h e s e  i s lands .  

Enci rc l ing  s e i n e  n e t s  o r i g i n a l l y  made from bush m a t e r i a l s ,  a r e  used i n  t h e  
Admiralty I s l a n d s  of PNG t o  capture  half-beaks (~emirhamphiade)  and o t h e r  l a r g e r  
pe l ag ic s  such as  t r e v a l l i e s  ( ~ a r a n g i d a e )  and mul le t  ( ~ u g i l i d a e )  ( ~ u b o h j a m  1985). 
Cast n e t t i n g  is  used i n  Palau t o  cap tu re  g. guadrimaculatuq when t h i s  spec i e s  
congregates i n  spawning aggregat ions  (Johannes 1983). Palau s tocks  of g. 

maculatuq may i n  f a c t  be overf ished,  poss ib ly  due t o  dynamite f i s h i n g  on 
t h e  he r r ing  schools.  Johannes a l s o  mentions t h a t  t h e  big-eye scad, Se l aq  ~ Q O D S  

i s  heavi ly  f i s h e d  by g i l l  and s e i n e  n e t t i n g  i n  Palau,  a l though t h e r e  h a s  not  ye t  
been any s ign  of a d e c l i n e  i n  t h e  scad s tocks .  I n  Guam, i t s  more wide-spread 
cogener, Selaq c r w n o ~ h t b a l m v q  i s  caught by hook-and-line and g i l l  n e t s  a s  
j uven i l e s ,  and o f f sho re  n ight  j i gg ing  f o r  a d u l t s  (Amesbury 1986). The 
big-eye scad,  Selaq c rumeno~h tha lmq  i s  h igh ly  pr ized  i n  French Polynesia  and is  
captured by dr ive- in  s e i n e  n e t t i n g ,  g i l l  n e t t i n g  and j i gg ing  wi th  f e a t h e r  l u r e s  
on hand l i n e s  a t  n igh t  u s ing  l i g h t  a t t r a c t i o n  (Bagnis e t  a l .  1974). I n  Hawaii, 
a r a t h e r  more s o p h i s t i c a t e d  f i s h e r y  using s p o t t e r  planes and surround n e t s  has 
developed (Shio ta  1986). 

I n  T a h i t i ,  t h e  roundscad J e c a ~ t e r u q  macarel lup i s  caught by hook-and-line, 
us ing  coconut pulp as b a i t  (Bagnis e t  a l .  1974). These au thors  a l s o  r e p o r t  t h e  
capture  of g. a c a r e l l u q  by n e t t i n g  (presumably g i l l  n e t t i n g )  i n  t h e  r e e f  passes  
of t h e  Leeward I s l a n d s ,  and succes s fu l  bottom g i l l  n e t t i n g  t r i a l s  have more 
r e c e n t l y  been c a r r i e d  out i n  t h e  Cook Is lands .  G i l l e t t  (1987) r e p o r t s  on t h e  
success  of t he  Hawaiian hoop n e t  f o r  P e c a ~ t e r u s  spp. i n  Niue. I n  F i j i ,  g i l l  
n e t s  a r e  used both pass ive ly  and t o  a c t i v e l y  surround schools  of Raetrell ieer 
&rachvs~w@ and g. kauaeurta  i n  inshore  waters .  Landings of over 500t /yr .  have 
been recorded (Lewis 1985) and a r e  seasonal .  

I n  French Polynesia ,  s t r u c t u r e s  s i m i l a r  i n  cons t ruc t  i on  and des ign  t o  
Ph i l i pp ine  f i s h  c o r r a l s  a r e  used t o  capture  both p e l a g i c  and demersal spec i e s .  
In  t h e  Ph i l i pp ines ,  such c o r r a l s  a r e  composed p r imar i ly  of cane w h i l s t  according 
t o  Grand (1985) Polynesian f i s h  c o r r a l s  o r  ' p a r c s '  a r e  made from n e t t i n g  
suspended from s t e e l  pos ts .  The ca tches  and economics of Polynesian p a r c s  have 
been s tud ied  by both Grand (1985) and Morize (1985). 

DISTRIBUTION AND BIOLOGY OF SMALL PELAGIC FISHES 

Jlistr i b u t  ion 

I n  much of t h e  South P a c i f i c  many of t h e  small  pe l ag ic  ca t ches  a r e  
a s soc i a t ed  wi th  c o r a l l i n e  a r eas .  The except ions a r e  t h e  l a r g e r  i s l a n d s  such a s  
F i j i ,  PNG and t h e  Solomon I s l a n d s  which possess  ex tens ive  r i v e r  systems and 
e s t u a r i n e  a reas .  The prawn t r awl  f i s h e r y  i n  t h e  Gulf of Papua i s  i n  shallow 
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(<30m) waters  and a s  a consequence, about 15% of t h e  catch of f i n f i s h  a r e  sma l l  
pe l ag ic s ,  c o n s i s t i n g  mostly of anchovies (- spp., T h r y 6 s ~  spp.) and 
c lupeoids  (Sa rd ine l l a  spp.).  The magnitudes of t h e  mean annual catches a r e  
i nd ica t ed  s e p a r a t e l y  i n  Table 5. Clear ly  t h e  e s t u a r i n e  anchovy and s a r d i n e  
components f a r  outrank those  catches from t h e  c o r a l l i n e  environments even wi th  a 
gea r  designed f o r  demersal opera t ions .  Unfor tuna te ly ,  very l i t t l e  of t h i s  f i s h  
ca tch  i s  des t ined  f o r  human consumption and most, i n  f a c t ,  i s  thrown back i n  t h e  
sea.  

The genera l  d i s t r i b u t i o n  of small  pe l ag ic  f i s h e s  on both c o r a l l i n e  and 
non-coral l ine she l f  a r e a s  i s  shown i n  Fig. 2,  adapted from D a l z e l l  and Ganaden 
(1987). Within t h e  c o a s t a l  zone a r e  found t h e  big-eye scads ,  anchovies ,  
c lupeoids and h a l f  beaks. The except ion amongst t h e  anchovies i s  $ t o l e ~ h o r u q  
punct$feq,  a s t enoha l ine  spec ies  which p r e f e r s  n e r i t i c  and oceanic  waters  ( ~ i d a  
1973). D a l z e l l  (1984a) has shown t h a t  t h e  ca t ch  pe r  e f f o r t  of 3. p u o c t i f e r  i n  
PNG i s  i nve r se ly  c o r r e l a t e d  wi th  annual r a i n f a l l  (Fig.  7 ) .  The f u s i l i e r s  may 
a l s o  be included wi th  the  small  pe l ag ic s  of t h e  c o a s t a l  zone s ince  t h e i r  
d i s t r i b u t i o n  i s  determined l a r g e l y  by t h e  ex t en t  of co ra l  cover which i s  
gene ra l ly  a s soc i a t ed  w i t h  shallow (30 m depth)  c o a s t a l  water.  S t u d i e s  of r e e f  
f i s h  populat ions on t h e  Aus t r a l i an  B a r r i e r  Reef (Williams and Hatcher 1983) and 
a small  i s l a n d  f r i n g i n g  reef i n  t he  Ph i l i pp ines  (Alcala  1985) have shown t h a t  
f u s i l i e r s  formed t h e  l a r g e s t  component of t h e  f i s h  biomass. Fu r the r ,  f u s i l i e r s  
form 75% of a l l  f i s h  captured by Muro-ami o r  dr ive- in  n e t s  on P h i l i p p i n e  c o r a l  
r e e f s  and account f o r  99% of t h e  small p e l a g i c  f i s h e s  caught by t h i s  method 
(Corpuz and Da lze l l ,  unpub. d a t a ) .  

