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ABSTRACT 

P r e d i c t i v e  and f u n c t i o n a l  length-weight  and s t a n d a r d  
l eng th - fo rk  ( o r  t o t a l )  l e n g t h  r e l a t i o n s h i p s  were cal- 
c u l a t e d  from l e n g t h s  and w e i g h t s  of e i g h t  major deep- 
sea species caught  by h a n d l i n e  i n  t h e  Nor thwes tern  
Hawaiian I s l a n d s  ( N W H I ) .  Data c o l l e c t e d  on RV Townsend 
:romwell cruises  from August 1978 t o  September 1981 
were grouped by sex, c ru ise ,  and l o c a t i o n  of c a p t u r e .  
D i f f e r e n c e s  i n  s l o p e s  of r e g r e s s i o n  l i n e s  between 
sexes, t e s t e d  by ANCOVA f o r  s i x  species, were not  
s i g n i f i c a n t .  There were, however, s i g n i f i c a n t  d i f f e r -  
ences  among cruises f o r  - and 

species i n  t h e  h a n d l i n e  f i s h e r y .  Among l o c a t i o n s ,  
d i f f e r e n c e s  i n  s l o p e s  were a l s o  no t  s i g n i f i c a n t  e x c e p t  
f o r  E. m. Poo l ing  of d a t a  t o  calculate a s i n g l e  
r e l a t i o n s h i p  r e p r e s e n t a t i v e  of t h e  whole p o p u l a t i o n  f o r  
each  species, r e g a r d l e s s  of s ex ,  cruise,  o r  l o c a t i o n  of 
capture appeared  j u s t i f i e d .  I n  t h i s  paper, l eng th -  
weight r e l a t i o n s h i p s  are g iven  f o r  e i g h t  major deepsea  
species caught  by h a n d l i n e  i n  t h e  NWHI.  These d a t a  
r e p r e s e n t  conve r s ion  f a c t o r s  t h a t  should  prove t o  be 
u s e f u l  i n  t h e  development of f i s h e r y  management p l a n s  
f o r  t h e  Hawaiian h a n d l i n e  f i s h e r y .  

-, t h e  two most impor t an t  
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INTRODUCTIOPO 

A deepaea h a n d l i n e  f i s h e r y  has  been i n  e x i s t e n c e  i n  t h e  
Nor thwes tern  Hawaiian I s l a n d s  s i n c e  t h e  mid-1940s. I n  1976, t h e  
Magnuson F i s h e r y  Conse rva t ion  and Management A c t  was enac ted  t o  
ex tend  U.S. j u r i 6 d i c t i o n  over f i s h e r y  r e s o u r c e s  ou t  t o  200 
n a u t i c a l  miles from s h o r e l i n e ,  and a management p l an  f o r  t h e  
h a n d l i n e  f i s h e r y  r e s o u r c e  i n  Hawaii was under taken  by t h e  Western 
P a c i f i c  Regional  F i s h e r y  Management Council .  Between October 
1976 and September 1981, 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  
(NMFS) conducted  a series of r e s o u r c e  su rvey  and assessment  
cruises on t h e  RV Townsend romwell and o c c a s i o n a l l y  on a char- 
t e r e d  commercial f i s h i n g  v e s s e l  t o  c o l l e c t  d a t a .  

The c a t c h  of t h e  deepsea  h a n d l i n e  f i s h e r y  c o n s i s t e d  primar- 
i l y  of e i g h t  species: g r e a t e r  amberjack, Seriola dumerlll ' ', p i g  
u l u a ,  Pseudacaranx dentex (=  Caranx U) (W.F. Smith-Vaniz, 
The Academy of Natural S c i e n c e s ,  1981: p e r s o n a l  communication),  

p h )  ( r e v i s e d  opakapaka, Prlstlaomoides filamentosus (= E .  m o l e  
by K a m i ,  19731, kalekale, E. sieboldll ", g i n d a i ,  E. zonatus 
(= BeQsevel t ia  hrishaml ' )  (W.D. Anderson, Co l l ege  of C h a r l e s t o n ,  
1981: p e r s o n a l  communication),  ehu or u lau la ,  Etelis m c u l w  
(= E. marshi) ( r e v i s e d  by Anderson, 1 9 8 1 ) ,  onaga, E. c o r m  
(= E. carbunculus) ( r e v i s e d  by Anderson, 19811, and hapuupuu, 

gueuuu. These f i s h e s  were caught a t  t h e  edge of 
banks between d e p t h s  of 73 and 274 m. 

