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ABSTRACT 

Regional and day-night differences in the distribution and 
catchability of bottomfishes are shown through analysis of 
catch data collected by the National Marine Fisheries Service 
on cruises of the NOAA ship Townsend Cromwell in the Northwest- 
ern Hawaiian Islands. Large catches of opakapaka, Pristipo- 
moides filamentosus, in the Nihoa to Gardner Pinnacles region 
are replaced by those of hapu'upu'u, Epinephelus quernus, fur- 
ther up the chain. Mean fish weight for several species 
increases going up the chain, possibly due to fishing pressure 
in the Nihoa to Gardner Pinnacles region. Day fishing results 
in a greater catch rate than night fishing. Preliminary growth 
estimates indicate that opakapaka takes 3.25 yr. and kahala, 
Seriola dumerili, takes 1.75 yr. to attain a 70-cm fork length. 

bottomfish 
age and growth 
distribution and relative abundance 

INTRODUCTION 

With the creation of the 200-mile Fishery Conservation Zone in 1976 
and the extensive fishing pressure around the main islands of Hawaii came 
the need for marine resource assessment of the Northwestern Hawaiian 
Islands (NWHI). Under the Tripartite Cooperative Agreement, the Southwest 
Fisheries Center Honolulu Laboratory, National Marine Fisheries Service 
(NMFS) assumed responsibility for the quantitative fishery assessment and 
survey of benthic slope and pelagic resources of the NWHI (Uchida et al., 
1979). One major portion of our responsibility is the deepwater bottom- 
fish resource. 



A t  present ,  t he  NWHI bottomfish resource supports a small commercial 
f i she ry  which has been i n  exis tence s ince  a t  l e a s t  1948. Due t o  the  long 
d is tance  between the  NWHI and marketing por t s ,  most of t he  commercial 
f i sh ing  e f f o r t  has  been l imi ted  t o  the a rea  between Nihoa and Gardner 
Pinnacles.  

The Insu lar  Resource Task of NMFS has examined var ious  aspec ts  of 
b io logica l  and f i she ry  da t a  on the  NWHI demersal f i shery .  Studies  on the  
feeding hab i t s  ( see  paper by Humphreys), spawning and fecundi ty  (see paper 
by Kikkawa), occurrence of ciguatoxin (see paper by I t o  and Uchida), and 
age and growth ( J . H .  Uchiyama, Southwest F i she r i e s  Center Honolulu Labora- 
to ry ,  NMFS, NOAA, Honolulu, Hawaii 96812, personal  communication, March 
1980), are i n  var ious s tages  of completion. 
d i s t r i b u t i o n  and r e l a t i v e  abundance of t he  demersal f i s h e s  obtained from 
our survey c ru i se s  and the  progress on age and growth s tud ie s  on opakapaka, 
Prist ipomoides fi lamentosus,  and kahala,  Se r io l a  dumeril i .  

MATERIAL AND METHODS 

This repor t  w i l l  d i scuss  the  

The s o l e  source of information used i n  t h i s  paper is the  catch da ta  
obtained by NMFS on c ru i se s  of t he  Townsend Cromwell from October 1975 
t o  May 1979. During t h i s  period, t he  Cromwell occupied 1 1 2  handline 
f i sh ing  s t a t i o n s  on e ight  c ru i se s  i n  the  MJHI. Except where otherwise 
s t a t ed ,  a l l  references t o  catch r e f e r  t o  the  ca tch  of t he  e igh t  most 
important commercial spec ies  caught by the  Cromwell: opakapaka; ehu, 
-- E t e l i s  marshi; onaga, 3. carbunculus; ka leka le ,  E .  s i e b o l d i i ;  g indai ,  
- P. -- zonatus; butaguchi, Caranx che i l i o ;  kahala;  and hapu'upu'u, Epinephe- 
l u s  quernus. - 

Fishing operat ions w e r e  conducted while d r i f t i n g  near t he  edge of 
t he  banks a t  bottom depths varying from 30 t o  200 fathoms. Our handline 
gear consis ted of l i n e s  with from 2 t o  15 hooks (Nos. 20 t o  30) per l i n e .  
We general ly  used hydraul ic  o r  e l e c t r i c  gurdies  t o  a id  i n  l i n e  r e t r i e v a l  
and occasional ly  f i shed  manually re t r ieved  l i n e s  as w e l l .  The most com- 
monly used b a i t  w a s  s t r ipped  squid.  In  processing the  catch,  w e  recorded 
spec ies ,  sex, weight, and both standard and fork  o r  t o t a l  l ength  measure- 
ments. Where appropr ia te ,  w e  preserved gonads, stomachs, t i s s u e  samples, 
and o t o l i t h s  f o r  fu tu re  ana lys i s  a t  t he  laboratory.  