Fu r the r  o f f sho re  a r e  found t h e  mackerels ( g a e t r e l l w  spp . )Â  al though 
according t o  Druzhinin (1970), t h e r e  appears t o  be a d i f f e r e n t i a l  d i s t r i b u t i o n  
between 8. brachvsmq and 8. k a n a w r t 9 ,  t h e  l a t t e r  being more common i n  o f f s h o r e  
n e r i t i c  waters .  Ranging between t h e  n e r i t i c  and t r u l y  oceanic a reas  a r e  t h e  
roundscads (IJecaoterus spp.). Although t h e s e  spec i e s  a r e  g e n e r a l l y  caught 
around s h e l f  a r e a s ,  they have been caught around f i s h  aggregat ing devices  i n  t h e  
Celebes Sea above 5,000m of water ,  we l l  away from t h e  she l f  zone ( K . L .  Yamanaka, 
Univers i ty  of B r i t i s h  Columbia, pers .  comm) and a r e  o f t e n  caught by purse  
s e i n e r s  i n  the  South P a c i f i c  ope ra t ing  a t  l a r g e  d i s t ances  from land ( G i l l e t t  
1987). S i m i l a r l y ,  f l y i n g  f i s h e s  inhabi t  both inshore  coas t a l  waters  and t h e  
open ocean. 
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The i d e n t i t i e s  of d i f f e r e n t  small  pe l ag ic  f i s h  s tocks wi th in  t h e  South 
P a c i f i c  reg ion  i s  gene ra l ly  unknown. However, t h i s  has  important imp l i ca t ions  
f o r  f i s h e r i e s  management s i n c e  ad jacent  s t a t e s  and t e r r i t o r i e s  may be e x p l o i t i n g  
shared small p e l a g i c  resources .  I n  neighbor ing  Southeast  Asia ,  t h e r e  is 
evidence t o  suggest t h a t  c e r t a i n  small  pe l ag ic  s tocks  may be contiguous along 
t h e  c o a s t a l  waters  of neighboring count r ies .  A u s e f u l  summary of t h e  present  
s t a t e  of knowledge about Southeast  Asian small  pe l ag ic  s tock  i n t e r a c t i o n  is 
given by FAO (1985). The da t a  sugges t ,  f o r  example, t h a t  common sard ine ,  
roundscad and mackerel s tocks  may extend between t h e  Ph i l i pp ines  and t h e  c o a s t a l  
waters  of Borneo. Within t h e  P h i l i p i n e s ,  Tiews e t  a 1  (1970) examined t h e  
nematode i n f e s t a t i o n  r a t e s  of g. j u $ $ e l l i  and g. p a c r o s m q  caught around Manila 
Bay and nor thern  Palawan. The d i f f e r e n c e  i n  i n f e s t a t i o n  r a t e s  were thought t o  
i n d i c a t e  some degree of s tock  separa t ion .  

Tagging of g. @rachy$mq i n  t h e  Gulf of Thailand (Somjaiwong and 
Chullosorn 1974) and t h e  Malacca S t r a i t  (Hongskul 1980) has shown t h a t  t h i s  
s p e c i e s  can move over  cons iderable  d i s t a n c e s  when making feeding and spawning 
migra t ion .  The ma jo r i t y  of f i s h e s ,  however, remained i n  t h e  genera l  v i c i n i t y  of 
t h e  tagging  s i t e .  S i m i l a r l y ,  t agging  of 8.  Jcauagurta on t h e  west coas t  of Ind ia  
showed t h a t  t h i s  s p e c i e s  was capable of a t  l e a s t  a l imi ted  mig ra t ion  i n  a 
no r the rn  or southern d i r e c t i o n ,  p a r a l l e l  t o  t h e  coas t  (Bal and Rao 1984). 
Hardenberg (1934) suggested t h a t  populat  i ons  of S t o l e ~ h o r u q  anchovies make 
p e r i o d i c  migra t ions  along t h e  coas t  of Sumatra and t h e  anchovies i n  t h e  v i c i n i t y  
of t he  Thai and Malaysian border  in  t h e  Malacca S t r a i t  a r e  c u r r e n t l y  considered 
t o  form a transboundary shared s tock  (FAO 1985). 

I n  t h i s  contex t ,  our only south P a c i f i c  example of s tock  i d e n t i f i c a t i o n  i s  
of i n t e r e s t .  Daly and Richarson (1980) used e l e c t r o p h o r e t i c  techniques  t o  
determine the  degree of s epa ra t ion  of t h r e e  s tocks  of S.  heterolobuq and 2. 
d e v i e i  from nor the rn  PNG. These s tocks  were caught a t  t h r e e  b a i t  grounds, 
s epa ra t ed  by up t o  400 km. of deep open sea. Daly and Richardson concluded from 
t h e i r  a n a l y s i s  t h a t  t h e  d i f f e r e n t  anchovy s t o c k s  were semi-isolated. 

A summary of growth and m o r t a l i t y  parameters f o r  s e l ec t ed  s tocks  of small  
p e l a g i c  f i s h e s  from t h e  t r o p i c a l  Indo-Pacific r eg ion  including t h e  South P a c i f i c  
i s  given i n  Table 6.  T rop ica l  small  pe l ag ic  f i s h e s  can be cha rac t e r i zed  a s  
having sho r t  l i f e  spans,  (on average 1-2 y e a r s ) ,  f a s t  growth r a t e s  and 
concomittant high n a t u r a l  m o r t a l i t i e s .  Where l i f e  spans a r e  s h o r t ,  t h e  r a t i o  of 
t h e  n a t u r a l  m o r t a l i t y  (M) t o  t h e  growth cons tan t  (K) i s  h igh  and convent ional  
y ie ld-per - recru i t  ana lyses  suggests  it pays t o  f i s h  these  spec ies  hard wi th  a 
small  s i z e  a t  f i r s t  cap ture  ( ~ u r p h y  1977; Gulland 1983). This  assessment i s  
based on Beverton and Holt ' S (19 57) y ie ld-per - recru i t  a n a l y s i s  where k n i f e  edge 
s e l e c t i o n  is assumed. However, Pauly and Soriano (1986) have shown t h a t  t h i s  
can lead t o  over e s t ima te s  of y i e l d  per  r e c r u i t  which i n  t u r n  has l ed  t o  t h e  
f a l s e  conclusion t h a t  it i s  d i f f i c u l t  t o  o v e r f i s h  t h e s e  s tocks .  
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L i t t l e  i s  known of t h e  r e l a t i o n s h i p  between t h e  magnitude of recru i tment  
i n  r e l a t i o n  t o  pa ren ta l  s t o c k  s i z e s  f o r  t r o p i c a l  small  pe l ag ic  spec ies .  Gushing 
(197 1 )  has  suggested t h a t  c lupeoids may have stock-recruitment r e l a t i o n s h i p s  
which tend towards l i n e a r i t y ,  w i t h  l i t t l e  dens i ty  dependence. Muller (19761, 
however, was a b l e  t o  f i t  a  modified Ricker (1954) func t ion  t h a t  incorporated a  
term f o r  r a i n f a l l  t o  d a t a  on s tock  and recrui tment  of S.  b e t e r ~ l o b u @  from Palau.  
S imi l a r ly ,  Cs i rke  (1978) showed t h a t  a  Ricker func t ion  which accounted f o r  t h e  
concent ra t ion  of t h e  s tock  biomass gave a  good d e s c r i p t i o n  of t h e  stock- 
recru i tment  r e l a t i o n s h i p  of t h e  Peruvian anchoveta, Sngrav l iq  xivizevq. A 
c l a s s i c a l  Ricker func t ion  was used by Hara (1977) t o  descr ibe  t h e  stock- 
recru i tment  r e l a t i o n s h i p  of t h e  t r o p i c a l  and sub t r o p i c a l  round he r r ing  Etrumeu@ 
t e r e q .  D a l z e l l  (1984b) has suggested t h a t  f o r  s to l ephor id  anchovies and 
??Vra te l l~ ideg  g r a c i l i q  from PNG, t h e  stock-recruitment r e l a t i o n s h i p  may tend 
towards l i n e a r i t y .  However, t h e  methodology used, based on Pauly (19821, has  
been c r i t i c i z e d  by Garcia  (1983) f o r  poss ib ly  genera t ing  a  s t rong  p o s i t i v e  
c o r r e l a t i o n ,  pure ly  a s  a  s t a t i s t i c a l  a r t e f a c t .  

