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ABSTRACT 

Population s t r u c t u r e  i n  terms of s i ze ,  l e g a l  t o  sublegal  r a t i o ,  
sex r a t i o ,  and reproductive cyc le  i s  defined f o r  the  spiny 
lobs t e r ,  Panul i rus  marginatus, i n  the  Northwestern Hawaiian 
Is lands.  
Northwestern Hawaiian I s lands  from October 1976 t o  November 
1978. 
l obs t e r s  among the  var ious  i s lands  and banks surveyed. 
Necker I s land ,  where catch rates were estimated t o  be the  
highest  i n  the  i s land  chain, t he  average s izes  of males and 
females w e r e  t he  smallest. The proport ion of l e g a l  l obs t e r s  
i n  the  ca tch  w a s  r e l a t i v e l y  high i n  most areas and males 
usua l ly  predominated. 
seasonal i ty  with peaks i n  e a r l y  summer and f a l l .  
weight r e l a t ionsh ip  showed t h a t ,  up t o  the  65-mm carapace 
length,  males usual ly  weighed more than females, bu t  beyond 
t h i s  s i z e  females were heavier than males of equivalent s izes .  
Future research w i l l  be d i rec ted  toward co l l ec t ion  of da t a  t o  
de f ine  the  reproduct ive cycle.  

Trapping operat ions were conducted i n  waters of t he  

S t r ik ing  d i f fe rences  were noted i n  average s i zes  of 
A t  

Egg bearing among females showed marked 
The length- 

Northwestern Hawaiian I s lands  
spiny lobs te r  
population s t r u c t u r e  
morphometric 
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INTRODUCTION 

This repor t  dea l s  with s tud ie s  on severa l  aspec ts  of t he  biology of 
the spiny lobs t e r ,  Panul i rus  marginatus, caught i n  waters of the  North- 
western Hawaiian I s lands  ("HI) between October 1976 t o  November 1978. 
It represents  an expansion of t he  preliminary analyses  of da t a  co l lec ted  
on E. marginatus by the  Honolulu Laboratory of the  Southwest F isher ies  
Center, National Marine F isher ies  Service (NMFS) (see papers by Honda; 
Polovina and Tagami; and Uchida et  a l . ,  pa r t  I). 

METHODS 

A l l  da ta  used i n  t h i s  study w e r e  co l lec ted  during lobs t e r  and f i s h  
trapping operat ions on c ru i se s  of t he  N O M  sh ip  Townsend Cromwell, 
TC-76-06, TC-77-02, TC-77-03, TC-78-01, TC-78-03, and TC-78-04 and on 
NMFS-chartered c ru i se s  of t he  RV Easy Rider, ER-77-02, p a r t s  I and 11. 
The gear used--California two-chambered lobs te r  pot and Hawaiian f i s h  
trap--has been described i n  Uchida and Hida (1977). The loca t ions  of 
t he  i s l ands  and banks are given i n  a separa te  paper (see paper by Uchida 
e t  a l . ,  pa r t  I).  

The carapace length  (CL), measured with a vern ier  ca l ipe r  t o  the  
neares t  0.1 mu, is  the  d is tance  along the  mid-dorsal l i n e  from the  t rans-  
verse r idge  between the  supraorb i ta l  spines  t o  the  pos te r ior  margin of 
t he  carapace (McGinnis, 1972). A l l  weights co l lec ted  a t  sea were made 
on a beam scale t o  the  neares t  10 g. 
were recorded t o  the  neares t  whole gram using a single-pan balance. 
T a i l  weights were recorded when f r e s h  (while a t  s ea ) ,  and i n  the  frozen 
and thawed states (on land) .  

Weights co l lec ted  a t  the  laboratory 

RESULTS 

S ize  d i s t r i b u t i o n  

The percentage frequency d i s t r i b u t i o n  of CL of male and female 
spiny lobs t e r s  caught during the  surveys conducted from October 1976 t o  
November 1978 are given by i s land  and bank i n  Figure 1. The d i s t r ibu -  
t i ons  are composites of a l l  c ru i se s  and the  da t a  are grouped i n t o  5 - m  
CL c lasses .  P a r t i c u l a r l y  s t r i k i n g  are the  d i f fe rences  i n  the  means and 
var iances  of t he  size-frequency d i s t r i b u t i o n s  among i s lands  and banks and 
between sexes (Table 1) .  

