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ABSTRACT 

Longline f i she ry  ca tch  s t a t i s t i c s  were used t o  estimate r e l a t i v e  
abundance of t r u e  pe lag ic  spec ies  wi th in  the  Fishery Conservation 
Zone of t h e  Northwestern Hawaiian Is lands.  Rela t ive  apparent 
abundance of coas t a l  pe lag ic  species  w a s  determined by t r o l l i n g  
surveys. 
lunga were estimated from o t o l i t h  age determinations.  
of the fecundi ty  of Acanthocybium so landr i  has  begun. 

Growth curves f o r  Euthynnus a f f i n i s  and Thunnus e- 
A study 

fecundity 
r e l a t i v e  apparent abundance 
Northwestern Hawaiian I s l ands  
age and growth 
pe lag ic  f i s h e s  

INTRODUCTION 

The survey area i n  the  Northwestern Hawaiian I s lands  (NWHI) included 
i n  t h i s  study extends from Nihoa t o  Kure Ato l l  and is about 1,700 km long 
and 640 km wide. Much of t h i s  area is i n  the  pelagic  realm. The pelagic  
resources  considered i n  t h i s  r epor t  cons i s t  of t he  t rue,  pelagic  and the  
coas t a l  pe lag ic  f i shes .  

The foreign longl ine  f i she ry  i n  the  Pac i f i c  has been harvest ing the  
t r u e  pe lag ic  f i s h e s  from an area northwest of t he  inhabi ted high i s lands .  
This f i sh ing  ground extends i n t o  the  U.S. 200-mile Fishery Conservation 
Zone (FCZ) around t h e  M I .  The t r u e  pe lag ic  spec ies  include the  bigeye 
tuna, Thunnus obesus; yellowfin tuna,  r. albacares;  a lbacore,  r. alalunga;  
northern b luef in  tuna, r. thynnus; skipjack tuna,  Katsuwonus pelamis; 
swordfish, Xiphias gladius;  s t r i ped  marlin,  Tetrapturus  audax; s h o r t b i l l  
spear f i sh ,  x. angus t i ros t r i s ;  b lue  marl in ,  nigr icans;  black marl in ,  
- -  M. ind ica ;  s a i l f i s h ,  I s t iophorus  p la typterus ;  mahimahi, Coryphaena hip- 
purus;  and sharks,  Carcharhinus (C. longimanus), C. fa lc i formis ,  



I s u r u s  oxyrinchus,  and Prionace g lauca .  Yong and Wetherall  (1980) have 
est imated t h e  f o r e i g n  l o n g l i n e  monthly e f f o r t  and ca tch  wi th in  t h e  200- 
m i l e  FCZ f o r  1965 through 1977. 

The Japanese b a i t b o a t  f i s h e r y  has  a l s o  harvested sk ip jack ,  bigeye, 
and yel lowfin tunas i n  t h e  FCZ. I n  1972, t h e  eastward expansion of t h e  
a lbacore  b a i t b o a t  f i s h e r y  reached t h e  NWHI ( F i s h e r i e s  Agency of Japan, 
1977a). Albacore w a s  caught only i n  1972, 1975, and 1977 i n  t h e  v i c i n i t y  
of Hancock Seamounts. 
on o r  near  t h e  banks of t h e  "HI; sk ip jack  tuna w a s  a l s o  caught on o r  
near  t h e  banks b u t  w a s  a l s o  caught i n  abundance on t h e  open sea southwest 
of t h e  FCZ ( F i s h e r i e s  Agency of Japan, 1977b; Yong and Wetheral l ,  1980). 
Catches of sk ip jack  tuna,  t h e  t a r g e t  s p e c i e s ,  peaked f o r  about a period 
of a month between May and August. Whereas t h e  ca tch  rates of sk ip jack  
tuna have averaged between 6 and 11 metr ic  tons  (MT.)/vessel/day, s ing le-  
day catches up t o  50 MT a day have been reported (Tanaka, n .d . ) .  Yong 
and Wetherall  (1980) a l s o  est imated t h e  monthly f i s h i n g  e f f o r t  and skip-  
j a c k  tuna ca tch  w i t h i n  t h e  200-mile FCZ f o r  1972 through 1977. 

