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M o r t a l i t y  c o n c e p t s  are  b r i e f l y  r e v i e w e d  and 
general  methods of e s t ima t ing  m o r t a l i t y  rates dis-  
cussed.  S p e c i a l  a t t e n t i o n  i s  devoted t o  techniques 
used  s u c c e s s f u l l y  i n  t h e  s t u d y  of  s n a p p e r s  and 
groupers .  I n  p a r t i c u l a r ,  c a t c h  cu rves ,  Z / K  r a t i o  
estimates,  and t h e  Pauly  e q u a t i o n  a r e  shown t o  
a c c o u n t  f o r  t h e  m a j o r i t y  of m o r t a l i t y  es t imates  
r e p o r t e d  from t h e s e  two taxa. A r e v i e w  of  t h e  
s n a p p e r  a n d  g r o u p e r  l i t e r a t u r e  i n d i c a t e s  t h a t  
i n s t a n t a n e o u s  ra tes  of  n a t u r a l  m o r t a l i t y  ( M I  c an  
s i m p l y  b e  p r e d i c t e d  w i t h  knowledge of t h e  von  
Ber ta lanf fy  growth c o e f f i c i e n t  (Kb-the former being 
rough ly  tw ice  t h e  l a t t e r .  Repor ted  a g e n t s  respon-  
s i b l e  f o r  n a t u r a l  d e a t h s  i n  t h e s e  g roups  i n c l u d e  
p r e d a t i o n ,  p a r a s i t i s m ,  c o l d  water  shock,  and r e d  
t i d e  poisoning .  Examining l eve l s  of  e x p l o i t a t i o n  
s u g g e s t s  t h a t  s n a p p e r s  have  been  more i n t e n s i v e l y  
harvested than groupers, al though s tocks  c h a r a c t e r  
i zed  by high r a t i o s  of f i s h i n g  t o  n a t u r a l  m o r t a l i t y  
are known from both fami l ies .  Based on t h e  evidence 
r ev iewed  i t  i s  concluded  t h a t  t h e s e  s p e c i e s  have  a 
r e l a t i v e l y  l i m i t e d  p r o d u c t i v e  c a p a c i t y  and  are  
vulnerable  t o  overf ishing. 

I n  t h e  t r o p i c a l  and sub t rop ica l  waters of t h e  world, 
few demersal f i s h e r y  resources  are more important  than  t h e  
snappers (Lutj anidae) and groupers (subfamily Epinepheli- 
nae of t h e  Serranidae) ( B u l l i s  and Jones 1976: Pauly 1979: 
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Munro 1983) .  Y e t  i n  s p i t e  o f  t h e i r  s i g n i f i c a n c e ,  y i e l d  
assessments  of t hese  spec ie s  have u n t i l  r e c e n t l y  been few 
(e.g., R a l s t o n  and P o l o v i n a  1982;  Huntsman e t  a l .  1983 ;  
Kunzel  e t  a l .  1983;  Munro 1983;  Powers  1983).  Now, 
however, r eg iona l  s t u d i e s  of snapper and grouper  b io logy  
h a v e  p r o l i f e r a t e d  t o  t h e  e x t e n t  t h a t  a r e v i e w  a n d  
s y n t h e s i s  of t h e  informat ion  r e c e n t l y  gained could  consid- 
e r a b l y  a i d  t h e i r  management. 

E s t i m a t i o n  of m o r t a l i t y  r a t e s  i s  c e n t r a l  t o  demo- 
g r a p h i c  a n a l y s e s  and mos t  t y p e s  of  s t o c k  a s s e s s m e n t  
(Gu l l and  1955) .  T h i s  i s  b e c a u s e  l o s s e s  f rom e x p l o i t e d  
p o p u l a t i o n s  l a r g e l y  c o n t r o l  t h e  y i e l d s  t h a t  c a n  b e  
obta ined  from them (Beverton and Holt  1957; Gulland 1971; 
Ricker  1975). Y e t ,  b i o l o g i s t s  f r equen t ly  regard  t h e  t o p i c  
w i t h  apprehension because of preconceived i d e a s  about  i t s  
c o m p l e x i t y .  I n  t r u t h ,  m o r t a l i t y  c o n c e p t s  a r e  q u i t e  
s imple,  a l though s ta t is t ical  problems o f t e n  do occur. 

The o r g a n i z a t i o n  of  t h i s  c h a p t e r  is. t h e r e f o r e ,  
designed t o  f i r s t  i n t roduce  several b a s i c  concepts  which 
d e f i n e  w h a t  m o r t a l i t y  i s  and i n  g e n e r a l  terms how i t  i s  
expressed mathematically.  This  l e a d s  t o  a d i s c u s s i o n  of 
s p e c i f i c  methods and techniques  f o r  e s t i m a t i n g  m o r t a l i t y  
ra tes ,  e s p e c i a l l y  t h o s e  t h a t  h a v e  b e e n  s u c c e s s f u l l y  
a p p l i e d  t o  s n a p p e r s  and  g r o u p e r s  i n  t r o p i c a l  s y s t e m s .  
Because n a t u r a l  m o r t a l i t y  i s  of s p e c i a l  s i g n i f i c a n c e  when 
a n a l y z i n g  p o t e n t i a l  y i e l d ,  and  i s  u s u a l l y  d i f f i c u l t  t o  
determine, I present  a b r i e f  d i scuss ion  of f a c t o r s  corre-  
l a t i n g  w i t h  it. From t h e s e  i d e a s  I develop a p r e d i c t o r  of 
n a t u r a l  m o r t a l i t y  and t e s t  i t  on d a t a  o b t a i n e d  f rom t h e  
snapper/grouper  l i t e r a t u r e .  This  i s  fo l lowed by a r e v i e w  
of f a c t o r s  known t o  be r e spons ib l e  f o r  n a t u r a l  dea ths  i n  
t h e s e  two taxa. F ina l ly ,  I b r i e f l y  d i s c u s s  t h e  r e l a t i o n -  
s h i p  b e t w e e n  n a t u r a l  m o r t a l i t y  and  opt imum ra tes  o f  
f i s h i n g  mor t a l i t y .  

MORTKITY AND ITS ESTIMATION 

When considered from t h e  c l a s s i c a l  p e r s p e c t i v e  of t h e  
B e v e r t o n  and  H o l t  (1957) dynamic  p o o l  model ,  t h e r e  are  
t h r e e  f a c t o r s  t h a t  u n i q u e l y  d e t e r m i n e  t h e  y i e l d  f rom a 
s tock  of f i s h  These f a c t o r s  are recru i tment ,  growth, and 
mor t a l i t y .  The f i r s t  two are renewal processes ,  which add 
b i o m a s s  t o  t h e  e x p l o i t a b l e  p h a s e  of  t h e  l i f e  h i s t o r y .  
Conversely, m o r t a l i t y  r e p r e s e n t s  t h e  loss of i n d i v i d u a l s ,  
and thus  biomass, from t h e  population. This loss process  
i s  u s u a l l y  s u b d i v i d e d  i n t o  t w o  s e p a r a t e  c a t e g o r i e s :  
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d e a t h s  a t t r i b u t a b l e  t o  f i s h i n g ,  and d e a t h s  d u e  t o  a l l  
o t h e r  sources. Co l l ec t ive ly  t h e  l a t t e r  are termed n a t u r a l  
mor t a l i t y .  

J e n s e n  (1939) was among t h e  f i r s t  t o  a r g u e  t h a t  t h e  
f o r c e  o f  m o r t a l i t y  f a c t o r s  a c t s  i n  a m u l t i p l i c a t i v e  
f a s h i o n .  H e  showed f o r  a v a r i e t y  of s t o c k s  ( i n c l u d i n g  
cod, haddock. p l a i c e ,  and  h e r r i n g )  t h a t  t h e  number o f  
i n d i v i d u a l s  i n  a c o h o r t  or y e a r  c lass  is d i m i n i s h e d  by a 
f i x e d  percentage  from y e a r  t o  year. S i m i l a r l y ,  Beverton 
and Holt  (1959) presented  evidence f o r  long-l ived s p e c i e s  
d e m o n s t r a t i n g  t h a t  a c o n s t a n t  f r a c t i o n  of a c o h o r t  i s  
remwed each y e a r  by t h e  v a r i o u s  agents  of n a t u r a l  mortal-  
i t y .  Moreover.  w e  know t h a t  when b a s i c  o p e r a t i o n a l  and  
s ta t i s t ica l  assumptions have been m e t .  a f i x e d  amount of 
f i s h i n g  e f f o r t  removes a f i x e d  f r a c t i o n  of  t h e  f u l l y  
v u l n e r a b l e  p o r t i o n  of  a s t o c k  ( R i c k e r  1975). Thus, a t  
least i n  theory,  f i s h i n g  m o r t a l i t y  ope ra t e s  i n  a m u l t i p l i -  
cative manner as w e l l .  I n  practice t h i s  may not  be t rue,  

The m u l t i p l i c a t i v e  na tu re  of m o r t a l i t y  f a c t o r s  l e n d s  
i t s e l f  t o  e x p r e s s i o n  by t h e  e x p o n e n t i a l  f u n c t i o n ,  e spe -  
c i a l l y  i n  i t s  d i f f e r e n t i a l  form. Then t h e  in s t an taneous  
t o t a l  m o r t a l i t y  ra te  f rom a l l  c a u s e s  (Z) c a n  s i m p l y  b e  
def ined  as t h e  p r o p o r t i o n a l i t y  cons t an t  t h a t  relates t h e  
ra te  of change  (dN/dt)  of  a c o h o r t  t o  i t s  a b s o l u t e  abun- 
d a n c e  (N). That is ,  

dN/dt = -ZN 

It  i s  a g r e a t  c o n v e n i e n c e  t h a t ,  when m o r t a l i t y  i s  
e x p r e s s e d  i n  t h i s  manner. f i s h i n g  (F) and n a t u r a l  ( M )  
m o r t a l i t y  r a t e s  are  a d d i t i v e ;  t h a t  is, Z = F + M, A 
neceesary c o r o l l a r y  i s  t h a t  t o t a l  m o r t a l i t y  e q u a l s  n a t u r a l  
m o r t a l i t y  i n  t h e  a b s e n c e  of f i s h i n g .  When a c t i n g  i n  
concert ,  M and F compete f o r  t h e  i n d i v i d u a l s  remaining i n  
a y e a r  c lass ,  e a c h  r e s p o n s i b l e  f o r  a c e r t a i n  p e r c e n t a g e  
r e d u c t i o n  o v e r  t i m e .  I n s t a n t a n e o u s  m o r t a l i t y  ra tes ,  as 
shown above ,  are by d e f i n i t i o n  measu red  i n  u n i t s  of  
i n v e r s e  t i m e ,  moet f r equen t ly  pe r  year. 

