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Deta i led  summaries a r e  presented  f o r  t he  intermedi  a t e  computational 
s t eps  of a t r o p i c a l  mu l t i spec ie s  y i e l d  assessment conducted i n  t h e  Marianas 
from Apr i l  1982 t o  May 1984, inc luding  depth d i s t r i b u t i o n  da ta  f o r  22 
species ,  growth curves (developed from the  numerical i n t e g r a t i o n  of d a i l y  
increment width d a t a )  f o r  11 spec ie s ,  and length-frequency ana lyses  f o r  7 
species .  Resul t s  show t h a t  i n  t h e  Marianas t h e  s i z e  s t r u c t u r e  of most 
bottom f i s h e s  changes l i t t l e  w i th  depth of capture .  This  f a c i l i t a t e s  t h e  
a n a l y s i s  of length-frequency data  t o  es t imate  v i t a l  r a t e s .  Moreover, the 
Marianas bottom f i s h  community (composed p r i m a r i l y  of l u t j a n i d s ,  s e r r an ids ,  
and carangids)  is found i n  t h e  80 t o  150 fathom depth range, with most 
f i s h e s  caught between 100 and 125 fathoms. Von B e r t a l a n f f y  growth param- 
e t e r s  es t imated  from the  j o i n t  a n a l y s i s  of o t o l i t h s  and length-frequency 
data  i n d i c a t e  t h a t  l u t j a n i d  growth c o e f f i c i e n t s  (E) range from 0.13 t o  
0.26 yr-1. These a r e  inve r se ly  r e l a t e d  t o  asymptot ic  s i z e s  ( & I ,  which 
range from 428 t o  981 nun f o r k  length .  Likewise, t h e r e  i s  evidence of 
a p o s i t i v e  c o r r e l a t i o n  between n a t u r a l  m o r t a l i t y  r a t e s  (1) and growth 
c o e f f i c i e n t s  among t h e  l a t j a n i d s .  The s i n g l e  carangid,  Caraqi lagab ris, 
fo r  which d e t a i l e d  information e x i s t s  d id  not  f i t  t h e  p a t t e r n  charac te r -  
i z ing  t h e  l u t j a n i d s .  
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The Resource Assessment I n v e s t i g a t i o n  of the  Mariana Archipelago 
(RAIOMA) was a 5-yr program i n i t i a t e d  by the Southwest F i s h e r i e s  Center 
Honolulu Laboratory,  National Marine F i she r i e s  Serv ice ,  NOAA, i n  1980 t o  
quant i fy  the  d i s t r i b u t i o n  and sus t a inab le  y i e l d  of i n s u l a r  f i she ry  resources  
wi th  commercial p o t e n t i a l  i n  t h e  Mariana Archipelago. In p a r t i c u l a r ,  off-  
shore pe l ag ic  spec ie s ,  bottom f i shes t  deepwater shrimps, and mackerel scadD 
S e l a t  crumenonhth almua, were t h e  sub jec t s  of s t u d i e s  aimed a t  i d e n t i f y i n g  
spa t i o  tempor a1 v a r  i a t i o n s  i n  d i  s t r ibut  ion  and de t e ran ining a rch  ipe 1 ago-w ide 
y i e l d  p o t e n t i a l s .  A t h i r d  goal of t he  program was t o  con t r ibu te  informat ion  
t h a t  would enhance o u r  o v e r a l l  understanding of t h e  b a s i c  b io logy  of spec ies  
from t h i s  region. 

A number of r e p o r t s  and pub l i ca t ions  were produced a s  a r e s u l t  of t he  
RAIOhlA program: Eldredge (1983); Moff i t t  (1983): Uchida (1983): Polovina 
(1985, 1986); Polovina e t  a l .  (1985): Ralston (1985, 1986, in p r e s s  b):  
Polovina and Rals ton  (1986); M o f f i t t  and Polovina (1987): Polovina and 
Roushl; Polovina and Shippen%; Rals ton and Shiota ' ;  Rals ton and Williams4. 
Many of t h e  da ta  summaries and a n a l y t i c a l  r e s u l t s  completed dur ing  t h e  pro- 
gram remain unpublished. This  i s  unfortunate  because,  a s  a m u l t i s p e c i e s  
t r o p i c a l  y i e l d  assessment,  the program was i n  many ways innovat ive and 
unique. Moreover, most of t h e  spec ie s  s tud ied  a r e  d i s t r i b u t e d  e x t e n s i v e l y  
throughout t h e  Indo-Pacific region.  Thus, the  f i s h e r i e s  management e f f o r t s  
of many developing South P a c i f i c  coun t r i e s  would s t a n d  t o  b e n e f i t  substan- 
t i a l l y  from the  d e t a i l e d  r e s u l t s  of the  RAIOMA program, were they  ava i lab le .  

In p a r t i c u l a r ,  a major focus of t he  program involved in-depth ana lyses  
of the  age and growth of commercial f i s h  spec ies  through the  examination of 
o t o l i t h  mic ros t ruc tu re  (i. e. D d a i l y  increments).  Likewise, s tandard ized  
m o r t a l i t y  es t imat ions  were generated from the  j o i n t  a n a l y s i s  of length-  
frequency data and von B e r t a l a n f f y  growth curves. Las t ly ,  numerous depth 
d i s t r i b u t i o n s  of deep s lope  spec ie s  were descr ibed.  A l l  t h r e e  kinds of 
information a r e  inva luable  i n  t h e  study of popula t ion  dynamics and represent  

lPolovina,  J. J., and R. C. b u s h .  1982. C h a r t l e t s  of s e l e c t e d  
f i s h i n g  banks and p innac le s  i n  t h e  Mariana Archipelago. Southwest Fish.  
Cent. Honolulu Lab,, Natl. Mar. Fish. Serv.8 NOM, Admin. Rep. E-82-19, 15 p. 

'Polovina, J. J., and N. T. Shippen. 1983. Estimates  of t h e  catch and 
e f f o r t  by Japanese l o n g l i n e r s  and b a i t b o a t s  i n  t h e  f i shery  conserva t ion  
zona around t h e  Mariana Archipelago. Southwest Fish.  Cent. Honolulu Lab., 
Natl .  Mar. Fish. Serv. *  NOAA, Admin. Rep. H-83-1, 42 p. 

'Ralston, S., and P. M. Shiota.  The e f f e c t  of hook s i z e  on t h e  ca tch  
s i z e  s t r u c t u r e  of Marianas bottom f i s h .  Manascr. in prep. Southwest Fish. 
Cent. Eonolulu Lab., Natl .  Mar. Fish. Serv., NOM, Honolulu8 HI 96822-2396 

'Ralston, S., and E. A. Williams. Numerical i n t e g r a t i o n  of d a i l y  
growth increments:  an e f f i c i e n t  means of aging t r o p i c a l  f i s h e s  f o r  s tock  
assessment. Manuscr. i n  prep. Southwest Fish. Cent. Honolulu Lab. , N a t l .  
Mar. Fish. Serv., NOAA, Honolulu, H I  96822-2396. 
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the f i r s t  d e s c r i p t i o n  of popula t ion  parameters f o r  many i f  not most of the  
l u t j a n i d s ,  s e r r a n i d s ,  and carangids  s tud ied .  The i n t e n t  of t h i s  paper i s  
t o  sunmarize these  s i g n i f i c a n t  b i o l o g i c a l  f i nd ings .  

A l l  sampling was conducted from the N O M  sh ip  Townse nd Cromwell from 
Apri l  1982 t o  May 1984. S ix  40-d c r u i s e s  were completed, and samples were 
obtained dur ing  a l l  months of the yea r  except March, September, and October. 
Fishing was done throughout t h e  Mariana Archipelago, including t h e  offshore 
seamounts of t h e  west Mariana Ridge. 

V i r t u a l l y  a l l  t he  specimens were caught dur ing  day l igh t  hours  by hook- 
and-line gear opera ted  from hydraul i c a l l y  powered f i s h i n g  gurdies .  Equal 
nwnbers o f  No. 20 and 28 Izaos c i r c l e  f i s h  hooks, b a i t e d  w i t h  cut  squid,  
were always used during f i s h i n g  opera t ions .  The f i s h i n g  gear cons i s t ed  of 
four  hooks a t t a c h e d  by shor t  ( 5 0  cm) gangions t o  a braided,  p re s t r e t ched  
Dacron l i n e  (400 m long)  weighted wi th  a 2-kg p i e c e  of rebar .  There were 
four  such l i n e s ,  each spooled on a P a c i f i c  King f i s h i n g  r e e l  powered by a 
Charl in  h y d r a u l i c  motor. Fishing was t a r g e t e d  between 7 5  and 140 fathoms,' 
although some ca t ches  were made both shallower and deeper.  The depth of 
capture  was recorded  wi th  a Raytheon fathameter .  
of sampl ing, specimens of ,S. crumenoDhthalmas (Carangidae) and Lut ianua 
kasmira (Lut jan idae)  were obta ined  a t  anchored 20-fathom night - l igh t  s ta-  
t i o n s  by using l i g h t  Dacron hand l ines  equipped w i t h  small  f ea the red  j i g s .  