Yellowfin and bigeye tunas w e r e  caught pr imar i ly  

Besides s k i p j a c k  and yel lowfin tunas,  which a r e  a l s o  considered as 
t r u e  pe lag ic  spec ies ,  t h e  c o a s t a l  pe lag ic  s p e c i e s  inc lude  t h e  ono, 
Acanthocybium s o l a n d r i ;  kawakawa, Euthynnus a f f i n i s ;  rainbow runner,  
Elapatis b ip innula tus ;  bigeye scad, Trachurops crumenophthalmus; Japanese 
mackerel, Scomber japonicus; and four  s p e c i e s  of mackerel scad, Decapterus 
macarel lus  (= 2. p i n n u l a t u s ) ,  2. maruadsi, 2. muroadsi (= E. r u s s e l l i i ) ,  
and E. macrosoma. 
pe lag ic  resources  does not  e x i s t  i n  t h e  NWHI. 
f i s h i n g  v e s s e l s  have t r o l l e d  f o r  kawakawa and yel lowfin tuna t o  use as 
b a i t  i n  l o b s t e r  t r a p s .  Mahimahi and ono caught on t r o l l i n g  l i n e s  by lob- 
ster fishermen are s o l d  a t  t h e  Honolulu f i s h  auc t ion .  

A t  p resent ,  a commercial f i s h e r y  f o r  t h e  c o a s t a l  
On a few occasions,  l o b s t e r  

Research c r u i s e s  t o  t h e  NWHI were made on 30 occasions during t h e  
1950s and 1960s and d a t a  on t r o l l i n g  and f i s h  school and b i r d  f l o c k  
s i g h t i n g s  from t h e s e  c r u i s e s  have been published by Murphy and Ikehara 
(1955), Graham (1957), and Waldron (1964). And p r i o r  t o  t h e  c u r r e n t  
series of NWHI survey c r u i s e s ,  the  NOAA s h i p  Townsend Cromwell made a 
search-survey c r u i s e  f o r  sk ip jack  tuna i n  1975 which included p a r t s  of 
t h e  NWHI. 

Except f o r  these  f i s h  school  surveys and some b a i t f i s h  surveys i n  t h e  
NWHI, t h e  p e l a g i c  resources  have not  been s tudied .  Records of t h e  fore ign  
l o n g l i n e  f i s h e r y  and b a i t b o a t  f i s h e r y  provide u s  with estimates of rela- 
t i v e  apparent  abundance of tunas and b i l l f i s h e s .  This  s tudy inc ludes  t h e  
d i s t r i b u t i o n ,  catch rates, age and growth, fecundi ty  and spawning, and 
foraging  h a b i t s  of t h e  c o a s t a l  p e l a g i c  spec ies .  

MATERIAL AND METHODS 

T r o l l i n p  and tagging opera t ions  

The seven survey c r u i s e s  of t h e  Townsend Cromwell s i n c e  t h e  summer of 
1977 included a s tandard t r o l l i n g  procedure. Nine l i n e s  were t r o l l e d  a t  
7 knots  during var ious  times of t h e  day a t  t h e  edge of banks between t h e  
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73 and 274-m depth contours. 
fork length, sexed, and sometimes weighed. Time of landing, position, and 
depth were also recorded on the Standardized Surface Trolling Data Sheet 
(SSTDS). 
formaldehyde and seawater. Otoliths were extracted and frozen in water 
for examination at the laboratory. 

When a fish was landed, it was measured for 

Ovaries and stomach contents were preserved in a solution of 4% 

Kawakawa, yellowfin tuna, and ono were tagged in 1977. Troll-caught 
fishes were measured, tagged with a dart tag (Yamashita and Waldron, 1958), 
and released. 

Distribution and relative apparent abundance 

Yong and Wetherall (1980) tabulated the catch and effort by 1' squares 
from Japanese and unpublished Taiwan longline fishery data for 1971 through 
1975 and from Japanese baitboat data for 1972 through 1977. Catch and 
effort data were estimated by 5' squares for 1965 through 1970, 1976, and 
1977. They estimated the catch of major tuna and billfish species and 
effort within the FCZ around the M I  using these tabulations. 

The distribution of troll-caught pelagic fishes was analyzed by com- 
paring the number of fishes caught per line-hour of fishing in each 6-min 
cell around the "HI. The position of capture on the SSTDS was used to 
place the fish into cells. When the position of capture was missing, the 
position was estimated using the ship's track chart and the time of 
capture. 

Age and growth studies 

In the laboratory, sagittae, the largest of the otoliths, were 
cleaned, etched, mounted, and read as described by Uchiyama and 
Struhsaker (in press). Age-length determinations were used to calculate 
the von Bertalanffy growth parameters. 

Experiments were also conducted to verify that growth rings were 
deposited daily. At the Kewalo Research Facility, pelagic fishes main- 
tained in aquaria were either injected or  orally fed oxytetracycline at 
a rate of about 33 mg oxytetracyclinelkg of fish to mark a spot on the 
sagittae. 
the number of daily growth rings counted between the mark, which was 
visible under ultraviolet excitation, and the edge of the rostrum or 
postrostrum with the number of days the fish was kept alive and feeding 
after marking. 