Small pe l ag ic  f i s h e s  a r e  gene ra l ly  plankt ivorous feeders  t h a t  a r e  
r e l a t i v e l y  low i n  t h e  food chain,  and hence, c.an reach h igh  biomass l e v e l s ,  
e s p e c i a l l y  i n  a r eas  of ex tens ive  upwelling such a s  e a s t e r n  boundary c u r r e n t s ,  
e.g. ,  Chile-Peru, Benguela and Canary Current systems. Small pe l ag ic s  a l s o  l i v e  
a t  t h e  boundary of t h e  air-water  i n t e r f a c e  and in  t h e  same manner a s  t h e i r  
p lanktonic  food supply a r e  l i k e l y  t o  be s t r o n g l y  inf luenced by environmental 
condi t ions  i n  comparison t o  demersal spec i e s  (Cs i rke ,  i n  p re s s ) .  I n  t h e  t r o p i c a l  
zones, t h e  major environmental in f luences  a r e  t h e  monsoon winds which blow, 
according t o  season, from t h e  no r th  o r  south. I t  i s  not s u r p r i s i n g ,  t h e r e f o r e ,  
t h a t  production of small pe l ag ic s  can be h igh ly  seasonal ,  and t h i s  has  important 
consequences f o r  such f i s h e r i e s .  

Exce l len t  examples of small  pe l ag ic  f i s h e r i e s  s easona l i t y  can be found in  
t h e  Ph i l i pp ines .  Fig. 3  shows t h e  seasonal  indexes of t h e  monthly landings of 
roundscads (Decavterus spp.) ,  anchovies (Stolevhprus spp.) ,  and sard ines  
( S a r d i n e l l q  spp.)  a t  Navotas f i s h  po r t  complex near Manila. About 35% a l l  
commercial f i s h  in  t h e  Ph i l i pp ines  a r e  landed a t  Navotas. F ish ing  e f f o r t  i s  
gene ra l ly  constant  throughout t h e  year and t h e  seasonal  indexes,  based on 
monthly time s e r i e s  of landings between 1980 and 1986 r e f l e c t  t h e  s easona l i t y  of 
production. 

The product ion peak f o r  roundscads in  t h e  Ph i l i pp ines  occurs  between March 
and June which corresponds t o  t h e  period following t h e  end of t h e  nor theas t  
monsoon and t h e  beginning of t h e  southwest monsoon i n  June. Sard ines  have a  
product ion peak during t h e  southwest monsoon which normally l a s t s  between June 
t o  October . The product ion peak of s to l ephor id  anchovies occurs  between 
September t o  November, towards t h e  end of t h e  southwest monsoon and t h e  
t r a n s i t i o n  t o  t h e  no r theas t  monsoon. The marked seasona l i t y  of P h i l i p p i n e  small  
pe l ag ic s  can have pronounced economic e f f e c t s .  The monthly p r i c e  of roundscads 
i s  inverse ly  co r r e l a t ed  wi th  t h e  quan t i t y  landed such t h a t  the  increas ing  
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s c a r c i t y  of t h e s e  spec i e s  a f t e r  May leads  t o  a  s teady  inc rease  i n  p r i c e  (Da lze l l  
and Corpuz, unpub. d a t a ) .  Ph i l i pp ine  f i s h  canners a r e  sometimes obl iged  t o  
import s a rd ines ,  u s u a l l y  from Japan, t o  compensate f o r  t h e  dec l ine  i n  landings 
of s a rd ines  i n  t h e  Ph i l i pp ines  a f t e r  August ( J .  Wu, Permex Producer and Exporter 
Corp., pers .  comm. 1. 

Simi lar  s e a s o n a l i t y  indexes were computed wi th  monthly ca t ch  per  e f f o r t  
da t a  between 1976 and 1981 f o r  b a i t  ca tches  a t  Ysabel Passage and Cape Lambert, 
two b a i t  grounds i n  nor thern  PNG (Fig. 4). There i s  evidence of a  seasonal  
in f luence  on ca tch  r a t e s ,  p a r t i c u l a r l y  a t  t h e  Ysabel Passage where peak 
product ion occurred between June t o  September. A s i m i l a r  s e a s o n a l i t y  was 
repor ted  f o r  ca tches  of b a i t f i s h  and o t h e r  small  pe l ag ic s  i n  New Caledonia with 
a  peak between March t o  J u l y  (Conand 1985) and i n  t h e  F i j i  b a i t f i s h e r y ,  w i th  
peak catches du r ing  March-June (Lewis 1983). During t h i s  per iod  of t h e  
year ,  the  winds blow predominantly from t h e  sou theas t .  

D i s t i n c t  seasonal  t r ends  in  i nd iv idua l  spec i e s  catch-per-effor t  da t a  a r e  
a l s o  apparent ( ~ i g .  5)  i n  PNG . Both S t o l e ~ h o z u @  b e t e r o l o b u ~  and 5. d e v i s i  show 
c l e a r  product ion  peaks i n  June-August and dur ing  October. I n t e r e s t i n g l y ,  t hese  
peaks a r e  contemporary wi th  the  average peak spawning i n t e n s i t y  of t h e s e  two 
spec i e s  (Da lze l l ,  1988) and peaks i n  zooplankton biomass (Chapau 1983). The 
p a t t e r n  with S. g r a c i l i g  is l e s s  c l e a r  w i th  a  pronounced peak i n  September and a  
poss ib le  peak dur ing  t h e  closed season f o r  t h e  f i s h e r y  between January and 
February. 

PRODUCTIOH AND YIELDS OF SMALL PELAGICS III THE SOOTH PACIFIC 

Production t r end?  

As with many f i s h e r i e s  i n  t h e  South P a c i f i c  region,  t h e r e  is  l i t t l e  
information on ca t ch  and f i s h i n g  e f f o r t  f o r  small  pe lag ics .  The most cons i s t en t  
sources of da t a  concern t h e  pole-and-line tuna f i s h e r y  b a i t  ca tches  i n  PNG, t h e  
Solomon I s l ands ,  Palau and F i j i  ( ~ i g .  6 ) .  I n  each ins tance ,  t h e  t o t a l  annual 
b a i t  ca tch  i n  tonnes has been p lo t t ed  a g a i n s t  annual f i s h i n g  e f f o r t .  For t h e  
PNG, F i j i a n  and Solomon I s l ands  b a i t  f i s h e r i e s ,  t h e r e  was l i t t l e  evidence of 
curva ture  i n  t h e  s c a t t e r s  of ca tch  ve r sus  e f f o r t .  Apart from t h e  F i j i a n  
f i s h e r y ,  catches of l i v e  b a i t  from t h e s e  f i s h e r i e s  c o n s i s t  p r imar i ly  of 
s to l ephor id  anchovies.  S imi la r  ' l i n e a r '  ca tch- f i sh ing  e f f o r t  r e l a t i o n s h i p s  have 
a l s o  been found f o r  small  pe l ag ic  f i s h e r i e s  which ca tch  mainly s t o l e p h o r i d  
anchovies,  i n  p a r t s  of t h e  Ph i l i pp ines  (SCS 1976, 1977, 1978). Rather  than f i t  
a  simple l i n e a r  r e g r e s s i o n  t o  t h e  p o i n t s ,  a  l i n e  forced through t h e  mean and 
o r i g i n  was used a s  t h e  most r e a l i s t i c  i n t e r p r e t a t i o n  of t h e  r e l a t i o n s h i p .  
Attempts t o  f i t  s u r p l u s  production models t o  b a i t f  i s h  catch and e f f o r t  da t a  from 
F i j  i have been made (JICA 1987) but  t h e  f i t  of t h e  model was poor and t h e  
r e s u l t  S spurious.  
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The lack  of pronounced curva ture  i n  t h e  catch-ef f o r t  r e l a t i o n s h i p  f o r  t h e  
PNG, Solomons and F i j i a n  b a i t  catches may be due t o  t h e  dynamics of t h e  pole- 
and-line f i s h e r y .  These f i s h e r i e s  comprise e s s e n t i a l l y  two f i s h e r i e s ,  one f o r  
b a i t  and f o r  t h e  t a r g e t  spec i e s ,  sk ip j ack  tuna (Kat&uwonuq pelamis).  Since 
s u f f i c i e n t  q u a n t i t i e s  of b a i t  a r e  e s s e n t i a l  t o  capture  tuna,  t h e  f ishermen w i l l  
qu ick ly  leave a  b a i t  ground when ca tches  dec l ine  and w i l l  t r y  o t h e r  l o c a t i o n s  
f o r  b a i t  supply. Whilst  o p t i o n s  on o t h e r  b a i t  grounds dec l ined  g radua l ly  i n  PNG 
during t h e  now-defunct f i s h e r y  (1971-1981, 1985), t h e r e  were always opt ions  f o r  
f l e e t s  ope ra t ing  a t  t he  two p r i n c i p a l  s i t e s ,  Ysabel Passage and Cape Lambert. 
S imi l a r ly ,  both t h e  Solomon I s l ands  and F i j i a n  b a i t  f i s h e r i e s  conta in  many 
d i f f e r e n t  s i t e s  a t  which t o  capture  l i v e  b a i t .  Thus , there  a r e  p l e n t y  of op t ions  
f o r  r e l o c a t i o n  should b a i t  ca tches  a t  a  s p e c i f i c  l o c a t i o n  dec l ine .  