In a d d i t i o n  t o  t h i s  method 

A l l  f i s h  landed were i d e n t i f i e d  t o  spec ies ,  measured t o  t h e  nea res t  
mi l l imeter  f o r k  l eng th  (FL) on a measuring board,  and weighed t o  t h e  nearest  
0.01 kg on a balance sca le .  Where poss ib l e ,  the  sex  of each f i s h  was deter-  
mined a t  t h e  t ime of capture  by gross  examination of  t h e  gonads. Likewise, 
s a g i t t a l  o t o l i t h s  from t h e  more abundant spec ies  were c o l l e c t e d  by f r o n t a l  
s ec t ion  through t h e  cranium, r in sed  i n  f r e s h  water ,  and s t o r e d  dry i n  g l a s s  
v i a l s  wi th  l a b e l s .  

Otolith Studies 

In t h e  l abora to ry ,  o t o l i t h s  w e r e  examined f o r  t he  presence of da i ly  
increments (Campana and Neilson 1 9 8 5 ) .  To prepare t h e  o t o l i t h s  f o r  viewing, 
they were f i r s t  embedded i n  c a s t i n g  r e s i n ,  which was allowed t o  harden  com- 
p l e t e ly .  Cast o t o l i t h s  were sec t ioned  on a Buehler ISOMET low speed jewelry 
saw. 
plane t o  t h e  most d i s t a l  po r t ion  of t h e  postrostrum. Sec t ions  were pol ished 

Thin (0 .70 mm) s e c t i o n s  were made through t h e  focus a long  a f r o n t a l  

5Reference t o  t r ade  names does not imply endorsement by t h e  National 

'Depths a r e  given i n  fathoms, t h e  u n i t  p r w i d e d  on bathymetr ic  c h a r t s  
Marine F i s h e r i e s  Service,  NOM. 

and used by depth sounders. One fatham i s  1.83 m. 
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sequen t i a l ly  on a Buehler ECOMET po l i she r /g r inde r  w i t h  180 and 600 g r i t  
abras ive  disks .  Samples were then  b r i e f l y  e tched f o r  5-30 s i n  a d i l u t e  
s o l u t i o n  of 1% hydrochlor ic '  acid,  washed i n  water ,  and dr ied.  Prepared 
sec t ions  were mounted on g l a s s  s l i d e s  w i t h  Euparol o r  Flotexx and cover 
s l i p s  and allowed t o  c l e a r  and harden completely p r i o r  t o  viewing (approxi- 
mately 2 wk). 

Mounted o t o l i t h  s e c t i o n s  were examined wi th  a compound b inocular  micro- 
scope using t r ansmi t t ed  l i g h t  a t  a magni f ica t ion  o f  200 o r  400X. The t o t a l  
l ength  of the  o t o l i t h ,  i .e. ,  the d i s t a n c e  i n  micrometers between t h e  focus 
and the  p o s t r o s t r a l  margin, was measured wi th  a c a l i b r a t e d  o c u l a r  micrometer. 
Ind iv idua l  readings were then  made a t  s e l ec t ed  p o i n t s  a long t h e  p o s t r o s t r a l  
growth ax i s ,  wherever increment mic ros t ruc tu re  was unambiguously developed. 
A t  these loca t ions ,  the average wid th  of presmaptive d a i l y  growth increments 
was determined by counting a small  number of c l e a r l y  def ined increments and 
measuring t h e  a x i a l  l eng th  of t h e  sho r t  segment i n  which they occurred. In 
addi t ion ,  the  a x i a l  d i s tance  between t h e  midpoint of each segment and t h e  
o t o l i t h  focus was measured. Up t o  12 readings were made from each prepara- 
t ion ,  subjec t  t o  t h e  cons t r a in t  t h a t  counts  and measurements only  be made i n  
reg ions  where increment mic ros t ruc tu re  was c l e a r l y  expressed. 

The data  were smamarized by computing the  r a t i o  of segment l eng th  i n  
micrometers t o  t h e  included number of increments a t  each s p e c i f i c  s i t e  
examined, providing an e s t ima te  of t h e  average increment width a t  so1118 mea- 
sured d i s t ance  from the o t o l i t h  focus.  Under the  assumption t h a t  one incre- 
ment forms each day, these data  can  be used t o  e s t ima te  t h e  ins tan taneous  
growth r a t e  of t h e  o t o l i t h  (Ra l s ton  and Miyamoto 1981, 1983; Rals ton  1985). 

To es t imate  age,  a simple form of numerical i n t e g r a t i o n  was employed. 
S t a r t i n g  a t  t h e  focus,  the  data  were subdivided i n t o  500-pm i n t e r v a l s  of 
o t o l i t h  l eng th  (!&I. For each i n t e r v a l ,  the  a r i t h m e t i c  mean growth r a t e  of 
the o t o l i t h  was c a l c u l a t e d  based upon t h e  nmnber of readings f a l l i n g  there in .  
Average growth r a t e s  were then  d iv ided  i n t o  500 pm t o  provide e s t i m a t e s  of 
the  number of days needed t o  complete passage through each i n t e r v a l  of oto- 
l i t h  growth. These were then  s e q u e n t i a l l y  accmnulated away from t h e  focus,  
and f i n a l l y  d iv ided  by 365.25 t o  convert  age e s t i m a t e s  t o  years .  The e s t i -  
mated age upon completion of growth through i n t e r v a l  can be expressed more 
formally a s  

where A(&) i s  500 p i n  a l l  the  a p p l i c a t i o n s  presented  here  and d(&)/ud 
is t h e  mean o t o l i t h  growth r a t e  in each of the  i n t e r v a l s  l ead ing  up t o  
i n t e r v a l  A. 

After performing a r e g r e s s i o n  of t he  na tu ra l  logari thm of PL on t h e  
logarithm of t o t a l  o t o l i t h  l eng th ,  t h e  s i z e  of t he  o t o l i t h  upon completion 
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of growth through each i n t e r v a l  was used t o  p r e d i c t  t h e  corresponding FL of 
t h e  f i s h .  These da t a  (age i n  y e a r s  and Fl. i n  m i l l i m e t e r s )  were t h e n  f i t t e d  
t o  t h e  von Ber ta lanf fy  gruwth equa t ion  (Ricloer 1919) by using a nonl inear  
r eg res s ion  rou t ine  (NLIN procedure,  SAS 1979). Because t h i s  model provides  
a poor d e s c r i p t i o n  of growth dur ing  t h e  e a r l y  l i f e  h i s t o r y ,  only da ta  
r ep resen t ing  ages 20.8 y r  were used i n  t h e  r eg res s ion .  Also, s t a t i s t i c a l  
weighting was d e s i r a b l e  because (1) sample s i z e s  f o r  e s t ima t ing  mean o t o l i t h  
growth r a t e s  w i t h i n  o t o l i t h  l e n g t h  i n t e r v a l s  v a r i e d ,  (2) var i ances  i n  
o t o l i t h  growth r a t e s  t y p i c a l l y  were heterogeneous (propor t iona l  t o  t h e  
square of the  mean), and ( 3 )  compounding of e r r o r  occurred because of 
add i t ive  nature  of t h e  age e s t ima to r .  S t a t i s t i c a l  weights  were t h e r e f o r e  
ca l cu la t ed  a s  t h e  r e c i p r o c a l  of t h e  sun of s tandard  e r r o r s  of t h e  growth 
r a t e  means through i n t e r v a l  &. A more d e t a i l e d  e x p o s i t i o n  of t h i s  method 
and an example of i t s  a p p l i c a t i o n  and v a l i d a t i o n  t o  Prist ivomo i d e s  zoastas 
i s  presented  i n  footnote  4 .  