The daily deposition of growth rings was verified by matching 

Fecundity and spawning season 

Since 1978, all developing and ripe ovaries of pelagic fishes were 
collected to determine the length of the spawning period. Immature 
ovaries were noted in the remarks column of the SSTDS. The maturity of 
the ovary was determined on the basis of the most advanced ova present as 
described by Uchiyama and Shomura (1974). Then the monthly percentage 
distribution of sampled ovaries in each developmental stage, i . e . ,  immature, 
developing, advanced developing, early ripe, and ripe, was calculated. 



Fecundity estimates were made only on ovar ies  i n  the  advanced devel- 
oping, ea r ly  r i p e ,  and r i p e  s tages .  The ova development within an ovary 
w a s  t e s t ed  f o r  homogeneity and fecundi ty  estimates w e r e  made as described 
by Otsu and Uchida (1959). 

Study on foraging h a b i t s  

The volume and indiv idua l  counts of forage i t e m s  were determined fo r  
each stomach. 
measured f o r  volume and length.  

Each i t e m  w a s  i den t i f i ed  t o  species  when poss ib le  and 

Night-l ight s t a t i o n s  

A 1,500-W bulb night  l i g h t  w a s  used t o  a t t r a c t  bigeye scad, mackerel 
scad, and o ther  organisms. 
organisms a t t r a c t e d  t o  the  l i g h t .  Hourly da t a  on organisms caught and 
estimates of t he  quan t i ty  of organisms a t t r a c t e d  t o  the  l i g h t  were kept.  

Dip n e t s  and j i g  l i n e s  were used t o  capture  

RESULTS 

Dis t r ibu t ion  and r e l a t i v e  apparent abundance 

Annual ca tch  rates of t U M S  and b i l l f i s h e s  were estimated using ca tch  
and e f f o r t  da t a  obtained from foreign longl ine  ves se l s  operating within 
the  FCZ around the  NWHI (Table 1). The catch rate of t he  whole mixed 
spec ies  f i she ry  remained s t a b l e  during the  5 years  of study, but f luc tua-  
t i ons  i n  the  ca tch  rates of ind iv idua l  species  such as bigeye tuna, alba- 
core,  and s t r i p e d  marl in  occurred. Although t h e  longl ine  f i she ry  w a s  a 
winter  f i she ry  i n  the  1970s (Figure l ) ,  there  w a s  a l s o  a summer f i she ry  
i n  the  1960s. 
obtained by combining the  ca tch  by long l ine r s  with the catch by the  ba i t -  
boa ts  (Table 2 ) .  

The estimated annual catch of major tuna species  w a s  

Kawakawa was  the  spec ies  most f requent ly  caught by t r o l l i n g  gear 
(Figure 2 ) .  
remained productive f o r  t h i s  spec ies  throughout t he  survey period. 
Yellowfin tuna w a s  p l e n t i f u l  a t  Pear l  and Hemes Reef. 
Kure w a s  very poor. 

Areas where l a rge  numbers of kawakawa were caught have 

Tro l l ing  a t  

Tro l l ing  ca tch  rates f o r  coas t a l  pelagic  f i shes  decreased toward 
the  northwest end of t he  chain (Table 3). This decrease could be due 
t o  environmental condi t ions,  o r  t o  the  pole-and-line f i sh ing  by the  Japanese, 
o r  o the r  f ac to r s .  The ca tch  rates of coas t a l  pelagic  f i shes  appeared t o  
dec l ine  with t i m e  (Figure 3). 
a s i g n i f i c a n t  negat ive s lope  f o r  both Nihoa (P = 0.024)  and Laysan 
(P = 0.006) ind ica t ing  a dec l ine  i n  apparent abundance over time. 

A regression of catch rate on t i m e  produced 
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TABLE 1. ESTIMATED ANNUAL CATCH, EFFORT, AND CATCH PER UNIT EFFORT BY 
FOREIGN LONGLINERS WITHIN 200 MILES OF THE NORTHWESTERN 
HAWAIIAN ISLANDS, 1971-75 (Yong and Wetherall, 1980) 

1971 

1972 

1973 

1974 

1975 

R 
M 
AL 
8F 
LT 
All turns  
1w 
M 
91 
m 
S E I .  SF 
All  bi l l f ishe.  