The size-frequency d i s t r i b u t i o n s  demonstrate t h a t  among a l l  t he  
areas sampled, t he  average s i z e s  of t he  male and female lobs t e r s  a t  
Necker were the  smallest followed c lose ly  by those caught a t  French 
F r iga t e  Shoals ' (Figure 1 ) .  A t  Necker, t he  r e l a t i v e l y  s m a l l  s i z e  w a s  
evident even i n  October-November 1976 when our surveys f i r s t  began and, 
therefore ,  does not  represent  a gradual reduct ion i n  s i z e  associated 
with increasing f i sh ing  e f f o r t  and removal of t he  l a rge  dominant adu l t s  
(Table 2) .  

The s c a r c i t y  of j uven i l e  l o b s t e r s  smaller than 45 mm i n  CL suggests 
t h a t  they e i t h e r  occur i n  a d i f f e r e n t  h a b i t a t  o r  d i sp lay  d i f f e r e n t  
behavioral  traits which a f f e c t  t h e i r  ca t chab i l i t y .  McGinnis (1972) 
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in waters of the Northwestern Hawaiian Islands, 
October 1976 to November 1978 
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r epor t ed  t h a t  j u v e n i l e  E. marginatus occur i n  in shore  r ee f  areas through- 
ou t  t he  year .  Furthermore, l i t t l e  i s  known about t h e i r  behavior.  One 
would expect ,  however, t h a t  a t  least  g r e a t e r  numbers of l o b s t e r s  smaller 
than t h e  45 t o  49-mm leng th  class would be caught i n  our f i s h  t r a p s ,  which 
are covered wi th  2.5-cm square w i r e  mesh ( a s  compared t o  the  5.1 x 10.2-cm 
mesh of our  l o b s t e r  p o t s ) .  The low numbers of smaller s i z e  classes seen 
i n  t h e  ca t ch  r e f l e c t  e i t h e r  t h e i r  s c a r c i t y  on the  t r app ing  grounds o r  are 
simply no t  ca t chab le ;  t h e r e f o r e ,  i t  can be expected t h a t  i t  i s  i n  t h e  45 
t o  49-mm s i z e  range t h a t  r ec ru i tmen t  t o  t h e  f i s h e r y  i s  occurr ing.  

There is no p a r t i c u l a r l y  s t r i k i n g  t r end  i n  the  average s i z e  of t h e  
l o b s t e r s  geograph ica l ly  (Figure 1 ) .  The average s i z e  of t he  males w a s  
l a r g e s t  a t  Kure, a t  t h e  northwestern t i p  of t h e  NWHI cha in  followed by 
those  caught a t  R a i t a  Bank, which is loca ted  approximately halfway 
between Kure and Niihau. Among females,  t h e  average s i z e  w a s  l a r g e s t  a t  
Pearl and H e r m e s ,  followed by t h a t  a t  R a i t a  Bank. 

I n  a l l  t h e  a r e a s  sampled, t h e  males w e r e  c o n s i s t e n t l y  l a r g e r  than 
t h e  females. 
l i k e l y  r e s u l t s  from dimorphism r e l a t e d  t o  egg bea r ing  i n  females 
(Heydorn, 1969).  

The d i f f e r e n c e  i n  average s i z e  between t h e  sexes  q u i t e  

P ropor t ion  of l ega l - s i zed  l o b s t e r s  i n  t h e  ca t ch  

I n  H a w a i i ,  t h e  r e g u l a t i o n  d e f i n e s  a l ega l - s i zed  l o b s t e r  as n o t  less 
than  0.45 kg ( 1  l b )  i n  weight o r  8.25 c m  i n  CL. 
found a preponderance of l e g a l s  in t h e  o v e r a l l  l o b s t e r  po t  ca t ches  i n  
t h e  NWHI. 
by sex,  t h e  ma1e:female r a t i o  among l e g a l s  and sub lega l s ,  and t h e  over- 
a l l  ma1e:female and 1ega l : sub lega l  r a t i o s  i n  12 of t h e  areas sampled. 
The r a t i o s  of  1ega l : sub lega l  l o b s t e r s  i n  t h e  ca t ch ,  by areas, v a r i e d  
widely between 5 3 ~ 4 7  a t  Necker and 99 : l  a t  Kure I s l a n d  w i t h  t h e  o v e r a l l  
a r i t h m e t i c  mean of t h e  r a t i o s  reaching 85:15. 
l e g a l s  i n  t h e  ca t ches ,  p a r t i c u l a r l y  a t  Raita Bank, P e a r l  and H e r m e s ,  
Midway, and Kure can a l s o  be seen  i n  Figure 1. 

