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PREFACE

T his d is s e r ta t io n  i s  prepared  as two ch ap te rs . Each ch ap te r w ill  

he subm itted  to  a re fe re ed  jo u rn a l. The f i r s t  chap ter w il l  be subm itted  

to  Animal B ehaviour, and th e  second ch ap te r w il l  be subm itted to  C opeia.
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LIFE WITH AND WITHOUT SEX; COMPARATIVE SOCIAL BEHAVIOUR OF THREE SPECIES 

OF WHIPTAIL LIZARDS (CNEMIDOPHORUS; TEIIDAE)

By BETH E. LEUCK

De~partmen.t of Zoology, U niversity  o f Oklahoma, Norman, Oklahoma 73019



Abstract, Animals reproducing asexu a lly , such as parthenogenetic 

animals, may share 100 percent of th e ir  genes with other population  

members. Because of th is  high gen etic  rela ted n ess, k in  s e le c t io n  may 

a c t on the behaviour o f asexual animals. I  studied two parthenogenetic 

and one b isexu a l sp ecies  of w hiptail lizard s (Gnemidophorus) to  fin d  i f  

parthenogens acted more n e p o t is t ic a lly  toward each other than b isexuals  

as predicted by kin se le c t io n  theory. Aggressive in tera ctio n s  

(supplanting, chasing and b it in g ) , com petition over food items and 

f ig h tin g  were le s s  common in  parthenogens than in  b isex u a ls , ind icating  

th a t the gen etic  relatedness of the parthenogens may a f fe c t  behavioural 

d ifferen ces . Organization of groups o f f iv e  con sp ecific  lizaxd s into  

lin ea r  dominance h ierarchies and the strength of these h ierarch ies were 

more dependent on the presence of males in  the b isexu al groups. 

Therefore, two fa cto rs p o te n tia lly  in fluencing d ifferen ces in  behaviour 

between parthenogenetic and b isexu al w hiptail liza rd s are the high 

degree of relatedness o f the parthenogens and the absence of males in  

unisexual populations. N epotistic behaviour was never observed among 

parthenogenetic w hiptails fo r  severa l p ossib le  reasons. F ir s t ,  i t  

appears th a t members of parthenogenetic w hiptail populations are not 

g e n e tic a lly  id e n tic a l due to independent orig in s of c lo n es, mutation 

and/or recombination. Second, because parthenogenetic w h ip ta il species  

are hybrids between two or three b isexu al sp ec ie s , they may contain gene 

combinations th at r e su lt  in  com petitive rather than cooperative 

behaviour. Third, w hiptail species do not defend resources, so 

opportunities for  sharing or s a c r if ic in g  resources are low.

Short t i t l e ;  LSUGK: SOCIAL BEHAVIOUR OF ^^IPTAIL LIZARDS



( introduction)

A sexually  reproducing  anim als produce m i to t ic a l ly  s tan d ard ized  

o ffsp r in g  (W illiams 1975) which a re  g e n e tic a lly  id e n t ic a l ,  bu t se x u a lly  

produced o ffsp r in g  share  e x a c tly  o n e-h a lf t h e i r  genes w ith  t h e i r  paren ts  

and an average o f o n e-h a lf w ith  t h e i r  f u l l  s ib s  (Hamilton 1964a). The 

re la te d n e ss  of an  in d iv id u a l to  o th e r  members of i t s  sp ec ies  may be one 

f a c to r  a f f e c t in g  i t s  behaviour toward them (Hamilton 1964a, 1964b).

Because in d iv id u a ls  a re  l ik e ly  to  maximize re p re s e n ta tio n  of t h e i r  genes 

in  succeeding g en era tio n s (W illiams I 966; T riv e rs  1972), an organism 

may cooperate w ith  o r a id  an o th er i f  th e  second in d iv id u a l i s  a  c lo se  

r e l a t iv e  c a rry in g  a h igh percentage o f the  f i r s t  in d iv id u a l 's  genes 

(Hamilton 1964a, 1964b). The f i tn e s s  of th e  h e lp e r may be lowered but 

th e  f i tn e s s  of th e  r e la t iv e  being helped may be r a is e d ; thus an 

in d iv id u a l may maximize i t s  fu tu re  gene re p re se n ta tio n  through th i s  

n e p o t is t ic  behaviour. The sum of an in d iv id u a l 's  own f i tn e s s  p lu s  the  

in flu en c e  i t s  n e p o tis t ic  behaviour has on i t s  c lo se  r e l a t i v e s ' f i tn e s s  i s  

in c lu s iv e  f i tn e s s  (Hamilton 1964a, 1964b), and k in  s e le c t io n  is  s e le c t io n  

f o r  ap p a ren tly  a l t r u i s t i c  a c t i v i t i e s  among in d iv id u a ls  sharing  many genes. 

