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Nine collections of the grass shrimp, Palaemonetes 

pugio, were made on Galveston Island to test the hypothesis 

that small populations show reduced genetic variability as 

a result of increased allele fixation due to random genetic 

drift, Pour small ponds and five sites in or adjacent to 

the bay were sampled as representative of finite and infinite 

populations, respectively. Starch gel electrophoresis 

was used to qnalyze enzyme electromorphs encoded by sevenr 

teen loci. Four loci showed electromorph vaxiation. Three 

meqsures of genetic variability were determined; percent 

polymorphism (PI, the number of alleles per population for 

the polymorphic loci (n) , and the average heterozygosity 
per locus ( 1  . For all three measures, the four closed 

populations had values lower than or equal to the smallest 

value found among the open popu1ation.s. These results 

are believed to support the hypothesis that population 

size can be an important determinant of genetic variability 

resulting in reduced variqbility in small populations. 
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INTRODUCTION 

Individuals within a sexually reproducing species dis- 

play a wide range of heritable phenotypic variation. With 

the development and improvement of modern biochemical techni- 

ques, it is possible also to observe variation at the 

molecular level. Mechanisms to account for the presence and 

maintenance of genetic variability within species have been 

proposed, but there is a paucity of data from natural popu- 

lations that is directly applicable to tests of the theories. 

Levels of variability in populations are a function of the 

proportion of polymorphic loci and the frequencies of dikfer- 

ent genotypes at these loci. The differences among 

populations within a species may be statistically described 

by gene frequency shifts at polymorphic loci. 

Whether unique physiological characteristics are 

realized from the different alleles or combinations of 

alleles in natural populations has been a major point of 

dispute in population genetics. Amino acid sequencing has 

disclosed remarkable similarities among phyla in the rate 

of nucleotide substitution and in the amino acid sequence 

of several enzyme groups responsible for the same metabolic 

function in the organisms studied. This observation, along 

with an attempt to explain the high levels of genetic 

variability observed in natural populations, led to the 



formulation of the neutral mutation hypothesis (Kimura, 

1968). This hypothesis suggests that some of the mutant 

alleles that produce amino acid substitutions in protein 

do not alter the function of the enzyme and thus are 

selectively neutral, and that most of the variation ob- 

served is not adaptive. Amino acid substitutions away 

from the active site of an enzyme may not alter the 

three-dimensional configuration of the enzyme or its 

catalytic properties. Amino acid sequence differences 

have been identified in functional classes of enzymes such 

as cytochrome c, fibrinopeptides, and hemoglobins, which., 

as far as present techniques can ascertain, do not seem 

to alter the function of the molecule in vitro (King and 

Jukes, 1969). If some mutations are neutral, a large 

amount of variability could be retained (the amount depending 

on the mutation rate, size and age of the population) without 

affecting the adaptiveness of the organism or the population 

(Kimura , 19 6 8) . 
One school of thought believes that most new mutations 

are deleterious and that evolution is a purifying and direct- 

ional force, weeding out deleterious genes and increasing 

frequencies of advantageous ones (Muller, 1950; Lewontin, 

1974). If the frequencies of alleles at most loci are 

primarily determined by directional selection, it would 

follow that all but the fittest alleles would be weeded out, 



r e s u l t i n g  i n  lower v a r i a b i l i t y  t h a n  would t h e o r e t i c a l l y  be 

ob ta ined  under o t h e r  models. 

C e n t r a l  t o  t h e  n e u t r a l i s t - s e l e c t i o n i s t  cont royersy  i s  

t h e  ques t ion  of  t h e  s i g n i f i c a n c e  o f  g e n e t i c  v a r i a b i l i t y  p e r  

se a s  an a d a p t i v e  s t r a t e g y  of  a popu la t ion .  Evolut ion can 

b e  thought  of as t h e  "process  o f  s u c c e s s i v e  t r ans fo rma t ion  

o f  t h e  g e n e t i c  s t r u c t u r e  o f  a popu la t ion ,  n o t  t h e  i n d i v i d u a l "  

(Nei, 1975) ,  or as a s h i f t i n g  e q u i l i b r i u m  i n  t h e  f requency 

d i s t r i b u t i o n  o f  a l l e l e s  a t  many l o c i  (Wright, 1931) .  Changes 

i n  v a r i a b i l i t y  could  r e s u l t  i n  changes i n  the p o p u l a t i o n ' s  

adap t ive  p o t e n t i a l ,  b u t  whether t h e  d i r e c t i o n  of t h i s  ch.ange 

i s  p o s i t i v e  o r  n e g a t i v e  is  ano the r  p o i n t  o f  con t rove r sy .  

Wright (1931) proposes  t h a t  t h e  changes i n  g e n e t i c  s t r u c t u r e ,  

even i f  nonadapt ive ,  may a l low t h e  popu la t ion  t o  r each  a 

h i g h e r  "adapt ive  peak" a f t e r  go ing  through a less adap t ive  

phase.  Others  ma in ta in  t h a t  t h e  g e n e t i c  s t r u c t u r e  of  a 

popula t ion  develops  because it i s  a p o s i t i v e  a d a p t a t i o n  t o  

t h e  environment (Ford,  1964) ; Wright,  1970) .  

Seve ra l  mechanisms f o r  t h e  maintenance of v a r i a b i l i t y  

have been proposed,  and each s u g g e s t s  an adap t ive  s i g n i f i c a n c e  

of g e n e t i c  v a r i a b i l i t y .  C l a s s i c  t h e o r y  c l a ims  t h a t  most 

. s e l e c t i o n  i s  d i r e c t i o n a l ,  t h a t  t h e r e  i s  a most f i t  genotype 

and t h a t  t h e r e  i s  a tendency f o r  t h e  rest t o  b e  e l imina ted .  

Therefore ,  s e l e c t i o n  i n  t h i s  ca se  would t e n d  t o  reduce t h e  

g e n e t i c  l oad  i n  a popu la t ion  and concomrnitantly reduce  

v a r i a b i l i t y  (Muller ,  1950) .  Consequently,  most o f  t h e  



observed v a r i a b i l i t y  predic ted  by t h i s  model i s  t h e  

r e s u l t  of s e l e c t i v e l y  n e u t r a l  a l l e l e s  t h a t  produce no pheno- 

t y p i c  d i f f e r e n c e s  and thus  a r e  n o t  s u b j e c t  t o  s e l e c t i o n  

(Lewontin, 1974).  

However, i f  t h e  a l l e l i c  d i f f e r e n c e s  r ep resen t  physiologi- 

c a l  d i f f e r e n c e s ,  t h e r e  must be some form of s e l e c t i o n  t h a t  

maintains a high frequency of  a l t e r n a t e  a l l e l e s  f o r  such 

enzymes, A polymorphic locus  t h a t  d i sp lays  s t a b l e  i n t e r -  

mediate gene frequencies  may be responding t o  a form of 

balancing s e l e c t i o n ,  i . e ,  heterozygote s u p e r i o r i t y  o r  

s t a b i l i z i n g  fo rces  t h a t  s e l e c t  f o r  a d i f f e r e n t  a l l e l e  under 

d i f f e r e n t  condi t ions  ( d i v e r s i f y i n g  s e l e c t i o n )  (Dobzhansky, 

1970).  Diversifying s e l e c t i o n  inc ludes  frequency-dependent 

s e l e c t i o n  and s e l e c t i o n  schemes i n  which s e l e c t i v e  va lues  

f o r  a l t e r n a t e  a l l e l e s  change between eco log ica l  n iches ,  

genera t ions ,  o r  sexes.  Both types  of s e l e c t i o n ,  d ivers igying  

and balancing can maintain s t a b l e  polymorphisms. The 

balancing s e l e c t i o n  theory then a t t r i b u t e s  t h e  observed 

v a r i a b i l i t y  t o  d e t e r m i n i s t i c  pressures  ( i , e .  s e l e c t i o n  and 

migration) of non-neutral a l l e l e s  (Dobzhansky, 1955, 1970).  

If t h e  a l l e l e s  a r e  n e u t r a l ,  polymorphism cannot be 

maintained by d e t e r m i n i s t i c  f a c t o r s  and must r e s u l t  from a 

random process  (Kimura, 1964; Wright, 1951; N e i ,  19751, For 



example, when a  few i n d i v i d u a l s  c o l o n i z e  a  new a r e a  (founder 

e f f e c t )  o r  t h e r e  is a  d r a s t i c  r e d u c t i o n  i n  popu la t ion  s i z e  

( b o t t l e n e c k ) ,  t h e  g e n e t i c  v a r i a b i l i t y  i s  expected t o  f a l l  

a s  a  r e s u l t  of a  sampling error. A s  t h e  s i z e  of t h e  b o t t l e -  

neck i s  reduced,  t h e  p r o b a b i l i t y  o f  l o s s  o f  rare a l l e l e s  

i n c r e a s e s ,  and as a  r e s u l t ,  t h e  p e r c e n t  o f  polymorphic l o c i  

and average he t e rozygos i ty  p e r  l o c u s  a r e  reduced.  The l o s s  

i n  he t e rozygos i ty  i s  n o t  d i r e c t l y  p r o p o r t i o n a l  t o  t h e  l o s s  

o f  a l le les  and can occur  when t h e r e  is  no loss of al leles 

(Nei ,  Maruyama, and Chakaraborty,  1975) .  The l o s s  o f  

v a r i a b i l i t y  i n  a b o t t l e n e c k  may be s t r i c t l y  a  random process 

and may nega te  even s t r o n g  d e t e r m i n i s t i c  p r e s s u r e s  (Wright, 

19311, S i m i l a r l y ,  i n  a f i n i t e  popu la t ion ,  gene f r equenc ie s  

cannot  be expec ted  t o  remain c o n s t a n t  i n  t h e  absence o f  d e t e r -  

m i n i s t i c  f a c t o r s .  The p a r e n t a l  group f o r  succeeding 

g e n e r a t i o n s  is  always s m a l l e r  t h a n  t h e  t o t a l  popu la t ion  s i z e .  

Reproduction is analogous t o  sampling t h e  popula t ion  each 

gene ra t ion  and may r e s u l t  i n  changes i n  gene frequency 

(random g e n e t i c  d r i f t )  . Such sampling errors accumulated 

ove r  t i m e  could  produce gene f r e q u e n c i e s  f a r  from t h e  o r i g i n a l  

v a l u e s  (Wright, 1931; Kimura, 1955; N e i ,  1975) .  

If a few i n d i v i d u a l s  do n o t  reproduce i n  a l a r g e  

popu la t ion ,  t h e  sampling e r r o r  may be i n s i g n i f i c a n t ,  whi le  

i f  t h e  same number do n o t  reproduce i n  a s m a l l  popu la t i an ,  

t h e r e  is  a  l a r g e r  e r r o r .  I n  an i n f i n i t e l y  l a r g e  breeding  



6 
popu la t i on  ( > l o  1, sampl ing e r r o r s  o f  gametes a r e  s m a l l ,  

and gene f r e q u e n c i e s  t e n d  t o  f l u c t u a t e  around an e q u i l i b r i u m  

va lue  t h a t  i s  determined by s e l e c t i o n ,  mu ta t i on ,  and m i g r a t i o n  

p r e s s u r e s  (Wright ,  1940; Crow and Kimura, 1970) .  However, 

i n  a sma l l  p o p u l a t i o n  ( e x p e r i e n c i n g  sampl ing e r r o r s  a t  repro-  

d u c t i o n ) ,  a l l e l e s  a t  i n t e r m e d i a t e  f r e q u e n c i e s  w i l l  f l u c t u a t e  

randomly such  t h a t  o v e r  a  p e r i o d  o f  t i m e  t h e  p r o b a b i l i t y  o f  

t h e i r  b e i n g  i n  a  f requency c l a s s  n e a r  f i x a t i o n  (q=1.0 o r  0) 

i n c r e a s e s  (Wright ,  1931) . Thus, random g e n e t i c  d r i f t  r educes  

g e n e t i c  v a r i a b i l i t y  by d e c r e a s i n g  t h e  ave rage  number o f  

al leles p e r  l o c u s  and t h e  p e r c e n t  o f  l o c i  polymorphic i n ' a  

popu la t i on .  

The p o p u l a t i o n  s i z e  cons ide red  i s  n o t  t h e  a b s o l u t e  

number o f  i n d i v i d u a l s  i n  t h e  p o p u l a t i o n ,  b u t  e f f e c t i v e  

popu la t i on  s i z e  (Ne) ( N e i ,  1975) .  E f f e c t i v e  s i z e  i s  reduced 

when r e p r o d u c t i o n  i s  l i m i t e d  t o  on ly  a p o r t i o n  o f  t h e  popu- 

l a t i o n ,  t h e r e  i s  d i f f e r e n t i a l  f e c u n d i t y  o r  s u r v i v a l  of  

o f f s p r i n g  o f  d i f f e r e n t  p a r e n t s  due t o  select ive p r e s s u r e s  o r  

random c a u s e s  (Wright,  1931) ,  o r  d i f f e r e n c e s  i n  s e x  r a t i o s .  