There  is no p u b l i s h e d  l i f e  h i s t o r y  in fo rma t ion  on any of 
t h e s e  f i s h e s  from t h e  NWHI and ve ry  l i t t l e  from e lsewhere  i n  t h e  
world.  T h i s  r e p o r t  p r o v i d e s  length-weight and s t a n d a r d  l eng th -  
f o r k  l e n g t h  r e l a t i o n s h i p s  of t h e  e i g h t  major f i s h  species caught 
on h a n d l i n e  gear  i n  t h e  NWHI. 

HATERIALS AloD UBTEODS 

. .  

Fork l e n g t h  (FL) or t o t a l  l e n g t h ,  s t a n d a r d  l e n g t h ,  weight ,  
and s e x  were reco rded  f o r  a l l  f i s h e s  ( O s t e i c h t h y e s )  caught  a t  
deepsea h a n d l i n e  s t a t i o n s  on t h e  Townsend su rvey  c ru ises  
78-03 , 78-04 , 79-02 , 80-02, 80-03 , 80-04, 80-05 , 61-01 , 81-02 , 
81-03, and 81-04 t o  t h e  NWHI.  Fork,  t o t a l ,  and s t a n d a r d  l e n g t h s  
were measured t o  t h e  n e a r e s t  millimeter wi th  l - m  f i s h  calipers 
accord ing  t o  R i c k e r  (1980) .  S i n c e  t h e  hapuupuu has  a rounded 
t a i l ,  i ts  t o t a l  l e n g t h  was measured. The o t h e r  f i s h e s  have 
f o r k e d  t a i l s .  Although on ly  f o r k  l e n g t h  is mentioned i n  t h e  
ba l ance  of t h i s  manusc r ip t ,  t o t a l  l e n g t h  was used i n  p l a c e  of 
f o r k  l e n g t h  f o r  hapuupuu. Weights were t aken  on a Mac0 (model 
25) p l a t f o r m  beam scale t o  t h e  n e a r e s t  1 0  g. P r i o r  t o  August 
1978, we igh t s  were t aken  by s p r i n g  scales and cons ide red  less 
accurate; t h e s e  were no t  used i n  t h i s  s tudy .  Sex was de termined  
by examining t h e  gonads. 

ences  or changes due t o  s e x u a l  dimorphism, time of yea r  (c ru ise) ,  
and area of capture ( b a n k s ) .  For each species, t h e  length-weight 

The length-weight  data were examined f o r  p o s s i b l e  d i f f e r -  
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d a t a  were grouped by sex; cruise,  and area of c a p t u r e ,  and t h e  
s l o p e s  of t h e  length-weight  r e l a t i o n s h i p s  f o r  t h e s e  groupings  
were compared by an a n a l y s i s  of cova r i ance  (ANCOVA) t o  tes t  f o r  
e q u a l i t y  of s l o p e s  among groups.  When t h e  group s ize  was ve ry  
small, < 3 ,  t h e  d a t a  were not  used. Computer program P1V from 
BMDP S t a t i s t i c a l  Sof tware  (Dixon, 1981)  was used t o  perform t h e  
a n a l y s e s .  The d e c i s i o n  t o  pool  a l l  d a t a  of t h e  same s p e c i e s  was 
made p a r t i a l l y  on t h e  resul ts  of t h e s e  tests. The r e l a t i o n s h i p  
of weight  t o  l e n g t h  is d e s c r i b e d  by a power f u n c t i o n  of t h e  form 

b W = a L  

where 

W = weight  i n  k i lograms 
a = a c o n s t a n t  ( t h e  Y- in t e rcep t )  
L = f o r k  l e n g t h  i n  millimeters 
b = a c o n s t a n t  ( t h e  r e g r e s s i o n  c o e f f i c i e n t  o r  s l o p e )  

To f i t  a l ea s t  s q u a r e  r e g r e s s i o n  t o  t h e  l i n e a r  form of t h e  
length-weight  power f u n c t i o n ,  common l o g  t r a n s f o r m a t i o n  of 
l e n g t h s  and we igh t s  was r e q u i r e d .  

r e l a t i o n s h i p s  were c a l c u l a t e d  by t h e  BMDP computer program P6D 
(Dixon, 1981) .  The parameters f o r  t h e  f u n c t i o n a l  length-weight ,  
and s t a n d a r d  l eng th - fo rk  l e n g t h  r e g r e s s i o n  were c a l c u l a t e d  u s i n g  
t h e  s l o p e s  of t h e  p r e d i c t i v e  r e g r e s s i o n  e q u a t i o n s  ( R i c k e r ,  1973) .  