R 
BE 
AI. 
Be 
k) 
A l l  turn. 
nLn 
81 
Q4 
rn 
SBSF.  sr 
All  b i l l f i s h e s  

R 
a 
AL 
P u 
All CUM. 
8ln 
w 
91 
m 
SIU?. s1 
All  b i l l f  ishes 

R 
BE 
AL 
P 
u 
Al l  turns 
m 
8( 
91 
m 
S U I ,  SF 
All  b i l l f  l a b s  

R 
K 
AL 
11 
s1 

Bln 
ml 
s4 
syp 
SSP. SP 
A l l  b i l l f i s h e s  

u1 CUM. 

467,437 
820.908 
397.875 

1;121 
1.604 

1.689.025 
. 811496 

2;7& 
261,192 

58.233 
8.271 

411.894 

260,452 
1,286,487 

478.494 
1.534 
1 .982 

2.026;949 
53.382 

2.281 
172.714 
178; 456 

8,195 
415,028 

132.825 
496.b45 
318.159 

1,661 
625 

979.716 
17;695 

1.087 
78.215 

9.951 
189.379 

118.991 
95.463 

280.710 
1.631 

547 
b97.345 
24.429 

1,172 
20.191 
41;981 

7.014 
94.787 

170,677 
512.260 
169.695 

1;652 
695 

854.979 
13.766 

bA9 
69.62; 
24.798 

6.775 
115;610 

9,872 
19.155 
15.658 

6 
353 

45,M4 
838 

56 
8.583 

747 
512 

10,736 

5.391 
28.250 
18.713 

8 
273 

52,635 
690 
38 

5.394 
2.289 

477 
8.- 

2.706 
10,244 
15.150 

8 
102 

28.210 
251 

14 
2.%6 
1.057 

559 
A.847 

2,411 
2.457 

11.755 
8 

108 
16.739 

371 
18 

725 
538 
439 

2,091 

3.798 
11.792 
7.446 

8 
169 

23.213 
178 
11 

2.447 
318 
408 

3,362 

3.10 
6.02 
4.92 
0.00 
0.11 

14.15 
0.26 
0.02 
2.70 
0.23 
0.16 
3.37 

1.54 
8.m 
5.36 
0.00 
0.1 

15.06 
0.20 
0.01 
1.54 
0.66 
0.14 
2.54 

1.37 
5.20 
7.69 
0.00 
0.05 

14.32 
0.13 
0.01 
1.10 
0.54 
0.28 
2.46 

2.72 
2.77 

13.24 
0.01 
0.12 

18.85 
0.41 
0.02 
0.82 
0.61 
0.49 
2.35 

2.28 
7.09 
4.41 
0.00 
0.10 

13.95 
0.11 
0.01 
1.47 
0.19 
0.24 
2.02 

- ,ellowfin tuna, Thunnus albacarea; BE - bigeye CUM. T. obesus; AL - a l b c o r e .  I. 
obeaus; AI, - albacore, I .  nlalunga; BF - bluefin tuna. T. or i en ra l i s ;  SJ .I skipjack 
tuna, Katsuwnua pelamis; BW - blue marlin. natair. nigrlcans;  BY - black marlin. E. 
indica; M - s t r iped  marlin. Tctrsprurus a d a x ;  S b I  - ewrdf i sh .  XlphiJs $ladius; 
SBSF - s h o r t b i l l  s p u r f i s h ,  I. angust i roatr is :  and SP * sa i l f i sh .  Iatlovhorus 
p l a  tyvterue. 

- 
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Figure 1. Estimated illonthly effort by Japanese long- 
liners within the 200-mile Fishery Conser- 
vation Zone of the Northwestern Hawaiian 
Islands, 1971-75 (Yong and Wetherall, 1980). 
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TABLE 2. ESTIMATED ANNLJAL CATCH (METRIC TONS) OF TUNAS IN THE 
NORTHWESTERN HAWAIIAN ISLANDS, 1972-77l 

Bigeye Bluefin Skipjack Yellowfin 
tuna tuna tuna tuna 

Year Albacore 

1972 577 
26 
603 
- 

~ 

277 1.287 2 2 
1,282 
1,284 

19 
296 
-- 26 

28 
- 105 

1,392 

1973 348 
0 

348 
- 

133 496 2 1 
823 
824 
- 20 

153 
- 109 

605 
- 0 

2 
- 

1974 281 119 95 
147 
242 
- 

2 
0 
2 
- 

1 
1,971 
1,972 

0 
281 
- 50 

169 
- 

1975 170 171 512 2 1 
89 

279 
- 16 7 

338 
- 71 

583 
- 25 

27 
- 1,906 

1,907 

1976 912 
0 

912 
- 

330 
124 
454 
- 

1,155 1 1 
4,294 
4,295 

0 
1 
- 92 

1,247 

1977 4 80 
49 

529 
- 

308 
337 
645 
- 

1,514 1 
0 
1 
- 

1 
7 34 

2,248 
4,375 
4,376 

'First l i n e  i s  annual catch by foreign longl iners .  
Second l i n e  is annual catch by baitboats.  
Third l i n e  is  to ta l  annual catch ( l i n e  1 + l i n e  2). 