Also,  even i n  l a r g e  p o p u l a t i o n s ,  i n d i v i d u a l s  may t e n d  t o  mate 

w i t h  nearby  i n d i v i d u a l s ,  e s t a b l i s h i n g  neighborhoods w i t h  a  

h igh  i n c i d e n c e  o f  i nb reed ing .  P a r t i a l  i s o l a t i o n  among 

neighborhoods o c c u r s  i f  t h e  a r e a  occupied  by t h e  t o t a l  popu- 

l a t i o n  i s  l a r g e  compared t o  t h e  m i g r a t i o n  d i s t a n c e  o f  an  

i n d i v i d u a l  ( i s o l a t i o n  by d i s t a n c e )  (Wright ,  1941; ~ i m u r a  and 



Weiss, 1964) o r  i f  p h y s i c a l ,  e c o l o g i c a l ,  o r  temporal  b a r r i e r s  

e x i s t  between c o l o n i e s .  This  l e a d s  t o  a  r e d u c t i o n  i n  Ne 

(Wright,  1943) by i n f l a t i n g  t h e  l e v e l  o f  i n b r e e d i n g  i n  t h e  

t o t a l  p o p u l a t i o n .  

With s u f f i c i e n t  i s o l a t i o n ,  l o c a l  d i f f e r e n t i a t i o n  may 

occu r  i n  t h e  absence of  s e l e c t i o n .  Migra t ion  among sub- 

popu la t ions  d i l u t e s  t h e  e f f e c t  o f  s u b d i v i s i o n ,  r e t a r d i n g  

l o c a l  d i f f e r e n t i a t i o n ,  and producing one l a r g e  panmic t ic  

popu la t ion .  Maruyama (1970) p r e d i c t s  t h a t  s u b d i v i s i o n  be- 

comes b i o l o g i c a l l y  s i g n i f i c a n t  when t h e  immigration ra te  p e r  

colony i s  less than  one gamete/generat ion.  I t  must be  . 
remembered t h a t  most mig ran t s  a r e  from ne ighbor ing  c o l o n i e s  

w i t h  s i m i l a r  gene f r e q u e n c i e s ,  s o  t h a t  t h e  e f f e c t  o f  mig ra t ion  

w i l l  be reduced by a f a c t o r  (1 - r ) ,  where r i s  t h e  c o r r e l a t i o n  

between immigrants and t h e  r e c e i v i n g  groups (Wright,  1940) . 
Consequently,  f o r  d r i f t  t o  be  an impor tan t  phenomenon, i s o -  

l a t i o n  between subpopu la t ions  must be s u f f i c i e n t  t o  restrict  

m i g r a t i o n  (i .e. m<1/2Ne, Crow and Kimura, 1970) . 
There have been s e v e r a l  s t u d i e s  on exper imenta l  and 

n a t u r a l  p o p u l a t i o n s  uncover ing reduced levels of  v a r i a b i l i t y  

compared t o  l a r g e r  p o p u l a t i o n s  and i m p l i c a t i n g  random g e n e t i c  

d r i f t  as t h e  cause  ( P r o u t ,  1954; K e r r  and Wright ,  1954; 

N e e 1  and Ward, 1972; Lamotte, 1954) .  However, problems i n  

de te rmin ing  t h e  leve l  o f  mig ra t ion  and r u l i n g  o u t  s e l e c t i v e  

p r e s s u r e s  have rendered  most o f  t h e  s t u d i e s  i n c o n c l u s i v e .  



The purpose of t h i s  r e sea rch  i s  t o  examine s e v e r a l  sub- 

popula t ions  of animals i n  which d i f f e r e n c e s  i n  Ne and i s o l a -  

t i o n  a r e  maximized t o  tes t  t h e  p r e d i c t i o n s  t h a t  v a r i a b i l i t y  

decreases  wi th  decreas ing  Ne. I t  i s  necessary  t h a t  t h e  or -  

ganism used i s  from a h ighly  subdivided popula t ion  wi th  varying 

N e t s  i n  each subpopulation. The experimental  organism 

should have a subdivided popula t ion  s t r u c t u r e  inhe ren t  i n  

which is  a phys ica l  b a s i s  f o r  e s t i m a t i n g  popula t ion  s i z e  

(e.g.  Ne i s  d i r e c t l y  p ropor t iona l  t o  h a b i t a t  s i z e ) .  The b e s t  

popula t ion  arrangement would be s i m i l a r  t o  an i s l a n d  model 

( a s  def ined  by Wright, 1943) wi th  r e s t r i c t e d  migra t ion .  , In  

a d d i t i o n ,  t h e  popula t ions  examined f o r  evidence of d r i f t  should 

be small .  It i s  then unnecessary t o  c o n t r o l  f o r  balancing 

s e l e c t i o n  and small  changes i n  a l l e l e  f r equenc ies  due t o  

d i r e c t i o n a l  s e l e c t i o n  because t h e  random d r i f t  hypothesis  

p r e d i c t s  t h a t  small  s i z e  becomes more important  than s e l e c t i o n  

i n  determining gene f requencies .  Also,  t h e  number of migrants 

f i n d i n g  (migrat ion r a t e )  o r  co lon iz ing  a h a b i t a t  should be 

p ropor t iona l  t o  i ts  s i z e  a s  a t a r g e t  a r e a .  

An e a s i l y  a c c e s s i b l e  experimental  arrangement e x i s t s  on 

and nea r  Galveston I s l and  u t i l i z i n g  popula t ions  of t h e  decapod 

Palaemonetes pugio t h a t  occur  i n  t h e  l a r g e ,  open bay network 

and small  i s o l a t e d  ponds found on t h e  i s l a n d .  This design is 

equiva lent  t o  an aqua t i c  i s l a n d  model. Hab i t a t  s i z e  and 

separa t ion  d i s t a n c e  between subpopulat ions a r e  e a s i l y  de te r -  

mined. N o t  only do I expect  t h e  pond ( i s l a n d )  populat ions t o  



be smaller in absolute numbers (population size is assumed 

to be proportional to habitat size, because a finite habitat 

space can support a finite number of individuals), but I also 

expect that they are more vulnerable to periodic seasonal 

bottlenecks, further reducing Ne. 

A grass shrimp, Palaemonetes pugio, is ubiquitous in 

Atlantic and Gulf Coast estuaries and exists in populations 

fitting the island design described above. This species has 

a range extending from northern Massachusetts to Texas 

(Holthuis, 1952). It occupies a wide variety of habitats, 

semi-closed to open, temporary to permanent, indicating \hat 

it is a good colonizer and can successfully exploit a wide 

variety of habitats. - P. pugio tolerates salinites varying 

from 1-37 ppt, with 4-16 ppt being optimum (Wood, 1967). 

The optimal temperature range is 18-25OC (Wood, 1967). The 

life span of a single animal is approximately one year. 

There are usually two generations/year (one generation is 

2-3 months, and the generations are overlapping) (Wood, 1967) . 
Two spawning peaks and abundance peaks occur in July and 

October, although ovigerous females can be found from March 

to October (Wood, 1967; Knowlton and Williams, 1970). The 

larvae are planktonic (Knowlton and Williams, 1970) and are 

the primary dispersal stage, The adults prefer standing 

bodies of water with low current velocities (~ntheunisse, 

Larnmens, and Van Den Hoven, 1972) . The population numbers 



are found t o  drop i n  t h e  win te r ,  and t h e  remaining shrimp 

i n  l a r g e  wa te r  systems move t o  deeper  waters  t o  escape harsh  

cond i t ions  (Wood, 1967) .  This  escape mechanism i s  n o t  a v a i l -  

a b l e  i n  sma l l  ponds where t h e  cond i t ions  may be more s t r i n -  

gen t  . 
T h e e  s p e c i e s  o f  Palaemonetes are r e p o r t e d l y  found i n  

t h e  Galveston a r e a :  - P. puglo,  P. v u l g a r i s ,  and - P. in te rned-  

i u s  (Wood, 1974) .  The t h r e e  s p e c i e s  ove r l ap  e c o l o g i c a l l y  - 

(Hol thuis ,  1952; Thorp and Hoss, 1975) ,  r e f e r r i n g  t o  - P. pugio 

and P. w l ' g a r i s ) ;  however, P. v u l g a r i s  was found t o  be less - - 
t o l e r a n t  t o  low s a l i n i t i e s  than  - P. pugio (Knowlton and . 
Williams, 1970; Thorp and Hoss, 1975; Bowler and Seidenberg,  

1971) , G. Penn (unpublished d a t a )  has found t h e  occurrence 

o f  both s p e c i e s  (P. - pugio and P. - v u l g a r i s )  i n  a s i n g l e  sample 

rare, even though both  s p e c i e s  i n h a b i t  t h e  same a r e a .  

Genet ic  v a r i a b i l i t y  can be eva lua ted  biochemical ly  by 

e l e c t r o p h o r e s i s .  E lec t rophores i s  i s  used t o  s e p a r a t e  p r o t e i n s  

s o  t h a t  d i f f e r e n c e s  i n  gene products  and, t h e r e f o r e ,  d i f f e r e n -  

ces i n  gene composit ion,  can be v i s u a l i z e d  and q u a l i t a t i v e l y ,  

a s  w e l l  a s  q u a n t i t a t i v e l y ,  eva lua ted .  E lec t rophores i s  can 

t h e o r e t i c a l l y  d e t e c t  approximately 1/3 of  amino a c i d  s u b s t i t u t -  

i o n s  i n  p r o t e i n s ,  i n  a d d i t i o n  t o  s e p a r a t i n g  p r o t e i n s  on 

g ross  s i z e  d i f f e r e n c e s .  

Data ob ta ined  from c o l l e c t i o n s  made i n  s e v e r a l  h a b i t a t s  

w i l l  be used t o  test t h e  hypothes is  t h a t  due t o  chance e r r o r s  



when sampl ing gametes s m a l l  i s o l a t e d  p o p u l a t i o n s  show less 

amount o f  g e n e t i c  v a r i a b i l i t y  t h a n  l a r g e ,  open p o p u l a t i o n s  

evidenced by f e w e r  polymorphic l o c i ,  a  s m a l l e r  ave rage  

number of a l l e l e s  p e r  l o c u s ,  and lower ave rage  he te rozy-  

g o s i t y .  The l a r g e  p o p u l a t i o n s  should  be  g e n e t i c a l l y  s i m i l a r  

t o  each  o t h e r ,  assuming gene f r e q u e n c i e s  a r e  e s t a b l i s h e d  

by s e l e c t i o n ,  m i g r a t i o n ,  and muta t ion ;  b u t  t h e  s m a l l  popu- 

l a t i o n s  a r e  expec t ed  t o  d i v e r g e  from t h e  l a r g e  ones  and from 

each  o t h e r  i n  a  random, non-systemat ic  manner. The deg ree  o f  

d ivergence  should  be  p r o p o r t i o n a l  t o  h a b i t a t  s i z e  ( i .e .  

popu la t i on  s i z e ) ,  d i s t a n c e  from t h e  l a r g e  p o p u l a t i o n s  . 
( J a e n i k e ,  1973),  and t i m e  s i n c e  s e p a r a t i o n  ( N e i  and 

Chakrabor ty ,  1973) .  Th i s  is  n o t  a  tes t  o f  n e u t r a l i t y ,  b u t  

a  s t u d y  of  t h e  p r e d i c t i v e  v a l u e  o f  t h e  s t o c h a s t i c  model. 

MATERIALS AND METHODS 

Palaemonetes pug io  w e r e  c o l l e c t e d  from June  th rough  

August,  1977,f rom t e n  l o c a t i o n s  ( i n d i c a t e d  i n  F i g u r e  1). 

Four o f  t h e s e  l o c a t i o n s  a r e  s m a l l  ponds,  n o t  connected t o  

any o t h e r  body of  w a t e r .  The remaining s i x  a r e  l o c a t e d  i n  

a r e a s  o f  t h e  Galveston Bay sys tem ( l o c a l i t i e s ,  pond s i z e s ,  

and s a l i n i t y  e s t i m a t e s  a r e  l i s t e d  i n  Table  1). 

V i s u a l l y ,  t h e  g r a s s  bed h a b i t a t  a p p e a r s  con t inuous  

th roughout  t h e  bays  w i t h  no a p p a r e n t  o b s t r u c t i o n  t o  mig ra t -  

i o n ,  s o  t h a t  an e s t i m a t i o n  o f  h a b i t a t  s i z e  is  unreasonable .  



FIGURE 1 

Collection Sites of Palaemonetes pugio on Galveston 
Island, 





Table 1 

Col lec t ion  l o c a l i t i e s ,  approximate a r e a s ,  and s a l i n i t i e s .  

Loca l i ty*  

Lagoon pond (c losed)  

Lagoon (open) 

Cemetery pond (c losed)  

Sea A r m  pond (c losed)  

Sydnor ' s Bayou (open) 

San Luis Pass ( c losed)  

Sportsman's Road (open) 

West Bay (open) 

Green ' s Lake (open) 

Code 2 Area (m 

LagP 

Lag 

Cem 

SAr 

SB 

SLP 

SR 

WB 

GL 

S a l i n i t y  (pp t )  

15-24 

20-30 

5 

4.5 

22-35 

7-15 

23-52 . 
24-34 

----- 

* L o c a l i t i e s  a r e  l i s t e d  i n  o r d e r  from e a s t  t o  west on Galveston 
I s l and .  