On the Cromwell w e  usua l ly  r e t r i e v e  l i n e s  as soon as one f i s h  is on, 
regard less  of t he  number of hooks we a r e  using. For t h i s  reason, I chose 
l ine-hours r a the r  than hook-hours as an est imate  of f i sh ing  e f f o r t .  I n  
da t a  ana lys i s ,  I used catch per un i t  e f f o r t  (CPUE) by s t a t i o n  both f o r  
weight (kilogram) and numbers of each spec ies  as two measures of r e l a t i v e  
abundance and ca t chab i l i t y .  

I used ana lys i s  of var iance  (ANOVA) t o  test the  n u l l  hypothesis t h a t  
l oca t ion  i n  the  chain,  spec ies ,  and day-night f a c t o r s  have no e f f e c t  on 
CPUE. Since there  were i n s u f f i c i e n t  da t a  t o  allow f o r  a bank-by-bank 
ana lys i s ,  I divided the  pro jec t  area i n t o  th ree  regions.  Region I,  Nihoa 
through Gardner Pinnacles ,  represents  t he  a rea  f ished by commercial ves se l s  
on a regular  bas i s .  Region 11, R a i t a  Bank through Lis ianski  I s land ,  is 
separated from Region 111, Pearl and Hermes Reef through Kure Ato l l ,  by a 
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n a t u r a l  break i n  t h e  chain.  
c a t c h a b i l i t y ,  t h e  s e p a r a t i o n s  between day and n i g h t  s t a t i o n s  were no t  d i s -  
t i n c t ,  so  I a r b i t r a r i l y  placed d a t a  i n t o  day o r  n i g h t  c a t e g o r i e s  depending 
on whether most of t h e  f i s h i n g  e f f o r t  occurred b e f o r e  o r  a f te r  0600 and 
1930 hours .  

I n  t h e  test  f o r  day and n i g h t  d i f f e r e n c e s  i n  

We followed t h e  methods of S t ruhsake r  and Uchiyama (1976) i n  c l ean ing ,  
mounting, and r ead ing  o t o l i t h s  f o r  age de t e rmina t ions .  

RESULTS 

The CPUE of t h e  combined c a t c h  of a l l  commercial s p e c i e s  v a r i e d  con- 
s i d e r a b l y  among s t a t i o n s .  Many s t a t i o n s  had no c a t c h  a t  a l l  whereas a t  
one Midway I s l a n d  s t a t i o n ,  t h e  c a t c h  rate w a s  43.3 kg/line-hour (9.3 f i s h /  
l i ne -hour ) .  On a bank-to-bank b a s i s ,  o v e r a l l  c a t c h  rates ranged from 0 a t  
Salmon Bank and a n  unnamed bank n o r t h e a s t  of Midway t o  12.6 kg/line-hour 
(3.1 f i s h l l i n e - h o u r )  a t  P e a r l  and Hermes Reef. A p o r t i o n  of t h i s  v a r i a -  
t i o n  may b e  due t o  t h e  wide range i n  f i s h i n g  e f f o r t  at t h e  v a r i o u s  s t a t i o n s  
and banks (0.5 t o  32.3 l i ne -hour s  and 3.3 t o  231.7 l ine-hours ,  respec- 
t i v e l y ) .  Regional c a t c h  d a t a  f o r  each s p e c i e s  are p resen ted  i n  Table  1 
f o r  day, n i g h t ,  and o v e r a l l  ca t ches .  Table  2 compares day and n i g h t  CPUE 
by weight  f o r  each s p e c i e s .  Catch composition of t h e  f i v e  major s p e c i e s  
i n  numbers by r eg ion  is d i sp layed  i n  F igu re  1 (onaga, g i n d a i ,  and k a l e k a l e  
make up such a s m a l l  p o r t i o n  of our c a t c h  t h a t  t hey  are no t  included i n  
t h i s  f i g u r e ) .  
o v e r a l l  c a t c h  rates. 

