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ABBSTUCT 

A t o t a l  o f  7621 deepwater  snappe r s  and g roupe r s  were caught  w i t h  hand l ine  gea r  i n  a sys t ema t i c  
su rvey  of 2 2  banks i n  t h e  Mariana Archipe lago  wi th  s i x  c r u i s e s  spanning  mid-1982 through mid-1984. 
V a r i a t i o n s  i n  t h e  ca t ch -pe r -un i t  e f f o r t  (CPUE) and c a t c h  composi t ion  a t  banks due t o  geographic  and 
tempora l  f a c t o r s  i s  examined. 

Both bank type  and l a t i t u d e  e x p l a i n  v a r i a t i o n  i n  CPUE. Seamounts have h ighe r  CPUE v a l u e s  than  
t h e  h i g h  i s l a n d s  a t  the S a m  l a t i t u d e  wh i l e  w i th in  bank t y p e s ,  CPUE i n c r e a s e s  with inc reas ing  l a t i t u d e .  
For both  bank CPUE and bank c a t c h  composi t ion ,  v a r i a t i o n  between banks w i t h i n  a c r u i s e  pe r iod  i s  
s u b s t a n t i a l l y  g r e a t e r  than  v a r i a t i o n  between banks  over  t h e  2-year su rvey  p e r i o d .  A r e l a t i o n s h i p  
between t h e  index  of t h e  d i v e r s i t y  of t h e  bank ca t ch  composi t ion  and an  index  of t h e  a r e a  of bottom 
f i s h  h a b i t a t  a t  t h e  bank i s  e s t a b l i s h e d .  C l u s t e r  a n a l y s i s  a p p l i e d  t o  the bank ca tch  c a n p o s i t i o n  
i n d i c a t e s  t h a t  a l l  t h e  banks can be grouped i n t o  one of t h r e e  c a t c h  p r o f i l e s  which a r e  r e l a t i v e l y  
i n v a r i a n t  over  t h e  s u r v e y  p e r i o d .  Bank s i z e  appears  t o  exp la in  the  ca tch  c a n p o s i t i o n  and bank grouping  
f o r  a t  l e a s t  two of t h e  t h r e e  c l u s t e r s .  

RESUME 

Un nombre t o t a l  de  7621 vivaneaux e t  mhrous des . eaux  profondes  o n t  6 t h  cap tu rPs  par  pOche avec  
d e s  l i g n e s  main au cour s  d 'une  exp lo ra t ion  s y s t h a t i q u e  de  2 2  bancs  dans l ' a r c h i p e l  des  Mariannes (6 
c r o i s i h r e s  d e  mi-1982 mi-1984). Les v a r i a t i o n s  du t a m  d e  c a p t u r e  par  u n i t e  d ' e f f o r t  (CPUE) e t  de  l a  
c a n p o s i t i o n  s p h c i f i q u e  des bancs en fonc t ion  des  f a c t e u r s  gdographiques e t  t empore ls  s o n t  examinbes. 

La v a r i a t i o n  de  CPUE s ' e x p l i q u e  pa r  l e  t y p e  d e  banc e t  a u s s i  par  l a  l a t i t u d e .  L e s  bancs 
profonds  e t  i s o l e s ,  p r d s e n t e n t  des  v a l e u r s  de CPUE p l u s  & l e v e e s  que ceux s i t u h s  a u  v o i s i n a g e  d e s  tles 
Qmergeantes sous les rngmes l a t i t u d e s ,  t a n d i s  que ,  dans un t y p e  de  banc donnh, l e  CPUE augmente s e l o n  l a  
l a t i t u d e .  Pour l e  CPUE,  a i n s i  que pour la c a n p o s i t i o n  s p h c i f i q u e  d 'un  banc ,  les  v a r i a t i o n s  e n t r e  bancs 
pendant  l a  pPr iode  d 'une  s o r t i e  e o n t  p l u s  impor t an te s  que  c e l l e s  obse rvees  e n t r e  bancs pendant  l a  
phr iode  de 2 ann6es d ' e x p l o r a t i o n . .  We r e l a t i o n  e n t r e  l ' i n d i c e  de l a  d i v e r s i t 6  de l a  c a n p o s i t i o n  des 
c a p t u r e s  sur un banc e t  l ' i n d i c e  d e  l ' a i r e  de  I ' h a b i t a t  d e s  po i s sons  demersaux e s t  P t a b l i .  Un 
groupement h id rach ique  de l a  c a n p o s i t i o n  des  c a p t u r e s  s u r  chaque banc  ind ique  que  t o u s  l e s  bancs 
peuvent  Otre group& dans  un des  t r o i s  p r o f i l s  de  c a p t u r e ,  q u i  s o n t  r e l a t i v e m e n t  i n v a r i a b l e s  dur,ant la  
ph r iode  d ' e x p l o r a t i o n .  L 'h tendue  d 'un  banc  semble  exp l ique r  l a  c a n p o s i t i o n  d e s  c a p t u r e s  e t  l e  
groupement,  a u  moins pour deux d e s  t r o i s  groupes.  
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INTRODUCTION 