Length-Frequency Analysis 

The r e g r e s s i o n  method of Wetheral l  e t  a l .  (1987) was used t o  study 
v i t a l  r a t e s  and es t imate  growth and mor ta l i t y  parameters.  For s p e c i e s  
caught i n  s u f f i c i e n t  n m b e r s  (8 > 1501, these a n a l y s e s  were based on t h e  
combined length-frequency d i s t r i b u t i o n s  (a rounded t o  t h e  nea res t  cen t i -  
meter) of a l l  i nd iv idua l s  sampled ( see  Rals ton  ( i n  p r e s s  a )  fo r  a d i scuss ion  
of the e f f e c t s  of pooling length  da t a  taken a t  d i f f e r e n t  t imes  of t he  yea r ) .  

I n i t i a l l y ,  t h i s  method r e q u i r e s  de te rmina t ion  of the  minimum leng th  
wherein f i s h  a r e  f u l l y  r ep resen ted  i n  t h e  catch . For t h i s  P O T P O S ~ ~  

e s t  s i z e  f u l l y  sampled (e.  8 . r  Bicker 1975) .  Moreover, f o r  t h i s  and any 
l a r g e r  cu to f f  va lue  we were a b l e  t o  compute the  mean s i z e  of f u l l y  
vulnerable  f i s h  i n  t h e  cXtch (xi). This  is ,  by def i n i t i o n ,  the  average 
length  of those f i s h  g r e a t e r  thXn R As RsDA was success ive ly  incre- 
mented through t h e  f u l l y  vulnerable';f,e range, t h e  mean and var iance  i n  
s i z e  of l a r g e r  f i s h  were r e c a l c u l a t e d  a t  each s t e p ,  and a s e r i e s  of ordered 
p a i r s  was developed. The a c t u a l  es t imat ion  procedure involved r e g r e s s i n g  
va lues  of zi aga ins t  success ive  v a l u e s  of R 
e r r o r  of xi-was used a s  a s t a t i s t i c a l  r e i g h f B f o r  each poin t ,  l ead ing  t o  t h e  
bes t  l inea?,  unbiased e s t i m a t e s  of  t he  s lope ( 6 )  and i n t e r c e p t  ( t ) .  With 
the  r e s u l t i n g  r e g r e s s i o n  s t a t i s t i c s ,  the formulas provided i n  Wetheral l  e t  
a l .  (1987) were used t o  o b t a i n  p o i n t  e s t ima tes  of t he  r a t i o  of t o t a l  i n s t a r r  
taneous m o r t a l i t y  r a t e  t o  t h e  von Ber t a l an f fy  growth coeff  i o i en t  (Z/g) and 
t h e  von Ber t a l an f fy  asymptotic s i z e  parameter (&,,I. In p a r t i c u l a r ,  they 
showed t h a t  z/g = 6/(1 - 6 )  and I,-, = r/(l - 6 ) .  Likewise, e r r o r  e s t ima tes  
f o r  these s t a t i s t i c s  were c a l c u l a t e d  a s  wel l .  

the  f i r s t  l ength  category l a r g e r  t han  t h e  mode ed t o  be t h e  small- 

. 

. The inverse  of t h e  s tandard 

A t o t a l  of 40 spec ie s  were caught a t  the  RAIOUA deep-sea handl ine  
f i s h i n g  s t a t i o n s  (Table 1). Species  i n  t h e  snapper family (Lut jan idae)  
e a s i l y  ontnunbered a l l  o t h e r s ,  account ing f o r  1 4  of the  40 spec ie s  caught 
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Table 1.--Summary of spec ie s  caught dur ing  r e sea rch  
sampling a t  handl ine  f i s h i n g  s t a t i o n s  i n  t h e  Mariana 
Archipelago, Apr i l  1982-May 1984. 

Species  Fr eque ncy Pe rce nt 

Triaenodoo obesng 

Bervx decadac tv las  
Unident i f ied  s e r r a n i d  
b i n e n h e l q a  sp. 

f a s c i a t a g  
En in8 n he 1 rls l anaeo la tua  
Eninebbelus morrhua 
Cenhalonhol i g  sp. 
CenhaloDholig i n a r a s h i  ens i t  
CebhaloDholis a a r a n t i a  
Ceohalooho l i s  w a c n  l a t a  
Var io l a  l o u t  i 
Sa lont  i q  p-i 
E l a n a t i g  b i D i I l I l l l 1  a t  9 
Seriola SP- 
Carann o idep  o r t  ho nrammug 
Caranx sbm&€is 
Anhareus x n t  i l ann  
Anrion v i resceng  
Pr i s t inomoides  s i e b o l d i i  
P r i s t i n  ornoidea pi lamentosaa 
P i  i S t  io0 moidea & r a n  onrammicua 
Prist iDomoides au  r i c i l l ~  

P r i s t i r ,  omoides zo n a t a &  

Polvmixig SP- 

P r i s t  ir,o mo i d e s  f l a v i n i n n  is  

Etelis coruscan? 

Lut i anus J&.g&.g  
2 E u ; a ~ 1 u a  

Pa racae r io  sord idg  
Paracaes io  r a n t h a  rq 
Gvmno o r  an i u s  iaD onicug 
Lethr inug rabr ione  r c u l a t u a  
Unident i f ied  mu1 l i d  
Gvmnosard a g g i c o l o  r 
Poat inus  macrocenh a l a  
Dac tvl  or, t e n a-s 
Triodog macronterua 
Unident i f ied  d iodont id  

To t a l  

1 
1 
1 
9 
12 
6 
38 
13 
3 
10 
4 
3 
19 
43 
2 
54 
8 

2 37 
66 
7 
53 
17 3 
20 

1,072 
4 00 

3,561 
187 
821 
13 
3 
4 
7 
16 
35 
1 
5 
4 
1 

27 
2 

6,942 

0 .o 
0.0 
0 .o 
0.1 
0.2 
0.1 
0.5 
0.2 
0.0 
0.1 
0.1 
0.0 
0.3 
0.6 
0.0 
0.8 
0.1 
3.4 
1.0 
0.1 
0.8 
2.5 
0.3 
15.4 
5.8 
51.3 
2 a 7  
11.8 

0.2 
0.0 
0.1 
0.1 
0.2 
0.5 
0.0 
0.1 
0.1 
0.0 
0.4 
0 .o 

100.0 
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(35%). Moreover, 10  of these  were members of t h e  subfamily E t e l i n a e  and 
6 were of the  genus PristiDomoidea. Among t h e  v a r i o u s  o t h e r  f a m i l i e s  
represented  i n  t h e  catch,  the sea basses  (Se r ran idae ) ,  wi th  11 spec ie s ,  
were the r i c h e s t .  These were composed l a r g e l y  of r e p r e s e n t a t i v e s  froln the  
subfamily Epinephelinae (10 s p e c i e s ) .  Of the  remaining 15  spec ie s ,  4 were 
j a c k s  (Carangidae) and 2 were emperorf i shes  (Le th r in idae )  . 

Likewise, t he  e t e l i n e  snappers  dominated t h e  ca t ch  i n  terms of t he  
number of i nd iv idua l s  caught ( 9 2 % ) ,  with t h e  genus Pr i s t ioomoides  aga in  
lead ing  t h e  way (76% of a l l  f i s h ) .  In f a c t ,  the  s p e c i e s  1. zonatu? alone 
accounted f o r  over h a l f  (51%) t h e  catch.  Other numer ica l ly  important 
spec ies  included ,P. a u r i o i l l a ,  ,P. f l av ip inn ig ,  1. f i lamentosug I E t e l i a  
ca rb  unculua, ,E. $0 ruscans,  and C a r a w  b b r  is. These seven s p e c i e s  
j o i n t l y  comprised 93% of a l l  f i s h  caught. 