Table  3 lists t h e  i n c i d e n t a l  s p e c i e s  caught w i th  t h e i r  

I n  a three-way ANOVA of CPUE i n  terms of weight ,  s i g n i f i c a n t  d i f f e r -  
ences  i n  CPUE were found among r e g i o n a l  (P = 0.02) ,  s p e c i e s  (P = < 0.01) ,  and 
day-night (P = 0.01) c l a s s i f i c a t i o n s  and wi th  r eg ion  t o  s p e c i e s  (P < 0.01) 
and s p e c i e s  t o  day-night (P = 0.02) i n t e r a c t i o n s .  I n  a three-way ANOVA 
w i t h  CPUE i n  t e r m s  of numbers, however, 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  only t h r e e  cases: s p e c i e s ,  day-night,  and r eg ion  t o  s p e c i e s .  I n  
a one-way ANOVA of mean f i s h  weight  by r eg ion  f o r  each s p e c i e s ,  s i g n i f i -  
c a n t  d i f f e r e n c e s  were found f o r  ehu between Regions I and 11, and I and 
111; hapu'upu'u between Regions I and 11; kaha la  between Regions I and 
111; and g i n d a i  between Regions I and 11. R e s u l t s  of a chi-square test 
of t h e  number of f i s h  caught by s p e c i e s  by r eg ion  show s i g n i f i c a n t  
d i f f e r e n c e s  i n  s p e c i e s  composition by region.  

We have c o l l e c t e d  o t o l i t h s  from f i s h  of a l l  of t h e  commercially 
important  s p e c i e s  mentioned i n  t h i s  paper.  P re l imina ry  growth curves 
f o r  opakapaka (F igu re  2) and kahala  (Figure 3) have been e s t ima ted  from 
o t o l i t h  examinations (Uchiyama, pe r sona l  communication, March 1980). 
Laboratory,  NMFS, NOAA, Honolulu, H a w a i i  96812, pe r sona l  communication, 
March 1980). 
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TABLE 2. OVERALL CATCH PER UNIT EFFORT FOR DAY AND 
NIGHT FISHING STATIONS 

Species 

Ehu 
Opakapaka 
napu'upu'u 
Butaguchi 
Kahala 
Gindai 
Kalekale 
Onaga 
All spec ie s  together 

CPUE (weight) 

Day Night 

0.77 0.53 
1.63 0.53 
2.21 1.26 
1.45 0.26 
0.84 1.13 
0.12 0.05 
0.06 0.04 
0.08 0.06 
7.16 4.17 

Ratio 

1.45 
1.96 
1.75 
5.58 
0.74 
2.40 
1.50 
1.33 
1.72 

REGION I REGION II REGION 111 

Figure 1. Catch composition by region i n  
terms of numbers 
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TABLE 3. CATCH OF INCIDENTAL SPECIES IN THE NORTHWESTERN HAWAIIAN 
ISLANDS 

Species 
CPUE 

- .  
Catch - 

Number Weight Number Weight 
(kd (kd 

Gempylidae 

Carangidae 
Promethichthys prametheus 

Caranx lugubris 
- C. ignobilis 
-- 
- C. speciosus 
- C. sexfasciatus 
- C. melampygus 
Carangoides ferdau 
Elagatis bipinnulatus 

Priacanthus sp. 

Myripristis sp. 

(Sphoeroides cutaneus and 

Priacanthidac 

Holocentridae 

Tetraodontidae 

Lagocephahs sp. included) 

Scorpaenidae 
Pontius macrocephalus 
Scorpaenopsis cacopsis 
Scorpaena colorata 

Bodianus bi lunula t us 
- B. oxycephalus 

Aprion virescens 
Pristipomoides auricilla 

Scomber j aponicus 
Sarda orientalis 

Mulloidichthys pflugeri 
Parupeneus porphyreus 

Sphyraena sp. 

