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ABSTRACT

The m ale  i n t e r a c t i o n  b e h a v io r  o f  A n o l i s  l i v i d u s , 
endem ic  t o  M o n t s s e r r a t ,  B .W .I . ,  was d e s c r i b e d .  L a b o r a to r y  f i l m  
s t u d i e s  w ere  u n d e r t a k e n  w h ich  a l lo w e d  f o r  a q u a n t i t a t i v e  a n a l y s i s  
o f  two d i s p l a y  t y p e s ,  ty p e  A d i s p l a y  and  ty p e  B d i s p l a y .

F iv e  i n t e r a c t i o n  b e h a v i o r s  w ere i d e n t i f i e d ;  ty p e  A d i s p l a y ,  
ty p e  B d i s p l a y ,  d e w la p p in g ,  sway b e h a v i o r ,  and  j a w - f e n c i n g .  A 
g e n e r a l i z e d  s e q u e n c e  o f  b e h a v i o r  d u r in g  an  i n t e r a c t i o n  o f  
i n c r e a s i n g  i n t e n s i t y  i s :  ty p e  A d i s p l a y ,  th e n  ty p e  B d i s p l a y ,
th e n  sway b e h a v i o r ,  t h e n  j a w - f e n c i n g .  D ew lapping  o c c u r r e d  u n d e r  
h i g h l y  v a r i a b l e  c i r c u m s ta n c e s  and i s ,  a d d i t i o n a l l y ,  a m o d i f i e r  o f  
ty p e  B d i s p l a y s .  Type A and ty p e  B d i s p l a y s  a r e  h e a d -b o b b in g  
d i s p l a y s .  Type A d i s p l a y  i s  th e  s i g n a t u r e  d i s p l a y  and i s  
s t e r e o t y p e d  f o r  movement. Type B d i s p l a y s  c o n s i s t  o f  a seq u e n c e
o f  s i m i l a r  h ead  b o b s ,  v a r i a b l e  i n  num ber.

Sway b e h a v i o r  was a u n iq u e  d i s p l a y  ty p e  f o r  t h r e e  r e a s o n s ,  
( 1 . )  i t  i n v o l v e d  h o r i z o n t a l l y  o r i e n t e d  m o t io n ,  ( 2 . )  l i z a r d s
o r i e n t e d  p a r a l l e l  t o  e ac h  o t h e r  i n  m i r r o r  image f a s h i o n ,  ( 3 . )  
l i z a r d s  w ould  p e r fo rm  t h i s  d i s p l a y  s i m u l t a n e o u s l y .

The b im a c u la tu s  s e r i e s  o f  A n o l i s  r e p r e s e n t s  a " n a t u r a l
l a b o r a t o r y "  f o r  t h e  s tu d y  o f  b e h a v i o r  and A^ l i v i d u s  i s  t h e  f i r s t  
member o f  t h i s  s e r i e s ,  w h ich  c o n t a i n s  23 s p e c i e s ,  t o  have i t s  
s o c i a l  b e h a v i o r  ex am in ed .
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INTRODUCTION

R e c e n t l y ,  t h e r e  h as  b e e n  a  g r e a t  i n t e r e s t  i n  t h e  b i o l o g y  

o f  i g u a n id  l i z a r d s ,  p a r t i c u l a r l y  t h e  genus  A n o l i s . The g enus  

A n o l i s  i s  im p o r t a n t  b e c a u s e  i t s  d i s t r i b u t i o n  r e p r e s e n t s  a  

" n a t u r a l  l a b o r a t o r y "  i n  many r e s p e c t s , e s p e c i a l l y  i n  t h e  

C a r ib b e a n  b a s i n .  A n o l i s  h a s  b e e n  d i v i d e d  by E t h e r i d g e  (1960 )  

i n t o  a l p h a  and b e t a  s e c t i o n s ;  a l p h a  a n o l e s  a r e  S o u th  A m erican  

i n  o r i g i n  and b e t a  a n o l e s  a r e  C e n t r a l  A m erican  i n  o r i g i n .  

A lp h a  a n o le s  c o l o n i z e d  t h e  C a r ib b e a n  i s l a n d s  from  two a r e a s ,  

t h e  s o u t h e r n  L e s s e r  A n t i l l e s  and  t h e  c e n t r a l  G r e a t e r  A n t i l l e s ;  

b e t a  a n o l e s  c o l o n i z e d  f ro m  t h e  w e s t e r n  G r e a t e r  A n t i l l e s  

( W i l l i a m s ,  1 9 7 2 ) .  The d i s t r i b u t i o n  o f  A n o l i s  r e p r e s e n t s  a  

n a t u r a l  l a b o r a t o r y  b e c a u s e  o f  t h e  o c c u r r e n c e  o f  endem ic  s p e c i e s  

on many i s l a n d s  and t h e  v a r i a b l e  number o f  s p e c i e s  o c c u r r i n g  on 

a  g iv e n  i s l a n d .  S in c e  endem ic  a n o l e s  o c c u r  i n  c o m b in a t io n s  

r a n g in g  from  more t h a n  tw e n ty  t o  one p e r  i s l a n d ,  t h e  i n f l u e n c e  

o f  c o n g e n e r s  on t h e i r  e v o l u t i o n  can  be t e s t e d  ( W i l l i a m s ,  1969, 

1 9 7 2 ) .  The phenomenon o f  e c o l o g i c a l  r e l e a s e  may a l s o  be 

exam ined  i n  c a s e s  o f  " s o l i t a r y "  s p e c i e s ,  a s p e c i e s  o c c u r r i n g  i n
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t h e  a b s e n c e  o f  c o n g e n e r s  (W i l l i a m s ,  1 9 6 9 ) .  A d d i t i o n a l  r e a s o n s  

f o r  t h e  i n t e r e s t  i n  A n o l i s  a r e  i t s  e c o l o g i c a l  d i v e r s i t y ,  number 

o f  s p e c i e s  ( o v e r  2 0 0 ) ,  c o n s p ic u o u s  b e h a v i o r ,  d i u r n a l  h a b i t s ,  

and e a s e  o f  m a in te n a n c e  i n  t h e  l a b o r a t o r y .  F o r  numerous 

exam ples  o f  s t u d i e s  c o n c e rn e d  w i th  t h e  b io lo g y  o f  t h i s  g enus  

s e e  J e n s s e n  ( 1 9 7 7 a ) .

A n o le s ,  l i k e  o t h e r  i g u a n i d s ,  u s e  h e a d -b o b b in g  a s  a  means 

o f  s o c i a l  i n t e r a c t i o n .  C a r p e n t e r  and G r u b i t z  (1 9 6 1 )  d e v e lo p e d  

t h e  te rm  d i s p l a y —a c t i o n - p a t t e r n ,  DAP, t o  d e s c r i b e  t h e  p a t t e r n  

o f  head  a m p l i t u d e  change  th ro u g h  t im e  w h ich  a  d i s p l a y i n g  l i z a r d  

e x h i b i t s ,  and u s e d  g r a p h s  o f  t h e  DAP a s  a  p h y s i c a l  

r e p r e s e n t a t i o n  o f  t h e  DAP. J e n s s e n  (1 977b)  d e t e r m in e d  t h a t  

DAP’s o f  d i f f e r e n t  s p e c i e s  o f  A n o l i s  have  v e r y  d i f f e r e n t  l e v e l s  

o f  s t e r e o t y p y .  Some s p e c i e s  h a v in g  v e ry  low s t e r e o t y p y  and 

o t h e r s  h ave  v e r y  h i g h l y  s t e r e o t y p e d  d i s p l a y s .  Two o t h e r  

c h a r a c t e r i s t i c s  o f  DAP’s  a r e  t h e  d e g r e e  o f  c o m p le x i ty  ( t h e  

number and a r ra n g e m e n t  o f  m o t io n s  i n  a  DAP), and  t h e  s i z e  o f  

t h e  d i s p l a y  r e p e r t o i r e  ( t h e  number o f  d i f f e r e n t  DAP’ s a s p e c i e s  

p e r f o r m s )  ( J e n s s e n ,  1 9 7 7 b ) .

T h is  s tu d y  d e s c r i b e s  and a n a l y z e s  t h e s e  t h r e e  DAP 

c h a r a c t e r i s t i c s  a s  t h e y  r e l a t e  t o  t h e  b e h a v i o r  o f  A n o l is  

l i v i d u s  d u r in g  m a le -m a le  i n t e r a c t i o n s .  The p e r fo rm a n c e  of  

b e h a v io r  i s  c o n s i d e r e d  t o  be i n  t h e  c h a l l e n g e  c o n t e x t  as  

d e s c r i b e d  by C a r p e n t e r  ( 1 9 6 2 ) .  T h i s  i m p l i e s  t h a t  th e  

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



4

TABLE 1
b im a c u la tu s  SERIES OF A n o l i s  AND 

TAXONOMIC BREAKDOWN

TAXA SPECIES
s t r a t u l u s  s u b s e r i e s

e v e rm an i  s p e c i e s  g ro u p

s t r a t u l u s  s p e c i e s  g ro u p  
s t r a t u l u s  su b g ro u p

d i s t i c h u s  su b g ro u p
d i s t i c h u s  s u p e r s p e c i e s

b r e v i r o s t r i s  s u p e r s p e c i e s

ev erm an i

b im a c u la tu s  s u b s e r i e s  
a c u t u s  s p e c i e s  g ro u p

b im a c u la tu s  s p e c i e s  g ro u p  
b im a c u la tu s  su b g ro u p

b im a c u la tu s  s u p e r s p e c i e s

m arm o ra tu s  s u p e r s p e c i e s

o c u l a t u s  su b g ro u p

w a t t s i  s p e c i e s  g ro u p  
w a t t s i  s u p e r s p e c i e s

s t r a t u l u s

d i s t i c h u s
d o m in ic e n s i s

b r e v i r o s t r i s
c a u d a l i s

a l t a v e l e n s i s  
S p e c ie s  A

a c u tu s

g i n g i v i n u s
sab a n u s

b im a c u la tu s
l e a c h i i

n u b i l i s  
l i v i d u s  
m arm ora tus  
f e r r e u s

o c u l a t u s

w a t t s i  
pogus 
f o r r e s t i  
s c h w a r t z i

ITS

RANGE

P u e r to  R ic o

P u e r t o  R ic o

Bahamas
H i s p a n i o l a

H i s p a n i o l a  
G onave, 

H i s p a n i o l a  
A l t o  V elo  
H i s p a n i o l a

S t .  C ro ix

A n g u i l l a  Bank 
Saba

S t a t i a  Bank 
A n t ig u a

Redonda 
M o n t s e r r a t  
G uade loupe  Bank 
M arie  G a la n te

D om inica

A n t ig u a  
A n g u i l l a  Bank 
B arbuda  
S t a t i a  Bank
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TABLE 2
SURVEY OF A n o l i s  FOR WHICH PUBLISHED ACCOUNTS OF 

MALE INTERACTION BEHAVIOR EXIST

SPECIES AUTHOR( S )*  TAIL LASHING
PRESENT **

a e n e u s G orm an ,1968 +
a g a s s i z i Rand e t  a l ,  197-5 -
a l l i s o n i R u i b a l , 1967 -
a l l o g u s R u i b a l , 1967 +
b i s c u t i g e r E c h e l l e  e t  a l ,1 9 7 1 -
b o n a i r e n s i s G orm an ,1968 -
c a r o l i n e n s i s G re e n b e rg  and N o b l e , 1944 -
c a r p e n t e r i E c h e l l e  e t  a l ,1 9 7 1 -
c h lo ro c y a n u s G a rc e a  and G orm an ,1968 -
c o e l e s t i n u s G a rc e a  and G orm an ,1968 -
c r i s t a t e l l u s R u i b a l , 1967 -
c u p re u s E c h e l l e  e t  a l ,1 9 7 1 -
g a rm a n i J e n s s e n ,1 9 7 7 b -

g rah am i J e n s s e n ,1 9 7 7 b —
g u n d la c h i R u i b a l , 1967 +
h o m o le c h is R u i b a l , 1967 +
h u m i l i s E c h e l l e  e t  a l ,1 9 7 1 -
i n t e r m e d i u s E c h e l l e  e t  a l ,1 9 7 1 +
l i m i f r o n s E c h e l l e  e t  a l ,1 9 7 1 +
l i n e a t o p u s R u i b a l , 1967 +
l u c i a e G orm an ,1968 +
l u c i u s R u i b a l , 1967 -
n e b u lo s u s J e n s s e n , 1970 -
p e n t a p r i o n E c h e l l e  e t  a l ,1 9 7 1 -
p o r c a t u s R u i b a l , 1967 -
r i c h a r d i G orm an ,1968 +
r o q u e t G orm an ,1968 +
o p a l i n u s J e n s s e n , 1979 -
s e r i c e u s E c h e l l e  e t  a l ,1 9 7 1 -
to w n se n d i C a r p e n t e r , 1962 -
t r i n i t a t i s G orm an,1968 +
t r o p i d o l e p i s E c h e l l e  e t  a l ,1 9 7 1 -
v a l i n c i e n n i R u i b a l , 1967 +

* I f  more th a n  one c i t a t i o n  e x i s t s  f o r  a s p e c i e s  
p r i o r i t y  g iv e n  to  e a r l i e s t  

** + = t a i l  l a s h i n g  p r e s e n t

- = t a i l  l a s h i n g  a b s e n t
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h ig h  c o n f l i c t  o r  m o t i v a t i o n a l  s i t u a t i o n s  a s  o p p o sed  t o  t h e  

a s s e r t i o n  c o n t e x t ,  i . e .  low c o n f l i c t  o r  m o t i v a t i o n a l  

s i t u a t i o n s .  B o th  l a b o r a t o r y  e x p e r im e n t s  and  f i e l d  o b s e r v a t i o n s  

w ere  p e r fo rm e d  w i t h  t h e  fo c u s  o f  e n d e a v o r  b e in g  t h e  f i l m i n g  o f  

d i s p l a y s  f o r  l a t e r  a n a l y s i s .  My s tu d y  i s  m a in ly  b a s e d  on f i l m s  

o f  a n im a ls  i n  c a p t i v i t y  " s i n c e  t h e  h i g h e s t  q u a l i t y  f i l m s  . . .  

o f  d i s p l a y i n g  l i z a r d s  a r e  a c h i e v e d  i n  t h e  l a b o r a t o r y "  ( J e n s s e n ,  

1 9 7 7 b ) .  S u p p le m e ta ry  f i e l d  s tu d y  was u n d e r t a k e n  " f o r  

c o n t e x t u a l  i n f o r m a t i o n  and  c o n f i r m a t i o n  o f  t h e  n a t u r a l n e s s  o f  

b e h a v i o r "  (G r e e n b e r g ,  1 9 7 7 ) .