V a r i a t i o n  i n  d e n s i t y  and community composi- 
t i o n  of f i s h e s  a s s o c i a t e d  w i t h  c o r a l  r e e f s  has  
r ece ived  cons ide rab le  a t t e n t i o n  from e c o l o g i s t s  
( E h r l i c h  1975; Goldman and Ta lbo t  1976; Helfman 
1978; Sa le  1980).  S tud ie s  have documented a wide 
v a r i a t i o n  i n  d e n s i t y  of r e e f  f i s h  popu la t ions  on 
nearby pa tch  r e e f s  b u t  l i t t l e  has  been l ea rned  
r ega rd ing  t h e  f a c t o r s  which a r e  r e s p o n s i b l e  f o r  
t h i s  v a r i a t i o n  ( S a l e  1980).  There i s  some d i s -  
pu te  on t h e  s u b j e c t  of s t a b i l i t y  of c o r a l  r e e f  
communities. Some r e s e a r c h e r s  f i n d  evidence t h a t  
f i s h  communities a s s o c i a t e d  w i t h  c o r a l  r e e f  sys- 
tems a r e  s t a b l e  over  t ime (Molles  1978; Smith 
1978; bu t  o t h e r s  argue t h a t  r e e f  f i s h  assemblages 
a r e  predominant ly  nonequi l ibr ium and u n s t a b l e  
(Ta lbo t  e t  a l .  1978; Sa le  1980).  

While t h e  shal low water  r e e f  f i s h e s  have been 
e x t e n s i v e l y  s t u d i e d ,  t h e  d i s t r i b u t i o n  and s t a b i l -  
i t y  of s p e c i e s  composi t ion due t o  temporal and 
geographic  f a c t o r s  of deepwater bottom f i s h e s  i n  
t r o p i c a l  w a t e r s  has  r ece ived  l i t t l e  a t t e n t i o n .  
This  paper w i l l  examine v a r i a t i o n  i n  r e l a t i v e  
abundance and s p e c i e s  composi t ion for deepwater 
bottom f i s h e s  found i n  dep ths  of 125 t o  275 m 
caught w i t h  deep-sea hand l ine  gea r  i n  a f i s h i n g  
survey of 22 i s l a n d s  and banks i n  t h e  Mariana 
Archipelago.  

S ix  r e s o u r c e  assessment  c r u i s e s  of 40 days 
each were conducted i n  t h e  Mariana Archipelago 
du r ing  t h e  pe r iod  between May 1982 through June 
1984. I n  t h e  subsequent  a n a l y s i s ,  c r u i s e s  w i l l  
he grouped i n t o  two c r u i s e  periods--one c r u i s e  
pe r iod  inc lud ing  t h e  t h r e e  1982 c r u i s e s ,  and t h e  
o t h e r  c r u i s e  pe r iod  inc lud ing  t h e  t h r e e  c r u i s e s  
from t h e  l a t t e r  p a r t  of 1983 and e a r l y  and mid- 
1984. During t h e s e  c r u i s e s ,  t h e  deepwater snap- 
pe r  and grouper  community was sampled a t  t h e  2 2  
i s l a n d s  and banks shown i n  Fig.  1. Th i r t een  of 
t h e s e  22 s i t e s  were sampled a t  l e a s t  once i n  each 
c r u i s e  pe r iod .  Two s i t e s ,  Pagan I s l a n d  and 
Esmeralda Bank, were sampled on each of t h e  s i x  
c r u i s e s .  