S i n g l e  samples  w e r e  t a k e n  from each l o c a l i t y  by p u l l i n g  a 

s m a l l  pushne t  o r  a 15- foo t  s m a l l  mesh ( .25 i n c h  d i ame te r )  

s e i n e  f o r  approx imate ly  f i v e  y a r d s  a long  t h e  edge o f  t h e  

g r a s s  bed,  Three p u l l s  o r  more w e r e  made a t  each s i t e  

(depending on s p e c i e s  d e n s i t y )  u n t i l  an  adequa te  sample 

was o b t a i n e d .  S e v e r a l  s a l i n i t y  measures w e r e  t aken  a t  each 

c o l l e c t i o n  s i t e  w i t h  a r e f r a c t o m e t e r .  A rough e s t i m a t e  o f  

t h e  t o t a l  a r e a  o f  each  pond was made: t h e  ponds w e r e  assumed 

r e c t a n g u l a r  i n  shape ,  and two s i d e s  w e r e  measured w i t h  a 

marked s t r i n g .  However, u t i l i z a b l e  h a b i t a t  a r e a  f o r  - P. pugio  

( a r e a  of g r a s s  beds)  may n o t  n e c e s s a r i l y  be  d i r e c t l y  pro; 

p o r t i o n a l  t o  t o t a l  a r e a  of t h e  pond, 

One hundred shr imp w e r e  keyed t o  s p e c i e s  on t h e  b a s i s  o f  

s i x  morpholog ica l  c h a r a c t e r s  (Wood, 1974; H o l t h u i s ,  1952) .  

These v a r i a b l e s  d i d  n o t  prove t o  b e  a s s o c i a t e d  as d e s c r i b e d  

i n  t h e  key  o r  t o  f a l l  i n t o  d i s c r e t e  classes and,  t h e r e f o r e ,  

w e r e  judged inadequa t e  f o r  s e p a r a t i n g  - P, pugio  from t w o  c l o s e -  

l y  r e l a t e d  sympa t r i c  s p e c i e s ,  P. - v u l g a r i s  (Ho l thu i s )  and 

P. i n t e rmed ius  (Say ) .  S t r e n t h  ( p e r s o n a l  communication) - 
s t a t e d  t h a t  b e t t e r  r e s u l t s  would b e  o b t a i n e d  if secondary 

s e x u a l  c h a r a c t e r s  w e r e  used.  For  t h i s  r e a s o n ,  86 males  w e r e  

keyed on t h e  b a s i s  o f  t h e  number o f  setae on t h e  t i p  of t h e  

appendix mascu l ina :  - P, pugio  - 5 s e t a e ;  - P. v u l g a r i s  and - P. 

i n t e rmed ius  - 4 s e t a e  (Fleming, 1969) ,  and on t h e  r o s t r a 1  

c h a r a c t e r i s t i c s  ( c h a r a c t e r i s t i c s  2 ,  3 ,  and 4 above) w i t h  t h e  



i n t e n t i o n  o f  c o r r e l a t i n g  t h e s e  w i t h  a l l ozymic  d a t a  t o  b e  

ob ta ined  l a te r .  

A l l  shrimp w e r e  f rozen  a t  -70°C. Samples w e r e  thawed 

and r e f rozen  t o  f a c i l i t a t e  ce l l  r u p t u r e  and release o f  t h e  

i n t r a c e l l u l a r  enzymes. Before  p r o c e s s i n g ,  eggs  w e r e  removed 

from g r a v i d  females  and a l l  shrimp were washed i n  de ion ized  

w a t e r ,  Whole an imals  w e r e  ground f o r  f i f t e e n  seconds i n  

f r e s h l y  made ,2M T r i s  HC1 - .0002M poly-v iny l  py ro lod ine  - 
.015M EDTA b u f f e r  (pH 8.0) u s i n g  a motor d r i v e n  t e f l o n  

t i s s u e  homogenizer, The volume of  homogenate added w a s  

approximately  e q u a l  t o  t o t a l  body volume o f  t h e  sample.  . 
Samples were c e n t r i f u g e d  f o r  t h i r t y  minutes  a t  19,500 r p m  

(46,300 g ) .  The s u p e r n a t a n t  w a s  p i p e t t e d  i n t o  a c u l t u r e  

t u b e  and s t o r e d  a t  -70°C u n t i l  u se ,  Th i s  y i e l d e d  enough 

f l u i d  t h a t  t h e  s a m e  samples could  b e  used f o r  m u l t i p l e  

exper iments .  

H o r i z o n t a l  s t a r c h  g e l  e l e c t r o p h o r e s i s  w a s  employed t o  

e v a l u a t e  t h e  g e n e t i c  v a r i a b i l i t y  i n  t h e  n i n e  p o p u l a t i o n s  

(Lewontin and Hubby, 1966) .  This  method d e t e c t s  cha rge  

d i f f e r e n c e s  due t o  amino a c i d  s u b s t i t u t i o n s  i n  p r o t e i n  mole- 

c u l e s .  The re fo re ,  it can b e  used t o  d i f f e r e n t i a t e  t h e  d i f f -  

e r e n t  charge  forms o f  gene p roduc t s  o f  a  s i n g l e  l o c u s ,  

known a s  a l lozymes ( o r  e l ec t romorphs ) .  A 13.25% s o l u t i o n  o f  

starch ( E l e c t r o s t a r c h ,  l o t  #307) and b u f f e r  were used.  

Seventeen samples p l u s  an i n d i c a t o r  dye (bromophenol b l u e )  



w e r e  p l aced  i n  each g e l ,  I n  o r d e r  t o  c o n t r o l  f o r  v a r i a t i o n  

among g e l s  and t o  s t a n d a r d i z e  t h e  s c o r i n g  o f  polymorphic 

l o c i ,  samples from p rev ious  runs  and from g e l s  run t h e  same 

day w e r e  i nc luded  on each g e l .  G e l s  were s topped  when t h e  

i n d i c a t o r  dye reached  t h e  anoda l  margin. G e l s  w e r e  t hen  

s l i c e d  and each  s l ice  w a s  used f o r  a  s t a i n  s p e c i f i c  f o r  a  

p a r t i c u l a r  enzyme system. Each enzyme system (composed o f  

a l l  enzymes c a t a l y z i n g  t h e  same r e a c t i o n  u t i l i z i n g  t h e  same 

s u b s t r a t e ,  b u t  sometimes coded f o r  by more than  one l o c u s )  

w a s  v i s u a l i z e d  on a  zymogram which c o n s i s t e d o f  a  banding 

p a t t e r n  produced by enzyme a c t i v i t y  a t  v a r y i n g  d i s t a n c e s  , 

from t h e  o r i g i n .  

For zymograms r e p r e s e n t i n g  gene p r o d u c t s  o f  m u l t i p l e  

l o c i ,  t h e  l o c i  w e r e  numbered i n  ascending  ~ r d e r  correspond- 

i n g  t o  i n c r e a s i n g  m i g r a t i o n  d i s t a n c e  from t h e  o r i g i n .  I n  

s c o r i n g  polymorphic l o c i  ( t h o s e  c o n t a i n i n g  i s o a l l e l e s  w i t h  

d i f f e r e n t  m o b i l i t i e s ) ,  t h e  most common a l l e l e  i s  des igna t ed  

M.  A l l e l e s  m i g r a t i n g  f a s t e r  (more anoda l ly )  a r e  designa-  

t e d  F, w i t h  a  numerical  s u b s c r i p t  i d e n t i f y i n g  t h e  f a s t e r  

mig ra t ing  a l l e l e s  by lower numbers. alleles m i g r a t i n g  

s lower  t han  t h e  common a l l e l e  (more c a t h o d a l l y ) ,  a r e  designa-  

t e d  S ,  w i t h  t h e  same r u l e  f o r  s u b s c r i p t s ,  A l l e l e s  pos ses s ing  

n e a r l y  i d e n t i c a l  e l e c t r o p h o r e t i c  m o b i l i t y ,  such t h a t  m u l t i p l e  

bands are n o t  c o n s i s t e n t l y  d i s t i n g u i s h a b l e  i n  t h e  he te rozy-  

g o t e s ,  w e r e  lumped i n t o  one e l e c t r o p h o r e t i c  m o b i l i t y  ca t ego ry  



for most analysis. However, since the homozygotes were 

discernable, the alleles detected in homozygotes wexe 

cdunted for comparison of the average number of alleles 

possessed by a population. 

Four gel and tray buffex systems wexe used in staining 

fifteen enzyme systems. All Buffer systems and stains were 

adapted from Selander et al. (1971), except mannose-6-phosphate 

isomerase and glycerate-2-dehydrogenase (Siciliano and Shaw, 

1976), and hexokinase (adapted from Ayala -- et al., 1972). A 

list of recipes and stains is given below: 

1. Tris citrate, pH 6.7 (gel); Tris citrate, pH 6.3 (tray). . 
150 IT, Enzymes stained for: malate dehydrogenase 

(MDH, E.C. 1.1,1.37), lactate dehydrogenase (LDH, E.C. 

1,1,2.3) , isocitrate dehydrogenase (IDH, E .C. 1.1.1.42) , 
glycerate-2-dehydrogenase (G-2-DH, E,C. 1.1.1.29), gluta- 

mic oxalacetic transaminase (GOT, E.C. 2.6.1.1). 

2. Phosphate, pH 6.7 (gel and tray), 130 v. Enzyme systems: 

phosphoglucose isomerase (PGI, E.C. 5.3.1.9), phosphoglu- 

comutase (PGM, E.C. 2.7.5.1) . 
3. Discontinuous Tris citrate (Poulik); Tris citrate, pH 8.7 

(gel), pH 8.2 (tray), 250 v. Enzyme systems: Hexokinase 

(Hex, E ,C. 2.7,1,1) , alkaline phosphatase (Alk Ph, E .C. 
3.1.3.1) , soluble protein (AB) , mannose-6-phosphate 
isomerase (MPI, E .C. 5.3.1.8) . 



4. Lithium hydroxide: LiOH a+B, pH 8.3 (gel); LiOH A, 

pH 8.2 (tray) 300 v. Enzyme systems: leucine amino 

peptidase (LAP, E.C. 3.4.1.11, a naphthyl proprionate 

+ Fast Blue RR salt (aNP+FBRR, E.C. 3.1.1.11, naphthol 

AS-D acetate + FBRR (NADA, E.C. 3.1.1.1). (The same 

esterase system is scored from the last two stains to 

insure accuracy. ) 

(Loci are represented by small case letters and are underlined.) 

If the observed electromorphs are gene products of alleles 

on chromosomes, the observed electrophoretic phenotypes at 

polymorphic loci should agree with Hardy-Weinberg expecta- 

tions. Also the electromorphs of progeny from crosses should 

follow Mendelian segregation ratios. Two gravid females were 

placed in outdoor aquaria until the eggs hatched. The 

mothers were then frozen at -70°C. The larvae, fed a diet 

of Artemia (Hubschman and Broad, 1974)' required approximate- 

ly two months to reach maturity (July - September). They were 

then collected and frozen. The mothers and broods were later 

used to test Mendalian inheritance of the polymorphic systems. 

If these expectations are met, then allozymes may be used 

for the estimation of measures of genetic variability (i.e. 

percent polymorphism, number of alleles, and average 

heterozygosity) , 



RESULTS 

Based on previously established electrophoretic 

c r i t e r i a ,  seventeen zones of a c t i v i t y  which were well resolv- 

ed are  assumed t o  represent the same number of loc i .  Four 

showed multiple allozymes and thus were polymorphic (Pgi, 

Pgm, s, Nada), and th i r teen  were monomorphic. The observed 

genotypic d is t r ibut ions  a t  the polymorphic l o c i  i n  each 

population were t e s t ed  f o r  agreement with Hardy-Weinberg 

equilibrium. Rare genotypic c lasses  were combined t o  yield  

an expected value su i tab le  f o r  a chi-square analysis.  

The observed classes  of P g i ,  Pgm and Nada from two 

progeny groups agree with Mendelian expectations and o f f e r  

no evidence t h a t  the  electromorphs do not r e s u l t  from auto- 

soma1 genes, 

23 .5% of the  l o c i  were polymorphic f o r  a l l  populations 

combined. Gene frequencies f o r  the  polymorphic l o c i  are  

given i n  Table 2 .  In the  LagP population ( the smallest 

population),  two of the  polymorphic l o c i  (Nada and Pgi) - are  

f ixed f o r  the common allozyme, reducing percent polymorphism 

t o  11.8%. The Nada locus i s  a l so  fixed i n  the two other 
7 

small populations (Cem and S A r )  ( %  polymorphism = 1 7 . 6 % ) .  

Therefore, the small populations closed t o  frequent migration 

show a lower percent of polymorphic loc i .  For the remainder 

of t h i s  paper, the  pond populations w i l l  be referred t o  a s  



Table 2 

Gene frequencies in P. puqio - 

Locus Locality 

LagP Lag - CM SR SAr SLP GL SB WB - - - - - - 

* Number in parenthesis indicates sample size. 