h p t k  Distributions 

I n  y i e l d  assessments,  i t  i s  important t o  examine depth d i s t r i b u t i o n s  
t o  determine whether age or s i z e  c l a s s e s  a r e  d i s t r i b u t e d  heterogeneously 
along t h i s  s p a t i a l  dimension. I f  l a r g e r  f i s h  t end  t o  be found i n  deeper 
water,  demonstrating H e i n c h ’ s  Law (Harden Jones 1968) , problems w i l l  
a r i s e  when ana lyz ing  s i z e  s t r u c t u r e  f o r  t he  purpose of e s t ima t ing  m o r  
t a l  i t y  r a t e s .  To examine t h i s  p o s s i b i l i t y ,  c o r r e l a t i o n s  were c a l c u l a t e d  
between EL ( i n  m i l l i m e t e r s )  and depth of capture  ( i n  fathoms) f o r  a l l  
spec ies  wi th  sample s i z e s  g r e a t e r  t han  two. The r e s u l t i n g  d i s t r i b u t i o n  of 
c o r r e l a t i o n  c o e f f i c i e n t s  had a median va lue  of 0.08, and t h e  i n t e r q u a r t i l e  
range, encompassing h a l f  t h e  da t a ,  w a s  -0.18 t o  0.23. Thus, f o r  most 
spec ies  examined, the  depth of cap tu re  accounted f o r  <6k of t he  t o t a l  
v a r i a t i o n  i n  EL. Moreover, of t h e  33 Corre la t ions ,  only 4 were s i g n i f i -  
can t  ( E  < 0 . 0 5 ) .  The spec ie s  concerned were E .  $ona ta s  ( I  = 0.22), E .  
flaViDilUli8 ( E  = 0.19), h h a r e u s  ru t i l a m  (I = 0.30), and C. l a n a b r i a  
(x = 0.23). Note t h a t  i n  none of these  fou r  c o r r e l a t i o n s  d i d  depth  
expla in  more than  10% of the  t o t a l  v a r i a t i o n  i n  FL and s i g n i f i c a n c e  was 
due pr imar i ly  t o  g r e a t e r  s t a t i s t i c a l  power r e s u l t i n g  from l a r g e  sample 
s i z e s  (see Table 1). Thus, f o r  deep s lope  bottom f i s h e s  of t h e  Marianas, 
Heincke’s Law was t h e  except ion  r a t h e r  than  t h e  r u l e ,  and when i t  d i d  
occur,  it was weakly expressed. 

The o v e r a l l  depth d i s t r i b u t i o n  f o r  each of 22 d i f f e r e n t  s p e c i e s  was 
p l o t t e d  t o  examine cen te r s  of abundance (Appendix A). Note, f o r  example, 
among t h e  s i x  s p e c i e s  of PriStiDOmOideg, t he re  were d i s t i n c t i v e  d i f f e r -  
ences i n  depth d i s t r i b u t i o n .  The shal lowest  s p e c i e s  was ,P. f i tynentosua ,  
which was encountered mainly a t  depths  of < lo0  fa thoas .  Pr is t ioomo ide 
f 1 avininn i was cha rac t e r i zed  by an asymmetrical d i s t r i b u t i o n  skewed t o  
g r e a t e r  depths,  where the  two deeper  dwelling s p e c i e s  were found ( E .  
s i e b o l d i i  and E .  a r a v r  onrammio us). The two most commonly caught spec ie s  
(E. ,zonatu% and 2. a u r i c i l l a )  had nea r ly  i d e n t i c a l  depth d i s t r i b u t i o n s  
t h a t  were centered  around 110 fathoms. 
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The remaining 16 spec ie s  were cha rac t e r i zed  by a number of shallow 

mammas , Gvmnocraniug j a n  onic- , and Lethr inus  r u b r i o m r c n  l a t u g ) ,  some mid- 
depth forms (Anhareus r u t  i l a n s ,  EDineDhelUp morrhqa, CenhaloDhol is inaras hi- 
ens i s ,  S a l o ~ t i 4  powel l i ,  and S e r i o l a  sp . ) ,  and a few d i s t i n c t i v e l y  deeper 

, EDineDhelug 1 anceol a tu&, occurr ing spec ies  ( E t e l i s  carbunculug, B. 9-s 
and yont inus macrocenha 14 ) .  One spec ie s  (Caranx lunubr  id showed a n  ercep- 
t i o n a l l y  broad d i s t r i b u t i o n  with depth,  being commonly caught anywhere 
between 50 and 150 fathoms ( s e e  a l s o  Rals ton  e t  a l .  1986). 

forms (Lutianug bohar,  Anrioq v i r e sceng  , Vario la  loa th ,  Caranno idea  Q.&&!= 

Age 8nd Growth 

O t o l i t h s  from 11 of the  most abundant spec ie s  were examined f o r  t h e  
presence of d a i l y  increments. These included P r i s t i D  omoides zonatus ,  
- P. bur  i c i l l a ,  2. f l av iDin  n ig ,  E .  f i lamentosus , E .  .s iab o l d i i ,  E t e l i $  
carbunca lue ,  B. cor u s c a m D  h h a r e u s  -, L a t i a n u s  Basmira, Caran& 
lanubrig,  and Selaf  crumen onhth almus. A s  i n d i c a t e d  i n  t h e  methods sec t ion ,  
- L. kasmira and 3. crumen onhtha lmus were caught i n  shallow water  dur ing  
anchored night- 1 igh t  f i s h  ing s t a t  ions.  

For a l l  spec ies  examined, t h e r e  was a d e f i n i t i v e  p a t t e r n  of decreasing 
o t o l i t h  growth r a t e  wi th  inc reas ing  o t o l i t h  l eng th  (upper pane ls  i n  Appen- 
d i x  B). The data  f o r  each spec ie s  were summarized by 500-pm l eng th  i n t e r v a l s  
and numerically i n t e g r a t e d  (Table 21, providing e s t i m a t e s  of age upon com- 
p l e t i o n  of growth through each i n t e r v a l  of o t o l i t h  length .  Moreover, fo r  
each species ,  a r e g r e s s i o n  of t h e  logari thm of FL (in mil l ime te r s )  on t h e  
logarithm of o t o l i t h  l e n g t h  ( i n  micraaneters) provided a s t a t i s t i c a l  b a s i s  
f o r  es t imat ing  the  concomitant l e n g t h  of t he  f i s h  (middle pane ls  i n  Appendix 
B; Table 3 ) .  Next, the i n t e g r a t e d  da ta  were transformed wi th  t h e  r eg res s ion  
equat ion t o  produce ordered p a i r s  of age a t  e s t ima ted  EL, and each va lue  
weighted appropr i a t e ly  f o r  sample s i z e  and var iance  (Table 4 ) .  F i n a l l y ,  the 
da t a  were f i t t e d  t o  t h e  von Ber ta l an f fy  growth equa t ion  (lower pane l s  i n  
Appendix B), and t h e  t h r e e  parameters  of t h e  model (E, &, and &a) est imated 
f o r  each spec ies  (Table 5 ) .  Note t h a t ,  because of inadequate degrees  of 
freedom, no reasonable  de te rmina t ion  of e r r o r  could be der ived f o r  t h e  f i t  
t o  t h e  data  from 2. crumen onhtha lmw. 

Length-Freqwncy bnrlyri 8 

Of the  40 spec ie s  sampled, 7 were caught i n  s u f f i c i e n t  nunbers t o  
permit a p p l i c a t i o n  of t he  Wetheral l  e t  a l .  (1987) r eg res s ion  method: E .  
zonatua, E .  aa+lcillr, E. f l a v  i n i n n i a ,  E .  f i l a  mentQSaa , E t e l i a  auWuw&u, 
E. corusc ana, and C a r a u  dgnub r i a  (Table 6: upper pane ls  i n  Appendix C) .  
For eacrh of these  spec ies  t h e  r e s u l t s  of t he  Wetheral l  e t  a l .  (1987) regres-  
s ion  (lower pane ls  i n  Appendix C; Table 7 )  provide the  b a s i s  f o r  e s t ima t ing  
t h e  r a t i o  of t o t a l  instantaneous m o r t a l i t y  r a t e  (z) t o  t h e  von Ber t a l an f fy  
growth c o e f f i c i e n t  (E) and t h e  von Ber t a l an f fy  asymptot ic  s i z e  (see 
Table 8 ) .  
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Table 2.--Smnmary of o t o l i t h  growth r a t e s  and 
n m e r i c a l  in tegrat ion  of  dai ly  increment width 
data for  11 s p e c i e s  from the Mariana Archipelago. 

~ 

Otol i th  growth rate  
O t  o l  i t h  Intarv a1 
1 ength Me an duration Age 
(Pl) - N ( p / d )  SD ( d )  (yr)  

500 
1,000 
1,500 

2,500 
3 ,000 
3,500 
4,000 
4,500 

5,500 
6,000 
6,500 

7,500 

2,000 

5,000 

7 ,000 

500 
1,000 
1,500 
2,000 
2,500 
3,000 
3,500 
4,000 
4.500 
5,000 
5,500 
6,000 

3 
30 
55 
60 
83 
71 
54 
49 
110 
99 
95 
78 
39 
18 
7 

3 
14 
11 
22 
25 
34 
17 
35 
38 
14 
6 
1 

P r i s t  b o  moidoa zona- 

28.03 
27.89 
21.53 
18.43 
10.94 
5.97 
5.52 
3.99 
3.98 
3.36 
3.01 
2.87 
2.29 
2.03 
1.51 

6.26 
9.50 
6.54 
6.46 
5.71 
3.57 
2.10 
1.27 
1.48 
1.31 
1.24 
1.01 
0.86 
0.67 
0.40 

29.04 
20.05 
18.88 
7.99 
5.55 
4.92 
3.92 
3.41 
2.28 
1.78 
1.64 
1.53 

6.29 
8.35 
8 .OS 
3.81 
2.64 
1.77 
1.31 
0.96 
0.74 
0.58 
0.39 -- 

18 
18 
23 
27 
46 
84 
91 
125 
1 26 
149 
166 
17 4 
218 
2 47 
3 31 

17 
25 
26 
63 
90 
102 
127 
1 47 
2 19 
2 82 
3 04 
3 27 

0 .o 
0.1 
0.2 
0.2 
0.4 
0.6 
.0.8 
1.2 
1.5 
1.9 
2.4 
2.9 
3.5 
4.1 
5 .O 

0.0 
0.1 
0.2 
0.4 
0.6 
0.9 
1.2 
1.6 
2.2 
3 .O 
3.8 
4.7 
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Table 2.--Continned. 

