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PREPARATION OF THIS DOCUMENT 
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1. TOPOGRAPHY 

A s  defined here,  t h e  western c e n t r a l  P a c i f i c  i s l ands  include American Samoa, Cook 
I s l ands ,  F i j i  I s lands ,  French Polynesia composed of the Aus t ra l ,  Gambier, Marquesas, Rapa, 
Society,  and Tuamotu I s lands ,  G i l b e r t  I s lands ,  Guam, Hawaiian I s lands ,  Line I s lands ,  Nauru, 
New Caledonia, New Hebrides, Niue, Papua New Guinea, Solomon I s l ands ,  Tokelau I s lands ,  
Tonga Is lands ,  T r u s t  T e r r i t o r y  of t h e  P a c i f i c  I s l ands ,  Tuvalu, Wallis and Futuna I s lands ,  
and Western Samoa. 

Around these  i s l ands ,  there is  l i t t l e  o r  no she l f  area, which along t h e  cont inents  
suppor ts  la rge-sca le  t r a w l  f i s h e r i e s  f o r  var ious  demersal spec ies .  Usually, t h e  bottom 
contour near the coas t  i s  h ighly  i r r e g u l a r  and drops off prec ip i tous ly  t o  deep water sev- 
eral k i lometers  beyond t h e  ou te r  r e e f .  

Data on bottom topography are r a t h e r  sparse  f o r  t he  i s l ands  of t h e  western c e n t r a l  
Pac i f i c .  
1972), 'whereas of f  Western Samoa, t h e  she l f  area is  4,500 km2 (FA0 1975b). 
mons, which has a c o a s t l i n e  t o t a l i n g  4,023 km, t h e  she l f  area is  about 100,000 km2 (Moiseev 
1969). The she l f  area t o  a depth of 914 m around t h e  major Hawaiian group (Hawaii toKauai)  
i s  estimated t o  be about 44,076 km2 (Yoshida 1972). 

2. HYDROGRAPHY 

For F i j i  I s l ands ,  the she l f  area t o  200 m I s  estimated t o  be 15,000 km2 (FA0 
Off t he  Solo- 

2.1 Surface cu r ren t s  

Two reg ions  of t r a d e  wind induced cu r ren t s ,  one i n  each hemisphere, e x i s t  i n  t h e  
Pac i f i c  Ocean. These cu r ren t s  have a p e r s i s t e n t  westward d r i f t  during the  e n t i r e  year.  
The t a n g e n t i a l  stress of t h e  p e r s i s t e n t  t r a d e  winds, which embrace the  major p a r t  of t h e  
world's  ocean, i s  respons ib le  f o r  t h e  t r a d e  wind regions being t h e  center  of ac t ion  f o r  
sur face  c i r c u l a t i o n  (Die t r ich  1963). 

I n  t h e  western central Pac i f i c ,  t he  dominating inf luence  i s  the North and South Equa- 
t o r i a l  Current. The major oceanic c i r c u l a t i o n  i n  the  P a c i f i c  is shown i n  Figure l. 

Because t h e  thermal Equator remains i n  the  Northern Hemisphere throughout t he  year,  

The southern boundary of t h e  North Equator ia l  Current i s  between l a t .  6O 
the North and South Equatorial  Currents are not symmetrical about the geographical Equator 
(Defant 1961). 
and ? O N  i n  win ter  and between la t .  9" and l l o N  i n  summer. The cu r ren t ,  which is  much 
s t ronger  i n  win ter ,  increases  its ve loc i ty  s t e a d i l y  toward t h e  western Pac i f i c .  
(1967) estimated t h a t  the  North Equator ia l  Current has su r face  v e l o c i t i e s  of about 25 c m /  
sec near t h e  northernmost p a r t ,  up t o  32 cmfsec near l a t .  15'N, and i n  excess of 42 cmfsec 
near t h e  southern boundary. The ne t  t r anspor t  i n  t he  North Equatorial  Current i s  about 22 
mil l ion  m3fsec. 
branches; one flowing northward t o  become t h e  Kuroshio and t h e  o the r  tu rn ing  southward i n t o  
t h e  Equator ia l  Countercurrent (Defant 1961). 

Wyrtki 

Off t he  Phi l ipp ines ,  t h e  North Equator ia l  Current d iv ides  i n t o  two 

The South Equator ia l  Current,  which extends t h e  width of t h e  southeas t  t r a d e  wind b e l t  
between l a t .  5'N and 4OoS, has  its h ighes t  ve loc i ty  and constancy along t h e  northern bound- 
a r y  between la t .  SON and 5's (Defant 1961). West of Papua New Guinea and t h e  Solomons, t h e  
South Equator ia l  Current is s t rong ly  developed during t h e  nor thern  summer and extends as 
f a r  as  Halmahera. 
Asian region south of Mindanao and Halmahera, then recurves northward and eastward t o  
become the p r inc ipa l  water mass of t h e  countercurrent.  Off east Aus t ra l ia ,  the  South Equa- 
t o r i a l  Current bends southward t o  become t h e  East Aust ra l ian  Current. The South Equator ia l  
Current is broken near l a t .  10's by t h e  eastward flowing South Equator ia l  Countercurrent 
(Reid 1959). 

It flows along the nor th  coas t  of Papua New Guinea, i n t o  the  Southeast 

The flow represent ing  t h e  nor thern  p a r t  of t he  South Equator ia l  Current has  geo- 
s t roph ic  speeds exceeding 110 cmfsec. The ne t  t r anspor t  between l a t .  6'N and the Equator 
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Figure 1.--Major features of the surface circulation of the Pacific Ocean 
(McLellan 1965). 
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i s  32 million m3/sec to the west, indicating that the South Equatorial Current is well 
developed (Montgomery and Stroup 1962). 

Between the North and South Equatorial Currents, the countercurrent exists all year 
long (Defant 1961). During the northern winter, the countercurrent is weak and narrow 
except near its origin in the west; however, during the northern summer, particularly in 
August-September, the countercurrent flows persistently from Mindanao-Palau-Halmahera to 
Panama, a distance of nearly 15,000 km. 
width between lat. 5' and 10°N, is separated from the two Equatorial Currents on both sides 
by well-defined boundaries, particularly on the northern side. 

In the countercurrent, the velocity distribution shows a subsurface velocity maximum, 
which coincides approximately with the lower boundary of the thermocline and has speeds in 
excess of 60 cm/sec to the east. Below 200 m, the flow is westward, thus showing that the 
countercurrent is  limited to a shallow surface layer. 
26 million m3/sec in the 0-500 m depth range. 

The countercurrent, which extends about 550 lan in 

The net transport is estimated to be 

2.2 Surface temperature 

Monthly mean, minimum, and maximum sea-surface temperatures may be found in LaViolette 
(1970). Table 1, which shows the mean annual sea-surface temperatures for the Pacific for 
10' zones of latitude, indicates that the thermal Equator is displaced northward; the tem- 
perature maximum lies at about lat. 7'N. Particularly noticeable is the large contrast 
between the North and South Pacific in sea-surface temperature; in the Northern Hemisphere, 
the temperature usually is about 1'-2'C warmer in all latitudes. 

Table 1. --Mean annual sea-surface temperature for 10' 
latitudinal zones ('C) (Defant 1961). 

~ ~ 

Latitude North Pacific Ocean South Pacific Ocean 

0'-10' 27.2 26.0 
10°-20' 26.4 25.1 
20'-30' 23.4 21.5 
30'-40' 18.6 17.0 
40'-50' 10.0 11.2 
50'-60' 5.7 5.0 
60'-70' -- -1.3 
70'-80' -- -1.7 

In November-April in the North Pacific, north of the Hawaiian chain, a latitudinally 

A change in this temperature structure first 
parallel isothermal structure exists which has a temperature gradient of about 0.6' to 
0.8'C per degree of latitude (Seckel 1962). 
becomes apparent in May followed by a breakdown of the parallel isothermal structure in 
June. An irregular temperature regime persists in the northern section of the Hawaiian 
chain in July-September, but in October, the isotherms again become parallel. 

Minimum and maximum temperatures generally occur in March and September, respectively 
(Seckel 1962). 
or October, they show no significant differences from those in March and September. 

Although the minimum sometimes occurs in February and the maximum in August 

West of the Hawaiian Islands, in the region of Micronesia, surface temperatures show 
small variations throughout the year (LaViolette and Seim 1969). In the Marshalls, surface 
temperatures vary between 23' and 33'C; the lows usually occur in March-April and the highs 
in September-October. Around the Western Carolines and Marianas, the minimum temperature 
is about 24'C and the maximum slightly above 29'C. Temperatures are usiially lowest in Feb- 
ruary and highest in August-September. One of the notable features of the surface tempera- 
tures around the Marshalls i s  that it usually decreases slowly with increasing latitude (Ma0 
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and Yoshida 1955) .  
c a t i n g  i n t e n s e  upwe l l ing  a s s o c i a t e d  w i t h  e q u a t o r i a l  d i v e r g e n c e .  
t h e  f e a t u r e  is n o t  e v i d e n t .  

I n  summer, low-sur face  t e m p e r a t u r e s  occur  a t  o r  n e a r  t h e  Equator  i n d i -  
I n  t h e  w i n t e r ,  however, 

2.3 Thermocl ine  

The main o r  permanent t he rmoc l ine  is a lways  p r e s e n t  i n  t h e  Hawaiian r e g i o n  ( S e c k e l  
1962) .  Below t h e  mixed l a y e r ,  t h e  ave rage  t e m p e r a t u r e  g r a d i e n t  is abou t  15" ,  6", and 5°C 
p e r  100 m a t  la t .  lo",  20', and 30°N, r e s p e c t i v e l y .  Superimposed on  t h e  permanent thermo- 
c l i n e  may b e  a s e a s o n a l  t he rmoc l ine  and,  i n  a d d i t i o n ,  t h e r e  may a l s o  be a d i u r n a l  thermo- 
c l i n e ,  which i s  d e f i n e d  as a s m a l l  rise i n  s u r f a c e  t e m p e r a t u r e  of t h e  o r d e r  of 1 ° C  ex tend-  
i n g  t o  a d e p t h  of abou t  10 m. 

I n  t h e  c e n t r a l  P a c i f i c ,  t h e  mixed s u r f a c e  l a y e r  is un i fo rmly  warm; a few p a t c h e s  of 
water above 26°C appea r  i n  t h e  c o u n t e r c u r r e n t  and South  E q u a t o r i a l  Cur ren t  (Wyrtki 1967) .  
The t h e r m o c l i n e  i n  t h e  North E q u a t o r i a l  C u r r e n t  between l a t .  19" and 9"N v a r i e s  from 100 t o  
200 m b u t  deepens  t o  t h e  s o u t h .  Between lat .  9' and 5"N, where t h e  c o u n t e r c u r r e n t  f l o w s ,  
t h e  t h e r m o c l i n e  is v e r y  s t e e p  and i s o t h e r m s  between 12" and 24°C are c l o s e l y  spaced .  The 
E q u a t o r i a l  Undercu r ren t  is v e r y  pronounced and is c h a r a c t e r i z e d  by a s p r e a d i n g  of t h e  iso- 
therms  w i t h i n  the the rmoc l ine .  

A t  long.  137'E, t h e  d e p t h  of t h e  main the rmoc l ine  s l o p e s  s h a r p l y  downward from t h e  
n o r t h e r n  edge  of  t h e  Kuroshio  t o  t h e  s o u t h e r n  edge,  where t h e  mixed l a y e r  is n e a r l y  iso- 
t he rma l  and t h i c k e s t  ove r  t h e  s e c t i o n .  Southward from l a t .  30' t o  15"N, t h e  t h e r m o c l i n e  
s h a l l o w s  g r a d u a l l y .  The the rmoc l ine  i s  s h a l l o w e s t  and the v e r t i c a l  t empera tu re  g r a d i e n t  
l a r g e s t  a t  t h e  boundary between the Nor th  E q u a t o r i a l  C u r r e n t  and t h e  c o u n t e r c u r r e n t  (Masu- 
zawa 1967).  

2.4 S u r f a c e  s a l i n i t y  

E q u i v a l e n t  t o  t empera tu re  i n  impor tance  as a c l i m a t i c  i n d i c a t o r  i n  oceanography is 
s a l i n i t y .  I n  t h e  v i c i n i t y  of t h e  Hawaiian I s l a n d s ,  t h e  maxhum s u r f a c e  s a l i n i t y  o c c u r s  i n  
November-February and t h e  minimum i n  J u l y  (Secke l  1962) .  The 35"/,, s a l i n i t y  i s o p l e t h  
moves nor thward  in A p r i l ,  r e a c h e s  an ex t reme p o s i t i o n  i n  J u l y ,  t h e n  moves southward and 
e v e n t u a l l y  p o s i t i o n s  i t s e l f  a t  l a t .  17'-19"N, t h e  extreme w i n t e r  l o c a t i o n ,  i n  November- 
February .  The m a x i m u m  s u r f a c e  s a l i n i t y  of 35.35"/,,  is  reached  a t  l a t .  28ON. The h igh  
s a l i n i t y  g r a d i e n t  found w i t h i n  and s l i g h t l y  n o r t h  of the Hawaiian c h a i n  i n d i c a t e s  t h e  
p r e s e n c e  of a t r a n s i t i o n  zone o r  boundary between d i f f e r e n t  t y p e s  of water. 

To the n o r t h  and s o u t h  of t h e  Hawaiian I s l a n d s ,  low and h i g h  s a l i n i t i e s  occur  about  
t h e  same time a s  low and h i g h  t e m p e r a t u r e s  (Seckel  1962) .  
I s l a n d s ,  however,  low and h igh  s a l i n i t i e s  occur  about  3 mo a f t e r  t h e  t i m e  t h a t  t h e  
mixed l a y e r  r e a c h e s  i ts minimum and m a x i m  d e p t h s ,  r e s p e c t i v e l y .  Near Midway, where t h e  
s a l i n i t y  maximum is l o c a t e d ,  a s h a r p  d e c l i n e  of abou t  0.35' /00 is e v i d e n t ,  r e s u l t i n g  from 
e i t h e r  a southward o r  a nor thward  d i sp lacemen t  of t h e  h i g h  s a l i n i t y  c e l l .  

From t h e  Hawaiian I s l a n d s  southward ,  s u r f a c e  s a l i n i t y  d e c r e a s e s  and t h e  l o w e s t  v a l u e s  
( l e s s  t h a n  34.1"/,,) a r e  observed  i n  t h e  North E q u a t o r i a l  C u r r e n t  between l a t .  14" and 9ON 
( C h a m e l l ,  Au, and S e c k e l  1967a,  1967b, 1967c, 1967d, 1967e, 1967f ;  Wyr tk i  1967) .  Between 
t h e  Nor th  E q u a t o r i a l  Cur ren t  and t h e  c o u n t e r c u r r e n t  a t  abou t  l a t .  9"N, a s a l i n i t y  f r o n t  
marks t h e  boundary between l o r s a l i n i t y  t r o p i c a l  s u r f a c e  w a t e r  and h i g h - s a l i n i t y  e q u a t o r i a l  
water. 
E q u a t o r i a l  C u r r e n t ,  i n  which t h e  e q u a t o r i a l  s u r f a c e  water l ies,  s a l i n i t i e s  are abou t  
34.8"/,,. J u s t  n o r t h  of t h e  Equator  a t  l a t .  0°31'N, a n o t h e r  f r c n t  i n  s u r f a c e  s a l i n i t y  is 
a p p a r e n t .  Here, e q u a t o r i a l  s u r f a c e  water of abou t  34.8"/,,  is s e p a r a t e d  from s u b t r o p i c a l  
s u r f a c e  water of t h e  South  P a c i f i c .  
c u r r e n t  boundar i e s .  

I n  t h e  v i c i n i t y  of t h e  Hawaiian 

I n  t h e  s o u t h e r n  p o r t i o n  of t h e  c o u n t e r c u r r e n t  and t h e  n o r t h e r n  p a r t  of t h e  South  

Both s a l i n i t y  f r o n t s ,  however,  do n o t  c o i n c i d e  w i t h  
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From nor th  t o  south, across  t h e  countercurrent  and i n t o  t h e  South Equator ia l  Current, 
t h e  s a l i n i t y  ranges between 34.0'/,, a t  l a t .  l O O N  and 35.2'/,. near  t h e  Equator (Austin 
1960). Somewhat f a r t h e r  south and east of the  Line I s lands  i s  the  southeastern P a c i f i c  
sur face  s a l i n i t y  maximum of 36.0°/,, o r  g r e a t e r .  

I n  t h e  western equa to r i a l  P a c i f i c ,  a notable  f e a t u r e  of the  hor izonta l  d i s t r i b u t i o n  of 
s a l i n i t y  is t h e  separa t ion  of the northern and southern h igh-sa l in i ty  regions by one of low 
s a l i n i t y ,  usua l ly  loca ted  between the  Equator and l a t .  10'N. 
in te rvenes  between t h e  northern and southern t r o p i c a l  waters is a l s o  t r o p i c a l  water which 
may have been t ranspor ted  westward from t h e  eas t e rn  P a c i f i c .  
another source of low-sal ini ty  t r o p i c a l  water which apparent ly  flows through t h e  Molucca 
Passage (Cannon 1966). 

The low-sal ini ty  water which 

The east Indian Ocean is 

I n  t h e  Western Carol ines  along long. 137'E, t h e  North Pac i f i c  t r o p i c a l  water with 
s a l i n i t y  exceeding 35'/,, l ies  i n  t h e  upper p a r t  of the  thermocline between l a t .  10' and 
20'N and is  i n  contact  with t h e  sea sur face  near  la t .  19'N. Sa l ine  water or ig ina t ing  i n  
t h e  South P a c i f i c  is a l s o  de tec ted  i n  t h e  Western Carol ines  and extends as fa r  north as 
l a t .  6'N near  t h e  northern boundary of t h e  countercurrent .  
i t y  minimum can be  t raced  from t h e  coas t  of Japan as f a r  south as l a t .  15'N (Masuzawa 
1967). 

The North P a c i f i c  major s a l i n -  

The most outs tanding f e a t u r e  of the  hor izonta l  d i s t r i b u t i o n  of s a l i n i t y  i n  the  Mar- 
s h a l l s  is t h e  presence of a low-sal ini ty  band i n  the  region between l a t .  5' and lO'N where 
l a r g e  eddies  exist (Ma0 and Yoshida 1955). 
of low s a l i n i t y  from both s ides .  
s t ronges t  i n f l u x  of h igh-sa l in i ty  water comes from t h e  Southern Hemisphere. 

Waters of high s a l i n i t y  push toward t h i s  band 
The gradient  on t h e  southern s i d e  suggests  t h a t  the  

The band of low-sal ini ty  water r e s u l t s  from high p r e c i p i t a t i o n ,  absence of s a l i n e  
t r o p i c a l  water from t h e  no r th  and south a t  these  l a t i t u d e s ,  ascent  of the  northern interme- 
d i a t e  water mass wi th  decreasing l a t i t u d e ,  and upwelling associated with cur ren ts  and 
eddies. Upwelling, which o r ig ina t e s  a t  some intermediate  depth, b r ings  cool ,  low-sal ini ty  
water i n t o  t h e  upper leve l .  The ascending northern and southern intermediate  water masses 
may f u r t h e r  s t rengthen  t h i s  upwelling. 

2.5 Upwelling 

I n  t h e  c e n t r a l  P a c i f i c ,  t h e r e  is a zone of hor izonta l  divergence and an adjacent  zone 
of convergence near  t h e  Equator. 
gence, s h i f t s  l a t i t u d i n a l l y  depending on wind d i r e c t i o n .  
w e l l ' s  (1951, 1953; S e t t e  1955) model explained t h e  equator ia l  upwelling whereas cotwer- 
gence produced s i g n i f i c a n t  s inking.  

The boundary between north-south convergence and diver-  
The divergence f e a t u r e  of Crom- 

Br ie f ly ,  t h e  model proposed t h a t  under t h e  stress of e a s t e r l y  winds, sur face  water 
moves i n  a wes ter ly  d i r e c t i o n  a t  t h e  Equator, but  C o r i o l i s  f o r c e  nor th  and south of t h e  
Equator tends t o  d e f l e c t  the  sur face  water poleward. A s  t h e  water moves away from t h e  
Equator, deeper water rises toward t h e  surface.  When t h e r e  are nort.her1.y or  souther ly  
components i n  t h e  easterlies, asymmetry is introduced and the cen te r  of upwelling is d is -  
placed. For example, southeast  t rades  would d isp lace  t h e  cen te r  of upwelling t o  t h e  south 
of t h e  Equator. 

I North of the  Equator, convergence occurs as t h e  denser  upwelled water s inks  between 
t h e  cen te r  of upwelling a t  t h e  Equator and the  southern edge of the  low-density water of 
t h e  countercurrent  which flows from w e s t  t o  east. A t  deeper l e v e l s .  s inking water may turn 
southward t h u s  completing a ce l l ,  o r  it may move northward and d ive  under t h e  countercur- 
rent. 

2.6 Undercurrent 

The first c l u e  t o  t h e  ex is tence  o€ a submerged cur ren t  near  t h e  Equator w a s  provided 
through observat ions on t h e  d r i f t  of longl ine  f i sh ing  gear  i n  t h e  c e n t r a l  equa to r i a l  
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Pacific. The longline gear, suspended from buoys and floating freely in the water, has the 
main mass of fishing lines about 150-180 m below the surface (Cromwell, Montgomery, and 
Stroup 1954). Set near the Equator a number of times during exploratory fishing cruises, 
the gear moved eastward in spite of opposing trade winds, currents, and seas at the surface. 
This suggested that a submerged current was prevalent near the Equator. The existence of 
this eastward moving current in the lower part of the surface layer and upper thermocline 
was proved by using surface and deep drags. 

3. PRIMARY PRODUCTION 

3.1 Oceanic regions 

Primary production of 5-10 mg C/m3/day (average 6.7 mg C/m3/day) is characteristic of 

A narrow 

pro- 
Low productivity, averaging 1 mg C f m  /day, 

the oceanic zone of not only the boreal and Antarctic regions but also of areas with less 
intense ascent of deep waters near the equatorial region (Koblentz-Mishke 1965). 
band of water in temperate latitudes and a broader one around the Equator have productivity 
at the surface varying between 2 and 5 mg C/m3/day (3.8 on the average) and which ma 
visionally be referred to as transition zones. 
is restricted to extensive areas of tropical waters mainly occupied by the northern and 
southern central water masses. 

Y 

In the central Pacific, the area of highest primary production is in waters of the 
countercurrent (Bogorov 1960a, 1960b). Bogorov characterized the different types of water 
in the central Pacific as shown in Table 2. 

Table 2.--Physical, chemical, and biological characteristics of the geographical water 
zones established for the central Pacific Ocean (Bogorov 1960a). 

Zone 

Temperature O C  g 
I P  xi Water a 

Northern 

Northern 

s u b t r o p i c a l  

e q u a t o r i a l  

1 7 . 0  

2 5 . 5  

2 1 . 0  

2 7 . 6  

1 3 . 0  

1 4 . 0  

32 

36 

Equator ia l  
counter  - 2 7 . 5  2 9 . 1  1 0 . 9  26 
c u r r e n t  

Southern 
equatorial 2 7 . 0  2 8 . 4  1 4 . 5  38 

Southern subtropical 22.0 2 1 . 7  1 5 . 0  39 

- 
h 
B 
0 
Y 

& 

U .rl 

4 \ 
d 
B 
v 

0" - 

5 . 0  

4 . 6  

4 . 1  

4 . 4  

5 . 5  

I I 

3 . 2  1 2 . 5  18 

2 . 3  3 . 0  7 2  

3 , 6 0 0  97 

3,100 26 

9 . 0  1 4 . 0  150 1 9 , 9 0 0  46 

8 . 0  10.0 95 4 , 3 0 0  12  

4 . 9  7 . 1  38 3 . 6 0 0  36 

n a 
0 

S I  

w o  
38 

2.0 

0 . 7  

1 . 4  

0 . 7  

1.2 

I 

500-100 1.46 

50 1 . 4 0  

50  0.90 

50 1.00 

160-400 1 . 2 0  

'The c h a r a c t e r i s t i c s  of t h e  s u b t r o p i c a l  zones  a r e  presented a s  a mean of t h e  v a l u e s  of t h e  
northern and southern p o r t i o n s  of t h e s e  zones. 
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Dividing t h e  nor thern  sub t rop ica l  zone water i n t o  a northern sec t ion  along l a t .  40"N 
and a southern sec t ion  along l a t .  30"N, Bogorov found t h a t  i n  t h e  northern sec t ion ,  phos- 
phate i s  low a t  t h e  sur face  but r e l a t i v e l y  high a t  deeper l eve l s .  
50 m l  and c e l l  count of phytoplankton per cubic  meter are r e l a t i v e l y  low. 
predominate over per id in ians  i n  t h e  phytoplankton samples. Along t h e  southern sec t ion  of 
t h i s  zone, phosphates and b a c t e r i a l  counts do not  d i f f e r  markedly from those  values found 
f o r  t h e  northern sec t ion .  The phytoplankton count, i n  which per id in ians  predominate, rises 
s i g n i f i c a n t l y  t o  about four  times t h e  l e v e l  encountered i n  t h e  northern sec to r .  Venrick 
(1974) observed t h a t  l oca l i zed  blooms of phytoplankton i n  t h i s  zone are dominated by an 
increase  i n  the abundance of Rhizosolenia. 

The b a c t e r i a l  count per 
Here, diatoms 

The water of t h e  no r th  equa to r i a l  zone a t  l a t .  10°-12"N i s  r e l a t i v e l y  low i n  phosphate 
but  moderately high i n  bac te r i a .  The phytoplankton, composed pr imar i ly  of per id in ians ,  i s  
somewhat lower than i n  t h e  nor thern  subt ropica l  zone. 

I n  the countercurrent zone, phosphates reach t h e i r  highest  l e v e l s  i n  t h e  sur face  layer .  
The phytoplankton Also, more b a c t e r i a  and phytoplankton occur here  than i n  any other zone. 

count shows an almost equal number of diatoms a s  per id in ians .  

A t  la t .  10's where t h e  southern equa to r i a l  zone is  loca ted ,  t he  water i s  r e l a t i v e l y  
h igh  i n  phosphate, moderate in bac te r i a ,  and sparse  i n  phytoplankton. 
t h a t  whereas pe r id in i ans  predominate over diatoms a t  long. 174'W, t h e i r  r o l e s  a r e  reversed 
a t  long. 172"E. 

Bogorov observed 

The southern sub t rop ica l  zone is  a l s o  subdivided i n t o  a northern and southern sec t ion .  
The northern sec t ion  a t  about l a t .  20's i s  charac te r ized  by water which is  low i n  phosphate, 
bac t e r i a ,  and phytoplankton and where per id in ians  predominate. A t  l a t .  30°S, t h e  southern 
sector of t h e  southern subt ropica l  zone has water moderately high i n  phosphate. The bacte- 
r i a l  and phytoplankton counts,  however, are considerably lower than i n  the  nor thern  sec to r  
of t h i s  zone. 

In genera l ,  he te ro t rophic  b a c t e r i a l  counts are low i n  the  northern p a r t s  of t h e  area 
surveyed, but increase sharp ly  i n  t h e  equa to r i a l  countercurrent zone where primary produc- 
t i o n  i s  maximal (Bogorov 1960b). The usual p i c t u r e  is a predominance of diatoms over per i -  
d ln i ans  i n  h igh  l a t i t u d e s  and vice-versa i n  t h e  lower ones. 
r e s u l t  i n  t h e  equa to r i a l  countercurrent zone where Bogorov found t h a t  t h e  increase  i n  phos- 
pha tes  w a s  accompanied by a similar increase  i n  algae.  
t h e  blue-green a lgae  occupy a s i g n i f i c a n t  pos i t i on  i n  the  composition of t he  phytoplankton. 

This i s  supplemented by t h e  

I n  t he  southern sub t rop ica l  zone, 

Primary product iv i ty  i n  t h e  western P a c i f i c  has been inves t iga ted  by Soroliin (1973a, 
1973b) and Sorokin and Tsvetkova (1972). Br i e f ly ,  t h e  s t u d i e s  revealed t h a t  bac te r io-  
plankton can serve as a l a r g e  supplementary source of food €or  f i l t e r - f eed ing  zooplankton, 
p a r t i c u l a r l y  in waters of maximum zooplankton concentration. This s i t u a t i o n  is  t y p i c a l  i n  
t r o p i c a l  reg ions  where b a c t e r i a l  production may be twice t h e  primary product iv i ty  through 
photosynthetic processes (Sorokin 1973a). 