RESULTS 

The p r e d i c t i v e  length-weight  and s t a n d a r d  l eng th - fo rk  l e n g t h  

R e s u l t s  of t h e  ANCOVA comparing s l o p e s  and a t a b u l a t i o n  of 
s l o p e s  f o r  i n d i v i d u a l  groups  of s i x  species of f i s h  are l i s t e d  by 
s e x  i n  Tab le  1, seven species by cruise i n  Table  2 ,  and seven 
species by bank i n  Tab le  3. On t h e  b a s i s  of t h e s e  tests, a l l  
d a t a  were pooled f o r  each species, so t h a t  s i n g l e  length-weight  
r e l a t i o n s h i p s  would be r e p r e s e n t a t i v e  of t h e  whole NWHI popu- 
l a t i  on. 

t i o n a l  length-weight  r e g r e s s i o n s ,  sample s i z e ,  c o r r e l a t i o n  
c o e f f i c i e n t s ,  and range of f o r k  l e n g t h s  f o r  each species are  
t a b u l a t e d  i n  Table  4 .  Parameters  f o r  t h e  p r e d i c t i v e  and GM func- 
t i o n a l  s t a n d a r d  l eng th - fo rk  l e n g t h  r e g r e s s i o n s  are t a b u l a t e d  i n  
Table  5.  F u n c t i o n a l  length-weight  cu rves  f o r  t h e  e i g h t  deepsea 
f i s h e s  are i l l u s t r a t e d  i n  F i g u r e s  1 through 8 .  

Parameters f o r  t h e  p r e d i c t i v e  and geomet r i c  mean (GM) func-  
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TABLE 4 .  LENGTH-WEIGHT RELATIONSHIPS  O F  F I S H E S  COMMONLY CAUGHT 
I N  THE DEEPSEA HANDLINE FISHERY I N  THE NORTHWESTERN 
HAWAIIAN ISLANDS 

Pork Length 

S p e c i e s  Equation* I n t e r c e p t  C o e f f i c i e n t  N C o e f f i c i e n t  MX. Min. 
(mml (mm) 

Y-axis Regres s ion  C o r r e l a t i o n  

zonatus 

Etelis 

auernus 

1 
2 
3 
4 

1 
2 
3 
4 

1 
2 
3 
4 

1 
2 
3 
4 

1 
2 
3 
4 

1 
2 
3 
4 

1 
2 
3 
4 

1 
2 
3 
4 

2.6069 
-7.5280 

2.6026 
-7.6551 

2.5860 
-7.6624 

2.5032 
-7.7686 

2.5852 
-7.4085 

2.5846 
-7.4453 

2.5741 
-8 .O  845 

2.5772 
-8.6857 

2.5580 
-7.8524 

2.5559 
-8.1477 

2.5064 
-7.7930 

2.5850 
-7.9464 

2.5993 
-7.3542 

2.5945 
-7.5248 

2.5912 
-7.9342 

2.5886 
-0.0318 

0.3349 
2.8971 
0.3400 
2.9412 

0.3283 
2.9694 
0.3325 
3.0074 

0.3455 
2.8670 
0.3471 
2.8806 

0.2758 
3.1327 
0.2967 
3.3702 

0.3026 
3.0751 
0.3137 
3.1878 

0.3192 
3.0163 
0.3253 
3.0740 

0.3376 
2.8399 
0.3448 
2.9003 

0.3187 
3.0683 
0.3223 
3.1028 

181 0.985 1,138 499 

267 0.987 890 333 

471 

128  

86 

754 

4 4  

5 47 0.989 1,106 '  238 

0.995 779 234 

0.929 435 245 

0.965 409 263 

0.981 635 260 

0.979 080 480 

* P r e d i c t i v e  e q u a t i o n  1: l o g  X = l o g  a + b l o g  Y 
P r e d i c t i v e  e q u a t i o n  2: l o g  Y = l o g  c + d l o g  X 
Func t iona l  e q u a t i o n  3: l o g  X = log u + v l o g  Y 
Func t iona l  e q u a t i o n  4: l o g  Y - l o g  w + x l o g  X 

where X = fork l e n g t h  (m) 
Y = weight  (kg)  
Y-intercept :  a ,  c, u, w 
r e g r e s s i o n  c o e f f i c i e n t :  b, d, v, x 