(Continued next page) 



T a b l e  2  ( C o n t i n u e d )  

Gene f r e q u e n c i e s  i n  - P .  p u g i o  

Locus  

LagP Lag - CM - SR SA SLP GL SB WB - - - - - 

Nada ( 3 3 )  ( 3 4 )  ( 5 3 )  ( 3 4 )  ( 3 7 )  ( 3 0 )  ( 3 1 )  ( 2 7 )  ( 3 5 )  

M 1 . 0  . 5 4  1 . 0  . 4 6  1 . 0  . 7 0  - 5 5  . 6 3  - 5 3  

S  . 4 6  . 5 4  . 3 0  . 4 5  . 3 7  - 4 7  



"c losed"  ( t o  m i g r a t i o n )  and t h e  bay p o p u l a t i o n s  as "open" 

( t o  m i g r a t i o n )  . 
The cont ingency  t e s t  f o r  h e t e r o g e n e i t y  (G ) w a s  per -  

H 

formed w i t h  observed  genotype numbers f o r  each  polymorphic 

l o c u s  t o  de te rmine  i f  t h e  p o p u l a t i o n s  w e r e  homogeneous i n  

t h e i r  geno typ ic  d i s t r i b u t i o n s  a t  t h e s e  l o c i .  It w a s  de- 

c ided  t h a t  a x2 v a l u e  w i t h  a p r o b a b i l i t y  less t h a n  .05 would 

i n d i c a t e  h e t e r o g e n e i t y  among t h e  group o f  p o p u l a t i o n s  f o r  

t h a t  c h a r a c t e r  (Sokal  and Rohl f ,  1969) .  Although it weakens 

t h e  tes t ,  it w a s  n e c e s s a r y  t o  lump a l l  r a r e  geno typ ic  classes 

(f requency < .05) i n t o  one ca t ego ry  f o r  t h e  a n a l y s i s .  The 

r e s u l t s  o f  t h i s  a n a l y s i s  are g iven  i n  Tab le  3. The GH v a l u e s  

o f  t h e  n i n e  p o p u l a t i o n s  f o r  a l l  f o u r  polymorphic l o c i  w e r e  

s i g n i f i c a n t  (P  < . 005) .  I n  o r d e r  t o  a s c e r t a i n  whether  t h e  

h e t e r o g e n e i t y  w a s  a t t r i b u t a b l e  t o  t h e  open p o p u l a t i o n s  o r  

t h e  c l o s e d  p o p u l a t i o n s ,  t h e  cont ingency t e s t  w a s  a p p l i e d  

n e x t  t o  each group  s e p a r a t e l y .  A t  t h e  - Pgm l o c u s ,  t h e  c l o s e d  

p o p u l a t i o n s  w e r e  he te rogeneous  (P < . 0 0 5 ) ,  p r i m a r i l y  because  

o f  a r i se  i n  t h e  f requency  o f  t h e  Fa a l l e l e  i n  t h e  LagP pond 

popu la t i on .  The open p o p u l a t i o n s  w e r e  n o t  s i g n i f i c a n t l y  

he te rogeneous  f o r  t h i s  l o c u s .  For  Mpi, - t h e  c l o s e d  p o p u l a t i o n s  

f a l l  i n t o  two groups  based  on f requency o f  rare al lozymes 

and w e r e  he te rogeneous .  ~ h e ' o ~ e n  p o p u l a t i o n s  w e r e  a g a i n  

homogeneous. However, t h e  GH tes t  i s  p a r t i c u l a r l y  i n s e n s i -  

t ive  f o r  t h i s  l o c u s  because  o f  t h e  l a r g e  number o f  rare 



allozymes which had t o  be combined i n t o  one c l a s s ,  The 

frequency of  t h e  Pgi common allozyme i s  t o o  high (frequency 

of M > .9)  t o  t e s t  f o r  he terogenei ty  i n  t h e  c losed  populat-  

ions .  However, t h e  open popula t ions  a r e  heterogeneous 

(P < . 05 ] ,  t h u s  accounting f o r  some of t h e  he terogenei ty  

observed among a l l  c o l l e c t i o n s .  For Nada, t h r e e  of t h e  

f o u r  c losed  popula t ions  a r e  monomorphic f o r  t h e  M allozyme, 

thus  no contingency test was performed on these  popula t ions .  

The open popula t ions  a r e  homogeneous a s  a group, and c l e a r l y  

show gene f requencies  d ive rgen t  from those  i n  t h e  c losed  

populat ions.  This  could account f o r  t h e  l a r g e  GH va lue  f o r  

t h e  t o t a l  populat ion.  The GH d a t a  i n d i c a t e s  t h a t ,  i n  

genera l ,  t h e  open popula t ions  have s i m i l a r  genotypic  f r e -  

quencies ,  while  t h e  c losed  a r e  a more heterogeneous group 

(where v a r i a t i o n  e x i s t s )  . Most of t h e  he terogenei ty  ob- 

served appears  t o  a r i s e  from t h e  d i f f e r e n c e s  between open 

and c losed  popula t ions .  

Before any eva lua t ion  of  gene t i c  d r i f t  can be made, 

populat ion subd iv i s ion  must be s u b s t a n t i a t e d .  The GH s t a t -  

i s t i c  shows t h a t  t h e  n ine  popula t ions  a r e  c o n s i s t e n t l y  

heterogeneous wi th  r ega rd  t o  genotypic  d i s t r i b u t i o n ,  ind i -  

c a t i n g  t h a t  t h e  populat ion i s  subdivided and d i f f e r e n t i a t e d .  

The degree of subdiv is ion  can be es t imated  by measuring t h e  

gene d i f f e r e n t i a t i o n  r e l a t i v e  t o  t h e  t o t a l  populat ion.  Nei 

(1973) der ived t h e  c o e f f i c i e n t  of  gene d i f f e r e n t i a t i o n ,  GST, 



Table 3 

GH values from the contingency test for heterogeneity 

(Values are compared with a x2 distribution) 

Locus 

Nada 

Mpi 

Closed Open 
Total Populations Populations 



as generalization of Wright's FST for evaluating popu- 

lation subdivision. FST is theoretically the correlation 

between two gametes drawn at random from each subpopulation 

relative to the correlation between two gametes drawn at 

random from the total population (Nei, 1973) . In practice 

F S ~  is computed as a standardized variance of gene frequency. 

GST is equal to the weighted average of FST for alleles. It 

is actually the ratio of the average gene diversity between 

subpopulations to the average gene diversity in the total 

population ( D ~ ~ / ~ T )  (Nei, 1973) . A G S ~  of .lo - .15 indicates 
subdivision comparable to the level of GST's for natural. 

populations that are known to be subdivided (Fuerst, personal 

communication). The GST obtained for the - P. pugio populat- 

ions, .157, supports the hypothesis that these populations 

are subdivided, 

One of the most sensitive measures of genetic variability 

(that may be most directly related to bottlenecking) is the 

number of alleles at the polymorphic loci in a population. 

These values are compared in Table 4, Fixation of the M 

allele at Nada - in three closed populations and of the Pgi M 

allele in the LagP population contribute to the reduction in 

the total number of alleles for the polymorphic loci in the 

closed populations. The greatest number of alleles in any 

single closed population is fifteen, which is equal to the 

smallest number of alleles observed in any open population. 



T a b l e  4 

Number of A l l e l e s  a t  P o l y m o r p h i c  L o c i  

C l o s e d  # of 
P o p d l a t i o n s  A l l e l e s  

LagP 1 0  

Cem 1 3  

S A r  1 2  

SLP 1 5  

A v e r a g e  # of A l l e l e s /  = 12.5 
C l o s e d  P o p u l a t i o n  

Open # of 
P o p u l a t i o n s  A l l e l e s  

A v e r a g e  # of A l l e l e s /  
Open P o p u l a t i o n  = 1 7  



The mean number o f  a l le les  p e r  popu la t i on  i s  lower  fo r  t h e  

c l o s e d  p o p u l a t i o n s  t h a n  f o r  t h e  open p o p u l a t i o n s ,  Th is  

s u g g e s t s  t h a t  t h i s  measure o f  v a r i a b i l i t y  i s  a l s o  c o r r e l a t e d  

w i t h  p o p u l a t i o n  s i z e .  

Another estimate o f  g e n e t i c  v a r i a b i l i t y  t h a t  i s  commonly 

used t o  compare p o p u l a t i o n s  and s p e c i e s  i s  average  h e t e r -  

ozygos i ty  locus ,  (H), Thi s  i s  computed by d i v i d i n g  t h e  t o t a l  

number o f  expec t ed  heterozygous genotypes  (H)  by t h e  t o t a l  

number o f  expec t ed  homozygous genotypes  (J) t i m e s  t h e  number 

o f  l o c i  (1) , (CH/ [ ( C J )  (1) 1 ) , F o r  t h e  n i n e  p o p u l a t i o n s  o f  

P.  pug io ,  g=7.2%. For  comparisons among p o p u l a t i o n s  a n d .  - 
l o c i ,  an  i n t r a l o c u s  H w a s  c a l c u l a t e d  f o r  each popu la t i on  

(see Table 5 ) .  The i n t r a - l o c u s  h e t e r o z y g o s i t y  i s  a f u n c t i o n  

of a l l e l e  f r e q u e n c i e s .  I n  a popu la t i on  t h a t  i s  i n  

Hardy-Weinberg e q u i l i b r i u m ,  a s  a l l e l e  f r e q u e n c i e s  move 

c l o s e r  t o  1 .0  o r  0,  t h e  i n t r a l o c u s  h e t e r o z y g o s i t y  concommit- 

a n t l y  d e c r e a s e s .  The re fo re ,  f o r  Pgi (w i th  t h e  e x c e p t i o n  

LagP), Nada, - and Mpi, - a l l  f o u r  c l o s e d  p o p u l a t i o n s  have lower  

h e t e r o z y g o s i t i e s .  Fo r  Pgm, t h e  f r e q u e n c i e s  are more i n t e r -  

media te  i n  a l l  c l o s e d  p o p u l a t i o n s .  The f requency  o f  t h e  

F2 a l lozyme o f  Pgm r anges  from ,13  t o  -88 ,wh i l e  t h e  r ange  

of  F2 i n  open p o p u l a t i o n s  i s  .02-.16. Thus, t h e  h e t e r -  

o z y g o s i t i e s  are h i g h e r  i n  t h e  c l o s e d  p o p u l a t i o n s .  An average  

heterozygosity/population w a s  used  t o  compare v a r i a b i l i t y  

among p o p u l a t i o n s .  These a r e  l i s t e d  acco rd ing  t o  i n c r e a s i n g  
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i n  Table 6 .  The f o u r  c losed  popula t ions  show lower than 

the  f i v e  open popula t ions .  The s m a l l e s t  popula t ion ,  LagP, 

has  t h e  lowest E, while  t h e  l a r g e s t  c losed  popula t ion ,  SLP, 

has a  h igher  H than  t h e  o t h e r  c losed  populat ions.  Therefore,  

the  of a  populat ion appears  t o  be r e l a t e d  t o  populat ion 

s i z e ,  o r  more c o r r e c t l y ,  h a b i t a t  s i z e .  

Genetic subdi.vision among t h e  subpopulat ions can be 

descr ibed us ing  N e i  I s  g e n e t i c  d i s t a n c e  measure (d) ( N e i ,  

1975). The g e n e t i c  d i s t a n c e  is a l o g  t ransformat ion  of t h e  

normalized i d e n t i t y  of  genes between two populat ions.  P a i r  

w i s e  comparisons between a l l  popula t ions  o f  s tandard  g e n e t i c  

d i s t ance  a r e  given i n  Table 7 .  Genetic d i s t a n c e  is  a measure 

of  gene d i f f e r e n c e  between two popula t ions  which t h e o r e t i -  

c a l l y  e s t ima tes  t h e  accumulated number of gene s u b s t i t u t i o n s  

pe r  locus ( N e i ,  1972).  The d i s t a n c e s  f o r  - P, pugio a r e  lowest 

i n  l i k e  comparisons, i .e .  c losed  popula t ions  show a smal l e r  

d i s t ance  value wi th  o t h e r  c losed  popula t ions  than  wi th  any 

open popula t ion ,  and t h e  same is t r u e  f o r  comparisons of open 

populat ions with open popula t ions .  Overa l l ,  t h e  d i s t a n c e s  

between open wi th  o t h e r  open popula t ions  a r e  lower than  

the  d i s t a n c e s  between c losed  and c losed  popula t ions  
- - - - - 

( D c l  VS c l  - -012; Dop v s  op - .001; Dcl vs op = .021).  The 

g r e a t e s t  d i s t a n c e s  a r e  seen between open popula t ions  compared 

wi th  c losed  popula t ions ,  The SLP popula t ion ,  which comes 

from the  l a r g e s t  c losed  h a b i t a t ,  shows smaller d i s t a n c e s  



Population 

LagP 

SAr 

Cem 

SLP 

Lag 

WB 

SR 

SB 

Table 6 

Average Heterozygosity/Population 

Variance of 
Heterozygosity (total) 



T a b l e  7 

G e n e t i c  D i s t a n c e s  be tween P o p u l a t i o n s  
of P.  p u g i o  (Unb iased  E s t i m a t e )  - 

LagP Cem SAr SLP Lag SB SR WB 

Cem .0145 

SAr .0135 -0001  

SLP .0313 .0075 .0076 

Lag .0452 .0170 .0177 .0017 



from the open populations than the other closed populations, 

but the genetic distance between SLP and each closed popu- 

lation is less than the D's between that closed population 

and all open populations. Genetic distance estimates place 

SLP intermediate in its genetic profile between open and 

closed populations. 