During our su rveys ,  w e  

Table 3 shows t h e  breakdown of t h e  l e g a l  and sub lega l  ca t ches  

The high p ropor t ion  of 

The percentage of sub lega l s  caught by t h e  l o b s t e r  p o t s  would tend 
t o  be r e l a t i v e l y  low, i n  p a r t ,  due t o  v a r i o u s  sampling a r t i f a c t s .  The 
mesh s i z e  used i n  the  l o b s t e r  po t  c o n s t r u c t i o n  u s u a l l y  permits  most sub- 
l e g a l s  t o  escape o r  drop o u t  during haul ing.  I n  a d d i t i o n ,  t h e  e f f e c t s  
of t he  molt  c y c l e  on t h e  composition of t h e  ca t ches  is unknown a t  pres- 
e n t .  McGinnis (1972) r epor t ed  t h a t  j u v e n i l e s  of spiny l o b s t e r s  molt  
more f r e q u e n t l y  than a d u l t s ;  t h e r e f o r e ,  newly molted j u v e n i l e s  would 
tend t o  remain secluded and, hence, not  be s u b j e c t  t o  cap tu re .  Further-  
more, t h e  i n i t i a l  c a t c h  rates a t  any given l o c a l i t y  would tend t o  inc lude  
a l a r g e  proporti-on of t h e  l a r g e ,  o l d e r  i n d i v i d u a l s ,  p a r t i c u l a r l y  m a l e s ,  
because of t h e i r  aggres s ive  behavior.  

Dominance h i e ra rchy ,  which has  been r epor t ed  f o r  t h e  Aus t r a l i an  
l o b s t e r s  (Chi t t leborough,  1974), e x i s t s  i n  a n a t u r a l  environment f o r  
s h e l t e r  and f o r  food; however, i n  a f i s h e r y ,  t h e  b a i t e d  t r a p  appa ren t ly  
becomes an o b j e c t  f o r  which dominance behavior i s  displayed.  Th i s  t rait  
among l a r g e  l o b s t e r s  w a s  q u i t e  evident  i n  t h e  changes i n  t h e  p ropor t ion  
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of l e g a l s  i n  the catches a t  Necker. For example, i n  November 1976 when 
trapping operat ions f i r s t  began, t he  r a t i o  of l e g a l  t o  sublegal  reached 
60:40 but  dropped to  43:57 by May 1977 and was only 34:66 i n  August 1977 
(Table 4) .  The drop i n  the proportion of l e g a l s  i s  a t t r i b u t a b l e  to  heavy 
f i sh ing  pressure exerted by the  commercial f i sh ing  vesse l s  . r e su l t i ng  i n  
removal of l a rge  dominant l obs t e r s  from the stock. 

TABLE 4. CHANGES WITH TIME I N  THE PROPORTION OF LEGAL-SIZED LOBSTERS 
I N  THE CATCHES AT ONE 0.1' SQUARE NORTH OF NECKER ISLAND 

Legal Sub 1 ega 1 Ratio of l ega l  
(No. 1 (No. 1 t o  sublegal  Date 

November 1976 114 77 60:40 

August 1977 194 383 34 : 66 
May 1977 157 212 43:57 

Sex r a t i o  

Dominance behavior e x i s t s  not only among l a rge  lobs t e r s  over 
smaller ones but  a l s o  between sexes (Table 3).  
only Lis ianski  shows the proportion of l e g a l  males below 50:50 i n  the  
catch;  however, the  r a t i o  probably i s  not representa t ive  of t he  popula- 
t i o n  at  Lis ianski  because of the  very small numbers of l obs t e r s ,  both 
l e g a l s  and sublegals ,  caught a t  t ha t  locat ion.  Excluding Lis ianski ,  
then, t he  sex r a t i o s  of t he  catches of l e g a l s  from a l l  areas var ied from 
86:14 a t  Necker t o  56:44 a t  Nihoa. Among sublegals ,  and excluding areas 
with less than 10 lobs t e r s  sampled, we found a preponderence of females 
i n  f i v e  of t he  e ight  areas sampled with sex r a t i o s  of ma1e:female varying 
between 64:36 t o  Pea r l  and Hermes and 32:68 a t  Gardner Pinnacles.  The 
ove ra l l  sex r a t i o s ,  which include l ega l s ,  sublegals ,  and ber r ied  females, 
var ied  from 72:28 a t  Midway t o  43:57 a t  Nihoa (excluding Lis ianski ) .  The 
r a t i o  of ma1e:female i n  a l l  t he  catches made i n  the  NWHI w a s  57:43. 