G i v e n  t h a t  m o r t a l i t y  f a c t o r s  a r e  r e l a t e d  a n d  
expressed i n  t h i s  fashion,  what methods are a v a i l a b l e  t o  
es t imate  t h e s e  r a t e s ?  Al though a w i d e  v a r i e t y  of  t e c h -  
n i q u e s  h a v e  b e e n  e m p l o y e d ,  m o s t  c a n  b e  c l a s s i f i e d  
according t o  t h r e e  fundamental types  of e s t ima t ion :  (1) 
a g e - s p e c i f i c  p r o c e d u r e s  f o r  t r u e  c o h o r t s ;  (2)  t i m e -  
s p e c i f i c  me thods  f o r  s y n t h e t i c  c o h o r t s :  and  ( 3 )  mark- 
r e c a p t u r e  methods.  A v e r y  b r i e f  d e s c r i p t i o n  of  e a c h  
follows. 
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Idea l ly .  t h e  t o t a l  m o r t a l i t y  ra te  of a cohor t  i s  
e s t ima ted  by determining t h e  number of i n d i v i d u a l s  of age  
x t h a t  are  a l ive  a t  time t. t h a t  is. (Nx , t> .  and a l s o  t h e  
number of i n d i v i d u a l s  of age x+l a t  time t+l (Nx+l,  t+ i ) .  
I f  time i s  measured i n  years .  t h e  r a t i o  of t h e  l a t t e r  t o  
t h e  former provides  an estimate of t h e  annual s u r v i v o r s h i p  
f r a c t i o n  (k) f o r  f i s h  aged x. Furthermore. t h e  age- 
s p e c i f i c  t o t a l  i n s t an taneous  m o r t a l i t y  ra te  (ZX) i s  equal  
t o  - ln(Sx) .  Note t h a t  i n  t h i s  c a l c u l a t i o n  an  a c t u a l  
cohor t  i s  t r acked  i n  time and success ive ly  sampled. Thus. 
t h e  measured m o r t a l i t y  rate i s  t h e  a c t u a l  ra te  experienced 
by t h e  cohor t  (Gulland 1955). An important  p r a c t i c a l  
adjustment  o f t e n  employed i s  t o  s u b s t i t u t e  proper ly  sub- 
s c r i p t e d  c a t c h  per  u n i t  e f f o r t  i n d i c e s  of abundance f o r  
t h e  a c t u a l  numbers of f i s h  (Gray 1979; Paloheimo 1980; b u t  
see B u t l e r  and McDonald 1979).  Age-specif i c  m o r t a l i t y  
estimates are t y p i c a l l y  used i n  cohor t  and v i r t u a l  popula- 
t i o n  a n a l y s i s  (Ricker 19751 and r e s u l t  i n  t h e  most 
compelling m o r t a l i t y  assessments.  

A second approach t o  t h e  problem i s  through t h e  u s e  
of s y n t h e t i c  cohorts .  Rather  than  r e p e t i t i v e l y  sampling a 
popula t ion  through time, a s i n g l e  sample i s  taken  and t h e  
numbers of f i s h  aged X. x+1, x+2D ..., x + i  determined. 
Of t e n  t h i s  e n t a i l s  developing an age-length key 
(F r id r iks son  1934; Gulland 1955) . a n o n t r i v i a l  problem i n  
its own r i g h t ,  e s p e c i a l l y  i f  t h e  key i s  used on samples 
taken  a t  d i f f e r e n t  t imes o r  p l aces  (Kimura 1977; Westrheim 
and Ricker  1978; Clark 1981).  I f  t h e  sampled popula t ion  
i s  assumed t o  be age-s ta t ionary  ( L e . .  t h e  age  d i s t r i b u -  
t i o n  remains t h e  same from y e a r  t o  year ) .  one can estimate 
m o r t a l i t y  rates by forming t h e  r a t i o s  of success ive  age  
classes e x a c t l y  i n  t h e  manner o u t l i n e d  previously.  Note 
t h a t  computing m o r t a l i t y  rates from "synthe t ic"  cohor t s  
a c t u a l l y  produces e s t i m a t e s  t h a t  are time-specific.  as 
opposed t o  age-specif ic .  

To ana lyze  these  k inds  of data .  Chapman and Robson 
(1960) and Robson and Chapman (1961) de r ived  a minimum- 
var iance.  unbiased e s t ima to r  of S f o r  s i n g l e  age-frequency 
d i s t r i b u t i o n s  i n  t h e  s i t u a t i o n  where m o r t a l i t y  rate i s  
uniform a c r o s s  a l l  age groups. A l t e rna t ive ly .  t h e  analy- 
sis of c a t c h  o r  su rv ivo r sh ip  curves  (Ricker 1975) permi ts  
visual i n s p e c t i o n  of t h e  d a t a  t o  look f o r  p o s s i b l e  
v i o l a t i o n s  of assumptions, e s p e c i a l l y  t h a t  of cons t an t  
m o r t a l i t y  rate. These are simply semi-logarithmic p l o t s  
of abundance a g a i n s t  age. where t h e  s l o p e  of t h e  
descending right-hand l imb provides  an  estimate of t o t a l  
m o r t a l i t y  rate. An important  v a r i a t i o n  on this theme is 
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t h e  a n a l y s i s  of s i n g l e  length-frequency d i s t r i b u t i o n s  t o  
estimate t h e  r a t i o  of t o t a l  m o r t a l i t y  rate t o  von Berta- 
l a n f f y  g r o w t h  c o e f f i c i e n t  ( Z / K )  (Beverton and Holt  1956; 
Ssen tongo  and L a r k i n  1973;  P o w e l l  1979;  W e t h e r a l l  e t  a l .  
I n  p r e s s ) .  Wi th  a n  i n d e p e n d e n t  e s t i m a t e  o f  K f rom t h e  
s t u d y  of t a g  r e t u r n s ,  o t o l i t h s ,  modal s i z e  p r o g r e s s i o n ,  
etc., i t  i s  p o s s i b l e  t o  e s t i m a t e  Z by s e p a r a t i n g  t h e  
r a t i o .  S i m i l a r l y ,  t h e r e  a r e  t e c h n i q u e s  t h a t  a s s u m e  a n  
underlying growth s t r u c t u r e ,  which i s  then  used t o  ana lyze  
l e n g t h - f r e q u e n c y  d i s t r i b u t i o n s .  These  me thods  p r o d u c e  
m o r t a l i t y  estimates a f t e r  a n a l y t i c a l l y  r e c o n s t r u c t i n g  t h e  
unknown a g e - d i s t r i b u t i o n  (Ol sen  and L a p l a c e  1979;  P a u l y  
1982: see  a l s o  Schnu te  and  F o u r n i e r  1980).  A l t h o u g h  a l l  
t h e s e  v a r i o u s  t e c h n i q u e s  are  commonly used ,  e a c h  r e l i e s  
e s s e n t i a l l y  on a s i n g l e  sample ,  be  i t  age-  or l e n g t h -  
frequency, and each t h e r e f o r e  s u f f e r s  from t h e  c o n s t r a i n t  
of age s t a t i o n a r i t y ,  an assumption t h a t  f r e q u e n t l y  is  n o t  
m e t .  

A t h i r d  c l a s s  of m o r t a l i t y  e s t i m a t i o n  t e c h n i q u e s  
invo lves  mark-recapture methods (Ricker 1975; Seber 1982). 
For example, i t  is gene ra l ly  p o s s i b l e  t o  estimate exploi-  
t a t i o n  f r a c t i o n  (u = l-exp'F) i n  a marked p o p u l a t i o n  as 
t h e  r a t i o  of t o t a l  marks  i n  t h e  c a t c h  t o  t o t a l  marks  i n  
t h e  population. From t h i s ,  an estimate of f i s h i n g  mortal-  
i t y  is  obta ined  d i r e c t l y .  S imi l a r ly ,  t o t a l  m o r t a l i t y  rate 
c a n  b e  e s t i m a t e d  by d e t e r m i n i n g  t h e  e x t i n c t i o n  r a t e  of 
marks i n  t h e  popula t ion  a t  la rge .  Other f a i r l y  d e t a i l e d  
methods exis t  t o  estimate M. Mark-recapture methods have 
n o t  b e e n  used ,  however ,  t o  es t imate  m o r t a l i t y  r a t e s  of  
snappers  and groupers. 