Otol i th  growth rate  
Oto l i th  In t em a1 
length Me an duration Age 
(w)  - N (pm/d) SD ( d )  (yr 1 

500 

1,500 
2,000 
2,500 
3,000 
3,500 
4,000 
4 ,500  
5,000 
5,500 
6,000 
6,500 
7 ,000  
7 ,500  

1 Do00 

500 
1,000 
1,500 

2 ,500  
3,000 
3,500 
4,000 
4,500 
5,000 
5,500 
6,000 
6,500 
7,000 
7 ,500  

2,000 

5 
21 
16 
14  
1 9  
16 
14  
19  
26 
34 
20 
14 
4 
1 
1 

16 
22 
24 
13 
22 
26 
22 
26 
23 
35 
30 
25 
1 5  

6 
2 

21.35 
19.36 
12.08 

5.21 
5 .74  
5 . 3 1  
3 .38  
3 .82  
3 .39  
2 .55  
2.46 
1 .66  
1 .so 
1 . 1 1  
2.67 

4.04 
6.94 
8.07 
1 .99  
6.36 
2.44 
1.36 
1.53 
1.50 
0.81 
0.80 
0.52 
0.21 -- 

22.92 
17.54 
11.05 

5.57 
4 .88  
4 .18  
4.47 
4.57 
3.94 
2 . 9 8  
2.56 
2 .32  
1 .89  
1 .59  
1 .7  8 

3.48 
5.47 
6 .99  
1.72 
1.65 
1 .22  
1.25 
1.40 
1.52 
0 .88  
0.70 
0.61 
0.42 
0.65 
0 .31  

23 
26 
41 
96 
87 
94 

148 
131 
148 
1% 
2 04 
3 01 
3 33 
449 
181 

22 
29 
45 
90 

102 
1 20 
112 
109 
1 27 
168 
195 
215 
265 
3 14 
2 81 

0 . 1  
0.1 
0 .2  
0 . 5  
0.7 
1 .o 
1 . 4  
1 . 8  
2 . 2  
2.7 
3 .3  
4 . 1  
5 .o 
6 . 2  
6.7 

0.1 
0.1 
0 . 3  
0 .5  
0.8 
1.1 
1 . 4  
1.7 
2 . 1  
2 .5  
3 . 1  
3.7 
4 .4  
5 .2  
6 .O 
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Tab1 e 2 .--Cod inaed. 

Otol i th  gruwth rate  
o t o l i t h  Int em a1 
length  Me an dnr a t i on Age 
(w) - N (pm/d) SD ( d l  (yr) 

50 0 

1,500 
2,000 
2,500 
3,000 
3,500 
4,000 
4,500 
5,000 
5,500 
6,000 

1,000 

500 
1 , 000 
1,500 
2,000 
2,s 00 
3,000 
3,500 
4,000 
4,500 

500 
1,000 
1,500 
2,000 
2,500 
3,000 
3,500 
4,000 
4,500 
5 , 000 

6,000 
6,500 
7,000 
7,500 

5,500 

11 
9 

1 5  
17 
22 
21  
1 8  
25 
24 

9 
4 
1 

5 
1 5  
29  
26 
40 
48 
47 
33 

9 

13 
19  
25 
21  
38  
3 1  
33 
28  
27 
16 
13 
10 
13 
3 
3 

Prist  isomo id0 I s ieboldi i 

18.7 6 
21.82 
10.76 

4.34 
4.56 
4.50 
3.74 
3.49 
2.91 
2.40 
2.17 
1.78 

5.17 
6.04 
7.03 
1.83 
1.83 
1.43 
1.15 
1 .05 
0.86 
0.88 
0.11 -- 

19.90 
18.90 
10.48 
6.85 
5.03 
3.42 
2.45 
2.05 
1.30 

7.93 
5.21 
3.01 
2 .31  
1.84 
1.44 
1.04 
0.86 
0.23 

12.7 1 
13.12 

8.99 
4.48 
3.58 
3.08 
2.66 
2.49 
1.81 
1.89 
1.66 
1.56 
1.39 
1 .41  
1.34 

2.80 
8.07 
6.99 
1.62 
1.14 
1.08 
0.91 
1.17 
0.30 
0.37 
0.30 
0.21 
0.23 
0.26 
0.22 

27 
23 
46 

115 
110 
111 
134 
143 
17 2 
208 
230 
2 81 

25 
26 
48 
73 
99 

146 
2 04 
2 44 
3 83 

39 
38 
56 

112 
140 
162 
188 
2 00 
27 6 
26 4 
3 01 
3 21 
3 60 
3 54 
374 

0 .1  
0 .1  
0.3 
0.6 
0.9 
1.2 
1 .s 
1.9 
2.4 
3 .O 
3.6 
4.4 

0 . 1  
0.1 
0.3 
0.5 
0 .I 
1.1 
1.7 
2.4 
3.4 

0.1 
0.2 
0.4 
0.7 
1.1 
1.5 
2 .o 
2.6 
3.3 
4 .O 
4.9 
5.7 
6.7 
7.7 
8.7 
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Table 2 .--Continued. 

Oto l i th  growth ra te  
Otol ith Interval  

duration 1 engt h Me an Age 
(P) - N ( p / d )  SD ( d )  (yr)  

500 
1,000 
1,500 
2,000 
2,500 
3,000 

4,000 
4,500 

5,500 

3,500 

5,000 

15 
1 8  
16 
13 
11 
20 
14 
14 
12 
20 
28  
25 
1 8  
1 9  

8 
7 
5 
4 

16 
1 8  

8 
8 

22  
3 8  
3 8  
49  
36 
21 

5 

Anhareus rut ilana 

22.47 
20.77 
12.53 

5.76 
4.56 
4.95 
5 .80  
4 .44  
4.42 
3.63 
3 .58  
2.92 
2.56 
2.52 
2.06 
1.94 
2.27 
1 . 6 1  

3 .70  
3 .44  
5.27 
3.54 
1.21 
2.29 
2.26 
1.43 
1 .84  
1.06 
1 .13  
0.91 
0.63 
0 .58  
0.53 
0 .31  
1.01 
0 .22  

24.38 
18 .29  
12.99 
7 .40  
3.37 
3 . 1 0  
3 .19  
2 .50  
2 .30  
1 .81  
1 .93  

4.55 
6 .OO 
5 .95 
8.87 
1.84 
1.44 
1 . 7 2  
0.7 9 
0.7 9 
0 .52  
0 .55  

22  
24 
40 
87 

110 
101 

86 
113 
113 
138 
140 
17 1 
195 
198 
2 43 
258 
2 20 
3 10 

21 
27 
3 9  
6 8  

148 
161 
157 
2 00 
2 17 
27 6 
2 59 

0 .1  
0 .1  
0.2 
0 . 5  
0 . 8  
1 .1  
1 . 3  
1 .6  
1 .9  
2 . 3  
2.7 
3 . 1  
3.7 
4 . 2  
4 .9  
5 . 6  
6 . 2  
7 .O 

0.1 
0.1 
0.2 
0.4 
0 . 8  
1 . 3  
1.7 
2.2 
2 .8  
3 .6  
4 . 3  
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Tab1 e 2 .--Continued. 