The Mariana Archipelago c o n s i s t s  of a chain 
of i s l a n d s  and banks on a no r th - sou th  a x i s  begin- 
n ing  w i t h  Galvez Banks and Santa  Rosa Reef a t  t h e  
southernmost end and extending northward t o  Far- 
a l l o n  de P a j a r o s  (30 n m i  n o r t h  of Maug I s l a n d ) ,  
and a chain of seamounts a l s o  on a north-south 
a x i s  about  120 n m i  west of t h e  high i s l a n d  chain 
(F ig .  1 ) .  From a g e o l o g i c a l  p e r s p e c t i v e ,  t h e r e  
a r e  t h r e e  d i s t i n c t  t ypes  of fo rma t ions  w i t h i n  t h e  
Mariana Archipelago.  One i s  t h e  high i s l a n d  
cha in  which i s  composed of two subgroups.  The 
sou the rn  i s l a n d s  i n  t h i s  cha in  which c o n s i s t  of 
t h e  fo rma t ions  Santa  Rosa Reef,  Galvez Banks, 
Guam, Rota,  Aguijan,  T in i an ,  Saipan,  and F a r a l l o n  
de Med in i l l a ,  a r e  30 t o  40 m i l l i o n  y e a r s  o l d  and 
r e p r e s e n t  t h e  o l d e s t  fo rma t ions  i n  t h e  a r c h i p e l -  
ago ( S c o t t  e t  a l .  1980).  The second i s  t h e  
n o r t h e r n  i s l a n d s  i n  t h i s  cha in  which inc lude  
Esmeralda Bank and 38-Fathom Bank ( l a t .  
15"18.5'N, long. 145'26'E) and a l l  t h e  i s l a n d s  
from Anatahan n o r t h  t o  F a r a l l o n  de Pa ja ros .  They 
a r e  t h e  youngest  i n  t h e  cha in ,  about  1 m i l l i o n  
y e a r s  o l d ,  and s e v e r a l  a r e  s t i l l  a c t i v e  volcanoes 
( S c o t t  e t  a l .  1980).  The wes te rn  seamount chain 
is t h e  t h i r d  g e o l o g i c a l  t ype  and i s  approximately 
10 m i l l i o n  y e a r s  o ld  ( S c o t t  e t  a l .  1980) .  The 
seamounts sampled i n  t h e  wes te rn  chain were Bank 
A ( l a t .  14-12", long.  142"50'E),  Arakane Reef ,  
Pa th f inde r  Reef ,  Bank D ( l a t .  17'07'N, long. 

I 

Bod A --+----I- 
143- 144' 

Figure  1. Hawaiian Archipelago showing 
t h e  22 i s l a n d s  and banks sampled. 

143'20'E), and Bank C ( l a t .  18"06'N, long. 
143"lO'E).  

The Na t iona l  Oceanic and Atmospheric Adminis- 
t r a t i o n  (NOAA) s h i p  Tgzegep _Crg~g_l j  was used a s  
t h e  f i s h i n g  v e s s e l  f o r  a l l  t h e  c r u i s e s .  For 
sampling bottom f i s h ,  fou r  hydrau l i c  g u r d i e s  were 
used each w i t h  365 m of b ra ided  90 kg Dacron' 
l i n e .  The t e rmina l  r i g  c o n s i s t e d  of fou r  hooks 
spaced approximately 1 m a p a r t  and a 2 kg weight .  
Two of t h e  r i g s  used No. 20 Tonkichi  hooks and 
two r i g s  used No. 2 8  Tonkichi  hooks. 

A t  each i s l a n d  and bank, an a t t empt  was made 
t o  conduct a sys t ema t i c  f i s h i n g  survey of t h e  
bottom f i s h  community along t h e  200- contour .  
F i sh ing  was conducted while  t h e  v e s s e l  d r i f t e d  
and t a r g e t e d  t h e  125 t o  275 m dep th  range.  Fish-  
i ng  e f f o r t  i s  measured i n  l ine-hours  and i s  
de f ined  as t h e  product of t h e  number of l i n e s  
f i s h i n g ,  and t h e  l e n g t h  of t ime i n  hours  t h a t  
they a r e  f i s h i n g .  The b a s i c  sampling u n i t  i s  t h e  
f i s h i n g  d r i f t  which i s  t h e  f i s h i n g  t h a t  occu r s  
du r ing  an  un in te r rup ted  d r i f t  by t h e  v e s s e l  wh i l e  
it i s  f i s h i n g  i n  t h e  125 t o  275 m dep th  range.  A 
f i s h i n g  s t a t i o n  i s  t h e  sampling u n i t  which co r re -  
sponds t o  a s p e c i f i c  geographic  s i t e  around an  
i s l a n d  or bank. A s t a t i o n  may c o n s i s t  of on ly  

lReference t o  t r a d e  names does n o t  imply 
endorsement by t h e  Na t iona l  Marine F i s h e r i e s  
Se rv ice ,  NOAA. 
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one d r i f t  o r  may conta in  mul t ip le  d r i f t s  which 
repeatedly f i s h  the  s p e c i f i c  s i t e .  Numerous 
f i s h i n g  s t a t i o n s  a r e  used i n  a systematic  survey 
of each i s land  and bank. 

Rela t ive  Abundance 

A t o t a l  of 7,621 bottom f i s h e s  of over 30 
spec ies  were caught wi th  handl ine gear  during t h e  
s i x  c ru ises .  Pristiuomoides zonatus accounted 
f o r  51.2% of t h e  catch and t h r e e  spec ies ,  P. 
zonatus, P. a u r i c i l l a ,  and Etel is  carbuncul is  
accounted Tor 79.1% of t h e  t o t a l  catch.  