Muller (1976) f i t t e d  su rp lus  y i e l d  curves (Schaef fer  1954; Fox 1970) t o  
catch-and-effort  d a t a  from t h e  Palau b a i t  f i s h e r y  and obtained e s t ima te s  of t h e  
maximum s u s t a i n a b l e  y i e l d  (MsY) and opt imal  f i s h i n g  e f f o r t  ( f .o  t .) .  Mul le r ' s  
a n a l y s i s  used t h e  average monthly ca tch  and f i s h i n g  e f f o r t  betwgen February t o  
J u l y  f o r  t h e  years  1965-1974. When t h e  annual va lues  a r e  p l o t t e d  ( ~ i g .  61, t h e  
s c a t t e r  of p o i n t s  s t i l l  sugges ts  a p o s s i b l e  cu rv i - l i nea r  r e l a t i o n s h i p  but t h e  
f i t  of a  curve i s  e n t i r e l y  dependent on t h e  1971 d a t a  poin t .  Whether t h e  
dec l ine  i n  catch per  e f f o r t  a t  Palau dur ing  1971 was due in  f a c t  t o  over f i sh ing  
or  some environmental parameter(s1 i s  unknown. 

Unlike t h e  PNG, Solomon I s l ands  and Palau b a i t  f i s h e r i e s ,  where catches 
tend t o  be dominated by S t o l e ~ h o r u g  spp., t h e  F i j i a n  b a i t  f i s h  catches a r e  
composed of about 7  s p e c i e s  or spec i e s  groupings inc luding  r e l a t i v e l y  high 
concent ra t ions  of demersal spec i e s  such a s  t h e  ca rd ina l  f i s h  IJhabdamig 
(Lewis 1983b). This  i s  a  consequence of u s ing  l a r g e  (>ZOm) bouke-ami n e t s  
which hang deep enough t o  catch demersal f i s h e s .  The ca tch  pe r  e f f o r t  of 
b a i t f  i s h  i n  F i j i a n  waters  was much reduced dur ing  1979 which prompted a  s p e c i a l  
i n v e s t i g a t i o n  by the  South P a c i f i c  Commission (Ellway and Kearney 1979). The 
conclusions of t h e  s tudy  were t h a t  t h e r e  indeed appeared t o  have been a dec l ine  
i n  t he  catch per  e f f o r t  of b a i t f i s h  during 1979 but  t h i s  f i g u r e  may have been 
depressed f u r t h e r  by d e l i b e r a t e  under-report ing of t h e  ca tch  by t h e  fishermen. 
The log ic  f o r  t h i s  was t o  discourage competi t ion between boa t s  i f  good catches 
were encountered. 

D a l z e l l  (1984b1, based on an a n a l y s i s  of catch (C) and e f f o r t  ( f )  d a t a  
from Ysabel Passage and Cape Lambert, suggested t h a t  t h e  combined MSY of 
exp lo i t ed  s tocks  of S .  beterolobuq and S .  d e v i e i  was about 0.6tIlcm of f i sh ing  
ground. However, t h e  gene ra l ly  poor f i t  of Schaefer  and Fox type models t o  catch 
and e f f o r t  da t a  of s t o l e p h o r i d  anchovy catches i n  PNG prompted t h e  inves t iga t ion  
of t he  e f f e c t s  of o the r  v a r i a b l e s  on anchovy production. D a l z e l l  (1984a) showed 
t h a t  r a i n f a l l  s i g n i f i c a n t l y  inÂ luenced t h e  product ion of $ t o I e ~ h o w q  p u u c t i f e r ,  
2. d e v i e i  and S .  heterolobvq a t  Cape Lambert and Ysabel Passage (l?ig. 7 ) .  
D a l z e l l  (1984a) proposed t h a t  catches of 3. h e t e r ~ l o b u q  and S .  d e v i e i  could be 
modelled w i  h  r e spec t  t o  r a i n  a l l  by a  simple parabol ic  func t ion  of t he  form y  = 5 5 
a  + bX + cX where y  = C/f/km and X = annual r a i n f a l l  i n  mm. I n  both spec ies ,  
the  optimum r a i n f a l l  f o r  maximum ca tch  per e f f o r t  i s  about 3,000 mm p e r  year .  
Note t h a t  t h e  a d d i t i o n a l  p o i n t s  f o r  1985 f o r  Ysabel Passage, which f i t  r a t h e r  
w e l l ,  were added without r e c a l c u l a t i n g  t h e  curves (See Fig. 7) .  The catch pe r  
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e f f o r t  of 3. grac i I i6  and o t h e r  spec ies  i n  t h e  b a i t  ca tch  d i d  not appear t o  be 
inf luenced  by r a i n f a l l .  

The ana lyses  of b a i t  ca tches  presented he re  a r e  concerned mainly wi th  
$m spp. and s ~ r a t e l l o i d e q  spp. and only i n  catches from F i j i a n  waters  
do these  spec i e s  groupings comprise l e s s  t han  h a l f  t h e  ca tch .  Of i n t e r e s t  t o  
t h e  South P a c i f i c  I s l a n d s  a r e  t h e  p o t e n t i a l  y i e l d s  of t h e s e  and o t h e r  spec i e s  
such as  roundscads, s a rd ines  and mackerels. Unfortunately,  t h e  d a t a  f o r  making 
t h e s e  assessments a r e  p r e s e n t l y  not  a v a i l a b l e  f o r  most l oca t ions .  The s tanding  
s t o c k  biomass per  km of small  pe l ag ic s  has been est imated by P e t i t  and 
P h i l i p p e s  (1983) f o r  bays and lagoons around New Caledonia t o  be between 0.04 
and 1.84 t/km wi th  a weighted mean of 0.465tfkm , c o n s i s t i n g  p r imar i ly  of 
s a r d i n e s ,  anchovies and s p r a t s .  Est imates  of mean s tanding  s tocks  of small  
pe l ag ic s ,  p r imar i ly  anchovies and s p r a t s ,  f o r  t h e  Ysabel p s s a g e  and Cage 
Lambert bai tgrounds of PUG (Da lze l l  1984b, 1986) were 0.59 t/9 and 0.29 t/km , 
r e s p e c t i v e l y  (Tables  7 & 8 )  wi th  a weighted mean of 0.42 t/km . These l imi ted  
d a t a  suggest  t h a t  a t  l e a s t  around major h igh  lands i n  t h e  South P a c i f i c  t h e  
biomass d e n s i t i e s  of small  pe l ag ic  f i s h e s  may be r e l a t i v e l y  s imi l a r .  