The above results are reiterated in an examination of 

the correlation of homozygosities, These pair wise compari- 

sons are given in Table 8. The highest correlation is seen 

in the comparisons of the open populations to the other 

open populations, The average pair wise comparisons be- . 
tween the closed populations t.794) were slightly higher 

than the comparisons between the open populations (.769), 

but both were much higher than the correlation between the 

two groups (.645). The SLP population is more highly 

correlated with the open populations than with the closed 

populations. In fact, one open population, SB, has a higher 

correlation with all the closed populations than SLP. This 

indicates that the two population groups show more similar 

homozygosities within the group than between the two groups. 

This is true for all the populations except SLP, which shows 

a higher correlation with all the open populations than with 

any of the closed populations. 



LagP 

LagP 1.000 

Cem .979 

SAr .992 

SLP .596 

Lag -465 

SB .690 

SR .532 

WB .414 

GL .455 

Table 8 

Correlations of Homozygosities 

Cem SAr SLP La5 SB SR WB GL 



DISCUSSION 

. Cur ren t  mathemat ical  t h e o r y  and an i n c r e a s i n g  amount 

o f  expe r imen ta l  d a t a  s u g g e s t  t h a t  effective popu la t ion  s i z e  

(Ne) may b e  t h e  most impor t an t  f a c t o r  a f f e c t i n g  g e n i c  v a r i -  

a b i l i t y  i n  s e x u a l  p o p u l a t i o n s  ( N e i ,  1975; Crow and Kimura, 

1970) .  The i n t e r a c t i o n  o f  t h i s  term w i t h  o t h e r  f a c t o r s  

i n f l u e n c i n g  gene f requency i s  q u i t e  complex and i n c r e a s e s  

t h e  d i f f i c u l t y  o f  c o n s t r u c t i n g  models o f  popu la t ion  g e n e t i c s .  

The i n f l u e n c e  o f  popu la t ion  s i z e  on g e n i c  v a r i a b i l i t y  i s  

dependent on t h e  magnitude o f  o t h e r  p r e s s u r e s  r e l a t i v e  t o  

N e  

I f  t h e  s e l e c t i o n  c o e f f i c i e n t s  ( s ) ,  muta t ion  r a t e  ( u ) ,  

and mig ra t ion  ra te  (m)  , are s m a l l  and Ne i s  s m a l l ,  n e a r l y  

a l l  l o c i  are expec ted  t o  b e  f i x e d ,  and an i n d i v i d u a l  w i l l  

be homozygous a t  n e a r l y  a l l  l o c i .  A l l e l e s  a t  a s i n g l e  l o c u s  

are cons ide red  t o  b e  under  v igo rous  s e l e c t i o n  when s>>u>>l /4Ne 

(Wright, 1931; Crow and Kimura, 1970) .  I n  t h e  c a s e  of  s t r o n g  

d i r e c t i o n a l  s e l e c t i o n  a t  a  s i n g l e  l o c u s ,  t h e  f requency of  t h e  

f a v o r a b l e  a l l e l e  w i l l  approach f i x a t i o n  under  t h e s e  condi-  

t i o n s  i n  a l a r g e  popu la t ion .  If s e l e c t i o n  i s  s m a l l  i n  a 

l a r g e  popu la t ion  (s n o t  much g r e a t e r  t h a n  u; u  n o t  much g r e a t -  

er t h a n  1/4Nerthe f requency o f  t h e  f a v o r a b l e  a l le le  w i l l  b e  

main ta ined  w i t h  s l i g h t  f l u c t u a t i o n  around a  mean v a l u e  

determined by t h e  magnitude o f  t h e  s e l e c t i o n  c o e f f i c i e n t  



and mutat ion r a t e .  If gene frequency change is due t o  

sampling error ,  t h e  d i r e c t i o n  o f  change i s  random and may 

be  nonadapt ive (Wright, 1931; Kimura, 1964) . I n  gene ra l ,  

t h e r e  i s  a marked tendency toward chance f i x a t i o n  oh one 

a l l e l e  if 4Nes, 4Neu, and 2Nem are less than  one,  whi le  

f l u c t u a t i o n s  a r e  n e g l i g i b l e  i f  t h e s e  q u a n t i t i e s  a r e  l a r g e  

(Wright, 1940; Crow and Kimura, 1970) .  The sampling of  

t h e  sma l l  c l o s e d  popu la t ions  o f  - P ,  pugio was designed t o  

minimize t h e  products  o f  popula t ion  s i z e  wi th  s ,  u, and m 

s o  t h a t  t h e s e  l a s t  t h r e e  f a c t o r s  would b e  n e g l i g i b l e  i n  

determining gene f r equenc ies .  The open bay popu la t ions  ?re 

assumed i n f i n i t e l y  l a r g e ,  and levels  o f  v a r i a b i l i t y  should 

be  maintained by any one o r  a l l  t h r e e  of  t h e  above f a c t o r s .  

The o v e r a l l  p r o b a b i l i t y  d i s t r i b u t i o n  o f  gene frequency 

classes i s  t i m e  and s i z e  dependent. I n  a s i n g l e  l o c u s  

model wi th  two a l le les  i n  equal  frequency i n  a f i n i t e ,  

randomly mat ing popula t ion ,  a l l  frequency c l a s s e s  between 

0 and 1.0 a t  t h a t  l ocus  a r e  e q u a l l y  probable  a f t e r  2 N  

( N  = t h e  number o f  breeding  i n d i v i d u a l s )  gene ra t ions .  

These classes con t inue  t o  decrease  i n  p r o b a b i l i t y  a t  t h e  

r a t e  l / 2 ~ ,  wh i l e  t h e  0 and 1.0 c l a s s e s  con t inue  t o  i n c r e a s e  

i n  p r o b a b i l i t y .  C o n c o m i t a n t l y ,  t h e  average heterozy-  

g o s i t y  p e r  i n d i v i d u a l  decreases  a t  a r a t e  o f  ' / 2 ~  gene ra t ion  

(Wright, 1931; Kimura, 1955) .  This  r a t e  o f  dec rease  i s  

independent o f  number of  l o c i  and only  dependent on 



populat ion s i z e  (Kimura, 1955) ,  

I n  t h e  c a s e  of  r e c u r r e n t  mutat ions,  t h i s  decrease  i n  

he terozygos i ty  cannot proceed i n d e f i n i t e l y  a s  a  p o i n t  w i l l  

be reached where t h e  chance e l imina t ion  of a l l e l e s  w i l l  

be  balanced by t h e  occurrence of new muta t ions  (Wright, 

1931; Kimura, 1968) .  

Following t h e  i s o l a t i o n  of  a  smal l  popu la t ion ,  t h e r e  

i s  an observed decrease  i n  he terozygos i ty  wi thout  apprec iab le  

f i x a t i o n  o r  l o s s  o f  a l l e l e s .  Mutation may r e p l e n i s h  a l l e l e s ,  

b u t  i n  a  popula t ion  t h a t  remains sma l l ,  t h i s  has  l i t t l e  

e f f e c t  on r a i s i n g  average  he terozygos i ty .  Even a f t e r  a  . 
popula t ion  reaches  a  l a r g e  s i z e ,  t h e  new muta t ions ,  

whether adap t ive  o r  n e u t r a l ,  a r e  i n  such low frequency t h a t  

they do n o t  i n i t i a l l y  c o n t r i b u t e  much t o  t h i s  average and 

a r e  s u b j e c t  t o  s t r o n g  sampling e r r o r  ( N e i ,  Maruyama, and 

Chakraborty , 19 75)  . 
Bot t lenecking  probably occurred d u r i n g  c o l o n i z a t i o n  of 

t h e  c losed  ponds by P ,  - pugio.  Due t o  r e s t r i c t e d  migra t ion  

and a r e a  l i m i t a t i o n s ,  t h e  e f f e c t i v e  popula t ion  s i z e  has  

most l i k e l y  remained smal l ,  p revent ing  t h e  r ees t ab l i shment  

of leve-1s of  v a r i a b i l i t y  comparable t o  t h e  l e v e l  maintained 

i n  t h e  source  p o p u l a t i o n ,  

The e f f e c t s  o f  smal l  popula t ion  s i z e  and t h e  outcomes 

.mentioned above a r e  f u r t h e r  compounded and inc reased  by an 

i n c r e a s e  i n  matings between r e l a t e d  i n d i v i d u a l s ,  i n c r e a s i n g  



t h e  l e v e l  of  inbreeding.  Inbreeding enhances gene t i c  d r i f t  

by reducing t h e  e f f e c t i v e  populat ion s i z e .  The l e v e l  i s  

dependent on t h e  popula t ion  s i z e  and t h e  degree of  i s o l a t i o n  

( i .e,  migrat ion r a t e )  between co lon ies  of a subdivided 

populat ion (Crow and Kimura, 1970) ,  I n  a s u f f i c i e n t l y  

i s o l a t e d  subpopulation ( m < l  - gamete/colony, Maruyama, 1970),  

inbreeding may be pronounced and l ead  t o  an i n c r e a s e  i n  

homozygosity because o f  t h e  gene t i c  s i m i l a r i t y  of mating 

i n d i v i d u a l s ,  Even though each subpopulat ion may be mating 

randomly, i f  m i s  smal l  t h e  t o t a l  popula t ion  a s  a whole 

cannot be considered pabnuctucm and l o c a l  d i f f e r e n t i a t i o p  

may occur  a s  a r e s u l t  o f  inbreeding  and random f l u c t u a t i o n s  

i n  gene f requencies  (Wright, 1940; Kimura and Weiss, 1964) .  

I f  t h e  populat ion was i n i t i a t e d  by a small  number o f  founders ,  

as  suspected i n  - P ,  pugio i s o l a t e s ,  i n d i v i d u a l s  i n  l a t e r  

genera t ions  a r e  probably r e l a t e d  t o  some degree (assuming no 

migra t ion) ,  and inbreeding  i s  high. 

The only reasonable way t o  determine whether n a t u r a l  

popula t ions  a r e  subdivided i n  t h e  absence of migra t ion  d a t a  

i s  t o  look f o r  i n d i c a t i o n s  o f  g e n e t i c  d i f f e r e n t i a t i o n .  The 

GH and EST s t a t i s t i c s  a r e  used t o  d e t e c t  g e n e t i c  d i f f e r e n c e s  

among popula t ions .  The va lues  of both o f  t h e s e  s t a t i s t i c s  

f o r  P, pugio sugges t  populat ion subdiv is ion .  The GH values  

f o r  t h e  f o u r  polymorphic l o c i  i n  n ine  popula t ions  a r e  a l l  

s i g n i f i c a n t .  The open popula t ions  have homogeneous 



f requencies  a t  t h r e e  polymorphic l o c i ,  and a r e  heterogeneous 

a t  t h e  f o u r t h ,  P g i  (p< .  05) . The' c l o s e d  popula t ions  have 

heterogeneous f r equenc ies  a t  t h e  two polymorphic l o c i  wi th  

high enough f requencies  o f  r a r e  ' a l l e l e s  t o  be t e s t e d  (s, 
-1, This  shows t h a t ,  i n  gene ra l ,  t h e  open popula t ions  are 

more homogeneous than  t h e  c l o s e d  popula t ions .  These r e s u l t s  

suggest  t h a t  t h e r e  i s  very l i t t l e  migra t ion  between t h e  open 

and c l o s e d  popu la t ions ,  and among t h e  c losed  popula t ions ,  

bu t  t h a t  migra t ion  i s  f a i r l y  common among t h e  open popula- 

t i o n s  o r  some p r e s s u r e  is  main ta in ing  gene f r equenc ies  a t  a  

s i m i l a r  va lue .  

The GST va lue ,  which measures d i f f e r e n c e s  i n  gene 

f requencies ,  a l s o  i n d i c a t e s  d i f f e r e n t i a t i o n  among t h e  sub- 

popula t ions .  P a u l  F u e r s t  (unpubl ished d a t a )  supp l i ed  some 
- 
G S T ' s  (from compiled d a t a ) f o r  comparison wi th  t h e  EST ob- 

t a i n e d  f o r  - P. ~ u g i o !  I n t e r s p e c i f i c  s t u d i e s  showed ' s  
ST 

t h a t  ranged from ,349 ( i n  t h e  genus P a r t u l a )  t o  .777 ( i n  

A s t e r i a s l .  Between subspec ies  of  Drosophila w i l l i s t o n i  
- 

( D .  - w i l l i s t o n i  and - D.w. - catum),  a  GST of .192 w a s  ob ta ined .  

A v a r i e t y  of r e s u l t s  w e r e  ob ta ined  from i n t r a s p e c i f i c  

comparisons. Eight  subpopula t ions  of  Theba d i s t r i b u t e d  over  

100 m i l e s  had a EST of  '236. The EST f o r  f i v e  popula t ions  

of  Drosophila e q u i n o x i a l i s  was .083. The Yanomama Indian  

v i l l a g e s ,  t h a t  a r e  cons idered  subdiv ided  on t h e  b a s i s  of 

demographic h i s t o r y  ( N e e 1  and Ward, 1972) show a EST of  .066. 