Catch per  un i t  e f f o r t  (CPUE) i s  measured i n  
number of f i s h  per  line-hour. For each bank, 
bank CPUE i s  computed a s  the  mean of a l l  t h e  
d r i f t  CPUE va lues  where a d r i f t  CPUE i s  the  
number of f i s h  caught during an uninterrupted 
d r i f t  divided by t h e  d r i f t  line-hours. Mean 
d r i f t  CPUE i s  used a s  a measure of bank CPUE 
because t o  a l a r g e  ex ten t  t h e  d r i f t s  wi th in  a 
bank appear t o  represent  r e p l i c a t e s  from t h e  
t o t a l  bank populat ion and a s  such allow f o r  t h e  
es t imat ion  of wi th in  bank v a r i a t i o n  i n  CPUE. The 
mean d r i f t  CPUE is presented f o r  a l l  22 banks and 
i s lands  i n  Table 1. 

There was considerable  v a r i a t i o n  i n  mean 
d r i f t  CPUE between banks. A nested a n a l y s i s  of 
var iance  shows t h a t  when t h e  v a r i a t i o n  i n  d r i f t  
CPG3 w i t h i n  banks is taken i n t o  account, t h e  
d i f fe rences  i n  mean d r i f t  CPUE between the  two 
c r u i s e  per iods i s  not  s i g n i f i c a n t  (P>O.lO), 
whereas the  d i f fe rences  i n  mean d r i f t  CPUE among 
banks and bank types both pooled over c r u i s e  
period a r e  s i g n i f i c a n t  (Pc0.025). Taken by bank 
type,  t h e  seamounts (Table 1 )  have t h e  g r e a t e s t  
mean d r i f t  CPUE (4.68 f i s h  per  line-hour) f o l -  
lowed by t h e  northern i s l a n d s  (3.19 f i s h  per 
line-hour) and then t h e  southern i s lands  (2.46 
f i s h  per  l ine-hour) .  The inhabi ted i s l a n d s  of t h e  
Marianas a r e  Guam, Saipan, Rota, and Tinian--all 
i n  the  southern group. Fishermen a t  these  
i s l a n d s  explo i t  t h e  loca l  s tocks  of bottom f i s h e s  
which most l i k e l y  accounts  f o r  t h e  r e l a t i v e l y  low 
CPUE va lues  f o r  t h e  populated i s lands .  The mean 
of t h e  bank CPUE f o r  t h e  uninhabited i s l a n d s  and 
banks i n  t h e  southern group i s  3.36 f i s h  per 
line-hour which suggests  t h a t  when i s l a n d s  with 
heavy f i s h i n g  mor ta l i ty  a r e  excluded, t h e r e  i s  no 
di f fe rence  i n  bottom f i s h  s tanding s tock between 
t h e  nor thern  and unfished southern i s lands .  The 
seamounts. however, appear t o  support a higher  
s tanding s tock than  the  unfished (nor thern  and 
southern)  i s l a n d s  and banks. There a160 appears 
t o  be a t rend  of increasing d r i f t  CPUE wi th  
l a t i t u d e  wi th in  t h e  northern and seamount groups 
(Table 1 ) .  An ana lys i s  of covariance using j u s t  
t h e  d r i f t  CPUE from t h e  seamounts and nor thern  
i s lands ,  where f i s h i n g  mor ta l i ty  i s  not  a f a c t o r ,  
shows t h a t  l a t i t u d e  and bank type explain a s t a -  
t i s t i c a l l y  s i g n i f i c a n t  por t ion  of v a r i a t i o n  i n  
d r i f t  CPUE (P = 0.0001 f o r  both v a r i a b l e s ) .  
Thus, a t  t h e  same l a t i t u d e ,  t h e  seamounts have a 
higher  r e l a t i v e  abundance than t h e  high northern 
i s l a n d s  and f o r  both types of formations. t h e  
r e l a t i v e  abundance increases  wi th  increas ing  
l a t i t u d e  . 

CATIE COMPOSITION 

To f a c i l i t a t e  a n a l y s i s  of t h e  catch composi- 
t i o n  among banks and c r u i s e  s e t s ,  t h e  ca tch  i s  
p a r t i t i o n e d  i n t o  seven spec ies  ca tegor ies .  Due 
t o  t h e i r  l a r g e  cont r ibu t ion  t o  t h e  o v e r a l l  

Table 1. Bank, mean d r i f t ,  ca tch  per  un i t  
e f f o r t  (CPUE), s tandard e r r o r  (SEI, and l a t i t u d e  
over t h e  survey period. 