A summary of t h e  y i e l d s  and maximum s u s t a i n a b l e  y i e l d s  of s e l e c t e d  small  
p e l a g i c  spec i e s  from t h e  South P a c i f i c  reg ion  and Southeast  Asia a r e  given i n  
Table  9. The major i ty  of observa t ions  a r e  f o r  Southeast  Asia;  t hus ,  t h e  
use fu lnes s  of t hese  d a t a  a r e  somewhat l imi ted .  However, t h e  d a t a  f o r  y i e l d  of 
anchovies,  e i t h e r  $ t o l e ~ h ~ m q  spp. o r  a mixture  of s to l ephor ids  and o t h e r  
eng rau l id s  a r e  remarkably s i m i l a r  and t h e s e  f i g u r e s  may be use fu l  a s  a f i r s t  
approximation of y i e l d s  f o r  south  P a c i f i c  IsJands where $ t ~ l e ~ b ~ m q  spp. e x i s t .  
The es t imates  a r e  expressed i n  terms of t/km based e i t h e r  on t h e  known area  of 
f i s h i n g  ground o r  a s  wi th  Ph i l i pp ines  on t h e  t o t a l  she l f  a r e a ,  s ince  t h e  catch 
d a t a  used by D a l z e l l  and Ganaden (1987) were compiled on a n a t i o n a l  b a s i s .  

Marten and Polovina (1982) showed t h a t  t h e r e  was an empir ica l  r e l a t i o n s h i p  2 between est imated p o t e n t i a l  y i e l d  ( P  ) ( in2  t /km /year )  f o r  t r o p i c a l  pe lag ic  
f i s h e r i e s  and primary p roduc t iv i ty  ( i n  gC/m /year ) .  D a l z e l l  and Pauly (1987) 
updated t h i s  information wi th  r e s p e c t  t o  t h e  Ph i l i pp ines  and der ived  t h e  
empir ica l  equat ion:  

log. P = 0.0046 Prime Prod. - 0.233 ( r  = 0.661; n = 13; pC0.02; 
d . f = l l )  10 Y 

A l l  t h e  examples used by Marten and Polovina (1982) a r e  ad jacent  t o  major 
land masses o r  ex tens ive  l a rge  a rch ipe lagos  such a s  Indonesia  and t h e  
Ph i l i pp ines .  The r e l a t i o n s h i p  may not hold throughout t h e  smal le r  South P a c i f i c  
i s l ands .  However, t h e  u se fu lnes s  of such approaches can be demonstrated wi th  
d a t a  from PNG which i s  about 40% l a r g e r  than  t h e  Ph i l i pp ines  i n  land a r e a  (Anon. 
1980). The c o n t i n e n t a l  she l f  a r e a  f o r  d i f f e r e n t  p a r t s  of PNG was es t imated  by 
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Da lze l l  and Wright (1986). Est imates  of mean d a i l y  primary p roduc t iv i ty  i n  t h e  
waters  around PNG were given2by FAO (1971). For t h e  Gulf of Papua reg ion ,  t h i s  
amounts t o  about 135 g C/m /year .  S u b s t i t u t i n g  t h i s  i n t o  t h e  above formula 

2 g ives  an e s t i m a t e d  P of 2.443 t/km /year o r  f o r  a con t inen ta l  she l f  a r ea  of 
45,780 km o r  a t o t a l  y i e l d  of 111,860 t / y e a r .  For  t h e  remaining c o r a l l i n e  
a r e a s  of t h e  country,  t h e  est imated annual primary p roduc t iv i ty  i s  46g C/m /year  
which g ives  a p r e d i c t e 5  P of 0.951t/km o r  89,48Ot/year f o r  a t o t a l  remaining 
she l f  a r e a  of 94,000 tan The s h e l f  a r e a  of Torres  S t r a i t  was not  considered i n  
t h i s  a n a l y s i s  s i n c e  v i r t u a l l y  a l l  of it i s  i n  Aus t r a l i an  waters.  Th i s  would 
g ive  a t o t a l  p e l a g i c  P i n  PNG of about 201,000 tonnes lyear .  Assuming 
eco log ica l  s i m i l a r i t y  w i t n  t h e  Ph i l i pp ine  and t h e  Indonesian a rch ipe l agos ,  then  
about 60-702 of t h i s  o r  about 130,000t would c o n s i s t  of small  pe l ag ic  f i s h e s  
(FAO 1984). 

E s t i  t e s  of primary p roduc t iv i ty  f o r  South P a c i f i c  waters  range from 18 ma 
t o  46g C/m /year  (FAO 1972). Assuming t h a t  t h e  smal l  pe l ag ic  resources  a r e  
concentrated l a r g e l y  above t h e  she l f  and adjacent  t o  t h e  coas t ,  then  applying 
t h e  r e l a t i o n s h i p  derived by Martin and ~ o l o v i n a ,  (1982),  t h e  est imated p o t e n t i a l  
y i e l d  of p e l a g i c  f i s h e s  i s  0.71 t o  0.95 t/km /year .  The t o t a l  s i z e  of t h e  
pe l ag ic  r e sou rce  depends on t h e  she l f  a r e a  of t h e  d i f f e r e n t  i s l ands .  By 
comparison, t h i s  i s  about one f i f t h  of t h e  y i e l d  of 3 t o  5 t/km /y r .  t h a t  Munro 
and Williams (1985) s t a t e  a s  a genera l ized  f i g u r e  f o r  t o t a l  n e r i t i c  f i s h  
product ion from c o r a l l i n e  s h e l f .  Such approaches as ou t l i ned  above have been 
l a b e l l e d  'quick and d i r t y '  assessments and a s  s t a t e d  previous ly ,  t h e  
r e l a t i o n s h i p  between p roduc t iv i ty  and MSY may not  ho ld  f o r  t h e  small  i s l a n d  land 
mas s e s s  and she lves  of t h e  South P a c i f i c .  However, given t h e  absence of da ta  on 
f i s h  resources  i n  genera l  i n  much of t he  reg ion ,  we conclude t h a t  such an 
approach i s  j u s t i f i e d ,  i f  on ly  t o  ob ta in  an impression of t h e  s c a l e  involved. 

A p o s s i b l e  a l t e r n a t i v e ,  however, i s  t h e  use of ca tch  r a t e s  expressed in  
t/n.mi of 200m isobath .  Polovina g& (1985) used t h i s  technique  t o  make an 
empir ica l  e s t ima te  of t h e  p o t e n t i a l  y i e l d  of g.  crmeoo~hthalmq i n  t h e  Mariana 
I s l ands .  These au tho r s  quoted ca tch  r a t e s  of 0.4 t o  0.9 t/n.mi of 200 m contour 
from t h e  Hawaiian i s l a n d s  and used t h e r e  i n  conjunct ion wi th  t h e  length  of t h e  
200 m contour i n  t h e  Marianas (490 n.mi) t o  suggest  h a r v e s t s  of 200 t o  440 t / y r  
f o r  t hese  i s l a n d s .  

ASSESSING SOUTH PACIFIC SMALL PELAGIC RESOURCES 

It is  c l e a r  from the  foregoing t h a t  t h e  major problem a s s e s s i n g  South 
P a c i f i c  small  pe l ag ic  resources i s  the  genera l  l ack  of d a t a  about t hese  spec ies .  
The only  publ ished r eg iona l  assessment c a r r i e d  out with a s tandard  gear  was t h e  
b a i t  surveys made by t h e  SPC tuna program. Even i n  t h i s  i n s t ance ,  t h e r e  a r e  
problems wi th  t h e  da t a  s ince  a s l i g h t l y  l a r g e r  ne t  was used on t h e  l a s t  of t h e  
t h r e e  c r u i s e s .  A summary of t h e  r e s u l t s  is  shown in Table 10, adapted from 
G i l l e t  and Kearney (1983). The catch r a t e s  ranged from 33 t o  2 1 kg hau l  with a 3 ' mean of 98.2 kg/haul  using a bouke-ami of approximately 700m . These catches 
r e f e r  e s s e n t i a l l y  t o  s t rong ly  p h o t o t a c t i c  spec i e s  such a s  t h e  clupeoids.  
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An ana lys i s  of catch, e f f o r t  and species composition da ta  was made f o r  
hauls  a t  b a i t  s i t e s  adjacent t o  both high i s l ands  and a t o l l  lagoons i n  
Micronesia (Skipjack Survey and Assessment Program, 1984). The r e s u l t s  
suggested t h a t  the  catch per e f f o r t  a t  h igh  i s land s i t e s  (X = 104 kg/haul)  was 
s i g n i f i c a n t l y  higher than a t  t h e  b a i t  s i t e s  i n  a t o l l  lagoons (X = 54 kglhaul) .  
Fur ther ,  the  species  composition of the  b a i t  catches from high i s land s i t e s  was 
more var ied  and contained species  of s to lephor id  anchovies which a r e  one of t h e  
most e f f e c t i v e  b a i t f i s h e s .  Muller (1976) has suggested t h a t  the  presence of 
$tole~horuq beterolobuq a t  a  given l o c a y o n  i s  dependent on the  primary 
product iv i ty  being g rea te r  than 2 mg C/m /hr .  Other analyses by the  SPC 
Skipjack Program i n  the  same repor t  ind ica te  t h a t  t h e r e  is  a  g rea te r  degree of 
v a r i a b i l i t y  of catch per  e f f o r t  a t  a t o l l  b a i t  s i t e s  than a t  high i s l and  b a i t  
s i t e s .  It was concluded t h a t  a t o l l s  i n  general  o f f e r  much l e s s  p o t e n t i a l  f o r  
commercial b a i t f i s h  opera t ions  than high i s lands  and t h a t  t h i s  may a l s o  be t h e  
case f o r  small pe lagic  production i n  t o t a l .  