K = Euthynnus 
af f inis 

Y 0 Thunnus 
albacares 

0 = Acanthocyblum 
solandri 

Figure 2. Distribution of coastal pelagic fishes in the Northwestern 
Hawaiian Islands as depicted by the number of fishes caught 
per cell by trolling, 1976-79 
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0 

I 1 ' FRENCH FRIGATE SHOALS I 

F igure 3.  Changes i n  t h e  c a t c h  rate of c o a s t a l  
pe l ag ic  f i s h e s  wi th  t i m e .  

Age and growth 

Prel iminary von B e r t a l a n f f y  growth curves w e r e  c a l c u l a t e d  f o r  kawa- 
kawa and a lbacore  (F igu res  4 and 5 ) .  

Fecundity gnd spawning season 

Yellowfin tuna caught on t h e  banks were undeveloped throughout t h e  
year .  
Ova development does n o t  appear t o  be  homogeneous w i t h i n  t h e  ono 's  ovary.  

Work t o  o b t a i n  f ecund i ty  estimates of ono are p r e s e n t l y  i n  progress .  

Foraging h a b i t s  

Over 285 stomach con ten t  samples have been c o l l e c t e d  from t ro l l - caugh t  
kawakawa, ye l lowf in  tuna,  s k i p j a c k  tuna,  ono, mahimahi, and rainbow runner.  
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Figure 4 .  Growth curve of kawakawa from the 
Northwestern Hawaiian Islands. 
Von Bertalanffy growth parameters: 
L = 117.8 em, K = 0.42 cm, and 
To = -0.03. 

20 

10 

I00 

L,*135.3cm k=0.2688 t.D-0.3080yr 

NORTH PACIFIC ALBACORE 

/ 
p”” VON BERTALANFFY PARAMETERS 

F i g u r e  5. Growth curve of North Pacific albacore 



Tagging 

tagged i n  1977. Only a s i n g l e  recovery has been reported,  thus f a r .  A 
yellowfin tuna tagged a t  Pearl and Hermes Reef w a s  recovered by a 
Japanese pole-and-line f i sh ing  vesse l  northwest of Pearl and Hermes Reef 
( l a t .  27'40'N, long. 170'30'W). The f i s h  had t raveled at  least  31 nmi 
i n  37 days. 

Nine-hundred ninety-nine kawakawa, yellowfin tuna, and ono were 

Night-light s t a t i o n s  

Twenty-four night- l ight  s t a t i o n s ,  mostly during the  summer months, 
have been occupied s ince  1978. 
a t  French F r iga t e  Shoals apd Kure. 

Mackerel scad were a t t r a c t e d  t o  the  l i g h t  

DISCUSSION AND CONCLUSIONS 

The ca tch  statistics of fore ign  longl ine operat ions probably pro- 
vides  the  bes t  measure of apparent abundance. 
e f f o r t  by Korean longl ine  ves se l s  operat ing i n  the  FCZ w i l l  a l s o  be 
analyzed i n  the  fu ture .  

Estimates of ca tch  and 

Because the  r e s u l t s  are only preliminary no conclusions are made 
a t  t h i s  time. 

FUTURE RESEARCH NEEDS 

More f i sh ing  e f f o r t  is needed t o  observe a change i n  the  r e l a t i v e  
abundance of t he  coas t a l  pe lag ic  f i s h e s  and to  be ab le  t o  estimate stock 
s i z e .  To determine seasonal  a v a i l a b i l i t y ,  more f i sh ing  e f f o r t  i.s required 
during the  f a l l ,  winter ,  and e a r l y  spring. Experiments t o  v a l i d a t e  d a i l y  
growth r ings  on o t o l i t h s  have begun f o r  kawakawa and the  bigeye scad. 
Other pelagic  spec ies  should also be aged. A study of t he  pelagic  squid 
resource is a l s o  needed. 

SUMMARY 

The r e l a t i v e  apparent abundance of longl ine and t rol l -caught  pe lag ic  
spec ies  were estimated. 
alalunga were estimated from d a i l y  growth r ings  on o t o l i t h s .  
of ovarian ova i n  ono was nonhomogeneous a t  the  p re r ipe  s tage.  

Growth curves of Euthynnus a f f i n i s  and Thunnus 
q t u r a t i o n  
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