- T o t a l  l e n g t h  
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Figure 1 .  Functional length-weight relat ion-  
sh ip  of the greater amberjack from 
t h e  Northwestern Hawaiian Islands 
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Figure 2 .  Functional length-weight relat ion-  
sh ip  of pig ulua from the North- 
western Hawaiian Islands 
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Figure 3. Functional length-weight relation- 
ship of opakapaka from the North- 
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DISCUSSION 

The s l o p e s  of length-weight  r e g r e s s i o n s  were compared among 
groups  by ANCOVA t o  test  f o r  e q u a l i t y  of s l o p e s  i n  t h e  d a t a .  
There were no s i g n i f i c a n t  d i f f e r e n c e s  between t h e  s l o p e s  of male 
and female  groups f o r  any s p e c i e s  (Tab le  1). Sex comparison f o r  
hapuupuu was not  conducted due t o  t h e  small sample s i z e  f o r  
males. No s i g n i f i c a n t  d i f f e r e n c e s  occur red  i n  t h e  comparison of 
s l o p e s  among cruises excep t  f o r  opakapaka and hapuupuu (Tab le  2 ) .  
Large opakapaka caught  on cruises 78-03 and 80-03 and small 
opakapaka caught  on cruise 81-03 appeared  t o  have been respon- 
s ib l e  f o r  t h e  s i g n i f i c a n t  d i f f e r e n c e .  The s l o p e  of t h e  l eng th -  
weight  r e g r e s s i o n  of opakapaka of c r u i s e  78-03 was lower than  t h e  
rest of t h e  cruises and t h e  s l o p e s  f o r  cruises 80-03 and 81-03 
were h ighe r  t han  t h e  o t h e r  cruises. L i k e w i s e ,  l a r g e  hapuupuu 
caught  on cruise 80-03 appeared  t o  be r e s p o n s i b l e  f o r  t h e  s i g n i f -  
i c a n t  d i f f e r e n c e  among cruises. These cruises occur red  d u r i n g  
d i f f e r e n t  months of t h e  y e a r ,  so t h e  n o n s i g n i f i c a n c e  may a l s o  
have impl i ed  t h a t  t h e r e  were no s i g n i f i c a n t  s e a s o n a l  d i f f e r e n c e s  
i n  t h e i r  length-weight  r e l a t i o n s .  No s i g n i f i c a n t  d i f f e r e n c e s  
were found i n  t h e  comparison of slopes among banks f o r  a l l  
species excep t  hapuupuu (Tab le  3 ) .  Hapuupuu has  a s t o u t  body 
compared w i t h  t h e  more e longa ted  body type  of t h e  snappe r s  and 
g r e a t e r  amberjack or  t h e  l a t e r a l l y  compressed body of p i g  u l u a ,  
and its length-weight  r e l a t i o n s  may r e f l e c t  changes i n  s i z e  
s t ruc ture  i n  i ts  p o p u l a t i o n  more than  t h e  o t h e r  bo t tomf i shes .  

F o r s t e r  e t  a l .  (1970) e s t i m a t e d  t h e  length-weight  rela- 
t i o n s h i p  of ehu from t h e  wes tern  I n d i a n  Ocean. They found t h a t  
females  grew l a r g e r  t han  males, c a l c u l a t e d  t h e  length-weight  
r e l a t i o n s h i p  s e p a r a t e l y  f o r  males and f ema les ,  and provided  
95 percent conf idence  l i m i t s  of t h e  exponent  of L ( l e n g t h ) .  
Although most of t h e  I n d i a n  Ocean specimens were l a r g e r  t han  
Hawaiian forms ( l a r g e s t :  111 c m  i n  t h e  Ind ian  Ocean, 63 c m  i n  
t h e  N W H I ) ,  t h e  estimates of t h e  exponent  of L f o r  t h e  two areas 
ag reed  w e l l  f o r  males (3.07) and were w e l l  w i t h i n  t h e  conf idence  
l i m i t s  (P = 0.05) of t h e  exponent of L f o r  females .  Female f i s h  
i n  Hawaii a l s o  grew s l i g h t l y  l a r g e r ,  b u t  t h e  d i f f e r e n c e  was not  
s t a t i s t i c a l l y  s i g n i f i c a n t .  

opakapaka from t h e  NWHI, from d a t a  c o l l e c t e d  on a commercial 
f i s h i n g  v e s s e l  u s i n g  a s p r i n g  scale t o  weigh t h e  f i s h .  The 
parameters could  not  be d i r e c t l y  compared, so curves  d e r i v e d  from 
t h e  parameters were compared and found t o  be on ly  s l i g h t l y  d i f -  
f e r e n t .  Weights e s t i m a t e d  f o r  l e n g t h s  (70 cm FL were s l i g h t l y  
l a r g e r  by R a l s t o n ' s  parameters. 