Mean d r i f t  

No. of CPUE Lat i tude  
Bank d r i f t s  ( n m b e r s )  SE N 

ug 
Asuncion 
Agrihan 
Pagan 
Alamagan 
Guguan 
Sarigan 
Anatahan 
38-Fathom 
Esmeralda 

Northern I s lands  

7 5.03 1.02 
1 7  2.16 0.49 
45 4.20 0.31 

100 4.57 0.40 
118 2.37 0.19 
32 3.01 0.30 
28 2.82 0.37 
38 2.31 0.23 
61 3.12 0.26 

114 2.29 0.15 

Average d r i f t  CPUE 3.19 

Southern I s l a n d s  

Fara l lon  de 
Medinilla 32 3.29 0.65 

Saipan 1 7  1.72 0.34 
Tinian 20 1.96 0.29 
Aguijan 13  3.84 0.98 
Rota 19 1.91 0.40 
Guam 20 1.53 0.35 
Galvez and 

Santa Rosa 41 2.95 0.31 

Average d r i f t  CPUE 2.46 

Seamounts 

Bank C 8 5.91 1.57 
Bank D 20 5.85 0.51 
Pathf inder  136 4.58 0.23 
Arakane 84 3.36 0.24 
Bank A 24 3.71 0.57 

Average d r i f t  CPUE 4.68 

2 0 ~ 0 2 1  
19"40' 
18'46' 
18"06' 
17"36' 
17'19' 
16'43' 
16"21' 
16"20' 
14"5?' 

16"Ol' 
15"lO' 
15"OO' 
14'52' 
14"lO' 
13"25' 

13'00' 

18"08' 
17"09' 
16'30' 
15"38' 
14'12' 

catches,  E. zonatus, P. a u r c i l l a .  and 1. f l a v i -  
p i n n i s  each represent  s i n g l e  spec ies  ca tegor ies .  
Other spec ies  ca tegor ies  a r e  t h e  groupers  which 
c o n s i s t  of a l l  t h e  Serranidae,  and t h e  jacks  
which a r e  composed of a l l  t h e  Carangidae. E t e l i s '  
carbunculus and E. coruscans a r e  combined i n t o  
an E t e l i s  group, and a l l  t h e  o ther  snappers, 
Aurion v i rescens .  g. s i e b o l d i i ,  11. amoenus, g. 
f i lamentosus,  a r e  combined t o  form t h e  o ther  
snapper group. 

The percentage of t h e  ca tch  i n  t h e  seven 
spec ies  groups a t  each bank pooled over a l l  
c r u i s e s  i s  given i n  Table 2. While most of t h e  
seven spec ies  groups a r e  represented a t  a l l  of 
t h e  i s l a n d s  and banks t h e r e  do appear t o  be 
d i f f e r e n c e s  i n  t h e  d i v e r s i t y  of t h e  ca tch  compo- 
s i t i o n s  between i s l a n d s  and banks. For example, 
a t  t h e  seamounts t h r e e  spec ies  accounted f o r  
about 90% of t h e  ca tch  while a t  many o t h e r  
i s l a n d s  and banks a t  l e a s t  f i v e  spec ies  must be 
combined t o  account f o r  90% of t h e  ca tch  composi- 
t i o n  (Table 2) .  
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Table 2. Bank catch composition pooled 
over a l l  c ru ises .  

Ma ug 10.6 43.9 4.1 3.3 35.8 
Asuncion 5.4 58.9 17.9 3.6 8.9 
Agrihan 12.6 60.2 3.9 2.1 10.3 
Pagan 14.8 70.0 2.6 1.1 8.9 
Alamagan 20.2 49.6 2.9 1.4 23.3 
Guguan 13.1 61.5 3.6 2.8 18.3 
Sarigan 9.9 64.6 7.3 2.1 14.1 
Anatahan 8.4 54.0 2.5 2.0 11.9 
Fara l lon  de 

Medini l la  11.5 47.9 3.7 6.3 9.4 
Saipan 7.6 22.8 1.3 1.3 8.9 
38-Fathom 6.4 43.4 4.5 6.6 22.8 
Tinian 19.4 0 0 0 8.3 
Aguijan 0 27.1 0 2.1 6.3 
Esmeralda 5.4 39.7 3.0 2.0 4.0 
Rota 9.5 36.2 1.9 2.9 16.2 
Guam 12.9 16.1 0 6.5 25.8 

0.8 1.6 
5.4 0 
4.6 6.4 
1.3 1.3 
1.4 1.1 
0.4 0.4 
1.0 1.0 
6.4 14.9 

4.7 16.7 
24.1 34.2 
11.7 4.7 

2.8 69.4 
22.9 41.7 

9.3 36.6 
21.9 11.4 
25.8 12.9 

Galvez and 

Bank C 22.9 35.6 0.9 0 39.0 1.7 0 
Santa Rosa 6.8 32.2 1.7 9.3 36.4 8.5 5.1 

Bank D 39.4 48.0 0 1.5 9.1 1.5 0.5 
Pathf inder  21.5 50.6 0.4 8.2 17.3 1.6 0.4 
Arakane 16.9 41.2 0.7 12.8 18.8 9.3 0.3 
Bank A 15.9 60.7 0.4 2.5 18.4 1.3 0.8 

Total  15.2 51.4 2.3 4.5 15.4 4.7 6.6 

A measure of t h e  spec ies  d i v e r s i t y  of t h e  
ca tch  a t  a bank can be computed from t h e  Shannon- 
Weaver measure of t h e  d i v e r s i t y  (HI of t h e  ca tch  
composition given by t h e  equat ion:  

7 

where p ( i )  i s  t h e  proport ion of the  ca tch  a t  a 
bank which belongs t o  t h e  i t h  spec ies  category 
( i  = 1, ..., 7 i n  our a p p l i c a t i o n )  (Shannon and 
Weaver 1963). 