Trachinocephalus myops 

Gymnothorax berndti 

Labridae 

Lu t j ani dae 

Scombridae 

Mullidae 

Sphyraenidae 

Synodontidae 

Muraenidae 

Squalidae 

Carcharhinidae 

47 

13 
38 
1 
1 
3 
3 
2 

5 

6 

17 

9 
1 
1 

5 
7 

1 
2 

3 
3 

1 
1 

4 

1 

1 

2 

8 

20.6 

41.. 0 
349.7 
0.9 
0.7 
11.6 
18.1 
20.2 

2.7 

2.0 

9.1 

10.7 
1.5 
0.7 

5.7 
14.1 

7.5 
1.6 

5.2 
13.3 

1.4 
1.4 

4.0 

0.6 

0.9 
7.3 
-- 

0.049 

0.013 
0.039 
0.001 
0.001 
0.003 
0.003 
0.002 

0.005 

0.006 

0.018 

0.009 
0.001 
0.001 

0.005 
0.007 

0.001 
0.002 

0.003 
0.003 

0.001 
0.001 

0.004 

0.001. 

0.001 
0.002 

0.008 

0.021 

0.042 
0.361 
0.001 
0.001 
0.012 
0.019 
0.021 

0.003 

0.002 

0.009 

0.011 
0.002 
0.001 

0.006 
0.015 

0.008 
0.002 

0.005 
0.014 

0.001 
0.001 

0.004 

0.001 

0.001 

0.008 
-- 
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Figure 2. Preliminary growth curve for opakapaka, 
Pristipomoides filamentosus 

I 
.25 .50 .75 1.00 1.25 I.& 1.75 2.00 

AGE (YEARS) 

Figure 3. Preliminary growth curve for kahala, 
Seriola dumerili 



DISCUSSION AND CONCLUSIONS 

The three-way ANOVA tests showed t h a t  t h e  r e g i o n a l  i n c r e a s e  i n  
o v e r a l l  CPUE i n  terms of weight f o r  t h e  combination of a l l  commercial 
s p e c i e s  p re sen ted  i n  Table  1 is s i g n i f i c a n t  (P=O.O2) whereas t h e  
change i n  CPUE i n  terms of number is  not  ( P = O . 1 2 ) .  This  r e s u l t s  i n  a n  
i n c r e a s e ,  by r eg ion ,  i n  t h e  mean weight of t h e  hypo the t i ca l  composite 
commercial bot tomfish.  There are two p o s s i b l e  exp lana t ions  f o r  t h i s  
i nc rease .  E i t h e r  t h e  mean weight of i n d i v i d u a l s  w i th in  a s p e c i e s  i s  
i n c r e a s i n g  o r  a g e n e r a l l y  l a r g e r  s p e c i e s  comprises a g r e a t e r  percentage 
of t h e  c a t c h  on a r e g i o n a l  b a s i s  from Regions I t o  111. To check on t h e  
f i r s t  p o s s i b i l i t y ,  I r a n  a one-way a n a l y s i s  of v a r i a n c e  of mean f i s h  
weight by r e g i o n  f o r  each s p e c i e s .  A s  mentioned i n  t h e  r e s u l t s  s e c t i o n ,  
ehu, kahala ,  g i n d a i ,  and hapu'upu'u showed s i g n i f i c a n t  r e g i o n a l  d i f f e r -  
ences  i n  mean weight.  Also,  i n  a l l  s i g n i f i c a n t  c a s e s ,  mean weight 
i nc reased  between Regions I and T I  o r  I and III. Thus, i n c r e a s e  i n  mean 
weight of f i s h  by s p e c i e s  does c o n t r i b u t e  t o  t h e  o v e r a l l  i n c r e a s e  i n  
CPUE by region.  This  may be an i n d i c a t i o n  of f i s h i n g  p r e s s u r e  i n  Region 
I where mean weights  were s i g n i f i c a n t l y  lower f o r  t hese  s p e c i e s ,  o r  i t  
may be due t o  o t h e r  f a c t o r s  such as temperature  o r  h a b i t a t  d i f f e r e n c e s  
between r eg ions .  