Most of t h e s e  s t u d i e s  w e r e  based on a r e l a t i v e l y  l a r g e  
- 

number of polymorphic l o c i ;  however, G S T ' s  obtained from a 

l o w  number of polymorphic l o c i  a s  i n  t h i s  study,and those  

c a l c u l a t e d  from a l a r g e  number of polymorphic l o c i  do no t  

d i f f e r  apprec iably  i n  t h e i r  a b i l i t y  t o  d e t e c t  d i f f e r e n t i a t -  

ion ( F u e r s t ,  personal  communication). The EST of  .I56 

obta ined  i n  t h i s  s tudy i s  s u f f i c i e n t  t o  confirm populat ion 

subd iv i s ion  and t o  s u b s t a n t i a t e  (along wi th  t h e  GH va lues)  

t h e  i s o l a t i o n  of  t h e  c losed  popula t ions .  

I s o l a t i o n  of  popula t ions  can be caused by s e v e r a l  

f a c t o r s .  I n  t h e  i s l a n d  model (Wright, 1943) and t h e  s tepping  

s tone  model (Kimura and Weiss, 1964; W e i s s  and Kimura, 1965) 

subpopulat ions may be separa ted  from each o t h e r  by geographi- 

c a l  b a r r i e r s  t h a t  i n t e r r u p t  panmixis and normal movement 

p a t t e r n s  (Wright, 1951) . S i m i l a r l y ,  when t h e  geographic 

range of an organism i s  much g r e a t e r  than  t h e  v a g i l i t y  of an 

i n d i v i d u a l ,  co lon ies  may become semi-isolated because of t h e  

d i s t a n c e  between groups o f  organisms ( i .e .  i s o l a t i o n  by 

d i s t a n c e )  CWright, 1943; Kimura and Weiss, 1964).  Both t h e  

i s l a n d  and t h e  s tepping  s t o n e  models p r e d i c t  t h a t  t h e  

migrat ion r a t e  ( thus  t h e  degree of  d i f f e r e n t i a t i o n )  should 

be c o r r e l a t e d  wi th  t h e  d i s t a n c e  s e p a r a t i n g  t h e  popula t ions  

(Jaenike,  1973) .  An e s t ima te  o f  d i s t a n c e  between each p a i r  

of popula t ions  o f  - P. pugio was made from a map of  t h e  Galveston 

a r e a ,  This was measured a s  t h e  d i s t a n c e  v i a  t h e  c l o s e s t  



water  pa th  between popula t ions ,  p l u s ,  fox  each c l o s e d  popu- 

l a t i o n ,  a d i s t a n c e  t o  t h e  water  by t h e  s h o r t e s t  l and  rou te .  

These d i s t a n c e s  a r e  l i s t e d  i n  Table 9. A c o r r e l a t i o n  

a n a l y s i s  o f  d i s t a n c e s  between popula t ions  and t h e  s t anda rd  

g e n e t i c  d i s t a n c e  between those  two popula t ions  y i e l d e d  a 

non-s igni f ican t  va lue .  This  i n d i c a t e s  t h a t  f o r  t h e s e  popu- 

l a t i o n s ,  d i f f e r e n t i a t i o n  is  n o t  r e t a r d e d  by n e a r e s t  neighbor 

migrat ion.  

Numerous s t u d i e s  have documented popula t ion  subd iv i s ion  

i n  n a t u r a l  popula t ions .  However, t h e r e  have been some 

d i f f e r e n c e s  regard ing  how much d i f f e r e n t i a t i o n  i s  due t o  

d i f f e r e n t  s e l e c t i o n  p r e s s u r e s  o r  random d r i f t .  Se lander  

and Kaufman (1975) c a l c u l a t e d  FST1s from e l e c t r o p h o r e t i c  

d a t a  on co lon ies  of Hel ix  a spe r sa  l o c a t e d  on two a d j a c e n t  

c i t y  blocks i n  Bryan, Texas. Not on ly  were l a r g e  s h i f t s  i n  

a l l e l e  f requencies  found between t h e  b locks  b u t  a l s o  among 

co lon ies  wi th in  a block.  The mean FSTls f o r  t h e  two b locks  

were ,027 and .041; t h e  mean FST f o r  bo th  was .034. The 

heterogeneous n a t u r e  of b locks  and co lon ies  reflects reduced 

migrat ion among co lon ies .  There w e r e  no d i s c e r n a b l e  h a b i t a t  

d i f f e r e n c e s  t h a t  corresponded t o  t h e  p a t t e r n  of  v a r i a t i o n  

observed. Because of  t h i s  and smal l  colony s i z e  (R-151, 

it was concluded t h a t  t h e  in t e rco lony  d i f f e r e n c e s  w e r e  

p r imar i ly  due t o  random g e n e t i c  d r i f t .  The  same conclusion 

was drawn concerning t h e  in t e rco lony  he te rogene i ty  of 



T a b l e  9 

D i s t a n c e  E s t i m a t e s  b e t w e e n  E x p e r i m e n t a l  
P o p u l a t i o n s  of - P .  pugio ( i n  m i l e s )  

LagP 

Lag 0 . 1  

Cem 1 5 . 1  

SB 1 3 . 5  

SAr 1 4 . 3  

SLP 1 3 . 9  

SR 1 3 . 2  

WB 1 4 , 2  

GL 1 7 , 7  

L a g  Cem SB SAr SLP SR WB 



Hel ix  i n  Europe (Selandex and Kaufman, 1975) .  I n  agree- 

ment wi th  t h e s e  r e s u l t s ,  Halkka (1970) found evidence of 

d r i f t  i n  another  i n v e r t e b r a t e ,  t h e  s p i t t l e b u g  Phi laenus.  

(However, Halkka and Halkka (1974) found evidence of  select- 

i o n  f o r  c o l o r  polymorphisrns i n  Phi laenus  t r a n s f e r r e d  t o  

i s l a n d s . )  I n  t h i s  c a s e ,  smal l  i s l a n d  popu la t ions  w e r e  

determined t o  be l i v i n g  under s i m i l a r  s e l e c t i v e  p r e s s u r e s  

t o  t h e  mainland popula t ion .  Heterogenei ty  of c o l o r  poly- 

morphism was a t t r i b u t e d  t o  random g e n e t i c  d r i f t  ope ra t ing  

a g a i n s t  apprec iab le  selective p r e s s u r e s ,  Thus, i n v e r t e -  

b r a t e s  wi th  low v a g i l i t y  and low N e r s  commonly show popula t ion  

d i f f e r e n t i a t i o n .  

A major problem encountered i n  most s t u d i e s  l i k e  t h e  

above i s  t h a t  it i s  d i f f i c u l t  t o  determine presence and 

magnitude o f  s e l e c t i o n  on enzyme systems. The presence 

of s e l e c t i o n  p ressu res  f o r  human blood groups and serum 

p r o t e i n s  has  n o t  been e s t a b l i s h e d ;  t h e r e f o r e ,  any change i n  

frequency o f  blood groups could be due t o  random causes  

(Lewontin, 1974) .  S tud ies  of human i s o l a t e s  o r  subdivided 

popula t ions  have commonly uncovered d i v e r g e n t  f r equenc ies  

o f  blood group and serum p r o t e i n  a l l e l e s  fox which g e n e t i c  

d r i f t  i s  t h e  most probable  exp lana t ion  (Glass ,  1952; N e e 1  

and Ward, 1972) , Workman and Niswander (1970) discovexed 

s i g n i f i c a n t  d i f f e r e n t i a t i o n  among Papago Indian  d i s t r i c t s .  

These d i f f e r e n c e s  appeared t o  be t h e  r e s u l t  of  d i f f e r e n c e s  



i n  t h e  a n c e s t r a l  popula t ions  wi th  f u r t h e r  d i f f e r e n t i a t i o n  by 

random g e n e t i c  d r i f t  due t o  smal l  popula t ions  (300-1,000 

i n d i v i d u a l s )  o f  h igh ly  endogamous i n d i v i d u a l s .  However, it 

is  d i f f i c u l t  i n  any subdivided o rgan iza t ion  t o  a t t r i b u t e  

apparent  random d i f f e r e n c e s  t o  e i t h e r  sampling e r r o r s  a t  

reproduct ion o r  founder effects i n  t h e  e s t ab l i shment  of  new 

colonies .  

The above s t u d i e s  o f  g e n e t i c  d i f f e r e n t i a t i o n  document 

t h a t  subdivided popula t ion  s t r u c t u r e  can be e s t a b l i s h e d  by 

means o t h e r  than  l o c a l  s e l e c t i o n  d i f f e r e n c e s .  The P.  - pugio 

popula t ions  w e r e  chosen t o  c o l l e c t  a d d i t i o n a l  (and hopefq l ly  

less ambiguous) evidence r e l a t i n g  popula t ion  s i z e  t o  sub- 

d i v i s i o n  and v a r i a b i l i t y .  To i n v e s t i g a t e  t h e  p o s s i b l e  

causes  of  subd iv i s ion  i n  - P, gugio ( ind ica ted  by genic  d ive r -  

s i t y )  comparisons of c o l l e c t i o n s  must now be made based on 

d i f f e r e n c e s  i n  o t h e r  popula t ion  parameters.  

Since it has been e s t a b l i s h e d  t h a t  t h e s e  popula t ions  

a r e  g e n e t i c a l l y  d i f f e r e n t i a t e d ,  it seems opportune t o  d i s c u s s  

t h e  a s s o c i a t e d  e f f e c t s  on gen ic  v a r i a b i l i t y  and t o  s p e c u l a t e  

on causa l  f a c t o r s .  The va lues  f o r  t h e  t h r e e  common measures 

of gene t i c  v a r i a b i l i t y  ( i  , e  , percen t  polymoxphism (P) ; number 

of a l l e l e s / p o p u l a t i o n  (n) ; and average he terozygos i ty  (E) 

a r e  c o n s i s t e n t l y  lower f o r  t h e  smal l  i s o l a t e d  popula t ions  

o f  - P. pugio. There is a l o s s  o f  r a r e  a l l e l e s  i n  t h e  c l o s e d  

popula t ions  which a i d s  i n  t h e  reduct ion  of  a l l  t h r e e  



measures,  A t  t h e  l o c u s ,  t h e r e  i s  a t r e n d  o f  i n c r e a s i n g  

f requency o f  t h e  F2 a l l e l e ,  w i t h  M be ing  r e p l a c e d  by F2 as 

t h e  common a l l e l e  i n  t h e  smallest popu la t ion ,  LagP. The 

LagP p o p u l a t i o n  i s  n o t  on ly  t h e  m o s t  d e v i a n t  i n  gene 

f r e q u e n c i e s  (see Table  61, b u t  i s  l o w e s t  i n  a l l  t h r e e  
- 

v a r i a b i l i t y  estimates. P i s  reduced by 50% i n  LagP, and 

by 25% i n  t h e  n e x t  two s m a l l e s t  p o p u l a t i o n s ,  Cem and SAr. 

The l q r g e s t  c l o s e d  popu la t ion ,  SLP, h a s  h i g h e r  v a l u e s  t han  

t h e  o t h e r  t h r e e  i s o l a t e d  p o p u l a t i o n s  f o r  a l l  t h r e e  v a r i a b i l i t y  

measures,  Because of t h e  s u b s t a n t i a l  i n c r e a s e  i n  t o t a l  a r e a ,  

t h e  SLP popu la t ion  appears  t o  be i n t e r m e d i a t e  i n  populatj-on 

s i z e  and would be  expec ted  t o  b e  i n t e r m e d i a t e  between t h e  

two groups i n  v a r i a b i l i t y .  Th i s  i s  t h e  case f o r  3 
- <Ti <H and f o r  number o f  a l l e l e s  a t  poly- 

(*closed SLp open) , 
- 

morphic l o c i  i n  a popu la t ion  (nc lose~~nSLP~nopen)  H and 

number of a l le les  a t  polymorphic l o c i / p o p u l a t i o n  w e r e  bo th  

t e s t e d  f o r  c o r r e l a t i o n  w i t h  a r e a  of t h e  c o l l e c t i o n  sites. 

A rough e s t i m a t e  o f  t h e  a r e a  of  t h e  g ra s sbed  h a b i t a t  on t h e  

sou th  bank o f  W e s t  Bay (A=93,750 m2 ) w a s  used t o  compare 

t o  t h e  average  v a l u e s  f o r  a l l  open p o p u l a t i o n s  (fi =.779, 
OP - 

nOp=17.8). The c o r r e l a t i o n  c o e f f i c i e n t  f o r  w i t h  t h e  a r e a  

i s  .926 ( P > . 0 5 ) ,  and f o r  number o f  a l l e l e s  w i t h  a r e a  i s  

.921 ( P > . 0 5 ) .  Even though t h e  r v a l u e s  are ve ry  h i g h ,  a 

tes t  w i t h  on ly  f i v e  d a t a  p o i n t s  (and on ly  two d a t a  p o i n t s  are 

reve r sed ,  Cem and SAr) makes it d i f f i c u l t  t o  o b t a i n  a 



s i g n i f i c a n t  va lue .  I n  a d d i t i o n ,  popu la t ion  s i z e  and 

h a b i t a t  may n o t  show an e x a c t  c o r r e l a t i o n .  Rough d e n s i t y  

eLt imates  were made i n  LagP and Cem ( a  15  m2 a r e a  was 

sampled t h r e e  t imes wi th  a  s e i n e )  g iv ing  12.6 and 37.3 

P ,  pugio p e r  p u l l .  Density i n  S A r  was t o o  low t o  sample i n  - 
t h i s  manner; an a r e a  of  approximately 60 m2 was sampled 

repea ted ly ,  y e i l d i n g  a  t o t a l  of 48 animals .  The bay d i d  

show a h i g h e r  d e n s i t y  than  any pond, Three 5m2 sweeps wi th  

a  pushnet gave averages o f  26.3 and 34.3 P. pugio i n  WB - 
and GL,  r e s p e c t i v e l y .  Taking i n t o  account  t h e  p o s s i b i l i t y  

o f  r eve r sed  d a t a  p o i n t s  i n  t h e  c o r r e l a t i o n  of  h a b i t a t  s i g e  

and popula t ion  s i z e ,  t h e  impl i ca t ion  of  t h e  high r va lues  

i s  t h a t  t h e  level of v a r i a b i l i t y  i s  r e l a t e d  t o  h a b i t a t  s i z e .  