While these  t h r e e  gene ra l  c a t e g o r i e s  account  f o r  t h e  
m a j o r i t y  of  m o r t a l i t y  e s t i m a t i o n s ,  several  o t h e r  t e c h -  
n i q u e s  h a v e  b e e n  d e v e l o p e d  t h a t  d i f f e r  f r o m  t h e m  
s u f f i c i e n t l y  t o  war ran t  s p e c i f i c  ment ion.  Green  (19701, 
and later Bert (19731, presented  a method f o r  e s t i m a t i n g  
growth and t o t a l  m o r t a l i t y  rates by g raph ica l  and numeri- 
cal  means, r e s p e c t i v e l y .  T h e i r  method i s  r e s t r i c t i v e  i n  
a s s u m i n g  a g e  s t a t i o n a r i t y  a n d  f u l l  r e c r u i t m e n t  t o  t h e  
p o p u l a t i o n  o v e r  l e s s  t h a n  1 month, b u t  i s  a p p e a l i n g  
because i t  only r e q u i r e s  estimates of average  i n d i v i d u a l  
s i z e  a t  two. t i m e s  i n  t h e  yea r .  S a i l a  a n d  Lough (1981) 
der ived  a n  a n a l y t i c a l  s o l u t i o n  t o  t h e  same problem f o r  a n  
estimate of & us ing  t h i s  result i n  conjunct ion  w i t h  t h e  
Z/K r a t i o  method t o  s e p a r a t e  t h e  p a r a m e t e r s .  I n  y e t  
another  approach, Marten (197 8) developed a procedure f o r  
d e t e r m i n i n g  t o t a l  m o r t a l i t y  r a t e  f rom a l e n g t h  s a m p l e  
u n d e r  c o n d i t i o n s  where  f i s h  g r o w t h  can b e  c o n s i d e r e d  
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l i n e a r  over  t h e  size range of i n t e r e s t .  Also, r e g r e s s i o n  
a n a l y s i s  has  been used e f f e c t i v e l y  t o  s e p a r a t e  Z i n t o  i t s  
c o n s t i t u e n t  components  ( B e v e r t o n  and H o l t  1957;  Cushing  
1968) .  Here t o t a l  m o r t a l i t y  c a n  be  r e g r e s s e d  a g a i n s t  
nomina l  f i s h i n g  e f f o r t ,  i n  w h i c h  c a s e  t h e  y - i n t e r c e p t  
p r o v i d e s  a n  e s t ima te  of M (see a l s o  Mar t en  1978) .  S imi-  
l a r l y ,  C s i r k e  and  Caddy (1983) have  s u g g e s t e d  t h a t  a 
pa rabo l i c  non l inea r  r eg res s ion  of y i e l d  on t o t a l  m o r t a l i t y  
r a t e  (Z) a l l o w s  e s t i m a t i o n  of  M a s  t h e  p o i n t  of  t h e  l e f t  
hand o r  ascending x-intercept.  

Another means of e s t i m a t i n g  mor t a l i t y ,  p a r t i c u l a r l y  
natural  m o r t a l i t y ,  i s  by comparat ive l i f e  h i s t o r y  s t u d i e s  
of  e c o l o g i c a l l y  or t a x o n o m i c a l l y  s i m i l a r  s p e c i e s  (Adams 
1980; Gunderson 1980). For example, Pauly (1980) sugges t s  
p r e d i c t i n g  i n s t a n t a n e o u s  n a t u r a l  m o r t a l i t y  r a t e  f rom a 
m u l t i p l e  r eg res s ion  equat ion  he der ived  from t h e  s tudy of 
1 7 5  f i s h  s t o c k s .  T h i s  e q u a t i o n  i n c o r p o r a t e s  t h r e e  
independent va r i ab le s :  (1) mean annual water tempera ture ;  
(2) t h e  von  B e r t a l a n f f y  g r o w t h  c o e f f i c i e n t  K; and  (3 )  
e i t h e r  t h e  asymptot ic  weight  or l e n g t h  parameter  from t h e  
von Ber t a l an f fy  growth model. Although t h e  s t anda rd  e r r o r  
of t h e  es t imate  (0.247) i s  t o o  l a r g e  t o  p e r m i t  p r e c i s e  
e s t i m a t i o n  o f  n a t u r a l  m o r t a l i t y  ( e s t i m a t e d  v a l u e s  of  M 
h a v e  s o m e t i m e s  exceeded  measu red  v a l u e s  o f  21, t h i s  
equat ion  i s  s t i l l  very u s e f u l  when no h i s t o r i c a l  informa- 
t i o n  e x i s t s  c o n c e r n i n g  t h e  c o n d i t i o n  of  a p o p u l a t i o n  i n  
i t s  unexplo i ted  state. S imi l a r ly ,  Hoenig (1983) presented  
a n  e m p i r i c a l l y  d e r i v e d  e q u a t i o n  wh ich  p r e d i c t s  t o t a l  
m o r t a l i t y  rate from maximum age data. 

WRTKITY ESTIMATION IN TROPICK SNAPPERS AND GROUPERS 

The o n l y  s t u d y  of a s n a p p e r  s p e c i e s  i n  w h i c h  age- 
s p e c i f i c  m o r t a l i t y  r a t e s  were d e t e r m i n e d  f o r  u s e  i n  a 
cohor t  or v i r t u a l  popula t ion  a n a l y s i s  w a s  t h a t  of Mahmoudi 
e t  al. (19841. The t o t a l  c a t c h  of Rhomboplites aurorubens 
by age  c lass ,  d e t e r m i n e d  o v e r  a 10-year  p e r i o d ,  w a s  
e s t i m a t e d  from size composi t ion and t o t a l  c a t c h  d a t a  from 
t h r e e  d i s t i n c t  s e g m e n t s  of t h e  f i s h e r y  ( r e c r e a t i o n a l .  
commercial hook-and-line, and commercial t r a w l ) .  The data 
were a g g r e g a t e d  and  t h e n  r e c u r s i v e l y  a n a l y z e d  t o  o b t a i n  
least squa res  estimates of age-specif i c  f i s h i n g  m o r t a l i t y  
rates from 1973 t o  1982. Natural  m o r t a l i t y  w a s  e s t i m a t e d  
f rom t h e  Pau ly  (1980) e q u a t i o n .  Given  e s t ima tes  of age-  
s p e c i f i c  f i s h i n g  m o r t a l i t y  and  c a t c h  i t  w a s  p o s s i b l e  t o  
es t imate  t h e  a n n u a l  s t a n d i n g  s t o c k  by a g e  c l a s s  a n d  
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r e c r u i t  year-class  strength.  A graph r e l a t i n g  t h e  number 
of spawning  f e m a l e s  and r e c r u i t m e n t  w a s  a l s o  p re sen ted .  
Thus a f u l l  h i s t o r y  of t h e  f i s h e r y  was d e r i v e d  and a 
d e t a i l e d  assessment of t h e  s t o c k ' s  r e s p o n s e  t o  e x p l o i t a -  
t i o n  w a s  gained. They concluded t h a t  an inc rease  i n  y i e l d  
p e r  r e c r u i t  could be achieved by reducing f i s h i n g  mortal-  
i t y  on f i s h  aged 1-3 years. 

Without quest ion ca tch  curve a n a l y s i s  has  been used 
more f requent ly  on l u t j a n i d s  and se r r an ids  than any o ther  
method of m o r t a l i t y  e s t i m a t i o n  (Moe 1969; Manooch and 
Haimovici 1978; Nagelkerken 1979; Low 1981; Ivo and Hanson 
1982; Nelson and Manooch 1982; Brouard  and G r a n d p e r r i n  
1984; Matheson and Huntsman 1984; Moore and Labisky 1984; 
R a l s t o n  1984; W i t z i g  and Huntsman 1984). S t u d i e s  have  
i n v o l v e d  t h e  f o l l o w i n g  s p e c i e s :  Ep inephe lus  u, 2. 
c r u e n t a t u s ,  E. n i v e a t u s .  E. drummondhayi, Myc te rope rca  
microlepis ,  Cen t rop r i s t i s  s t r i a t a ,  Lutjanus purpureus, 4. 
m a l a b a r i c u s ,  L. campechanus. E t e l i s  c a r b u n c u l u s ,  2. 
coruscans. Pr i sc ipomoides  f l a v i p i n n i s ,  2. f i l a m e n t o s u s .  
and E. multidens. Q p i c a l l y ,  i n v e s t i g a t o r s  have used hard 
p a r t s ,  some t imes  scales  b u t  more o f t e n  o t o l i t h s ,  t o  
develop a von Ber ta lanf fy  growth curve (see Manooch 1986). 

Age-length data have usua l ly  been used t o  cons t ruc t  
a g e - l e n g t h  k e y s ,  a l t h o u g h  some  i n v e s t i g a t o r s  have  
developed  a n  a g e  sample  wh ich  i s  s u f f i c i e n t l y  l a r g e  t o  
p e r m i t  a n a l y s i s  of populat ion age s t r u c t u r e  d i r e c t l y  (Moe 
1969; Nagelkerken 1979; Low 1981). Otherwise, t h e  use of 
age-length keys has been widespread, a p r a c t i c e  t h a t  can 
result i n  se r ious ly  b i a s e d  m o r t a l i t y  e s t i m a t e s .  Kimura 
(1977) and Westrheim and R i c k e r  (1978) have  b o t h  shown 
t h a t  a key der ived from one populat ion t h a t  i s  appl ied  t o  
a n o t h e r ,  or even  i f  a p p l i e d  t o  t h e  same s t o c k  sampled  a t  
d i f f e r e n t  times, can produce s u b s t a n t i a l  e r rors .  This i s  
because  a s i n g l e  key used  on d i v e r g e n t  l e n g t h - f r e q u e n c y  
da ta  sets results i n  pro jec ted  age d i s t r i b u t i o n s  t h a t  tend 
t o  mimic t h e  a g e  d i s t r i b u t i o n  from which  t h e  key was 
der ived .  M i s a p p l i c a t i o n  of t h i s  method i s  t h e r e f o r e  
l i k e l y  i f  t h e  same key i s  used repeatedly. Consequently, 
when m o r t a l i t y  estimates appear t o  remain uniform through 
t i m e  (e.g., Nelson and Manooch 1982; W i t z i g  and Huntsman 
19841, i t  i s  d i f f i c u l t  t o  conc lude  t h a t  no change  h a s  
o c c u r r e d  i f  on ly  one age - l eng th  key w a s  used. C l a r k  
(19811, however, has proposed a method t o  circumvent t h i s  
problem, employing least  squares  t o  determine t h e  o v e r a l l  
age d i s t r i b u t i o n  of t h e  populat ion given t h e  d i s t r i b u t i o n  
of l e n g t h s  w i t h i n  each  a g e  c lass  (see a l s o  B a r t o o  and 
Parker 19 83 1. 