In  t h e  t r o p i c a l  western P a c i f i c  near t h e  Solomon I s l ands ,  primary production on the  
sur face  measured by Koblentz-Mishke e t  a l .  (1977) w a s  0.4 and 1 .0  mg C/m3/day a t  two loca- 
t i o n s  i n  waters of t h e  South Equator ia l  Current,  which i s  r e l a t i v e l y  poor i n  plankton, 3.0 
mg C/m3/day i n  t h e  divergence zone of t h e  Coral Sea, which i s  r e l a t i v e l y  r i c h  i n  plankton, 
and 6.9 mg C/m3/day i n  Kieta Bay of Bougainville I s land .  
determined a l s o  t h a t  primary production w a s  higher near t he  equa to r i a l  divergence and lower 
along t h e  convergence near l a t .  12"N. Peak concent ra t ion  of l i v e  phytoplankton is  usua l ly  
found a t  t h e  upper boundary of t h e  thermocline where t h e  amount of n u t r i e n t  sa l t s  i s  c lose  

. t o  the level which l i m i t s  phytoplankton development. The peak l aye r ,  according t o  Sorokin 
and Tsvetkova, is  s t a b l e  throughout t h e  day. 

I 
1 Sorokin and Tsvetkova (1972) 

, 

For Ninigo and Admiralty I s l ands  and Papua New Guinea, t h e  thickness of t h e  euphotic 
zone i n  t h e  n e r i t i c  area is 1.3 t o  2 times t h a t  i n  t h e  open ocean. In t h e  lagoons, 
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photosynthet ic  production is 12-14 mg C/m3/day, but  i n  one bay, which had a production of 
39 mg C/m3/day, photosynthesis takes  p lace  even a t  depths  of 75 m with 10% of t h e  l i g h t  
i n t e n s i t y  a t  t h e  sur face  (Sorokin 1973b). 

3.2 Coral reef  

Coral r e e f s ,  whether they are f r i n g i n g  shore r e e f s ,  b a r r i e r  r e e f s  t h a t  enc i r c l e  the  
i s lands ,  o r  c o r a l  a t o l l s ,  are one of t h e  outs tanding f e a t u r e s  wi th in  t h e  western central 
Pac i f ic .  Coral reef  communities are tremendously var ied  assoc ia t ions  of p l an t s  and animals 
and are most noteworthy f o r  t h e i r  immense concentrat ion of l i f e  and its complexity. 
g ross  primary product iv i ty  o r  t h e  ra te  of formation of organic matter can be very high i n  a 
c o r a l  reef  environment i s  a t t r i b u t a b l e  t o  t h e  recycl ing of n u t r i e n t s  wi th in  t h e  system. 
The output  of harves tab le  pro te in ,  however, is not  p a r t i c u l a r l y  high ( C l u t t e r  1972). 

That 

Odum and Odum (1955), who determined t h e  r e l a t ionsh ip  between s tanding crop (dry bio- 
mass of e x i s t i n g  organisms per a rea)  and product iv i ty  ( r a t e  of manufacture of dry  biomass 
per  a r e a ) ,  observed t h a t  i n  a windward c o r a l  reef  community on Enewetak a t o l l ,  t h e  average 
l i v i n g  c o r a l  colony contains  three  times as much p lan t  as animal t i s s u e  o r  0.063 g/cm2 dry 
weight of a lgae  as compared with 0.021 g/cm2 of animal polyp. 
l h t e r a t e  polyp) comprises roughly 6% of t h e  t o t a l  plant  par t ion ,  whereas filamentous green 
a lgae  embedded in t h e  skeleton make up t h e  bulk of t h e  p lan t  material. 
s t r a t e d  that t h e  a lga l -coe len tera te  compiex comprises a highly in tegra ted  ecologica l  u n i t ,  
which permits recycl ing of food and n u t r i e n t s  necessary f o r  vigorous c o r a l  growth i n  t rop i -  
cal  "desert" waters of a low plankton content .  The c o r a l  r e e f ,  therefore ,  is thought of as  
almost a whole ecological  u n i t  i n  i t s e l f  including producers, herbivores  ( u t i l i z i n g  food 
from symbiotic a lgae) ,  and carnivores  (plankton feeding a t  n i g h t ) .  

Zooxanthellae ( i n  t h e  coe- 

The study demon- 

The s tudy a l s o  revealed t h a t  i n  a l l  zones of t h e  r e e f ,  a t rophic  s t r u c t u r e  with a pyr- 
amid of biomass e x i s t s .  
703 g/m2 f o r  producers, 132 g/m2 f o r  herbivores ,  and 11 glm 
between s tanding crop t rophic  l e v e l  f o r  producer/herbivore is 5 . 3 : l  and f o r  herbivorelcar-  
nivore is 12: l .  Based on these  r e s u l t s ,  odum and Odum (1955) estimated a very high t o t a l  
production rate of about 83 MT (metric tons) /ha,  which represents  a turnover ( r a t i o  of 
annual primary production t o  average s tanding crop) of about 12.5 t i m e s  per year. 

For example, t h e  mean s tanding crof €or  t h e  reef  as a whole is 
The r a t i o  f o r  carnivores .  

Reefs are a l s o  important t o  ocean production because t h e  c o a s t a l  fauna, which develops 
as an i n d i r e c t  r e s u l t  of t h e  infusion of mineral salts from land and upwelling of nu t r ien t -  
r i c h  waters along t h e  coas t ,  enr iches  the  pe lag ic  sphere (Grandperrin 1977). This perma- 
nent  in fus ion  of coas t a l  fauna from reef  ecosystems i n  many P a c i f i c  i s l a n d s  r ep resen t s  a 
s u b s t a n t i a l  biomass, which includes the la rvae  of d r i f t i n g  benthic  spec ies  and meroplank- 
t o n i c  organisms ( la rvae  of benthic  organisms which have a free-swimming pelagic  phase). I n  
examining t h e  stomach contents  of pelagic ,  deep-swimming spec ies  caught f a r  from t h e  coas t ,  
Grandperrin found t h a t  of t h e  t o t a l  number of f i s h  consumed by albacore,  Thunnus alalunga,  
and Yellowfin tuna, 2. albacareg,  58% and 73%, respec t ive ly ,  a r e  regarded as c o a s t a l  spe- 
cies. I n  bigeye tuna, r. obesus, however, coas t a l  f i s h e s  are e n t i r e l y  absent. 

4. ZOOPLANKTON 

I n  t h e  P a c i f i c ,  zooplankton volume is d i s t r ibu ted  i n  a similar fash ion  as PO,-P (Reid 
1962). 
r e l a t i v e l y  high along t h e  Equator and i n  two zones associated with equa to r i a l  divergence 
nor th  and south of t h e  Equator. 

Volumes are usua l ly  high i n  t h e  eastern boundary cur ren t ,  low i n  c e n t r a l  water, and 

The biomass of zooplankton i n  the  var ious  geographical zones es tab l i shed  by Bogorov 
(1960a, 1960b), f o r  t h e  central Pac i f i c  J.s given i n  Table 2 .  
observed t h a t  t h e  zooplankton biomass reaches 161 mg/m3 i n  t h e  northern s e c t o r  of t h e  
northern subt ropica l  zone but  i s  only 34 mg/mJ i n  t h e  southern s e c t o r .  
zone, zooplankton i o  even more sparse ,  reaching only 26 mg/m3. 
uted t o  t h e  deple t ion  of nu t r i en t s  as t h e  water flows under the inf luence of t h e  t r a d e  
winds from t h e  eastern t o  t h e  c e n t r a l  Pac i f ic .  

From nor th  t o  south, Bogorov 

I n  t h e  equator ia l  
This sparseness  is a t t r i b -  
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I n  t h e  countercurrent  zone, upwelling of deep water t o  ttLe sur face  occurs  over an 
enormous area enriching t h e  photosynthet ic  zone (0-200 m) in phosphates and n i t r a t e s .  As a 
r e s u l t ,  zooplankton volumes reach 46 mg/m3 i n  t h i s  zone. 

I n  t h e  Southern Hemisphere, Bogorov observed t h a t  t h e  equa to r i a l  zone, un l ike  i t s  
counterpar t  i n  t h e  Northern Hemisphere, i s  even more sparse  i n  zooplankton, with volumes 
reaching only 12 mg/m3. 
s e c t o r  of t h e  subt ropica l  zone and f i n a l l y  reaches 45 mg/m3 in the  southern s e c t o r .  

The zooplankton biomass then rises t o  28  mg/a3 i n  t h e  northern 

Near t h e  Line I s lands ,  King and Deniond (1953) observed t h a t  i n  t h e  northern summer, 
t h e  s tanding crop of zooplankton reaches a maximum of more than 50 cc/l,OOO *a3 of water 
s t r a i n e d  a t  l a t .  2OC and long. 15OoW near  Palmyra. I n  t h e  northern winter ,  the loca t ion  of 
maximum abundance remains the  same, but  t h e  s tanding crop i s  only between 25 and 55 
cc/1,000 m3. 

High zooplankton volumes a l s o  occur i n  t h e  a rea  betw2c.n l d t .  2 " s  a i d  8'N a t  long. 
150°W with peak abundance a t  l n t .  1"s. L a t i t u d i n a l l y ,  the  average zooplankton volume is 
grea te r  i n  t h e  zone of convergence and t h e  countercurrent  than i n  waters  of t h e  South Equa- 
t o r i a l  Current (King and Hida 1957). This asymmetrical d i s t r i b u t i o n  is a t t r i b u t e d  t o  for-  
mation of oceanographic f r o n t s  i n  t h e  t r a n s i t i o n  zone between t h e  Equator and t h e  southern 
boundary of t h e  countercurrent .  Longi tudinal ly ,  wi th in  t h e  equator ia l  region,  t h e r e  is a 
gradien t  of increas ing  zooplankton abundance from long. 180" t o  15OoW. 

I n  t h e  western North P a c i f i c  near  Marcus I s land ,  plankton biomass a t  0-500 m is 18 
mg/m3 but  only 9 mg/m3 t o  t h e  southeast  near  Wake Is land  (Vinogradov 1968). A t  the  north- 
e r n  per iphery of t h e  North Equator ia l  Current near  t h e  Marianas Trench, plankton biomass 
is a l s o  low varying from 8 t o  li mg/m3 a t  0-500 m. Vinogradov noted t h a t  the  biomass a l s o  
decreases  sharp ly  wi th  depth; f c r  example, a t  2,000-4,000 m, t h e  biomass i s  0.13 mg/m3 but  
a t  4,000-8,000 m, it i s  only 0.012 mg/m3, which is  140 times less than t h a t  found a t  corre-  
sponding depths  of t h e  Kurile-Kamchatka Trench. 

I n  t h e  Southern Hemisphere near  t h e  Phoenix I s lands ,  t h e  inf luence of t h e  product ive 
equa to r i a l  region is evident  i n  g rea t e r  plankton biomass. 
reaching 16 mg/m3 a t  0-500 m. 
sharply,  i ts  d i s t r i b u t i o n  and magnitude a t  var ious depths being comparable t o  concentra- 
t i o n s  i n  t h e  t r o p i c a l  waters of t h e  Northern Hemisphere. 
t h e  South Equator ia l  Current, t h e  plankton biomass is extremely low reaching only 5.5 
mg/m3 a t  0-500 m. I n  deeper layers ,  i t  is s l i g h t l y  lower than concentrat ions i n  plankton- 
poor waters of t h e  Northern Hemisphere. 

Here, it is r e l a t i v e l y  high,  
Below 200 m, however, t h e  biomass starts t o  decrease 

Along t h e  southern periphery of 

Water t o  t h e  south of t h e  Tonga Trench is r e l a t i v e l y  poor i n  plankton. Here, t h e  
biomass reaches 13  mg/m3 a t  0-500 m but  below t h a t  t h e  concentrat ion decreases  sharp ly  and 
t h e  d i s t r i b u t i o n  is  sparse ,  condi t ions which are t y p i c a l  of t r o p i c a l  waters of t h e  Southern 
Hemisphere. I n  f a c t ,  the  planktonic  biomass a t  t h e  1,000-2,000 m l ayer  is lower than t h a t  
found a t  corresponding depths  i n  such plankton-poor waters as the  North Equator ia l  Current. 

Here, t h e  
plankton biomass reaches 38.0 mg/m3 o r  near ly  four  times t h a t  found i n  waters of t h e  North 
Equator ia l  Current. 
2,000 m, t h e  concentrat ions decrease somewhat s o  t h a t  t h e  biomass is only 2.4 t i m e s  g r ea t e r  
than t h a t  of t h e  North Equator ia l  Current a t  comparable depths. 

I n  t h e  Solomon Sea, t h e  water is very r i c h  i n  plankton i n  t h e  upper 500 m. 

This d i f f e rence  i n  biomass p e r s i s t s  t o  about 1,000 m, but  a t  1,000- 

Larvae of ep ipe lag ic  and mesopelagic spec ies  are a l s o  encountered i n  t h e  upper 300 m 
of t h e  oceanic regions. Gorbunova (1971) observed t h a t  i n  the  western t r o p i c a l  P a c i f i c ,  
t h e r e  are, i n  add i t ion  t o  r ep resen ta t ives  of t y p i c a l  oceanic icthyofauna, l a r g e  numbers of 
l a r v a l  anchovy, Stolephorus z o l l i n g e r i ,  and l a n c e l e t ,  Amphioxides pe lag icus ,  which occur 
more commonly in c o a s t a l  waters. 
Cyclothone alba, Symbolophorus evermanni, and Diaphus sp. are most common. 

Among mesopelagic species ,  l a r v a e  of Gonostoma elongaturn, 
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I n  terms of b iomass ,  myctophids  c o n s t i t u t e  86%-95% of t h e  e n t i r e  i c h t h y o p l a n k t o n .  
Their a b s o l u t e  b iomass ,  measured from c o l l e c t i o n s  made i n  t h e  wes te rn  P a c i f i c ,  r a n g e s  from 
2.15 t o  31.22 mg/m3 and a v e r a g e s  12 .38  mg/m3 ( P a r i n ,  Gorbunova, and Chuvasov 1972) .  
c o n c e n t r a t i o n  of myctophids  i n  t h e  s u r f a c e  l a y e r  a t  n i g h t  i s  s i g n i f i c a n t l y  g r e a t e r  t h a n  
t h e i r  a v e r a g e  d e n s i t y  i n  t h e  0-500 m l a y e r .  

5. BENTHOS 

The 

5 . 1  C o r a l  r e e f s  

The b e n t h i c  f a u n a  i n  waters around t h e  Hawaiian I s l a n d s  h a s  been  d i s c u s s e d  by Doty e t  
a l .  (1968).  A t  Kealakekua Bay, on t h e  i s l a n d  of H a w a i i ,  t h e  no tewor thy  f e a t u r e s  of t h e  
b e n t h i c  f auna  are t h e  d i v e r s i t y  of o rgan i sms ,  t h e  d e n s i t i e s  of some s p e c i e s ,  and t h e  occur-  
r e n c e  of some of t h e  more s p e c t a c u l a r  mol luscs  i n  r e l a t i v e l y  s h a l l o w  water. There  are 184 
mar ine  m o l l u s c s  i n  Kealakekua Bay compared t o  110  s p e c i e s  i n  Kaneohe Bay on Oahu, which is 
much l a r g e r .  
p e n c i l  u r c h i n ,  H e t e r o c e n t r o t u s ,  which is a l s o  h i g h l y  i m p o r t a n t  a l o n g  many areas of t h e  KOM 
c o a s t  of H a w a i i ,  b u t  is g e n e r a l l y  uncommon i n  o t h e r  areas of t h e  HBwaiian I s l a n d s .  
u r c h i n s  p r e s e n t  i n  l a r g e  numbers are E c h i n o t h r i x ,  Echinometra ,  and T r i p n e u s t e s .  

A s t r i k i n g  a s p e c t  of t h e  u r c h i n  p o p u l a t i o n  is t h e  r i c h  abundance of slate 

Other  

S t u d i e s  on bot tom b iocoenoses  i n  t h e  upper  p a r t s  of i s l a n d  s h e l v e s  i n  t h e  w e s t e r n  
P a c i f i c  have  shown t h a t  s p e c i e s  d i v e r s i t y  and biomass magni tude  depend l a r g e l y  on t h e  num- 
b e r  of l a r v a e  of d i f f e r e n t  s p e c i e s  a r r i v i n g  t h e r e  from r e g i o n s  w i t h  a d i v e r s e  p o p u l a t i o n  
(Golikov e t  a l .  1973) .  The l a r g e s t  b iomass ,  which a v e r a g e s  1 0  kg/m2 and c o n s i s t s  predomi- 
n a n t l y  of l u s h  growth of r e e f - f o r m i n g  c o r a l s ,  o c c u r s  a l o n g  t h e  c o a s t  of Papua New Guinea.  
Off New Ca ledon ia ,  American Samoa, Western Samoa, and New Hebr ides ,  t h e  b iomass  of c o r a l s  
r e a c h e s  6-7 kg/m2 whereas  o t h e r  a n i m a l s  accoun t  f o r  5%-10% and unde rwa te r  p l a n t s  accoun t  
f o r  1%-7% of t h e  t o t a l  mean biomass of ben thos .  A t  F i j i  and Nauru I s l a n d s ,  c o r a l s  form a 
somewhat smaller biomass ,  r e a c h i n g  2.7-3.0 kg/m2, b u t  o t h e r  an ima l s ,  which accoun t  f o r  10%- 
24%, and p l a n t s ,  which c o n t r i b u t e  8%-14%, p l a y  more s i g n i f i c a n t  r o l e s  i n  t h e  t o t a l  b e n t h i c  
biomass.  I n  t h e  Ellice I s l a n d s  ( F u n a f u t i  A t o l l ) ,  t h e  a v e r a g e  b iomass  of c o r a l  r e a c h e s  4.7 
kg/m2 whereas  o t h e r  a n i m a l s  and p l a n t s  accoun t  f o r  3% and 30%, r e s p e c t i v e l y ,  of t h e  t o t a l  
b e n t h i c  biomass.  Gol ikov  e t  a l .  (1973) found t h e  lowes t  biomass of c o r a l s ,  a v e r a g i n g  1 . 2  
kg/m2, and t h e  most s i g n i f i c a n t  r o l e  of p l a n t s  i n  t h e  b i o c o e n o s e s ,  a c c o u n t i n g  f o r  38% of 
t h e  t o t a l  b iomass ,  a t  Marakei  and B u t a r i t e r i  A t o l l s  i n  t h e  G i l b e r t s .  A similar r e l a t i o n -  
s h i p  between t h e  b iomass  of c o r a l s  2nd p l a n t s  o c c u r s  a t  Lord Howe I s l a n d .  

I n  most of t h e  i s l a n d s  s t u d i e d ,  l i f e  i s  less abundant  a t  t h e  0-1.5 m dep th .  The b io -  
mass, p o p u l a t i o n  d e n s i t y ,  and r e l a t e d  n e t a b o l i c  a c t i v i t y  i n  t h e  b iocoenoses  r e a c h  a maximum 
a t  d e p t h s  of 2 t o  8 m, where r ee f - fo rming  c o r a l s  are e x t e n s i v e .  Depending h e a v i l y  on t h e  
s i z e  and weigh t  of dominant s p e c i e s ,  t h e  biomasc v a r i e s  s i g n i f i c a n t l y  w i t h  d e p t h  and by 
i s l a n d s  whereas p o p u l a t i o n  d e n s i t y  depends  p r i m a r i l y  on f e c u n d i t y ,  spawning, r e c r u i t m e n t ,  
and e l i m i n a t i o n .  Maximum i n d e x e s  of abundance and d i v e r s i t y  of l i f e  are obse rved  i n  areas 
where ree f - fo rming  c o r a l s  are s t r o n g l y  deve loped .  Gol ikov  e t  a l .  (1973) concluded  t h a t  a 
c h a r a c t e r i s t i c  f e a t u r e  of t h e  v a s t  m a j o r i t y  of t r o p i c a l  b iocoenoses  is t h e  h i g h  biomass 
(more t h a n  100  kg/m2 i n  some a r e a s )  and a r e l a t i v e l y  low abundance of s p e c i e s  p o p u l a t i o n .  

A s u r v e y  of t h e  macrofauna  i n h a b i t i n g  lagoon d e p o s i t s  on A i t u t a k i  i n  t h e  Cook I s l a n d s  
y i e l d e d  a b o u t  100 s p e c i e s .  
s p e c i e s ) ,  Gas t ropoda  (31  s p e c i e s ) ,  and  Pe lecypoda  (13 s p e c i e s ) .  Of t h r e e  main d e p o s i t  
z o n e s - - i n t e r t i d a l  sand  f l a t  of t h e  main land ,  r e e f  r im,  and  lagoon f l o o r - - t h e  i n t e r t i d a l  
f l a t  had fewer s p e c i e s  t h a n  e i t h e r  of t h e  o t h e r  t w c  zones  (Gibbs 1975) .  
d w e l l i n g  m o l l u s c s  i n  t h e  i n t e r t i d a l  f l a t  are h i g h l y  r e g a r d e d  as food by t h e  i s l a n d e r s  
(Banner 1952) .  

Among t h e  g roups  w e r e  P o l y c h a e t a  (27 s p e c i e s ) ,  Decapoda (20+ 

Many of t h e  sand- 

5 .2  Othe r  sha l low-wa te r  areas ( l e s s  t h a n  200 m) 

I n  waters j u s t  o u t s i d e  t h e  c o r a l  r e e f s  o f f  Oahu, S t r a s b u r g ,  J o n e s ,  and I v e r s e n  (1968) .  
who made 28 d e s c e n t s  i n  a small r e s e a r c h  submar ine  t o  s u r v e y  bot tom f a u n a ,  r e p o r t e d  t h a t  
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i nve r t eb ra t e s  occurr ing near  rocky patches and ledges between 24 and 107 m include t h e  
s t a r f i s h e s ,  Culc i ta  and Linckia ,  sea urchin,  Chondreocidaris, beds of a hydrozoan o r  antho- 
zoan which resembled Pennaria but  with l a r g e r  and heavier  ind iv idua ls ,  and spiny l o b s t e r s ,  
Panul i rus .  On t h e  sandy p l a i n s ,  they observed sponges and t h e  protruding tubes of annel id ,  
occasional  cone s h e l l s  near  rocks,  and b r i t t l e s t a r s  which appeared t o  be  r e l a t i v e l y  abun- 
dant .  Strasburg et a l .  estimated t h a t  a t  depths between 60 and 70 m, as much as two-thirds 
of t h e  sea f l o o r  i s  covered by beds of pen s h e l l ,  Atr ina,  packed together  a t  a dens i ty  of 
about 540/m2. 
spaced about 30 c m  a p a r t ,  occur a t  about 107 m. 

Beds of spatangid h e a r t  urchins ,  cons is t ing  of s eve ra l  thousand indiv idua ls  

A t  g r e a t e r  depths--between 107 and 116 m--the s loping p l a in  drops off  t o  s teep  c l i f f s ,  
Here, the  c o i l s  of an an t ipa tha r i an  coelenterate ,  which plunge 60'-80' from t h e  hor izonta l .  

probably a spec ies  of Ci r r ipa thes ,  are r a t h e r  common a s  are var ious  s t a r f i s h ,  sponges, and 
sea urchins  down t o  about 192 m. A t  137-183 m, beds of red c o r a l ,  Stylaste;  and Corallium, 
are common. 

5.3 Deep to  very deepwater areas 

Samples from an o l igo t rophic  bottom under t h e  North P a c i f i c  Central  Water a t  a depth 
of 5,500 t o  5,800 m showed a macrofaunal dens i ty  averaging 115 individuals/m2 (range 84 t o  
160/m2), much t h e  same as i n  northwest A t l an t i c  gyre waters (Hessler and Jumars 1974). 
bottom fauna, composed i n  t h e  overwhelming majori ty  of depos i t  feeders ,  w a s  extremely 
diverse .  Most spec ies ,  however, appeared t o  be  rare, occurr ing only once i n  t h e  samples. 
Only t h r e e  spec ies  showed any s i g n i f i c a n t  devia t ion  from randomness i n  t h e i r  d i s t r ibu t ion- -  
one polychaete worm and tana id  crustaceans.  

The 

Among t h e  macrofaunal taxa ,  polychaetes were by f a r  t h e  most abundant numerically con- 
s t i t u t i n g  55% of t h e  t o t a l ,  followed by tana id  crustaceans a t  18%. Bivalves and isopods 
were t h e  next  two most important groups, comprising 7% and 6%, respec t ive ly ,  of t h e  macro- 
fauna. A l l  t h e  o the r  taxa  represented less than 15%; ind iv idua l ly ,  each taxon cont r ibu ted  
not  more than 2% t o  t h e  fauna. 
e i t h e r  missing from most of t h e  samples o r  represented by only one o r  two indiv idua ls .  
Only t h e  polychaetes, t ana ids ,  and b iva lves  are present  i n  a l l  samples. Isopods and scaph- 
opods are present  i n  more than ha l f  of the  samples. 

Most of t h e  major taxa are sparse ly  d i s t r i b u t e d  and are 

Some major taxa  usua l ly  found i n  benthic  samples are not iceably absent  (Hessler and 
Jmars 1974). Among them are amphipods, cumaceans, and echinoids. 

Meiofaunal taxa,  which are only p a r t i a l l y  re ta ined  by t h e  screen used i n  washing, are 
a l s o  present  in reasonable  abundance i n  t h e  box-core samples. Despite t h e  shortcomings of 
t h e  samples, t h e  meiofauna are numerically 1.5 t o  3.9 times as abundant as t h e  macrofauna. 
Always present  are nematodes, by f a r  t h e  most abundant, copepods, and ostracods. Nematodes 
comprise 53% and copepods 13% of t h e  t o t a l  metazoan fauna. The combined meiofaunal taxa  
average 2.2  t i m e s  (range 1.5-3.9) more numerically abundant than the  macrofauna. Forami- 
n i f e r a  appears t o  be an important por t ion  of t h e  community, but  t h e i r  abundance cannot be 
assessed accura te ly  because of t h e  i n a b i l i t y  t o  d i s t ingu i sh  l i v i n g  and dead tests. 
of probably xenophyophoridans a l s o  appear t o  be  an important segment of t h e  community. 

Remains 

The tests of l i v i n g  and dead foramini fe ra  combined are extremely abundant, involving 
135-1,808 indiv idua ls  or  chamber-fragments/core sample (average 759.8). One spec ies  i s  
present  i n  abundance of up t o  160/m2 (average 60). 
of any metazoan species .  

This quant i ty  f a r  exceeds t h e  abundance 

I n  t h e  western P a c i f i c ,  Moiseev (1969) showed t h a t  t h e  benthic  biomass i n  t h e  oceanic 

Along t h e  eas t e rn  c o a s t s  of t h e  Phi l ip-  
reg ions  1s less than 0.05 g/m2 and v a r i e s  between 0.05 and 0.1 g/m2 along a b e l t  running 
from south of Japan t o  of fshore  Papua New Guinea. 
pine and Papua New Guinea, t h e  benthic  biomass rises t o  about 10 g/m2. 
region, according t o  Moiseev's f i g u r e ,  has  a benthic  biomass on t h e  order  of 0.05 t o  0 .1  
g/m2. 

The South China Sea 

By c o n s t r a s t ,  Moiseev pointed out  t h a t  t h e  benth ic  biomass i n  South Polar  waters of 
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the coastal regions of Antarctica is extremely high, varying between 450 and 500 gfm'; how- 
ever, the biomass composition is primarily sponge. 

6. FISH STOCKS AND FISHERIES 

6.1 The fisheries 

Essentially, the fish fauna of the western central Pacific islands is similar to that 
found off Southeast Asia. There is, however, a considerable amount of difference in shelf 
and slope areas between these two regions. Whereas the western central Pacific islands 
have very little shelf and slope areas, Southeast Asian region includes nearly one-half of 
the shelf and continental slope areas to 2,000 m in the Pacific. The result is that there 
is little opportunity for trawl fishing off the western central Pacific islands. There are, 
however, high-seas fisheries resources such as those of tunas and billfishes (not discussed 
in this report). Furthermore, when the fishery resources of the myriad of islands are 
critically examined, the importance of subsistence fisheries is rather striking. For it is 
in this region that some of the most exotic small-scale fisheries in the world are found 
(Manar 1969). 