The s p e c i e s  u se d  i n  t h i s  s t u d y ,  A n o l i s  l i v i d u s  Garman, i s  

endem ic  t o  t h e  i s l a n d  o f  M o n t s e r r a t ,  West I n d i e s ,  and i s  a  

s o l i t a r y  s p e c i e s .  I t  i s  a  member o f  t h e  a l p h a  s e c t i o n ,  and  i s  

s e x u a l l y  d im o r p h ic .  A d u l t  m a le s  a r e  3 .5  t im e s  h e a v i e r  and 1 .5  

t im e s  l o n g e r  i n  s n o u t - v e n t  l e n g t h ,  t h a n  a d u l t  f e m a le s  (G. R. 

B r o o k s ,p e r s .  com m .). A d u l t  f e m a le s  a r e  g e n e r a l l y  t a n  w i t h  

v a r i a b l e  d o r s a l  m a rk in g s  su c h  a s  c h e v ro n s  o r  s t r i p i n g .  The 

c o l o r  o f  t h e  t y p i c a l ,  a c t i v e ,  a d u l t  m ale  i s  b r i g h t  g r e e n  w i t h  a 

d i s t i n c t i v e  o ra n g e  o r  r e d  ey e  r i n g .  M ales p o s s e s s  a l a r g e ,  

b r i g h t  y e l l o w ,  e x p a n d a b le  d e w la p .  F o r  a  more co m p le te  

d e s c r i p t i o n  s e e  L a z e l l  ( 1 9 7 2 ) .

T a b le  1 r e c o r d s  t h e  a n o l e s  o f  c l o s e  ta x o n o m ic  r e l a t i o n s h i p  

t o  A. l i v i d u s , t h e  b im a c u la tu s  s e r i e s  ( W i l l i a m s ,  1 9 7 6 ) .  By 

co m paring  t h i s  l i s t  w i t h  t h e  one i n  T a b le  2 n o t e  t h a t  no a n o le s  

w i t h i n  t h e  b im a c u la tu s  s e r i e s ,  a  g ro u p  o f  23 s p e c i e s ,  have  been
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s t u d i e d  f o r  t h e i r  s o c i a l  d i s p l a y  b e h a v i o r .  T a b le  1 g i v e s  a

c o m p le te  b reakdow n o f  t h e  b im a c u la tu s  s e r i e s .  A ls o  i n c l u d e d

a r e  t h e  g e o g r a p h i c  r a n g e s  o f  t h e  members.

P a r t i c u l a r l y  n o t a b l e  i s  t h e  m arm ora tu s  s u p e r s p e c i e s ,  o f

w hich  Aj  ̂ l i v i d u s  i s  a  member. T h e se  f o u r  s p e c i e s ,  p resum ed  t o  

be  v e r y  c l o s e l y  r e l a t e d ,  a r e  s o l i t a r y  s p e c i e s .  The f o u r  

s p e c i e s ,  A. f e r r e u s , A. l i v i d u s , A. m a rm o ra tu s , and A. n u b i l i s , 

o c c u r  r e s p e c t i v e l y  on  M a r ie  G a la n t e ,  M o n t s e r r a t ,  t h e  G uade loupe  

Bank, and  R edonda. T h ese  f o u r  i n s u l a r  l o c a l i t i e s ,  a l t h o u g h  

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

r e g im e s .  T h i s  i s  due  i n  p a r t  t o  t h e i r  s i z e  and g e o l o g i c  

o r i g i n .  G u ad e lo u p e ,  t h e  l a r g e s t  i s l a n d ,  p o s s e s s e s  a  f u l l  r a n g e  

o f  e c o l o g i c a l  z o n a t i o n ;  a n d ,  Â _ m arm ora tu s  h a s  d i v e r s i f i e d  

i n t o  e l e v e n  known s u b s p e c i e s .  Â _ f e r r e u s , A. l i v i d u s , A. 

n u b i l u s  o c c u r  on much s m a l l e r  i s l a n d s  and do n o t  p o s s e s s  

i d e n t i f i a b l e  s u b s p e c i e s .  T h i s  c r e a t e s  an  i n t e r e s t i n g  s i t u a t i o n  

i n  w h ich  t o  exam ine  t h e  i n f l u e n c e  o f  e c o l o g i c a l  f a c t o r s  on t h e  

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

A l l  t h e  a n o l e s  o f  t h e  b im a c u la tu s  s e r i e s  w ou ld  be th o u g h t  

t o  p o s s e s s  b e h a v i o r a l  d i s p l a y s  more s i m i l a r  t o  e a c h  o t h e r  th a n  

t o  members o f  o t h e r  s e r i e s .  Some members o f  t h e  b im a c u la tu s  

s e r i e s  o c c u r  on l a r g e  i s l a n d s ,  P u e r to  R ic o  and H i s p a n i o l a ,  w i th  

l a r g e  d i v e r s e  a n o l i n e  f a u n a s .  O th e r  members o c c u r  on s m a l l e r  

i s l a n d s  p o s s e s s i n g  two t o  t h r e e  s p e c i e s .  Some members, A. 

l i v i d u s  among them , o c c u r  s t r i c t l y  a s  s o l i t a r y  s p e c i e s .  T h i s



s i t u a t i o n  r e p r e s e n t s  a  u n iq u e  " n a t u r a l  l a b o r a t o r y "  i n  w h ich  

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



MATERIALS AND METHODS

I n f o r m a t i o n  was c o l l e c t e d  by f i l m  s t u d i e s  c o n d u c te d  i n  t h e  

g r e e n h o u s e  o f  M i l l i n g t o n  H a l l ,  W i l l i a m s b u r g ,  V i r g i n i a ,  be tw een  

O c to b e r ,  1980 , and  November, 1981 and  a t  t h e  Belham R iv e r  G o lf  

C o u rse  on M o n t s e r r a t ,  West I n d i e s ,  be tw een  J u n e  16 and J u n e  24 , 

1981 . *

F o r  u s e  i n  t h e  g r e e n h o u s e ,  two ca g e s  o f  plywood m e a su r in g  

60 cm h ig h  by 60 cm w ide  by 120 cm lo n g  w ere  c o n s t r u c t e d .  The 

f r o n t  o f  e a c h  ca g e  was a  s i n g l e  s h e e t  o f  p l e x i g l a s s .  The to p s  

o f  t h e  c a g e s  w ere  e q u ip p e d  w i t h  two rem o v ab le  s c r e e n  l i d s .  The 

i n t e r i o r  was p a i n t e d  w h i t e  f o r  maximum c o n t r a s t .  A rem o v ab le  

opaque d i v i d e r  b i s e c t e d  t h e  cage  w id th w is e  and p r o t r u d e d  above 

t h e  to p  o f  t h e  ca g e  f o r  e a s y  re m o v a l  when p e r f o r m in g  t r i a l s .  

The two co m p ar tm en ts  w ere  e a c h  f u r n i s h e d  w i t h  a  g r e e n  p l a n t  and 

a  p e r c h  a r r a n g e d  i n  m i r r o r  im age f a s h i o n  ( s e e  F i g u r e  1 ) •

M ale l i z a r d s  w ere  p l a c e d  one t o  a com partm en t and  a l lo w e d  

t o  r e s i d e  a t  l e a s t  s i x  days  b e f o r e  a  t r i a l  was c o n d u c te d .  

T r i a l s  w ere  c o n d u c te d  by rem oving  t h e  d i v i d e r  and f i l m i n g  t h e  

DAP*s evoked  a s  t h e  two l i z a r d s  i n t e r a c t e d .  A s u p e r - 8  mm

9
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F ig u r e  1 .  D iagram  o f  t h e  E x p e r im e n ta l  Cage
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m o tio n  p i c t u r e  cam era  w i t h  a  zoom l e n s  and  a  s lo w  m o t io n  

f e a t u r e  was u s e d .  L i z a r d s  w ere  i n i t i a l l y  a l lo w e d  t o  i n t e r a c t  

f o r  30 m in u te s  b e f o r e  t e r m i n a t i o n  o f  t h e  t r i a l ;  b u t  t h i s  

p e r i o d  was l a t e r  e x t e n d e d  t o  45 m i n u te s .  F i lm in g  was done  f rom  

b e h in d  a  s c r e e n  i n  o r d e r  t o  m in im iz e  t h e  i n f l u e n c e  o f  t h e  

cam era  o p e r a t o r  on  t h e  l i z a r d s *  b e h a v i o r .

When n o t  i n  t h e  e x p e r i m e n t a l  c a g e ,  l i z a r d s  w e re  h o u sed  i n  

a q u a r i a  p r o v id e d  w i t h  p l a n t s .  The l i z a r d s  w e re  f e d  l i b e r a l l y  

w i t h  c r i c k e t s  and w a te r e d  e v e r y  2 t o  3 d a y s .  R e c o rd s  w ere  k e p t  

o f  l i z a r d  s n o u t —v e n t  l e n g t h  (SVL) and w e i g h t .  A l l  l i z a r d s  w ere  

t o e - c l i p p e d  t o  e n s u r e  i n d i v i d u a l  i d e n t i f i c a t i o n .  The f o u r t h  

t o e  was n o t  rem oved f ro m  any  l i z a r d s  a s  i t  i s  t h e  l a r g e s t  to e  

and b e l i e v e d  m ost im p o r t a n t  i n  no rm al c l im b in g  a b i l i t i e s .  

R eco rd s  w e re  a l s o  k e p t  o f  t h e  h o u s in g  o f  l i z a r d s .  When p a i r s  

o f  l i z a r d s  w e re  s e l e c t e d  f o r  u s e  i n  t r i a l s , one c r i t e r i a  u s e d  

was t h e  d e g r e e  o f  f a m i l i a r i t y  o f  l i z a r d s .  F a m i l i a r i t y  was 

b a s e d  on t h e  t im e  s p e n t  s im u l t a n e o u s l y  i n  t h e  same h o u s in g  and 

t h e  r e c e n c y  o f  s im u l ta n e o u s  h o u s in g .  L i z a r d  p a i r s  w e re  ch o sen  

f o r  l e a s t  f a m i l a i r i t y .  T h i s  was done  t o  e n s u r e  maxim al 

i n t e r a c t i o n  o f  l i z a r d s  d u r i n g  a t r i a l  and t o  a v o id  any e f f e c t s  

o f  dom inance  r e l a t i o n s h i p s  e s t a b l i s h e d  d u r i n g  p e r i o d s  o f  

s im u l t a n e o u s  h o u s in g .

D u r in g  J u n e ,  1981, I  t r a v e l e d  t o  M o n t s e r r a t  t o  s tu d y  th e  

l i z a r d s  u n d e r  n a t u r a l  c o n d i t i o n s .  A s tu d y  s i t e  on t h e  g ro u n d s  

o f  t h e  Belham R iv e r  G o lf  C o u rse  was l o c a t e d  i n  a  t r i a n g u l a r
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a r e a  o f  u n c l e a r e d  v e g e t a t i o n  be tw een  t h r e e  f a i r w a y s .  The s i t e  

o f f e r e d  a  v a r i e t y  o f  v e g e t a t i o n ,  p o s s e s s e d  a m o d e ra te  

p o p u l a t i o n  o f  l i z a r d s ,  and  t h e  u n iq u e  a d v a n ta g e  o f  r e l a t i v e  

f reed o m  from  human i n t e r f e r e n c e .  A b l i n d  was e r e c t e d  on th e  

s tu d y  s i t e  f o r  t h e  p u rp o s e  o f  o b s e r v in g  and f i l m i n g  l i z a r d s  

w i t h o u t  d i s t u r b i n g  them . Male l i z a r d s  w ere  c a p t u r e d ,  

t o e - c l i p p e d ,  and c o l o r  s t r i p e d  f o r  e a s y  i d e n t i f i c a t i o n ;

F i lm  a n a l y s i s  was b a se d  on th e  m ethod d e s c r i b e d  by J e n s s e n  

(1 9 7 7 c ) .  Head movement was m easu red  u s i n g  g r i d  u n i t s  o f  g ra p h  

p a p e r  o n to  w h ich  f i l m  was p r o j e c t e d .  G raphs w ere i n i t i a l l y  

c o n s t r u c t e d  u s in g  g r i d  u n i t s  ( d i s t a n c e  o f  movement) v e r s u s  

f ra m e s  o f  f i l m  ( t i m e ) .  The cam era  ex p o se d  18 f ra m e s  p e r  

s e c o n d ;  e a c h  fram e i s  e q u a l  t o  a p p r o x im a te ly  .0 5 6  s e c .  Frames 

w ere  k e p t  a s  t h e  u n i t  o f  t im e  th r o u g h o u t  t h e  a n a l y s i s  b e c a u se  

o f  t h e  h e u r i s t i c  v a l u e  o f  t h i s  m e asu re m en t .

S t a t i s t i c s  w ere  p e r fo rm e d  u s in g  t h e  IBM 360 Computer and 

t h e  Prim e Computer a t  t h e  Computer C e n te r  o f  th e  C o l l e g e  o f  

W i l l i a m  and Mary; how ever t h e  K r u s k a l - W a l l i s  t e s t  was 

p e r fo rm e d  u s in g  a  c a l c u l a t o r .  S o k a l  and R o h lf  (1969)  was u sed  

a s  t h e  p r im a ry  r e f e r e n c e  t e x t  f o r  th e  s e l e c t i o n  o f  s t a t i s t i c a l  

a n a l y s i s ;  and R o h lf  and S o k a l  (1969) was u sed  a s  an a i d  f o r  

hand  com puted s t a t i s t i c s .  Programm ing la n g u a g e  u s e d  was th e  

S t a t i s t i c a l  P ackage  f o r  t h e  S o c i a l  S c ie n c e s  (N ie  e t  a l .  1 9 7 0 ) .