A regress ion  of H a g a i n s t  t h e  na tura l  log of 
t h e  length  of t h e  2OO-m isobath ,  which i s  an 
index of t h e  a r e a  of bottom f i s h  h a b i t a t ,  indi-  
c a t e s  t h a t  t h e r e  i s  a p o s i t i v e  l i n e a r  r e l a t i o n -  
sh ip  between H and I n  ( length  of 2OO-m i soba th)  
(Table 3). The regress ion  has  a s lope of 0.19 
and a n  R2 of 0.28 (P - 0.013). Thus t h e  l a r g e r  
t h e  bank t h e  g r e a t e r  t h e  d i v e r s i t y  of t h e  catch.  

To assemble banks i n t o  groups of s i m i l a r  
catch composition and t o  determine i f  these  
groups a r e  invar ian t  over time, a m u l t i v a r i a t e  
procedure known a s  c l u s t e r  ana lys i s  was appl ied 
t o  form c l u s t e r s  of banks wi th  s i m i l a r  ca tch  
composition wi th in  each of t h e  two c r u i s e  per i -  
ods. The ca tch  composition f o r  each bank i s  
simply t h e  nmnber of f i s h  caught i n  the  seven 
spec ies  groups descr ibed e a r l i e r .  The c l u s t e r  
a n a l y s i s  groups banks toge ther  based on t h e  chi-  
squared d is tance  between t h e i r  ca tch  composition. 

Table 3. The Shannon-Weaver measure of 

contour f o r  each bank. 
d i v e r s i t y  (H) and length  of the  200-m 

Length of Log ( length  of 
200-m contour 20g-m contour 

Bank H (nmi) ( m i ) )  

Maw 
Asuncion 
Agrihan 
Pagan’ 
Alamagan 
Guguan 
Sarigan 
Anatahan 

Fara l lon  de 
Medinil l a  

Saipan 
38-Fathom 
Tinian 
Aguijan 
Esmeralda’ 
Rota 
Guam 
Galvez and 

Santa Rosa 

Bank C 
Bank D 
Pathf inder  
Arakane 
Bank A 

Northern I s lands  

1.31 10 
1.27 I1 
1.32 18 
1.29 30 
1.29 11 
1.14 9 
1.15 9 
1.42 1 7  

Southern I s lands  

1.56 77 
1.57 53 ~~ 

1.59 3 
0.89 29 
1.31 16 
1.42 1 2  
1.64 32 
1.70 79 

1.57 53 

Western Seamounts 

1.18 3 
1.09 3 
1.16 3 
1.20 3 
1.11 4 

2.30 
2.40 
2.89 
3.40 
2.40 
2.20 
2.20 
2.83 

4.34 
3.97 
1.10 
3.37 
2.77 
2.48 
3.47 
4.37 

3.97 

1.10 
1.10 
1.10 
1.10 
1.39 

1For Pagan and Esmeralda most of t h e  f i s h i n g  
was r e s t r i c t e d  t o  a 10 nmi length  of 200-m con- 
tour  for purpose of r e p l i c a t e d  sampling. thus  H 
may not  r e f l e c t  spec ies  d i v e r s i t y  of t h e  e n t i r e  
bank. 

Although s e l e c t i n g  t h e  nmber  of c l u s t e r s  
which i s  appropr ia te  f o r  a d a t a  s e t  can be 
subjec t ive ,  the  dec is ion  r u l e  used here  is t o  
determine the  nmber  of c l u s t e r s  a s  t h e  minimum 
nmber  of c l u s t e r s  which achieve the  g r e a t e s t  
r e l a t i v e  decrease i n  t h e  maximum wi th in  c l u s t e r  
dis tance.  I n  both t h e  1982 and t h e  1983-84 c r u i s e  
per iods.  t h r e e  c l u s t e r s  provide the  g r e a t e s t  
r e l a t i v e  reduct ion i n  i n t r a c l u s t e r  d i s tance .  The 
t h r e e  c l u s t e r s  a r e  s i m i l a r  f o r  both c r u i s e  per i -  
ods in .  t h e i r  bank composition and ca tch  com- 
pos i t ion  (Tables 4, 5, and 6) .  Although t h e  clus-  
t e r s  do not e n t i r e l y  segregate  along t h e  t h r e e  
geological  bank t y p e h t h e r e  i s  considerable  s i m i -  
l a r i t y .  As  a naming convention, i t  i s  descr ip-  
t i v e  t o  r e f e r  t o  t h e  t h r e e  c l u s t e r s  a s  northern,  
seamount, and southern c l u s t e r s  f o r  both c r u i s e  
per iods.  but  i t  should be kept  i n  mind t h a t  the  
c l u s t e r s  and t h e  i s land  types of t h e  same name do 
not contain exac t ly  t h e  same s e t  of banks. In 
both c ru ises .  t h e  southern c l u s t e r  was charac- 
t e r i z e d  by i t s  high proport ion of 2. f lav iDinnis  
30% i n  one period and 16% i n  t h e  o ther  per iod,  
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Table 4. Banks i n  t h e  t h r e e  c l u s t e r s  from 
t h e  1982 c r u i s e  period. 