A prominent feature, then, of the fisheries scene in the western central Pacific, is 
the existence of numerous islands whose inhabitants depend largely on artisanal fishing 
directed to fish and shellfish in coastal waters. Cole (1973) observed that there is no 
general agreement as to what constitutes artisanal fishery because conditions differ among 
countries. However defined, artisanal fishery is of a flexible and pragmatic nature. Arti- 
sanal fishermen may be found in coastal, estuary, lagoon, river, or lake fisheries, includ- 
ing aquaculture. With light capitalinvestment,a low level of organization, and little 
specialized skill, artisanal fishermen fish mostly hand-operated gear from small boats. 
Productivity and incomes are usually low and catches are commonly sold fresh, salted, dried, 
or smoked for local consumption. 

In the sections that follow, the fisheries of the westem central Pacific islands are 
described. 

6.1.1 American Samoa 

Much of the fishing being carried on in American Samoa i.s still of a subsistence type 
and confined to coastal waters, although in recent years a small commercial fishery has 
been developed. In many places, traditional fishing gears--spear, scoop net, cast net, gill 
net, trap, handline, and trolling line--are still employed. A small-scale fishery for 
"palolo," the wormlike sacs of eggs and sperm of a sea annelid, Eunice viridis, which are 
released by the adults, occurs in October-November (Van Pel 1961; Manar 1969; Otsu and 
Yoshida 1971). 

Subsistence fishing, however, cannot meet the demand for fresh fish in the more popu- 
lous areas. In fiscal year 1970, for example, American Samoa imported 900 MT of seafood 
including canned salmon, salted mackerel, and frozen bottom fish despite the availability 
of yellowfin tuna, Thunnus albacares, skipjack tuna, Katsuwonus pelamis, snappers, Lutjan- 
idae, rockfishes, Serranidae, and other species in waters around the islands (Fishing News 
International 1972; Swerdloff 1972). Swerdloff has estimated that a domestic fleet could 
readily market fresh fish in excess of 450 MT annually. 

In 1972, the first of the 7.3-m plywood Samoan dory, a modified version of the Pacific 
City (Oregon) dory, was launched (Fishing News International 1972; Office of Samoan 

'Throughout the remainder of this report, scientific names of fishes, crustaceans, 
molluscs, and echinoderms are used after the common name first appears and are repeated in 
some cases to avoid confusion. Where no scientific names are given, the author was unable 
t o  find them in the original report. 
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Information 1974). From December through March, about 75% of t h e  f i sh ing  e f f o r t  among t h e  
d o r i e s  are expended i n  t r o l l i n g  f o r  tuna whereas i n  t h e  off-season f o r  tuna, t h e  do r i e s  
spend about 75% of t h e i r  time handl ining f o r  bottom f i s h  a t  n ight  (Naughton 1975'). 

Major spec ies  caught by t r o l l i n g  are sk ip jack  tuna, yel lowfin tuna,  mahimahi, =- 
phaena hippurus, and kawakawa,  Euthynnus a f f i n i s .  Species of lesser importance include 
black marlin, Makaira ind ica ,  b lue  marl in ,  E .  nigr icans ,  dogtooth tuna, Gymnosarda unicolor, 
wahoo, Acanthocybium so landr i ,  barracuda, Sphyraena f o r s t e r i ,  and rainbow runner, E laga t i s  
bipinnulatus .  Important spec ies  i n  t h e  handline f i she ry  are t h e  green snapper, Lethr inus 
miniatus ,  red snapper, Lutjanus gibbus, j ack  c reva l ly ,  Carangidae, dogtooth tuna, blue- l ine 
snapper, Lutlanus kasmira, groupers, Cephalopholis, Epinephelus, and Variola ,  barracuda, 
and bigeye scad, Trachurops crumenophthalmus. 

6.1.2 Cook Is lands  

I n  t h e  Cook Is lands ,  a l a r g e  proport ion of t h e  population is involved i n  f i s h i n g ,  
which i n m o s t  cases, i s  a semisubsistence a c t i v i t y  i n  both inshore and offshore reef  areas, 
lagoons, brackish-water ponds, creeks,  and swamps (Van Pe l  1961; FA0 1976a). There is no 
organized marketing system f o r  f i s h ;  therefore ,  t h e  fishermen s e l l  t h e i r  ca tches  d i r e c t l y  
t o  t h e  consumers. 

Van P e l  (1955) observed t h a t  i n  t h e  reef  a rea ,  which is overf ished,  i s l a n d e r s  t r a d i -  
t i o n a l l y  c a r r y  on some type  of fishing--gathering s h e l l f i s h  o r  f i s h i n g  f o r  juveni les  of 
g i a n t  clam, rock cod, Serranidae,  and pa r ro t f i sh  using spear ,  scoop n e t ,  surround ne t ,  rock 
t r a p ,  and pole  and line. I n  deeper waters, t r o l l i n g  l i n e  i s  used f o r  sur face  schooling 
tunas, Spanish mackerel, Scomberomorus commerson, and p a r t i c u l a r l y  wahoo, and d i p  n e t  and 
l i g h t  ( a s  an a t t r a c t a n t )  is used f o r  f l y i n g f i s h .  Castor-oil f i s h ,  Ruvettus pre t iosus ,  
carangids, and barracuda are usua l ly  caught by handlines. A t  Ai tu tak i ,  northern Cook 
Is lands ,  t h e  main l o c a l  f i s h i n g  e f f o r t  concentrates  on ne t t i ng  i n  the  lagoon f o r  bonefish,  
Albula vulpes ,  goa t f i sh ,  mul le t ,  and bigeye scad, but  t h e r e  i s  a l s o  a seasonal  f i s h e r y  f o r  
yellowfin tuna from February t o  May (Hume 1976). 

Although f i s h e r y  development p r o j e c t s  i n  t h e  1960's introduced powered outboard s k i f f s  

The growth and development 
and modern f i sh ing  gears  t o  t h e  Cook Is landers  (Powell 1962), t h e r e  has  been l i t t l e  prog- 
ress s i n c e  then i n  developing a commercial f i s h e r y  (FA0 1976a). 
of t h e  indus t ry  i s  being impeded by shortage of s u i t a b l e  f i s h i n g  boa ts  and the  lack  of 
maintenance of those a l ready  i n  operat ion.  Furthermore, use  of i l l e g a l  f i sh ing  methods 
such as dynamiting, 
t h e  s tocks of f i s h  i n  t h e  lagoon. 

poisoning, and ne t t i ng  wi th  small-mesh n e t s  have se r ious ly  depleted 

6.1.3 F i j i  I s lands  

Most f i s h i n g  operat ions i n  F i j i  a r e  s t i l l  l i t t l e  more than the t r a d i t i o u a l  subsis tence 
type and are ca r r i ed  on by about 2,000 fishermen, 
bottomed f i s h i n g  punts ,  about 5-8 m i n  length,  is capable of sustained f i s h i n g  I n  d i s t a n t  
waters; therefore ,  t h e  majori ty  i s  unsui tab le  even f o r  offshore f i s h i n g  outs ide  t h e  reef  
(FA0 1972; Cole 1973; Aubray 1976). Using mainly handl ine and  g i l l  n e t  wi th in  t h e  lagoon, 
F i j i a n  fishermen ca tch  a wide v a r i e t y  of f i s h  including mullet ,  mackerel scad, Decapterus 
p innula tus ,  halfbeak, ponyfish, snappers, breams, Sparidae, bigeye scad, r a b b i t f i s h ,  

I Siganus sp . ,  and mi lkf i sh ,  Chanos chanos. A limber af important crustaceans including mud 
crabs,  Thalamita sp. ,  mangrove c rab ,  Scyl la  sp., and mangrove l o b s t e r ,  Thal las ina  anomala, 
and seve ra l  spec ies  of molluscs such as a r k  s h e l l ,  Arca scapha, t rochus s h e l l ,  and mother- 
of-pearl are a l s o  harvested (Ministry of Agricul ture ,  F i she r i e s  and Fores t s  1976). 

None of the  600 o r  more l icensed ,  f l a t -  

2Naughton, J. J. 1975. Trip r e p o r t ,  American Samoa, 18 Ju ly  1975. Western Pac i f i c  
Program Office,  Nat ional  Marine F i she r i e s  Service,  N O M ,  Honolulu, H a w a i i  96812, 1 2  p., 
unpublished. 
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6.1.4 French Polynesia 

Both subs is tence  and commercial f i sh ing  are f a i r l y  a c t i v e  i n  French Polynesia, although 
f requent ly  these  two segments of t h e  f i s h e r i e s  cannot be r e a d i l y  d is t inguished .  
fishermen use dugout canoes, propelled by paddles, sails, and outboard motors i n  many types 
of f i sh ing .  
r e e f .  

Tahi t ian  

Fishing usua l ly  takes  p lace  i n  t h e  open coas t a l  waters, lagoons, and over t h e  

I n  open-water f i sh ing ,  Tahi t ian  fishermen use s m a l l ,  f a s t  boa ts  ca l l ed  "boni t ie r"  t o  
f i s h  f o r  sk ip jack  and yellowfin tunas (Brun and Klawe 1968). These "boni t ie rs , "  which can 
accommodate up t o  t h r e e  men, f requent ly  c r u i s e  over 185 km i n  a day's f i sh ing  (Hinds 1971; 
Doumenge 1973). 
before re turn ing  t o  unload i t s  ca tch .  
f i s h .  

No r e f r ige ra t ion  i s  used; therefore ,  each v e s s e l ' s  crew guts  t h e  f i s h  
On a good day ' s  f i sh ing ,  one boat may land 200-300 

I n  t h e  lagoon, t h e  f i sh ing  gears  a r e  t h e  t r a d i t i o n a l  types--trap, pot ,  handline,  po le  
and l i n e ,  cast n e t ,  beach se ine ,  crab n e t ,  g i l l  n e t ,  harpoon, and spear--and genera l ly  used 
only f o r  small-scale f i sh ing  (Clu t te r  1972). 
about 4% of the  f i s h  sold.  
i n  Papeete, i s  widely used i n  t h e  Leeward, Tuamotus, and Gambier I s lands .  Large-net f i sh -  
ing,  accounting f o r  7%-11% of t h e  market catch,  i s  confined t o  reef  passages and along t h e  
coas t  f o r  bigeye scad and mackerel scad. 
Papeete a r e  sk ip jack  and yellowfin tunas,  which account f o r  about 38% of t h e  sales, sp iny  
lobs t e r ,  and mother-of-pearl s h e l l .  
f o r  sale a r e  kept a l i v e  i n  impoundments constructed of e i t h e r  o ld  f i s h  n e t s  or galvanized 
chicken w i r e  fences and s takes .  

Lagoon f i sh ing  wi th  small  n e t s  accounts f o r  
Fixed t rap ,  which accounts f o r  about 31% of t h e  f i s h  marketed 

Other spec ies  t h a t  o f t e n  reach t h e  market i n  

Bigeye scad and mackerel scad no t  immediately des t ined  

6.1.5 Gi lbe r t  I s lands  

I n  t h e  Gi lbe r t  I s lands ,  f i sh ing  is a subs is tence  a c t i v i t y  ca r r i ed  on by ind iv idua l  
Nearly every family has  i t s  own canoe and most r e s iden t s  spend much fami l ies  (Hinds 1969). 

of t h e i r  time i n  t h e i r  f i sh ing  c r a f t s  and are exper t  ou t r igger  canoe handlers and f i she r -  
men. 
contributed t o  an increase  i n  catch.  

Also popular a r e  outboard-powered 3.6-m f i b e r  g l a s s  boa ts  which i n  recent  years  have 

Tro l l i ng  i n  canoes and s m a l l  motorized boa ts  mainly i n  c o a s t a l  waters i s  t h e  p r inc ipa l  
method f o r  catching tuna and o ther  pe lag ic  species .  
and-line method with mother-of-pearl l u r e s ,  deep handline,  and d i p  n e t .  T r o l l  ca tches  
include tuna, sk ip jack ,  b i l l f i s h ,  j ack  c reva l ly ,  and barracuda; deep handline f i sh ing  pro- 
duces not  only small amounts of tuna and b i l l f i s h  but a l s o  cas to r -o i l  f i s h  and shark. 
n e t  f i sh ing  by to rch l igh t  i s  used a t  n ight  f o r  f l y ing f i sh .  

Also used are t h e  t r a d i t i o n a l  pole- 

Dip- 

On t h e  reef  f l a t s ,  t h e  method of f i sh ing  v a r i e s  widely from hand gathering of she l l -  

Other gear  frequently used f o r  reef  f i sh ing  are pole  and 
f i s h ,  octopus, spiny lobs t e r s ,  crabs,  and s m a l l  f i s h ,  e i t h e r  day o r  n ight ,  t o  trapping with 
l a r g e  s tone  t r a p s  (Hinds 1969) .  
l i n e ,  d i p  n e t ,  and spear. 

I n  t h e  lagoon area ,  underwater spear f i sh ing ,  handlining, and ne t  f i sh ing  are popular. 
Lagoon catches include pa r ro t f i sh ,  mul le t ,  grouper, and snapper. Sardines are occas iona l ly  
caught with a c a s t  n e t .  

F i sh  catches a r e  usua l ly  divided f l r s t  among r e l a t i v e s  and f r i e n d s  of t h e  fishermen 
and t h e  surp lus  i s  sold d i r e c t l y  t o  o ther  consumers. 
mercial f i sh ing  usua l ly  keep t h e  r e t a i l  markets supplied wi th  f r e s h  f i s h .  

The few fishermen who engage i n  com- 

6.1.6 Guam 

I n  Gum, as in  American Samoa, there  i s  a c r i t i c a l  shortage of f r e s h  f i s h .  Ikehara,  
& m i ,  and Sakamoto (1972) estimated t h a t  t h e  po ten t i a l  demand f o r  f r e s h  o r  frozen f i s h  on 
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Guam is more than 900 MT, y e t  no commercial f i s h e r y  e x i s t s  i n  t h e  i s l and .  The supply of 
f r e s h  f i s h  i s  usua l ly  provided by weekend r ec rea t iona l  fishermen who se l l  p a r t  of t h e i r  
ca tches ,  which annually amount t o  l e s s  than 140 MT. 

A narrow r e e f ,  which f r i n g e s  the  i s l and  except i n  the  northern ha l f  of t he  e a s t  coas t ,  
i s  uncovered a t  low t i d e .  Recreational f i s h i n g  on t h e  reef produces goa t f i sh ,  p a r r o t f i s h ,  
snapper, mul le t ,  surgeonfish,  l ea the r j acke t ,  wrasse, j ack  c reva l ly ,  rockf i sh ,  ga r f i sh ,  tar- 
pon, anchovy, and scad (Van Pe l  1961). Squids and t u r t l e s  a r e  a l so  present  a s  a r e  ed ib l e  
s h e l l f i s h .  

Gear most commonly i n  use  on t h e  reef  include f ixed  f i s h  t r a p  or w e i r ,  c a s t  n e t ,  set 
ne t ,  surround net ,  handline,  and spear.  J u s t  off  t he  f r ing ing  reef  where only l i m i t e d  
f i s h i n g  takes  place,  handlining and ne t t i ng ,  sometimes with l i g h t  a t t r a c t i o n ,  produce the  
bulk of t h e  ca tch ,  mainly pe lag ic  spec ies .  

6.1.7 Hawaiian I s l ands  

I n  the  Hawaiian I s lands ,  where the  marine fauna forms an offshoot of t h a t  g rea t  marine 
zoogeographic region centered on t h e  East Ind ie s ,  t he  spec ies  complex is  not as d ive r se  a s  
i n  t h e  western Pac i f i c .  Here, t h e  she l f  zone t h a t  cha rac t e r i zes  most of the  world's  g r e a t  
f i s h i n g  areas is  narrow and poorly develcped. The r e s u l t  i s  t h a t  on ly  about 60 of t he  682 
spec ie s  of f i s h ,  mostly found on the  r e e f s  and inshore  a rea ,  a r e  commercially explo i ted .  
Most are captured by a v a r i e t y  of gear including pole and l i n e ,  longl ine ,  haul s e ine ,  bag 
ne t ,  po t , t r ap ,  g i l l  n e t ,  anchor n e t ,  handline,  and c a s t  ne t .  B u t  the  major t h rus t  of t h e  
commercial f i she ry  i s  i n  t h e  open ocean beyond 200 m i n  depth,  where pole-and-line sampans 
ca t ch  almost a l l  t h e  Hawaiian landings of sk ip jack  tuna and longl ine  boa ts  harves t  deep- 
swimming yellowfin tuna, bigeye tuna,  Thunnus obesus., a lbacore ,  :. a la lunga ,  s t r i p e d  mar- 
l i n ,  Te t rap turus  audax, blue marlin,  black marlin,  swordfish, Xiphias g lad ius ,  s h o r t b i l l  
spea r f i sh ,  Te t rap turus  a n g u s t i r o s t r i s ,  s a i l f i s h ,  I s t iophorus  p la typterus ,  wahoo, and mahi- 
mahi. 

The nearshore f i s h e r i e s  i n  Hawaiian waters a r e  fo r  a v a r i e t y  of demersal and bathype- 
l a g i c  spec ies .  In  t h e  handline f i she ry ,  f o r  example, t he  major spec ies  include pink snap- 
pe r ,  Prist ipomoides micro lep is ,  gray snapper, Aprion v i rescens ,  red snapper, E te l i s  carbun- - culus  and E .  marshi, amberjack, Se r io l a  dumer i l i i ,  j ack  c reva l ly ,  and o the r  carangids,  
goa t f i sh ,  Mulloidichthys samoensis, and sea bass,  Epinephelus quernus. Bigeye scad, second 
only t o  tuna and b i l l f i s h  i n  t o t a l  landings,  i s  caught by t h r e e  types of gear--bag ne t ,  
which accounts f o r  near ly  two-thirds of t he  annual landings,  handline,  which lands  about 
20%, and g i l l  net ,  which con t r ibu te s  about 13% (Kazama 1977). Also of importance i n  t h e  
Hawaiian f i s h e r y  is t h e  mackerel scad, which is  widely d i s t r i b u t e d  in  the  t r o p i c s  and i s  
found i n  small schools j u s t  ou ts ide  the  breakers and off co ra l  r ee f s .  
t u r ing  mackerel scad are t h e  hoop n e t ,  which accounts f o r  s l i g h t l y  more than ha l f  of t h e  
mackerel scad landings,  and handline,  which produces roughly 45% of t h e  catch.  

The gears  f o r  cap- 

An important f i s h e r y  t h a t  i s  o f t en  overlooked i n  the  published s t a t i s t i c s  of t h e  
H a w a i i  Division of F i sh  and G a m e  i s  t h a t  f o r  anchovy, Stolephorus purpureus. Caught i n  
shallow bays and harbors throughout t he  major Hawaiian group, t h e  anchovy is used pr imar i ly  
as l i v e  b a i t  i n  t h e  pole-and-line f i s h e r y  f o r  sk ip jack  tuna,  although some are caught and 
processed f o r  consumption. 

I 
Blessed with year-round i d e a l  weather, H a w a i i  i s  a l s o  i d e a l  f o r  marine-oriented, 

r ec rea t iona l  f i sh ing .  
r e s iden t s  o r  20% of the  population engage i n  marine r ec rea t iona l  f i sh ing ,  f o r  a t o t a l  of 6 
mi l l i on  fishermen-days per year.  Recreational fishermen pursue a wide v a r i e t y  of f i s h  
using a wide assortment of gear. But i n  terms of tonnage landed, t r o l l i n g  gear appears t o  
be t he  most important. Major spec ie s  landed by t r o l l i n g  are yellowfin tuna,  mahimahi, 
wahoo, blue marlin, and s t r i p e d  marlin.  

The H a w a i i  Division of F i sh  and G a m e  estimated t h a t  about 169,000 

A few long-range c o m e r c i a l  f i s h i n g  vessels i n  t h e  Hawaiian f l e e t  opera te  i n  waters of 
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t h e  Nor thwes tern  Hawaiian I s l a n d s ,  which e x t e n d s  from Nlhoa nor thwes tward  t o  Kure I s l a n d .  
F i s h i n g  p r i m a r i l y  w i t h  h a n d l i n e ,  f i s h  t r a p ,  and l o b s t e r  p o t  n o t  o n l y  around Nihoa and 
Necker b u t  a l s o  as f a r  n o r t h  a s  French  F r i g a t e  S h o a l s  on o c c a s i o n ,  t h e s e  v e s s e l s  c a t c h  
main ly  s p i n y  l o b s t e r ,  sea b a s s ,  j a c k  c r e v a l l y ,  amber jack ,  p ink  snappe r ,  g r a y  s n a p p e r ,  and 
r e d  snapper  (Uchida 19773) .  

Beyond t h e  no r the rnmos t  t i p  of t h e  Hawaiian c h a i n ,  a r e l a t i v e l y  new trawl f i s h e r y  h a s  
deve loped  f o r  seamount r e s o u r c e s .  
Nor th  P a c i f i c  a roused  v e r y  l i t t l e  i n t e r e s t  p r i m a r i l y  because  most f i s h e r y  s c i e n t i s t s  
doubted  t h e  p o s s i b i l i t y  t h a t  t h e y  cou ld  be e x p l o i t e d  commerc ia l ly .  
mercial c o n c e n t r a t i o n s  of p e l a g i c  armorhead, P e n t a c e r o s  r i c h a r d s o n i ,  and a l f o n s i n ,  Beryx 
s p l e n d e n s ,  on t h e  Emperor Seamount Chain no r thwes t  of Midway I s l a n d s  w a s  made by a commer- 
c i a l  trawler of t h e  S o v i e t  Union i n  November 1967 ( S a k i u r a  1972) .  Almost immedia te ly  a f t e r  
t h e  d i s c o v e r y ,  S o v i e t  trawlers worked t h e  banks  and seamounts of t h i s  c h a i n .  Subsequent  
su rveys  by S o v i e t  r e s e a r c h  v e s s e l s  were c o n c e n t r a t e d  on Kinmei Rank, Milwaukee Bank, and 
Hancock Seamount. 

U n t i l  1967,  g r o u n d f i s h  on t h e  seamounts i n  t h e  c e n t r a l  

The d i s c o v e r y  of com- 

F i s h i n g  ove r  seamount t o p s  r a n g i n g  from 100 t o  400 m below t h e  sea s u r f a c e ,  t h e  S o v i e t  
trawlers found s c h o o l s  of armorhead a v e r a g i n g  30 m t h i c k  and produced c a t c h e s  v a r y i n g  from 
3 t o  50 MTon 10- t o  20-min h a u l s .  
S a k i u r a  r e p o r t e d  t h a t  t h e  S o v i e t  trawlers produced 133,400 MT (unconf i rmed)  of armorhead 
from t h e s e  seamounts between December 1969 and J u l y  1970. 

Of t en ,  t h e  c a t c h e s  reached  30 MT in a 10-min h a u l .  

I n  1969, t h e  Japanese  s t a r t e d  deepwater  t r a w l i n g  ove r  seamounts and banks  i n  t h e  cen- 
t ra l  Nor th  P a c i f i c ,  n o r t h  of Midway. Working t h e  grounds  main ly  f o r  p e l a g i c  armorhead and 
a l f o n s i n ,  t h e  J a p a n e s e  t r a w l e r s  made f a i r l y  good c a t c h e s .  
June  t o  e a r l y  August 1975, one Japanese  trawler caugh t  280 MT of f i s h  over  t h e  seamounts 
(U.S. NMFS 1975) .  

On one p a r t i c u l a r  t r i p  from mid- 

After t h e  deve lopmenta l  y e a r s  1969-71, J apanese  c a t c h e s  of armorhead began t o  s t a b i -  
l i z e  a t  abou t  20,000-30,000 MT, b u t  e f f o r t  i n c r e a s e d  from abou t  500 h i n  1972 t o  2,700 h i n  
1976. 
1972 t o  1 0  MT/h i n  1976 (Takahashi  and S a s a k i  1977) .  
1969-76 was composed of a l f o n s i n .  

6.1.8 Nauru 

The r e s u l t  w a s  t h a t  c a t c h  p e r  e f f o r t  d e c l i n e d  p r o g r e s s i v e l y  from abou t  60 MT/h i n  
Up t o  7% of t h e  J a p a n e s e  c a t c h e s  i n  

The f i s h i n g  i n d u s t r y  i n  t h e  Republ ic  of Nauru h a s  been  d e s c r i b e d  as quas i -commerc ia l  
Power b o a t s  and l o c a l l y  b u i l t  canoes  are b u t  on a r e l a t i v e l y  small scale ( C l u t t e r  1972) .  

used  i n  f i s h i n g ,  b u t  because  t h e r e  is no d i r e c t  d i s t r i b u t i o n  sys tem,  t h e  f i she rmen  sel l  
their c a t c h e s  d i r e c t l y  t o  t h e  consumer. 
a p p e a r s  t o  be  adequa te  t o  meet t h e  demand. 

Under p r e s e n t  c o n d i t i o n s ,  t h i s  d i s t r i b u t i o n  sys tem 

The government i s  anx ious  t o  d i v e r s i f y  s o u r c e s  of revenue  and f i s h e r i e s  development 
a p p e a r s  t o  show good p o t e n t i a l s .  
f i s h e r y  development and p r o c e s s i n g  of mar ine  p r o d u c t s  i n  t h e  Repub l i c .  

A f e a s i b i l i t y  s t u d y  conducted  r e c e n t l y  e v a l u a t e d  t h e  

6.1.9 New Caledonia  and dependenc ie s  

F i s h i n g  i n  New Caledonia  is an impor t an t  economic a c t i v i t y .  F u l l -  and pa r t - t ime  com- 
mercial and s p o r t  f i shermen of s e v e r a l  n a t i o n a l i t y  i n c l u d i n g  European, Indo-Chinese,  Indo- 
n e s i a n ,  P o l y n e s i a n ,  and Melanes ian  engage i n  a l l  forms of f i s h i n g  a c t i v i t y  (Van P e l  1961) .  

Commercial f i s h i n g  c r a f t s  i n  New Caledonia  i n c l u d e  9-12 m c u t t e r s  w i t h  inboa rd  e n g i n e ,  

'Uchida, R. N. 1977. A summary of env i ronmen ta l  and f i s h i n g  i n f o r m a t i o n  o f  t h e  
Nor thwes tern  Hawaiian I s l a n d s .  SWFC Admin. Rep. 4H, 60 p .  Southwest F i s h e r i e s  C e n t e r ,  
N a t i o n a l  Marine F i s h e r i e s  S e r v i c e ,  NOAA, Honolulu,  H a w a i i  96812, unpub l i shed .  
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a u x i l i a r y  sa i l  and either a l i v e  w e l l  o r  r e f r ige ra t ed  holds,  s m a l l  s a i l i n g  boa ts  f o r  t ro -  
chus ga ther ing ,  and l a r g e  numbers of miscellaneous f i s h i n g  boa ts  such as canoes, f l a t -  
bottomed punts, and cabin  c r u i s e r s  powered with outboard motors. I n  1974, Sauvge (1974) 
repor ted  t h a t  a r t i s a n a l  f i s h i n g  w a s  ca r r i ed  out i n  t h e  lagoon by about 130 boa ts ,  40 of 
which were considered opera t ing  on a t r u l y  commercial scale. Fishing i s  usua l ly  confined 
wi th in  the lagoon and on t h e  r e e f s ,  al though some deep-sea f i sh ing  takes  p lace  around t h e  
neighboring Loyalty I s lands .  A l a r g e  proportion of t h e  ca t ch  inc ludes  snapper, sweet l ip ,  
rockf i sh ,  mul le t ,  Spanish mackerel, and surgeonfish.  The gears  most f requent ly  used are 
handline,  t r o l l i n g  l i n e  (some b a a t s  are equipped wi th  ou t r igge r s  f o r  mul t ip l e  t r o l l i n g ) ,  
surround ne t ,  g i l l  net, se ine ,  bar rage  n e t ,  c a s t  ne t ,  spear ,  and bottom t rap .  

S tudies  have shown t h a t  New Caledonianwaters are r i c h  i n  tuna. Angot (1959) has  shown 
t h a t  t r o l l i n g  gear  w a s  t h e  most s u i t a b l e  f o r  taking sk ip jack  and yellowfin tunas.  A com- 
mercial t r o l l i n g  f i s h e r y  has  been e s t ab l i shed  i n  N e w  Caledonia and t h e  ca tch  i s  s u f f i c i e n t  
t o  supply the demands of t h e  Noumea market. 