Among the  areas sampled, 

Reproductive cyc le  

The frequency of ber r ied  l o b s t e r s  among the  females i n  the  popula- 
t i o n  can be used as an index of t he  reproductive cycle.  To de l inea te  
the  breeding cycle  among females i n  the  d i f f e r e n t  s tocks i n  the  NWHI, t he  
percentages of ber r ied  females were ca lcu la ted  f o r  months i n  which the  
catch was made and are shown i n  Figure 2. 
i n  most of t he  areas are inadequate t o  construct  consecutive monthly dis-  
t r i bu t ions  of ber r ied  females. T i m e ,  d i s tance ,  and area t o  be covered 
prohibi ted more frequent  v i s i t s  t o  t he  survey areas; however, the  da ta  
t h a t  are ava i l ab le  give us  some evidence of a trend i n  the  t i m e  of high 
incidence of ber r ied  females i n  the  catch and, hence, i n  the  reproductive 
period . 

Unfortunately,  the  observat ions 

The incidence of ber r ied  females i n  the  catches a t  Nihoa, Necker, 
and French F r iga t e  Shoals appears t o  be concentrated i n  the  l a te  summer 
and f a l l ,  and possibly i n t o  the  winter  months. Moving northwestward 



Figure 2 .  Percentage of ber r ied  females i n  the  catches,  
by area, October 1976 t o  November 1978 

along the  chain,  we found a gradual s h i f t  i n  the  pos i t ion  of t he  monthly 
peaks t o  May and June. Comparison of our r e s u l t s  with those obtained by 
MacDonald and Thompson ( i n  preparat ion)  at  Midway shows good agreement 
wi th  the  peak numbers of ber r ied  females they found from May through 
August. 

Relationship between carapace length and t o t a l  weight 

I n  the  lobs t e r  f i she ry ,  both length and weight are used as c r i t e r i a  
of harvest--the minimum l e g a l  s i z e  CL is used by the  fishermen a t  sea, 
because t h i s  a t t r i b u t e  can be measured more e a s i l y  and accurately than 
weight, and weight is used as a c r i t e r i o n  of harvest  o r  t o t a l  catch.  
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For t h e  c a l c u l a t i o n  of t h e  r e l a t i o n s h i p  between CL and t o t a l  weight, 
605 measurements on l o b s t e r s  caught a t  Necker, Mar0 Reef, and French 
F r i g a t e  Shoals during c r u i s e  TC-78-04 were used. 
r e p o r t ,  d a t a  from a l l  t h r e e  areas were combined and c a l c u l a t i o n s  were 
made only f o r  males and females, because i t  has been repor ted  by Heydorn 
(1969) t h a t  growth i s  sexual ly  dimorphic and t h a t  i t  may be r e l a t e d  t o  
egg bear ing  among females.  
i n t a c t  with no appendages missing and none of t h e  females was b e r r i e d .  

For t h i s  prel iminary 

A l l  l o b s t e r s  measured and weighed w e r e  

An exponent ia l  model, W = aCLb, w a s  f i t t e d  t o  t h e  da ta  f o r  both male 
and female by t h e  method of least squares .  The 408 males ranged i n  s i z e  
from 48.1 t o  121.3 mm CL, whereas t h e  197 females ranged from 51.9 t o  
114.7 mm CL. The length-weight r e l a t i o n s h i p s  f o r  male and f o r  female 
P. marginatus are a s  fol lows:  - 

Males: W = 0.00423 CL2.6246 
Females: W = 0.00090 CL2.9952 

where W = weight i n  grams 
CL = carapace length  i n  m i l l i m e t e r s  

a and b = cons tan ts  

The r e l a t i o n s h i p s  a r e  shown i n  Figure 3. 
of 8 .25  c m ,  t h e  equat ions p r e d i c t  a t o t a l  weight of 453.2 g ( 1  l b ,  0 oz) 
f o r  males and 496.0 g ( 1  l b ,  1 .5  02) f o r  females. 