The s i g n i f i c a n t  d i f f e r e n c e  i n  CPUE i n  terms of numbers by s p e c i e s  
by r eg ion  shown i n  t h e  three-way ANOVA i n d i c a t e s  t h a t  t h e r e  is  a change 
i n  s p e c i e s  composition by r eg ion ,  as w e l l .  Cel l  v a l u e s  f o r  v a r i a n c e  i n  
t h e  chi-square test showed t h a t  opakapaka and hapu'upu'u a r e  major con- 
t r i b u t o r s  i n  t h i s  d i f f e r e n c e .  These changes i n  r e l a t i v e  abundance f o r  
opakapaka and hapu'upu'u are shown g r a p h i c a l l y  i n  t h e  s p e c i e s  composition 
by 'region (F igu re  1). The d i f f e r e n c e  i n  o v e r a l l  mean weights  f o r  opaka- 
paka (4.0 kg) and hapu'upu'u (6.8 kg) i n d i c a t e s  t h a t  t h e  r e g i o n a l  change 
i n  t h e  s p e c i e s  composition is a l s o  a f a c t o r  i n  t h e  r e g i o n a l  i n c r e a s e  i n  
CPUE i n  terms of weight.  

Day and n i g h t  d i f f e r e n c e s  i n  c a t c h a b i l i t y  are a l s o  s i g n i f i c a n t .  
R e s u l t s  of t h e  three-way ANOVA show t h a t  day and n i g h t  CPUE i n  terms of 
weight i s  s i g n i f i c a n t l y  d i f f e r e n t  on bo th  an  o v e r a l l  and by-species 
b a s i s .  D i f f e rences  i n  day and n i g h t  CPUE are presented i n  Table  2 as 
t h e  r a t i o  of day CPUE t o  n i g h t  CPUE. A s  can b e  seen ,  t h e  day CPUE i s ,  
i n  g e n e r a l ,  h ighe r  t han  t h e  n i g h t  CPUE. I n  f a c t ,  t h e  only commercial 
s p e c i e s  w i t h  a h ighe r  CPUE a t  n i g h t  is kahala .  The day-night d i f f e r e n c e  
i s  p a r t i c u l a r l y  n o t i c e a b l e  f o r  butaguchi  where t h e  day CPUE is  over f i v e  
t i m e s  g r e a t e r  t han  t h e  n i g h t  CPUE. These d i f f e r e n c e s  i n  c a t c h a b i l i t y  
may b e  due t o  changes i n  f eed ing  a c t i v i t y  between day and n i g h t  o r  a 
n i g h t l y  mig ra t ion  away from t h e  areas t h a t  w e  normally f i s h .  S imi l a r  
t r e n d s  were found f o r  CPUE i n  terms of number, bu t  they were no t  found 
t o  be s i g n i f i c a n t  on a s p e c i e s  b a s i s .  

Commercially, f i s h i n g  f o r  opakapaka i s  u s u a l l y  conducted a t  n i g h t  
w i t h  n i g h t  c a t c h e s  r epor t ed  t o  be f a r  b e t t e r  than day c a t c h e s  
(C. Yamamoto, c a p t a i n ,  FV m, Honolulu, H a w a i i  96814, pe r sona l  com- 
munication, May 1980 and W. Shinsato,  c a p t a i n ,  FV Ta ihe i  Maru, Honolulu, 
H a w a i i  96814, pe r sona l  communication, May 1980).  That our r e s u l t s  
d i f f e r  from t h e  expe r i ences  of commercial f ishermen i s  probably due t o  
t h e  d i f f e r e n c e s  i n  f i s h i n g  techniques employed. On t h e  Townsend Cromwell 
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we f i s h  c l o s e  t o  t h e  bottom whi l e  d r i f t i n g  f o r  bo th  day and n i g h t  f i s h i n g  
o p e r a t i o n s .  Commercial f ishermen on t h e  o t h e r  hand, may d r i f t  f i s h  du r ing  
t h e  day, bu t  a t  n i g h t  they u s u a l l y  anchor over opakapaka grounds,  chum t o  
aggrega te  t h e  f i s h ,  and f i s h  w e l l  o f f  t h e  bottom (up t o  15 fathoms).  