6.1.10 New Hebrides 

New Hebri.des has  no large-scale commercial f i she ry .  There is, however, a tuna-fishing 
indus t ry  e s t ab l i shed  by American, B r i t i s h ,  French, and Japanese c a p i t a l  based a t  Palekula,  
which ob ta ins  tuna from Japanese long l ine r s  and expor t s  them t o  var ious  canneries.  

Subsistence f i s h i n g  accounts f o r  most of t h e  f r e sh  f i s h  and s h e l l f i s h  caught i n  waters 
around New Hebrides and any excess,  u sua l ly  only a small quant i ty ,  is sold i n  Por t  Vila and 
Luganville, two main c e n t e r s  of population. Canoes are i n  genera l  use,  but s a i l i n g  and 
motor boa ts  a l s o  con t r ibu te  t o  t h e  f i s h  landings.  The main types of gear are spear ,  hand- 
l i n e ,  t r o l l i n g  l ine ,  cast net, small se ine ,  bottom t r a p ,  and f ixed  t r a p  (Van P e l  1961). 

6.1.11 Niue 

I n  Niue, which has  no commercial f i she ry ,  f i s h i n g  i s  e s s e n t i a l l y  f o r  subs is tence  and 
subs id ia ry  t o  small-scale a g r i c u l t u r a l  production (C lu t t e r  1972). By custom, a Niue resi- 
dent must be  equal ly  adept i n  a g r i c u l t u r a l  p r a c t i c e s  and f i sh ing .  

Some 500 r e s iden t s ,  mostly part-t ime fishermen, use  s i n g l e  (about 320) and three-men 
(about 30) canoes, which are l o c a l l y  made, and p r imi t ive  f i s h i n g  methods t o  land about 10 

MT of f i s h  annually,  supplying about one-sixth of t h e  i s l a n d ' s  f i s h  requirement. 
gear i n  common use are handline,  t r o l l i n g  l i n e ,  and scoop n e t  f o r  f l y i n g f i s h ,  which are 
usua l ly  captured a t  n ight .  F ish ing  grounds f o r  handlining are l imi ted  t o  areas on t h e  
eastward s lope  of t he  narrow, s h e l f l i k e  f r ing ing  r ee f .  

Among t h e  

6.1.12 Papua New Guinea and West I r ian 

Although t h e  waters off the Papua New Guinea mainland and i t s  600 small i s l ands  sup- 
po r t  a r i c h  and va r i ed  marine fauna, i t  w a s  only i n  r ecen t  years  t h a t  f i s h i n g  became an 
important economic a c t i v i t y .  From Papua New Guinea's waters, some 1,600 f i s h  spec ies ,  
5,000 molluscs, and about t he  same number of c rus taceans  have been i d e n t i f i e d  but only a 
few--perhaps no more than 100--are u t i l i z e d  by the  100 o r  so  l icensed  commercial fishermen 
and several thousand subs is tence  fishermen. Pownall (1972) estimated t h a t  t h e  annual sub- 
s i s t e n c e  ca tch ,  about 20,000 MT, is i n s u f f i c i e n t  t o  meet a l l  needs, p a r t i c u l a r l y  i n  inland 
d i s t r i c t s  which depend heavi ly  on f rozen  imports and processed f i s h .  
underway t o  increase production through boat-building programs, in t roduct ion  of motorized 
boats, and cons t ruc t ion  and demonstration of new n e t s ,  f i s h i n g  techniques,  and f i s h  han- 
d l ing  procedures. 

But e f f o r t s  are 

Jo in t  venture  companies have had a tremendous impact i n  t h e  rap id  development of com- 
mercial f i s h e r i e s ,  p a r t i c u l a r l y  f o r  tuna and shrimp, i n  Papua New Guinea. Surveys con- 
ducted by c o m e r c i a l  f i s h i n g  boa t s  and by t h e  government's Research and Survey Branch 
revealed commercial concent ra t ions  of banana shrimp, Penaeus merguiensis, and sk ip j ack  tuna 
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i n  waters of Papua New Guinea. Trawlers, l i censed  t o  opera te  under j o i n t  venture  agree- 
ments, produced 349 MT of shrimp i n  1970-71 (Pownall 1972). In the tuna pole-and-line 
f i she ry ,  one j o i n t  venture  company operated i n  1970 and produced 2 , 4 3 0  MT. By 1971, how- 
ever, t h r e e  ventures  were opera t ing  and t h e  ca tches  i n  1971-75 f luc tua ted  between 13,100 
and 42,050 MT. 

T rad i t iona l  f i s h i n g  methods a r e  s t i l l  widespread i n  Papua K e w  Guinea d e s p i t e  rap id  
development of f i s h e r i e s  f o r  tuna,  shrimp, spiny l o b s t e r ,  Panul i rus  orna tus ,  and barramundi, - Lates  c a l c a r i f e r .  Most of t h e  inshore  f i s h i n g  i s  done from canoes but motor boa ts  have 
increased i n  popular i ty  (Hinds 1969). More than 3,000 outboard-powered canoes, dinghies,  
and o the r  small  c r a f t s  are a c t i v e l y  engaged i n  f i sh ing .  The main types of gear include a 
v a r i e t y  of spea r s  used i n  inshore  waters,  r i v e r s ,  and l akes ,  an assortment of t r a p s  from 
t h e  l a r g e  Rabaul type t o  t he  single-handed cones f o r  r i v e r  and l ake  f i sh ing ,  g i l l  ne t  which 
is  popular f o r  ca tch ing  barramundi and reef f i s h e s ,  surround n e t ,  scoop n e t ,  skimming ne t ,  
pole and l i n e ,  handline,  and t r o l l i n g  l i n e  (Van P e l  1961; Pownall 1972). 

Among t h e  major spec ies  caught by subs is tence  f i s h i n g  i n  the  d e l t a  a r e a  a r e  c a t f i s h ,  
Tachysuridae, barramundi, j ewf ish ,  Sciaenidae,  beach salmon, Leptobrama mul l e r i ,  t h read f in  
salmon, Polydactylus she r idan i  and Eleutheronema tetradactylurn, and mul le t  (about 10 spe- 
cies with w dussumieri commonest). 
berda, mangrove jack ,  Lutjanus argentimaculatus,  t r i p l e t a i l ,  Datmoides quadr i f a sc i a tus  and 
Lobotes surinamensis, j a v e l i n f i s h ,  Pomadasys has t a ,  and l ea the r sk in ,  Chorinemus lysan. 
Commercial exp lo i t a t ion  of t hese  spec ies ,  with t h e  exception of barramundi, i s  very l imi ted  
(F i she r i e s  Division and the  National Investment and Development Authority (FDNIDA) 1976). 

Also caught are small numbers of bream, Acanthopagrus 

The development of t h e  commercial f i s h e r i e s  revolved around four  major resources--tuna 
and shrimp which a r e  by f a r  t h e  most important followed by barramundi and spiny lobs t e r s .  
The sk ip jack  tuna f i s h e r y  has been described by Kearney (1973, 1974) and Kanudi F i she r i e s  
Research S t a t i o n  (1977). For shrimps, surveys by Japanese research  and commercial ves se l s  
have shown t h a t  t h e  p o t e n t i a l  f o r  a f i she ry ,  based on the  a v a i l a b i l i t y  and abundance of 
banana shrimps, is exce l len t .  The shrimp f i she ry ,  which i o  t he  major f i s h e r y  i n  t h e  Gulf 
of Papua, had a modest beginning i n  1955 but it evolved i n t o  a l a r g e  commercial opera t ion  
which in terms of e f f o r t  and va lue  of ca tch  f a r  outweighs o the r  f i s h e r y  development i n  t h e  
Gulf (FDNIDA 1976). 

The spiny l o b s t e r ,  Panul i rus  orna tus ,  f i s h e r y  is concentrated i n  th ree  locations-- 
around Daru i n  t h e  western province,  i n  the  Gulf of Papua, and a t  Y u l e  I s land .  Lobsters 
are f i shed  year-round a t  Daru, from August t o  November a t  Kerema, and from January t o  Apr i l  
a t  Yule Island. A t  Yule, l o b s t e r s  are captured a l i v e ,  i n  Daru they are speared, and i n  t h e  
gu l f ,  where t h e  major f i s h e r y  f o r  l o b s t e r  opera tes ,  they a r e  caught by trawler (Wilson 
1976). Barramundi, t h e  f i s h  i n  g r e a t e s t  demand i n  Papua New Guinea, c o n s t i t u t e  one of t h e  
most important resources of Daru and t h e  western province. Their d i s t r i b u t i o n  is most 
dense i n  t he  F ly  River bas in  a rea .  The f i s h  i s  caught it-. a seasonal c o a s t a l  f i she ry  which 
depends on migrating f i s h  from t h e  inland areas and a l s o  i n  an inland f i she ry .  

Fishing i n  West I r i a n  is mainly f o r  subs is tence  and is  q u i t e  a c t i v e  along the  coas t  
and neighboring i s l and  (Van Pe l  1961). There is no commercial f i s h e r y  i n  t h e  i s l and  
although some fishermen se l l  t h e i r  ca tches  around the  main cen te r s  of population. Very 
l i t t l e  l o c a l l y  caught f i s h  reach t h e  i n t e r i o r .  

F ish ing  i s  usua l ly  conducted from canoes propelled by paddle,  sa i l  o r  outboard motor, 
and from a few motorized boats.  Spear, pole and l i n e ,  handline,  t r o l l i n g  l ine ,  bot tomtrap,  
reef  t r ap ,  beach t r a p ,  reef  n e t  se ine ,  g i l l  n e t ,  d i p  n e t ,  and c a s t  ne t  a r e  t h e  main gears  
i n  use. 

6.1.13 Solomon I s l ands  

F ish ing  In the Solomon I s l ands  i s  mainly a subs is tence  a c t i v i t y  although f i s h  i n  
excess t o  a fisherman's immediate need are so ld  o r  bar te red  f o r  o ther  goods (Van P e l  1961). 
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Coastal  v i l l a g e s  f a r e  b e t t e r  than those f a r t h e r  inland a s  they genera l ly  have s u f f i c i e n t  
f i s h  t o  meet t h e i r  n u t r i t i o n a l  needs. 
Honiara, t h e  r e s iden t s  depend heavi ly  on imported f i s h .  

In  o the r  areas, f o r  example, i n  t he  c a p i t a l  c i t y  of 

Most of t he  f i sh ing  c r a f t s  used a r e  canoes propelled by paddles o r  s a i l s .  The Solomon 
i s l ande r s  f i s h  over t h e  r e e f s  and near -coas ta l  waters using a wide v a r i e t y  cf t r a d i t i c n a l  
gear including spear,  harpoon, pole and l i n e ,  handline,  t r o l l i n g  l i n e ,  l i f t  n e t ,  s ca re l ine  
equipped with a bag n e t ,  surround ne t ,  g i l l  n e t ,  t u r t l e  n e t ,  and d i p  n e t .  .L~cr.g t3.e priz- 
c i p l e  spec ie s  caught a r e  f l y i n g f i s h ,  yellowfin tuna,  kawakawa, Spanisb. rackere:, t a r r a c d a ,  
j ack  c reva l ly ,  sk ip jack  tuna, and mahimahi. 

Enactment of t he  200-mile conservation and management zone v a s t l y  incrilases tLe 2evel- 
opmental p o t e n t i a l  of t h e  f i s h e r y  rescurces of t he  Solomon 1 s L a r . d ~  (Janes 1 9 - 7 2 ) .  The 
pole-and-line sk ip jack  tuna f i she ry  es tab l i shed  i n  1973 under a j c i n t  venters agreement 
between t h e  Solomon I s l ands  Government and Taiyo Fishing Company of Japac,  h ~ s  flcuristrd 
and i n  1976 w a s  t h e  s i n g l e  l a r g e s t  producer i n  the  i s l ands  with exports values at SA-.? 
mil l ion .  Other spec ie s  have a l s o  been ta rge ted  fo r  f u r t h e r  develcpmect. In f x c ,  ~ i s t r r -  
ies have developed i n  advance of t he  marketing i n f r a s t r u c t u r e  b u t  with ;Idditicnal i r j e c t i o n  
of c a p i t a l ,  a more organized marketing s t r u c t u r e  should emerge. .Among the s T e c i r s  t h a t  are 
being explo i ted  commercially are t h e  spiny l o b s t e r ,  oys t e r ,  c rab ,  and s b . ~ h p .  

- .  

6.1.14 Tokelau I s l ands  

I n  t h e  Tokelau I s lands ,  f i s h i n g  and r e l a t e d  a c t i v i t i e s  a r e  of the  utmost b p c r t a n c r  
(Van P e l  1961). F ish ing  is confined pr imar i ly  on the  reef and in s ide  the 1~goc . r .  the year- 
round and ou t s ide  the lagoon i n  favorable  weather and i s  conducted ma in ly  ircm cu t r igge r  
canoes which are b u i l t  of planks and propelled by paddle cr s a i l .  While the CJ t ih  c s u a l l p  
inc ludes  a wide assortment of reef  spec ies ,  ocean f i sh ing  provides spec ies  s u c h  as runa, 
Spanish mackerel, boni to ,  j ack  c reva l ly ,  shark ,  and barracuda. F ly ingf i sh  is ia;tured a t  
n ight  wi th  to rch l igh t  and d i p  ne t s .  The ou te r  reef is  a l s o  fished fo r  bigeys scad p rac t i -  
c a l l y  a l l  year. 

6.1.15 Tonga I s l ands  

Tonga has no organized f i s h i n g  indus t ry  i n  a s t r i c t l y  commercial sense. The indus t ry  
l acks  profess iona l  fishermen and is  a t  a very e a r l y  s t age  of develcpment, based mainly on 
the inshore  and nearshore f i s h  resources (Wilkinson 197.h). There a r e  between 1,300 and 
1,400 r e s i d e n t s  engaged i n  f i s h e r i e s  i n  the  southern and c e n t r a l  i s l ands  and dn add i t iona l  
300 i n  the  nor thern  i s l ands  (FA0 1975a). Among the  500 small  c r a f t s  in use a r e  cu t r igge r  
canoes, s k i f f s  with outboard motors, launches wi th  inboard engines,  and s a i l i n g  boa ts .  

The f i s h i n g  gear  used are t h e  t r a d i t i o n a l  types including spear,  g i l l  ne t ,  trammel net, 
beach se ine ,  cast ne t ,  coconut frond ne t ,  t u r t l e  ne t ,  handline,  and pole and l i n e  (Williams 
1969). The main f i s h e r i e s  are based on reef and inshore handlininR, commonls conducted a t  - 
n igh t  with l i g h t  a t t r a c t i o n ,  sur face  t r o l l i n g ,  and trapping (Lcrimer and Elaclran 1974; FA0 
1975a). 

Longline f i s h i n g  wi th in  Tongan waters began i n  1970 and continues to  show r e l a t i v e l y  
good progress.  In  1976, t h e  long l ine r  "Ekiaki" f i shed  107 d a y s  by t he  end of October and 
produced 117 MT of deep-swimming tunas and billfishes (Wilkinson 1977a). A second long- 
l i n e r ,  donated t o  Tonga by the  Japanese Government, i s  s l a t ed  f o r  s e rv i ce  with an a l l -  
Tongan crew. 

The inshore  lagoon and near reef catches cons i s t  of a wide assortment of t r o p i c a l  spe- 
cies including j ack  c reva l ly ,  f l y ing f i sh ,  Spanish mackerel, barracuda, p a r r o t f i s h ,  snapper, 
goa t f i sh ,  and mi lkf i sh .  Most f i s h  marketed are small or  juven i l e s  of l a r g e  spec ies ,  usu- 
a l l y  15  t o  25 an i n  length .  Among the  main spec ie s  marketed throughout the  year are juven- 
i l e  emperor, Lethrinus var iega tus ,  r a b b i t f i s h ,  Siganus oramin, and bigeye scad. Unicorn- 
f i s h ,  Naso unicorn is ,  b lue- l ine  snapper, t r i g g e r f i s h ,  t u sk f i sh  and o ther  l ab r ids ,  and 
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longtom, are a l s o  common (Lorimer and Maclean 1974). 
quent ly  so ld  f o r  consumption. 
and dominate landings a t  t h i s  t i m e .  

Porcupinef ish and s tone f i sh  are f re -  
Mullet, Mugil cephalus, occur i n  abundance i n  August-November 

Among var ious  o the r  marine animals harvested f o r  consumption are holothurians (b8che- 
de-mer) of which only t h e  i n t e s t i n e s  are marketed, l a r g e ,  short-spined sea urchins ,  which 
are very popular, and octopus, which are e i t h e r  sold f r e s h  o r  dr ied  and smoked. 

6.1.16 Trust  Te r r i t o ry  of t h e  P a c i f i c  I s l ands  

I n  t h e  Trus t  T e r r i t o r y ,  as i n  most o ther  P a c i f i c  i s l a n d s ,  subsis tence f i sh ing  is  an 
important d a i l y  a c t i v i t y .  Canoes 
with and without ou t r iggers  and propel led with paddles, s a i l s  or  outboard motors, are s t i l l  
q u i t e  commonly used. There is a l s o  an increas ing  number of modern motorized vesse l s  i n  use. 
'The main f i s h i n g  gears  include handl ine,  t r o l l i n g  l i n e ,  pole. and l i n e ,  beach se ine ,  sur- 
round n e t , , g i l l  n e t ,  d i p  n e t ,  cast ne t ,  s c a r e l i n e ,  spear ,  f ixed  t r a p s  of rocks o r  wire, and 
bottom t rap .  F ish  caught and landed i n  excess  of an i s l a n d ' s  need, f o r  example a t  Palau 
and-Ponape, are exported t o  o ther  i s l a n d s  of t h e  Trust  Te r r i t o ry  and Guam (Van P e l  1961). 

Most f i sh ing  takes  place on t h e  r e e f s  and i n  t h e  lagoons. 

The inshore waters i n  Micronesia are present ly  not  s u i t a b l e  f o r  major commercial 
exp lo i t a t ion  because of t h e  l imi ted  product iv i ty  of t h e  c o r a l  r e e f s  and t h e  " t e r r i t o r i a l "  
c h a r a c t e r i s t i c s  of many of its i n h a b i t a n t s .  
ing with g i l l  n e t s  and s e i n e s  and t h e  use  of mechanized c r a f t s  have p a r t l y  contr ibuted t o  
severe deple t ion  of t h e  in shore  resources  (Rechebei 1977). 

Furthermore, p a s t  p rac t i ces  of in tens ive  f i s h -  

6.1.17 Tuvalu 

Tuvalu, formerly known as t h e  Ellice Is lands  and which were separated from t h e  B r i t i s h  
colony,of  G i lbe r t  and Ellice Is lands  and formed i n t o  a new colony on 1 October 1975, has  a 
v i t a l  s t a k e  i n  developing its f i s h  resources ,  because t h e r e  is  very l imi ted  a l t e r n a t e  
resources  t h a t  could be developed t o  boost t h e  country 's  economy. I n  a pre-European econ- 
omy, El l ice  i s l ande r s  were subs is tence  fishermen, catching indigenous marine f i s h e s  and 
s h e l l f i s h e s  wi th  t r a d i t i o n a l  f i sh ing  gears  i n  out r igger  canoes (South P a c i f i c  Commission 
1 9 7 7 ~ ) .  Today, f i s h i n g  is  st i l l  domestic i n  charac te r  and very l i t t l e  commercial exploi ta-  
t i o n  occurs  desp i t e  a cont inuing s t rong  demand f o r  f r e s h  f i s h  ( see  6.1.5 
f o r  information on f i sh ing  i n  Tuvalu). 

G i lbe r t  I s lands  

6.1.18 Wallis and Futuna I s lands  

From r e p o r t s  of t h e  South P a c i f i c  Commission (1977b), it is evident  t h a t  a s e r i o u s  
dec l ine  i n  pr imi t ive  subs is tence  f i s h i n g  has  occurred i n  the  Wallis and Futuna I s lands .  
1970, only a few t r a d i t i o n a l  canoes remained on t h e  i s lands .  C lu t t e r  (1972) reported t h a t  
t h e s e  canoes are heavy and d i f f i c u l t  t o  maneuver; therefore ,  t h e  fishermen never  venture  
i n t o  t h e  open ocean beyond t h e  enc i r c l ing  r e e f ,  where scombrids such as dogtooth tuna,  Gym- 
nosarda nuda, Spanish mackerel, Scomberomorus commerson, and wahoo, Acanthocybium so landr i ,  
are present .  Instead,  t h e  r e s iden t s  concent ra te  continuous and undes i rab le  f i sh ing  pressure  
on t h e  lagoon s tock  using handl ines  and n e t s .  
d e c l b e  i n  t h e  lagoon s tock  and suppl ies  of f r e s h  f i s h  are i n s u f f i c i e n t  t o  meet t h e  l o c a l  
demand, which is s a t i s f i e d  by imported canned f i s h  and beef. 

By 

The r e s u l t  is t h a t  t h e r e  has been a ser ious  

6.1.19 Western Samoa 

I n  Western Samoa, f i sh ing  is  bas i ca l ly  a subs is tence  a c t i v i t y ,  a l though some commercial 
f i s h i n g  occurs; t h e r e  is no organized f-ish market through which t h e  f i s h  are sold.  Fishing 
is concentrated pr imar i ly  on t h e  f r ing ing  r e e f s  and lagoons. 
ca tch  any ed ib l e  organisms, i r r e s p e c t i v e  of s i z e ,  including f i s h ,  s h e l l s ,  crustaceans,  tur-  
tles, bzche-de-mer, squids ,  octopus, and sea urchins  as w e l l  as l a r g e  q u a n t i t i e s  of  
"palolo" when i n  season. 
board motors (Van P e l  1961; FA0 1975b). 

The Western Samoan fishermen 

I n  use  are 1,500 canoes and 50 catamarans, a l l  powered wi th  out- 
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To capture  t h e i r  prey, t h e  fishermen use f ixed  f i s h  t raps ,  g i l l  n e t ,  beach se ine ,  
s t a k e  n e t ,  eel t rap ,  spear ,  pole  and l i n e ,  t r o l l i n g  l i n e ,  handline, and c a s t  ne t .  
There are about 7,000 par t - t ime fishermen using mainly spear  and n e t  t o  harvest  organisms 
from t h e  reef  area. The r e s u l t  i s  t h a t  t h e r e  is considerable  f i s h i n g  pressure exerted and 
t h e  reef  and lagoon fauna are undoubtedly overf ished.  Fortunately,  schools  of bigeye scad 
e n t e r  t h e  lagoons occasional ly ,  thus r e l i ev ing  some of t h e  pressure on t h e  reef  stock. 

Tro l l ing  f o r  tuna is another  of t h e  p r inc ipa l  methods of f i s h i n g  (Gulbrandsen 1977). 
Using motorized double-hulled canoes and f i s h i n g  outs ide  t h e  r e e f ,  about 400 Western Samoan 
fishermen f ind  t r o l l i n g  one of t h e  most economical ways t o  fish because of t h e  low i n i t i a l  
investment i n  gear, s imp l i c i ty  of t h e  technique, and t h e  r ec rea t iona l  value involved. 
Despite t h e  seasonal ly  good ca tches  made by these  t r o l l e r s ,  there  are per iods when t h e  
a v a i l a b i l i t y  of tuna is e i t h e r  very low o r  tuna a r e  e n t i r e l y  absent  from West.ern Samoan 
waters. Therefore, t o  insure  p r o f i t a b i l i t y  of these t r o l l e r s ,  bottom handline f i s h i n g  along 
t h e  outer  reef  w a s  begun i n  1975. 

Good bottom f i s h i n g  grounds are usua l ly  located a t  t h e  drop-off of t h e  outer  reef a t  
depths between 100 and 150 m. 
boats  anchor on t h e  grounds. 
waters include shark, sharptooth snapper, Pristipomoides typuu, rosy job  f i s h ,  Aprion micro- 
lepus,  Malabar red snapper, Lutjanus malabaricus, longface emperor, Lethr inidae,  cas tor -o i l  
f i s h ,  red  snapper, 4. bohar, grouper, Serranidae,  green job f i s h ,  A. vi rescens ,  snake mack- 
erel, Promethichthys prometheus, and small-toothed j o b  f i s h ,  Aphareuc furca tus .  

Because cur ren ts  around t h e  i s l a n d s  are general ly  s w i f t ,  t h e  
The major spec ies  caught by handlining i n  Western Samoan 

6.2 S t a t i s t i c s  

Catch statist ics from western c e n t r a l  P a c i f i c  i s l a n d s  are summarized f o r  1965-75 i n  
Tables 3 and 4, by i s l ands  and spec ies  groups, respec t ive ly .  Although s e v e r a l  i s land  gov- 
ernments have implemented f i s h  ca tch  d a t a  co l l ec t ion  systems i n  recent  years ,  none of t h e  
s ta t is t ics  are e n t i r e l y  s a t i s f a c t o r y .  

The d a t a  co l l ec t ion  system i n  American Samoa was s t a r t e d  i n  1971 and has  shown steady 
improvement. 
f o r  a lbacore,  another  f o r  t h e  Samoan-dory commercial operat ion,  and a t h i r d  f o r  t h e  sub- 
s i s t e n c e  f i she ry  among t h e  many out ly ing  v i l l a g e s .  
ves se l  t r i p s  among t h e  long l ine r s  i n  1971-73, d a t a  on albacore lengths  were obtained from 
82% and on ca tch  and e f f o r t  from 76% of them. For the  Samoan-dory f l e e t ,  s tandardized 
ca tch  and e f f o r t  r e p o r t s  were co l lec ted  from about ha l f  of t h e  t r i p s  recorded. Attempts t o  
c o l l e c t  subs is tence  f i sh ing  d a t a ,  however, proved t o  be f r u i t l e s s ,  because the  ca t ches  
reported by many of t h e  v i l l a g e s  were considered unre l iab le  (Sesepasara 1973; Off ice  of 
Marine Resources 1916). 

Three systems were set up ini t ia l ly--one f o r  t h e  Samoa-based longl ine  f i shery  

Of a p o t e n t i a l  sample s i z e  of 1,550 

I n  French Polynesia, Tahi t ian  yel lowfin and sk ip jack  tuna catches ac tua l ly  represent  
only about a t h i r d  t o  a ha l f  of the  t r u e  tuna production. 
of e r r o r :  
ings  a t  Papeete Municipal Market represent  weights of ev iscera ted  f i s h  (Brun and Klawe 
1968) and second, many fishermen bjrpass the  Papeete Market.and dispose of t h e i r  ca tches  
d i r e c t l y  t o  l o c a l  f i s h  dea le r s  o r  through roadside and door-to-door sales (Doumenge 1973). 

There are two important sources 
F l rs t ,because  a l l  t h e  yel lowfin and sk ip jack  tunas are gut ted a t  sea, the  land- 

The most extensive s t a t i s t i c s  are t o r  t h e  commercial f i s h e r i e s  of t h e  Hawaiian Is lands,  
but  these  too  are de f i c i en t  i n  c e r t a i n  ca tegor ies .  For example, they exclude (1) catches 
made by many of t h e  r ec rea t iona l  fishermen who do not  ob ta in  commercial f i s h i n g  l i c e n s e s  
and, therefore ,  are not  subjec t  t o  repor t ing  t h e i r  catches,  and (2)  d e t a i l e d  da ta  on t h e  
amount of f i s h i n g  e f f o r t  expended except i n  t h e  well-developed sk ip jack  tuna pole-and-line 
f i s h e r y  . 

Table 5 lists seve ra l  f i s h  groups and the annual catches of t h e  important spec ies  
wi th in  them f o r  1961-75 f o r  t h e  Hawaiian I s lands .  
ber  of l i censed  fishermen and boats ,  by i s l a n d s ,  are given i n  Table 6. Table 7 g ives  t h e  

Landings by types of gear  used and num- 
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catch, effort, and catch per effort in the Japanese trawl fishery for armorhead and alfon- 
sin on the central North Pacific seamounts. 

At present, it is difficult to estimate the production of fish in Papua New Guinea. 
In the case of subsistence fishing, the trade and sale of fish is very widespread. The 
result is that statistics are difficult to obtain, although some data from fisheries market 
surveys, fishing groups, fishing surveys, and cooperatives are available; however, the 
extent to which data from these sources reflect the total local trade in fish, and relation- 
ship of commercial production to subsistence fishing remains to be evaluated. Licensed 
fishermen are required to furnish the best data available on effort and catch; the data 
collected, however, are unsatisfactory 2nd incomplete (Conroy 1972). 