382 

Ano the r  p o p u l a r  t e c h n i q u e  t h a t  c a n  l e a d  t o  e r r o r  i n  
m o r t a l i t y  e s t ima tes  i s  t h a t  of d i r e c t l y  t r a n s f o r m i n g  
l e n g t h s  t o  a g e s  u s i n g  t h e  i n v e r s e  fo rm of t h e  v o n  Ber ta -  
l a n f f y  growth equat ion (e.g., Mahmoudi e t  al. 1984). Age- 
frequency d i s t r i b u t i o n s  developed i n  t h i s  f a sh ion  need n o t  
r e p r e s e n t  t h e  a c t u a l  a g e  s t r u c t u r e  of  t h e  p o p u l a t i o n  
( R i c k e r  1975;  B a r t o o  and  P a r k e r  1983).  When t h e  d a t a  
r e s u l t i n g  from t h i s  procedure are analyzed by c a t c h  curve 
methods o r  otherwise,  m o r t a l i t y  estimates are l i k e l y  t o  be 
biased.  

A t  least  two s t u d i e s  have used a modif ied c a t c h  curve  
approach .  Pau ly  and  I n g l e s  (1982) e s t i m a t e d  t h e  t o t a l  
m o r t a l i t y  rate of Epinephelus s e x f a s c i a t u s  us ing  ELEFAN I 
( P a u l y  1982).  a compute r  program t h a t  g e n e r a t e s  l e n g t h -  
converted c a t c h  curves from length-frequency data. Olsen 
and Laplace (1979) a l s o  e s t ima ted  t o t a l  m o r t a l i t y  rate i n  
- E. s t r i a t u s  by f i r s t  r e s t r u c t u r i n g  l e n g t h  s a m p l e s  u s i n g  
p r o b i t  ana lys i s ,  and then  d e r i v i n g  a p r o b a b i l i t y  f u n c t i o n  
t o  estimate- age  class abundance by size class. 

A method used  e x t e n s i v e l y  t o  e s t ima te  m o r t a l i t y  
rates, and apparent ly  w i t h  g r e a t  success.  i s  t h e  Z/K r a t i o  
technique  and i t s  subsequent m o d i f i c a t i o n s  ( B e v e r t o n  a n d  
H o l t  1956;  P o w e l l  1979;  W e t h e r a l l  e t  al .  I n  p r e s s ) .  I n  
i t s  s i m p l e s t  form,  t h i s  method c a l c u l a t e s  t h e  r a t i o  of  
m o r t a l i t y  t o  g r o w t h  p a r a m e t e r s  f rom a l e n g t h - f r e q u e n c y  
d i s t r i b u t i o n  a d j u s t e d  t o  p r o v i d e :  (1) t h e  s i z e  a t  w h i c h  
f i s h  become f u l l y  vu lne rab le  t o  t h e  gear  (lc). and (2) t h e  
mean s i z e  o f  f i s h  i n  t h e  c a t c h  l a r g e r  t h a n  le. I t  i s  
a t t r a c t i v e  f o r  i t s  s i m p l i c i t y  of d a t a  r e q u i r e m e n t s  a n d  
robus tness  of estimates (Powell 1979; Wethe ra l l  e t  al. I n  
press;  b u t  see Majkowski 1982). 

Several  r e s e a r c h e r s  have  e s t i m a t e d  m o r t a l i t y  w i t h  
t h i s  technique. Thompson and Munro (1978) computed Z f o r  
f i v e  s p e c i e s  of J a m a i c a n  g r o u p e r :  E. p u t t a t u s .  E. 
s t r i a t u s ,  ,M. venenosa, Cephalopholis f u l i a .  and Petrome- 
topon cruentatum. Because some length-frequency samples  
were obta ined  from unfished areas, they were a l s o  a b l e  t o  
est imate  n a t u r a l  m o r t a l i t y  (i.e., Z = MI. Brouard  a n d  
Grandperr in  (1984) used t h e  Z/K r a t i o  approach t o  estimate 
t o t a l  m o r t a l i t y  ra tes  (= n a t u r a l  m o r t a l i t y )  f o r  s i x  
l u t j a n i d s  i n  Vanuatu: E t e l i s  c a r b u n c u l u s .  E .  c o r u s c a n s ,  
- L. m a l a b a r i c u s .  P r i s t i p o m o i d e s  f l a v i p i n n i s ,  z. f i l a m e n -  
t o s u s .  and  P. m u l t i d e n s .  By compar ison .  es t imates  
c a l c u l a t e d  fFom t h i s  a p p r o a c h  a v e r a g e d  24% h i g h e r  t h a n  
s y n o p t i c  c a t c h  c u r v e  e s t ima tes  f o r  t h e  same s p e c i e s .  
Rals ton  and W i l l i a m s  (Unpub.) a l s o  performed Z/K ana lyses  
f o r  t h e  same s p e c i e s  ( e x c l u d i n g  A. m a l a b a r i c u s ) .  a s  w e l l  
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as E. a u r i c i l l a  and p .  z o n a t u s  sampled i n  t h e  Mar iana  
Archipelago. Because t h e i r  s a m p l e s  t y p i c a l l y  came f rom 
v i r g i n  populations,  estimates of M were derived. 

Age-specific m o r t a l i t y  estimates f o r  z. purpureus and 
P lec t ropomus  m a c u l a t u s  were  de r ived  by Ivo and Gesteira 
(1974) and Goeden (19771, r e s p e c t i v e l y ,  a l t h o u g h  t h e  
mor t a l i t y  rate was e f f e c t i v e l y  constant  among age c l a s s e s  
i n  t h e  l a t t e r  s tudy.  S i m i l a r l y ,  Nagelkerken  (1979) and 
Manooch and Haimavici (1978) repor ted  nonl inear  descending 
l i m b s  i n  c a t c h  c u r v e  a n a l y s e s  of  Ep inephe lus  c r u e n t a t u s  
and ,M. m i c r o l e p i s .  A s  a r e s u l t .  n e i t h e r  s t u d y  a t t e m p t e d  
t o  estimate mortal i ty .  I n  the  t h r e e  s t u d i e s  where grouper 
m o r t a l i t y  r a t e s  have  d e m o n s t r a t e d  c l e a r  a g e - s p e c i f  i c  
va r i a t ion ,  a l l  showed an inc rease  i n  age s p e c i f i c  mortal-  
i t y  ra te  w i t h  i n c r e a s i n g  a g e  (Le., an  upwardly  convex 
c a t c h  curve) .  T h i s  f i n d i n g  i s  i n  ag reemen t  w i t h  t h e  
suggest ion of Cushing (1968) t h a t  t he  c o l l e c t i v e  f o r c e  of 
natural m o r t a l i t y  among t h e  smaller f i s h e s  is l a r g e l y  due 
t o  p r e d a t i o n  b u t  i s  more t h e  r e s u l t  of p h y s i o l o g i c a l  
events (ago, s e n i l i t y )  f o r  t h e  l a rge r ,  predatory spec ie s  
l ike  snappers and groupers. 

Another important  means of e s t ima t ing  n a t u r b l  mortal-  
i t y  r a t e  (MI i n  t h e  s n a p p e r s  and g r o u p e r s  h a s  been  t h e  
Pauly (1980) equa t ion .  u sed  by Pauly  and I n g l e s  (1982) on 
E. s e x f a s c i a t u s ,  Nelson and Manooch (1982) on 1. campe- 
chanus. Brouard and Grandperrin (1984) on t h e  s ix  spec ie s  
mentioned previously (Pauly e q u a t i o n  estimates were 46% 
grea t e r  than comparable ca tch  curve estimates), Matheson 
and Huntsman (1984) on 2. n i v e a t u s  and E. drummondhayi. 
a n d  R a l s t o n  (1984)  on P r i s t i p o m o i d e s  f i l a m e n t o s u s  
( e q u a t i o n  estimate w a s  45% g r e a t e r  t h a n  a c a t c h  c u m e  
estimate from an unfished stock). 

The only o the r  two methods t h a t  have been employed t o  
estimate m o r t a l i t y  i n  these  two groups are the  Robson and 
Chapman (1961) maximum l i k e l i h o o d  e s t i m a t o r ,  u sed  by 
Nelson and  Manooch (1982) on 4. campechanus.  and a 
r eg res s ion  of t o t a l  m o r t a l i t y  rate (Z) on nominal f i s h i n g  
e f f o r t ,  used t o  estimate na tu ra l  mor t a l i t y  i n  &. purpureus 
by I v o  and Gesteira (1974). I n  t h e  f o r m e r  s tudy .  t h e  
Robson-Chapman es t ima to r  produced estimates approximately 
8% g r e a t e r  than ca t ch  curve estimates from the  same data. 

From t h i s  b r i e f  r ev iew,  i t  i s  e v i d e n t  t h a t  t h r e e  
methods have accounted f o r  t h e  g r e a t  major i ty  of s n a p p e d  
grouper m o r t a l i t y  es t imat ions:  ca tch  curves, Z/K r a t i o s ,  
and Pauly  e q u a t i o n  estimates. I n  s i t u a t i o n s  w h e r e  more 
t h a n  one  of  t h e s e  h a s  been  used  (Brouard and G r a n d p e r r i n  
1984; R a l s t o n  1984). t h e  Pauly  (1980) e q u a t i o n  produced  
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estimates of M t h a t  were d i s t i n c t l y  h ighe r  t han  ca t ch  
c u m e  estimates der ived from v i r g i n  s tocks ,  w h i l e  Z / K  
r a t i o  estimates l a y  midway between t h e  two. 

PREDICTING NATURAL WDRTALITY 

Est imat ing  ins tan taneous  n a t u r a l  m o r t a l i t y  ra te  (MI 
is of s p e c i a l  s i g n i f i c a n c e  i n  f i s h e r i e s  r e sea rch  (Ricker  
1975). Although i t  i s  one of t h e  most d i f f i c u l t  parameters  
i n  f i s h e r i e s  t o  estimate, v i r t u a l l y  a l l  age-s t ruc tured  
y i e l d  models r e q u i r e  it. Once obtained,  however, i t s  uses  
are mul t ip le .  