Assuming t h a t  t h e  popula t ion  i s  ar ranged according  t o  

t h e  i s l a n d  model wi th  no migra t ion  between subpopula t ions ,  

t h e  random d r i f t  hypothes is  p r e d i c t s  t h a t  changes i n  gene 

frequency i n  smal l  popula t ions  should be random i n  d i r e c t i o n ,  

d e v i a t i n g  from both t h e  source  populat ion and o t h e r  smal l  

popula t ions  i n  a  random manner (Crow and Kimura, 1970) .  The 

above d i scuss ion  suppor t s  t h e  f i t  of  t h e  - P.  pugio popula t ions  

t o  t h e  i s l a n d  model; hence, each c losed  popula t ion  should 

randomly d e v i a t e  from a l l  o t h e r  popula t ions .  The measures 

a s s e s s i n g  gene d i v e r s i t y  between p a i r s  o f  popula t ions  

(i.e. g e n e t i c  d i s t a n c e  and c o r r e l a t i o n  of  homozygosit ies) 

show t h a t  t h e  c losed  popula t ions  do n o t  d e v i a t e  from t h e  o t h e r  



closed as much as they deviate from the open populations; 

but the average genetic distance for pair wise comparisons 

between each closed population and the other closed popu- 

lations is tenfold greater than the average genetic distance 

for open populations compared with other open populations, 

The GH values reinforce this observation: that closed 

populations are more like other closed populations than open 

populations but do not show as much similarity to each other 

as the open populati.ons show as a group, 

A dendrogram was constructed using Neils standard D1s 

(Figure 2)- The smallest distance is seen between the two 

closed populations, Cem and SAr, All of the open populations, 

with the inclusion of SLP, are more closely related than 

LagP is to any other population or than the other two closed 

populations are to any open population or SLP. LagP may be 

so divergent because it is the smallest population or the 

most isolated, being on the far eastern end of the island, 

The genetic distance between SLP and SB is unexpectedly 

small, Although SB is connected to West Bay and classified 

as open, it is possible that migration is restricted through 

the narrow opening connecting the two bodies of water, This 

would mean that SB and SLP are closed populations of 

intermediate size. The similarity in gene frequencies 

between these two may be due to a size similarity or an 

increased level of migration between them because of their 



Dendrogram based on standard genetic distances 
(D, Nei) between subpopulations of - P. pugio. 



- 
Among P o ~ u l a t i  ons 

Cem 

SAr 

SR 

Lag 



proximity; t h i s  end of  t h e  i s l a n d  i s  s u b j e c t  t o  f looding  

more than t h e  e a s t  end. 

The correspondence among t h e  t h r e e  smal l e s t  populat ions 

nay be due i n  p a r t  t o  t h e  small  numberand weakness of t h e  

polymorphism a t  t h e  l o c i  used i n  the  s tudy.  However, it i s  

suspic ious  t h a t  t h e  - Nada locus ,  which d i sp lays  two a l l e l e s  

of in termedia te  frequency i n  t h e  open popula t ions ,  i s  f i x e d  

f o r  t h e  same a l l e l e  i n  t h e  t h r e e  smal l e s t  populat ions and 

i s  tending i n  t h a t  d i r e c t i o n  ih t h e  l a r g e s t  c losed  popula- 

t i o n ,  SLP.  This observat ion ,  a s  w e l l  a s  t h e  o v e r a l l  g e n e t i c  

conformity of  t h e  c losed  populat ions,  may be a r e f l e c t i o n  of 

t h e  gene f requencies  of  t h e  source populat ion a t  t h e  t i m e  

of t h e  founding event .  The l a s t  time Galveston I s l a n d  was 

completely f looded,  connecting a l l  of t h e s e  bodies  of  water ,  

was seventeen yea r s  ago during Hurricane Carla .  This  probab- 

l y  was t h e  l a s t  time t h e  i s o l a t e d  populat ions w e r e  connected 

by water t o  o t h e r  populat ions.  However, t h e  source and age 

of t h e  founding populat ions a r e  n o t  de te rn inab le .  They may 

have o r i g i n a t e d  from t h e  bay population or from an a l ready 

semi-isolated p o p u l a t i ~ n  t h a t  was  n o t  r e p r e s e n t a t i v e  of  t h e  

bay population (e.g. SLP may have been founded from t h e  SB 

population, thus  expla in ing  t h i s  s i m i l a r i t y ) .  It is also possible 

t h a t  t h e  founding event  occurred much f u r t h e r  back than 

seventeen years .  The d ivergent  c h a r a c t e r  of t h e  c losed  from 

t h e  open may be p a r t l y  explained then by d i f f e r e n t  gene 



f requencies  i n  t h e  a n c e s t r a l  populat ion (Sounding e f f e c t )  

followed by d r i f t i n g  gene f requencies  i n  t h e  small  popula- 

t i o n s .  F u r t h e r  divergence of  t h e  open popula t ions  from 

t h e  c losed  may be a s s o c i a t e d  wi th  t h e  mechanisms f o r  product- 

ion  and maintenance of gene t i c  m a t e r i a l  i n  a populat ion.  

Kimura (1968) and Wright (1951) p r e d i c t  t h a t  t h e  e f f e c t i v e  

number of  a l l e l e s  and gene t i c  v a r i a b i l i t y  w i l l  i n c r e a s e  i n  

a  subdivided populat ion wi th  h igh  migra t ion  rates. Fur ther -  

more, a  novel mutat ion ( i f  n o t  harmful) has  a h igher  pro- 

b a b i l i t y  of  s u r v i v a l  i n  a  l a r g e  popula t ion  (Kimura, 1962) 

and of  moving t o  a  h igher  frequency via  migra t ion  i n  t h i s  

type  of populat ion s t r u c t u r e  (Kimura, 1968; Kimura and 

Crow, 1964) .  This could exp la in  t h e  l a r g e r  g e n e t i c  d i s t ances  

between t h e  c losed  and a l l  t h e  open, and between t h e  c losed  

populat ions wi th  t h e  o t h e r  c losed  popu la t ions ,  The decrease 

i n  t h e  number of  r a r e  a l l e l e s  observed i n  t h e  c losed  popu- 

l a t i o n s  may be t h e  r e s u l t  of  t h e  e f f e c t s  of  any o r  a l l  of 

t h e  fol lowing causes:  t h e  founding b o t t l e n e c k ,  g e n e t i c  

d r i t t ,  and a  reduced mutat ional  load  due t o  a smal l  Ne ( N e i ,  

1975; Kimura, 1968) .  

The s imi lar i t ies  among t h e  c losed  popula t ions  may be  

due t o  s e l e c t i o n  p ressu res  t h a t  a r e  comparable i n  t h i s  

h a b i t a t  type  bu t  d i f f e r e n t  than p r e s s u r e s  e x i s t i n g  i n  t h e  

bays,  m y  type of d i v e r s i f y i n g  o r  overdominance model must 



be exc luded  because bo th  a r e  p r e d i c t e d  t o  i n c r e a s e  he te rozy-  

g o s i t y  (Dobzhansky , 19 70) and,  t h e r e f o r e ,  would n o t  accoun t  

f o r  t h e  o v e r a l l  r e d u c t i o n  i n  h e t e r o z y g o s i t y  and v a r i a b i l i t y  

seen i n  t h e  c l o s e d  popu la t ion .  However, some o r  a l l  o f  t h e  

r e s u l t s  cou ld  b e  due t o  s t r o n g  d i r e c t i o n a l  s e l e c t i o n  f o r  a 

p a r t i c u l a r  a l l e l e  (s) o r  genotype (s) a t  one o r  more l o c i ,  

and t h i s  datum cou ld  be  a d i r e c t  consequence o f  t h a t  and/or 

some l i n k a g e  e f f e c t .  If d i r e c t i o n a l  s e l e c t i o n  p r e s s u r e s  a r e  

p r e s e n t ,  t h e r e  must b e  some environmental  o r  e c o l o g i c a l  

d i f f e r e n c e  between t h e  h a b i t a t s  encounte red  i n  t h e  open 

v e r s u s  t h e  c l o s e d  popu la t ions .  The most obvious  physica; 

d i f f e r e n c e  between t h e s e  two systems i s  s a l i n i t y .  The 

c l o s e d  ponds have a lower average  s a l i n i t y .  However, LagP 

and SLP recorded  t h e  h i g h e s t  s a l i n i t i e s ,  b u t  d e v i a t e  more 

from each. o t h e r  t h a n  from t h e  o t h e r  two c l o s e d  popu la t ions .  

SLP shows t h e  l a r g e s t  f l u c t u a t i o n  i n  s a l i n i t y ,  which i s  

expec ted ,  because it i s  t h e  s h a l l o w e s t  and most s u b j e c t  

t o  s a l i n i t y  rises - in  d ry  seasons  o r  d rops  w i t h  h i g h  r a i n f a l l .  

There appears  t h e n  t o  b e  no c o r r e l a t i o n  between any a l l e l e  

Zrequency o r  v a r i a b i . l i t y  measure and s a l i n i t y .  The s a m e  

p a t t e r n  of d i f f e r e n c e s  i s  probably t r u e  f o r  t empera ture  

(and cor responding  l e v e l  o f  oxygen r e t e n t i o n  i n  t h e  w a t e r )  

s i n c e  p h y s i c a l  b u f f e r i n g  c a p a c i t y  aga i -ns t  changes i n  t h e s e  

p h y s i c a l  c h a r a c t e r s  i s  a f u n c t i o n  of  t h e  dep th  and volume 

o f  w a t e r .  Temperatures a r e  l i k e l y  t o  be more extreme i n  



t h e  ponds t h a n  i n  t h e  bay (due t o  t h e  d i f f e r e n c e s  i n  

volumes and depths  o f  w a t e r ) ,  b u t  Galveston Bay is  a l s o  

shallow and t h u s  probably a d j u s t s  t o  a i r  temperature  

changes f a i r l y  r a p i d l y .  

S t u d i e s  have uncovered reduced v a r i a b i l i t y  connected 

with smal l  Ne,  b u t  t h e r e  a r e  d i f f i c u l t i e s  i n  concluding 

t h a t  d r i f t ,  o r  s e l e c t i o n ,  o r  a  combination of  t h e  two i s  

t h e  causa l  f a c t o r ,  Perhaps t h e  most d r a s t i c  case  of 

reduct ion  i n  v a r i a b i l i t y  was found i n  t h e  e l ephan t  s e a l ,  

Mirounga a n g u s t i r o s t r i s ,  by Bonnel and Selander  (1974).  

Overhunting i n  t h e  l a t e  1800 ' s  ended i n  a  bo t t l eneck  o f .  

l e s s  than  100 i n d i v i d u a l s .  Although numbers have grown i n  

excess  o f  30,000 animals ,  p r o t e i n s  encoded by 24 l o c i  re- 

vealed no v a r i a b i l i t y .  I n  ano the r  s tudy ,  Avise and Selander  

(1972) found reduced v a r i a b i l i t y  i n  sma l l ,  p a r t i a l l y  i s o l a t e d  

popula t ions  of  cave dwel l ing  Astyanax and a t t r i b u t e d  t h i s  

p r imar i ly  t o  g e n e t i c  d r i f t ,  a l though s e l e c t i o n  p r e s s u r e s  

could n o t  be  completely r u l e d  o u t ,  

I t  i s  d i f f i c u l t  t o  s o r t  o u t  t h e  r e l a t i v e  e f f e c t s  o f  

s e l e c t i o n ,  mig ra t ion ,  and d r i f t ,  when looking a t  subdivided 

popula t ions ;  t h u s ,  much of  t h e  d a t a  showing reduced v a r i a -  

b i l i t y  can be i n t e r p r e t e d  a s  a  r e s u l t  of  any one o r  a  

combination o f  t h e s e  f a c t o r s ,  Ayala -- e t  a l ,  t1971) examined 

four  i s l a n d  and s i x  mainland popu la t ions  of Drosophila 

w i l l i s t o n i .  Only a  s l i g h t  r educ t ion  i n  H was found on 



i s l a n d  popu la t ions  (16.9%, t o  18.4% on t h e  mainland) , 

and i n  (79.5% on i s l a n d s  t o  82.4% on t h e  main land) .  They 

make t h e  c l a i m  t h a t  enzyme polymorphisms are remarkably 

similar i n  a l l  t h e  p o p u l a t i o n s ,  b u t  show no s t a t i s t i c a l  

tests t o  s u p p o r t  t h i s ,  Based on d a t a  g a t h e r e d  i n  t h e  1950 ' s  

on t h e  occur rence  o f  chromosomal polymorphisms, t h e  a u t h o r s  

conclude t h a t  t h e  i s l a n d  popu la t ions  w e r e  e s t a b l i s h e d  by 

sma l l  numbers o f  founders  and are now geograph ica l ly  

i s o l a t e d ,  r u l i n g  o u t  m i g r a t i o n  as r e s p o n s i b l e  f o r  observed 

s i m i l a r i t i e s  i n  al lozyme f r e q u e n c i e s  and a t t r i b u t i n g  t h e  

observed s imi lar i t ies  t o  b a l a n c i n g  s e l e c t i o n  (Ayala - e t  a., 
1971) .  However, it is a t  b e s t  d i f f i c u l t  t o  draw t h e s e  

conc lus ions  based on two sets o f  d a t a  c o l l e c t e d  twenty y e a r s  

a p a r t ,  n e i t h e r  hav ing  been s u b j e c t e d  t o  s t a t i s t i c a l  a n a l y s i s .  