Catch data from the Trust Territory of the Pacific Islands have been judged to be 
gross underestimates because they represent only fish sold through the major fishing coop- 
eratives. Catches sold directly to consumers are not recorded (Rechebei 1977). 

6.3, Stock assessment 

With the exception of the tuna resources, very little work on stock assessment, by 
species, has been carried out in this area, primarily because the commercial fishery in 
many of the island groups are still in its infancy. 
Islands where limited assessment studies on some species have been completed and others are 
in progress. 

The one exception is in the Hawaiian 

Table 3.--Nominal catches of fish, crustaceans, and molluscs in the western central 
Pacific islands (in metric tons) (FA0 1970, 1975c, 1976b). 

1965 1966 1967 1968 1969 1970 1971 1972 1973 1974 1975 

American Samoa 

Christmas I a l and  

Cook I s l anda  

F i j i  I s l a n d s  

French Polyneeia  

G i l b e r t  I s l a n d s  

Guam 

Hawaiian I s l and6  ' 
New Caledonia 

New Hebrides 
Papua New Guinea 

Solomon I s l a n d s  

Tonga I s l a n d s  
Trus t  T e r r i t o r y  of t he  

Tuvalu 
Western Samoa 

Pacific I s l a n d s  

-- 
1,000 

1,900 

-- 

-- 
100 

9,089 

900 

3,400 
11,000 

-- 
-- 

700 

-- 
1,000 

2,100 

-- 

-- 
100 

6,086 

800 

6,200 

11,000 
-- 
-- 

800 

-- 
1,000 

-- 
2,000 

-- 
zoo 

5,552 

500 

5,400 
14.000 

-- 
-- 

1.000 

-- 
1,000 

2,100 

-- 

-- 
100 

6.096 

500 

7,900 
14,000 

-- 
-- 

1,000 

-- 
1,000 

-- 
2.300 

-- 
200 

4.577 

500 

8,000 
14.000 

-- 
-- 

1,000 

00 
-- 

1,000 

4,100 

2,300 

200 
2 00 

5,310 

500 

8,000 

1.000 

18.700 

-- 
1,000 

-- 
900 

-- 
00 

1,000 

4,200 

2,200 

500 

100 

8,020 

5 00 

8.000 
33,300 

5,700 

500 

1.000 

-- 
00 

1,000 

4,800 

2,400 

500 

100 

6,911 

500 

8,000 
29,900 

8,800 

500 
400 

100 

00 

1,000 

5,100 

2,600 

5 00 

100 

6,759 

800 

8.000 
48,500 

7,300 

600 
6,300 

82 

0 

1,000 

4,261 

2,386 

750 

92 

5,312 

868 
8,000 

52,708 

11,585 
726 

3,360 

00 00 00 0 
900 900 900 900 

-- 
0 

1,000 

4,068 

2,169 

750 

122 

4.624 

900 

8.000 
42.748 

8,711 
901 

3.360 

0 

1,000 

00 - More than ze ro  but  less than 50 MT. 
0 - More than ze ro  bu t  lerr  than 0 .5  HI. 

'Data a r e  from Hawaii Division of Fieh and Game, c m a r c i a l  f i s h  c a t c h ,  by s p e c i e s ,  1965-75, mimeo. 
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Table 4.--NominaL catches of marine fishes in the western central Pacific 
islands (in metric tons) (FA0 1970, 1975c, 1976b). 

1965 1966 1967 1968 1969 1970 1971 1972 1973 1974 1975 

Herrings, sardines, 
anchovies, etc. 

-- _- -- 105 105 Gilbert Islands -- -- -- 
Hawaiian Islands 211 185 187 209 177 196 236 229 245 242 214 -- -- -- 1,000 750 Papua New Guinea 

Jacks, mullets, etc. 

-- -_ -- 
-- -- -- -- -- -- 

-- 95 95 Gilbert Islands -- -- -- -- -_ -- -- _- 
Hawaiian Islands1 422 520 605 672 584 639 609 612 537 493 505 

Mackerels. snoeks, 
cutlassfishes, etc. 
French Polynesia ZOO ZOO ZOO ZOO 200 ZOO -- -- -- -- -- 
New Hebrides 00 300 400 900 100 100 1,000 1,000 1,000 1,000 1,000 

Milkfish 
-- -- -- 50 50 -- -- -- -- _ _  -- Gilbert Islands 

Redfishes. basses, 
congers, etc. 

Hawaiian Islands1 9 11 6 15 14 12 8 4 5 7 4 

-- -_ -- -- -- -- 245 245 Gilbert Islands -- -- -- 
Hawaiian Islands' 207 224 220 188 209 179 196 211 241 221 269 

Marine fishes (N.E.I.) -- -- 00 -- -- 100 33 American Samoa -- -- -- -- 
Christmas Island -- -- -- -- -- -- 00 00 00 0 0 
Cook Islands 400 400 400 400 400 400 400 400 400 400 400 
Fiji Islands -- -- -- -- -- 4,100 4,200 4,300 4,300 3,700 4,240 
French Polynesia 2,900 3,200 3,200 3,200 3.200 1,400 1,500 1,600 1,900 1,673 1,566 -- -- -- -- -- 200 200 200 300 300 -- Gilbert Islands 

100 100 92 122 Guam 100 100 200 100 200 100 100 
Hawaiian Islands1 8,199 5,094 0,485 4,958 3,487 4,172 6,837 5.709 5,577 4.291 3,520 

500 400 400 400 400 400 400 400 600 600 650 New Caledonia 
New Hebrides 00 200 200 200 200 200 200 200 200 200 200 
Papua Nev Guinea 9,800 9,800 11,700 11,700 11,700 16,000 16,000 16,000 19,000 5,000 15,000 
Solomon Islands -- -- -- -- 1,000 1,000 1,000 1,000 1,000 1,000 1,000 
Tonga Islands -- -- -- -- -- -- 500 500 600 726 901 
Trust Territory of 

the Pacific 
Islsnds 700 800 1,000 1,000 1,000 00 00 00 100 145 145 

Tuvalu -- -- -* -- -- -- 00 00 00 0 0 
Western Samoa 900 900 900 900 900 900 900 900 900 900 1,000 

00 - More than zero but less than 50 MT. 

0 - More than zero but less than 0.5 M T .  

N.E.I. * Not elsewhere included. 

'Data are from Hawaii Division of Fish and Game, commercial fish catch, by species, 1965-75, mimeo. 
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Tab le  7.--Catch, e f f o r t ,  and c a t c h  p e r  e f f o r t  of armorhead and a l f o n s i n  caugh t  
by J a p a n e s e  trawlers o v e r  t h e  c e n t r a l  Nor th  P a c i f i c  seamounts in  
1969-76 (Takahash i  and S a s a k i  1977) .  

Catch  Ca tch  p e r  e f f o r t  

Year Armorhead Al fons i r ,  E f f o r t  Armorhead Alf o n s i n  
(W) (MT) (h)  (rn) (W) 

1969 8 ,280  27 157 20.892 0.172 
1970 30,047 b 18 2,807 10.704 0.220 
1971  5 ,891  68 1 , 3 0 4  4.525 0.052 
1972 29,880 59 496 60.242 0.120 
1973 25,047 34 740 33.847 0.046 
1974 34,538 0 1 , 5 8 3  21.818 0.000 
1975 18 ,952  0 1 ,377  13 .763  0.000 
1976 25,795 1 , 7 2 6  2,667 9.672 0.647 

6 .3 .1  Anchovy, S t o l e p h o r u s  pu rpureus  and 2. h e t e r o l o b u s  

The anchovy, 2. p u r p u r e u s ,  i s  a small (40-60 m), f r a g i l e  f i s h  t h a t  s c h o o l  o v e r  sand  
and mud bo t toms  i n  s c a t t e r e d  h a r b o r s  and bays  th roughou t  t h e  Hawaiian I s l a n d s .  It posses-  
ses most o f  t h e  q u a l i t i e s  of good b a i t f i s h ;  t h e r e f o r e ,  it i s  t h e  p r e f e r r e d  b a i t  i n  t h e  
Hawaiian s k i p j a c k  t u n a  f i s h e r y  (Uchida i n  p r e s s ) .  

Regarded as one  of t h e  more i m p o r t a n t  f i s h  r e s o u r c e s  i n  t h e  Hawaiian I s l a n d s  because  of 
i t s  d i r e c t  a s s o c i a t i o n  w i t h  t h e  s k i p j a c k  t u n a  f i s h i n g  i n d u s t r y ,  t h i s  anchovy, known l o c a l l y  
as  nehu, has been  w i d e l y  s t u d i e d  by s e v e r a l  i n v e s t i g a t o r s  ( H i a t t  and Tester 1950; Welsh 
1950; H i a t t  1951; Tester 1951,  1955;  Yamashi ta  1951; T e s t e r  and  H i a t t  1952; Bachman 1963, 
Uchida i n  p r e s s ;  W e t h e r a l l  i n  p r e s s ) .  I n  d e t e r m i n i n g  t h e  r e l a t i o n s h i p  between a v e r a g e  
c a t c h  p e r  day  of b a i t i n g  and t h e  number of d a y s  of b a i t i n g  f o r  t h r e e  d i f f e r e n t  b a i t i n g  
grounds  i n  Hawaiian waters, Bachman (1963) de t e rmined  t h a t  in 1948-60, t h e r e  w a s  no  e v i -  
dence  t h a t  f i s h i n g  had d imin i shed  t h e  s t o c k  i n  Kaneohe Bay, P e a r l  Harbor ,  and Maalaea Bay. 
The S c h a e f e r  (1954) method f o r  maximum s u s t a i n e d  y i e l d  and  c a t c h a b i l i t y  produced r e s u l t s  
f o r  t h e  s t o c k  f i s h e d  a t  P e a r l  Harbor on ly .  I n  t h e  day -ba i t  f i s h e r y  h e r e ,  t h e  maximi sus -  
t a i n e d  y i e l d  w a s  c a l c u l a t e d  t o  be  18 ,620  b u c k e t s  (100 MT), o b t a i n e d  a t  a f i s h i n g  i n t e n s i t y  
of 691.5 b o a t  days ;  c a t c h a b i l i t y  c o e f f i c i e n t  w a s  -0.0022, a n e g a t i v e ,  mean ing le s s  v a l u e .  

More r e c e n t l y ,  W e t h e r a l l  ( i n  p r e s s )  examined nehu c a t c h  and nominal  e f f o r t  s tatist ics 
from t h e  Kaneohe Bay day-ba i t  f i s h e r y  t o  e x p l o r e  two s o u r c e s  of v a r i a t i o n  i n  b a i t i n g  suc- 
cess: ( 1 )  nehu  s t o c k  abundance  and ( 2 )  a b i o t i c  env i ronmen ta l  v a r i a b l e s .  The r e s u l t s  
showed t h a t  a v a i l a b i l i t y ,  c a t c h a b i l i t y , o r  b o t h , a r e  reduced  i n  Janua ry -Apr i l  when r a i n f a l l  
i s  h i g h  and s t r eamf low heavy, and enhanced i n  June-October when s t r eamf lows  d rop .  
s u c c e s s ,  however, w a s  u n r e l a t e d  t o  nominal  b a i t i n g  e f f o r t .  

B a i t i n g  

F o r  t h e  s k i p j a c k  t u n a  f i s h e r y  i n  P a l a u ,  M u l l e r  ( i n  p r e s s )  de t e rmined  a von B e r t a l a n f f y  
growth e q u a t i o n  f o r  2. h e t e r o l o b u s  from l e n g t h  f r e q u e n c i e s  of f i s h  c o l l e c t e d  from t h e  com- 
mercial f i s h i n g  f leet  from December 1971  t o  J u l y  1973: 

Lt = 9 1  (l-exp(-O.O058(t + 3 . 4 ) ) )  

Lt = s t a n d a r d  l e n g t h  i n  millimeters and where 

t - d a y s  

T o t a l  m o r t a l i t y  f o r  t h e  19-mo p e r i o d  w a s  6.0 yr- '  and a v e r a g e  f i s h i n g  m o r t a l i t y  
r eached  3.0 yr- ' .  Using t h e  l o g i s t i c  models of S c h a e f e r  (1954) and Fox (1970) ,  Mul l e r  
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o b t a i n e d  a maximum s u s t a i n a b l e  y i e l d  of abou t  80 ,000  b u c k e t s  (160 MT) w i t h  an  e f f o r t  o f  
under  2,000 b o a t  n i g h t s .  
mum y i e l d  p e r  r e c r u i t  a t  a f i s h i n g  m o r t a l i t y  of 5.0 yr-’;  however, a t  3.6 y r -  , o r  2,000 
b o a t  n i g h t s ,  t h e  y i e l d  p e r  r e c r u i t  w a s  w i t h i n  1.8% of t h e  maximum. 
t h e  b a i t  f i s h e r y  i n  P a l a u  is o p e r a t i n g  a t  t h e  optimum l e v e l .  

The dynamic p o o l  model of Bever ton  and H o l t  (1957) gave  t h e  maxi- 

Mul l e r  concluded  t h a t  

6 .3 .2  Bigeye s c a d ,  T rachurops  crumenophthalmus 

Excluding  t u n a s  and b i l l f i s h e s ,  t h e  most h e a v i l y  e x p l o i t e d  major  f i s h  s t o c k s  are t h o s e  
of b i g e y e  scad .  
I n  H a w a i i ,  t h e  c a t c h e s  show wide a n n u a l  f l u c t u a t i o n s  v a r y i n g  from around 70 t o  444 MT i n  
1948-75. Kawamoto (1973) obse rved  t h a t  p r e s e n t  management r e g u l a t i o n s - - t h e  r e s t r i c t i o n  of 
mesh s i z e  t o  n o t  less t h a n  3 .8  c m  and p r o h i b i t i o n  on n e t t i n g  f i s h  of less t h a n  21.6 cm i n  
Ju ly-October - -a re  p r e s e n t l y  e f f e c t i v e  because  c a t c h e s  appea r  to be  s t a b i l i z e d  a t  a rela- 
t i v e l y  h i g h  l e v e l  of 360 MT a n n u a l l y .  

Most of che  f i s h i n g  o c c u r s  i n  t h e  Hawaiian I s l a n d s  and French  P o l y n e s i a .  

6 .3 .3  P e l a g i c  a rmorhead ,  P e n t a c e r o s  r i c h a r d s o n i  

There  a p p e a r s  t o  b e  some i n d i c a t i o n  t h a t  t h e  p e l a g i c  armorhead s t o c k  h a s  s t a r t e d  t o  
d e c l i n e .  
a v e r a g e  c a t c h  of 30 MT/day, c o n s i d e r a b l y  less t h a n  t h e  break-even  l e v e l  of 40 MT/day (U.S. 
N a t i o n a l  Mar ine  F i s h e r i e s  S e r v i c e  1976) .  These  J a p a n e s e  trawlers r e p o r t e d  t h a t  armorhead 
l a n d i n g s  i n  t h i s  area have  d e c l i n e d  s h a r p l y  a f t e r  a S o v i e t  t r a w l i n g  f l e e t  worked t h e  same 
grounds  f o r  armorhead. 

Three  J a p a n e s e  trawlers f i s h i n g  f o r  t h i s  s p e c i e s  o f f  Midway a t o l l  r e p o r t e d  an  

6.4 Othe r  e s t i m a t e s  of p o t e n t i a l :  F i s h i n g  s u r v e y s  and e x p l o r a t o r y  f i s h i n g  

6 .4 .1  American Samoa 

Surveys  i n  American Samoa i n  r e c e n t  y e a r s  have  been c o n c e n t r a t e d  on e v a l u a t i n g  t h e  
p o t e n t i a l s  of bo t tom f i s h i n g ,  t r o l l i n g ,  and po le -and- l ine  f i s h i n g  w i t h  l i v e  b a i t .  On 1 9  
r e s e a r c h  c r u i s e s  o f  t h e  r e s e a r c h  v e s s e l  “Alo faga , ”  bot tom f i s h i n g  and t r o l l i n g  were com- 
b ined  and t h e  t o t a l  c a t c h  d u r i n g  t h a t  t r i a l  p e r i o d  amounted t o  1 ,608  kg o r  abou t  85 k g / t r i p  
(Sou th  P a c i f i c  Commission 1977a) .  F i f t y  po le -and- l ine  f i s h i n g  t r i p s  w i t h  l i v e  b a i t  y i e l d e d  
14 .2  MT o r  an  a v e r a g e  of 284 k g l t r i p .  

Another  of t h e  i m p o r t a n t  p r o j e c t s  des igned  t o  boost  American Samoa’s economy is t h e  
e v a l u a t i o n  of s p o r t  f i s h i n g  development .  During a 5-yr p e r i o d  i n  which 135 s p o r t  f i s h i n g  
s u r v e y s  were conducted ,  1 ,098  f i s h ,  weighing  5 ,800  kg or an  a v e r a g e  of 43 k g l t r i p ,  were 
caught .  On a n  a v e r a g e  t r i p  of 5 .8  h ,  t h e r e f o r e ,  t h e  p o t e n t i a l  s p o r t  f i s h i n g  c a t c h  r eached  
8.1 f i s h l t r i p .  
mahimahi, and s k i p j a c k  t u n a .  

Among t h e  s p e c i e s  t a k e n  by t h e  t r o l l i n g  g e a r  were P a c i f i c  b l u e  m a r l i n ,  

6.4.2 Cook I s l a n d s  

I n  1975, a n  o u t e r - r e e f  f i s h e r y  p r o j e c t ,  which w a s  s t a r t e d  t o  s u r v e y  t h e  demersa l  and 
p e l a g i c  r e s o u r c e s  a t  A i t u t a k i .  demons t r a t ed  t h a t  t r o l l i n g  f o r  p e l a g i c  f i s h e s ,  e x c e p t  wahoo, 
and bottom f i s h i n g  d u r i n g  d a y l i g h t  would b e  economica l ly  u n f e a s i b l e  (Hume 1976) .  A t  n i g h t ,  
however, h a n d l i n e  c a t c h e s  were r e l a t i v e l y  good so t h a t  a r e a s o n a b l e  r e t u r n  cou ld  b e  
expec ted .  
d a y - t r i p ,  whereas  t h e  c a t c h  rates by t r o l l i n g  w a s  o n l y  2 5 . 9  k g l t r i p .  

6.4.3 F i j i  I s l a n d s  

The a v e r a g e  c a t c h e s  from bottom f i s h i n g  reached  71.4 k g l n i g h t - t r i p  and 29.0 kg /  

The p o t e n t i a l  f o r  i n c r e a s i n g  f i s h  y i e l d  i n  F i j i  l ies i n  h a r v e s t i n g  t h e  r e s o u r c e s  o v e r  
t h e  c o n t i n e n t a l  s h e l f .  Aubray (1976) h a s  e s t i m a t e d  t h a t  pe rhaps  70% of t h e  a v e r a g e  po ten -  
t i a l  y i e l d  of 15,000 HT, based  on a minimum p r o d u c t i o n  of 15  kg /ha .  would c o n s i s t  of 
demersa l  f i s h  whereas  t h e  r ema in ing  30% w o u l d c o n s t i t u t e  t u n a  and o t h e r  p e l a g i c  s p e c i e s .  

One of  t h e  p e l a g i c  e p e c i e s  t h a t  h a s  a tremendous p o t e n t i a l  f o r  development is Span i sh  
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mackerel, Scomberomorus commerson. In 1975 and 1976, an estimated 20 and 26 MT, respec- 
tively, of this species were marketed in Fiji. Results of exploratory surveys in nearshore 
pelagic waters have shown that whereas the bulk of the Spanish mackerel taken prior to 1976 
was by handlining, surface trolling is less labor-intensive and, therefore, more appropri- 
ate for catching this species (Brown 1977). 

6.4.4 Hawaiian Islands 

The Hawaii Division of Fish and Game, actively pursuing programs designed to develop 
new commercial fisheries, introduced marine species which have potentials for development 
as commercially exploitable resources in Hawaiian waters between 1955 and 1961. Of six 
species of groupers and five species of snappers introduced (Table 8 ) ,  at least three spe- 
cies--~e~halophoSis argus, Lutjanus vaigiensis, and I.. kasmira--became fairly well estab- 
lished in Hawaiian waters (Hawaii DLNR (Department of Land and Natural Resources) 1969). 
Fishing for these species was opened to the public in October 1966 and at present I.. a- 
giensis and &. kasmira are caught by both sport and commercial fishermen. 

Table 8.--Summary of the status of groupers and snappers introduced to Hawaiian waters 
(Hawaii DLNR 1967). 

Total Year - number s g z c r ~  m a  r( ~ m + m w ~ -  m v i w  rD W W W r D W G J  released cn cn cn 01 cn a\ m m m cn m 01 m 
r ( r ( r ( r l 4 4  r( r l r ( r l 4 r l d  

Groupers 

Roi, Cephalopholis argus 2,385 
Tarao,' Epinephelus merra 

Rero, C. urodelus 

R X X  X R-X X X X X X X 
2,612 R R-X X X X X X X 
1,811 R-X X X R-X x x x x x  

and E .  hexagonatus 

Matapuu, E .  fasciatus 51 R-X X X X 
Pukokoo, E .  spiniger 22 R-X ? 

Snappers 

Toau, Lutjanus 
vaigiensis 2,232 R R R-X X R-X X X X X X X 

Taape, L. kasmira 3,168 R R-X X X R-X X X X X X 
Tuhara, L. gibbus 177 R R-X X ? ?  
Aaravi, Lethrinus sp. 32 R R R 

3,439 Mexican snapper, Lutjanus 
Buttatus K-X X X 

'To 30 June 1967. 
'Epinephelus merra and E .  hexagonatus grouped together as "Tarao" due to similarity 

in appearance. 
R - Year of release. 
X - Species caught or sighted during the year. 
? - Unconfirmed report of sighting, 
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Another p r o j e c t  des igned  t o  i n c r e a s e  f i s h  p o p u l a t i o n s  i s  t h e  c r e a t i o n  of a r t i f i c i a l  
r e e f s  and t h e  r e s u l t s  appea r  t o  be e x t r e m e l y  encourag ing  (Hawaii  DLNR 1966) .  C r e a t i o n  of 
t h e s e  a r t i f i c i a l  s h o a l s  w i t h  o l d  a u t o  b o d i e s  and damaged c o n c r e t e  p i p e s  h a s  s i g n i f i c a n t l y  
i n c r e a s e d  f i s h  p o p u l a t i o n s .  The f i s h  c o u n t s ,  however, show wide v a r i a t i o n s .  A t  Waianae, 
Oahu, f o r  example, estimates of t h e  s t a n d i n g  c r o p  v a r i e d  from 550 kg /ha  t o  1 ,444  kg/ha .  
Kanayama and Onizuka (1973) a t t r i b u t e d  t h e  wide v a r i a t i o n  i n  f i s h  d e n s i t i e s  t o  s c h o o l s  of 
s u r g e o n f i s h ,  u n i c o r n i s  and 5. hexacan thus ,  g r a y  snappe r ,  amber jack ,  and mackere l  s c a d ,  
which wander f r e e l y  i n  and o u t  of t h e  s h o a l  area. Fur thermore ,  a r t i f i c i a l  s h o a l s  have 
a t t r a c t e d  commerc ia l ly  v a l u a b l e  s p e c i e s  such  as s q u i r r e l f i s h ,  M y r i p r i s t i s  b e r n d t i ,  g o a t f i s h ,  
M u l l o i d i c h t h y s  aur i f lamma and 5. samoens is ,  j a c k  c r e v a l l y ,  Carangoides  f e r d a u ,  J apanese  
b a r r a c u d a ,  Sphyraena h e l l e r i ,  and s u r g e o n f i s h ,  Acanthurus  o l i v a c e u s  and A. d u s s u m i e r i  
(Hawaii  DLNR 1967) .  

I n  g e n e r a l ,  f o r  t h r e e  a r e a s  i n  which a r t i f i c i a l  s h o a l s  were c r e a t e d ,  f i s h  d e n s i t i e s  
have  i n c r e a s e d  t remendous ly .  A t  t h e  Waianae, Oahu auto-body r e e f ,  t h e  pre- reef  d e n s i t y  i n  
1962 r eached  115  k g l h a ;  t h e  pos t - r ee f  v a l u e s  averaged  1 ,424  kgfha  o r  more than  1 2  times t h e  
pre- reef  , d e n s i t y  (Kanayama and Onizuka 1973) .  
where c o n c r e t e  p i p e s  were used .  A t  Maunalua Bay, Oahu, where t h e  p re - r ee f  d e n s i t y  w a s  o n l y  
4 1  kg/ha i n  1960, t h e  pos t - r ee f  d e n s i t y  ave raged  938 kg/ha.  
Maui were e q u i v a l e n t  t o  3 kg/ha  f o r  t h e  p re - r ee f  coun t  i n  1962 and 249 kg/ha  f o r  t h e  p o s t -  
r e e f  coun t  (Hawaii  DLNR 1967, 1973) .  

The pos t - r ee f  ave rage  reached  556 kg/ha  

The d e n s i t i e s  a t  Keawakapu, 

By compar ison ,  f i s h  d e n s i t i e s  e s t i m a t e d  from f i s h - c o u n t i n g  t r a n s e c t s  i n  a r e a s  wi thou t  
a r t i f i c i a l  r e e f s  were much lower .  For example,  i n  Kealakekua Bay, H a w a i i ,  which h a s  a 
r e l a t i v e l y  p r i s t i n e  envi ronment ,  t h e  d e n s i t i e s  ranged from 65 kg/ha t o  750 & / h a  and ave r -  
aged 245 kgfha .  This a v e r a g e  i s  p robab ly  low as  i t  r e f l e c t s  a b i a s  due  t o  p o s i t i o n i n g  
t r a n s e c t s  o v e r  sandy areas where f i s h  are scarce. A t  Honaunau Bay, H a w a i i ,  t h e  coun t  w a s  
e q u i v a l e n t  t o  a d e n s i t y  of 254 kg/ha  and o f f  Waik ik i ,  Oahu, t h e  d e n s i t y  was 166 kg/ha.  The 
h i g h e s t  f i s h  d e n s i t y  r eco rded  i n  t h e  Hawaiian I s l a n d s  was o f f  t h e  i s l a n d  of Ni ihau ,  where 
p r i s t i n e  c o n d i t i o n s  exis t .  Here, t h e  mean c o u n t  w a s  308 kg/ha o v e r  a t r a n s e c t  l o c a t e d  on a 
s u b s t r a t e  p a r t i c u l a r l y  f a v o r a b l e  € o r  f i s h  (Doty e t  a l .  1968) .  

I n  Nor thwes tern  Hawaiian I s l a n d s  waters, c a r a n g i d s ,  s n a p p e r s ,  and g r o u p e r s  o f f e r  good 
p o t e n t i a l s .  
w h i t e  c r e v a l l y ,  Carangoides  *, t h i c k - l i p  c r e v a l l y ,  Caranx c h e i l i o ,  p ink  snappe r ,  P r i s t i -  
pomoides m i c r o l e p i s ,  amber jack ,  S e r i o l a  d u m e r i l i i ,  and sea b a s s ,  Ep inephe lus  que rnus  
( c r u i s e  r e p o r t ,  "Townsend Cromwell," c r u i s e  67, 20 October-26 November 1975) .  Good c a t c h e s  
were o b t a i n e d  n e a r  Gardner  P i n n a c l e s  where 11 C. ajax t o t a l i n g  181 kg were t aken  and a t  
Laysan I s l a n d  where 33 C. ajax weighing  293 kg were c a p t u r e d  i n  3 h of f i s h i n g . w i t h  f i v e  
h a n d l i n e s .  