For l o b s t e r s  having a CL 

005- 40 i o  $0 70 eo sb ~ 0 0  IiO t h o  I;o 
CARAPACE LENGTH (mm) 

Figure 3 .  Length-weight r e l a t i o n s h i p  of male and 

0 

female Panul i rus  marginatus determined 
from samples c o l l e c t e d  a t  Necker Is land.  
French F r i g a t e  Shoals,  and Mar0 Reef 
during c r u i s e  TC-78-04 

It is i n t e r e s t i n g  t o  note  t h a t  males are s l i g h t l y  heavier  than 
females a t  CL below 65 mm. A t  65 mm CL, t h e  males and females a t t a i n  
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almost i d e n t i c a l  weights. From about 70 mm CL, the  females a r e  heavier ,  
as compared with males of equivalent s i z e  and t h i s  d i f fe rence  can be 
a t t r i bu ted  t o  an increase  i n  t a i l  weight i n  r e l a t i o n  t o  t o t a l  weight 
among females. Berry (1971) reported tha t  elongation of the  legs  and 
enlargement of t he  cephalothorax among the South African lobs t e r ,  5. 
homarus, accounted fo r  t he  decrease i n  t a i l  weight r e l a t i v e  t o  t o t a l  
weight with increased s i z e  i n  males. 

Relationship between carapace length and t a i l  weight 

Because accura te  weighing of samples a t  sea i s  d i f f i c u l t  due to  the  
motion of t he  ves se l ,  we believed i t  advisable  t o  weigh the  t a i l s  when 
f resh ,  frozen, and thawed t o  determine the  v a r i a b i l i t y  when these a t t r i b -  
u tes  were regressed aga ins t  CL. 
f rozen t a i l  weight showed the  least  amount of v a r i a b i l i t y  about t he  l i n e  
of bes t  f i t  ( i . e . ,  had a higher co r re l a t ion  value) .  Furthermore, the  
d i f fe rences  i n  f rozen and f r e sh  weight, and frozen and thawed weight, 
were very s m a l l  i n  almost a l l  t he  samples co l lec ted .  Therefore, i n  t h i s  
repor t ,  f rozen t a i l  weight i s  used 'exclusively,  because t h i s  a t t r i b u t e  
can be weighed r a the r  prec ise ly  i n  the  laboratory.  

According t o  our preliminary ana lys i s ,  

For enforcement purposes i n  s i t u a t i o n s  where a vesse l  lands only 
frozen ta i l s ,  it is usefu l  t o  know the  r e l a t ionsh ip  between CL and frozen 
t a i l  weight, provided t h a t  t he  former is used as a c r i t e r i o n  f o r  minimum 
l e g a l  s i ze .  During TC-78-04, 623 such measurements were co l lec ted .  
Carapace lengths  of 402 males var ied  from 48.1 t o  121.3 mm; f o r  221 
females, CL var ied  between 51.9 and 114.7 mm. 

An exponential  model was f i t t e d  t o  the  da t a  f o r  males and f o r  females 
and the  r e l a t ionsh ips  are as follows: 

Males: TW = 0.00731 CL2.2536 
Females: TW = 0.00094 CL2*7675 

where TW = t a i l  weight i n  grams 
CL = carapace length i n  millimeters 

The equations p red ic t  that male lobs t e r s  with a CL of 8.25 c m  would 
have a t a i l  weight of 152.3 g (5.4 oz) and t h a t  female lobs t e r s  of mini- 
mum l e g a l  s i z e  would have a t a i l  weight of 190.3 g (6.7 oz) .  

DISCUSSION AND CONCLUSIONS 

The ana lys i s  by Uchida and eo-workers indicated t h a t  the  spiny lob- 
ster is d i s t r ibu ted  widely from Nihoa t o  Kure i n  the  NWHI. Data on CL 
co l lec ted  during our surveys showed s t r i k i n g  d i f fe rences  i n  the  average 
s i z e s  of t he  unexploited population among the  areas v i s i t e d .  Necker 
I s land ,  f o r  example, which had the  highest  catch rates, had the  smallest 
average s i z e s  among both males and females. 
s i z e s  were s m a l l  even a t  the  ou t se t  of t he  survey, i t  is poss ib le  t h a t  
t he re  is a dens i ty  dependent e f f e c t  of s tock s i z e  on growth rate caused 
by i n t r a s p e c i f i c  competition. 
population and may account f o r  t he  high catch rates a t  Necker Is land.  