O t o l i t h  growth r a t e  
O t o l i t h  I n t e r v  a1 
l eng th  Me an dnr a ti on Age 

( pm) - N (pm/d) SD ( d )  (yr) 

500 

1,500 

2,500 
3,000 

4,000 
4,500 
5,000 

1,000 

2,000 

3,500 

500 
1,000 
18500 
2,000 
2,500 
3 ,000 
3,500 

12 
21 
20 
20 
31 
31 
23 
11 
2 
2 

10 
43 
28 
47 
120 
97 
16 

16.45 
12.75 
6.96 
4.52 
3.37 
2.46 
1.80 
1.76 
1.22 
1.45 

3.39 
4.37 
3.92 
2.62 
1.23 
0.65 
0.54 
0.55 
0.16 
0.16 

30 
39 
72 
111 
148 
2 03 
27 8 
284 
408 
3 45 

33.55 8.30 15 
26.93 11.7 9 19 
16.34 13.13 31 
5.42 5.61 92 
3.01 1.37 166 
2.26 0.80 2 22 
1.56 0.44 3 20 

0.1 
0.2 
0.4 
0.7 
1.1 
1.7 
2.4 
3.2 
4.3 
5.3 

0 .o 
0.1 
0.2 
0.4 
0.9 
1.5 
2.4 

Table 3 .--Summary of r eg res s ions  of t h e  n a t u r a l  logari thm 
of f o r k  length  (mm) on t h e  na tu ra l  logar i thm of o t o l i t h  
l eng th  ( P I .  

a 
Spe c i  e s - N Slope SE I n t e r c e p t  SE 1 

PriStiDomo i d e s  3 ona t u a  94 1.0737 
Pris t i D 0  moides a u r i c  i l l a  51 0.9225 
PriStibOmOideS f l a v i u n  i 8 57 0.8351 
Pris t ioomoidea f i lamentos  u 42 0.9166 
P r i s t  inomoides s i e b o l d i i  17 0.9911 
E t e l i s  catbuncu 1 us 62 0.9836 
E t e l i a  soruscang 62 1.0013 
Anhareus r u t  i l a n a  26 1.1397 
Lut isnus  Xasmira 33 1.0712 
w l l p p  u b r i s  25 1.6774 
Soler c r m  enonhthalmua 71 0.7486 

(0.0634) 
(0.1248) 
(0.0872) 
(0.1310) 
(0.1662) 
(0.1277) 
to. 1 190) 
(0.1 520) 
(0.1183 1 
(0.1694 1 
(0.0602) 

-3.7 831 
-2.2134 
-1.3 802 
-1.9619 
-2.7 408 
-2.5157 
-2.2 803 
-3.6258 
-3.6601 
-7.6247 
-0.4 85 5 

(0.5665) 
(1.0 807 ) 
(0.7 67 4) 
(1.1629) 
(1.4348) 
( 1.07 9 9) 
(1.0534) 
(1.3700) 
( 0.9949) 
( 1.4 067 1 
(0.4812) 

0.7 57 
0.527 
0.6 25 
0.551 
0.7 03 
0.4 97 
0.541 
0.7 01 
0.726 
0.810 
0.692 

... 
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Table 4.--Predicted age-length re la t ionsh ips  f o r  
11 s p e c i e s  of f i s h e s  from the Mariana Archipelago. 
See methods f o r  explanation of  s t a t i s t i c a l  weights .  

Age Fork length S t a t i s t i c a l  
(yr) ( mm) weight 

Prist i w m o  ide s ron8tus 

0 .8  
1 .2  
1 .5  
1 . 9  
2 . 4  
2 . 9  
3.5 
4 . 1  
5 .O 

0 . 9  
1 .2  
1 .6  
2 .2  
3 .O 
3.8 
4.7 

1 .o 
1 .4  
1 .8  
2 .2  
2.7 
3.3 
4 . 1  
5 .O 
6 . 2  
6.7 

1.1 
1 . 4  
1.7 
2.1 
2 .5  
3 .1  
3 .7  
4 .4  
5 . 2  
6 .O 

145.30 
167.69 
190 .30  
213.09 
236.06 
259.17 
282.43 
305.82 
329.34 

Pristimomoidos mu foil& 

176.37 
203.32 
229.98 
256.37 
282.54 
308.51 
334.30 

201.51 
229.20 
256.24 
282.72 
308.72 
334.30 
359.49 
384.35 
408.88 
433.13 

Prist- 

216.35 
249 .19  
281.63 
313.74 
345.55 
377.09 
408.40 
439 .49  
47 0 .38  
501.09 

0.100009 
0.097973 
0.096663 
0.095521 
0.0 94494 
0 .O 93 435 
0.0 9225 9 
0.0 907 65 
0 .O 89025 

0.086731 
0.084390 
0 .O 83 056 
0.0 82 23 4 
0 .0  81216 
0.07 9824 
0.076831 

0.11067 0 
0.106834 
0.1 03 299 
0.1 00811 
0 .O 99289 
0.097454 
0.096085 
0.093884 
0.090914 
0 .O 83 807 

0.220541 
0.2 07 7 13 
0.1 96 936 
0 . 1  8 8020 
0.182976 
0.178538 
0.1743 45 
0 .17  0164 
0 . 1  6 4 901 
0 . 1 55 57 0 
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Table 4 .--Continued. 

Age Fork l ength  S t a t i s t i c a l  
(yr) ( mm) weight 

0 . 9  
1.2 
1 . 5  
1 . 9  
2 . 4  
3 .O 
3.6  
4 . 4  

1.1 
1 .7  
2 .4  
3 .4  

1.1 
1 .5  
2.0 
2 . 6  
3 .3  
4 .0  
4 .9  
5.7 
6.7 
7.7 
8.7 

1.1 
1 .3  
1 . 6  
1 .9  
2.3 
2.7 
3 . 1  
3.7 
4 . 2  
4 . 9  
5.6 
6 .2  
7 .o 
7 . 5  

Prirtimoloidsa j i o b  oldi 4 

150.50 
180 .31  
210.07 
239.80 
269.49 
299.16 
328.80 
358.41 

Btelia 98rbmcu 1ua 

212.65 
247.46 
282.19 
316.86 

258.25 
309.97 
361.71 
413.45 
465.21 
516.97 
568.73 
620.51 
672 .29  
7 24.07 
775 .86  

244.46 
291.41 
339.31 
388.06 
431.57 
487.78 
538.63 
590.08 
642 .08  
694 .61  
7 47 -62  
801.11 
855.03 
909.37 

0.143 936 
0.138420 
0.134025 
0.1307 89 
0 . 1  2827 2 
0 . 1  25 1 90 
0.121335 
0.115776 

0 .1  56 591 
0.153 813 
0.1 51154 
0.1 48087 

0.203440 
0.197351 
0.192860 
0.188624 
0.186 041 
0 .1  82 57 2 
0.179511 
0.176443 
0.174247 
0.1697 40 
0.1657 83 