F o u r t e e n  e x p l o r a t o r y  f i s h i n g  s t a t i o n s  w i t h  h a n d l i n e  y i e l d e d  good c a t c h e s  of 

Among o t h e r  f i s h i n g  methods used  t o  assess t h e  f i s h  r e s o u r c e s  i n  Nor thwes tern  Hawaiian 
I s l a n d s  waters, t r a w l i n g  is p o t e n t i a l l y  one of t h e  most i m p o r t a n t ,  p a r t i c u l a r l y  o v e r  t h e  
numerous banks  and seamounts.  The S o v i e t  and Japanese  seamount trawl f i s h e r i e s  appea r  t o  
b e  r e l a t i v e l y  w e l l  e s t a b l i s h e d ,  a l t h o u g h ,  as mentioned e a r l i e r ,  t h e r e  is some ev idence  of a 
d e c l i n e  i n  armorhead c a t c h e s .  E x p l o r a t o r y  t r a w l i n g ,  conducted  by t h e  "Townsend Cromwell" 
( c r u i s e  r e p o r t ,  "Townsend Cromwell," c r u i s e  67,  20 October-26 November 1 9 7 5 ) ,  demons t r a t ed  
t h a t  a t  Middle Bank, which is 62 m below s u r f a c e ,  t h e r e  were s i z a b l e  c o n c e n t r a t i o n s  of 
t h r e e  s p e c i e s  of a c a n t h u r i d s ,  Naso b r e v i r o s t r i s ,  E. 
s e r r a n i d ,  Caes iope rca  thompsoni,  and an i n t r o d u c e d  l u t j a n i d ,  L u t j a n u s  kasmira. Catch  rates 
ranged  up t o  110  k g / h  f o r  Naso s p p . ,  129 k g / h  f o r  CL thompsoni,  and 41 kg/h  f o r  L. kasmira. 
Four d a y l i g h t  h a u l s  a t  Middle  Bank y i e l d e d  from 33 t o  230 kg, which when e x t r a p o l a t e d  i n d i -  
cate c a t c h  rates of 44-414 kgfh  o r  an  a v e r a g e  of 242 kg/h.  Assuming an  e f f e c t i v e  t r a w l  
sampl ing  w i d t h  of 11 .5  m u s i n g  a "Norwegian" t r a w l  w i t h  a 19.2-m headrope  and an  25.3-m 
f o o t r o p e ,  t h e  s t a n d i n g  biomass a t  Middle  Bank w a s  c a l c u l a t e d  t o  b e  855-8,137 kg/km2 o r  an  
ave rage  of 4 ,680  kg/kmZ. 
s a l  s t o c k s  i n  t h e  r e g i o n  of t h e  South  China Sea ,  which r ange  from 1 ,250  t o  5 ,000  kg/km2. 

F i v e  t r a w l  s t a t i o n s  occupied  by t h e  "Cromwell" n o r t h  of Nihoa a l s o  y i e l d e d  good 
The c a t c h e s ,  which v a r i e d  from 83 t o  158  kg/h and ave raged  117 kg /h ,  i n d i c a t e d  a 

, and fi. l o p e z i ,  a s m a l l  

These v a l u e s  compare f a v o r a b l y  w i t h  e s t i m a t e d  d e n s i t i e s  of demer- 

c a t c h e s .  
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s t a n d i n g  biomass of 1,011-2,074 kg/km2. 
a t  48-55 m, were dominated by E. b r e v i r o s t r i s ,  E. hexacan thus ,  and Acanthurus  o l i v a c e u s .  

Ca tches  a t  Nihoa Bank, which is r e l a t i v e l y  sha l low 

A t  a d e p t h  of 29-48 m n e a r  Necker,  two d a y l i g h t  h a u l s  by t h e  "Cromwell" y i e l d e d  rela- 
t i v e l y  poor  c a t c h e s .  A s i n g l e  n i g h t  tow, however, produced a c a t c h  e q u i v a l e n t  t o  a rate of 
512 kg /h  and t o  a s t a n d i n g  b iomass  of abou t  8 ,028  kg/km2. 
w a s  caugh t  a t  t h i s  l o c a t i o n ,  l. hexacan thus  w a s  a g a i n  t h e  dominant s p e c i e s .  
from deepe r  areas around Necker were v e r y  poor  as were t h o s e  made a t  S t .  Roga t i en  Eank. 

Although a v a r i e t y  of s p e c i e s  
T r a w l  c a t c h e s  

F i s h  and shr imp t r a p s  a l s o  have  been  f i s h e d  e x p e r i m e n t a l l y  i n  waters of t h e  Northwest-  
e r n  I s l a n d s .  
o c c a s i o n s  i n  t r a p s  f i s h e d  a t  t h e  s h e l f  edge  n o r t h  of Necker i n  44-57 m of water. 
ranged  from 4.5 t o  7.7 k g l s e t  and averaged  5.4 kg. Near Kure, one  t r a p ,  f i s h e d  a t  48 m 
produced 18.4 kg of Caranx c h e i l i o .  Two of 12 t r a p s  f i s h e d  a t  L i s i a n s k i  produced 1 6  and 48 
kg of Carangoides  -. 

Snapper,  l o c a l l y  c a l l e d  "opakapaka," were caugh t  i n  f a i r  numbers on f o u r  
Ca tches  

Surveys  of t h e  n e a r s h o r e  f i s h e r y  r e s o u r c e s  a l s o  have  been  conducted  i n  w a t e r s  of t h e  
Nor thwes tern  Hawaiian I s l a n d s  by t h e  H a w a i i  D i v i s i o n  of F i s h  and G a m e  ( n a r r a t i v e  r e p o r t ,  
"Townsend Cromwell," cruise 76-04, 3 May-9 June  1976) .  Surveys  around Nihoa, French  F r i g -  
are Shoa l s ,  Laysan, and Necker showed t h a t  t h e  c a r a n g i d s  and s h a r k s  were r e l a t i v e l y  l a r g e  
compared t o  t h o s e  found in waters of t h e  major  Hawaiian group and a l s o  more numerous. Mem- 
b e r s  of t h e  f a m i l i e s  Chae todon t idae ,  Apogonidae, Pomacent r idae ,  Muraenidae,  H o l o c e n t r i d a e ,  
and Acanthurfdae ,  commonly a s s o c i a t e d  w i t h  similar h a b i t a t s  i n  waters of t h e  major  Hawaiian 
group,  were n o t i c e a b l y  a b s e n t  n e a r  t h e  i s l a n d s  surveyed .  

F i s h  c o u n t i n g  t r a n s e c t s  demons t r a t ed  t h a t  d e n s i t i e s  were h i g h e s t  a t  Whale-Skate I s l a n d  
i n  t h e  French  F r i g a t e  group. 
f i s h ,  M u l l o i d i c h t h y s  samoens is ,  s. ajax, and p a r r o t f i s h ,  S c a r u s  p e r s p i c i l l a t u s  of major 
impor tance  (Tab le  9 ) .  
k g l h a  with t h e  pomacent r id ,  Chromis o v a l i s ,  and s u r g e o n f i s h e s ,  C tenochae tus  s t r i g o s u s  and 
-- Naso l i t u r a t u s ,  t h e  most predominant s p e c i e s .  

Here, t h e  e s t i m a t e d  d e n s i t y  averaged  4,744 kg/ha  w i t h  goa t -  

The lowes t  d e n s i t y  occur red  a t  Nihoa where t h e  ave rage  w a s  o n l y  165  

Tab le  9 . - -Resul t s  of f i s h  c o u n t i n g  t r a n s e c t s .  

Loca t ion  Number Es t ima ted  Major f i s h  s p e c i e s  ranked  i n  
of f i s h  d e n s i t i e s  
s p e c i e s  (kg /ha )  

terms c f  g r e a t e s t  d e n s i t i e s  

Nihoa I s l a n d  26 165 1. Chromis o v a l i s  
2 .  C tenochae tus  s t r i g o s u s  
3. Naso l i t u r a t u s  

French  F r i g a t e  S h o a l s  

E a s t  I s l a n d  

Whale-Skate I s l a n d  

Laysan I s l a n d  

29 

32 

34 

2,219 

4,744 

848 

1. S c a r u s  p e r s p i c i l l a t u s  
2.  Kyphosus c i n e r a s c e n s  
3. M u l l o i d i c h t h y s  samoens is  

1. M u l l o i d i c h t h y s  samoens is  
2. Carangoides  
3. S c a r u s  p e r s p i c i l l a t u s  

1. S c a r u s  p e r s p i c i l l a t u s  
2. Acanthurus  t r i o s t e g u s  

(E &. s a n d v i c e n s i s )  
3. Thalassoma purpureum 

(= x. umbrostigma and 
T. fuscum) - -  
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I n  terms of spec ies  dens i ty ,  E. samoensis reached 2,206 kg/ha but  2. p e r s p i c i l l a t u s  
w a s  only s l i g h t l y  lower a t  a dens i ty  of 2,183 kg/ha. 
examined, however, the small round her r ing ,  Spra te l lo ides  d e l i c a t u l u s ,  was most numerous, 
occurr ing a t  a rate of 123,500 indiv idua ls lha  (Table 10). 

When numbers of ind iv idua ls  were 

Table 10.--Ten spec ies  of f i s h  observed during underwater f i s h  counting t r a n s e c t s ,  ranked 
by est imated d e n s i t i e s  and number of ind iv idua ls  counted ( n a r r a t i v e  repor t ,  
"Tamsend Cromwell," c r u i s e  76-04, 3 May-9 June 1976). 

Estimated d e n s i t i e s  

Density Occurrence 
Rank Common name S c i e n t i f i c  name (kilograms (number of 

per  hectare)  s t a t i o n s )  

1 Weke-' a ' a 
2 m u  u l i u l i  
3 White ulua 
4 Nenue 
5 Kala 
6 Manini 

7 Hinalea 

Mulloidichthys samoensis 
Scarus p e r s p i c i l l a t u s  
Carangoides ajax 
Kyphosus cinerascens 

(= _T. fuscum and g. 
umbrostigma) 

8 'omilu Caranx melampygus 
9 Hinalea luahine Thalassoma b a l l i e u i  

10 White banded maiko Acanthurus leucopareius  

2,207 
2,183 
1,145 

626 
430 

420 

170 
143 

95 
9 1  

4 

Number of ind iv idua ls  

1 P i h a  Spra t e l lo ides  de l i ca tu lus  123,500 2 
2 Weke-' a '  a Mulloidichthys samoensis 2,485 3 

(= A. sandviceusis)  590 4 
4 Nenue Kyphosus cinerascens 548 4 
5 Uhu u l i u l i  Scarus p e r s p i c i l l a t u s  445 3 
6 Kole Ctenochaetus s t r i g o s u s  267 4 
7 Hinalea lau-wil i  Thalassoma duperreyi  259 3 
8 Blue damselfish Chromis o v a l i s  247 1 
9 Kala - Naso unicorn is  242 4 

a1 bovt t t a t a )  185 2 

3 Manini Acanthurus t r i o s t egus  

-- 
10 'Omaka S t e t h o j u l i s  b a l t e a t a  

(= 2. axillaris and 5. 

6.4.5 Line I s lands  
I 

Christmas I s land ,  i n  t h e  c e n t r a l  equa to r i a l  P a c i f i c ,  has been suggested as a poss ib le  
s i te  f o r  a s p o r t  f i s h i n g  r e s o r t .  
shrimp, A r t e m i a  s a l i n a ,  production on t h e  i s land ,  recognized the  po ten t i a l  f o r  s p o r t  f i s h -  

l igh t - tackle  f i s h i n g  f o r  bonefish and jack  c reva l ly  but  a l s o  ocean t r o l l i n g  f a r  o ther  game 
f i s h  including yel lowfin and sk ip jack  tunas,  w4ho0, mahimahi, b i l l f i s h ,  barracuda, and 
shark. 
average of 1.65 f i s h l l i n e  hour. 
only a few red snappers, Lutjanus bohar and C. gibbus, pe r  night  t o  about 120 f i s h l h .  

Hel f r ich  (1973), who s tudied  t h e  f e a s i b i l . i t y  of br ine  

, ing r e s o r t  development. Christmas Is land,  according t o  Helfr ich,  o f f e r s  not  only superb 

Twenty-five and a ha l f  l i n e  hours of t r o l l i n g  yielded 42 f i s h  t o t a l i n g  361 kg o r  an 
I n  bottom f i sh ing  off t h e  outer  r e e f ,  ca tches  var ied  from 
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6.4.6 New Ca ledon ia  

Exper imen ta l  deepwater  h a n d l i n e  f i s h i n g  i n  New Ca ledon ia ,  c o n c e n t r a t e d  p r i m a r i l y  on 
snappe r s  and g r o u p e r s  a t  d e p t h s  between 120 and 400 m,  demonst ra ted  t h a t  P r i s t i p o m o i d e s  
f l a v e s c e n s  were widespread  a t  d e p t h s  of 150-300 m and 2. f i l a m e n t o s u s  occur red  i n  l a r g e  
s c h o o l s  a t  d e p t h s  as sha l low as 30 m b u t  u s u a l l y  down t o  280 m (Fourmanoir 1973) .  Also 
found were E. s i e b o l d i ,  u s u a l l y  caugh t  a t  d e p t h s  beyond 180 m and E. t y p u s ,  a r a t h e r  l a r g e  
snappe r  which were p l e n t i f u l  a t  d e p t h s  of 190 and 210 m. 
a l s o  caught  b u t  u s u a l l y  a t  g r e a t e r  d e p t h s .  
whereas E. o c u l a t u s  were found deepe r  a t  400 m. Groupers ,  Ep inephe lus  compressus,  E. E- a, and E. c h l o r o s t i g m a ,  were a l s o  prominent  i n  t h e  c a t c h e s  w i t h  E. compressus o c c u r r i n g  
i n  some abundance a t  290 m. 

Snappers  of t h e  genus  E t e l i s  were 
E t e l i s  ca rbuncu lus  u s u a l l y o c c u r r e d  a t  230-350 m 

6.4.7 Papua New Guinea 

Based on c u r r e n t  p r o d u c t i o n ,  Wilson (1976) p r o j e c t e d  c a t c h e s  of s e v e r a l  s p e c i e s  groups  
from Papua New Guinea ' s  waters i n  1982 as f o l l o w s :  t u n a  - 68,000 MT; shr imps  - 1 ,630  MT, 
l o b s t e r s  * 360 MT; bar ramundi  - 450 MT; b a i t f i s h  - 1,360 MT; c r a b s  - 180 MT; c o a s t a l  spe- 
c i e s  - 27,220 MT; and m i s c e l l a n e o u s  - 20 M. 

S t u d i e s  conducted  i n  Papua New Guinea i n d i c a t e  t h a t ,  a t  p r e s e n t ,  t h e r e  is no dange r  t o  
any of t h e  s t o c k s  f i s h e d ,  bu t  bar ramundi  c a t c h e s  may b e  c l o s e  t o  t h e  maximum s u s t a i n a b l e  
y i e l d  and a major  i n c r e a s e  i n  f i s h i n g  e f f o r t  f o r  t h i s  s p e c i e s  w i l l  be  d i s c o u r a g e d  (FDNIDA 
1976) .  The l o b s t e r  c a t c h  i n  t h e  Daru r e e f  area cou ld  b e  s i g n i f i c a n t l y  i n c r e a s e d  w i t h o u t  
damage t o  t h e  s t o c k .  Other  s t u d i e s  have shown t h a t  marke tab le  s h a r k s  and t h r e a d f i n s ,  poly- 
d a c t y l u s  s h e r i d a n i  and Eleutheronema t e t r a d a c t y l u m ,  are abundant and cou ld  w i t h s t a n d  

- 

i n c r e a s e d  h a r v e s t i n g .  Lack of a c c u r a t e  s t a t i s t i c s  i n  t h e  shrimp f i s h e r y  p r e v e n t s  t h e  f o r -  
mu la t ion  of s u i t a b l e  g u i d e l i n e s ,  b u t  some c o n t r o l  measures ,  p a r t i c u l a r l y  i n  t h e  amount of 
f i s h i n g  e f f o r t ,  w i l l  p robab ly  be  adopted  and mod i f i ed  as more a c c u r a t e  s tatist ics become 
a v a i l a b l e .  

Mixed r e e f - f i s h  c a t c h e s  are n o t  r eco rded  a c c u r a t e l y ,  b u t  because  c o r a l  r e e f s  ex tend  
around most of t h e  c o a s t ,  t h e  t o t a l  p r o d u c t i o n  cou ld  b e  s u b s t a n t i a l .  Of f shore ,  i n  a d d i t i o n  
t o  s k i p j a c k  t u n a ,  small s t o c k s  of l o n g t a i l  t u n a ,  Thunnus t o n g g o l ,  are a v a i l a b l e  b u t  pe rhaps  
1 ,000  MT would be  i ts  l i m i t .  

6.4.8 Solomon I s l a n d s  

Among t h e  o p t i o n s  be ing  c o n s i d e r e d  f o r  development i n  t h e  Solomon I s l a n d s  are f i s h e r -  
ies f o r  gem c o r a l  and deepwater  demersa l  f i s h e s .  I n i t i a l  r e s u l t s  of a gem c o r a l  s u r v e y  
w e r 2  i n c o n c l u s i v e  b u t  f u r t h e r  e x p l o r a t i o n s  are be ing  planned (James 1977b) .  O f f s h o r e  deep- 
water h a n d l i n e  f i s h i n g  s u r v e y s  have  i n d i c a t e d  e x c e l l e n t  c a t c h e s  of s e v e r a l  t o n s  p e r  day  of 
demersa l  f i s h e s  and,  acco rd ing  t o  James, cou ld  p o s s i b l y  become a n  a l t e r n a t e  f i s h e r y  t o  t h e  
s k i p j a c k  t u n a  pole-and- l ine  f i s h e r y  and gem c o r a l  h a r v e s t i n g .  
a l s o  be ing  t r ied- -bot tom l o n g l i n i n g  and t a n g l e  n e t t i n g  have a roused  keen i n t e r e s t  among t h e  
l o c a l  f i she rmen .  

New f i s h i n g  t e c h n i q u e s  are 

6 .4 .9  Tonga I s l a n d s  

The p r o s p e c t s  f o r  deve lop ing  f i s h e r y  r e s o u r c e s  i n  t h e  Tonga I s l a n d s  appea r  t o  be 
ex t r eme ly  good because  of t h e  e x t e n s i v e  sha l low-water  areas a v a i l a b l e  t o  t h e  f i she rmen  
(Wilk inson  1977b) .  The f i s h i n g  grounds  are a l l  w i t h i n  c r u i s i n g  r a n g e  of 30-40 f i s h i n g  
b o a t s  r ang ing  in s i z e  from 9 t o  1 2  m. 
posed main ly  of l e t h r i n i d s  and l u t j a n i d s ,  undergoes  d i s t i n c t  s e a s o n a l  m i g r a t i o n s  i n v o l v i n g  
d i s t a n c e s  of up t o  150 km between c o r a l  r e e f  sys t ems .  

I n  t h e s e  s h a l l o w  waters, t h e  demersa l  s t o c k ,  com- 

E x p l o r a t o r y  h a n d l i n e  f i s h i n g  h a s  
y i e l d e d  c a t c h e s  dominated by L e t h r i n u s  l e n t j a n ,  L. m i n i a t u s ,  C. v a r i e g a t u s ,  P r i s t l p o m o i d e s  
t y p u s ,  1. argyrogrammicus,  and Cepha lopho l i s  sp .  (Lorimer and Maclean 1974) .  

I n i t i a l  t r ials w i t h  t h e  Japanese  f i x e d  t r a p  n e t  ( t e i c h i - a m i )  have  a l s o  been  h i g h l y  
s u c c e s s f u l  i n  Tongan waters (Wilk inson  1977a) .  One t r a p ,  f i s h i n g  c o n t i n u o u s l y  a t  Pangaimotu 



- 33 - 

near  Tongatapu, produced 6.5 MT of s e v e r a l  spec ies  of f i s h  including E. crumenophthalmus, 
Harengula o v a l i s ,  Dussumiera sp. ,  and Decapterus sp. Of these ,  Wilkinson considered 53.2% 
were of s u i t a b l e  s i z e  as  l i v e  b a i t  f o r  sk ip jack  tuna f i s h i n g ,  whereas the  l a r g e r  f i s h  had 
a ready market among t h e  l o c a l  res idents .  

Fishery development p ro jec t s  a l s o  include establ ishment  of a market in f ras t ruc ture- -  
co ld  s torage  f a c i l i t i e s ,  t r a n s p o r t ,  and in t roduct ion  of modern, dory-type dual  purpose 
f i sh ing  boats ,  which would be used t o  explo i t  pe lag ic  spec ies  such as tunas when seasonal ly  
abundant and demersal spec ies  i n  t h e  off-season f o r  tuna (Wilkinson 1974). 

6.4.10 Trust  Te r r i t o ry  of t h e  Pac i f i c  I s l ands  

The success  of the  dory p ro jec t  i n  American Samoa prompted o ther  i s land  governments i n  
the  Pac i f i c  t o  inves t iga t e  t h e  p o s s i b i l i t y  of i n i t i a t i n g  s imi l a r  pro jec ts .  Among them w a s  
Ponape's Community Action Agency which launched a dory-building pro jec t  by cons t ruc t ing  a 
dory boat  works i n  1971. By 1973, the  agency had constructed and launched e i g h t  d o r i e s  
which w e r e  designed f o r  t r o l l i n g  and handl ine f i s h i n g  nearshore (Perez and Sablan 1974). 

The do r i e s  present ly  opera t ing  are 7.5 m long, equipped with citizen-band rad ios ,  and 
inboard Ford' engine with Hamilton j e t  pump. 
sk ip jack  and yel lowfin tunas, wahoo, marlin, mahimahi, rainbow runner, dogtooth tuna, and 
o the r  of fshore  pe lag ic  species .  
i n g  included grouper, snapper, p a r r o t f i s h ,  and jack  c r e v a l l y .  

Among t h e  f i s h e s  caught by t r o l l i n g  were 

Reef and bottom f i s h e s  caught by handlining or  spear f i sh-  

Data on f i s h i n g  e f f o r t ,  catch,  and ca tch  per  e f f o r t  f o r  the  Ponape dory f l e e t  f o r  
March 1973-March 1974, showed t h a t  during t h i s  per iod,  443 t r o l l i n g  t r i p s  f o r  tuna and 
tuna l ike  f i s h e s  produced 38.3 MT o r  an average of 85.6 k g / t r i p .  
spear f i sh ing  t r i p s  yielded only about a t e n t h  of the  t r o l l i n g  t r i p s  o r  3.9 MT of reef 
f i s h e s  f o r  an average of 60.5 k g l t r i p .  
tuna l ike  f i s h e s  tended t o  be high i n  Ju ly ,  August, and October and low during o ther  months 
of t h e  year. 

Sixty-four handl ining and 

Monthly ind ices  of apparent abundance of tuna and 

I n  surveys conducted i n  t h e  Yap D i s t r i c t ,  t r o l l i n g  gear ,  usua l ly  used when weather 
condi t ion did no t  permit bottom f i s h i n g ,  produced catches of dogtooth tuna, wahoo, green 
snapper, Aprion v i rescens ,  barracuda, and small amounts of yel lowfin tuna. Catches were 
r e l a t i v e l y  good in t h e  passes  of t h e  l a r g e r  a t o l l s  and along submerged r e e f s  and banks a t  
t h e  21-36 m depth contours. On days with good catches,  f o r  example, McCoy (1977) repcr ted  
t h a t  up t o  454 kg of dogtooth tuna were caught. 
caught spec ies  var ied  from 159 t o  227 kg/day. 
ca tches  of red snapper (mostly Lutjanus bohar) and j ack  c reva l ly  var ied  from 122 t o  272 
kgfdayfskif f . 

I n  February-April 1976, ca tch  of t r o l l -  
In  experimental handl ine f i s h i n g  from s k i f f s ,  

6.4.11 Tuvalu 

In  1976, a p ro jec t  t o  survey t h e  outer-reef f i she ry  resources  around Tuvalu got  under- 
way. 
very disappoint ing.  Because of t h e  s teepness  of t h e  outer  s lope ,  t h e  dory used i n  the  bot- 
tom f i sh ing  survey encountered d i f f i c u l t y  anchoring over t h e  drop-off. To hold t h e  dory i n  
p lace  over t h e  f i s h i n g  ground, an anchor w a s  lowered in shallow water and enough warp paid 
out  t o  f i s h  over t h e  des i red  depth. This  w a s  poss ib le ,  however, only i f  t h e  wind remained 
constant  and blew offshore.  Deepwater spec ies  such as  Ruvettus sp., E t e l i s  s p . ,  and e- 
tipomoides sp. ,  which were t h e  major t a r g e t  spec ie s  of t h e  survey, occurred i n  well-defined 
depth ranges. Night f i sh ing  usua l ly  proved t o  be more productive than day f i sh ing  (Eginton 
1977). 

Fishing wi th  handl ine f o r  bottom f i s h  along t h e  outer  s lope  of the  b a r r i e r  reef  w a s  

'Reference t o  t r a d e  names does not  imply endorsement by t h e  Nat ional  Marine F i she r i e s  
Service,  N O M .  



- 34 - 

I n  62 days of Crolling and bottom f i sh ing  conducted by two dor i e s  i n  September- 
November 1976, 180.5 kg of pe lag ic  f i s h e s  were caught by t r o l l i n g  and 2,417.5 kg of bottom 
f i s h  by handline. The catch from t r o l l  and bottom gear  reached 2,598 kg o r  an average of 
41.9 kg/day. 
accounting f o r  14% whereas l e t h r i n i d s  (13%), &. bohar (12%). and Katsuwonus pelamis (11%) 
were a l s o  important i n  t h e  catch.  

Ruvettus p re t io sus  cons t i tu ted  t h e  l a r g e s t  proport ion of t h e  catch,  by weight, 

A small-craft evaluat ion p ro jec t  w a s  a l s o  begun t o  assess t h e  type of boat  and engine 
S tudies  showed t h a t  most su i tab le  f o r  Tuvalu's fishermen (South P a c i f i c  Commission 1 9 7 7 ~ ) .  

t r o l l i n g  w a s  economically f e a s i b l e  because of t h e  presence of a s u b s t a n t i a l  tuna resource 
on grounds t h a t  were read i ly  access ib l e  t o  small-craf t  operat ion.  
a l s o  proved t h a t  a low-cost, small -craf t  f i s h e r i e s  could be a v i ab le  en te rp r i se  as ca tches  
by l o c a l  fishermen proved p r o f i t a b l e .  
ca tches  of up t o  30 kg/h. 

Because of the  shor t  t i m e  involved i n  t h e  Tuvslu outer-reef f i sh ing  survey, d a t a  were 
i n s u f f i c i e n t  t o  a t tempt  even a prel iminary evaluat ion of t h e  f i s h  resources .  Reports from 
t h e  l o c a l  t r o l l  fishermen and from t h e  survey s t a f f  i n d i c a t e ,  however, t h a t  t h e  sk ip jack  
tuna s tock  of f  t h e  a t o l l  appear t o  be q u i t e  s u b s t a n t i a l .  More observat ions are necessary 
t o  obta in  an index of school dens i ty  in space and time. Deepwater f i s h  resources ,  on t h e  
o the r  hand, appear t o  be q u i t e  l imi ted  because of t h e  very narrow band of she l f  a rea  j u s t  
ou t s ide  t h e  b a r r i e r  r e e f .  Furthermore, there  are no off- lying banks and seamounts r i s i n g  
s u f f i c i e n t l y  c l o s e  t o  t h e  water sur face  t o  support  a poss ib le  of fshore  f i shery .  The f i s h  
resources  of t h e  lagoon appear t o  be underexploited a t  t h e  present  t i m e ,  but  because the  
lagoon area is  only about 260 km', i t  appears doubtful  t h a t  t h e  lagoon f i s h e r i e s  could be 
expanded o r  support anything o the r  than one a t  a subs is tence  l e v e l  f o r  l o c a l  consumption. 

Gi l l -ne t t ing  experiments 

And f i s h i n g  €or  f l y i n g f i s h  demonstrated poss ib le  

6.4.12 Wallis and Futuna I s lands  

It w a s  no t  u n t i l  t h e  l a t t e r  p a r t  of 1970 t h a t  t h e  government, through t h e i r  Department 
of Rural Economy, set  up a boat-building cen te r  t o  t r a i n  t h e  l o c a l  na t ives  i n  boatbui lding 
(South P a c i f i c  Commission 1977b). The dory and flat-bottcmed s k i f f ,  both widely used i n  
Canada, Newfoundland, and along t h e  United S t a t e s  A t l an t i c  c o a s t ,  were se lec ted  as most 
s u i t a b l e  f o r  l o c a l  use. These c r a f t s  were seaworthy, economical t o  operate ,  and w e l l -  
adapted t o  l o c a l ,  small-scale f i s h i n g  needs. By the  end of 1974, 80 c r a f t s  were i n  opera- 
t ion.  