Unlike the  b a i t  f i s h e r i e s ,  t h e  small pelagic catches i n  the  South P a c i f i c  
a r e  made by small-scale fishermen. Monitoring such f i s h e r i e s ,  p a r t i c u l a r l y  
where resources a r e  l imi ted ,  is  d i f f i c u l t .  By comparison, monitoring and 
co l l ec t ing  data from commercial b a i t  catches is r e l a t i v e l y  s t ra ight forward .  
Fur ther ,  small pelagic f i s h e r i e s ,  apar t  from being mul t i species  f i s h e r i e s  with 
the  a t tendant  problems t h a t  t h i s  e n t a i l s ,  a r e  a l s o  mult igear  f i s h e r i e s .  The 
review of f i s h i n g  methods f o r  small pe lagics  in  t h e  South P a c i f i c ,  given 
e a r l i e r ,  i s  not  exhaustive, but s t i l l  includes a  d iverse  a r r a y  of gears .  An 
i n i t i a l  s t ep  of any assessment program should be t o  complete an inventory of t h e  
d i f f e r e n t  gears  i n  the  region t h a t  catch small pe lagic  f i s h e s .  

Fur ther ,  i f  South P a c i f i c  small pelagic resources a r e  se r ious ly  
inves t iga ted ,  t h e r e  has  t o  be some s tandardiza t ion  of e f f o r t  between d i f f e r e n t  
gears .  Da lze l l  g& d. (1987) have shown how t h i s  might be done i n  in tens ive  
commercial and small-scale pe lagic  f i s h e r i e s  in  the  Phi l ippines .  There, f i s h i n g  
e f f o r t  was expressed as  annual adjusted f l e e t  horsepower with a l l  f i s h i n g  
vesse l s  adjusted t o  the  equivalent  in  purse se ine  horsepower. Such an approach 
may not be appropriate f o r  South P a c i f i c  small pe lagic  f i s h e r i e s ,  but something 
analogous i s  necessary. Otherwise d i r e c t  comparison of geographic and temporal 
t rends  w i l l  not be possible.  
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Table 1. S m a l l  p e l a g i c  f i s h  p r o d u c t i o n  i n  S o u t h e a s t  Asia 
f r o m  1977 t o  1983. 

Year T o t a l   arid T o t a l  S m a l l  P e r c e n t a g e  o f  
C a t c h  ( t o n n e s )  P e l a g i c  C a t c h  M a r i n e  C a t c h  

( t o n n e s )  

a * b ~ o t a l  m a r i n e  a n d  small p e l a g i c  c a t c h  o b t a i n e d  f r o m  
FAO Y e a r b o o k  o f  F i s h e r i e s  S t a t i s t i c s  (FAO, 1 9 8 1 ,  1 9 8 4 )  
f o r  HongKong, M a l a y s i a ,  S i n g a p o r e ,  P h i l i p p i n e s ,  I n d o n e s i a  
a n d  T h a i l a n d .  

' ~ n c l u d e s  r o u n d s c a d s ,  b i g  e y e  s c a d s ,  a n c h o v i e s ,  
s a r d i n e s ,  r o u n d  h e r r i n g s ,  m a c k e r e l s  a n d  f u s i l i e r s .  
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Table 2. D e f i n i t i o n  of smal l  pe l ag ic s  i n  context  of South 
P a c i f i c  Region 

C o ~ o n  Name Genus 
. 

Anchovies 

Sard ines  

iiwdw2sa . . SPP*, - spp., 
e t i p m n a  SPP. 

Duss-i.eri.9 
. . 

Round h e r r i n g s  SPP* 

Herr ings B e r l c l o t s i c h t h ~ e  SPP* IkhUX SPP* 

Mackerels 

Scads 

F u s i l i e r s  

RecaRterVe spp - ,  Selsr SPP* 
Se la ro ideq  spp.,  spp. 

F ly ing  f i s h  Exocoe t idae  

Half beaks Hemiramphuq spp., Hy~orham~bvq  spp. 

k e l s o n  (1983) has placed t h e  smal le r  s to l ephor ids  such a s  
S C o l e ~ h o r u e  he tero lobu@ 9 -_ S- dev ie i ,  3- gunct  i f e r  and 

i cho l ioa  3. purpureuq in  a sepa ra t e  genus, J O C ~ ~ S  . We have 
maintained t h e  previous c l a s s i f i c a t i o n  t o  avoid confusion. 



Table 3. Number of p r inc ipa l  small pelagic ba i t - f i shes  a t  d i f f e r e n t  locat ions  within t h e  
South Pac i f i c  region. Source: Lewis e t  a l .  (1983) 

Country1 Distance 
Ter r i to ry  Engraulidae Clupeidae Atherinidae Carangidae Caesionidae Scombridae To ta l  from PNG L o g  N 

(km) 

PNG 10 
Solomon Is lands  5 
Vanua t u  3 
New Caledonia 5 
F i j i  7 
Tonga 2 
W a l l i s / ~ u t u n a  1 
W. Samoa 6 
A. Samoa 7 
Palau 5 
Yap 3 
Truk 0  
Ponape 4 
Kosrae 5 
Marshal1 Is. 0  
K i r  iba t i 0  
Tuva l u  0 
Tokelau 1 
Cook Is. 0 
Society I s .  3 
Marquesa Is. 0  
Tuamotu Is. 0  
N.E. Qld. (Aust.) 6 
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Table 4. Nominal small  pe l ag ic  ca tches  f o r  v a r i o u s  
coun t r i e s  w i th in  t h e  South P a c i f i c  Region 

Country 

a Cook Is. 
l 1  

New caledoniaa 

Papua N y  
Guinea 

I t  

l 1  

l 1  

l 1  

11 

l 1  

Solomon I s .  g 
l 1  

l 1  

l 1  

l 1  

I t  

l  I 

l 1  

Small p e l a g i c s  ( ~ a m i l y )  

Half-beak (Hemiramphidae) 
S i l v e r s i d e s  (Ather in idae)  
Jacks  and Scads ( ~ a r a n g i d a e )  
Sard ines  ( ~ l u p e i d a e )  
S p r a t s  (Clupeidae) 
Herr ings (Clupeidae)  
Anchovies (Engraul idae)  
Mackerels (~combr idae )  

Flying F i sh  (Exocoetidae) 
Jacks  & Scads ( ~ a r a n g i d a e )  

Flying f i s h  (Exocoetidae) 
Jacks  & Scads ( ~ a r a n g i d a e )  
Clupeoids (Clupeidae & 

Engraul idae)  

Mackerel l i k e  spp. (Scombridae) 
and Carangidae) 

Anchovies (Engraul idae)  
Sard ines  ( c lupe idae )  
S p r a t s  (Clupeidae) 
Herr ings ( ~ l u p e i d a e )  
S i l v e r s i d e s  
Scads (Carangidae) 
Mackerels 

Anchovies (Engraul idae)  
Sard ines  ( c lupe idae )  
Herr ings ( ~ l u p e i d a e )  
Clupeids (Clupeidae)  
S p r a t s  (Clupeidae) 
Mackerels ( ~ c o m b r i d a e )  
S i l v e r s  i d e s  (Ather i n idae )  
F u s i l i e r s  (Caesionidae)  

. 
* ~ r o m  FAO Yearbook of F i s h e r i e s  S t a t i s t i c s ,  1983. 
^I983 only. 
c 1980 and 1981 b a i t  ca tches  p lus  average small  

pe lag ic  ca tch  f o r  those  years  from Gulf of 

Mean annual  c a t c h  
(1980-1983) ( tonnes)  

of papua t r a w l  f i s h e r y .  - 

2 5 2  tonnes from l i v e  tuna b a i t  ca t ch ,  1141 tonnes from Gulf 
of Papua shrimp t r awl  f i s h e r y .  

e 7 tonnes from l i v e  tuna b a i t  ca tch ,  532 tonnes from Gulf of 
Papua shrimp trawl f i s h e r y .  