Burch (1979) c a l c u l a t e d  t h e  length-weight  r e l a t i o n s h i p  of 
t h e  g r e a t e s t  amberjack caught  by sport f i s h i n g  b o a t s  a t  M i a m i ,  
F l o r i d a .  H a w a i i  d a t a  cou ld  no t  be compared d i r e c t l y  because 
d i f f e r e n t  u n i t s  of measurements were used,  so curves  d e r i v e d  
from t h e  parameters were compared and found t o  be s l i g h t l y  d i f -  
f e r e n t .  Weights e s t i m a t e d  by Burch ' s  formula tended  t o  be lower 

Ra l s ton  (1981) c a l c u l a t e d  t h e  length-weight  r e l a t i o n s h i p  of 
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t han  Hawaiian estimates, wi th  t h e  d i f f e r e n c e  i n c r e a s i n g  as l e n g t h  
i n c r e a s e d .  The weight  d i f f e r e n c e  e s t i m a t e d  f o r  a 130-cm FL f i s h  
by t h e  two formulae  was about  2.5 kg. The d i f f e r e p c e  i n  l eng th -  
weight  r e l a t i o n s h i p s  may have been due t o  unequal  f i s h  s i z e s  i n  
t h e  two s t u d i e s .  The c a t c h  i n  t h e  NWHI c o n s i s t e d  most ly  of f i s h  
under 100-cm FL, whereas t h e  c a t c h  i n  F l o r i d a  c o n s i s t e d  p r i m a r i l y  
of f i s h  g r e a t e r  t han  100-cm FL. Other p o s s i b l e  r easons  f o r  t h e  
d i f f e r e n c e  i n  length-weight  r e l a t i o n s h i p s  may have been real 
morphometric d i f f e r e n c e s  between p o p u l a t i o n s  i n  d i f f e r e n t  geo- 
g r a p h i c a l  a r e a s  or  unequal dehydra t ion  due t o  sampling methods. 
Burch weighed h i s  samples  a t  t h e  dock a f t e r  a d a y ' s  f i s h i n g  t r i p ,  
whereas Hawaiian samples  were weighed w i t h i n  2 hours  a f t e r  be ing  
caught .  

SuHnz4RY 

Length-weight data f o r  each s p e c i e s  except  onaga were sepa- 
r a t e d  i n t o  groups  by sex, cruise,  and area of cap tu re .  The s l o p e  
of length-weight  r e l a t i o n s h i p  of a group was compared w i t h  o t h e r s  
w i t h i n  t h e i r  g rouping  by ANCOVA t o  test  f o r  h e t e r o g e n e i t y  i n  t h e  
d a t a .  R e s u l t s  of t h e  tests appeared  t o  j u s t i f y  t h e  poo l ing  of 
a l l  data f o r  each s p e c i e s .  

Parameters of both t h e  f u n c t i o n a l  and p r e d i c t i v e  e q u a t i o n s  
of length-weight  r e l a t i o n s h i p  and s t a n d a r d  length- f  ork l e n g t h  
r e l a t i o n s h i p  were c a l c u l a t e d  f o r  g r e a t e r  amberjack, p i g  u l u a ,  
opakapaka, kalekale,  g i n d a i ,  ehu, and onaga. For hapuupuu, t h e  
pa rame te r s  f o r  s t a n d a r d  l e n g t h - t o t a l  l e n g t h  and length-weight  
r e l a t i o n s h i p s  were c a l c u l a t e d .  I n  t h i s  paper ,  length-weight  
r e l a t i o n s h i p s  are g iven  f o r  e i g h t  major deepsea s p e c i e s  caught  by 
h a n d l i n e  i n  t h e  NWHI.  These d a t a  r e p r e s e n t  convers ion  f a c t o r s  
t h a t  should  prove  t o  be u s e f u l  i n  t h e  development of f i s h e r y  man- 
agement p l a n s  f o r  t h e  Hawaiian h a n d l i n e  f i s h e r y .  

We would l i k e  t o  thank James D. P a r r i s h ,  J e f f r e y  J. 
Polovina ,  John S. St imson,  and Richard  N. Uchida f o r  rev iewing  
t h i s  manuscr ip t  and f o r  t h e i r  h e l p f u l  sugges t ions .  
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