Because t h e  lagoon f i she ry  resources  were se r ious ly  depleted by dynamiting and plant-  
poison method of f i s h i n g ,  i t  soon became evident  t h a t  s t i l l  l a r g e r  c r a f t s  were needed t o  
f i s h  t h e  outer-reef resources .  Construction of s e v e r a l  8-m S t .  P i e r r e  d o r i e s  began i n  
1974. By 1976, t h e  f i s h i n g  f l e e t  of small and l a r g e  d o r i e s ,  s k i f f s ,  and marine plywood 
canoes reached 115 c r a f t s .  Demand f o r  f i s h i n g  c r a f t s  remains s t rong  as more of t h e  is land-  
ers r e tu rn  t o  sea t o  obta in  f r e s h  f i s h  f o r  t h e i r  v i l l a g e s .  The Department of Rural Economy 
a n t i c i p a t e s  year ly  boat  production t o  be maintained a t  about 10-15 small and 2-3 l a r g e  
c r a f t s .  ALSO included i n  t h e  f i s h e r i e s  plan are cons t ruc t ion  of insu la ted  i c e  ches ts  and 
i n s t a l l a t i o n  of an ice-making machine. 

6.4.13 Western Samoa 

A demonstration team of two boats  wi th  outboard motors and each manned by two f i she r -  
men taught  f i s h i n g  techniques in Western Samoa f o r  an 11-mo period (Gulbrandsen 1977). 
The  r e s u l t s  demonstrated t h a t  an 8.5-m boat  operated by an  experienced crew can ca tch  up t o  
1 0  MT of bottom f i s h  in about 115 t r i p s  per  year. 

Two types  of f i s h i n g  c r a f t s  were deemed s u f f i c i e n t l y  seaworthy t o  remain a t  sea f o r  
n ight  f i sh ing  and a l s o  provide reasonable comfort in t h e  choppy waters of ten  encountered 
around Samoa. One w a s  a catamaran-type boa t ,  a modified vers ion  of t h e  l o c a l  double-hulled 
canoe but  b u i l t  of pressure- t reated marine plywood. The o ther  w a s  an 8.5-m, 20-hp, d i e se l -  
powered boat  averaging speeds of 9 knots. 
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Data t h a t  can  be  used  f o r  r e s o u r c e  a s ses smen t  of o u t e r - r e e f  bot tom f i s h e s  are p r a c t i -  
c a l l y  n o n e x i s t e n t .  F o r  comparison,  however,  the c a t c h  ra te  of  3 k g f r e e l - h o u r ,  a c h i e v e d  by 
bot tom f i s h i n g  i n  Samoan waters, i s  less t h a n  h a l f  of t h e  6.8 kg / r ee l -hour  o b t a i n e d  by t h e  
UNDP/FAO C a r r i b e a n  F i s h e r y  Development P r o j e c t .  Gu l l and  (1971) e s t i m a t e d  t h a t  t h e  poten-  
t i a l  y i e l d  f o r  g r o u p e r s  and s n a p p e r s  i n  t h e  C a r r i b e a n s  i o  2-10 kg/ha ,  similar t o  f i g u r e s  i n  
o t h e r  less p r o d u c t i v e  p a r t s  of  t h e  wor ld .  Gu lb randsen ,  a p p l y i n g  a c a t c h  ra te  of 0 . 5  MT/km2 
and a s h e l f  area of 2 ,000 km2 f o r  Western Samoa, e s t i m a t e d  t h a t  t h e  a n n u a l  p o t e n t i a l  c a t c h  
of  bot tom f i s h  c o u l d  r e a c h  1 , 0 0 0  MT. (The d e p t h  t o  which t h e  s h e l f  area w a s  e s t i m a t e d  i s  
n o t  g i v e n . )  

The Government of Western Samoa h a s  a l s o  embarked on upgrad ing  t h e  e x i s t i n g  f i s h i n g  
f l e e t .  
f l e e t ,  are r a p i d l y  be ing  r e p l a c e d  by ca t amaran- type  and d i e se l -powered  b o a t s .  I n  1976,  
P h i l i p p  (1977) e s t i m a t e d  t h a t  t h e  Western Samoan f l e e t  of 160 small, m i s c e l l a n e o u s  b o a t s  of 
under  2 t o n s  c a r r y i n g  c a p a c i t y  caugh t  a wide v a r i e t y  of f i s h  t o t a l i n g  500 MT. An a d d i t i o n a l  
200 MT were t a k e n  by n e t  and s p e a r  f i s h e r m e n  p r i m a r i l y  i n s i d e  t h e  r e e f .  

T r a d i t i o n a l  f i s h i n g  canoes ,  once  t h e  f o u n d a t i o n  of t h e  i s l a n d ' s  n e a r s h o r e  f i s h i n g  

6 .5  C r u s t a c e a n s  

C r u s t a c e a n s  c o n s t i t u t e  o n l y  a minor p r o p o r t i o n  of  t h e  Hawaiian c a t c h .  P r e s e n t l y ,  t h e  
s p e c i e s  e x p l o i t e d  i n c l u d e  s p i n y  l o h s t e r s ,  P a n u l i r u s  m a r g i n a t u s  and E. p e n i c i l l a t u s ,  s q u a t  
l o b s t e r ,  S c y l l a r i d e s  s q u m o s u s ,  shr imp,  Penaeus m a r g i n a t u s ,  kona c r a b ,  Ranina s e r r a t a ,  
w h i t e  c r a b ,  P o r t u n u s  s a n g u i n o l e n t u s ,  r e d  c r a b ,  Podophthalmus v i g i l ,  and mangrove c r a b ,  
S c y l l a  serrata. The g e a r  most commonly used  t o  c a p t u r e  c r u s t a c e a n s  i n c l u d e  t r a p s ,  anchor  
n e t s ,  and l i f t  nets. Yaldwyn (1973) e s t i m a t e d  t h a t  t h e r e  are a t  least 450 s p e c i e s  of deca -  
pod c r u s t a c e a n s  i n  Hawaiian waters. 

The decapod c r u s t a c e a n  f a u n a  of South P a c i f i c  r e e f s  and i s l a n d s  p robab ly  t o t a l  some- 
where between 400 and 800 s p e c i e s  (Yaldwyn 1 9 7 3 ) .  The t w o  most s t r o n g l y  r e p r e s e n t e d  fami-  
l ies  i n  t h e  Sou th  P a c i f i c  r e g i o n  are t h e  snapp ing  shr imps ,  A lpha idae ,  and t h e  d a r k - f i n g e r e d  
c r a b s ,  Xanthidae.  O t h e r  w e l l  r e p r e s e n t e d  and e c o l o g i c a l l y  i m p o r t a n t  g roups  i n c l u d e  t h e  
commensal and f r e s h w a t e r  shr imps ,  Palaemonidae,  t h e  l a r g e  s p i n y  l o b s t e r s ,  P a l i n u r i d a e ,  t h e  
n o c t u r n a l  l a n d  hermit c r a b s ,  C o e n o b i t i d a e ,  and t h e  r e l a t e d  l a n d  c r a b ,  G e c a r c i n i d a e ,  t h e  
swimming c r a b s ,  P o r t u n i d a e ,  and t h e  s h o r e  c r a b s ,  G r a p s i d a e ,  most of  which are i m p o r t a n t  as 
food.  Yaldwyn s u g g e s t e d  t h a t  based on a mid - f igu re  of 600 s p e c i e s ,  t h e r e  are a t  least  150 
s p e c i e s  of shr imps ,  325 s p e c i e s  of  c r a b s ,  and 125 o t h e r s .  The decapod f a u n a  of t h e  South 
P a c i f i c  r e g i o n  is  p a r t  of t h a t  w i t h i n  t h e  I n d o - P a c i f i c  r e g i o n  and shows s t r o n g  a t t e n u a t i o n  
i n  g e n e r a  and s p e c i e s  f rom w e s t  t o  east. 

6 . 5 . 1  Frog c r a b  

Of t h e  33 MT o f  crustaceans caugh t  i n  Hawaiian waters, kona c r a b  is u s u a l l y  t h e  most  

V i r t u a l l y  the e n t i r e  c a t c h  of  kona c r a b  i s  t a k e n  o v e r  sandy bot tom i n  waters 
Onizuka (1972) h a s  shown t h a t  a l a r g e  

i m p o r t a n t ,  c o n s t i t u t i n g  a b o u t  a t h i r d  and sometimes up t o  t h r e e - f o u r t h s  of t h e  l a n d i n g s  
(Table  1 1 ) .  
which r a n g e  from less t h a n  6 m up t o  90 m i n  d e p t h .  
p r o p o r t i o n  of  the c a t c h  comes from Penguin Banks o f f  t h e  w e s t e r n  c o a s t  of t h e  i s l a n d  of 
Molokai;  the n o r t h e r n  c o a s t a l  waters o f f  N i ihau  i s  n e x t  i n  impor t ance .  Knowledge of  t h e  
r e s o u r c e s  of th i s  s p e c i e s  t h r o u g h o u t  t h e  rest of t h e  major  Hawaiian I s l a n d s  is r e l a t i v e l y  
poor .  

Catches of t h i s  s p e c i e s  i n  1961-72 r o s e  from 4 t o  33 MT b u t  d e c l i n e d  i n  subsequen t  

R e g u l a t i o n s  p r e s e n t l y  i n  e f f e c t  p r o h i b i t  c a p t u r e  of o v i g e r o u s  f ema les  and m a r k e t i n g  

y e a r s  and by 1975,  o n l y  8 MT o r  a b o u t  one - fou r th  of  t h e  1972 c a t c h  was r e p o r t e d .  

c r a b s  w i t h  c a r a p a c e  w i d t h  o r  l e n g t h  of less t h a n  10.2 cm.  The r e g u l a t i c n  on s i z e ,  however,  
d o e s  n o t  a f f o r d  the p r o t e c t i o n  i n t e n d e d  f o r  t h e  immature c r a b s ,  because  t h o s e  t h a t  are 
u n d e r s i z e d  are t a k e n  f o r  home consumption (Onizuka 1972) .  

Ca tches  of  w h i t e  c r a b  i n  Hawaiian waters, which have a l s o  shown a n  upward t r e n d  i n  
recent y e a r s ,  v a r i e d  between 1 and 4 MT in  1961-68, b u t  r o s e  t o  h i g h e r  levels and f l u c t u -  
a t e d  between 10 and 26 KT in 1969-75. 
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Table ll.--Nominal catches of marine crustaceans,  marine crabs,  l o b s t e r s ,  shrimps and 
prawns, molluscs, and marine s h e l l s  i n  western c e n t r a l  Pac i f i c  i s l a n d s  ( i n  
metr ic  tons)  (FA0 1970, 1975c, 1976b). 

1965 1966 1967 1968 1969 1970 1971 1972 1973 1974 1975 

Marine crustaceans 

Cook I s l ands  
F i j i  I s lands  
New Caledonia 

Marine c rabs  

Hawaiian Is lands’  
Papua New Guinea 

Lobsters  
American Samoa 
French Polynesia 
Hawaiian Is lands’  
P a p a  New Guinea 
Trust  Te r r i t o ry  of t h e  

Pac i f i c  I s lands  

Shrimps and prawns 

French Polynesia 
Guam 
Hawaiian I s l ands  
Papua New Guinea 
Trust  Te r r i t o ry  of t h e  

P a c i f i c  I s lands  

Molluscs 

Cook I s l ands  
Hawaiian Is lands’  
New Caledonia 

Marine s h e l l s  

F i j i  I s l ands  
French Polynesia 
New Caledonia 
Papua New Guinea 
Solomon I s l ands  

00 00 00 

100 100 100 
-- -- -- 

600 600 600 
11 19 16 

200 200 00 

00 

100 
-- 

46 -- 

-- 
00 

3 
-- 

00 

00 

1 
300 

00 

-- 

600 
1 7  
00 

-- 
100 

00 -- 
-- 

00 00 0 0 
-- 100 188 196 

100 ZOO 268 250 

52 37 44 25 
-- 150 450 -- 

1 -- 
00 00 0 2 

2 3 2 -- 
-- -- 340 265 

-- -- 

5 5 00 00 

00 00 0 0 
0 

<1 <1 2 3 
800 1,000 668 417 

00 00 0 0 

-- -- -- 

600 600 600 600 
14 21 14 14 
00 00 0 0 

500 600 271 320 
100 00 0 0 
00 00 0 0 

-- 317 534 
-- -- -- -- 
-- 

00 = More than zero but  less than 50 MT. 
0 = More than zero but  less than 0.5 MT. 

‘Data are from H a w a i i  Divis ion of F ish  and G a m e ,  comiiercial f i s h  ca tch ,  by spec ies ,  
1965-75, mimeo. 

6.5.2 Spiny l o b s t e r s  

Whereas t h e  commercial ca tch  of spiny l o b s t e r s  i n  H a w a i i  has  decl ined s i g n i f i c a n t l y  
from nea r ly  60 MT i n  1900 (Morris 1968) t o  about 2 MT i n  1974, surveys show t h a t  t h e r e  are 
probably unfished resources  of spiny l o b s t e r s  a t  depths  not  f i shed  by present  methods i n  
waters around not  only t h e  major Hawaiian I s lands  but a l s o  around t h e  Northwestern Hawaiian 
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Is lands.  I n  1965, s c i e n t i s t s  i n  a small research  submarine, explored t h e  ocean bottom t o  
depths  of 183 m of f  t h e  coas t  of Oahu and observed r a t h e r  l a r g e  quan t i t i e s  of spiny lob- 
sters a t  depths  between 24 and 107 m (Strasburg e t  a l .  1968). 
about 70-80 l o b s t e r s  were seen. A t  107 m, about 20 l o b s t e r s  were crowded in a small cave. 
The l a r g e s t  of these  l o b s t e r s  w a s  estimated t o  be about 3.2 kg i n  weight a s  compared t o  
0.5-0.9 kg of an average reef-caught l o b s t e r .  

From one small viewing p o r t ,  

Experimental f i s h i n g  wi th  t h e  1.5 x 1.5 x 1 . 2  m and t h e  0.6 x 0.6 x 1.2 m t r a p s  f o r  
t h e  spiny l o b s t e r ,  Panul i rus  marginatus, showed t h a t  catches from var ious  l o c a l e s  wi th in  
t h e  Northwestern Hawaiian I s l ands  were q u i t e  va r i ab le  (Uchida and Hida 1977). For example, 
t h e  best  ca tches  occurred off  Necker Is land where 17 t r a p s  f i shed  a t  27-57 m produced 160 
l o b s t e r s  o r  an average of 9.4 l o b s t e r s f t r a p .  Here, t h e  average s i z e  reached 0.6 kg. Traps 
f i shed  near  t h e  edge of t h e  bank i n  44-57 m of water produced t h e  bes t  catches.  A t  a s t a -  
t i o n  north-northwest of Nihoa I s land ,  ll t r a p s ,  f i shed  i n  44-48 m of water produced 41 lob- 
sters o r  an average of 3.7 l o b s t e r s f t r a p ,  weighing an average of 0.9 kg each. Catches were 
r e l a t i v e l y  poor a t  s t a t i o n s  occupied near  P e a r l  and Hermes Reef, Kure I s land ,  Lis ianski  
Is land,  Laysan Is land ,  and Gardner Pinnacles. The commercially valuable  kona c rab  occurred 
in t r a p s  set I n  46-55 m of water of f  P e a r l  and Hemes Reef and Kure Is land.  Three t r a p s  a t  
Kure produced 4.5-27.2 kg l t r ap  o r  an average of 13.9 kgl t rap .  

Fishing wi th  t h e  1.5 x 0.9 x 0.6 m Hawaiian t r a p  and t h e  0.9 x 0.6 x 0.4 m Cal i forn ia  
two-chambered l o b s t e r  p o t s  on another  c r u i s e  a l s o  yielded good catches of spiny l o b s t e r s  
around Necker Is land.  Among s i x  sets made during the c r u i s e ,  one set produced a spectacu- 
lar  428 l o b s t e r s .  A t  t h i s  p a r t i c u l a r  set, t h e  Hawaiian t r a p s  produced 229 l o b s t e r s  o r  an 
average of 19 . l J t rap .  
yielded 199 l o b s t e r s  or an average ca tch  of 16.5Jtrap.  The maximum ca tch  a t  one s t a t i o n ,  
cons is t ing  of a s t r i n g  of four  t r a p s ,  was 106 l o b s t e r s  o r  an average of 26.5ftrap. 
ind iv idua l  t r a p s ,  one Hawaiian t r a p  yielded a maximum of 49 l o b s t e r s  while  t h e  maximum f o r  
a Cal i forn ia  pot  w a s  33 lobs te rs .  

The Cal i forn ia  pot ,  being much smaller i n  s i z e  and t o t a l  volume, 

For 

I n  t h e  G i l b e r t s ,  commercial concentrat ions of spiny l o b s t e r s ,  E .  p e n i c i l l a t u s ,  have 
been reported from many of t h e  i s l a n d s  in t h e  group, but development of t h i s  f i she ry  has 
been delayed because of problems involved i n  t ranspor t ing  l i v e  l o b s t e r s  from the  place of 
capture  t o  t h e  markets (Gibson 1975). Experiments on l i v e  s torage  ind ica ted  t h a t  feeding 
during s torage  and t ranspor t ing  d id  not  reduce m o r t a l i t i e s  s ign i f i can t ly  and t h a t  l o b s t e r s  
fed d a l l y  and t ransported i n  w e t  or dry sawdust had a higher  s u r v i v a l  rate than unfed ones 
t ransported In w e t  j u t e  sacking, p a r t i c u l a r l y  f o r  journeys longer  than 8 h (Prescot t  1977). 

The commercial development of the  Papua New Guinea spiny l o b s t e r ,  Panul i rus  ornatus, 
f i s h e r y ,  which began i n  1961-62 with establ ishment  of shoreside cold s torage  and processing 
f a c i l i t i e s  a t  Yule Ioland,  has  been descr ibed by Pyne (1970), George (1972), and Wilson 
(1976). 

Br ie f ly ,  f i s h l n g  from small canoes o r  dinghies ,  e i t h e r  towed t o  t h e  grounds by 7-m 
diesel-powered do r i e s  o r  wi th  sail ,  takes  place over shallow reef  tops at  n ight  with t h e  
use  of kerosene lamps and pole n e t s  and during t h e  day by d ive r s  using surround n e t s ,  
spears ,  and t ang le  ne ts .  

A t  Yule I s land ,  because t h e  f i s h e r y  depends on seasonal  migrat ion of spawning aggrega- 
t i o n  of E .  ornatus ,  major f luc tua t ions  occur i n  annual landings. 
t h e  f i s h i n g  is no t  seasonal. 
population but  p a r t  o f  a much l a r g e r  migratory population, which continuously res tocks  t h e  
r e e f s  as It moves nor th  from t h e  l a r g e  reef  complexes in Torres S t r a i t  (FDNIDA 1976; Moore 
and McFarlane 1977). 

A t  Daru r e e f s ,  however, 
1 Studies  ind ica t e  t h a t  t h e  Daru r e e f s  s tock  i s  not  a l o c a l  

Spiny l o b s t e r s  i n  Papua New Guinea are a l s o  taken by trawlers. This f i she ry  began i n  
1973, and is a c t i v e  from August t o  December when,the l o b s t e r s  migrate  and captures  t h e  
l a r g e s t  proport ion from Papua New Guinea waters. Of  t h e  l a r g e r  trawlers (>20 m ) ,  24 f i shed  
f o r  l o b s t e r s  i n  1973 and 1974, but  t h e  number decl ined t o  4 i n  1975 and 1 2  i n  1976. 
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6 .5 .3  Shrimp 

I n  1967-68, t h e  N a t i o n a l  Marine F i s h e r i e s  S e r v i c e ' s  r e s e a r c h  v e s s e l ,  "Townsend 
Cromwell," surveyed  4,974 km2 of bottom area i n  Hawaiian waters and found 2,106 h2 trawl- 
a b l e ,  2 ,280  km2 u n t r a w l a b l e ,  and 587 km2 m a r g i n a l l y  t r a w l a b l e  (Yoshida 1972) .  
t i v e l y  l a r g e ,  u n i n t e r r u p t e d  area of t r a w l a b l e  bot tom was l o c a t e d  n o r t h  of t h e  i s l a n d  of 
H a w a i i .  
trawl y i e l d e d  penae id  shr imp,  Penaeus marg ina tus ,  f l a t f i s h e s ,  Bo th idae  and P l e u r o n e c t i d a e ,  
s p i n y  l o b s t e r ,  P a n u l i r u s  marg ina tus ,  and w h i t e  c r a b .  

One rela- 

One hundred and n i n e t e e n  d r a g s  made w i t h  t h e  Gulf of Mexico-type, f l a t  shr imp 

Yoshida r e p o r t e d  t h a t  t h e  shr imp,  caugh t  i n  d e p t h s  between 27 and 234 m on sandy and 
sand-mud s u b s t r a t e ,  w a s  t h e  most promis ing  s p e c i e s  f o r  t h e  development of a commercial  
f i s h e r y .  The c a t c h e s  of t h i s  s p e c i e s ,  which ranged  from 0 .45  t o  16 .10  k g l d r a g ,  were a lways  
b e t t e r  a t  n i g h t  t h a n  d u r i n g  dayt ime.  

I n  a t t e m p t s  t o  c a p t u r e  Penaeus marg ina tus  i n  Hawaiian and Nor thwes tern  Hawaiian 
I s l a n d s  waters w i t h  o t h e r  t y p e s  of g e a r ,  S t r u h s a k e r  and Aas ted  (1974) conducted  deepwater  
shr imp t r a p p i n g  su rveys .  
t i m e  i n  t h e  135-825 m d e p t h  r ange  y i e l d e d  poor  r e s u l t s .  More s u c c e s s ,  however, w a s  e x p e r i -  
enced i n  t r a p p i n g  c a r i d e a n  shr imps ,  He te roca rpus  e n s i f e r  and E. l a e v i g a t u s .  
c a r i d e a n  shr imps ,  b u r l a p  c lo th -cove red  t r a p s  o u t f i s h e d  uncovered  t r a p s  by f a c t o r s  of 2 .5  t o  
10. 

A t o t a l  of 82 sets i n v o l v i n g  306 t r a p s  and 3 ,960  h of f i s h i n g  

For  t h e s e  

He te roca rpus  e n s i f e r  w a s  most abundant  i n  d e p t h s  of 365-455 m where c a t c h e s  ranged  
from 6 .8  t o  28.6 k g f t r a p  f o r  sets of less t h a n  24-h d u r a t i o n .  
abundant  i n  deepe r  waters rang ing  from 440 t o  685 m where c a t c h e s  ranged  up t o  15 .8  kg f o r  
f o u r  t r a p s .  

The l a r g e r  z. l a e v i g a t u s  was 

S t r u h s a k e r  and Aasted i n d i c a t e d  t h a t  t r a p s  are a much more e f f i c i e n t  means of h a r v e s t -  
i n g  11. e n s i f e r  i n  H a w a i i  and concluded t h a t  an  annua l  y i e l d  of 1 o r  2 MTfkm2 f o r  Hawaiian 
waters does  n o t  seem l i k e  a n  un reasonab le  estimate. 
f o r  E. e n s i f e r  w i t h i n  t h e  major Hawaiian I s l a n d s  h a s  n o t  been p r e c i s e l y  de t e rmined  b u t  
p robab ly  exceeds  1 ,000  km2. 

The t o t a l  area of optimum d e p t h  r a n g e  

Comparison of c a t c h  rates f o r  3. e n s i f e r  showed that i n  t h e  western A t l a n t i c ,  e x p l o r -  
a t o r y  trawl c a t c h e s  by t h e  NMFS were of t h e  same magni tude  as t h o s e  i n  Hawaiian waters 
( S t r u h s a k e r  and Aasted 1974) .  
P a c i f i c  a l s o  produced c a t c h e s  similar t o  t h o s e  i n  H a w a i i .  
t h a t  E. e n s i f e r  and o t h e r  members of t h i s  genus  r e p r e s e n t  an  u n e x p l o i t e d  r e s o u r c e  of con- 
s i d e r a b l e  magni tude .  

Limi ted  t r a p p i n g  expe r imen t s  n e a r  Guam i n  t h e  w e s t e r n  
S t r u h s a k e r  and Aas ted  s p e c u l a t e d  

S c i e n t i s t s  aboard  t h e  "Townsend Cromwell" a l s o  surveyed  waters of t h e  Nor thwes te rn  
Hawaiian I s l a n d s  w i t h  a 12.5-m headrope ,  s emiba l loon  shr imp trawl a t  d e p t h s  of 29-37 m and 
i n  deepe r  waters r ang ing  from 400 t o  785 m. 
t h e  c a r i d e a n  sh r imps ,  E. e n s i f e r  and E. l a e v i g a t u s ,  a t  t h e  rate of 0.7-0.9 kg /h .  

Ca tches  were s m a l l ;  t h e  deepe r  h a u l s  produced 

Papua New Guinea ' s  shr imp f i s h e r y ,  c o n c e n t r a t e d  i n  waters less t h a n  55 m (30 fa thoms)  
a l o n g  t h e  c o a s t  i n  t h e  Gulf of Papua and t h e  western p r o v i n c e s ,  is based  on t h r e e  spec ie s - -  
banana shr imp,  Penaeus merqu inens i s ,  t h e  endeavour shr imp,  Metapenaeus endeavour i ,  and t h e  
t i g e r  shr imp,  2. monodon. The f i s h e r y  is s e a s o n a l ,  p r i m a r i l y  from March t o  J u l y  w i t h  much 
of t h e  f i s h i n g  o c c u r r i n g  i n  t h e  Gulf of C a r p e n t a r i a .  
shr imps  are p l e n t i f u l  o f f  K i k o r i ,  whereas from March t o  J u l y ,  banana and endeavour  sh r imps  
o c c u r  i n  t h e  Gulf of Papua b u t  are most abundant  o f f  t h e  mouth of t h e  F ly  R ive r  and Kerema. 
I n  1976, Wilson (1976) r e p o r t e d  t h a t  t h e  t r a w l i n g  f l e e t  c o n s i s t e d  of f o u r  100-250 GT ( g r o s s  
t o n s )  and t h r e e  15-m s i n g l e - r i g g e d  shrimp trawlers based  a t  P o r t  Moresby. 
t r a w l e r s  o p e r a t e d  o u t  of Yule I s l a n d .  

I n  January-February  endeavour 

Two o t h e r  

6.6 Mol luscs  

I n  H a w a i i ,  t h e r e  are s e v e r a l  l a r g e  beds  of American o y s t e r s ,  C r a s s o s t r e a  v i r n i n i c g ,  i n  
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West Loch, P e a r l  Harbor. According t o  s tandards es tab l i shed  by the U.S. Public  Health 
Service f o r  oys te r  growing waters, t h e  e s tua r ine  waters of Pear l  Harbor are gross ly  pol- 
l u t e d ;  therefore ,  no harves t ing  of oys t e r s  i s  permitted. The H a w a i i  Division of Fish and 
Game,  never the less ,  ac t ive ly  pursues research i n  oys te r  c u l t u r e .  In 1962, t h e r e  were 19  
major beds i n  West Loch containing about 36 mi l l i on  l i v e  o y s t e r s  (Hawaii DLNR 1971; Kawa- 
mot0 and Sakuda 1973). 
1962, increased t o  an estimated 175,600 m 2  by 1971, an increase  i n  cu l tur ing  area of about 
40%. The number of l i v e  o y s t e r s ,  on t h e  o ther  hand, decreased during t h i s  period by about 
3%; however, the  l a r g e r  s i z e s  of oys t e r s  encountered i n  1971 r e s u l t e d  i n  a 127% increase  i n  
estimated production t o  156,459 bushels. 

The t o t a l  area of t h e  beds, which w a s  estimated t o  be 125,400 m2 i n  

Kawamoto and Sakuda (1973) determined t h a t  oys t e r s  a t t a i n  maturi ty  a t  2 mo and l e g a l  
harves t ing  s i z e  a t  15 mo i n  West Loch. The annual mor ta l i ty  ra te  was estimated a t  68.7%. 
S tudies  a l s o  showed t h a t  o y s t e r s  increased from a subcommercial qua l i t y  (condi t ion index 
6.1) t o  a commercially acceptable  q u a l i t y  (condi t ion index 8.0) i n  3 weeks by using an 
a r t i f i c i a l  feeding regime. A depurat ion experiment demonstrated t h a t  oys t e r s  previously i n  
a r e s t r i c t e d  area could be cleansed within 1 week t o  an acceptable  condi t ion f o r  marketing. 