One p a r t i c u l a r  a p p l i c a t i o n  of n a t u r a l  m o r t a l i t y  
estimates is  t o  estimate maximum sus t a ined  y i e l d  ( M S Y ) .  
Alverson and Pereyra (19691, based on t h e  unpublished 
i d e a s  of Gulland (1971) and an earlier Sovie t  s tudy  
(T iu r in  1962). first proposed t h a t  a t  MSY t h e  optimum 
level of f i s h i n g  m o r t a l i t y  (F could be d i r e c t l y  
es t imated  w i t h  t h e  n a t u r a l  m o r t a l i t y  rate. This p a r t i c u l a r  
conclus ion  app l i ed  not  only t o  surplus-product ion models 
l i k e  t h e  Graham-Schaefer formulat ion,  b u t  more l o o s e l y  t o  
t h e  Beverton and Holt  (1957) cons t an t  recru i tment  model as 
w e l l  (Gulland 1971). Sae te r sda l  (1973) a l s o  advocated 
us ing  M as a d i r e c t  estimate of Fopt. when a s s e s s i n g  
unexplo i ted  resources  and c a t c h  s ta t is t ics  are unavai l -  
ab le .  From t h e s e  i d e a s  a number of s t u d i e s  have e s t ima ted  
MSY by t h e  fo l lowing  r e l a t i o n s h i p :  

o p t  

MSY = 0.5 M B o  

where Bo r e p r e s e n t s  e x p l o i t a b l e  v i r g i n  biomass. Kunzel e t  
a l .  (1983). f o r  example. es t imated  MSY f o r  t h e  l u t j a n i d s  
of t h e  Mahe Pla teau ,  Seychel les  us ing  t h i s  r e l a t i o n s h i p .  

F ranc i s  (1974). Der i so  (19821, and Beddington and 
Cooke (19831 examined t h e  t h e o r e t i c a l  b a s i s  f o r  t h i s  
approximation and concluded t h a t  i t  should hold only i n  
s i t u a t i o n s  where recru i tment  i s  cons tan t  over  s t o c k  s i z e s  
ranging from B o  t o  0.5 Bo. They shuwed on a pure ly  
a n a l y t i c a l  b a s i s  t h a t  i f  an asymptot ic  form of s p a w n e r  
r e c r u i t  curve w e r e  app l i cab le ,  then  Fopt  M, whereas i f  a 
dome-shaped r e l a t i o n s h i p  were i n  e f f e c t ,  then  Fopt > M. 
Furthermore, optimum f i s h i n g  m o r t a l i t y  re la t ive t o  MSY w a s  
gene ra l ly  shown t o  be less than  Fopt  f o r  y i e l d / r e c r u i t  
ana lyses  . 

Because of t h e  b i o l o g i c a l  importance of n a t u r a l  
m o r t a l i t y  and i t s  u t i l i t y  i n  y i e l d  assessment,  a number of 
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s t u d i e s  have t r i e d  t o  de te rmine  f a c t o r s  t h a t  might  corre-  
l a t e  w i t h  M, a l lowing  i t s  p r e d i c t i o n  from some o t h e r  more 
e a s i l y  e s t i m a t e d  s t a t i s t i c ,  Beverton and Holt  (1959) tabu- 
l a t e d v a l u e s  of  a s y m p t o t i c  s i z e ,  K, maximum age ,  and  M, 
and showed t h a t  t h e  von B e r t a l a n f f y  growth rate parameter  
K c o r r e l a t e s  w e l l  w i t h  M. Cushing (1968) summarized t h e s e  
f ind ings  i n  t h e  s t a t emen t  "a f i s h  w i t h  a h igh  growth rate 
d i e s  young" and  p r e s e n t e d  p l o t s  of M v e r s u s  K f o r  t h e  
clupeoidei ,  gadiformes, salmonoidei.  and p leuronec to ide i .  

More r ecen t ly ,  Adams (1980) and Gunderson (1980) used 
r - K  s e l e c t i o n  t h e o r y  (MacArthur  and  W i l s o n  1967)  as a 
b a s i s  f o r  d e v e l o p i n g  p r e d i c t o r s  of n a t u r a l  m o r t a l i t y .  
They concluded t h a t  t h e  von B e r t a l a n f f y  growth c o e f f i c i e n t  
and t h e  g o n a d o s o m a t i c  i n d e x ,  r e s p e c t i v e l y ,  were b e s t  
c o r r e l a t e d  w i t h  M, a l t h o u g h  i n  all cases  t h e i r  t r i a l  
p r e d i c t o r s  ( s i z e  a t  m a t u r i t y ,  a s y m p t o t i c  s i z  e, maximum 
age, and age a t  ma tu r i ty )  agreed  w e l l  w i t h  r-K s e l e c t i o n  
theory. Myers and Doyle (19831, under t h e  assumption t h a t  
f i s h  l i f e  h i s t o r i e s  a r e  e v o l u t i o n a r y  s t a b l e  s t r a t e g i e s ,  
a l s o  e s t i m a t e d  M f rom g r o w t h  r a t e ,  f e c u n d i t y ,  e n e r g y  
expendi ture  per  egg, age and s ize  a t  matur i ty .  and a v a l u e  
of s u r p l u s  e n e r g y  a v a i l a b l e .  Indeed.  t h e  P a u l y  (1980) 
e q u a t i o n  i t s e l f  r e l i e s  on v a l u e s  of IC, a s y m p t o t i c  s i z e ,  
and mean annual  water tempera ture  t o  p r e d i c t  M. 

Based  on t h e  p r e s u m p t i o n  t h a t  K i s  a good p r e d i c t o r  
of M, a s u r v e y  of t h e  s n a p p e r / g r o u p e r  l i t e r a t u r e  w a s  
u n d e r t a k e n  t h a t  was d e s i g n e d  t o  l o c a t e  p o p u l a t i o n s  i n  
which t h e  von Ber t a l an f fy  growth c o e f f i c i e n t  (K) and t h e  
n a t u r a l  m o r t a l i t y  rate were j o i n t l y  estimated. An added 
appeal  of K as a p r e d i c t o r  of M i s  t h a t  bo th  are measured 
i n  i d e n t i c a l  u n i t s  (per  year). Moreover. a sympto t i c  s i ze  
and mean annual  water tempera ture  are t y p i c a l l y  c o r r e l a t e d  
w i t h  K and prcwide l i t t l e  independent i n f o r m a t i o n  regard- 
i n g  M ( b u t  see Pau ly  1980).  

To de te rmine  i f  a more taxon-spec i f ic  compi l a t ion  of 
K and M s ta t i s t ics  would increase t h e  p r e c i s i o n  of natural 
m o r t a l i t y  r a t e  p r e d i c t i o n s ,  s t u d i e s  t h a t  u s e d  t h e  Pau ly  
(1980) e q u a t i o n  t o  e s t ima te  s n a p p e r / g r o u p e r  M were  
e x c l u d e d  u n l e s s  a n  i n d e p e n d e n t  es t imate  w a s  a l s o  g iven .  
Nineteen snapper/grouper s t o c k s  were i d e n t i f i e d  i n  which 
t h e  two parameters  were both  e s t ima te& Table 8.1 summa- 
r i z e s  t h e  f i n d i n g s ,  i n c l u d i n g  r e c e n t  s t u d i e s  o f  1 5  
p o p u l a t i o n s  n o t  i n c o r p o r a t e d  i n  Pau ly ' s  o r i g i n a l  work. 
Some d i s c u s s i o n  of t h e s e  i s  warranted. 

B r o u a r d  and  G r a n d p e r r i n  (1984) r e p o r t e d  on s i x  
l u t j a n i d  s p e c i e s  f rom Vanuatu ,  e s t i m a t i n g  Z by t w o  
independent means: ca t ch  curve and Z/K ratio. Growth was 
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TABLE 8.1 
Summary information on growth and natura l  mortal t t y  
determinations i n  the snapper and grouper f a m i l i e s  

Species K M Source 

Lutj anidae 

carbunculus 1984 

1984 

Unpub. 

1984 

1974 

Ete l i s  0.07 0.08 Brouard and Grandperrin 

E. coruscans 0.13 0.12 Brouard and Grandperrin - 
0.16 0.36 Ralston and W i l l i a m s  

- L. malabaricus 0.31 0.42 Brouard and Grandperrin 

- L. purpureus 0.09 0.35 Menezes and Gesteira 

Ivo and G e s t e i r a  1974 
Ocyurus chrysurus 0.16 0.20 Piedra 1965 
P r i s t  i p  omo i d e s  0.27 0.66 Ralston and W i l l i a m s  

a u r i c i l l a  Unpub. - P. f i lamentosus 0.15 0.25 Ralston 1984 

- P. f l a v i p i n n i s  

- P. multidens 

P. zonatus  - 
Serranidae 

Epinephelus 
B u t t a t u s  

- E. n ivea tus  - E. s t r i a t u s  
Mycteroperca 

venenosa 
Plectropomus 

macula t u s  

0.22 

0.29 

0.36 

0.24 

0.19 

0.20 

0.24 

0.09 
0.09 
0.13 

0.13 

0.55 

0.53 

0.83 

0.42 

0.63 

0.53 

0.68 

0.18 
0.23 
0.29 

0.30 

Ralston and Miyamoto 

Ralston and W i l l i a m s  

Brouard and Grandperrin 

Brouard and Grandperrin 

Brouard and Gtandperr in  

Ralston and W i l l i a m s  

Ralston and Williams 

1983 

Unpub. 

1984 

1984 

1984 

Unpub. 