Northern Seamount Southern 
c 1 us ter c l u s t e r  c 1 us t e r  

Galvez and 

38-Fa t hom 
Agrihan' 

Guguan' 
b u g  
Alamag an ' 
Asuncion 
Sarigan' 

Santa Rosa Pagan ' Esmeralda' 
Bank A'  Anatahan' 
Pathf inder  Fara l lon  de 

Arakane' Tinian 
Aguijan 
Saipan 
Rota1 
Guam' 

Medinilla'  

'Banks sampled i n  both c r u i s e  per iods.  

Table 5. Banks i n  t h e  t h r e e  c l u s t e r s  
from t h e  1983-84 c r u i s e  period. 

Northern Seamount 
c l u s t e r  c l u s t e r  

Southern 
c l u s t e r  

Guguan' Pathf inder  ' G u a m '  
Pagan' Bank D Rota' 
Sar  ig  an ' Bank C Arakane' 

Bank A1 Agrihan' 
Alamag an' Anatahan' 

Fara l lon  de 

Esmeralda' 
Medinil l a '  

'Banks sampled i n  both c r u i s e  periods. 

Table 6. Cluster  ca tch  composition 
by c r u i s e  per iods.  

Species  ca tch  composition i n  percent  

1982 Cruise Period 

Northern 1,328 6.5 48.6 5.7 4.2 24.6 6.8 3.5 
Seamount 936 18.4 56.2 2.0 7.8 9.8 4.4 1.4 
Southern 812 8.3 37.1 3.2 3.8 7.5 9.7 30.4 

1983-84 Cruise Period 

Northern 977 13.1 71.6 2.9 1.4 9.6 0.7 0.7 
Seamount 2,455 23.1 50.1 0.8 5.3 18.9 1.3 0.5 
Southern 1,108 12.1 45.0 1.8 3.3 11.9 10.1 15.8 

while  t h e  o t h e r  c l u s t e r s  contained l e s s  Fhan 4%. 
The seamount c l u s t e r  was charac te r ized  i n  both 
c r u i s e  per iods by i t s  h igher  proport ion of E te l i s  
spec ies ,  j u s t  about twice t h e  amount i n  t h e  o t h e r  

c l u s t e r s  wi th in  each c r u i s e  period. For banks i n  
t h e  seamount c l u s t e r  e s s e n t i a l l y  t h r e e  spec ies  
accounted f o r  t h e  e n t i r e  catch. 

sampled on both c r u i s e  per i -  
ods, 9 were i n  t h e  same c l u s t e r  i n  both per iods 
and 4 changed c l u s t e r s .  Under the  hypothesis  
t h a t  banks a r e  randomly assigned t o  c l u s t e r s ,  t h e  
probabi l i ty  t h a t  nine o r  more do not  change clus-  
t e r s  between t h e  two per iods  i s  l e s s  than 0.01. 

The s i m i l a r i t y  i n  t h e  ca tch  composition and 
bank composition of corresponding c l u s t e r s  
between c r u i s e  per iods suggests  t h a t  v a r i a t i o n  i n  
t h e  spec ies  composition of t h e  archipelago over 
t h e  2-year period between c r u i s e s  was l e s s  than 
t h e  v a r i a t i o n  i n  spec ies  composition wi th in  t h e  
archipelago.  When t h e  ca tch  composition f o r  each 
c r u i s e  period was combined and c l u s t e r  a n a l y s i s  
performed on the  combined d a t a  again,  t h r e e  clus-  
t e r s  were se lec ted  based on t h e i r  r e l a t i v e  reduc- 
t i o n  i n  t h e  maximum i n t r a c l u s t e r  d i s tance .  Again, 
these  t h r e e  c l u s t e r s  w i l l  a l s o ' b e  c a l l e d  north- 
e rn ,  seamount, and southern (Tables 7 and 8) .  

Of t h e  13 banks 

Table 7. Banks grouped by t h r e e  c l u s t e r s  
when both c r u i s e  per iods a r e  combined. 