Two r e a d i l y  d i s c e r n i b l e  h e a d -b o b b in g  d i s p l a y s  w ere  

a n a l y z e d .  Bob ty p e  A c o n s i s t e d  o f  a  downward m o t io n  f o l lo w e d
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by a  s lo w e r  upw ard  r e t u r n  m o t io n .  An i n t r o d u c t o r y  movement was 

u s u a l l y  p r e s e n t .  Bob t y p e  A was a n a ly z e d  by u s in g  t h e  d u r a t i o n  

o f  t h e  downward m o t io n ,  m easu red  i n  f r a m e s .  D u r a t i o n  o f  t h e  

downward m o t io n  was r e c o r d e d  a lo n g  w i t h  t h e  l i z a r d * s

i d e n t i f i c a t i o n  number and  t h e  v o l l e y  i n  w h ich  t h e  d i s p l a y  

o c c u r r e d .  A v o l l e y  i s  d e f i n e d  a s  a  s e q u e n c e  o f  d i s p l a y s  

t e m p o r a l l y  a s s o c i a t e d  and  d i s t i n c t l y  s e p a r a t e  f rom  o t h e r  s u c h  

v o l l e y s .  A K r u s k a l - W a l l i s  t e s t  was p e r fo rm e d  u s i n g  l i z a r d  a s  

t h e  c l a s s i f i c a t i o n  and  d u r a t i o n  o f  downward m o t io n  a s  t h e

v a r i a b l e .  The raw d a t a  i s  r e c o r d e d  i n  A ppend ix  I .  C o r r e l a t i o n  

a n a l y s i s  was p e r fo rm e d  t o  d e t e r m in e  any r e l a t i o n s h i p  b e tw ee n  

l e n g t h  o f  downward m o t io n  and  c h r o n o l o g i c a l  o r d e r  o f  d i s p l a y  

w i t h i n  a v o l l e y .  D e s c r i p t i v e  s t a t i s t i c s  w e re  a l s o  p ro d u c e d  f o r  

l e n g t h  o f  t h e  downward m o t io n .

The seco n d  t y p e  o f  h e a d -b o b b in g  d i s p l a y ,  t y p e  B d i s p l a y ,  

was a n a ly z e d  d i f f e r e n t l y  due  t o  q u a n t i t a t i v e  and q u a l i t a t i v e  

d i f f e r e n c e s  i n  t h e  d i s p l a y .  The ty p e  B d i s p l a y  c o n s i s t e d  o f  a

v a r i a b l e  number o f  head  b o b s ,  a l l  o f  s i m i l a r  t y p e .  The bobs

w i t h i n  a  ty p e  B d i s p l a y  g e n e r a l l y  r e q u i r e d  one f ram e  t o  r e a c h  

t h e  p o i n t  o f  minimum a m p l i tu d e  w i t h  t h e  h ead  im m e d ia te ly  

r e t u r n i n g  u p w ard .  The h ead  w ould  o c c a s i o n a l l y  c o n t i n u e  t o  move 

a f t e r  t h e  i n i t i a l  downward m o t io n  and f o l l o w i n g  r e t u r n ;  b u t ,  

t h i s  i s  a t t r i b u t e d  t o  an  e l a s t i c  r e b o u n d  e f f e c t  as  th e  

c o n t in u e d  m o t io n s  w ere  of l e s s e n i n g  a m p l i t u d e .  The i n t e r - b o b  

p a u s e ,  h e n c e f o r t h  a b b r e v i a t e d  IBP, was m e asu re d  w i t h i n  each
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d i s p l a y .  An IBP i s  t h e  t im e  i n t e r v a l ,  m e asu re d  i n  f r a m e s ,  

b e tw ee n  t h e  i n i t i a l  downward m o t io n  o f  a  h ead  bob and  t h e  

i n i t i a l  downward m o t io n  o f  t h e  f o l l o w i n g  b o b .  A pp en d ix  I I  

p r e s e n t s  s e v e r a l  s a m p le s  t o  i l l u s t r a t e  t h i s  a n a l y s i s .  F o r  a l l  

t y p e  B d i s p l a y s ,  t h e  l i z a r d  p e r f o r m in g  t h e  d i s p l a y ,  t h e  v o l l e y  

i n  w h ich  i t  o c c u r r e d ,  t h e  number o f  bobs p r e s e n t ,  t h e  IB P ’s ,  

t h e  t o t a l  l e n g t h  o f  t h e  d i s p l a y ,  and  t h e  i n t r a —v o l l e y  p a u s e  

w ere  r e c o r d e d .T h e  i n t r a —v o l l e y  p a u s e  i s  t h e  t im e  i n t e r v a l  

be tw ee n  d i s p l a y s  i n  a  g i v e n  v o l l e y .  D e s c r i p t i v e  s t a t i s t i c s  o f  

bob number p e r  d i s p l a y ,  IBP l e n g t h ,  and  IVP l e n g t h  w ere  

p r o d u c e d .

D i s p l a y s  h a v in g  3 ,  4 ,  5 ,  and  6 bobs w ere  p r e s e n t  i n  l a r g e  

enough  num bers t o  be a n a l y z e d  i n  more d e t a i l .  The a n a l y s i s  

w i l l  be d e s c r i b e d  i n  t h e  R e s u l t s  s e c t i o n .  A l l  ANOVA w ere

p e r fo rm e d  on h o m o s c e d a s t i c  s a m p le s  u n l e s s  o t h e r w i s e  s p e c i f i e d .  

A l l  ANOVA p e r fo rm e d  on h e t e r o s c e d a s t i c  s a m p le s  w e re  r e p e a t e d  

u s i n g  t h e  K r u s k a l - W a l l i s  t e s t .  S e v e r a l  c o r r e l a t i o n  s t u d i e s  

w ere  p e r f o r m e d .  A l l  c o r r e l a t i o n  s t u d i e s  p r e s e n t e d  w i l l  p r o v i d e  

t h e  n o n p a r a m e t r i c  c o r r e l a t i o n  c o e f f i c i e n t s ,  S p ea rm an ’ s 

c o r r e l a t i o n  c o e f f i c i e n t  and K e n d a l l ’ s  c o r r e l a t i o n  c o e f f i c i e n t .  

P e a r s o n ’ s c o r r e l a t i o n  c o e f f i c i e n t  i s  n o t  p r e s e n t e d  a s  t h e  

v a r i a b l e s  in v o l v e d  d i d  n o t  m eet t h e  a s s u m p t io n s  f o r  t h i s  

me t h o d .



RESULTS

To f a c i l i t a t e  u n d e r s t a n d i n g  o f  t h e  i n f o r m a t i o n  p r o v id e d ,  

t h i s  s e c t i o n  has  b e e n  d i v i d e d  i n t o  two p o r t i o n s .  The f i r s t  

p o r t i o n ,  o b s e r v a t i o n a l  n o t e s ,  w i l l  d e s c r i b e  a l l  m ale  s o c i a l  

i n t e r a c t i o n  b e h a v i o r s  o b s e rv e d  an d  t h e i r  o c c u r r e n c e  d u r in g  

i n t e r a c t i o n s .  A ls o  d e s c r i b e d  w i l l  be t h e  o v e r a l l  p a t t e r n  o f  

i n t e r a c t i o n  and t h e  d e t e r m in a to n  o f  dom inance  d u r in g  

t e r r i t o r i a l  d i s p u t e s .  The s e co n d  p o r t i o n ,  s t a t i s t i c a l  

a n a l y s i s ,  w i l l  p r e s e n t , t h e  d e s c r i p t i v e  s t a t i s t i c s  and a n a l y s e s  

p e r fo rm e d  on  t h e  d a t a  c o l l e c t e d  v i a  f i l m  s t u d i e s  f o r  t h e  ty p e  A 

and ty p e  B d i s p l a y s .

I .  OBSERVATIONAL NOTES 

The ty p e  A d i s p l a y  was fo u n d  t o  e x h i b i t  a  v e r y  s i m i l a r  

p a t t e r n  among a l l  l i z a r d s  i n  w h ich  i t  was f i l m e d ;  o b s e r v a t i o n s  

o f  t h i s  d i s p l a y  a l s o  d id  n o t  r e v e a l  any i n c o n s i s t e n c i e s .  

F i g u r e  2 shows a  g e n e r a l i z e d  ty p e  A d i s p l a y .  The v e r t i c a l  a x i s  

i s  r e l a t i v e  h ead  p o s i t i o n  and t h e  h o r i z o n t a l  a x i s  i s  t i m e .  No 

u n i t s  a r e  s p e c i f i e d .  T h e re  i s  an upw ard  i n t r o d u c t o r y  movement 

w h ich  was p r e s e n t  i n  49 o f  53 f i l m e d  ty p e  A d i s p l a y s .  T h is  i s

16
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t h e  d o t t e d  p o r t i o n  of t h e  c u r v e .  The n e x t  movement, a  downward 

m o t io n ,  was o f  v a r i a b l e  l e n g t h .  The r e t u r n  m o t io n  upw ard  was 

s lo w e r  t h a n  t h e  downward m o t io n  and  o f  v a r i a b l e  l e n g t h .  T h is  

m o t io n  d i d  n o t  a lw ays  c e a s e  when t h e  h ead  was a t  t h e  same l e v e l  

a s  when m o t io n  s t a r t e d .  F r e q u e n t l y ,  t h e  r e t u r n  upw ard  was 

q u i t e  a b b r e v i a t e d .

The ty p e  A d i s p l a y  i s  o b s e r v e d  u n d e r  more v a r i a b l e

c i r c u m s ta n c e s  t h a n  t h e  ty p e  B d i s p l a y .  D u r in g  l a b  t r i a l s ,  t h i s  

d i s p l a y  was u s u a l l y  p e r fo rm e d  f i r s t  when th e  l i z a r d s  w ere  a t  a  

m axim al d i s t a n c e  f rom  e a c h  o t h e r  and  was n o t  p e r fo rm e d  when t h e  

i n t e r a c t i o n  b e tw ee n  m a le s  became more i n t e n s e .  The d i s p l a y  h a s  

b e e n  o b s e r v e d  i n  t h e  w i l d  an d  i n  t h e  l a b o r a t o r y  when t h e  

d i s p l a y i n g  m ale  was n o t  i n  t h e  p r e s e n c e  of o t h e r  m a le s ;  t h e n  

i t  i s  o c c u r r i n g  i n  t h e  a s s e r t i o n  c o n t e x t  ( C a r p e n t e r ,  1 9 6 2 ) .  

The ty p e  A d i s p l a y  a p p e a r s  t o  be w h a t  i s  known as  t h e  s i g n a t u r e  

bob (S tam ps and B a r lo w , 1 9 7 3 ) .  J e n s s e n  (1977b) d e f i n e s  

s i g n a t u r e  d i s p l a y  f o r  a n o l e s  p o s s e s s i n g  more th a n  one d i s p l a y  

p a t t e r n  a s  t h a t  d i s p l a y  w hich  o c c u r s  i n  a  c o n t e x t  i n  w h ich

t h e r e  i s  l i t t l e  o r  no s o c i a l  i n t e r a c t i o n .  The s i g n a t u r e

d i s p l a y  a p p e a r s  t o  be s t e r e o t y p e d  f o r  movement, b u t  n o t

n e c e s s a r i l y  f o r  l e n g t h  o f  t h e  movements w i t h  r e g a r d  t o  t i m e .

The ty p e  B d i s p l a y  i s  a s e r i e s  o f  s i m i l a r  b o b s ,  v a r i a b l e  

i n  num ber, g iv e n  d u r in g  h i g h e r  i n t e n s i t y  s i t u a t i o n s  th a n  ty p e  A 

d i s p l a y .  The ty p e  B d i s p l a y  i s  t y p i c a l l y  o b s e rv e d  when a m ale  

l i z a r d  i s  a p p ro a c h in g  a n o t h e r  m a le  and t h e  i n t e r a c t i o n  has
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i n t e n s i f i e d .  T h i s  d i s p l a y  was n o t  o b s e rv e d  i n  t h e  a s s e r t i o n  

c o n t e x t  a s  was t h e  s i g n a t u r e  d i s p l a y ;  how ever i t  was o b s e rv e d  

i n  n a t u r e  d u r in g  c o u r t s h i p ,  a  c o n t e x t  o t h e r  t h a n  i n t e r - m a l e  

a g g r e s s i o n .  I t  i s  v e r y  i n t e r e s t i n g  t h a t  t h i s  d i s p l a y  would 

o c c u r  d u r in g  b o th  a g g r e s s i v e  i n t e r a c t i o n s  and c o u r t s h i p .

T h e re  i s  one a s p e c t  o f  a n o l i n e  d i s p l a y  b e h a v i o r  n o t  

p r e v i o u s l y  d i s c u s s e d ,  and  t h a t  i s  m o d i f i e r s .  A d i s p l a y  

m o d i f i e r  i s  a  p o s t u r e  o r  body movement n o t  a lw ay s  p r e s e n t  w i t h  

a  d i s p l a y  ( J e n s s e n ,  1 9 7 7 a ) .  M o d i f i e r s  may be dynam ic 

( a d d i t i o n a l  m ovem ent) ,  o r  s t a t i c  ( p o s t u r a l  c h a n g e s ) .  Many 

m o d i f i e r s  h av e  b een  o b s e r v e d  i n  a n o l e s .  A n o l i s  l i v i d u s  does  

n o t  e x h i b i t  many o f  t h e  m o d i f i e r s  o b s e rv e d  i n  o t h e r  a n o l e s .  

T h is  s p e c i e s  w i l l  r a i s e  t h e  n u c h a l  c r e s t  a lo n g  t h e  d o r s a l  s i d e  

o f  t h e  n e c k ,  e n g o rg e  t h e  a r e a  b e n e a th  t h e  ja w  and  s w e l l  i t s  

b o dy ,  b u t  does  n o t  p r o t r u d e  i t s  to n g u e  o r  gape  e x p l i c i t l y .

D u r in g  i n t e r - m a l e  i n t e r a c t i o n s ,  t y p i c a l l y  t h e  c r e s t  i s  

r a i s e d  and t h e  t h r o a t  g o r g e d .  B o th  s i g n a t u r e  d i s p l a y  and ty p e  

B d i s p l a y s  w ou ld  p o s s e s s  t h e s e  p o s t u r a l  c h a n g e s ;  b u t  o n ly  f o r  

t h e  s i g n a t u r e  d i s p l a y  w ould  th e y  c o n s t i t u t e  m o d i f i e r s  a s  t h i s  

d i s p l a y  o c c u r s  o u t s i d e  o f  t h e  a g g r e s s i v e  c o n t e x t  when t h e s e  

m o d i f i e r s  a r e  n o t  p r e s e n t .

Dynamic m o d i f i e r s  a r e  t h e  v a r i a b l e  movements a s s o c i a t e d  

w i t h  d i s p l a y  t y p e s .  Type B d i s p l a y  e x h i b i t s  some v a r i a b i l i t y  

i n  th e  i n t e n s i t y  o f  p e r fo rm a n c e .  The head  bobs t y p i c a l l y  

i n v o l v e  m o t io n  o f  t h e  n eck  and l i m i t e d  m o t io n  o f  t h e  f o r e l e g s ;
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ho w ev er ,  v ig o r o u s  b o b b in g  may i n v o l v e  g r e a t e r  movement o f  t h e  

f o r e l e g s  and  ev e n  i n v o l v e  some l i m i t e d  m o t io n  o f  t h e  h i n d l e g s .  