Unpub . 
Tholnpson and Munro 1978 

Moore and Labisky 1984 
Thompson and Munro 1978 
Thompson and Munto 1978 

Goeden 1977 



387 

est imated by t o t a l  counts of d a i l y  o t o l i t h  increments. 
Because e x p l o i t a t i o n  w a s  neg l ig ib l e ,  each c a l c u l a t i o n  can 
be considered an independent e s t ima te  of M. The va lue  
given e s t ima tes  
(see d iscuss ion  above). Ralston and W i l l i a m s  (Unpub. 
s tud ied  s ix  l u t j a n i d s  from t h e  Marianas as w e l l  as 2. 
multidens from Papua New Guinea. With t h e  s i n g l e  excep- 
t i o n  of l. f l a v i p i n n i s ,  dll t h e i r  estimates of t o t a l  
mor t a l i t y  could be considered equivalent  t o  n a t u r a l  
mor t a l i t y  because of l a w  or nonexis tent  levels of f i sh ing .  
However, one of t he  remaining spec ie s  (Ete l i s  carbunculus) 
w a s  excluded due t o  an abe r ran t  populat ion s t r u c t u r e .  
Growth rates were determined by numerical i n t e g r a t i o n  of 
d a i l y  o t o l i t h  increments. Of t h e  f i v e  s e r r a n i d  spec ie s  
s tud ied  by Thompson and Munro (19781, reasonably r e l i a b l e  
growth curves were developed from modal progress ions  and 
hard p a r t s  f o r  the  t h r e e  spec ie s  l i s t e d  i n  t h e  tab le .  
They est imated t h e  r a t i o  of t o t a l  mor ta l i ty  to growth from 
a number of areas, one of which could be considered v i r g i n  
f i s h i n g  grounds, and separa ted  the  r a t i o  us ing  t h e i r  
growth estimates. Where parameter es t imates  were speci-  
f i e d  as a range, the i n t e r v a l  midpoint w a s  used here.  
Although age-specific mor t a l i t y  rates were given by Goeden 
(1977, see above) f o r  Plectropomus maculatus, su rv ivo r sh ip  
from age 2 t o  3 is  used here  because t h e  remaining 
e s t ima tes  are unaccountably low. 

Natural  mor t a l i t y  rate is  then p l o t t e d  a g a i n s t  the 
von Ber t a l an f fy  growth rate parameter i n  F igure  8.1, 
where, no t  su rp r i s ing ly ,  i t  is seen t h a t  M is p o s i t i v e l y  
c o r r e l a t e d  w i t h  K (r = 0.82). Closed symbols i n  t h e  
figure rep resen t  the  14 l u t j a n i d  s tocks  w h i l e  t h e  5 open 
circles d e p i c t  the  serranids. Among t h e  former, t h e  
circles are from the  study of Brouard and Grandperr in  
(1984) i n  Vanuatu, t he  squares  from Ralston and W i l l i a m s '  
(Unpub.) work on Marianas s tocks,  and t h e  t r i a n g l e s  
represent  the remaining fou r  i n v e s t i g a t i o n s  of snappers 
(Piedra 1965: Menezes and Gesteira 1974; Ivo and Gesteira 
1974; Ralston 1984: Ralston and Miyamoto 1983). 

of covariance was used t o  determine whether 
the da ta  from snappers and groupers could be pooled. The 
results showed t h a t  no d i f f e rences  were ev ident  i n  e i t h e r  
s l o p e  ( P  = 0.29) o r  ad jus ted  means (P  = 0.42). al though 
c l e a r l y  t h e  s i z e  of t he  grouper sample w a s  s m a l l .  The d a t a  
w e r e  then  pooled and analyzed by l i n e a r  r eg res s ion  ( s o l i d  
l i n e  i n  f i g u r e ) ,  with the  fol lowing r e s u l t :  

i n  t he  t a b l e  i s  t h e  average of these  two 

Analysis 

M = 0.0189 + 2.06 K 
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b u c c s n e l l a ,  and P r i s t i p o m o i d e s  m a c r o p h t h a l m u s  w i t h  
n e g l i g i b l e  levels of explo i ta t ion .  a l l  of which had near  
l i n e a r  descending (Le., right-hand) l imbs  t o  t h e  curves, 
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a c h a r a c t e r i s t i c  of populat ions w i t h  m o r t a l i t y  t o  growth 
r a t i o s  (Z/K) equal t o  2 (Powell 1979). S imi l a r ly ,  highly 
skewed l eng th - f r equency  d i s t r i b u t i o n s  of C. campechanus 
(Bradley  and Bryan 1975 ;  F a b l e  1980) and Rhombopl i tes  
autorubens (Fable 1980) a r e  known from heavi ly  explo i ted  
populations i n  which Z/K g r e a t l y  exceed6 2.0. 

The es t ima te  of mean squared e r r o r  f o r  t h e  r eg res s ion  
i n  Figure 8.1 i s  0.025, and thus  the  s tandard dev ia t ion  of 
r e s i d u a l s  i s  s = 0.12 p e r  year .  Although p r e d i c t i o n s  of 
i n d i v i d u a l  and p o p u l a t i o n  M v a l u e s  depend on s p e c i f y i n g  
t h e  l e v e l  of K (Snedecor  and Cochran 19671, one would 
expect t h e  95% confidence i n t e r v a l  for a p red ic t ion  t o  l i e  
very roughly 20.24 per  yea r  above and below t h e  r eg res s ion  
l i n e  (Le., two standard deviat ions) .  S imi la r ly ,  approxi- 
mately two-thirds  of all observat ions a r e  expected t o  l i e  
w i t h i n  20.12 per  year  of t h e  regression. 

P r e s e n t e d  i n  t h e  f i g u r e  a s  a dashed  l i n e  i s  t h e  
func t iona l  regress ion  (Ricker 1973) of M on K, where: 

Due t o  t h e  na tu re  of func t iona l  regressions,  no statist i-  
c a l  in ference  can be drawn from t h i s  result, except t o  say 
t h a t  it provides the  b e s t  e s t i m a t e s  of na tu ra l  m o r t a l i t y  
rate i f  K i s  measured w i t h  a level of e r r o r  comparable t o  
t h a t  of M, a l i k e l y  s i t u a t i o n .  I f  n e c e s s a r y ,  R i c k e r  
(1973) s u g g e s t s  u s i n g  t h e  s y m m e t r i c a l  r e g r e s s i o n  e r r o r  
l i m i t s  obtained from the  p red ic t ive  analysis .  

The d o t t e d  l i n e  i n  F i g u r e  8.1 i s  t h e  f i t  of  a 
m o d i f i e d  form of  t h e  Pauly  (1980) e q u a t i o n  to t h e  d a t a  
presented i n  Table 8.1. A simple l og lo  power func t ion  w a s  
made t o  pass  through t h e  means of l o g o 0  and log(M), w i t h  
t h e  c o e f f i c i e n t  on t h e  log10 K i ndependen t  v a r i a b l e  
(0.665) o b t a i n e d  from t h e  Pauly  m u l t i p l e  r e g r e s s i o n  
equation. The result is t o  f i t  t h e  da ta  t o  his model, bu t  
using only one of the  t h r e e  v a r i a b l e s  he used. The graph 
shows t h a t  Over t h e  a v a i l a b l e  range of K va lues  t h e  Pauly 
e q u a t i o n  p e r f o r m s  r e a s o n a b l y  w e l l ,  b u t  t e n d s  toward  
o v e r e s t i m a t i o n  of M f o r  slow-growing spec ie s  and u n d e r  
e s t ima t ion  of M f o r  t h e  f a s t e r  growing ones. 

The results presented here  demonstrate t h a t  one can 
p red ic t  t he  natural mor t a l i t y  rate of snapper and grouper 
s tocks  w i t h  some accuracy, possessing nothing more than an 
estimate of t h e  von Ber ta lanf fy  growth coef f ic ien t .  These 
p r e d i c t i o n s  a re  a p p r e c i a b l y  b e t t e r  than those  ca l cu la t ed  
from t h e  Pau ly  (1980) e q u a t i o n ,  b o t h  i n  terms of t h e  
d i s t r i b u t i o n  of r e s i d u a l s  and tfie prec is ion  of estimates. 
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Comparable c o r r e l a t i o n  c o e f f i c i e n t s  were d e r i v e d  i n  t h e  
t w o  s t u d i e s  (0.82 h e r e  v e r s u s  0.84 f o r  Pauly 's  o v e r a l l  
m u l t i p l e  c o r r e l a t i o n  coe f f i c i en t ,  and 0.58 f o r  t h e  second 
o r d e r  p a r t i a l  c o r r e l a t i o n  c o e f f i c i e n t  be tween  M and K 
after t h e  e f f e c t s  of temperature and asymptot ic  s i z e  were 
removed), although t h e  range of a v a i l a b l e  K va lues  w a s  17 
t i m e s  g r e a t e r  i n  Pauly 's  s t u d y  (0.04-4.92 p e r  yea r ) .  By 
n e c e s s i t y ,  r e s i d u a l  v a r i a t i o n  must  have correspondingly 
b e e n  r educed  i n  F i g u r e  8.1. Moreover, t h e  s t a n d a r d  
d e v i a t i o n  of  l o g l o  M v a l u e s  a b o u t  t h e  r e g r e s s i o n  l i n e  
(0.247) g i v e n  i n  Pauly (1980) i s  i n d i c a t i v e  of a l eve l  of  
v a r i a t i o n  s u b s t a n t i a l l y  g r e a t e r  t h a n  t h a t  i n  F i g u r e  8.1 
( 6  = 0.12 p e r  y e a r  on u n t r a n s f o r m e d  M v a l u e s ) .  The 
improve ment i n  p red ic t ive  c a p a b i l i t y  of t h e  K v a r i a b l e  i s  
l i k e l y  due  t o  r e s t r i c t i n g  t h e  a n a l y s i s  t o  more n a r r o w l y  
def ined taxa and habi ta t s .  

AGENTS OF NATURAL ClORTALITY 

A number of s t u d i e s  have reported i n c i d e n t a l  observa- 
t i o n s  on f a c t o r s  ac tua l ly  or p o t e n t i a l l y  respons ib le  f o r  
t h e  n a t u r a l  d e a t h s  of s n a p p e r s  and groupers .  The re  have  
been f o u r  agents  i d e n t i f i e d  t o  date. inc luding  predation. 
paras i t i sm,  cold water shock, and red t ides .  