0.190176 
0.17 526 5 
0.1653 85 
0 . 1 55 936 
0.150483 
0.146223 
0.142745 
0.1393 29 
0.136209 
0.132486 
0.128940 
0.1243 18 
0.120901 
0.1 107 17 
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Table 4.--Continued. 
~~~ ~~~~ 

S t a t i s t i c a l  
weight 

0.8 
1.3 
1.7 
2.2 
2.8 
3.6 
4.3 

1.1 
1.7 
2.4 
3.2 
4.3 
5.3 

0.9 
1.5 
2.4 

112.29 
136.51 
161.02 
185.78 
210.76 
235.94 
261.31 

244.49 
331.95 
429.90 
537.83 
655.31 
7 81.99 

215.26 
246.74 
276.93 

0.14207 3 
0.138086 
0.134208 
0.131640 
0,12897 9 
0.126323 
0.120905 

0.245345 
0.238770 
0.233877 
0.2 27 328 
0.218279 
0.208046 

0.112028 
0 . 1 107 7 2 
0.1087 17 

DISCWSSION 

'Ihe results presented  h e r e  provide a v a r i e t y  of usefu l  information f o r  
developing management programs f o r  t h e  bottom f i s h  resources  of t h e  t rop ica l  
P a c i f i c  Ocean. The determinat ion of growth and m o r t a l i t y  r a t e s  of these 
important commercial spec ies  i s  e s p e c i a l l y  c r i t i c a l  t o  understanding t h e i r  
populat ion dynamics and t o  developing an a p p r e c i a t i o n  of t h e i r  y i e l d  poten- 
t i a l s .  

Separate and independent e s t i m a t e s  of the  von Beta lanf fy  asymptotic 
s i z e  parameter (&+,I were developed from t h e  study of o t o l i t h s  (Table 5 )  and 
from t he  a n a l y s i s  of length-frequency d i s t r i b u t i o n s  (Table 8) .  In some 
cases, t he  two d i f f e r e d  s u b s t a n t i a l l y ,  as f o r  example wi th  lanubr ia  
(Table 9 ) .  An obvious q u e s t i o n  a r i s e s  a s  t o  rhicrh of t h e  two procedures  i s  
b e t t e r .  In t h e  former a n a l y s i s  ( L e . ,  o t o l i t h s ) ,  t he  parameter i s  e s t i -  
mated from an e x t r a p o l a t i o n  of d a t a  acquired from r e l a t i v e l y  e a r l y  s tages  of 
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Table 5.--Smmary of nonl inear  von Ber t a l an f fy  r eg res s ions  
of f o r k  length  (mm) on age ( y r ) .  Standard e r r o r s  a r e  i n  
parentheses .  

Spec i e s 

P r i s t  i D  omoides zonatus 9 0.234 (0.018) 
P r i  s t iDomo ide 8 a u r i c  i 11 a 7 0.357 (0.071) 

Pr i s t iDomoidu  f il ament osug 10 0.289 (0.024) 
P r i s t  iDomoide s s i ebo ld i  i 8 0.351 (0.030) 
E t e l i s  c s rbpacu lus  4 0.347 (0.039) 
E t e l i S  corusca na 11 0.123 (0.013) 
Anhareus r o t i l a a s  14 0.163 (0.018) 
Latlenns kasmira 7 0.212 (0.038) 
Caranx lunubr i s  6 0.075 ( 0 . 0 2 7 )  
Selar S r m e a  onhthal  mag 3 0.606 -- 

P r i s t  iDomoide g $ la  ViDinIliS 10 0.268 (0.028) 

442 (14.85) -0.89 (0.078) 
383 (22.35) -0.88 (0.249) 
486 (15.27) -1.01 (0,163) 
584 (16.84) -0.54 (0.099) 
441 (14.65) -0.30 (0.070) 
403 (14.80) -1.06 (0.137) 

1 ,091 (55.65) -1.19 (0.138) 
1,229 (68.57) -0.36 (0.104) 

396 (36.09) -0.75 (0.139) 
2,216 (601.9) -0.47 (0.140) 

319 -- -0.96 -- 

growth (lower pane ls  i n  Appendix B ) .  Eirschhorn (1974) has shown t h a t ,  fo r  
the parameter t o  be accu ra t e ly  determined, l a r g e ,  o ld  f i s h  must be repre- 
sented in t h e  data .  Values f o r  asymptotic s i z e  der ived  s o l e l y  from the  
study of o t o l i t h  mic ros t ruc tu re  a r e  the re fo re  suspect .  Conversely, when 
length  samples a r e  not b iased  by t h e  s e l e c t i v e  p r o p e r t i e s  of t he  gear ( foot-  
note 3 ) ,  the  r e g r e s s i o n  method provides  a robus t  method of e s t ima t ing  t h i s  
parameter (Wetherall  e t  a l .  1987) .  Of t he  two, t he  est imate  obta ined  
from the  a n a l y s i s  of l eng th  frequency i s  p re fe r r ed .  

The age and length  da ta  (Table  4) were then  r e f i t t e d  t o  t h e  von Berta- 
l a n f f y  growth equat ion  wh i l e  cons t r a in ing  t h e  & parameter t o  t h e  va lue  
determined from t h e  a n a l y s i s  of  length-frequency da ta  (Table 8) .  The 
r e s u l t i n g  es t imate  of ,K ( y r  1) is  given f o r  each of t he  seven s p e c i e s  of 
bottom f i s h  i n  Table 9 .  The growth c o e f f i c i e n t  w a s  t hen  used t o  s epa ra t e  
the  r a t i o  of m o r t a l i t y  t o  growth (H/$), providing an  es t imate  of m o r t a l i t y  
r a t e .  Among t h e  snappers ( fami ly  Lut jan idae) ,  t h e r e  i s  an inverse  r e l a t i o w  
s h i p  between t h e  growth c o e f f i c i e n t  and t h e  asymptot ic  s i z e  (upper panel i n  
Appendix D). Not unexpectedly, ,C. lunubr is ( fami ly  Carangidae) does no t  
f i t  the  p a t t e r n  c h a r a c t e r i z i n g  t h e  snappers. 

Rals ton (1987) showed t h a t  among the  snappers  and groupers a l i n e a r  
r e l a t i o n s h i p  e x i s t s  between t h e  n a t u r a l  mor t a l i t y  r a t e  (4 )  and t h e  von 
Ber ta lanf fy  growth coeff  i o i e n t .  S p e c i f i c a l l y ,  a compilat ion and comparison 
of the  r e s u l t s  of 19 s t u d i e s  showed t h a t  & i s  approximately twice 1. Most 
of t he  s tocks r epor t ed  on here  r ep resen t  l a r g e l y  v i r g i n  populat ions.  Thus, 
the  t o t a l  mor t a l i t y  r a t e s  p re sen ted  i n  Table 9 can be considered e s t i m a t e s  
of t he  na tu ra l  m o r t a l i t y  r a t e  of each species .  These were p l o t t e d  aga ins t  
va lues  of the  growth c o e f f i c i e n t  (lower panel i n  Appendix D) t o  examine the  



17 

Table 6.--Length-frequency d i s tr ibut ions  o f  the seven most 
frequently caught s p e c i e s  of  bottom f i s h  i n  the  Mariana Archi- 
pelago (ZONA = Pris t iDo moides zonatus, WRI = E .  auric  i l l q n  
IiLAV = 1. f lav in -  i , FILA = 1. f i lamcntosut  # C A R B = w  
carbunculus, OORU = E .  coruscantr LUGU = Caraly lanubria) .  

~~~ 

Species  frequency 
Fork length 

(mm) ZONA AUBI FLAV FILA CARB corn Luau 

190 
200 
210 
220 
230 
240 
250 
26 0 
27 0 
2 80 
290 
3 00 
3 10 
3 20 
330 
3 40 
3 50 
360 
37 0 
3 80 
3 90 
400 
410 
420 
43 0 
440 
4 50 
46 0 
47 0 
480 
4 90 
500 
510 
520 
530 
5 40 
5 50 
56 0 
57 0 
5 80 

1 

2 
1 
5 
9 
10 
3 0  
37 
43 
7 6  
7 8  
11 8 
159 
185 
197 
251 
2 93 
318 
36 9 
333 
286 
27 7 
203 
16 1 

81  
26 
10 
1 

1 

-- 

-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 

-- 
-- 
-- 
-- 
-- 
-- 
1 

.-.- 
-- 
-- 

3 
2 
2 
2 
3 

1 

1 
5 
3 
1 
8 
8 
8 
6 

11 
8 
9 

14 
8 

11 
3 

10 
11 

4 
6 
6 
4 
4 

-- 
-- 

-- 
-- 
1 

1 
2 
1 
6 
5 

1 8  
16 
43 
32  
45 
65  
94 
81 
73  
86 
66 
5 1  
47 
26 
1 8  
1 4  

8 
10 
4 
1 
3 
1 

1 

1 
1 

-- 

-- 
-- 

-- 
-- 
-- 
-- 

-- 
-- 
-- 
-- 
1 

1 
8 
2 
2 
4 
3 
5 
5 
2 

11 
5 
7 
6 

10 
5 

11 
5 
4 
8 
3 
2 
3 
5 
7 
6 
7 
5 
5 

10 

-- 
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Tabla 6 .--Continwd. 

Spe ci e s f r eqne ncy 

( mm) ZONA MBI FLAV FILA CARB corn LUGU 
Fork length 

590 
6 00 
6 10 
6 20 
6 30 
6 40 
6 50 
660 
670 
6 80 
6 90 
7 00 
7 10 
7 20 
7 30 
7 40 
7 50 
7 60 
770 
7 80 
7 90 
800 
81 0 
820 
83 0 
840 
850 
860 
870 
8 80 
8 90 
900 
91 0 
920 
93 0 
940 
950 
960 



1 9  

Table 7.--Sllmmary of Wetheral l  e t  a l .  (1987) r eg res s ions  app l i ed  
t o  bottom f i s h e s  from t h e  Mariana Archipelago. 
of t h e  s t a t i s t i c s  a r e  i n  parentheses .  