C o n v e r s e ly ,  o n ly  t h e  n eck  may be i n v o l v e d  i n  t h e  h ead  b o b b in g  

o f  th e  ty p e  B d i s p l a y .

The s i g n a t u r e  bob was o b s e r v e d  t o  p o s s e s s  a  v a r i a b l e  

i n t r o d u c t o r y  movement w h ic h  was p r e s e n t  i n  t h e  m a j o r i t y  o f  

s i g n a t u r e  d i s p l a y s .  S i g n a t u r e  bobs a l s o  e x h i b i t e d  some 

v a r i a t i o n  o f  t h e  i n t e n s i t y  o f  movement i n v o l v e d .  The upw ard 

movement f o l l o w i n g  t h e  downward movement was q u i t e  v a r i a b l e  i n  

t h e  e x t e n t  to  w h ich  t h e  h ead  w ould  be r a i s e d .  A n o th e r  m o d i f i e r  

o b s e r v e d  w i t h  t h e  s i g n a t u r e  d i s p l a y  was a  s h u f f l i n g  w alk  d u r in g  

t h e  p e r fo rm a n c e  o f  t h e  downward m o t io n  o f  t h e  d i s p l a y .  T h i s  

w alk  m o d i f i e r  was o n ly  o b s e r v e d  d u r in g  s i g n a t u r e  d i s p l a y s
4

p e r fo rm e d  i n  t h e  c h a l l e n g e  c o n t e x t ,  and i t  was n o t  t y p i c a l l y  

p r e s e n t .  The w a lk  w ould  s t a r t  i n  c o n j u n c t i o n  w i t h  t h e  downward 

m o t io n  and c e a s e  when t h e  l i z a r d ' s  h ead  had  r e a c h e d  t h e  p o i n t  

o f  minimum e l e v a t i o n ;  h o w ev e r ,  t h e  d i s p l a y  a p p e a re d  t o  be 

e s s e n t i a l l y  u n a l t e r e d .

One p a r t i c u l a r  fo rm  o f  dynam ic m o d i f i e r  m ust be c o n s id e r e d  

s e p e r a t e l y  a s  i t  a l s o  r e p r e s e n t s  a d i s c r e t e  d i s p l a y  t y p e -  t h i s  

i s  d e w la p p in g .  D ew lapp ing  in v o l v e s  t h e  e x t e n s i i o n  o f  th e  

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

w i t h d r a w a l .  D ew lapp ing  i s  a h i g h l y  p ro m in e n t  f e a t u r e  of 

a n o l i n e  b e h a v i o r .  The p o t e n t i a l  s i g n a l  v a l u e  of d e w la p p in g  i s  

r e a d i l y  u n d e r s to o d ;  ho w ev er ,  t h i s  b e h a v i o r  i s  u b i q u i t o u s  w i t h
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r e g a r d  t o  c o n t e x t .  I t  may a p p e a r  a s  a  d i s c r e t e  d i s p l a y  ty p e  o r  

a s  a  d i s p l a y  m o d i f i e r .  D ew lapp ing  o c c u r s  i n  b o th  a s s e r t i o n  and 

c h a l l e n g e  c o n t e x t s  and may be e l i c i t e d  by many d i f f e r e n t

s t i m u l i ,  e . g . ,  o t h e r  l i z a r d s ,  f e e d i n g ,  o r  a p p ro a c h  o f  o b s e r v e r .

D ew lapp ing  o c c u r s  f r e q u e n t l y  d u r in g  i n t e r - m a l e

i n t e r a c t i o n s ,  w i t h  some im p o r t a n t  l i m i t a t i o n s .  D ew lapp ing  may 

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

d u r i n g  a  s i g n a t u r e  d i s p l a y .  D ew lapp ing  was o b s e rv e d  t o  o c c u r  

b e f o r e ,  d u r in g  and  a f t e r  a  ty p e  B d i s p l a y ,  w i t h  no o b l i g a t e  

r e l a t i o n s h i p  a p p a r e n t .  D ew lapp ing  t y p i c a l l y  i n v o l v e s  t h e  

p u l s i n g  o f  t h e  dew lap  a t  a  f a i r l y  r a p i d  r a t e  ( a b o u t  once  a  

s e c o n d  o r  l e s s ) ;  h ow ever ,  t h e r e  was o b s e rv e d  a  d i s p l a y  ty p e  i n  

w h ich  t h e  dew lap  was h e l d  e x t e n d e d .

Sway b e h a v i o r  was a form  o f  d i s p l a y  u n iq u e  t o  A»_ l i v i d u s . 

I t  was n o t  o b s e r v e d  f r e q u e n t l y  enough  f o r  s t a t i s t i c a l  a n a l y s i s  

b u t  a  d e s c r i p t i v e  a c c o u n t  o f  t h e  b e h a v i o r  w i l l  be u n d e r t a k e n .  

Sway b e h a v i o r  was o b s e rv e d  d u r in g  i n t e n s e l y  a g g r e s s i v e  

i n t e r a c t i o n s .  M ales a p p ro a c h  e a c h  o t h e r  d u r in g  a g g r e s i v e  

i n t e r a c t i o n s  th ro u g h  a s e r i e s  o f  movements and p a u s e s .  When 

m a le s  came i n  t o  c l o s e  p r o x i m i t y  t o  one a n o t h e r ,  sway b e h a v i o r  

w ould  som etim es  o c c u r .  M ales  w ere  g e n e r a l l y  s e p a r a t e d  by 

a p p r o x im a te ly  0 .2  m. No e x a c t  m easu rem en ts  w ere  t a k e n ;  t h i s  

d i s t a n c e  i s  e s t i m a t e d  from  a  r e v ie w  o f  f i l m  i n  w h ich  sway

b e h a v i o r  was r e c o r d e d .  Sway b e h a v i o r  was n o t  o b s e rv e d  i n  a l l  

i n t e n s e  i n t e r a c t i o n s .



ORIENTATION AND MOTION DURING SWAY 
F i g u r e  3 a .  L i z a r d s  i n  A pproach  O r i e n t a t i o n

F ig u r e  3b . L i z a r d s  D u rin g  Sway D is p la y

F i g u r e  3 c .  P r o f i l e  o f  L i z a r d  D u r in g  Sway B e h a v io r

( A rrows i n d i c a t e  d i r e c t i o n  o f  m o t io n .  )
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Sway b e h a v i o r  s t a r t s  w i t h  t h e  d i s p l a y i n g  m ale t u r n i n g  and 

o r i e n t i n g  a t  a r i g h t  a n g l e  t o  t h e  d i r e c t i o n  o f  a p p ro a c h  ( F ig u r e  

3a  and 3 b ) ,  The dew lap  i s  e x te n d e d  and h e l d  e x te n d e d  w h i l e  th e  

l i z a r d  b e g in s  t o  ro c k  backw ard  and fo rw a rd  ( F i g u r e  3c ) .  

J e n s s e n  (1 9 7 7 a )  d i s c u s s e s  e v o l u t i o n a r y  r e a s o n i n g  f o r  s o c i a l  

d i s p l a y s  t o  be o r i e n t e d  a lo n g  th e  v e r t i c a l  a x i s .  Sway 

b e h a v i o r ,  i n v o l v i n g  m o t io n  a lo n g  t h e  h o r i z o n t a l  a x i s ,  i s  h i g h l y  

u n u s u a l .  Of t h e  33 a n o l e  s p e c i e s  whose b e h a v i o r  have  been  

s t u d i e d  t o  some e x t e n t  ( l i s t e d  i n  T a b le  2 ) ,  o n ly  A. n e b u lo s u s  

i s  r e p o r t e d  t o  h ave  a  d i s p l a y  w i t h  h o r i z o n t a l l y  o r i e n t e d  m o t io n  

( J e n s s e n ,  1 9 7 0 ) .  Only one o t h e r  l i z a r d ,  P h e n a c o s a u ru s  

r i c h t e r i , i s  r e p o r t e d  t o  have  a r o c k in g  m o t io n  d i s p a y  ( K a s t l e ,  

1 9 6 5 ) .

A n o th e r  i n t e r e s t i n g  a s p e c t  o f  sway b e h a v i o r  i s  t h a t  i f  one 

male b e g in s  a  sway d i s p a y  th e  m ale  w i t h  w h ich  i t  i s  i n t e r a c t i n g  

w i l l  a lm o s t  s i m u l t a n e o u s l y  b e g in  a sway d i s p l a y .  F u r th e r m o re ,  

when two m a le s  a r e  p e r f o r m in g  sway b e h a v i o r  th e y  a r e  o r i e n t e d  

p a r a l l e l  t o  e a c h  o t h e r  i n  m i r r o r  image f a s h i o n .  C a r p e n t e r  

(1 9 6 7 )  d e s c r i b e s  d i s p l a y i n g  i g u a n i d  l i z a r d s  a s  p e r fo rm in g  

c h a l l e n g e  d i s p l a y s  o r i e n t e d  h e a d  t o  t a i l .  The J a m a ic a n  a n o l e ,  

A. o p a l i n u s , h a s  b een  r e p o r t e d  t o  have  an o r i e n t a t i o n  s i m i l a r  

t o  th e  one d e s c r i b e d  f o r  A. l i v i d u s  ( J e n s s e n ,  1 9 7 9 ) .  At th e  

c e s s a t i o n  o f  sway b e h a v i o r ,  a  ty p e  B d i s p l a y  i s  f r e q u e n t l y  

p e r fo rm e d .

One a d d i t i o n a l  b e h a v i o r  o c c u r r i n g  d u r in g  m ale  i n t e r a c t i o n s
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r e m a in s  to  be d e s c r i b e d ,  an d  t h a t  i s  j a w - f e n c i n g .  Two 

i n t e r a c t i n g  m a le s  i n t e r l o c k  t h e i r  ja w s  and  t h e n  move fo rw a rd  

and  backw ard  w h i l e  i n t e r l o c k e d .  T h i s  i s  t h e  h i g h e s t  i n t e n s i t y  

o f  m a le  i n t e r a c t i o n .  The i n t e r a c t i n g  l i z a r d s  w i l l  have  

a p p ro a c h e d  e a c h  o t h e r  v e r y  c l o s e l y .  U s u a l ly  one  m a le  w i l l  

lu n g e  and gape  a t  t h e  o t h e r ;  t h e  o t h e r  m a le  w i l l  i n t e r l o c k  h i s  

ja w s  w i t h  t h o s e  o f  h i s  o p p o n e n t .  The head  o f  e a c h  l i z a r d  i s  

r o t a t e d  a p p r o x im a te ly  f o r t y  f i v e  d e g r e e s .  Of 9 b o u t s  o f  

j a w - f e n c i n g  f i l m e d ,  i t  w as n o t i c e d  t h a t  7 t im e s  t h e  m a le s  

r o t a t e d  t h e i r  h e a d s  t o  t h e  r i g h t .  I t  w ou ld  be i n t e r e s t i n g  t o  

o b t a i n  more e x t e n s i v e  i n f o r m a t i o n  on t h e  r i g h t —l e f t  o r i e n t a t i o n  

o f  t h e  h ead  d u r i n g  jaw —f e n c i n g  t o  s e e  i f  t h e r e  i s  a  p r e f e r e n c e .

M ales a p p e a r  t o  e x e r t  a  g r e a t  d e a l  o f  f o r c e  to  a t t e m p t  t o  

d i s l o d g e  t h e i r  o p p o n e n t  d u r i n g  j a w - f e n c i n g .  E ach  m ale  w i l l  

h av e  i t s  t h r o a t  g o rg e d  an d  n u c h a l  c r e s t  r a i s e d .  The body 

a p p e a r s  s w o l l e n  and  i s  p r e s s e d  a g a i n s t  t h e  s u b s t r a t e ,  

a p p a r e n t l y  f o r  m axim al p u r c h a s e  t o  t h e  p e r c h .  D ew lapp ing  n e v e r  

o c c u r s  d u r i n g  j a w - f e n c i n g .

D u r in g  j a w - f e n c i n g  t h e r e  may be  p e r i o d s  o f  q u i e s c e n c e .  

D u r in g  p e r i o d s  o f  q u i e s c e n c e ,  t h e  l i z a r d s  may re m a in  

i n t e r l o c k e d  o r  may w ith d ra w  from  t h e  g r i p .  I f  m a le s  re m a in  

i n t e r l o c k e d  t h e r e  may be a n o t i c a b l e  r e l a x a t i o n  o f  t h e i r  g r i p .  

Type B d i s l a y s  may be  p e r fo rm e d  d u r in g  p e r i o d s  o f  q u i e s c e n c e ,  

w i t h o u t  d e w la p p in g .

One fo rm  o f  b e h a v i o r  t h a t  has  b een  r e p o r t e d  f o r  o t h e r
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a n o l e s  i s  a b s e n t  i n  l i v i d u s ; t h a t  i s  t a i l  l a s h i n g  ( E c h e l l e  

e t  a l ,  1971; Gorman, 1968; R u i b a l ,  1 9 6 7 ) .  I  o b s e rv e d  no 

b e h a v i o r  i n  l i v i d u s  w h ich  w ou ld  c o n s t i t u t e  t a i l  l a s h i n g .

T a b le  2 i n d i c a t e s  t h e  s p e c i e s  f o r  w h ich  t a i l  l a s h i n g  h a s  b een  

r e p o r t e d .

Now t h a t  a l l  m a le  i n t e r a c t i o n  b e h a v i o r s  h av e  b een

m e n t io n e d ,  a  g e n e r a l i z e d  s e q u e n c e  o f  m a le  i n t e r a c t i o n  b e h a v i o r  

c a n  be d e v e l o p e d .  F i g u r e  4 i s  a  r e p r e s e n t a t i o n  o f  t h e

s e q u e n c e s  o f  b e h a v i o r .  A rrows p o i n t  t o  b e h a v i o r s  w h ic h  may 

p o s s i b l y  o c c u r  a f t e r  t h e  b e h a v i o r  w here  t h e  a r ro w  o r i g i n a t e s .  

The s t a r  n e x t  t o  d e w la p p in g ,  s i g n a t u r e  d i s p l a y ,  and  ty p e  B

d i s p l a y ,  i n d i c a t e s  t h a t  t h e s e  d i s p l a y s  a r e  p o s s i b l e  f i r s t

d i s p l a y s  d u r i n g  t h e  i n i t i a t i o n  o f  an  i n t e r a c t i o n .  The heavy  

a r ro w s  i n d i c a t e  t h e  g e n e r a l i z e d  s e q u e n c e  o f  b e h a v i o r s  from  

l e a s t  i n t e n s e  t o  m o s t .