P a t t e r n s  o f  m i g r a t i o n  may e a s i l y  have changed i n  t h e  W e s t  

I n d i e s  w i t h  t h e  i n c r e a s e  i n  b o a t  t r a f f i c  o v e r  t h e  l a s t  

twenty y e a r s .  U n t i l  some selective p r e s s u r e s  can b e  shown 

and mig ra t ion  more conv inc ing ly  r u l e d  o u t ,  it appears  t h i s  

p ~ p u l a t i o n  homogeneity may b e  main ta ined  by mig ra t ion .  

I n  an a t t e m p t  t o  f i n d  a more r e l i a b l e  way o f  d e t e c t i n g  

n a t u r a l  s e l e c t i o n ,  Lewontin and Krakauer (1973) des igned  a 

test f o r  t h e  homogeneity o f  t h e  i n b r e e d i n g  c o e f f i c i e n t s  

(FST, o r  t h e  e f f e c t i v e  i n b r e e d i n g  c o e f f i c i e n t ,  F,) f o r  a l l  

t h e  al leles a t  polymorphic l o c i  i n  a  group o f  popu la t ions .  

This  assumes t h a t  t h e  popu la t ions  w e r e  founded from t h e  



same p a r e n t a l  popu la t ion  a t  t h e  same t i m e .  Th i s  t es t  i s  

based on t h e  premise  t h a t  n a t u r a l  s e l e c t i o n  a f f e c t s  each  

a i l e l e  a t  a l o c u s ,  a s  w e l l  a s  each l o c u s ,  d i f f e r e n t l y .  I n  

c o n t r a s t ,  t h e  e f f e c t  o f  any component o f  t h e  breed ing  

s t r u c t u r e  ( e .9 ,  m i g r a t i o n ,  i nb reed ing ,  popu la t ion  s i z e )  

i s  t h e  s a m e  f o r  a l l  a l l e l e s  and l o c i ,  y i e l d i n g  FST1s 

s i m i l a r  f o r  a l l  a l l e l e s ,  Therefore ,  i f  t h e  a l le les  under 

i n v e s t i g a t i o n  are a l l  n e u t r a l  ( f r e q u e n c i e s  are d i c t a t e d  by 

on ly  b reed ing  s t r u c t u r e ) ,  t h e  F e l s  w i l l  b e  homogeneous, 

whereas n a t u r a l  s e l e c t i o n  w i l l  produce heterogeneous Fe 

va lues .  Thus, t h e  presence  o f  n a t u r a l  s e l e c t i o n  i s  i m p l i c a t e d  

when t h e  observed  v a r i a n c e  i n  F e t s  i s  s i g n i f i c a n t l y  g r e a t e r  

t han  t h e  t h e o r e t i c a l  v a r i a n c e  of t h e  F e f s  t h a t  i s  expec ted  

when a l l  a l le les  are n e u t r a l .  

Applying t h i s  t e s t  t o  n a t u r a l  p o p u l a t i o n s ,  Nevo -- e t  a l .  

(1975) concluded from t h e  r e s u l t s  o f  t h e  Lewontin-Krakauer 

tes t  t h a t  t h e  h i g h  h e t e r o z y g o s i t y  v a l u e s  observed i n  e l even  

popu la t ions  o f  Bufo v i r i d i s  ( f i v e  c e n t r a l  p o p u l a t i o n s ,  two 

marginal  p o p u l a t i o n s ,  and f o u r  i s o l a t e s )  w e r e  main ta ined  

by s e l e c t i o n .  Ob jec t ions  have a r i s e n  o v e r  t h e  v a l i d i t y  o f  

t h e  use  o f  t h i s  t es t  f o r  n a t u r a l  p o p u l a t i o n s ,  N e i  and 

Maruyama (1975) and Robertson (1975) p o i n t e d  o u t  t h a t  t h e  

expected v a r i a n c e  used by ~ e w o n t i n  and Krakauer i s  an 

underes t imate  o f  t h e  a c t u a l  t h e o r e t i c a l  v a r i a n c e  (Nei and 

Maruyama performed Monte Ca r lo  s i m u l a t i o n s  s u p p o r t i n g  t h i s  



contention). A basic assumption for the test is that the 

Fels are equal for all loci under neutrality. However, when 

mutation and high rates or special patterns of migration 

occur, this requirement is not fulfilled (Nei and Maruyama, 

1975) . Lewontin and Krakauer (1975) , in response to the 
above criticisms, proposed that the only population structure 

that might meet the migration requirements for applicability 

of the test is an island model with populations founded at 

the same time (see also Gillespie, 1976). This alteration 

still does not take into account the influence of unique 

mutations on Fe's. 

The populations of - P. pugio have been shown to fit the 

island model. There is an apparent heterogeneity in the 

GST's for the four polymorphic loci. I feel that this is 

due, in part, to lumping alleles at two loci (P* and M p i ,  

which have low GST's compared to the high GST's for the 

two loci with no lumping). Therefore, due to the weakness 

of the test and the loss of information because of this 

scoring technique, I feel the test is not useful for my 

data. 

If the physical chaxacteristics of a population are 

influential in determining the genetics of a population, 

similar trends should occur in similarly structured species. 

Since the B. - viridis populations (Nevo -- et al., 1975) 

approximated the island model, the data is comparable with 



my d a t a  f o r  - P.  pugio, although i s  i s  i n t e r p r e t e d  d i f f e r e n t l y .  

Even though t h e  popula t ions  a r e  n o t  h igh ly  d i f f e r e n t i a t e d  

(EST f o r  e leven popula t ions  i s  ,059, F u e r s t ,  personal  communi- 

c a t i o n ) ,  t h e r e  i s  a  s i g n i f i c a n t  reduct ion  i n  and i n  t h e  

i s o l a t e s  compared t o  t h e  c e n t r a l  popula t ions .  On t h e  basis 

of t h e  r e s u l t s  of t h e  Lewontin-Krakauer tes t ,  t h e  genic  

s i m i l a r i t y  of i s o l a t e d  popula t ions ,  and t h e  presence of a  

c l i n e  i n  gene f requencies  a t  two polymorphic l o c i ,  n a t u r a l  

s e l e c t i o n  i s  concluded t o  be t h e  f a c t o r  r e spons ib le  f o r  

populat ion d i f f e r e n t i a t i o n .  The n e u t r a l  hypothes is  and 

random d r i f t  a r e  r e j e c t e d  a s  r e spons ib le  f o r  any p a r t  of  

t h e  observed g e n e t i c  p a t t e r n  because o f  genic  s i m i l a r i t i e s  

among popula t ions ,  absence of  a l t e r n a t i v e  f i x a t i o n s  i n  

i s o l a t e d  popu la t ions ,  and high H i n  one of t h e  i s o l a t e s .  

Having c a l c u l a t e d  g, P, and n f o r  each popula t ion ,  I have 

some doubt a s  t o  whether t h e s e  popula t ions  a r e  t r u l y  i s o -  

l a t e d ,  The i s o l a t e ,  J e r i c h o ,  has  a  h igher  than some of 

t h e  c e n t r a l  popula t ions .  I t  a l s o  con ta ins  more a l l e l e s  

than a l l  t h e  popula t ions  except  f o r  one c e n t r a l  one, For 

t h i s  t o  occur ,  t h i s  populat ion must n o t  have s u f f e r e d  any 

bo t t l eneck  a t  t h e  t i m e  of i s o l a t i o n  and must a l s o  independent- 

l y  maintain a  l a r g e  enough popula t ion  s i z e  such t h a t  no 

a l l e l e s  a r e  l o s t  a t  reproduct ion ,  o r  have s t r o n g  s e l e c t i o n  

f o r  a l l  r a r e  al leles o r  h e t e r o t i c  genotypes (Dobzhansky, 

1970) .  Perhaps a  more p l a u s i b l e  exp lana t ion  f o r  such q 



highly variable gene pool in an isolate is migration from 

surrounding populations. (If this is the case for this one 

isolate, it nay also be the case for the other isolates.) 

The lack of alternative fixations does not necessarily 

disprove either hypothesis, Alternative fixation of alleles 

is found In the only island population, but it was not used 

in sone analyses because of small sample size (n=10). This 

collection was eliminated from the argument disfavoring 

drift, but used to support the hypothesis that disruptive 

selection is responsible for some of the genetic patterns. 

In answer to criticisms of the Lewontin-Krakauer test, tQe 

dissimilarity of fi values for different classes of enzymes 

is used as an independent test establishing the presence 

of selection for maintaining high variabilities. However, 

this is predicted by the neutralist hypothesis also. Puri- 

fying selection for highly constrained enzyme configuration 

would eliminate almost all mutant enzymes, whereas the 

classes of enzymes with less constrained configurations 

would accumulate neutral mutations that do not affect 

their catalytic properties (from a selection standpoint) 

and would be subject to random processes. Therefore, 

Nevo's data does not prove either case, The data showing 

a cline with aridity for two loci would appear to be a result 

of selection. If natural selection is an important force 

in maintaining the high variability in B. - viridis, this is 



then  an example of  reduced v a r i a b i l i t y  i n  i s o l a t e d  popu- 

l a t i o n s  i n  t h e  f a c e  of  s e l e c t i o n  f o r  h igh  v a r i a b i l i t y  i n  t h e  

spec ie s .  The p a t t e r n  of  v a r i a b i l i t y  of  B. v i r i d i s  could be - 
t h e  r e s u l t  of an i n t e r a c t i o n  of  s e l e c t i o n  and sma l l  popula- 

t i o n  s i z e .  

The same i n t e r a c t i o n  of s e l e c t i o n  and e f f e c t  of  smal l  

popula t ion  s i z e  o r  s e l e c t i o n  a lone  cannot  be  r u l e d  o u t  a s  

t h e  cause f o r  t h e  g e n e t i c  p a t t e r n s  observed i n  P. pugio.  - 
Admittedly, t h e  v a r i a b i l i t y  i n  t h e  c l o s e d  popu la t ions  may 

be t o o  c o n s i s t e n t l y  d e v i a n t  i n  t h e  same d i r e c t i o n ,  p a r t i c u -  

l a r l y  f o r  t h e  Nada locus .  However, t h e  p r o b a b i l i t y  of t h r e e  - 
o u t  of  f o u r  popu la t ions  be ing  f i x e d  f o r  t h e  same a l l e l e  a t  

a  p a r t i c u l a r  l o c u s  (assuming t h e  a l l e l e s  w e r e  i n i t i a l l y  i n  

equa l  f r e q u e n c i e s )  i s  0.25.  Therefore ,  t h e  d a t a  from t h e  

Nada locus  does n o t  d i s c o u n t  t h e  neut ra l i s t - random d r i f t  

hypothes is  a s  t h e  f a c t o r  r e s p o n s i b l e  f o r  t h e  r e s u l t s .  I n  

a d d i t i o n  t o  t h e  s m a l l e r  s i z e ,  t h e s e  popu la t ions  probably 

s u f f e r  a  more s e v e r e  bo t t l eneck  i n  t h e  w i n t e r  i n  t h e  less 

buffered  h a b i t a t s  w i th  no p l a c e  t o  escape.  With l i t t l e  o r  

no migra t ion ,  v a r i a b i l i t y  would n o t  b e  r e s t o r e d  t o  p rev ious  

l e v e l s .  

These d a t a  appear  t o  b e  a  good f i t  f o r  t h e  random d r i f t  

hypothes is .  However, t h e  s i m i l a r i t i e s  among t h e  c losed  

popula t ions  a r e  g r e q t e r  t h a n  i s  expected under a  s tr ict  

s t o c h a s t i c  model, The observed p a t t e r n s  i n  g e n e t i c  v a r i a b i l i t y  



may be a result of the interaction of some selection and 

small population size. Results of this study indicate 

that population size is the primary factor related to the 

genetic trends observed in this study. Further sampling 

and analysis of the genetic data from these populations, 

as well as more extensive monitoring of physical features 

related to these populations, should answer some of the 

questions arising from this study. The population 

structure of Palaemonetes lends itself well to such a 

study, and further use of Palaemonetes as an experimental 

organism should prove beneficial in future studies in 

population genetic theory. 
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