Asexual p o p u la tio n  members of id e n t ic a l  g enetic  makeup, th en , may e x h ib it 

a  h igher degree of n e p o tis t ic  behaviour toward each o th e r  than b isex u a l 

an im als .

One form of asex u al rep ro d u c tio n  is  p arthenogenesis , th e  

development of egg c e l l s  no t f e r t i l i z e d  by male gametes (U zzell 1970). 

P arthenogenetic  fem ales produce o ffsp rin g  g e n e tic a l ly  id e n t ic a l  to  

them selves. For th i s  reaso n  parthenogenetic  organisms possess id e n t ic a l  

genes i f  th ey  a re  from one clone and may be le s s  ag g ress iv e  and more
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n e p o tis t ic  toward each other than sexu a lly  reproducing organisms.

As w ell as  being g e n e tic a l ly  id e n t ic a l ,  parthenogenetic  

p o p u la tio n s  d i f f e r  from se x u a lly  reproducing p o p u la tio n s  by being 

a ll- fe m a le .  The lack  of males in  parth en o g en etic  popu la tions may 

c o n tr ib u te  to  lower lev e ls  o f  a g o n is t ic  behaviour among members because 

males a re  o f te n  more agg ress iv e  th an  fem ales (W illiam s I 966) .  Thus 

th e re  a re  two f a c to r s ,  high g en e tic  re la te d n e ss  and absence of m ales, 

t h a t  may a f f e c t  th e  behaviour of parthenogenetic  anim als and in flu en c e  

them to  behave le s s  ag g ress iv e ly  and more n e p o t i s t i c a l ly  toward each 

o th e r  th an  b ise x u a ls .

Among vertebrates a ll-fem a le  populations of f i s h ,  amphibians 

and r e p t ile s  are known to  occur n aturally  (U zzell 1970; White 1970). 

Although the ecology of unisexual vertebrate populations has been w ell 

studied  (e .g .  Moore & McKay 1971; Vrijenhoek 1978 fo r  f ish e s ;  U zzell 

1964; U zzell & G oldblatt 1967 for amphibians; Wright & Lowe I 968; 

C uellar 1977» 1979; Schall 1976, 1977 for  r e p t i le s ) ,  l i t t l e  more than 

anecdotal observations have been reported on behaviour o f unisexual 

vertebrates except fo r  f is h  populations of the genus P o e c ilio p s is  

(McKay 1971). McKay did not address the e f fe c t  o f u n isexu ality  on 

n ep o tis t ic  or nonaggressive behaviour, so the hypotheses that genetic  

u n ity  and lack o f males in  a population decrease a g o n istic  behaviour 

have not yet been tested .

I in vestigated  the e f fe c t s  of parthenogenesis and absence of 

males on the behaviour of w h ip ta il liza rd s (genus Gnemidophorus) . At 

le a s t  13 species reproduce parthenogenetically  (Cole 1975). Eight of 

them are found bep^^en the Rocky Mountains and S ierra  Madre (Wright &
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Lowe 1968) w ith  th e  Rio Grande V alley of New Mexico as th e  c e n te r  of 

d is t r ib u t io n .  U nisexual members of th e  genus were unknown u n t i l  M aslin 

(1962) rep o rted  th a t  he c o lle c te d  on ly  fem ales o f s ix  sp e c ie s  and 

hypothesized  th a t  th e  l iz a rd s  were rep roducing  w ithout m âles. S everal 

s tu d ie s  have confirm ed th a t  some members o f th e  genus Gnemidophorus 

reproduce p a r th e n o g e n e tic a lly  (C u ella r I 968; M aslin 1971; Cole &

Townsend 1977).