S t a r c k  and Schroede r  (1970) were among t h e  f i r s t  t o  
document predat ion on e i t h e r  of t hese  groups, observing a 
g r e a t  barracuda, Sphyraena barracuda, s t r i k e  a gray snap- 
per .  &. g r i s e u s .  and a l s o  f i n d i n g  t h e  r e m a i n s  of a n o t h e r  
i n  t h e  s tomach of a c u b e r a  snapper .  &. cyanop te rus .  
Addit ional ly ,  they a l s o  bel ieved green morays. Gymnothorax 
funebris ,  were important preda tors  of & priseus.  Bradley 
and B r y a n  (1975) f o u n d  j u v e n i l e  r e d  s n a p p e r ,  L. 
campechanus,  i n  t h e  g u t  c o n t e n t s  of a l i z a r d  f i s h .  Syno- 
d o n t i d a e ,  a n d  a d o l p h i n ,  C o r y p h a e n a  h i p p u r u s ,  a n d  
s p e c u l a t e d  t h a t  " sha rks  p robab ly  a l s o  p r e y  on snappers." 
L i k e w i s e .  O l s e n  a n d  L a p l a c e  (1979) o b s e t v e d  s h a r k s  
a t t a c k i n g  Epinephelus s t r i a t u s  t h a t  had f ormed a breeding 
a g g r e g a t i o n ,  and F a b l e  (1980) s a w  amber jack ,  S e r i o l a  
d u m e r i l i ,  and  2. b a r r a c u d a  consume A. campechanus and & 
a u r o r u b e n s  t h a t  had r e c e n t l y  been  t agged  and r e l e a s e d .  
From t h e  a v a i l a b l e  evidence i t  seems l i k e l y  t h a t  p reda t ion  
re la ted m o r t a l i t y  on s n a p p e r s  and g r o u p e r s  i s  s t r o n g l y  
size dependent. being most severe on t h e  young. 

P a r a s i t i s m  of l u t j a n i d s  h a s  been  documented i n  
several i n v e s t i g a t i o n s  (Starck and Schroeder 1970; Skinner 
1982; Brusca and Gi l l i gan  1983). bu t  w a s  apparent ly  only a 
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s e r i o u s  problem where  p o l l u t a n t s  (ammonia. p e s t i c i d e s ,  
etc.)  so s e v e r e l y  i r r i t a t e d  and s t r e s s e d  a p o p u l a t i o n  of 
- L. g r i s e u s  t h a t  p h y s i c a l  and p h y s i o l o g i c a l  changes  were 
induced, inc luding  e p i t h e l i a l  hyperplasia,  fus ion  of g i l l  
lamellae,  and aneur i sms .  These changes  r e s u l t e d  i n  
reduced  r e s i s t a n c e  t o  p a r a s i t e  i n f e s t a t i o n s ,  which  on 
occasion were d e b i l i t a t i n g  (Skinner 1982). 

Cold water  shock h a s  been c i t e d  r e p e a t e d l y  a s  a 
s o u r c e  of n a t u r a 2  m o r t a l i t y  i n  F l o r i d a ' s  s n a p p e r s  and 
groupers .  S t a r c k  and Schroede r  (1970) r e p o r t e d  t h a t  
reduced water temperatures  (11-14O C) r e s u l t i n g  from cold 
s n a p s  were known t o  k i l l  L. g r i s e u s .  G i l m o r e  e t  a l .  
(1978) obse rved  m o r t a l i t y  of  - E. i t a i a r a .  ,E. morio.  
Myc te rope rca  m i c r o l e p i s .  It. p r i s e u s .  ,L. a n a l i s ,  and L. 
synagr i s  from 1 3 O  C seawater. They a l s o  c i t e  co ld  water 
i n t o l e r a n c e  by ,E. s t r i a t u s .  ,M. b o n a c i .  D i p l e c t r u m  
formosum. L. apodus, L. j o c u .  and Ocyurue ch rysu rus .  
Likewise. B-hnsack (19833 observed ,E s t r i a t u s .  5 apodus, 
and ,M. b o n a c i  e i t h e r  dead  or s t u n n e d  from t h e  e f f e c t s  of  
c o l d  water  (11-14O C) and concluded  t h a t  " l a r g e r  f i s h  
spec ies  and l a r g e r  i nd iv idua l s  w i t h i n  a s p e c i e s  were t h e  
most s e n s i t i v e  t o  cold stress." Although i n  each of t hese  
s t u d i e s  t h e r m a l  stress was c i t e d  as  a m a j o r  m o r t a l i t y  
f a c t o r ,  i t  i s  u n l i k e l y  t h a t  most  s n a p p e r s  and g r o u p e r s ,  
coming from more t r o p i c a l  climes. are s i m i l a r l y  exposed t o  
t h e  t h r e a t  of cold  water shock. 

The same i s  p robab ly  t r u e  of mass m o r t a l i t i e s  
a t t r i b u t a b l e  t o  red t ides .  which t y p i c a l l y  a r e  a s soc ia t ed  
more w i t h  c o n t i n e n t a l  wa te r s  t h a n  i n s u l a r  areas. Smi th  
(19761, however. documented ex tens ive  m o r t a l i t y  i n  Gulf of 
Mexico populat ions of ,E e. ,E *a. 5 microlepis .  - M. phenax. and &. g r i s e u s  due t o  t h e  e f f e c t s  of t h e  r e d  
t i d e  d i n o f l a g e l l a t e  Gymnodinium breve. 

ME RaATIONSHIP OF FISHING MRTALITY TO NATURAL WORTALITY 

AS discussed previously. empir ica l  and some theoret-  
i c a l  j u s t i f i c a t i o n  ex i s t s  t o  suppose  t h a t  t h e  optimum 
level of f i s h i n g  mor t a l i t y  (F 1 t h a t  can be app l i ed  t o  a 
s tock  t o  max. imize b io log ica l  y i e l d  i s  reasonably es t imated  
by the  n a t u r a l  mortali ty rate of t h e  unfished populat ion 
(Alve r son  and P e r e y r a  1969; Gu l l and  1971). Wi thou t  
d e t a i l e d  knowledge of t h e  shape  of t h e  s p a w n e r - r e c r u i t  
r e l a t i o n e h i p .  however. i t  would seem more p r u d e n t  t o  
employ t h e  range 0.8 M < F o p t  < 1.5 M as reasonable  bounds 
on an estimate of optimum f i s h i n g  m o r t a l i t y  (Franc is  1974: 

Opt 
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D e r i s o  1982;  Bedd ing ton  and  Cooke 1983;  P o l o v i n a  1986).  
Given t h i s  range f o r  a t a r g e t  level  of e x p l o i t a t i o n .  what 
does t h e  l i t e r a t u r e  t e l l  u s  about  t h e  i n t e n s i t y  w i t h  which 
snapper/grouper s tocks  have been harves ted?  

A convenient  means of express ing  e x p l o i t a t i o n  in ten-  
s i t y  i s  t o  scale f i s h i n g  m o r t a l i t y  by n a t u r a l  m o r t a l i t y .  
Le.. t o  fo rm t h e  r a t i o  F/M. The r a t i o  g o e s  t o  z e r o  i n  
t h e  a b s e n c e  o f  f i s h i n g  and  i n c r e a s e s  w i t h o u t  bound a s  
f i s h i n g  m o r t a l i t y  i n c r e a s e s .  An F/M r a t i o  o f  1.0 would  
c o r r e s p o n d  t o  t h e  s u g g e s t i o n  of G u l l a n d  (1971)  t h a t  
f i s h i n g  m o r t a l i t y  w a s  a t  an op t ima l  level. When proper ly  
scaled.  comparisons become p o s s i b l e  b e t w e e n  s t o c k s  w i t h  
d i f  f e t i n g  m o r t a l i t y  schedules  and/or y i e l d  po ten t i a l s .  

The r e s u l t s  p r e s e n t e d  i n  T a b l e  8.2 p r o v i d e  a r e p r e -  
s e n t a t i v e  sampling of s t u d i e s  t h a t  have e s t i m a t e d  snapper/  
grouper n a t u r a l  and f i s h i n g  m o r t a l i t i e s .  The F/M r a t i o  i s  
p r e s e n t e d  f o r  each. b u t  some a d d i t i o n a l  i n f o r m a t i o n  i s  
use fu l  i n  i n t e r p r e t i n g  t h e  results. 

The v a l u e  f o r  n a t u r a l  m o r t a l i t y  u s e d  by Ne l son  a n d  
Manooch (1982) was obta ined  from t h e  Pauly (1980) equat ion  
and equaled 0.20 pe r  year. This  estimate may be  low s i n c e  
they e s t i m a t e d  K = 0.17 p e r  year. The r e l a t i o n s h i p  de r ived  
e a r l i e r  wou ld  s u g g e s t  t h a t  M = 0.36 p e r  y e a r  may be a 
b e t t e r  estimate. I f  t rue ,  t h e  F/M r a t i o s  l i s t e d  f o r  t h e i r  
s t u d y  may b e  t o o  high. The same i s  t r u e  of Matheson  a n d  
Huntsman (1984). who used a Pauly estimate of M = 0.20 p e r  
y e a r  f o r  5 drummondhayi when t h e  von B e r t a l a n f f y  growth 
r a t e  p a r a m e t e r  was d e t e r m i n e d  t o  b e  K = 0.13 p e r  y e a r .  
For 2. f l a v i p i n n i s  ( R a l s t o n  and  W i l l i a m s  Unpub.). t h e  
t o t a l  m o r t a l i t y  ra te  was determined by t h e  Z/K r e g r e s s i o n  
method of Wethera l l  e t  al. ( In  press )  and n a t u r a l  mortal-  
i t y  from t h e  r e l a t i o n s h i p  between K (0.20 p e r  y e a r )  and M 
der ived  earlier. Although McErlean (1963) d i d  n o t  calcu-  
l a t e  t h e  von  B e r t a l a n f f y  g r o w t h  r a t e  p a r a m e t e r  or t h e  
m o r t a l i t y  rate of 5 micro lep is .  he presented  i n f o r m a t i o n  
c o n c e r n i n g  b o t h  a g e  a t  l e n g t h  and  abundance  i n  t h e  c a t c h  
by age class. These d a t a  were reanalyzed us ing  a Walford 
p l o t  and c a t c h  cunre, r e spec t ive ly .  y i e l d i n g  K = 0.14 p e r  
y e a r  and  Z = 1.20 p e r  y e a r .  N a t u r a l  m o r t a l i t y  was a l s o  
e s t i m a t e d  f rom t h e  K of t h i s  s p e c i e s  ( M  = 0.30 p e r  y e a r ) .  
One s t u d y  t h a t  i s  n o t  i n c l u d e d  i s  t h a t  of Moe (1969).  
b e c a u s e  h e  e s t i m a t e d  t o t a l  m o r t a l i t y  r a t e  t o  b e  0.32 p e r  
y e a r  w i t h  a K of 0.18 p e r  yea r .  These  f i n d i n g s  w o u l d  
sugges t  t h a t  t h e  s tock  w a s  l i g h t l y  f ished.  even though i t  
w a s  be l i eved  t o  be heavi ly  exp lo i t ed  f o r  years. 