Standard e r r o r s  

~ 

I 
b b e r  Regression 

r Species fish sample size slope Intercept - 
Pristiwmoideg zonatas 1,379 9 0.6966 (0.02l7) 14.0886 (0.8826) 0.993 
Pristiwmoidep aur i c i l l a  290 6 0.7093 (0.0427) 12.4348 (1.6030) 0.986 
PristirraaPidgs flWiDinSca 138 8 0.8221 (0.0228) 9.6419 (0.9809) 0.9% 
-filamentosars 77 14 0.7174 (0.0101) 18.9293 (0.5583) 0.998 
Etelkcarbmrcalas 492 17 0.8167 (O.Ol9l) 7.7440 (0.72U7) 0.993 
EteliaA2Qmmms 99 20 0.6997 (0.0125) 29.4587 (1.0261) 0.994 
IJmknxlanObds 193 35 0.5383 (0.0062) 34.5%1 (0.3682) 0.9% 

Table 8.--Regression method e s t ima tes  of t h e  m o r t a l i t y  
t o  gruwth r a t i o  (X/FJ and asymptotic s i z e  f o r  bottom 
f i s h e s  from t h e  Mariana Archipelago. 
of t he  S t a t i s t i c s  a r e  i n  parentheses .  

Standard e r r o r s  

Species Z/K 

P-8 zonatae 2 . 3 0  (0 .235)  464 ( 4 . 2 5 )  
P r i s t  i D O  moidoa -011 l a  2 . 4 4  (0 .505)  428 ( 7 . 8 5 )  
PristiDomoides f l a v i n i n n i a  4 . 6 4  (0 .727)  544 (15.12)  
P x i s t  in0 moidei f i l a  me n t  o sag 2 . 5 4  ( 0 . 1 2 6 )  670 (4.54)  
Etalis sa rbanca  l u a  7 . 1 1  (1 .256)  628 (39.39)  
Etalis 9osasc ang 2 . 3 3  ( 0 . 1 3 9 )  981 ( 7 . 1 1 )  
C a r a u  lsklu&& 1.17 ( 0 . 0 2 9 )  749 (2 .47)  

Table 9.--Smamary of gruwth and m o r t a l i t y  parameter e s t i m a t e s  
from the  study of o t o l i t h s  and length-frequency d i s t r i b u t i o n s .  

spec ie s  

Regs e s s ion  
method O t o l i t h s  Constrained 

L - K c K - Z - L - 
z/g (mm) (mm) (yr-1) (yr-1) (yr-1) 

PriStiDO mo ide  t zonatas 2 . 3 0  464 442 0 .234  0.209 0 . 4 8  
P r i s t  iDomo i d e s  aarioilla 2 . 4 4  428  383 0.351 0.256 0.62 
PristiDomo idea f l a v u n n  i a  4 . 6 4  544 486 0.268 0.192 0.89 
P r i s t  in0 moideg f i l a  mento sua 2.54 670  584 0.289 0.203 0.52 

Eteliaixu3uuu 2 . 3 3  981 1,091 0.123 0.154 0.36 
C a r a w  JmDkLb 1.17 7 4 9  2,216 0.075 0.500 0 . 5 8  

Etelis- 7 . 1 1  628  403 0.347 0.127 0.90 
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dependency of n a t u r a l  m o r t a l i t y  r a t e  on growth r a t e .  Not s u r p r i s i n g l y ,  ,C. 
1uRubris d id  not  f i t  t h e  p a t t e r n  evidenced by snappers.  Also, the  l o c a t i o n  
of the  po in t  f o r  E .  f l av iDinn ia  (g  = 0.19 yr 
the primary locus of snapper p o i n t s  because of s i g n i f i c a n t  f i s h i n g  mor t a l i t y .  
This  spec ie s  i s  found only i n  t h e  southern  p o r t i o n  of t h e  a rch ipe lago  i n  
proximity t o  populated a r e a s  and i s  be l ieved  t o  be more heav i ly  exp lo i t ed  
than  the  other spec ie s  (Polovina 1985).  

z = 0.89 yr 1, d e v i a t e s  frcm 

Among the  remaining snappers ,  E t e l i r  garbunculag (E = 0.13 yr 1, 
- Z = 0.90 yr 1) r e p r e s e n t s  a c l e a r  o u t l i e r .  Unlike t h e  remaining four  snap- 
pers ,  the catch s i z e  s t r u c t u r e  f o r  t h i s  spec ie s  (upper panel i n  Appendix C) 
was cha rac t e r i zed  by s u b s t a n t i a l  concavity i n  t h e  descending limb of the  
length-frequency d i s t r i b u t i o n .  Moreover, s i z e  da t a  f o r  ,E. &ancalu& from 
many a reas  throughout t h e  P a c i f i c  i nd ica t e  i t s  maximum s i z e  can v a r y  exten- 
s ive ly .  In Vanuatu, i nd iv idua l s  a s  l a rge  a s  1,100 mm FL have been observed 
(Brouard and Grandperr in  19851, whereas i n  t h e  Bawaiian I s lands ,  t h i s  spec ies  
does not exceed 650 mm FL (Everson 1984). Our da ta  from the  Marianas showed 
a maximum s i z e  of 540 mm FL out  of 821 measured f i s h .  With these i r r e g n l a t  
i t i e s ,  it i s  ev ident  t h a t  t h e  popula t ion  biology of t h i s  spec ie s  i s  poorly 
understood a t  p resent  and r e q u i r e s  f u r t h e r  study. 

This  work i s  t h e  r e s u l t  of t h e  Resource Assessment I n v e s t i g a t i o n  of the 
Maria- Archipelago a t  t h e  Southwest F i s h e r i e s  Center Honolulu Laboratory,  
National Marine F i s h e r i e s  Serv ice ,  N O M .  Many people con t r ibu ted  d i r e c t l y  
or  i n d i r e c t l y  t o  i t s  completion, but  e spea ia l ly  J e f f  Polovina, Paul Shiota,  
and Bob Moff i t t .  Others p a r t i c i p a t i n g  i n  t h e  f ie ldwork  were Bruce Best ,  
Gerry Davis, Ahser Edward, Al Everson, Paul Gates,  Gretchen G r i m m ,  Debbie 
Grosenbaugh, Scot Hamagnchi, Vic Bonda, Bob Humphreys, Spence James, Ber t  
Kikkawa, Ann Kitalong, Steve Kramer, Jim Harsh, Leigh Nei l ,  Sam Pooley, 
Kuni Sakamoto, Mike Seki, Tim Sherwood, Darryl  Tagami, Roy Tat su i ,  Vaughn 
Tyndzik, and Sue Wilkinson. 
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Appendix A.--Depth d i s tr ibut ions  for 22 spec ie s  o f  Marianas b o t t m  fishes. 
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: 

x 15- 

Ap pe ndi  x A. --Co nt i nue d . 
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Appendix A.--Continued. 
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Coranx lugubris 

Appendix A.--Continued. 
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Appendix B.--Analysis of  o t o l i t h  microstructure (increment width) t o  age 11 
spec ie s  from the Mariana Archipelago. See t e x t  f o r  further explanation.  
(A) Pristinomo ides  zona t a?. 
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Appendix B.--Continue d. ( B) Prist ivomoide s auric i 114. 
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x 
U 

73 > 40; 

Appendix B.--Continued. (C) Prist inornoides flaviDinnis. 
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Appe nd i x B . --Co nt i nue d . ( D ) Pr i s t ioomo i de s f i 1 am e n t o su s . 
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Appendix B.--Continued. (E) Pristibomoides s ieboldi i. 
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Appendix B.--Continued. (PI Etelis parbnno nlns. 
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Appendix B.--Continued. (E) ADhareag .€$X&$&hA. 
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Appendix B.--Continued. ( I )  Latianus basrnirq. 
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Appendix B.--Continwd. ( J )  Caranz lambriq.  
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Appendix B.--Continued. (9) S e l a c  crumenonhthalmaa. 
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Appendix C.--Length-frequency data f o r  seven bottom f i s h  spec ie s  frm the 
Mariana Archipelago (upper panel) w i t h  the f i t t e d  Wetherall e t  a l .  (1987) 
regress ion (lower panel ) .  See t e x t  for  further explanation.  (A) P r i r t i -  
gomo idea zonatua. 
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Appendix C.--Continued. (B) Pristioomoides auric illa. 
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Appe ndi x C. --Co nt i nue d. ( C) P r i  s t iDomo ide  9 f 1 av i D  inni 8 .  
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Appendix C.--Continued. (D) Pristinomoides filamentosu. 
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Etelis carbunculus 
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Appendix C.--Continued. (F) Etelip corascans. 
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Appendix C.--Continued. (GI Caram lanub r i p .  
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Appendix D.--Relationships among growth and mortal i ty  parameters for 
Marianas bottom f i s h .  
estimated using the Wetherall e t  a l .  (1987) regress ion  technique and the 
growth c o e f f i c i e n t  (9) est imated from o t o l i t h  age a t  l ength  data. 
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