A f t e r  rem o v a l o f  t h e  d i v i d e r  d u r in g  a  l a b o r a t o r y  t r i a l ,  

t h e  f i r s t  r e a c t i o n  o f  a  m a le  upon  s e e i n g  t h e  o t h e r  m a le  i s  t o  

r a i s e  t h e  n u c h a l  c r e s t  and g o rg e  t h e  t h r o a t .  B o th  o f  t h e s e  

p o s t u r a l  c h a n g e s  do n o t  o b l i g a t e l y  o c c u r  t o g e t h e r .  The f i r s t  

b e h a v i o r a l  d i s p l a y  i s  u s u a l l y  d e w la p p in g  o r  s i g n a t u r e  d i s p l a y .  

As t h e  l i z a r d s  b e g i n  t o  a p p ro a c h  e a c h  o t h e r ,  d i s p l a y s  c o n t in u e  

t o  be g i v e n .  T h e re  seemed t o  be a  te n d e n c y  t h a t  once a  m ale 

b eg an  p e r f o r m in g  t h e  ty p e  B d i s p l a y  i t  w ould  c e a s e  to  p e r fo rm  

t h e  ^ s i g n a t u r e  d i s p l a y .  I f  one m a le  i s  p e r fo rm in g  ty p e  B 

d i s p l a y  t h i s  d o es  n o t  n e c e s s a r i l y  mean t h a t  t h e  o t h e r  m ale  w i l l



F i g u r e  4 .  R e p r e s e n t a t i o n  o f  B e h a v i o r a l  Sequence  D u r in g

M ale I n t e r a c t i o n s
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n o t  c o n t i n u e  t o  p e r f o r m  t h e  s i g n a t u r e  d i s p l a y  i f  i t  i s  d o in g  

s o .  G e n e r a l l y ,  a s  t h e  i n t e r a c t i o n  i n t e n s i f i e s ,  b o th  m a le s  w i l l  

be  p e r f o r m in g  t h e  ty p e  B d i s p l a y .  T h i s  was o b s e r v e d  b o th  i n  

t h e  l a b  and  i n  t h e  f i e l d .

I f  m a le s  c o n t i n u e  t o  a p p ro a c h  one a n o t h e r ,  sway b e h a v i o r  

may o c c u r .  Sway b e h a v i o r  i s  t y p i c a l l y  f o l lo w e d  by a  ty p e  B 

d i s p l a y  w h i l e  s t i l l  i n  t h e  sway o r i e n t a t i o n .  D ew lapp ing  may 

a l s o  o c c u r  a f t e r  sway b e h a v i o r .  The s i g n a t u r e  d i s p l a y  was n o t  

o b s e r v e d  a f t e r  sway b e h a v i o r  i n  an  i n t e r a c t i o n  w h ich  was s t i l l  

i n t e n s i f y i n g .  When one m a le  r e t u r n s  t o  t h e  a p p ro a c h  

o r i e n t a t i o n  t h e  o t h e r  m a le  do es  a l s o .

Jaw f e n c i n g  w i l l  now o c c u r .  I f  t h e  two l i z a r d s  a r e  a t  

c l o s e  p r o x i m i t y  when p e r f o r m in g  sway b e h a v i o r ,  t h e y  may engage  

i n  j a w - f e n c i n g  im m e d ia te ly  a f t e r  sway b e h a v i o r .  Jaw f e n c i n g  

u s u a l l y  r e s u l t s  i n  one m a le  becom ing d o m in a n t .  Jaw f e n c i n g  was 

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

t o  o c c u r  (B ro o k s ,  p e r s .  c o m .) .  I f  j a w - f e n c i n g  was i n t e r r u p t e d

b e f o r e  dom inance  was e s t a b l i s h e d ,  e . g . ,  one l i z a r d  f a l l i n g  o f f  

t h e  p e r c h ,  l i z a r d s  w ou ld  c o n t in u e  to  d i s p l a y  a t  e a c h  o t h e r .  

Type B d i s p l a y ,  d e w la p p in g ,  sway b e h a v i o r ,  and  a n  e v e n t u a l  

r e s u m p t io n  o f  j a w - f e n c i n g  may o c c u r .

The d e t e r m i n a t i o n  o f  dom inance  may o c c u r  a t  any t im e  

d u r in g  a n  i n t e r a c t i o n .  I n  f a c t ,  one m ale  may n o t  c h a l l e n g e  t h e  

o t h e r  m a le  from  t h e  s t a r t .  An i n t e r a c t i o n  may p ro c e d e  f o r

s e v e r a l  m in u te s  t h e n  c e a s e  when one m a le s  y i e l d s  t o  t h e  o t h e r
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b e f o r e  a c t u a l l y  e n g a g in g  i n  j a w - f e n c i n g .  The s u b o r d i n a t e  m ale  

w i l l  t y p i c a l l y  a v o id  t h e  d o m in an t  m a le .  Newly s u b o r d i n a t e  

m a les  do n o t  t y p i c a l l y  e x h i b i t  a  r a i s e d  c r e s t  and  g o rg e d  

t h r o a t .  O c c a s i o n a l l y ,  a  s u b o r d i n a t e  w i l l  p e r f o r m  a  few 

d i s p l a y s  a f t e r  dom inance  h a s  b e e n  d e t e r m in e d .  S u b o r d in a t e  

m a le s  w i l l  f r e q u e n t l y  ch an g e  c o l o r  t o  a  d r a b  brow n.

I I .  STATISTICAL ANALYSIS

SIGNATURE DISPLAY ( TYPE A )

The s i g n a t u r e  d i s p l a y  i s  composed o f  p r i m a r i l y  a  s i n g l e  

f e a t u r e ,  t h e  downward m o t io n .  T h i s  f e a t u r e  o f  t h e  s i g n a t u r e  

d i s p l a y  i s  t h e  m os t c o n s i s t e n t  a s p e c t  o f  t h e  d i s p l a y .  The 

i n t r o d u c t o r y  m o t io n ,  v a r i a b l e  i n  p r e s e n c e ,  d i d  n o t  e x h i b i t  any 

n o te w o r th y  v a r i a t i o n  i n  l e n g t h .  The r e t u r n  m o t io n  upw ard was 

q u i t e  v a r i a b l e  i n  l e n g t h  and  h e i g h t  a t  w h ich  i t  c e a s e d .  T h i s  

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

d e r i v a t i v e  f rom  t h e  downward m o t io n  and m e re ly  a  r e p o s i t i o n i n g  

o f  t h e  head  i n  p r e p a r a t i o n  f o r  f u t u r e  b e h a v i o r .  C o n s e q u e n t ly ,  

d e s c r i p t i v e  s t a t i s t i c s  w e re  n o t  p ro d u c e d  f o r  t h e  upward 

movement a s  i n s u f f i c i e n t  i n f o r m a t i o n  w i t h  r e g a r d  t o  f o l l o w i n g  

b e h a v i o r  was a v a i l a b l e .  A n o th e r  r e a s o n  o f  e q u a l  im p o r ta n c e  i s  

t h a t ,  due to  t h e  v a r i a b i l i t y  o f  t h e  upw ard  m o t io n ,  t h e r e  e x i s t s  

a  g r e a t  d e a l  o f  a m b ig u i ty  a s  t o  w h ich  upward m o t io n s  c o n s t i t u t e  

p a r t  o f  th e  d i s p l a y  and  w h ich  do n o t .



F ig u r e  5 .  B ar D iagram  o f  L e n g th  o f  t h e  Downward M otion

f o r  t h e  S i g n a t u r e  D is p la y



D ura t ion  ( f r a m e s )
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F i g u r e  5 i s  a  b a r  d ia g ra m  o f  t h e  num ber o f  s i g n a t u r e  

d i s p l a y s  i n  w h ich  t h e  downward m o t io n  i s  o f  a  g iv e n  l e n g t h .  As 

s t a t e d  p r e v i o u s l y ,  a l l  m easu rem en ts  o f  t im e  a r e  i n  f r a m e s  ( 1 

s e c . =  18 f ra m e s  ) .  The mean l e n g t h  o f  t h e  downward m o t io n  was 

8 .2 8  f ra m e s  and t h e  s t a n d a r d  d e v i a t i o n  was 3 .2 7  f r a m e s .

A K r u s k a l - W a l l i s  t e s t  was u s e d  t o  com pare t h e  l e n g t h  o f

downward m o t io n  b e tw ee n  d i f f e r e n t  l i z a r d s .  An ANOVA was n o t  

u s e d  a s  t h e  a s s u m p t io n  o f  h o m o s c e d a s t i c i t y  was n o t  m e t .  The

r e s u l t  o f  t h e  K r u s k a l - W a l l i s  t e s t  was t h a t  t h e  i n d i v i d u a l  

l i z a r d s *  s i g n a t u r e  d i s p l a y s  p o s s e s s e d  s i g n i f i c a n t l y  d i f f e r e n t  

l e n g t h s  o f  t h e  downward m o t io n  (p  < 0 . 0 0 5 ) .  T h is  c o u ld  a l lo w  

f o r  i n d i v i d u a l  r e c o g n i t i o n  v i a  t h e  l e n g t h  o f  t h e  downward 

m o t io n .

I t  was n o t i c e d  t h a t  t h e  l e n g t h  o f  t h e  downward m o t io n  

seemed t o  i n c r e a s e  d u r i n g  a  g iv e n  v o l l e y .  The r e s u l t s  o f  a 

c o r r e l a t i o n  s tu d y  i n d i c a t e d  t h a t  t h e r e  i s  a  s i g n i f i c a n t

r e l a t i o n s h i p  b e tw ee n  p o s i t i o n  o f  d i s p l a y  w i t h i n  a  v o l l e y  and  

t h e  l e n g t h  o f  t h e  downward m o t io n .  B o th  K e n d a l l ’ s  and

S p earm an ’ s c o r r e l a t i o n  c o e f f i c i e n t s  w e re  com puted . K e n d a l l ’ s 

c o r r e l a t i o n  c o e f f i c i e n t  i s  0 .2 5 3 9 ,  and  S pearm an’ s c o r r e l a t i o n  

c o e f f i c i e n t  i s  0 .3 3 9 0 .  B o th  c o e f f i c i e n t s  w e re  h ig h l y  

s i g n i f i c a n t  (p < 0 . 0 1 ) .

TYPE B DISPLAY

F ig u r e  6 i s  a  b a r  d ia g ra m  o f  t h e  number o f  bobs p e r



F ig u r e  6 .  Bar D iagram  o f  t h e  Bobs p e r  D i s p l a y  f o r  

t h e  T y p e • :B D is p la y
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F i g u r e  7 . B ar  D iagram  o f  t h e  I n t e r - B o b  P a u s e
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d i s p l a y .  The v e r t i c a l  a x i s  i s  t h e  num ber o f  d i s p l a y s  and t h e  

h o r i z o n t a l  a x i s  i s  t h e  number o f  bobs p e r  d i s p l a y .  The mean 

number o f  bobs p e r  d i s p l a y  i s  4 .5 2  and  t h e  s t a n d a r d  d e v i a t i o n  

i s  1 .8 9 .  The t o t a l  number o f  d i s p l a y s  i s  4 6 .

The i n t e r - b o b  p a u s e  d a t a  i s  d i s p l a y e d  i n  F i g u r e  7 .  The

l e n g t h  o f  t h e  i n t e r - b o b  p a u s e s  i s  t h e  h o r i z o n t a l  a x i s  and t h e  

number o f  IBP*s o f  g i v e n  l e n g t h  i s  t h e  v e r t i c a l  a x i s  i n  t h i s

b a r  d ia g ra m .  The mean IBP l e n g t h  i s  6 .7  f ra m e s  and t h e  

s t a n d a r d  d e v i a t i o n  i s  2 .7  f r a m e s .  I t  was l e a r n e d  d u r in g  

a n a l y s i s  t h a t  t h e  minimum IVP, i n t r a - v o l l e y  p a u s e ,  and  t h e  

maximum IBP w ere  v e r y  c l o s e  i n  l e n g t h .  T h i s  i n t r o d u c e s  some

a m b ig u i ty  a s  t o  w hat c o n s t i t u t e s  t h e  d i v i s i o n  b e tw e e n  d i s p l a y s .  

D i s p l a y s  had  b e e n  s u b j e c t i v e l y  d e t e r m in e d  d u r in g  n o rm a l  sp e e d  

p r o j e c t i o n  o f  t h e  f i l m s .  S in c e  t h e r e  was a  d i s c r e t e  gap  

b e tw ee n  th e  sam p le  o f  I B P 's  and t h e  lo w e s t  IVP, t h i s  gap  was 

t e s t e d  com paring  t h e  l o w e s t  IVP t o  t h e  sam ple  o f  I B P 's .  The

sam ple  o f  I B P 's  i s  n o r m a l ly  d i s t r i b u t e d  and  a t - t e s t  was u s e d .

The lo w e s t  IVP was fo u n d  t o  s i g n i f i c a n t l y  d i f f e r  from  t h e  

sam p le  o f  IBP*s (p  < 0 . 0 1 ) .

The f i r s t  s e r i e s  o f  a n a l y s e s  c o n c e rn e d  t h e  d i f f e r e n c e s  i n  

IBP l e n g t h s  w i t h i n  t h e  sa m p le .  I t  was i n i t i a l l y  o b s e rv e d  t h a t  

t h e  f i r s t  p a u s e  seemed t o  be l o n g e r  t h a n  t h e  f o l l o w i n g  IB P fs .  

A oneway ANOVA was ru n  i n  w h ich  t h e  f i r s t  IBP o f  a l l  d i s p l a y s  

p o s s e s s i n g  g r e a t e r  t h a n  one IBP w ere  p o o le d  and  com pared t o  th e  

p o o le d  sam p le  o f  a l l  n o n f i r s t  I B P 's  f o r  a l l  d i s p l a y s  p o s s e s s i n g



F ig u r e  8 . B ar  D iag ram  o f  F i r s t  IBP and F o l lo w in g  IBP
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g r e a t e r  th a n  one  IBP. F ig u r e  8 r e p r e s e n t s  t h e  two sa m p le s  i n  

t h e  fo rm  o f  a  b a r  d ia g ra m .  The means a r e  h i g h l y  s i g n i f i c a n t l y  

d i f f e r e n t  (p  < 0 . 0 0 1 ) .