Considering t h a t  t he  average 

Such an e f f e c t  could produce a l a rge r  
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Because E. marginatus is endemic t o  the  Hawaiian Archipelago and has 
been reported only from Johnston Ato l l  ou ts ide  the  Hawaiian chain,  t he  
res ident  population i n  the NWHI must be regarded a s  the source of l a r v a l  
r e c r u i t s .  
of the  phyllosoma la rvae  of g. marginatus and the  cur ren t  pa t t e rns  around 
the "HI. 
the  Hawaiian I s lands  are car r ied  out t o  sea  by the  preva i l ing  surface 
cur ren ts  only t o  be redeposited on subs t r a t e s  around the  Hawaiian Archi- 
pelago. It i s  a l s o  poss ib le  tha t  most of t he  phyllosoma la rvae  remain i n  
coas t a l  waters with l i t t l e  or  no long-distance movement involved and tha t  
l o c a l  repopulation is occurring. 
apparent t ha t  the d i s t r ibu t ion  and abundance of t he  adu l t s  a r e  dependent, 
t o  a l a rge  ex ten t ,  on adaptat ion of t he  la rvae  t o  prevai l ing oceanographic 
conditions.  

Unfortunately, very l i t t l e  is known about the  pe lag ic  exis tence 

It i s  poss ib le  t h a t  phyllosoma larvae emerging i n  waters of 

Whatever the  mechanism, i t  is q u i t e  

FUTURE RESEARCH NEEDS 

To monitor changes i n  the  population s t ruc tu re ,  w e  need t o  continue 
sampling a t  banks where r e l a t i v e l y  l i t t l e  f i sh ing  e f f o r t  has  been 
expended i n  order  t o  expand our da ta  base on d i s t r ibu t ion ,  apparent 
abundance, CL, weight, and o ther  morphometric cha rac t e r i s t i c s .  There is 
a l s o  a need t o  continue co l lec t ion  of da t a  on ber r ied  females t o  del in-  
eate the  reproductive cycle .  

To study the  occurrence of t he  puerulus,  w e  have b u i l t  Withan 
l a r v a l  co l l ec to r s ,  which w i l l  be placed a t  se lec ted  sites, and w e  w i l l  
a l s o  expand our night- l ight  observat ional  program. 
openings are present ly  being used i n  a t tempts  t o  capture  individuals  
l a rge r  than 14 c m  CL, which have been taken i n  our t r aps  only 
infrequent ly .  

SUMMARY 

Traps with enlarged 

The present  study elucidated severa l  aspects  of t he  unexploited 
populations of E. marginatus i n  the  SJWHI and some of t h e  r e s u l t s  appear 
t o  be pa r t i cu la r ly  s ign i f i can t .  Analysis of our da t a  showed t h a t  there  
were s t r i k i n g  d i f fe rences  i n  the average s i z e s  of l obs t e r s  among the  
var ious i s lands  and banks surveyed. 
p a r t i c u l a r ,  presented an in t e re s t ing  cont ras t  t o  t h a t  found elsewhere i n  
the  NWHI chain. A t  Necker, our surveys revealed tha t  the  average s i z e  
of both males and females was the smallest and t h i s  phenomenon was evident 
even during our f i r s t  survey a t  t h i s  i s land .  

The s tock at  Necker I s land ,  i n  

Our i n i t i a l  surveys a l s o  revealed t h a t  the  proportion of legal-  
s ized lobs t e r s  was r e l a t i v e l y  high i n  most areas and tha t  males pre- 
dominated i n  the  catch.  
disclosed t h a t  t he re  is  a marked seasonal i ty  i n  reproduction with peaks 
i n  ea r ly  summer t o  f a l l .  

Data on egg-bearing females i n  the catch 

The length-weight re la t ionships  predicted t h a t  an 8.25 crn CL lob- 
This d i f -  ster would weigh 453.2 g f o r  males and 496.0 g f o r  females. 

f e r e n t i a l  growth between the sexes w a s  a t t r i bu ted  t o  an increase i n  t a i l  
weight i n  r e l a t i o n  t o  t o t a l  weight among females as a r e s u l t  of egg 
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bearing.  
l ega l - s i zed  males would have a t a i l  weight of 152.3 g as opposed t o  190.3 g 
i n  females.  

The r e l a t i o n s h i p  between CL and t a i l  weight p r e d i c t e d  t h a t  
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