Our s t u d i e s  of age and growth of bot tomfishes  are s t i l l  i n  t h e  pre- 
l imina ry  s t a g e s .  We have made age estimates on a f e w  specimens of  each 
of t h e  commercial s p e c i e s  d i scussed  i n  t h i s  paper.  We s t i l l  have many 
o t o l i t h s  t o  r ead ,  bu t  w e  do have enough d a t a  t o  e s t a b l i s h  t e n t a t i v e  
growth curves f o r  opakapaka (Figure 2 )  and kaha la  (Figure 3 ) .  Because 
w e  have no d a t a  f o r  f i s h  o u t s i d e  of t h e  s i z e  r anges  of those used t o  
gene ra t e  t h e  cu rves ,  e s t i m a t e s  of age using t h e s e  curves should be 
l i m i t e d  t o  f i s h  f a l l i n g  wi th in  t h e s e  ranges.  
ou r  growth e s t i m a t e s ,  w e  must v e r i f y  t h e  temporal na tu re  of t h e  suspected 
d a i l y  growth increments  on o t o l i t h s .  W e  a r e  c u r r e n t l y  conducting experi-  
ments t o  mark o t o l i t h s  by t e t r a c y c l i n e  i n j e c t i o n s  i n  c a p t i v e  f i s h  ( e .g . ,  
opakapaka; aku le ,  Trachurops crumenophthalmus; papio,  Caranx s p . ;  and 
malu, Parupeneus pleurost igma) t o  v e r i f y  t h e  temporal p e r i o d i c i t y  of 
o t o l i t h  growth increments.  

For g r e a t e r  confidence i n  

FUTURE RESEARCH NEEDS 

Much work remains t o  be done i n  t h i s  p r o j e c t .  A t  t h e  conclusion of 
t h e  f i e l d  work, w e  should have enough c a t c h  information t o  make a bank- 
by-bank a n a l y s i s  of d i s t r i b u t i o n  and r e l a t i v e  abundance of bot tomfishes  
i n  t h e  M I .  We should a l s o  have enough o t o l i t h s  read t o  determine 
r e l i a b l e  growth curves f o r  a l l  t h e  commercial s p e c i e s .  
t h e s e  curves,  of cour se ,  w i l l  be  l a r g e l y  dependent upon v e r i f i c a t i o n  of 
t h e  d a i l y  n a t u r e  of t h e  o t o l i t h  growth increments.  This ,  combined w i t h  
f u t u r e  p rogres s  i n  o t h e r  areas under c u r r e n t  i n v e s t i g a t i o n  ( f ecund i ty ,  
spawning season,  fo rag ing  h a b i t s ,  and c i g u a t o x i n ) ,  w i l l  g ive u s  a f a i r  
understanding of t h e  biology and c a t c h a b i l i t y  of bot tomfishes  i n  t h e  NWHI. 

R e l i a b i l i t y  of 

There are o t h e r  areas of i n v e s t i g a t i o n  t h a t  would a l s o  be h e l p f u l .  
Recording t h e  t i m e  of day t h a t  each f i s h  i s  caught ,  r a t h e r  than j u s t  t h e  
d u r a t i o n  of  t h e  s t a t i o n  as w e  p r e s e n t l y  do, would g i v e  a much b e t t e r  
p i c t u r e  of t h e  c a t c h a b i l i t y  of each s p e c i e s  throughout t h e  day. It is  
p o s s i b l e  t h a t  t h e r e  are some i n t e r e s t i n g  r e l a t i o n s h i p s ,  such as inc reased  
c a t c h a b i l i t y  a t  dawn and dusk, t h a t  are obscured by p resen t  methods of 
d a t a  c o l l e c t i o n .  

F i sh ing  o p e r a t i o n s  should be conducted wh i l e  a t  anchor using chum t o  
aggrega te  f i s h .  Th i s  technique should produce h i g h  ca t ches .  Catch r e s u l t s  
u s ing  th i s  technique could then  be compared w i t h  those  obtained wh i l e  d r i f t  
f i s h i n g .  

A s tudy  of r ec ru i tmen t  has  been proposed by NMFS which is  designed t o  
e x e r t  heavy f i s h i n g  p r e s s u r e  on a s m a l l  bank followed by monitoring t h e  
recovery of f i s h  s t o c k s .  R e s u l t s  from t h i s  s tudy  would produce a b e t t e r  
estimate of bot tomfish s t o c k s  i n  t h e  NWHI than i s  now a v a i l a b l e .  
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