W ith  t h i s  d i f f e r e n c e  so  d i s t i n c t ,  a  s e a r c h  was begun f o r  

o t h e r  r e l a t i o n s h i p s  b e tw een  IBP l e n g t h  and  p o s i t i o n  w i t h i n  th e  

d i s p l a y .  I t  was i n i t i a l l y  d e c id e d  t o  d i s r e g a r d  a l l  o t h e r  

d i s p l a y s  e x c e p t  t h o s e  c o n t a i n i n g  2 ,  3 ,  4 ,  and  5 I B P 's ,  i . e . ,  

d i s p l a y s  p o s s e s s i n g  3 ,  4 ,  5 ,  and 6 b o b s .  R e f e r r i n g  t o  F ig u r e  

6 ,  i t  w i l l  be o b s e r v e d  t h a t  t h e  c h o sen  d i s p l a y s  r e p r e s e n t  t h e  

b u lk  o f  th e  sam ple  and t h a t  t h e  number o f  d i s p l a y s  f o r  t h e  

s p e c i f i e d  c l a s s e s  may be  l a r g e  enough t o  p e r fo rm  m e a n in g fu l  

a n a l y s e s .

The d a t a  f o r  th e  s p e c i f i e d  d i s p l a y s  a p p e a r s  i n  T a b le  3 .  

The d e s c r i p t i v e  s t a t i s t i c s  f o r  t h e  IB P ’ s by p o s i t i o n  and 

d i s p l a y  c l a s s i f i c a t i o n  a r e  g i v e n .  D is p la y  c l a s s i f i c a t i o n  i s  

b a s e d  on th e  num ber o f  IB P ’ s p e r  d i s p l a y ;  and  t h e  number o f  

d i s p l a y s  o f  a g iv e n  c l a s s  i s  r e c o r d e d  n e x t  t o  t h e  d i s p l a y  

c l a s s .  F o r  e ac h  c h r o n o l o g i c a l  p o s i t i o n  i n  a  g iv e n  d i s p l a y  

c l a s s ,  t h e  mean IBP and th e  s t a n d a r d  d e v i a t i o n  a r e  g iv e n .  A 

d a s h  i n d i c a t e s  t h a t  t h e r e  w ere  no IB P ’ s p r e s e n t  a t  t h a t  

p o s i t i o n ,  e . g . ,  d i s p l a y s  c o n t a i n i n g  4 IB P ’ s do n o t  have  any 

IB P ’s i n  t h e  f i f t h  p o s i t i o n .  N ote  th e  g e n e r a l  te n d e n c y  f o r  IBP 

l e n g t h  t o  d e c r e a s e  d u r in g  a  d i s p l a y .  T a b le  4 shows t h e  p o o le d  

d a t a  f o r  t h e  2 ,  3 ,  4 ,  5 IBP d i s p l a y s .  F o r  e a c h  p o s i t i o n  th e  

number o f  IB P ’s o c c u r r i n g  a t  t h a t  p o s i t i o n ,  t h e  mean o f  t h e
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TABLE 3
POSITIONAL IBP DATA BY DISPLAY CLASS 

( 2 ,  3 ,  4 ,  and 5 IBP d i s p l a y s  )

DISPLAY FIRST SECOND THIRD FOURTH
N CLASS Y SD Y SD Y SD Y SD

11 2 IBP

12 3 IBP

13 4 IBP

5 5 IBP

8 .4 5  2 .2 5  5 .8 2  3 .7 4  -

8 .0 8  2 .3 9  7 .0 8  1 .2 4  4 .3 3  2 .1 9

8 .1 5  1 .7 7  7 .1 5  1 .7 7  5 .6 9  1 .8 0  4 .1 5  2 .5 8

7 .0 0  0 .7 1  7 .4 0  2 .7 9  6 .6 0  2 .3 0  6 .2 0  1 .7 9

FIFTH 
Y SD

5 .0 0  1 .8 7
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TABLE 4
I B P 's  FOR 2 ,  3 ,  4 ,  AND 5 IBP DISPLAYS POOLED BY POSITION 

IBP POSITION N Y SD

FIRST 41 8 .0 7 2 .0 0

SECOND 41 6 .8 0 2 .4 5

THIRD 30 5 .3 0 2 .1 5

FOURTH 18 4 .7 2 2 .5 2

FIFTH 5 5 .0 0 1 .8 7
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TABLE 5
RESULTS OF ONEWAY ANOVA COMPARING POSITIONAL IBP 

( f o r  2 ,  3 ,  4 and 5 IBP d i s p l a y s  and p o o le d  sam ple  )

SAMPLE F-RATIO PROBABILITY DF
BETWEEN WITHIN

POOLED

2 IBP

3 IBP

4 IBP

5 IBP

1 0 .7 1 3

4 .0 1 6

1 1 .2 7 0

9 .8 0 8

1 .0 4 4

0 .0 0 0 1

0 .0 5 8 8

0 .0 0 0 2

0 .0 0 0 1

0 .4 0 9 3

130

20
33

48

20
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IB P ’s i n  t h e  g iv e n  p o s i t i o n ,  and  t h e  s t a n d a r d  d e v i a t i o n  a r e  

r e c o r d e d .

U t i l i z i n g  t h i s  d a t a ,  oneway ANOVA w ere  p e r fo rm e d  f o r  eac h  

d i s p l a y  c l a s s  and  t h e  p o o le d  s a m p le .  The c l a s s i f i c a t i o n  w i t h i n  

e a c h  ANOVA was p o s i t i o n .  T a b le  5 d i s p l a y s  t h e  r e s u l t s .  F o r  

e a c h  s a m p le ,  t h e  i n f o r m a t i o n  u s e d ,  t h e  c a l c u l a t e d  F - r a t i o ,  and  

t h e  p r o b a b i l i t y  a r e  r e c o r d e d .  O nly  two o f  t h e  ANOVAs d i d  n o t  

y i e l d  s i g n i f i c a n t  r e s u l t s ,  t h e  ANOVA f o r  2 IBP d i s p l a y s  and t h e  

ANOVA f o r  5 IBP d i s p l a y s .  H ow ever, t h e  ANOVA f o r  2 IBP 

d i s p l a y s  i s  v e r y  c l o s e  t o  s i g n i f i c a n c e .  The 5 IBP d i s p l a y  

ANOVA*s p r o b a b i l i t y  i s  l a r g e ;  b u t ,  t h e  s m a l l  ^ sam p le  s i z e  

h i n d e r s  t h e  a n a l y s i s  h e r e .

T e s t s  f o r  t h e  p r e s e n c e  o f  s i g n i f i c a n t  s u b s e t s  w ere  ru n  

s i m u l t a n e o u s l y  w i t h  t h e  ANOVAs. F o r  t h e  2 and  5 IBP d i s p l a y s ,  

t h e r e  w e re  no s i g n i f i c a n t  s u b s e t s  a s  t h e  ANOVAs d i d  n o t  

i n d i c a t e  h e t e r o g e n e i t y  o f  m eans.  The s i g n i f i c a n t  s u b s e t s  a r e  

d i s p l a y e d  i n  T a b le  6 .  The s u b s e t s  a r e  i n d i c a t e d  by th e  

p o s i t i o n  o f  t h e  IBP w r i t t e n  a s  numbers on  t h e  same l i n e .  The 

p o o le d  sam p le  i n d i c a t e s  t h a t  t h e  f i r s t  IBP i s  s i g n i f i c a n t l y  

d i f f e r e n t  th a n  t h e  o t h e r  IBP*s r e i t e r a t i n g  w hat o c c u r r e d  i n  t h e  

i n i t i a l  ANOVA. The o t h e r  two s u b s e t s  a r e  d i f f i c u l t  t o  

i n t e r p r e t .  F o r  t h e  3 and  4 IBP d i s p l a y s  i t  i s  n o t a b l e  t h a t  t h e  

f i r s t  IB P ’s a r e  n o t  s i g n i f i c a n t l y  d i f f e r e n t  t h a n  t h e  s eco n d  

IBP * s .

The t r e n d  w h ich  i s  m ost i n t e r e s t i n g  a s  i l l u s t r a t e d  by t h e
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TABLE 6
SIGNIFICANT SUBSETS FOR EACH ANOVA IN TABLE 5 

SAMPLES: POOLED 2 IBP 3 IBP 4 IBP 5 IBP

1 NONE 1 ,2  1 ,2  NONE

2 . 3 . 4  3 2 ,3

2 . 3 . 5  3 ,4
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TABLE 7
RESULTS OF ANOVA’ s COMPARING POSITIONAL IBP ACROSSS DISPLAY CLASS 

( f o r  2 ,  3 ,  4 ,  and 5 IBP d i s p l a y s  )

POSITIONAL DF
IBP F-RATIO PROBABILITY BETWEEN WITHIN

FIRST 0 .5 9 9 0 .6 1 9 8 3 37

SECOND * a p p ro x .  0 .5 - -

THIRD 2 .5 9 7 0 .0 9 3 0 2 27

FOURTH 2 .6 1 5 0 .1 2 5 4 1 16

* h e t e r o s c e d a s t i c ,  K r u s k a l - W a l l i s  t e s t  u s e d .
A d ju s te d  H = 2 .2 4 2  com pared  to  c h i - s q u a r e  w i th  3 d f .
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s i g n i f i c a n t  s u b s e t s  o f  t h e  3 and  4 IBP d i s p l a y s  i s  t h e  o r d e r i n g  

o f  t h e  s u b s e t s  c h r o n o l o g i c a l l y .  O nly  a d j a c e n t  I B P 's  a r e  

s i m i l a r .  From t h e  raw d a t a  p r e s e n t e d  i n  T a b le  3 ,  t h i s  i s  n o t  

s u r p r i s i n g .

Oneway A N O V A w e r e  a l s o  p e r fo rm e d  co m p ar in g  g iv e n  

p o s i t i o n a l  I B P 's  b e tw e e n  d i s p l a y  t y p e s ,  e . g . ,  ANOVA com paring  

t h e  f i r s t  IB P Ts o f  t h e  f o u r  d i s p l a y  c l a s s e s .  The r e s u l t s  a r e  

d i s p l a y e d  i n  T a b le  7 .  No s i g n i f i c a n t  d i f f e r e n c e s  w ere  fo u n d .  

The s a m p le s  o f  s e c o n d  I B P 's  was n o t  h o m o s c e d a s t ic ;  t h e r e f o r e ,  

a  K r u s k a l - W a l l i s  t e s t  was u s e d  t o  com pare t h e  s a m p le s  o f  s e c o n d  

I B P 's .  The r e s u l t  was n o t  s i g n i f i c a n t .

To f u r t h e r  exam ine  t h e  r e l a t i o n s h i p  b e tw e e n  p o s i t i o n  and 

IBP l e n g t h ,  a n  ANOVA co m p ar in g  t h r e e  s a m p le s  was r u n .  The 

s a m p le s  w ere  t a k e n  f rom  d i s p l a y s  c o n t a i n i n g  3 ,  4 ,  5 I B P ' s .  The 

s a m p le s  w ere  f i r s t  I B P ' s ,  l a s t  I B P 's ,  and  i n t e r v e n i n g  I B P 's  

w h ich  w i l l  be r e f e r r e d  t o  a s  m id d le  I B P 's .  The 2 IBP d i s p l a y s  

w ere  n o t  i n i t i a l l y  u s e d  a s  th e y  p o s s e s s  no I B P 's  i n  t h e  m id d le  

p o s i t i o n  b u t  w e re  i n c l u d e d  i n  a  s e p a r a t e  ANOVA l a t e r .  The

r e s u l t  o f  t h e  oneway ANOVA c o m p ar in g  f i r s t ,  m id d le ,  and  l a s t  

I B P 's  was h i g h l y  s i g n i f i c a n t  (p < 0 .0 0 1 )  i n d i c a t i n g  t h a t  t h e  

t h r e e  sa m p le s  a r e  n o t  hom ogeneous. A s i m i l a r  ANOVA was 

p e r fo rm e d  w i t h  a  s l i g h t l y  l a r g e r  sam p le  composed o f  a l l

d i s p l a y s  c o n t a i n i n g  t h r e e  o r  more I B P 's  from  w h ich  t o  draw t h e

t h r e e  c l a s s e s .  The r e s u l t  o f  t h i s  ANOVA was a l s o  h i g h l y

s i g n i f i c a n t  (p < 0 .0 0 1 )  i n d i c a t i n g  h e t e r o g e n e i t y  o f  s u b s e t s .
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TABLE 8
RESULTS OF ONEWAY ANOVA’ s  COMPARING FIRST, MIDDLE, AND LAST IBP

( s u b s e t  means p r o v id e d  )
DISPLAY IB P ’ s SUBSET MEANS
DRAWN FROM F-RATIO PROBABILTY FIRST MIDDLE LAST

3 , 4 , 5 IBP 2 4 .4 5 5 0 .0 0 0 1 7 .9 3 6 .6 2 4 .3 7

2 , 3 , 4 , 5 IBP & 0 .0 1 8 .0 7 6 .6 2 4 .7 5

>2 IBP 2 3 .5 8 6 0 .0 0 0 1 8 .3 2 6 .7 1 4 .5 8

>=2 IBB 2 4 .0 3 9 0 .0 0 0 1 8 .3 6 6 .7 1 4 .8 9

* h e t e r o s c e d a s t i c , K r u s k a l - W a l l i s  t e s t  p e r fo rm e d .

A d ju s te d  H = 4 1 .6 1 4  com pared to  c h i - s q u a r e  w i th  2 d f .
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Duncan m u l t i p l e  r a n g e  t e s t s  w ere  s i m u l t a n e o u s l y  p e r fo rm e d  

w i t h  t h e  above ANOVA, an d  e s t a b l i s h e d  t h a t  t h e  t h r e e  s u b s e t s ,  

f i r s t  IB P , m id d le  IB P , and  l a s t  IB P , a r e  e a c h  s i g n i f i c a n t  

s u b s e t s .  T a b le  8 r e c o r d s  t h e  F - r a t i o  and i t s  s i g n i f i c a n c e  f o r  

b o t h  o f  t h e  above ANOVAs and  t h e  i n d i v i d u a l  s u b s e t s *  m ean, 

s t a n d a r d  d e v i a t i o n  and  num ber o f  v a r i a t e s .