The  d a t a  f r o m  T a b l e  8.2 w e r e . t a b u l a t e d  i n t o  a 
frequency d i s t r i b u t i o n  of F/M values.  which i s  presented  
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TPBLE 8.2 
Summary in format ion  on t h e  r a t i o  o f  n a t u r a l  and 
f i s h i n g  m o r t a l i t y  es t imates  ( F A )  f o r  t h e  
snapper and grouper famil ies  

Species F/ M Source 

Lut j anidae 

Lut i  anus 
campechanus 

- L. purpureus 

Prist ipomoides 
f i lamentosus - P. f l a v i p i n n i s  

Sarianitbe 

C e n t r o p r i s t i s  
s t r ia ta  

Epinephelus 
drummondhayi - E. g u t t a t u s  

- E. n ivea tus  

- E. sex faec ia tus  - E. s t r i a t u s  
Mycteroperca 

micro lep is  
M. phenax - 

1.25 
1.63 
1.26 
3.30 
1.66 
1.94 
2.23 
1.73 
1.92 

1.33 

1.77 
1.00 
0.85 
0.35 
0.28 
0.32 
0.27 
1.80 
1.93 
0.67 
0.71 
2.52 
3 .OO 

2.00 
1.24 

Nelson and Manooch 1982 
Nelson and Manooch 1982 
Nelson and Manooch 1982 
Nelson and Manooch 1982 
Ivo and Ges te i r a  1974 
Ivo and Hanson 1982 
Ivo  and Hanson 1982 
Ivo and Hanson 1982 
Ralston 1984 

Ralston and W i l l i a m s  Unpub. 

Lav 1981 
Low 1981 
Matheson and Huntsman 1984 
Matheson and Huntsman 1984 
Thompson and Munro 1978 
Thompson and Munro 1978 
Matheson 1981 
Matheson 1981 
Matheson and Huntsman 1984 
Matheson and Huntsman 1984 
Pauly and Ing le s  1982 
Olson and Laplace 1979 
HcErlean 1963 ( r eca l cu la t ed )  

Matheson e t  al .  1984 
Matheson e t  al .  1984 

i n  Figure 8.2. Snapper s tocks  are shown i n  c rossha tch  and 
grouper populat ions are s t ippled.  The s o l i d  l i n e  tepre-  
s e n t s  t h e  f r equency  polygon f o r  t h e  combined s n a p p e r /  
g roupe r  data. 
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Ratio of F/M 

Figure 8.2 Explol t a t 1  on f ntensl  t y  on snappers 
(crosshatch) and groupers ( s t f  pl  e). The f I gure 
p r e s e n t s  t h e  r a t i o  o f  pub1 l s h e d  v a l u e s  o f  
f i s h i n g  and n a t u r a l  m o r t a l i t y  r a t e s  f o r  25 
exp l  o l t e d  stocks. The so l  I d  1 l n e  r e p r e s e n t s  
the comblned frequency polygon 

A t  least two major t rends are evident i n  the  figure.  
It  i s  c l e a r  t h a t  on a r e l a t i v e  b a s i s  t h e  l u t j a n i d  s t o c k s  
reviewed here  have been more in tense ly  harvested than the  
groupers .  Whether t h i s  c o n c l u s i o n  is more g e n e r a l l y  
w a r r a n t e d  o r  whether  i t  s imply  r e f l e c t s  a s a m p l i n g  o r  
r e s e a r c h  b i a s  i s  unknown. I f ,  however,  t h e  p a t t e r n  i s  
real, i t  may r e f l e c t  c o n s e r v a t i v e  f i s h i n g  p r a c t i c e s  
towards the  epinephelines. This group is believed t o  be 
e spec ia l ly  vulnerable  t o  overexploi ta t ion,  both because of 
their protogynous reproductive system and t h e i r  tendency 
t o  aggregate during spawning (Johannes 1981; Shapiro 1986; 
b u t  see Bannero t  e t  al. 1986). 

It is a l s o  apparent from the  f i g u r e  t h a t  many s tud ie s  
have determined f i s h i n g  t o  natural mor ta l i t y  r a t i o s  far i n  
excess of t h e  0.8 t o  1.5 range  sugges t ed  ear l ier .  That 
some of these stocks a r e  heavily explo i ted  and have been 
so f o r  years. is w e l l  documented (Camber 1955; Carpenter 
1965; Ramirez 1970; Bradley  and Bryan 1975; T a s h i r o  and 
Coleman 1977). Nonetheless, t h e  extreme l e v e l s  of exploi- 
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t a t i o n  t h a t  seem t o  cha rac t e r i ze  some snapper and grouper 
s tocks  (e.g.. t he  Louisiana s tock  of 4. campechanus c i t e d  
by Nelson  and Manooch (1982). where  F = 0.86 p e r  y e a r  and 
F/M > 3.0) a r e  reason t o  assess the  s i t u a t i o n  and develop 
a l t e r n a t i v e  e x p l a n a t i o n s  for t h e s e  d a t a ,  i n c l u d i n g  t h e  
following: (1) The t h e o r e t i c a l  b a s i s  f o r  of t h e  Fopt = M 
a p p r o x i m a t i o n  i s  i n  e r r o r ;  (2) t h e  a p p r o x i m a t i o n  is n o t  
a p p l i c a b l e  t o  snappe r  and g r o u p e r  s t o c k s ;  ( 3 )  t h e  amount 
of replenishment o r  exchange between "stocks" i s  o f t en  so 
p o o r l y  unde r s tood  t h a t  a n a l y s e s  of p o p u l a t i o n  dynamics  
t e l l  us very l i t t l e ;  and (4) some s tocks  a r e  s imply m e t -  
f i shed  due t o  l a c k  of management action. 

With regard t o  relative levels of exp lo i t a t ion ,  one 
observat ion by Adams (1980) is  p a r t i c u l a r l y  re levant .  So- 
c a l l e d  "K" s e l e c t e d  spec ie s  a r e  those w i t h  l a t e  matur i ty ,  
s low g r o w t h  rate. l a r g e  a s y m p t o t i c  s i z e ,  low r a t e s  of 
natural  mor t a l i t y ,  and extended m a x i m u m  age. Note t h a t  K 
h e r e  r e f e r s  t o  c a r r y i n g  c a p a c i t y .  which s h o u l d  n o t  b e  
confused  w i t h  t h e  von B e r t a l a n f f y  g rowth  c o e f f i c i e n t .  
Members of t h e  Lut j  anidae and Epinephelinae, when placed 
on an  r-K continuum defined by t h e  community of t r o p i c a l  
s p e c i e s  w i t h  wh ich  t h e y  a re  found. tend  t o  f i t  t h i s  
d e s c r i p t i o n  w e l l  (Bever ton  and H o l t  1959; Pau ly  1980). 
S i m u l a t i o n  s t u d i e s  (Adams 1980) and a c t u a l  f i s h e r i e s  
e x p e r i e n c e  (Huntsman e t  al .  1983; Mahmoudi e t  al .  1984) 
have shown t h a t  f o r  these  kinds of species ,  maximum y i e l d  
p e r  r e c r u i t  (sensu Beverton and Holt 1957) is  obtained a t  
l o w e r  l eve l s  of f i s h i n g  m o r t a l i t y  and h i g h e r  a g e s  of 
r e c r u i t m e n t  (i.e., e n t r y  t o  t h e  f i s h e r y )  t h a n  t h e i r  
eco logica l  counterparts.  Furthermore. t he  r e l a t i v e l y  low 
levels of natural  mor t a l i t y  t h a t  cha rac t e r i ze  snappers  and 
groupers i n d i c a t e  a low n a t u r a l  t u r n o v e r  r a t i o  ( A l l e n  
1971) and thus  a reduced product ive capac i ty  (Alverson and 
Pereyra 1969; Gulland 1971). Fishe r i e s  f o r  t hese  kinds of 
s p e c i e s  a re  a l s o  l i k e l y  t o  deve lop  e x c e s s i v e  h a r v e s t i n g  
c a p a c i t y  d u r i n g  t h e  f i s h i n g - u p  p r o c e s s  ( F r a n c i s  1984; 
Leaman and Beamish 1984). Based upon these  cons ide ra t ions  
and on t h e  h i g h  economic v a l u e  of s n a p p e r s  and g roupe r s .  
i t  i s  i m p o r t a n t  t h a t  f u t u r e  e f f o r t s  to manage t h e s e  
resources  show caut ion and appropr ia te  r e s t r a i n t .  

Adams, P. B. 1980. L i f e  h i s t o r y  p a t t e r n s  i n  m a r i n e  
f i s h e s  and t h e i r  consequences for f i s h e r i e s  manage- 
ment. Fish.  Bull., U.S. 78:l-12. 
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