1 n  l i v e  tuna b a i t  catch only. 
'1982 and 1983 i n  Evans and Nichols (1985) 
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Table 5. Estimated anchovy and sardine  catch from Gulf of Papua 
shrimp trawl f ishery .  

Year Shrimp catch F in f i sh  byc Anchovy sardinee 
( t )  catch ( t )  catch ( t )  catch ( t )  

a 
From Anon. (1985) 

Original  catch f igures  of t a i l s  mul t ip l ied  by 1.7 
t o  give whole shrimp weight (Anon. 1979). 

c Average by catch r a t i o  of f i n f i s h  t o  shrimp of 7.4:l 
computed from Anon. (1979) and Watson (1984). 

Percentage of anchovies and sardines i n  by-catch 
estimated a s  10.8% and 4.2% respec t ive ly ,  from Kai lo la  and 
Wilson (19781, and Watson (1984). 
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Family & Species Location References 

=p@=, 
Pdawm 

Java Sea 

Red Sea 

Y i i q u e  

I1 

i 1  

Buriranuddin et  al. (1974) 

Fafail (1972) 

Gjcsaeter e t  al. (1984) 

7 ;  I t  I t  II 

Sadhotam and Atmadja (1985) 

Gx-m-Kl(1984) 

Ingles ard MY (1%) 

: l  I1 Indonesia 23.8 0.51 2.46 1.22 Dwiponggo (1972) 

1  l  India 21.0 0.60 19 3.0 2.42 1.39 Antq-Raja (1972) 

l  I I  I f  20.7 0.53 2.36 1.29 Bannerji (1973) 

I t  l  I t  27.0 0.46 2.53 1.09 Vsai(1960) 

11 l l I I 20.7 .030 2.33 1.24 Hornell and M d u  (1924) 

I1 l  India,Calicut 21.0 0.6 20.0 4 2.43 1.39 Barnet (1973) 



Indja, Karuar 

I h f h  

falflym 

India - 
India 

l 1  

l 1  - 
l 1  

India 

India - 
l 1  

Rapua New Guinea 7.6 4.30 7.0 0.5 2.40 11.3 Mzell (1984b) 

11 11 
I t  5.5 5.37 4.9 0.4 2.21 8.9 MÃˆÃ (lQR7) 

11 11 
11 7.0 5.44 6.2 0.4 2.43 8.4 II 11 

Fiji 7.3 4.58 6.2 0.4 2.39 6.9 Dalzdl et al. (h p-) 

Fiji 12.6 2.00 12.2 1.6 2.50 3.53 Dalzell et d. (in press) 

NewCaledonia 12.5 3.61 15.7 0.83 2.75 5.01 Ccnand (1984) 

Kiribati 13.5 1.83 10.1 0.8 2.52 3.31 Based on data in hfcQarthy (1985 
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I I S- 13.3 2.56 12.8 1.20 2.66 4.10 Maussao and P b u p  (1986) 

I 1  Haidi 12.6 2.9l l2.0 0.82 2.67 4 . 9  R e d a h t e d  franWjJ3.m~ and - (1963) 

21.0 1.05 18 1.0 2.67 1.97 Gorpuz et al. (1985) 
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Sadhotam and Atmadja (1985) 

Ingles MY (1984) 

I 1  11 I 1  I I 

Anon. (1985) 

I t  I 1  

Sredvasan (1982) 

Corpuz et al. (1985) 

I 1  I 1  II I 1  
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I 1  II MY Gulf 23.50 0.52 22.0 2.46 1.22 I t  II I 1  I t  

Selar- t b h ~ i M 3 n j J a  36.5 0.89 34 32. 3.07 1.57 Ingles a d  Pauly (1984) 

II I I h- 24.5 1 .l 21.5 2.1 2.82 2.07 \fciAt and Dalzell (unpub. data) 

I I 11 26.9 1.35 25 2.1 2.73 2.24 Sadhotam and Atmadja (1985) 

Stolephow pmctifer b n i l a  10.1 1.10 9.0 2.2 2.05 2.55 

11 II a I 10.6 1.85 9.2 1.2 2.32 3.53 

Stoleohorus umctifer Varala 1.15 8.0 2.0 1.99 2.69 l' 
I t  

Stolephorus 7.6 1.8 7.2 1.6 2.02 3.84 

$1 I t  fapua New Guinea 7.4 2.1 7.2 1.7 2.06 4.42 

l 1  II I 1  l 1  II 7.5 2.4 7.2 1.3 1-86 4 2 0  

t l I t  11 II 11 7.8 2.0 7.2 1.3 2.09 4.21 

~tolephom indials t4miJ.a b y  16.3 1.42 15 1.8 2.58 2.67 

l l l l 
S i W 3 P - e  19.0 0.71 15 2.5 2.41 1.62 

W@ 12.1 1.60 11.0 1.6 2.37 3.10 and M y  (1984) 

I 1  $1 I t  II II 11.4 0.95 11.0 2.4 2.09 2.29 I t  

m e  8.9 2.10 7.3 0.9 2.22 4.07 Than (1967) 

m 9.1 2.10 9.0 2.2 2.24 4.04 Miller (1976) 

7.6 2.10 6.8 1.2 2 .a  4.25 Buriranuddin et al. (1975) 

7.9 2.a 7.2 1.0 2.21 4.99 W (1%) 

I 1  I 1  I 1  8.7 2.40 8.2 1.2 2.26 4.61 I I II 

!>fanila 11.3 0.96 10.0 2.3 2.09 2.28 Ingles and M y  (1984) 
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- 

Family & Species Locaticn L K L n a x t o e x f l l M  References 
00 

%3w= 9.9 2.1 9.0 1.2 2.31 3.95 

Jakarta 7.8 1.6 7.3 1.9 1.9 3.53 

PapuaNewGuinea 10.9 1.7 9.9 1.5 2.31 3.35 

GulfofThrilmi 20.0 3.53 23.0 1.1 3.15 4.56 

I t  11 I t  19.6 4.14 21.0 0.9 3.23 5.09 

Borneo 22.9 2.28 22.0 1.4 3.06 3.30 

Gulf of lhailaxi 20.9 3.38 3.17 4.38 

Than (1967) 

Buriianuddin et al. (1975) 

Mzdl (mpb. data) 

Succndhannan et al(1970) 

I t  I 1  I 1  I 1  

Sudjastam. (1974) 

Ihngskul (1972) 

Sanjaiwong et al. (1970) 

Kurogane et al. (1970) 

Sonjaiwong et al. (1970) 

Corpuz et al. (1985) 

!I I 1  11 I 1  

11 I 1  I 1  11 

Ides arri Rally (1984) 

I 1  I 1  I t  I I 

Anon. (1985) 

I 1  I 1  

I 1  I 1  

11 I 1  

11 I t  

b r g e  and Eanerji (1964) 
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\ 
~ a n ~ y  S spsci~s k~ation L K L B X H E X  ( / ' M  References 

00 
l 

Exiia, (Xlialt 

India, Kamar 

Java Sea 

India 

Egypt, Red Sea 

India 

India 

1-q~ 

India 

I I 

I 1  

Sanar Sea 

41 11 

Palawan 

W. ' i kdad  

I 1  I I 

I I I I 

~ ~ y s i a  

Sumatra 

I t  

NswCaledcnia 

23.3 3.12 22.0 1.0 3.23 3.98 George and Banerji (1964) 