Northern Seamount Southern 
c l u s t e r  c l u s t e r  c l u s t e r  - 
Asuncion 
Agrihan 
Anatahan 
Fara l lon  de 

Medini 1 l a  
38-Fa t hom 
Galvez and 

Arakane 
Santa Rosa 

b u g  
Alamagan 
Pagan 

Guguan 
Sarigan 

E sme r a  1 d a 
T i n i a n  
Saipan 

Aguijan 
Rota 

Bank C Guam 
Bank D 
Pathf inder  
Bank A 

The spec ies  composition of t h e  t h r e e  c l u s t e r s  i s  
very s i m i l a r  t o  t h e  composition of t h e  c l u s t e r s  
from each c r u i s e  per iod.  The southern c l u s t e r  i s  
charac te r ized  by a high proport ion of 1. f l a v i -  
p i n n i s ,  and t h e  seamount c l u s t e r  d i f f e r s  from t h e  
o t h e r s  i n  i t s  higher  proport ion of Etelis spec ies  
and lower d i v e r s i t y .  In general  t h e r e  is an 
increase  i n  d i v e r s i t y  measured by t h e  Shannon- 
Weaver Index (E) and a corresponding increase  i n  
t h e  index of h a b i t a t  a r e a  going from t h e  seamount 
t o  nor thern  t o  southern c l u s t e r s  (Table 8). The 
f i s h i n g  mor ta l i ty  f o r  E. zonatus based on pooled 
length-frequency d a t a  i s  es t imated f o r  each clus-  
t e r  and used a s  an index of f i s h i n g  pressure  
(Wetheral l  e t .  a l .  1985). The i s l a n d s  and banks 
Of t h e  northern and seamount c l u s t e r s  a r e  
unfished while those of t h e  southern c l u s t e r  a r e  
f i shed  (Table 8 ) .  The most no t iceable  f e a t u r e  of 
t h e  ca tch  composition of t h e  southern c l u s t e r  i s  
t h e  high proport ion of E .  f l a v i u i n n i s  r e l a t i v e  
t o  t h e  o t h e r  c l u s t e r s  and i t  i s  hypothesized t h a t  
t h i s  i s  due t o  f i s h i n g  pressure present  a t  t h e  
southern c l u s t e r  and absent  from t h e  o ther  two 
c l u s t e r s .  Even wi th in  t h e  southern c l u s t e r  t h e  
t h r e e  i s l a n d s  and banks. which a f t e r  Tinian where 
no 1. zonatus was caught, have t h e  h ighes t  pro- 
por t ion  of p. f l a v i p i n n i s  a l s o  have an es t imate  
of f i s h i n g  mor ta l i ty  f o r  1. zonatus of 0.26/year 
which i s  s l i g h t l y  more than  twice the  value of 
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Table 8. Cluster catch compositions based on 
three clusters and data pooled over both cruise 
periods together with the Shannon-Weaver index of 
diversity for the cluster catch composition (H), 
the mean of the log (length of 200-rn contour) 
(L), and the fish& mortality (F) on PristiDo- 
m . i & z i ~ .  

Percentage of catch 

Cluster & 

ro u 

a a 

E v1 

$4 

5 
0 & H L F 

Southern 9 24 1 3 11 18 34 1.62 3.32 '0.12 
Northern 10 48 5 7 16 7 7 1.57 2.58 0.0 
Seamount 19 53 3 3 20 1 1 1.25 1.16 0.0 

'Three banks, Saipan, Esmeralda, and Aguijan, 
each of which have over 34% of the catch composed 

, have a combined estimate of 
F of 0.26. 

. .  of E .  a 

fishing mortality based on length-frequency data 
from all the islands and banks of the southern 
cluster pooled, further supporting the hypothesis 
of a relationship between fishing pressure and 
relative abundance of E .  UviDinnis. 

DISCUSSION 

For CPUE and catch composition there was sub- 
stantial variation among banks within the archi- 
pelago, and this pattern of variation was rela- 
tively invariant over the 2-year survey period. 

The higher bank CPUE at the western seamounts 
relative to the unfished northern and southern 
islands and banks is intriguing. Unfortunately we 
can only speculate at the factors which might be 
responsible for the difference. h e  hypothesis 
is that the difference is due to the Taylor col- 
umn effect. A model of a small pinnacle exposed 
to current flow indicates that a deep eddy can 
form above and around the pinnacle (Uda and 
Ishino 1958). It has been speculated that this 
eddy, termed a Taylor column, can entrain larvae, 
create an upwelling and serve to increase primary 
and secondary production (Shomura and Barkley 
1979; Owens and Hogg 1980). 

The results of cluster analysis indicate that 
banks can be grouped into one of three catch pro- 
files which are relatively invariant over time. 
It appears that both bank size which determines 
the bottom fish habitat, and fishing pressure 
explain variation in the diversity of the catch 
composition. The group, E .  mnatus, and 
g. are the dominant species when habi- 
tat is relatively small. As the amount of habitat 
increases other species increase their relative 
abundance. In the absence of fishing mortality, 
it is hypothesized, E .  is not able to 
establish a significant population, and it is 
only in the presence of fishing pressure, perhaps 
because stocks of competing species are reduced, 
that E .  flavimn can become established. . .  
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