A ls o  r e c o r d e d  i n  T a b le  8 a r e  t h e  r e s u l t s  o f  two f u r t h e r  

ANOVA i d e n t i c a l  t o  t h e  two d e s c r i b e d  above  e x c e p t  t h a t  t h e  

IBP*s f rom  d i s p l a y s  c o n t a i n i n g  2 IBP*s w e re  added  t o  t h e  

s u b s e t s .  2 IBP d i s p l a y s  p o s s e s s  IBP*s o n ly  i n  t h e  f i r s t  and  

l a s t  p o s i t i o n .  The a n a l y s i s  f o r  f i r s t ,  m id d le ,  an d  l a s t  IBP i n  

w h ich  t h e  d a t a  w e re  d raw n  f ro m  t h e  2 ,  3 ,  4 ,  and  5 IBP d i s p l a y s  

was p e r fo rm e d  by K r u s k a l - W a l l i s  t e s t s  a s  t h e  s u b s e t s  a r e  

h e t e r o s c e d a s t i c . The r e s u l t  was t h a t  t h e  s u b s e t s  a r e  

s i g n i f i c a n t l y  d i f f e r e n t  (p  < 0 . 0 1 ) .  The o t h e r  a n a l y s i s  was

p e r fo rm e d  by oneway ANOVA an d  t h e  s u b s e t s  w e re  draw n from  a l l  

d i s p l a y s  c o n t a i n i n g  2 o r  more I B P ' s .  The r e s u l t  i s  t h a t  t h e  

s u b s e t s  d i f f e r  s i g n i f i c a n t l y  (p  < 0 . 0 0 1 ) .  A D u n c a n 's  m u l t i p l e  

r a n g e  t e s t  was a l s o  p e r fo rm e d  and  r e v e a l e d  t h a t  t h e  t h r e e

s u b s e t s ,  f i r s t ,  m id d le ,  and  l a s t ,  e a c h  r e p r e s e n t  a  s i g n i f i c a n t

s u b s e t .

S in c e  t h e r e  a p p e a r s  t o  be some r e l a t i o n s h i p  b e tw ee n  IBP 

l e n g t h  and p o s i t i o n  w i t h i n  t h e  d i s p l a y ,  a  c o r r e l a t i o n  a n a l y s i s  

was p e r f o r m e d .  B o th  K e n d a l l ' s  and S p e a rm a n 's  c o r r e l a t i o n

c o e f f i c i e n t s  w e re  com pu ted .  The v a l u e s  o f  K e n d a l l ' s
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TABLE 9
CORRELATION OF IVP AND FOUR VARIABLES 

( w i t h  d e s c r i p t i v e  s t a t i s t i c s  )
CORRELATION COEFFICIENTS 

SPEARMAN’ S KENDALL' S
VARIABLES Y SD VALUE PROBABILITY VALUE PROBABILITY

IVP 3 3 .0 8 1 7 .0 6 - - - -

PREVIOUS DISPLAY 
TOTAL LENGTH* 2 8 .6 4 1 6 .3 6 0 .0 1 3 0 .4 7 0 0 .0 2 0 0 .4 3 5

FOLLOWING DISPLAY 
TOTAL LENGTH* 2 3 .3 9 9 .1 5 0 .1 3 0 0 .2 2 5 0 .0 8 7 0 .2 3 4

PREVIOUS DISPLAY 
BOB TOTAL 4 .6 1 1 .9 5 - 0 .1 0 4 0 .2 7 3 - 0 .0 7 0 0 .2 9 2

FOLLOWING DISPLAY
BOB TOTAL 4 .0 0 1 .2 0 - 0 .0 4 5 0 .3 9 7 - 0 .0 2 8 0 .4 1 5
* m e asu re d  i n  f r a m e s .
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c o e f f i c i e n t  and  S p ea rm a n ’ s c o e f f i c i e n t  a r e  - 0 . 3 0 1  and  -0 .3 8 1  

r e s p e c t i v e l y .  B o th  c o e f f i c i e n t s  a r e  h i g h l y  s i g n i f i c a n t

( p = 0 .0 0 1 ) .

The n e x t  a n a l y s i s  p e r fo rm e d  i n v o l v e d  t h e  i n t r a - v o l l e y  

p a u s e ,  IVP. The d e s c r i p t i v e  s t a t i s t i c s  f o r  IVP a r e  r e c o r d e d  i n

T a b le  9 .  A ls o  r e c o r d e d  i n  T a b le  9 a r e  t h e  v a r i a b l e s  w h ic h  IVP

was c o r r e l a t e d  w i t h  and  t h e i r  d e s c r i p t i v e  s t a t i s t i c s .  The IVP 

was exam ined  f o r  c o r r e l a t i o n  w i t h  f o u r  v a r i a b l e s :  t h e  l e n g t h

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

f o l l o w i n g  e a c h  p a u s e ,  t h e  number o f  bobs  i n  t h e  d i s p l a y  

p r e c e d i n g  e a c h  p a u s e ,  an d  t h e  number o f  bobs  i n  t h e  d i s p l a y  

f o l l o w i n g  e a c h  p a u s e .  B o th  K e n d a l l ’ s  and  S p ea rm a n ’ s 

c o r r e l a t i o n  c o e f f i c i e n t s  w e re  com puted  f o r  t h e  r e l a t i o n s h i p  

b e tw ee n  IVP and t h e  f o u r  v a r i a b l e s .  The v a l u e s  f o r  t h e

c o r r e l a t i o n  c o e f f i c i e n t s  and t h e i r  s i g n i f i c a n c e  a p p e a r  n e x t  t o  

t h e  f o u r  v a r i a b l e s  i n  T a b le  8 .  As c a n  be s e e n  f ro m  t h e  r e s u l t s  

i n  T a b le  9 ,  t h e r e  a r e  no s i g n i f i c a n t  c o r r e l a t i o n s  b e tw e e n  any 

o f  t h e  f o u r  v a r i a b l e s  and  IVP. T h i s  seems t o  i n d i c a t e  IVP 

l e n g t h  i s  in d e p e n d e n t  o f  t h e  l e n g t h  and  bob number o f  t h e  

d i s p l a y s  w h ich  b r a c k e t  t h e  p a u s e .  The r e s u l t s  o f  a  c o r r e l a t i o n  

s tu d y  o f  t h e  r e l a t i o n s h i p  b e tw ee n  IVP and  i t s  p o s i t i o n  i n  t h e  

v o l l e y  a r e  d i s p l a y e d  i n  T a b le  1 0 .  B o th  K e n d a l l ’ s  and

S p ea rm a n ’ s c o r r e l a t i o n  c o e f f i c i e n t s  w ere  h i g h l y  s i g n i f i c a n t  (p 

= 0 .0 0 2 )  and  h av e  v a l u e s  o f  0 .3 7 2 1  and  0 .4 6 8 3  r e s p e c t i v e l y .

The l a s t  a n a l y s i s  p e r fo rm e d  was a  s e a r c h  f o r  p a t t e r n s



TABLE 10
RESULTS OF CORRELATION BETWEEN IVP AND ITS POSITION WITHIN A VOLLEY

CORRELATION COEFFICIENT VALUE PROBABILITY
SPEARMAN’ S 0 .4 6 8  0 .0 0 2

KENDALL’ S 0 .3 7 2  0 .0 0 2
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TABLE 11
„ CORRELATION OF DISPLAYS PER VOLLEY AND THREE VARIABLES

CORRELATION COEFFICIENTS 
SPEARMAN *S KENDALL’ S

VARIABLE VALUE PROBABILITY VALUE PROBABILITY
MEAN IVP 0 .5 3 9 0 .0 4 4 0 .4 7 3 0 .0 2 9

MEAN BOBS PER 
DISPLAY 

MEAN DISPLAY

- 0 .6 0 8 0 .0 1 8 - 0 .4 9 0 0 .0 1 9

TOTAL -LENGTH - 0 .4 6 4  . 0 .0 6 4 - 0 .3 3 5 0 .7 6
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among t h e  v o l l e y s ,  A c o r r e l a t i o n  s tu d y  was p e r f o r m e d ,  a g a i n  

u s i n g  K e n d a l l ’ s and  P e a r s o n ’ s c o r r e l a t i o n  c o e f f i c i e n t s .  The 

number o f  d i s p l a y s  p e r  v o l l e y  was com pared w i t h  t h e  mean IVP, 

t h e  mean number o f  bobs  p e r  d i s p l a y ,  and  t h e  mean t o t a l  l e n g t h  

o f  d i s p l a y s .  T a b le  11 d i s p l a y s  t h e  d e s c r i p t i v e  s t a t i s t i c s  f o r  

e a c h  v a r i a b l e .  A ls o  r e c o r d e d  i n  T a b le  11 a r e  t h e  two 

c o r r e l a t i o n  c o e f f i c i e n t s  and t h e i r  s i g n i f i c a n c e s .  The 

c o e f f i c i e n t s  a r e  r e c o r d e d  on t h e  same l i n e  a s  t h e  v a r i a b l e  

w h ich  was p a i r e d  a g a i n s t  d i s p l a y s  p e r  v o l l e y .  B o th  mean IVP 

and mean bobs p e r  d i s p a l y  do h av e  a  s i g n i f i c a n t  c o r r e l a t i o n  

w i t h  d i s p l a y s  p e r  v o l l e y .  Mean d i s p l a y  l e n g t h  d o e s  n o t  p o s s e s s  

a  s i g n i f i c a n t  c o r r e l a t i o n  w i t h  d i s p l a y s  p e r  v o l l e y .  Mean IVP 

i s  p o s i t i v e l y  c o r r e l a t e d  w i t h  d i s p l a y s  p e r  v o l l e y  an d  mean bob 

number p e r  d i s p l a y  i s  n e g a t i v e l y  c o r r e l a t e d  w i t h  d i s p l a y s  p e r  

v o l l e y .



DISCUSSION

A n o l i s  l i v i d u s  p o s s e s s e s  two h e a d -b o b b in g  p a t t e r n s  o f  

w h ich  one  i s  s t e r e o t y p e d  f o r  m o t io n  and one  i s  n o t .  The 

s i g n a t u r e  d i s p l a y  was fo u n d  t o  be s t e r e o t y p e d  f o r  t h e  g e n e r a l  

s e q u e n c e  o f  movements p e r fo rm e d ,  b u t  n o t  f o r  t h e  d u r a t i o n  o f  

t h e  m ovem ents . T h i s  a p p e a r s  v e r y  s i m i l a r  t o  w hat h a s  b een  

o b s e r v e d  i n  A n o l i s  n e b u l o s u s . T h i s  a n o l e  p o s s e s s e s  a  h i g h l y  

s t e r e o t y p e d  s i g n a t u r e  d i s p l a y  w h ich  e a c h  i n d i v i d u a l  p e r fo rm s  

w i t h  a  h i g h l y  s p e c i f i c ,  d i f f e r e n t  d u r a t i o n  ( J e n s s e n ,  1 9 7 1 ) .  

S in c e  i n  Â _ l i v i d u s , t h e r e  i s  s i g n i f i c a n t  v a r i a b i l i t y  b e tw ee n  

l i z a r d s  i n  t h e  d u r a t i o n  of t h e i r  s i g n a t u r e  d i s p l a y s ,  i n d i v i d u a l  

r e c o g n i t i o n  i s  p o s s i b l e .  The s i g n i f i c a n c e  o f  i n d i v i d u a l

r e c o g n i t i o n  i s  t h a t  more " e f f i c i e n t "  b e h a v i o r  i s  p o s s i b l e .  I n  

c a s e s  i n  w h ich  l i z a r d s  s h a r e  an  e s t a b l i s h e d  dom inance

r e l a t i o n s h i p ,  i n d i v i d u a l  r e c o g n i t i o n  w ould  a l lo w  s u b o r d i n a t e s  

t o  d e s i s t  from  e n g a g in g  i n  r e p e t i t i v e  h ig h  i n t e n s i t y  

i n t e r a c t i o n  w i t h  d o m in an t  l i z a r d s  and t o  a c c r u e  b e n e f i t s  from  

s u c h  a v o id a n c e  o f  h ig h  i n t e n s i t y  i n t e r a c t i o n .

The b e n e f i t s  t h a t  c o u ld  a c c r u e  from  a v o i d i n g  u n n e c e s s a r i l y  

h ig h  i n t e n s i t y  a r e  s e v e r a l .  One o b v io u s  b e n e f i t  i s  e n e rg y
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s a v in g s  from  n o t  e n g a g in g  i n  h ig h  i n t e n s i t y  i n t e r a c t i o n .  L e s s  

e n e rg y  w ould  be ex p en d ed  t o  d e f i n e  t h e  r e l a t i o n s h i p  b e tw ee n  two 

m ale  l i z a r d s  a t  t h a t  t i m e .  I n t e r a c t i o n  c o u ld  end  when t h e  

s u b o r d i n a t e  r e c o g n i z e s  t h e  d o m in an t and e n e r g y  t h a t  w ould  h a v e  

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

A n o th e r  b e n e f i t  c o u ld  be re d u c e d  s u s c e p t i b i l i t y  t o  

p r e d a t i o n .  When a  l i z a r d  i s  engaged  i n  h ig h  i n t e n s i t y  

i n t e r a c t i o n  i t s  a t t e n t i o n  i s  f o c u s e d  on t h e  o t h e r  l i z a r d ;  a n d ,  

t h e  d i s p l a y  b e h a v i o r  in v o l v e d  r e n d e r s  t h e  l i z a r d s  h i g h l y  

c o n s p ic u o u s .  T h i s  s i t u a t i o n  c o u ld  a l lo w  a  p r e d a t o r  t o  more 

r e a d i l y  l o c a t e  t h e  l i z a r d s  and  t o  a p p ro a c h  them  _more e a s i l y  

w i t h o u t  d e t e c t i o n .

A f u r t h e r  b e n e f i t  c o u ld  be re d u c e d  p o s s i b i l i t y  o f  i n j u r y .  

S in c e  Â _ l i v i d u s  m a le s  do eng ag e  i n  p o t e n t i a l l y  i n j u r i o u s  

b e h a v i o r ,  j a w - f e n c i n g ,  t h e  d e l e t e r i o u s  e f f e c t s  o f  i n j u r y  c o u ld  

be  a v o id e d  i f  t h e  p o s s i b i l t i y  o f  i n j u r y  i s  r e d u c e d .  I n d i v i d u a l  

r e c o g n i t i o n  c o u ld  a l l o w  c e s s a t i o n  o f  i n t e r a c t i o n  b e f o r e  

j a w - f e n c i n g  o c c u r r e d .

The s i g n i f i c a n c e  o f  i n d i v i d u a l  r e c o g n i t i o n  t h e r e f o r e  i s  

t h a t  i n d i v i d u a l  l i z a r d s  r e c o g n i z i n g  o t h e r  i n d i v i d u a l s  w i t h  

w hich  a  dom inance  r e l a t i o n s h i p  h a s  b een  p r e v i o u s l y  e s t a b l i s h e d  

c o u ld  i n t e r a c t  i n  a  m anner w h ich  c a u s e s  b e n e f i t s  to  a c c r u e  to  

t h e  l i z a r d s  i n v o l v e d .  H ow ever, t h e r e  a r e  some im p o r t a n t  

a s s u m p t io n s  p r e s e n t .  One a s s u m p t io n ,  p r o b a b ly  m ost im p o r t a n t ,  

i s  t h a t  A. l i v i d u s  m a le s  do r e c o g n i z e  o t h e r  l i z a r d s  w i t h  w h ich
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a  dom inance  r e l a t i o n s h i p  i s  e s t a b l i s h e d .  The s e c o n d  

a s s u m p t i o n ,  w h ich  r e l i e s  on  t h e  f i r s t ,  i s  t h a t  when a  l i z a r d  

do es  r e c o g n i z e  o t h e r  i n d i v i d u a l s ,  i t  w i l l  a c t  i n  a  m anner w h ich  

w ou ld  g a r n e r  t h e  b e n e f i t s  o u t l i n e d  a b o v e .  B o th  o f  t h e s e  

a s s u m p t io n s  re m a in  t o  be p r o v e n .