22.4 4.32 22.0 1.0 3.20 4.97 I 1  I 1  11 I 1  

23.9 2.76 23.5 1.6 3.20 3.64 Sudjastani (1974) 

Bmerji (193) 

Rafail (1972) 

Rally (1978) 

Seshappa (1958) 

!3cusa and GidasYn  (1%) 

Luther (1973) 

Udup et al. (1984) 

MY (1978) 

Gorpuz et al. (1985) 

I 1  I t  I 1  II 

Ihglfis and fauly (1984) 

Anon. (1985) 

26.3 1.50 21.0 1.2 3.02 2.41 I t I I 

25.0 1.a 210 1.2 3.00 2.55 11 I I 

27.0 0.70 26.0 4.9 2.71 2.75 I I II 

29.5 0.60 26.0 3.8 2.72 1.28 I f  I f  

26.5 0.80 26.0 5.1 2.75 1.60 I I I I 

25.7 1.625 2.56 Sadhotaro and A m t  ja (1985) 
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T a b l e  7. ~ n n u a l  s t a n d i n g  s t o c k  biomass  e s t i m a t e s  ( i n  t o n n e s )  
, f o r  e x p l o i t e d  b a i t f i s h  s t o c k s  a t  Cape Lamber t ,  Papua 

N e w  Guinea.  Sou rce :  D a l z e l l  (1984b)  

Year - S. h e t e r o l o b u s  - S. d e v i s i  o t h e r s a  

a O t h e r  s p e c i e s  s t a n d i n g  s t o c k  e s t i m a t e d  u s i n g  mean F v a l u e s  f o r  
t h r e e  b a i t  s p e c i e s .  892  of o t h e r  s p e c i e s  composed of  
C a e s i o n i d a e  (65 .2%) .  C l u p e i d a e  (13 .6%)  and Scombr idae  (10.2%) 
(Anon. 1 9 8 4 ) .  
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Distance ( km x lo3 1 east of Papua 
New Guinea 

F i g .  1 L o g a r i t h m  of  number o f  s m a l l  p e l a g i c  b a i t - f i s h  
s p e c i e s  v e r s u s  d i s t a n c e  eas t  o f  Papua  N e w  
G u i n e a  f o r  d i f f e r e n t  l o c a l i t i e s  i n  t h e  S o u t h  
P a c i f i c  r e g i o n  ( s o u r c e :  L e w i s  e t  a l .  1985 ) .  

' E q u a t i o n  o f  l i n e :  A 



SPC/Inshore Fish. Res.IWP.9 
Page, 36 

Fig. 2 S c h e m a t i c  r e p r e s e n t a t i o n  o f  t h e  d i s t r i b u t i o n  o f  p r i n c i p a l  
s m a l l  p e l a g i c  s p e c i e s  g r o u p s  w i t h  r e s p e c t  t o  i n s h o r e ,  
n e r i t i c  and o c e a n i c  z o n e s .  
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120 - Roundscads (Dacupferus spp.) 
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J F M A M J  J A S O N D  
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100 Anchovies (Stolephorus spp.) 
- 8 0  [ + 

- Sardines (Surdinellu spp.) - 
- 
- 
- 
- 
- 
- 
- 
- 

-SO[ 
I . . . . .  . . a , . , ,  

J F M A M J J A S O N D  

Months 

F i g .  3 S e a s o n a l i t y  of  P h i l i p p i n e  s t o c k s  o f  
r o u n d s c a d s ,  s a r d i n e s  a n d  a n c h o v i e s .  
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-60k 

1 l l l I I l l l 1 l l l 
J F M A M J J A S O N D  

Months 

Fig. 4 Seasonality of baitfish catches at Ysabel 
Passage and Cape Lambert, Papua New Guinea. 
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5 0 S. hetero/obus 
4 0  - 
3 0  - 
2 0  - 
10 - 
0 

- 10- 

-20 - 
a , , , , , , , , , ,  

J F M A M J J A S O N D  

m m , , , , , , , , ,  

J F M A M J J A S O N D  

I t  1 1  1 * . . . . . . '  
J F M A M J J A S O N D  

Months 

F i g .  5 S e a s o n a l i t y  of c a t c h e s  o f  S t o l e o h o r u s  
h e t e r o l o b u s ,  3. d e v i s i  a n d  5. e r a c i l i s  
a t  t h e  Y s a b e l  P a s s a g e , ; .  P a p u a  new G u i n e a .  
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1000 Ysabel Passage (PNGÃ , r 

700 Cape L a m b e r t  (PNG) 

600 

Fishing effort (boat nights X to3) 

2401 Solomon 
0 

b 2 200 .- 0 s  t X.?) 
.0u 160 

0 -g l20  
3 

Â¥l98 - 1986 
0 1973 -1980 

adjusted for 
in under -reporting 

Fishing effort (boat nights X IO3) 

3000 P a l a u  

l 2 3 

Fishing effort 
(boat nights X to3) 

Fig. 6 Catch versus fishing effort for five 
South Pacific island bait-fisheries. 



Salinity % 

Rainfall (mm 1 

Fig. 7 A. Mean annual y ie ld  of 2. p u n c t i f e r  ve r sus  annual  r a i n f a l l  
a t  Cape Lambert. Equation f o r  t h e  l i n e  : 

y = 0.1358 - 5.4 . l o5X,  r2 = 0.74.  

B. Mean annual y ie ld  of 2. hetero lobus  versus  annual  
r a i n f a l l  f o r  combined d a t a  from Ysabel Passage (0) 
and Cape Lambert (e) .  Equation of t h e  curve: 

C. Mean annual y ie ld  of 2. d e v i s i  ve r sus  annual  r a i n f a l l  
f o r  combined da ta  from Ysabel Passage (0)  and Cape 
Lambert ( m ) .  Equation f o r  the  curve:  
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T a b l e  8. A n n u a l  s t a n d i n g  s t o c k  b i o m a s s  e s t i m a t e s  ( i n  t o n n e s )  
f o r  e x p l o i t e d  b a i t f i s h  s t o c k s  a t  Y s a b e l  P a s s a g e ,  
P a p u a  N e w  G u i n e a .  S o u r c e :  D a l z e l l  ( 1 9 8 4 b )  

Year  - S.  h e t e r o l o b u s  2. d e v i s i  - S. g r a c i l i s  o t h e r s a  

a O t h e r  s p e c i e s  s t a n d i n g  s t o c k  e s t i m a t e d  u s i n g  mean F v a l u e s  
f o r  t h r e e  b a i t  s p e c i e s .  86% of  o t h e r  s p e c i e s  composed o f  
C l u p e i d a e  ( 4 1 . 8 % ) .  Apogon idae  ( 1 5 . 5 % ) ,  C a e s i o n i d a e  ( 1 3 . 7 % ) ,  
A t h e r i n i d a e  ( 8 . 9 % ) ,  C a r a n g i d a e  (6 .4%)  (Anon 1 9 8 4 ) .  
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W e U .  and M e n  (1987) - (m* d-1 

Dalzell and Ganaden (1987) 

lldzell (unpb. data) 

QalzeU and Gemden (1987) 
lldzell (unpb. data) 

Mzall and Ganaden (1987) 
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Table 10. Catch and f i s h i n g  e f f o r t  a t  d i f f e r e n t  loca t ions  in  
the South Pacific by the Skipjack Survey and Assessment 
Programme. Source : Gillet and Kearney (1983) 2 

^ 
Location No. of hauls  Catch Average ca tch/  

(kg hau l  (kg) * 

Papua New Guinea 

Solomon I s l a n d s  

New Caledonia 

F i j i  

Vanuatu 

W. Samoa 

Society Is. 

Marquesas Is. 

Tuamotu Is. 

K i r i b a t i  

Tonga 

Palau 

Ponape 

Cook Is. 

A. Samoa 

Marshal1 Is. 

Yap Is. 

Wallis and Futuna 

Truk Is. 

Kosrae Is. 

Tuvalu 
- 
X 