Reported landings of molluscs i n  t h e  Hawaiian I s lands ,  which averaged about 15 MT i n  
1961-75, are lower than the  actual  catch,  but i t  is d i f f i c u l t  t o  estimate t h e  unreported 
landings of t h e  r ec rea t iona l  fishermen. Nearly 60% of t h e  reported catch i s  composed of 
l impet ,  Cellana exara ta  and C. sandwicensis, l o c a l l y  c a l l e d  "opihi," whereas t h e  remainder 
of t h e  ca tch  cons i s t s  of octopus, Polypus marmoratus and E. ornatus ,  and squids ,  mostly 
Notodarus hawaiiensis. Harvesting of clams, Venerupis philippinarum, i s  regulated by the  
H a w a i i  Divis ion of Fish and Game and i s  usua l ly  allowed f o r  3 rno--September-November--after 
it has been determined t h a t  clams are s u f f i c i e n t l y  abundant t o  a l low f i s h i n g  and provided 
t h a t  waters i n  t h e  clamming grounds have been declared f r e e  of b a c t e r i a l  contamination. 

I n  French Polynesia, one of t h e  important f i s h e r i e s  i s  t h a t  f o r  b l ack l ip  p e a r l  s h e l l ,  
Pinctada margar i t i fe ra .  Because of  the  heavy f i s h i n g  pressure exerted by p e a r l  s h e l l  
d ivers ,  government regula t ions  have been i n s t i t u t e d  t o  p ro tec t  t h e  resources  of p e a r l  s h e l l  
(Van Pe l  1961). 
harves t ing  once every 4 yr .  
includes one reserved area where absolu te ly  no harves t ing  i s  permitted. 

Each year ,  some lagoons o r  s ec t ions  of lagoons are opened f o r  p e a r l  s h e l l  
A minimum s i z e  regula t ion  i s  a l s o  enforced. Each lagoon 

I n  1957, Trochus n i l o t i c u s  w a s  introduced on r e e f s  of T a h i t i  from New Caledonia. The 
success  of these  p lan t ings  have r e su l t ed  i n  t h e  establishment of a f i she ry  where methodical 
harves t ing  i s  allowed (Doumenge 1973). Harvesting i s  s t r i c t l y  supervised through a s p e c i d  
ordinance of t h e  Governor of French Polynesia. 

Harvested i n  l a r g e  q u a n t i t i e s  by t h e  l o c a l  r e s iden t s  i n  Tonga are arc s h e l l ,  Andara 
maculosa, which comprises nea r ly  50% of t h e  s h e l l f i s h  so ld ,  g i a n t  clams, Tridacna g i g a s  and - -  T. m a x i m a ,  up t o  45 cm long, small sca l lops ,  b l ack l ip  p e a r l  s h e l l ,  Venus s h e l l ,  and thorny 
oys te r ,  Spondylus sp.  Popular gastropods include sp ider  s h e l l ,  Lambis lambis, t i g e r  and 
egg cowries, Cypraea t igris and h u l a  ovum, var ious  spec ies  of Murex, and the  t r i t o n ,  
Charonia t r i t o n i s  (Lorimer and Maclean 1974). 

6.7 Echinoderms 

Sea urchins  and , in  p a r t i c u l a r ,  sea cucumbers form a very  important segment of t h e  bot- 
tom fauna wi th in  t h e  c o r a l  r e e f s  of many of t h e  c e n t r a l  and western P a c i f i c  i s l a n d s .  
a l s o  c o n s t i t u t e  p a r t  of t h e  d i e t  of many P a c i f i c  i s lands .  

They 

Bsche-de-mer formed t h e  b a s i s  of a very prosperous f i she ry  i n  t h e  P a c i f i c  region 
before  World War 11. Truk Is land i n  Micronesia, f o r  example, exported 450 MT (20-30/yr) 
mostly to  Japan during t h e  per iod of Japanese adminis t ra t ion  p r i o r  t o  World,War I1 (1914- 
41). Two world wars in t e r rup ted  t h e  growth and'continued development of t h i s  f i s h e r y  in 
Micronesia and New Hebrides, but  t h e r e  is growing i n t e r e s t  among t h e  Pac i f i c  i s l a n d s  gov- 
ernment t o  rev ive  i t  (Smith 194'7; South P a c i f i c  Commission 1974). I n  Papua New Guinea, 
Solomon Is lands ,  and F i j i ,  t h e  f i she ry  has  made a modest r ev iva l  i n  recent  years .  
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Among t h e  commerc ia l ly  e x p l o i t a b l e  s p e c i e s  of s ea ' cucumbers  are t e a t f i s h ,  M i c r o t h e l e  
n o b i l i s ,  b l a c k f i s h ,  Actinopyga miliaris, deepwater  r e d f i s h ,  A. e c h i n i t e s ,  s u r f  r e d f i s h ,  A. 
m a u r i t i a n a ,  s t o n e f i s h ,  A. l e c a n o r a ,  p r i c k l y f i s h ,  T h e l e n o t a  ananas ,  s a n d f i s h ,  H o l o t h u r i a  
s c a b r a ,  l e o p a r d f i s h  ( t i g e r f i s h ) ,  Bohadschia -, c h a l k y f i s h ,  E. marmorata marmorata,  
"Suthuwalu," 5. marmorata v i t i e n s i s ,  l o l l y f i s h ,  Halodeima e, and a s p e c i e s ,  S t i c h o p u s  
v a r i e g a t u s ,  which h a s  no  common name b u t  i s  s i m i l a r  t o  t h e  p r i c k l y f i s h .  Accord ing  t o  FA0 
(1976b),  c a t c h e s  of sea cucumbers in t h e  Solomons w e r e  200 MT i n  1912 and 300 MT i n  1973 
b u t  t h e y  d e c l i n e d  s h a r p l y  i n  1974 and 1975 r e a c h i n g  o n l y  18 and 9 MT, r e s p e c t i v e l y .  
Ca tches  from F i j i  were v e r y  small r e a c h i n g  o n l y  2 MT i n  1914. 

A t  p r e s e n t ,  t h e  o n l y  p r o c e s s i n g  p l a n t  f o r  sea cucumbers i n  t h e  P a c i f i c  r e g i o n  is 
l o c a t e d  i n  t h e  Solomon I s l a n d s .  Here, f o u r  s p e c i e s  a r e  of commercial  i m p o r t a n c e - - t e a t f i s h ,  
b l a c k f i s h ,  p r i c k l y f i s h ,  and deepwater  r e d f i s h  (James 1977a) .  I n  New H e b r i d e s ,  several :  com- 
m e r c i a l l y  i m p o r t a n t  s p e c i e s  a r e  found i n  t h e  l agoons  and an a c t i v e  f i s h e r y  cou ld  b e  orga-  
n i z e d  i n  v a r i o u s  p a r t s  of t h i s  i s l a n d  group.  
t h e  Un i t ed  S t a t e s  bu t  t h e  t r a d e  i s  n o t  w e l l  o rgan ized .  
good p r o s p e c t s  f o r  t h e  e s t a b l i s h m e n t  of a bgche-de-mer f i s h e r y  as l a r g e  q u a n t i t i e s  of com- 
m e r c i a l l y  impor t an t  s p e c i e s  a r e  found i n s i d e  t h e  lagoon.  A t  p r e s e n t ,  t h e r e  is no o b s t a c l e  
t o  t h e  r e e s t a b l i s h m e n t  of t h i s  f i s h e r y  i n  t h e  P a l a u  D i s t r i c t .  A t  Yap, however, t h e  lagoon 
a t e a  is small and p robab ly  canno t  s u p p o r t  a n  a c t i v e  l a r g e - s c a l e  f i s h e r y .  

Surveys  conducted in Truk lagoon showed t h a t  t e a t f i s h  and p r i c k l y f i s h  a r e  abundant and 
c a n  s u p p o r t  an a c t i v e  f i s h e r y  t o  conrmand dominance i n  t h e  T r u s t  T e r r i t o r y  (Sach i thanan than  
1972) .  The p o t e n t i a l  f o r  development is ex t r eme ly  good and t h e  soone r  i t  is s t a r t e d ,  t h e  
f i r m e r  w i l l  be  i ts f o o t h o l d  i n  Truk. 
r a r e l y  s e e n  a t  Ponape, b u t  s a n d f i s h  and l o l l y f i s h  are predominant .  A t  Kwaja l e in  in t h e  
M a r s h a l l s ,  s e v e r a l  commerc ia l ly  impor t an t  s p e c i e s  are abundant  and a f i s h e r y  f o r  them can  
b e  e s t a b l i s h e d  by o r g a n i z i n g  t h e  small g roups  of f i she rmen  i n  each  a t o l l .  

7. CIGUATERA 

Fiji e x p o r t s  b&he-de-mer t o  A u s t r a l i a  and 
P a l a u  i n  t h e  T r u s t  T e r r i t o r y  h a s  

On t h e  o t h e r  hand, t e a t f i s h  and p r i c k l y f i s h  are 

C i g u a t e r a  f i s h  p o i s o n i n g ,  a l s o  known as i c h t h y o s a r c o t o x i s m  i n  med ica l  t e rmino logy ,  is 
a d i s e a s e  w i t h  c e r t a i n  c h a r a c t e r i s t i c  n e u r o t o x i c  and g a s t r o e n t e r i c  symptoms produced by 
i n g e s t i o n  of a v a r i e t y  of f i s h  i n c l u d i n g  snappe r ,  L u t j a n i d a e ,  g r o u p e r s ,  S e r r a n i d a e ,  j a c k s ,  
Carangidae ,  b a r r a c u d a ,  Sphyraen idae ,  and s u r g e o n f i s h ,  Acan thur idae ,  from t o x i c  a r e a s  
(Ha l s t ead  and L i v e l y  1954; H e l f r i c h ,  P iyaka rnchana ,  and M i l e s  1968) .  Accord ing  t o  H e l f r i c h  
e t  al .  c i g u a t e r a  and t e t r a o d o n  po i son ing  can  be  d i s t i n g u i s h e d  from e a c h  o t h e r  by t h e  cha r -  
a c t e r  of t h e  t o x i n  and symptomatology, and from scombroid p o i s o n i n g  by d i s t i n c t  e t i o l o g i c a l  
a g e n t s  which have  been i s o l a t e d .  
c i g u a t e r a  f i s h  p o i s o n i n g  on t h e  b a s i s  of symptomatology. Recent  e v i d e n c e  shows t h a t  c igua-  
t e r a  is probab ly  caused  by more t h a n  one t o x i n  and i n c l u d e s  what h a s  been d e s c r i b e d  a s  Gym- 
n o t h o r a x  p o i s o n i n g  and e lasmobranch  p o i s o n i n g ;  t h e  t o x i n s  from s n a p p e r s ,  s h a r k  livers, and 
moray eels have been  i s o l a t e d  and appea r  t o  b e  i d e n t i c a l  (Ralls and H a l s t e a d  1955; H a l s t e a d  
1959; Banner et  al. 1964).  

Clupeoid  p o i s o n i n g  a l s o  a p p e a r s  t o  be  d i s t i n c t  from 

C i g u a t e r a  a p p e a r s  t o  be widespread  through t h e  o c e a n i c  i s l a n d s  of t h e  P a c i f i c  between 
t h e  30' p a r a l l e l s  of l a t i t u d e  ( H e l f r i c h  e t  al .  1968) .  
p o i s o n i n g  h a s  a d i s c o n t i n u o u s  d i s t r i b u t i o n ,  t h e  c o n d i t i o n  h a s  been r e p o r t e d  from a t  least 
some of t h e  i s l a n d s  of a l l  t h e  a r c h i p e l a g o e s  of t h e  t r o p i c a l  P a c i f i c  w i t h  t h e  e x c e p t i o n  of 
t h e  C a r o l i n e 6  and t h e  P h i l i p p i n e s  ( H e l f r i c h  and Banner 1968) .  Fo r  a n  e x h a u s t i v e  r ev iew of 
i n v e s t i g a t i o n s  on c i g u a t e r a ,  t h e  r e a d e r  is r e f e r r e d  t o  H a l s t e a d  (1965-70). A b s t r a c t s  of 
p a p e r s  p r e s e n t e d  a t  a seminar on i c h t h y o s a r c o t o x i s m  may b e  found i n  South  P a c i f i c  Commis- 
s i o n  (1968).  

The o c c u r r e n c e  of c i g u a t e r a  in  some s p e c i e s  found in t h e  c e n t r a l  P a c i f i c  a f f e c t s  n o t  
o n l y  t h e  p o p u l a t i o n  by c a u s i n g  i l l n e s s ,  b u t  a l s o  as is o f t e n  t h e  c a s e ,  d e p r i v e s  them of a 
major  s o u r c e  of p r o t e i n .  I n  some a r e a s  t h a t  a r e  s e r i o u s l y  a f f e c t e d ,  i t  cou ld  restrict t h e  
f u l l  development of an o u t e r  r e e f  h a n d l i n e  f i s h e r y  and u t i l i z a t i o n  of t h e  demersa l  s t o c k s .  
Tab le  12 g i v e s  t h e  r e s u l t s  of t o x i c i t y  tests conducted  on f i s h e s  caugh t  in  waters around 
t h e  L i n e  I s l a n d s .  

Although t h e  o c c u r r e n c e  of c i g u a t e r a  
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T a b l e  12.--Line I s l a n d s  f i s h e s  t e s t e d  f o r  t o x i c i t y  a t  Hawaii  I n s t i t u t e  
of Marine Bio logy  ( H e l f r i c h  , e t  a l .  1968) .  

R e s u l t s  

Toxic Nontoxic  
Fami ly  S p e c i e s  

Acan t h u r  i d a e  

A l b u l i d a e  

Carangidae  

Chae todon t idae  

E l o p i d a e  

L a b r i d a e  

Lut j a n i d a e  

Mug i 1 i d a  e 

Muraenidae 

S e r r a n i d a e  

Sphyraen idae  

~ ~~~~ 

Acanthurus  t r i o s t e g u s  t r i o s t e g u s  (Linnaeus)  X 

- A. x a n t h o p t e r u s  Cuv ie r  and Va lenc iennes  X 

Ctenochae tus  s t r i a t u s  (Quoy and Gaimard) X 
- C. cyanogutt- Randa l l  X 

A lbu la  v u l p a s  (Linnaeus)  

Caranx i g n o b i l i s  ( F o r s k s l )  X 
- C. melampygus Cuv i e r  X 

X 

Chaetodon a u r i g a  F o r s k h  

E lops  machnata F o r s k h  

C h e i l i n u s  u n d u l a t u s  Ruppel l  

Lechr inus  m i n i a t u s  Bloch and Schne ide r  
L. v a r i e g a t u s  Cuvier  and Va lenc iennes  
T u t j a n u s  bohar  ( F o r s k h )  
- L. monostigmus (Cuv ie r  and Va lenc iennes )  
- L. g i b b u s  ( F o r s k z l )  
Monotaxis g r a n d o c u l i s  ( F o r s k k )  

Mugil c r e n i l a b i s  ( F o r s k h )  
Neomyxus c h a p t a l i i  (Eydoux and S o u l e y e t )  

X 

X 

Gymnothorax j a v a n i c u s  (B leeke r )  X 

Va lenc iennes )  X 

Anyperodon l e u c o g r a m i c u s  (Cuvier  and 

Ep inephe lus  f u s c o g u t t a t u s  ( F o r s k h )  X - -  E. t a u v i n a  ( F o r s k s l )  X -- V a r i o l a  l o u t i  ( F o r s k i l )  X 

Cepha lopho l i s  a r g u s  Bloch and Schne ide r  X 

Sphyraena  b a r r a c u d a  (Walbaum) X 

I n  Tonga, c i g u a t e r a  p o i s o n i n g  does  n o t  appea r  t o  be  se r ious - - a  s p e c i e s  which is usu- 
a l l y  s u s p e c t  is L u t j a n u s  boha r .  
months, i t  may a f f e c t  t h e  consumer (Wilk inson  1977a) .  

A t  t i m e s ,  t h i s  s p e c i e s  is e x c e l l e n t  e a t i n g  whereas  i n  some 

I n  Western Samoa, c i g u a t e r a  p o i s o n i n g  a l s o  i s  n o t  a s e r i o u s  problem. L u t j a n u s  p h a r  
which is t h e  o n l y  s p e c i e s  t h u s  f a r  i m p l i c a t e d  i n  p o i s o n i n g  c a s e s ,  c o n s t i t u t e s  o n l y  5X of 
t h e  t o t a l  c a t c h  (Gulbrandsen  1977) .  

The problem of c i g u a t e r a  p o i s o n i n g  i n  t h e  Yap D i s t r i c t  o c c u r s  o n l y  a t  U l i t h i  A t o l l  and 
o n l y  i n  c e r t a i n  s e c t i o n s .  S p e c i e s  o c c a s i o n a l l y  i m p l i c a t e d  i n  p o i s o n i n g  c a s e s  i n  o t h e r  
local i t ies  i n  t h e  P a c i f i c - - b a r r a c u d a ,  l u t j a n i d s ,  and l a r g e  carangids- -have  n o t  caused  p o i -  
s o n i n g  c a s e s  i n  Yap (McCoy 1977) .  
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A t  Penrhyn i n  the  nor thern  Cook I s l ands ,  a recent  increase  i n  cases  of f i s h  poisoning 
has been a t t r i b u t e d  t o  a hur r icane  which s t ruck  t h e  islands and caused widespread damage t o  
t h e  reef  c o r a l  (Brandon 1976). It w a s  suggested t h a t  a rap id  increase  in new c o r a l s  could 
have i n i t i a t e d  the sudden increase  i n  c igua te ra  poisoning. 
is  p a r t i a l l y  supported by t h e  dec l ine  i n  incidence of f i s h  poisoning cases  wi th  t i m e  fo l -  
lowing a peak s h o r t l y  a f t e r  t he  hurricane. 

Brandon s t a t e d  t h a t  t h i s  theory 

Among the  f i s h e s  implicated i n  f i s h  poisoning cases a t  Penrhyn were snappers,  &. bohar 
and L. va ig iens i s ,  co ra l  cod, Cephalopholis miniatus,  moray eel ,  Gymnothorax sp . ,  red 
emperor, Le thr inus  s p . ,  white pa r ro t ,  Scaridae,  wrasse, Cheilinus undulatus,  and surgeon- 
f i s h ,  Ctenochaetus s t r i a t u s .  

Not a l l  t h e  deepwater f i s h  caught i n  Tuvalu are sa l ab le .  Ciguatera poisoning, 
although not a se r ious  problem i n  Tuvalu, could have a de t r imenta l  e f f e c t  on f i s h e r y  devel- 
opment because of t h e  r e l a t i v e l y  high propor t ion  of poisonous f i s h e s  i n  t h e  catch.  Eginton 
(1977) estimated t h a t  about 17% of t h e  survey p r o j e c t ’ s  f i s h  landings  were poisonous and 
included such spec ie s  as 4. bohar, Var io la  l o u t i ,  Plectropoma maculatus, and o the r  l a r g e  
groupers, and several unident i f ied  l u t j a n i d s .  

8. DISCUSSION 

The high population growth rate i n  many of t h e  P a c i f i c  i s l ands  over t h e  pas t  decade 
has  had a s i g n i f i c a n t  e f f e c t  on t h e  p a t t e r n  of f i sh ing .  
f i s h i n g  has p r a c t i c a l l y  been l o s t .  
l o c a l  population t o  earn  cash income through copra production and t o  ob ta in  t h e i r  f i s h  
through purchases a t  t he  p l an ta t ion  s t o r e  (Murphy 1973) .  Thus, t h e  a b i l i t y  t o  f i s h  and t h e  
t r a d i t i o n  of going t o  sea eventua l ly  i s  l o s t  a f t e r  a few generations of t h i s  type of pres- 
Sure. Furthermore, f i sh ing  pressure  on f i s h  resources  i n  t h e  lagoons and ad jacent  reef and 
shallow-water areas has increased s t e a d i l y  r e s u l t i n g  i n  se r ious  deple t ion  of some s tock .  
I n  many cases, resources t h a t  have been the  b a s i s  of subs is tence  f i s h i n g  fo r  genera t ions  no 
longer exis t .  

I n  some i s l ands ,  t he  t r a d i t i o n  of 
For example, copra p l an ta t ion  opera tors  encourage t h e  

It has  been suggested t h a t  among the  spec ie s  p re sen t ly  being harvested wi th in  t h e  
western c e n t r a l  Pac i f i c ,  sk ip j ack  tuna ,  toge ther  wi th  o the r  small tunas ,  w i l l  dominate 
f i s h e r y  production (Wilkinson 1977b). I t  appears un l ike ly  t h a t  a commercial f i s h e r y  f o r  
any of t h e  o the r  spec ies  can compete. For example, even t h e  deep-swimming tunas and b i l l -  
f i s h e s  are under considerable f i s h i n g  pressure  and production from these  resources  appears 
t o  be s t a b i l i z i n g  s o  t h a t  s u b s t a n t i a l  i nc reases  i n  ca tches  of these  spec ie s  seem unl ike ly .  
This does not mean, however, t h a t  t he  co ra l  reef and outer-reef f i s h e r i e s  do not  have t h e  
p o t e n t i a l  f o r  f u r t h e r  development. 
i s l ande r s ,  t hese  small-scale f i s h e r i e s  w i l l  cont inue  t o  have considerable socioeconomic 
va lue  t o  the v i l l a g e s  and communities i n  t h e  region. 

On t h e  cont ra ry ,  because of t he  l i f e s t y l e  of P a c i f i c  

The c o r a l  r ee f  environment can be harvested with indigenous and r e l a t i v e l y  uncompli- 
cated f i s h i n g  techniques that have evolved over t h e  years  (Wilkinson 1977h). And it is not  
l i k e l y  t h a t  t h e  t r a d i t i o n a l  a r t i s a n a l  method of f i s h i n g  w i l l  change d r a s t i c a l l y  i n  t h e  near  
fu tu re .  
however, is formidable indeed because of the  high degree of d i v e r s i f i c a t i o n .  The wide 
v a r i e t y  of spec ie s  harvested from t h i s  environment, coupled wi th  l o c z l  soc io log ica l  f a c t o r s  
t h a t  tend t o  i n h i b i t  proper u t i l i z a t i o n ,  w i l l  have a s i g n i f i c a n t  in f luence  on r a t i o n a l  
long-term management of t h e  c o r a l  reef  resource.  The economic f a c t o r s  a l s o  d i c t a t e ,  t o  
some ex ten t ,  t h e  expenditure of f i s h i n g  power; t he re fo re ,  t h e r e  w i l l  be some degree of 
management. 

The problem of es t imat ing  sus t a inab le  y i e ld  l e v e l s  f o r  c o r a l  reef  communities, 

It has become abundantly clear i n  r ecen t  yea r s  t h a t  developmental e f f o r t  i n  t h e  f u t u r e  
has t o  concent ra te  on in t roducing  d i f f e r e n t  methods of f ioh ing  t o  harvest t h e  outer-reef 
s lope  and nearshore pe l ag ic  resources.  The f i s h e r i e s  for t hese  resources  w i l l  su re ly  
emerge In t h e  yea r s  t o  come, bu t  t h e i r  development w i l l  r equ i r e  new o r  perhaps un t r i ed  and 
untes ted  techniques. Among t h e  urgent needs a r e  powered f i s h i n g  boa t s  which can withstand 
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t h e  choppy of fshore  waters and a l s o  provide reasonable  amount of comfort t o  t h e  fishermen 
handling gurd ies  and o ther  mechanical devices  f o r  bottom f i s h i n g  i n  deep, outer-reef waters, 
r e f r i g e r a t i o n  t o  preserve t h e  catch,  simple echo sounders, and t r a i n i n g  in  simple naviga- 
t ion .  

9. REQUIREMENTS FOR FURTHER STUDY 

The preponderance of s t u d i e s  on f i s h  resources  has been concentrated i n  t h e  North 
P a c i f i c .  
phy of t h e  North Pac i f i c  i n  con t r a s t  t o  only 18 on similar s u b j e c t s  f o r  t h e  South Pac i f i c  
(Knox 1970). 
North P a c i f i c  f i s h e r i e s  are highly developed technological ly  r e su l t i ng  i n  higher  a l loca-  
t i o n s  of funds €or marine research.  

For t h e  period 1949-68, t h e r e  were 202 papers dea l ing  with b io logica l  oceanogra- 

The main reason f o r  t h i s  d i f f e rence  i s  t h a t  t h e  count r ies  engaged i n  t h e  

I n  general ,  f o r  almost every i s land  o r  i s land  group covered i n  t h i s  r e p o r t ,  t h e  prime 
requirement is f o r  ca tch  and e f f o r t  s tatist ics,  which, a t  the  present  time, are usua l ly  
incomplete, o r ,  i n  t h e  case of subsis tence f i s h e r i e s ,  nonexis tent .  To obta in  any kind of 
s ta t is t ical  d a t a  i n  such a v a s t  area with many r e l a t i v e l y  underdeveloped i s l a n d s ,  however, 
p resents  many problems. For example, l ack  of communication between t h e  government cen te r s  
and out ly ing  v i l l a g e s  and lack  of t ra ined  personnel amongst t h e  v i l l a g e r s  t o  record ca tch  
and e f f o r t  d a t a  accura te ly ,  sys temat ica l ly ,  and cons i s t en t ly  are two very bas i c  problems 
t h a t  need immediate a t t e n t i o n .  

A cons iderable  amount of work is a l s o  needed t o  b e t t e r  understand t h e  biogeography i n  
For example, information is very scanty on t h e  d i s t r i b u t i o n  of t h e  c e n t r a l  South P a c i f i c .  

plankton and benthic  animals in t h e  South Pac i f ic .  
i t y ,  such as primary production i n  t h e  oceanic regions,  as w e l l  as i n  t h e  c o r a l  reef  eco- 
system, would be most usefu l .  
vae of important commercial spec ies ,  wi th  t h e  exception of the  tunas, are sparse  and much 
could be done i n  t h i s  area. 

Other measures of b io log ica l  productiv- 

Estimates of r e l a t i v e  abundance of planktonic  eggs and lar- 

Information on t h e  outer-reef demersal and pe lag ic  resources  i s  a l s o  very sparse .  
Correspondingly de t a i l ed  da ta  on hydrography and bottom topography are a l s o  lacking from 
around most of t h e  i s lands .  It would appear, then, t h a t  a p a r t  from s t a t i s t i c s ,  t h e  most 
urgent  need is f o r  ex tens ive  surveys of t h e  demersal and pe lag ic  resources .  
assess t h e  marine resources  of t h e  Northwestern Hawaiian I s l ands  has  a l ready been imple- 
mented by t h e  Southwest F i she r i e s  Center, Nat ional  Marine F i she r i e s  Service,  Honolulu, 
Hawaii and prel iminary r e s u l t s  from some of t h e s e  i s l a n d s  and a t o l l s  i n d i c a t e  t h e  ex is tence  
of poss ib le  commercial concent ra t ions  of demersal f i s h  spec ies  and s h e l l f i s h .  

A proposal t o  

I n  most western c e n t r a l  P a c i f i c  i s l a n d s ,  t h e r e  is no b a s i s  of p a s t  f i s h e r i e s  experi- 
ence t o  ind ica t e  t h e  s i z e  of t h e  coas t a l  and pe lag ic  resources  with much accurac:~. Fur- 
thermore, d e t a i l e d  information about s tanding s tocks  o r  po ten t i a l  sustained y i e l d s  from t h e  
she l f  o r  c o a s t a l  areas of t h e  many P a c i f i c  i s l a n d s ,  even i n  areas of high population den- 
s i t y  and high market demand such as t h e  Hawaiian I s lands ,  is almost completely absent .  
is no t  expected that po ten t i a l  production from t h e  many coas t a l  areas of these  i s l a n d s ,  how- 
ever extensive they may be, would be l a r g e  enough t o  withstand t h e  in tense  f i s h i n g  pressure  
of i n d u s t r i a l  f i s h e r i e s  which occur i n  temperate c o a s t a l  regions of t h e  world. 
less, t h e  p o t e n t i a l  production is  probably adequate o r  ample i n  many of these  coas t a l  areas 
t o  supply t h e  l o c a l  needs f o r  many types of f i s h e r y  products. 
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