The r e l a t i o n s h i p  b e tw e e n  d u r a t i o n  o f  t h e  downward m o t io n  

and p o s i t i o n  w i t h i n  a  d i s p l a y  i s  d i f f i c u l t  t o  i n t e r p r e t .  The 

i n c r e a s e d  d u r a t i o n  o f  t h e  downward m o t io n  a s  a  d i s p l a y  i s  

p e r fo rm e d  l a t e r  i n  a  v o l l e y  may be  a c c o u n t a b l e  v i a  a f a t i g u e  

f a c t o r ;  t h e  e f f e c t o r s  in v o l v e d  i n  t h e  p e r fo rm a n c e  o f  . t h e  

d i s p l a y  become f a t i g u e d  d u r in g  r e p e t i t i v e  p e r fo rm a n c e s  o f  t h e  

d i s p l a y .

The ty p e  B d i s p l a y  i s  h i g h l y  u n s t e r e o t y p e d .  T h i s  d i s p l a y

c o n s i s t s  o f  a  s e q u e n c e  o f  s i m i l a r  bobs p ro d u c e d  by movement o f

t h e  h ead  and f o r e l e g s .  The s t a t i s t i c a l  a n a l y s i s  o f  t h e  d i s p l a y

i n d i c a t e s  a  r e d u c t i o n  o f  t h e  i n t e r b o b  p a u s e  d u r i n g  t h e

p e r fo rm a n c e  of t h e  d i s p l a y .  The h ig h  d e g r e e  o f  v a r i a b i l i t y  i n  

t h i s  d i s p l a y  may a l lo w  i t  t o  f u n c t i o n  a s  a  s i g n a l  a b o u t  

i n t e r n a l  m o t i v a t i o n a l  s t a t e  o f  th e  p e r f o r m in g  l i z a r d ;  b u t  t h i s  

i s  u n c l e a r .  T h e re  d o es  n o t  a p p e a r  t o  be an  a n a lo g o u s  s i t u a t i o n  

w i t h  t h e  s i g n a t u r e  d i s p l a y  i n  w h ich  l i z a r d s  p e r fo rm e d  

i n d i v i d u a l l y  s p e c i f i c  d i s p l a y s .  The ty p e  B d i s p l a y  a p p e a r s  t o  

be  v e r y  s i m i l a r  t o  t h e  d i s p l a y  b e h a v i o r  o f  A. o p a l i n u s  w h ich  

p o s s e s s e s  l i t t l e  o r  no s t e r e o t y p y  ( J e n s s e n ,  1 9 7 9 ) .

I t  was n o te d  t h a t  t h e  ty p e  B d i s p l a y  a l s o  a p p e a re d  t o
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f u n c t i o n  a s  a c o u r t s h i p  d i s p l a y .  I n  Â _ l i v i d u s , s p e c i e s  

s p e c i f i c  c o u r t s h i p  d i s p l a y s  and a g g r e s s i v e  d i s p l a y s  w ould  n o t  

be r e q u i r e d  t o  d i f f e r  i n  o r d e r  t o  b r o a d c a s t  i n f o r m a t i o n  w i t h  

r e g a r d  t o  s p e c i e s  and g e n d e r .  As o t h e r  a n o l i n e  s p e c i e s  a r e  n o t  

p r e s e n t ,  t h e r e  w ould  n o t  be a n e e d  f o r  a d d i t i o n a l  d i s p l a y  ty p e s  

t o  b r o a d c a s t  i n f o r m a t i o n  a s  t o  th e  s p e c i e s  o f  t h e  i n d i v i d u a l .  

B e ing  a  h i g h l y  d im o rp h ic  l i z a r d ,  i n f o r m a t i o n  w i t h  r e g a r d  t o  

g e n d e r  i s  i m p l i c i t  i n  t h e  i n d i v i d u a l ' s  m o rp h o lo g y .

The r e l a t i o n s h i p  be tw een  i n t r a - v o l l e y  p a u se  and t h e  f o u r  

v a r i a b l e s  i t  was c o r r e l a t e d  a g a i n s t  was n o t  s i g n i f i c a n t .  T h i s  

w ould  i n d i c a t e  t h a t  IVP i s  in d e p e n d e n t  o f  t h e  d i s p l a y s  w h ich

a p p e a r  p r i o r  t o  o r  f o l l o w i n g  t h e  p a u s e .  The p o s i t i v e

c o r r e l a t i o n  o f  mean IVP w i t h  d i s p l a y s  p e r  v o l l e y  w hich  was

s i g n i f i c a n t  i s  d i f f i c u l t  t o  i n t e r p r e t  i n  l i g h t  o f  th e  p r e v io u s

s t a t e m e n t .  I t  w ou ld  a p p e a r  t h a t  a s  more d i s p l a y s  a r e  g iv e n  in  

a  v o l l e y ,  t h e  mean IVP becomes l a r g e r .  F a t i g u e  may be a f a c t o r  

i n v o l v e d  i n  t h i s ,  s i n c e  t h e  more a  l i z a r d  d i s p l a y s ,  t h e  l o n g e r  

t h e  e f f e c t o r s  w i l l  n e e d  r e s t  i n  o r d e r  t o  d i s p l a y  a s  v i g o r o u s l y .  

The p o s i t i v e  c o r r e l a t i o n  o f  IVP and p o s i t i o n  w i t h i n  v o l l e y  a l s o  

s u p p o r t s  t h i s .

The n e g a t i v e  c o r r e l a t i o n  o f  mean bobs p e r  d i s p l a y  w i th  

d i s p l a y s  p e r  v o l l e y  may a l s o  be i n t e r p r e t e d  a s  s u p p o r t  f o r  a 

f a t i g u e  f a c t o r  i n v o l v e d  i n  t h e  ty p e  B d i s p l a y .  By b o b b in g  l e s s  

f r e q u e n t l y  p e r  d i s p l a y  when p e r fo rm in g  more d i s p l a y s  t h e  l i z a r d  

may be e f f e c t i v e l y  p r e v e n t i n g  o v e r  f a t i g u e  o f  t h e  e f f e c t o r s
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in v o lv e d *  As o t h e r ,  m ore s t r e n u o u s  b e h a v i o r  may o c c u r  d u r in g  

a n  i n t e r a c t i o n  b e tw ee n  two m a le s ,  t h e  l i z a r d s  c o u ld  be 

p r e s e r v i n g  t h e i r  e n e rg y  f o r  l a t e r .

The b e h a v i o r  w h ich  m a le  A_̂_ l i v i d u s  p e r f o r m  d u r in g  

i n t e r - m a l e  i n t e r a c t i o n s  seems t o  be  a  means o f  co m m u n ica tin g  

r e l a t i v e  m o t i v a t i o n a l  s t a t e  and s o c i a l  s t a t u s .  The d i s p l a y  

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

a p p e a r  t o  r e p r e s e n t  a  h i g h e r  l e v e l  o f  i n t e n s i t y .  S i g n a t u r e  

d i s p l a y  and  d e w la p p in g  w ould  be t h e  l o w e s t  i n t e n s i t y  

i n t e r a c t i o n ;  and  ja w —f e n c i n g  would  be t h e  h i g h e s t .  Type B 

d i s p l a y  and  sway d i s p l a y  r e p r e s e n t  i n t e r m e d i a t e  l e v e l s , sway 

p r o b a b ly  b e in g  p e r fo rm e d  g e n e r a l l y  d u r in g  h i g h e r  i n t e n s i t y  

i n t e r a c t i o n s .  The i n f o r m a t i o n  c o n t e n t  o f  t h e  d i s p l a y s  c o u l d  be 

s u c h  t h a t  t h e  i n d i v i d u a l s  i n v o l v e d  i n  an  i n t e r a c t i o n  w ould  be 

a b l e  t o  a s s e s s  i n f o r m a t i o n  r e l a t i v e  t o  i t s  o p p o n e n t  an d  a l t e r  

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

The i n t e r a c t i o n  b e h a v i o r  o b s e rv e d  i n  t h i s  s tu d y  may b e a r
9

some s i g n i f i c a n c e  f o r  a n o l e s  o t h e r  th a n  l i v i d u s . B e h a v io r  

i s  a  c h a r a c t e r  o f  a s p e c i e s  much a s  a n o t h e r  c h a r a c t e r  s u b j e c t  

t o  e n v i ro n m e n ta l  and  g e n e t i c  c o n t r o l .  T h e re  i s  e v id e n c e  t h a t  

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

( J e n s s e n ,  1 9 7 7 c ) .  T h e re  have  b een  s e v e r a l  s t u d i e s  o f  a n o l e s  

u s i n g  d i s p l a y  b e h a v i o r  a s  a  ta x o n o m ic  c h a r a c t e r ;  a n d ,  t h e s e  

s t u d i e s  h a v e ,  i n  g e n e r a l ,  c o n f i rm e d  p resum ed  ta x o n o m ic  

r e l a t i o n s h i p s  ( E c h e l l e  e t  a l .  1971; Gorman, 1968; and
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R u i b a l ,  1 9 6 7 ) .

T h i s  s tu d y  r e p r e s e n t s  t h e  f i r s t  i n v e s t i g a t i o n  o f  t h e  

s o c i a l  b e h a v i o r  o f  A n o l i s  l i z a r d s  w i t h i n  t h e  b im a c u la tu s  

s e r i e s .  The n eed  f o r  c o n t i n u e d  r e s e a r c h  i n t o  t h i s  su b g ro u p  o f  

t h e  g en u s  A n o l i s  i s  w a r r a n t e d  by t h e  u n iq u e  c o n d i t i o n s  o f  t h e  

e x i s t e n c e  o f  t h e s e  l i z a r d s ,  t h e  s o - c a l l e d  " n a t u r a l  l a b o r a t o r y " .  

A c o m p a r a t iv e  s tu d y  o f  t h e  s o c i a l  b e h a v i o r  o f  t h e  b im a c u la tu s  

s e r i e s  c o u ld  y i e l d  much i n f o r m a t i o n  w i t h  r e g a r d  t o  t h e  many and 

s u n d ry  i n f l u e n c e s  on  t h e  e v o l u t i o n  o f  s o c i a l  b e h a v i o r .



CONCLUSIONS

A n o l i s  l i v i d u s  p o s s e s s e s  two d i s t i n c t  h e a d -b o b in g  

d i s p l a y s .  One d i s p l a y ,  t y p e  A, i s  s im p l e ,  h i g h l y  s t e r e o t y p e d ,  

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

h e a d -b o b b in g  d i s p l a y  p o s s e s s e s  a  v a r i a b l e  num ber o f  s i m i l a r  

head  bobs w i t h  a  t r e n d  to w a rd  s h o r t e n i n g  t h e  i n t e r b o b  p a u s e  as  

a  d i s p l a y  c o n t i n u e s .  An u n u s u a l  r o c k in g  m o t io n  d i s p l a y  named 

sway b e h a v i o r  may o c c u r  d u r i n g  m ale  i n t e r a c t i o n s .  The o b s e rv e d  

m ale  i n t e r a c t i o n  b e h a v i o r s  a l lo w  f o r  p r o g r e s s i v e  

i n t e n s i f i c a t i o n  o f  an  i n t e r a c t i o n  th r o u g h  t h e  u s e  o f  th e  

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

i n t e n s i t y .
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APPENDIX 1 

RAW DATA FOR THE SIGNATURE DISPLAY 

Below i s  r e c o r d e d  t h e  raw d a t a  o f  t h e  l e n g t h  o f  t h e  downward 

m o t io n  f o r  th e  S i g n a t u r e  d i s p l a y .  The l i z a r d s  i d e n t i f i c a t i o n  number 

i s  r e c o r d e d  and n e x t  t o  t h e  i d e n t i f i c a t i o n  number i s  t h e  v o l l e y  number 

i n  w h ich  t h e  d i s p l a y s  w ere  p r e s e n t .  F o l lo w in g  t h e  v o l l e y  number i n  

s e q u e n t i a l  o r d e r  f rom  r i g h t  t o  l e f t  a r e  t h e  i n d i v i d u a l  m e a su re m e n ts  f o r  

e a c h  d i s p l a y  i n  t h e  v o l l e y .  N o te  t h a t  some l i z a r d s  p o s s e s s  o n ly  one v o l l e y .

LIZARD NO. VOLLEY NO. INDIVIDUAL MEASUREMENTS

0011 -  r 1 9 ,1 2 ,1 3

0011 2 1 0 ,1 0

0210 1 8 ,1 2

0210 2 1 4 ,1 4 ,1 2

0210 3 3 ,7

1030 1 7 , 9 , 1 0 , 1 2 , 1 3 , 1 4

1100 1 7 ,9

1100 2 7 , 7 , 8 , 9 , 1 0 , 1 0 , 1 0 , 1 1 , 1 1

1100 3 9 , 9 , 1 0 , 1 2 , 1 3 , 1 4

2030 1 7 , 3 ,1 1

2100 1 3 , 3 , 2 , 3 , 3 , 3

4041 1 5 , 6 , 6 , 7

4041 2 4 , 5 , 5

4041 3 6 , 6 , 7
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APPENDIX 2 SAMPLE ANALYSIS 

On t h e  f o l l o w i n g  p ag e  a r e  s e v e r a l  r e p r e s e n t a t i o n s  o f  b o b s  e n c o u n te r e d  

d u r i n g  t h e  a n a l y s i s  o f  f i l m s  o f  t h e  Type B d i s p l a y .  On e a c h  g ra p h  th e  number 

o f  bobs  a s  th e y  w ould  h a v e  b e e n  s c o r e d  d u r in g  a n a l y s i s  i s  w r i t t e n .  Time i s  

a b b r e v i a t e d  t  and h ead  a m p l i t u d e  i s  a b b r e v i a t e d  h a .  G raphs A th r o u g h  C 

w ould  e a c h  h av e  b e e n  s c o r e d  a s  one b o b .  G raph D i s  s c o r e d  a s  two bobs  b e c a u s e  

o f  t h e  d i s t i n c t  p a u s e  b e tw e e n  t h e  two downward m ovem ents .
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