The 100 p e rc e n t g en e tic  re la te d n e ss  o f in d iv id u a ls  in  w h ip ta il 

popu la tions has been confirm ed by h is to c o m p a tib il i ty  s tu d ie s  (M aslin 1967; 

C u e lla r  1976, 1977) and chromosome s tu d ie s  (Cole 1979). The re la te d n e ss  

i s  probably m aintained through p rem eio tic  en d o d u p lica tio n , b u t the  

mechanism has been s tu d ie d  in  only one female of one parth en o g en e tic  

sp ec ies  (C uella r 1971). R ecently  d a ta  from e le c tro p h o re tic  s tu d ie s  have 

c a s t  doubts on th e  g e n e tic  u n ity  of po p u la tio n s  of one parthenogenetic  

sp e c ie s , G, te s s e la tu s  (Parker & S elander 1976; P arker 1979a), and th i s  

evidence w i l l  be d isc u sse d  l a t e r .

While th e  probable genetic  re la te d n e ss  of in d iv id u a ls  in  

popu la tions of a l l- fe m a le  w h ip ta il l i z a r d s  i s  100 p e rc e n t, th e  o r ig in  

o f th e se  parth en o g en e tic  "spec ies" appears to  be by h y b r id iz a tio n  of 

two b ise x u a l sp e c ie s . Numerous s tu d ie s  have in d ic a te d  th a t  one 

complement of chromosomes i s  id e n t ic a l  to  th e  chromosomes of one 

b ise x u a l sp e c ie s , and th e  o th er one o r two complements (some w h ip ta il 

parthenogens a re  t r i p l e i d )  a re  id e n t ic a l  to  th e  chromosomes of ano ther 

b ise x u a l sp ec ies  (Lowe & Wright 1966a ,  1966b; Wright & Lowe 1967; Lowe 

e t  a l ,  I 97O; Bickham e t  a l ,  1976). E le c tro p h o re tic  in v e s tig a tio n s  

(Neaves & G erald 1968, 1969; Neaves 1969; .icKinney e t  a l ,  1973),
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h is to c o m p a tib il i ty  s tu d ie s  (C u e lla r  & McKinney 1976) and most r e c e n tly  

exam ination of m itochondria l DM (Brown & Wright 1979) have confirm ed th e  

hybrid  o r ig in s  o f parthenogenetic  Gnemidophorus p o p u la tio n s.

Methods

Subjects

Because parthenogenetic  w h ip ta ils  a re  h yb rid  sp e c ie s , one 

chromosome complement w i l l  be id e n t ic a l  to  th a t  o f  each p a re n ta l 

b ise x u a l s p e c ie s . These r e la t io n s h ip s  allow  b eh av io u ra l comparisons o f 

c lo s e ly  r e la te d  sp e c ie s . To in v e s t ig a te  th e  e f f e c ts  o f parthenogenesis  

and la ck  o f males on w h ip ta il  l i z a r d  behaviour, I  chose to  study  

Gnemidophorus te s s e la tu s  and Ç. neomexicanus (parthenogens) and the  

b ise x u a l C. s e x lin e a tu s . D ip lo id  C. te s s e la tu s  in d iv id u a ls  a re  hybrids 

between two b isex u a l sp e c ie s , C. sep te m v itta tu s  and Ç. t i g r i s  (Wright & 

Lowe 1964; Lowe e t  a l .  1970; P arker & Selander 1976). In  n o r th e a s te rn  

New Mexico and so u th ea ste rn  Colorado d ip lo id  G. te s s e la tu s  in d iv id u a ls  

a p p a ren tly  encountered b ise x u a l Ç. se x lin e a tu s  p o p u la tions and h y b rid ised , 

producing t r i p l o i d  popu la tions o f Ç. te s s e la tu s  w ith  chromosome 

complements from th re e  d i f f e r e n t  b isex u a l p a ren ts  (Wright & Lowe 1967; 

P arker & S elander 1976). Gnemidophorus neomexicanus i s  a d ip lo id  

parthenogen d eriv ed  from b ise x u a l Ç. in o rn a tu s  and G. t i g r i s  (Lowe & 

W right 1966a ) .  R e la tio n sh ip s  o f th ese  w h ip ta il complexes a re  diagrammed 

in  F ig . 1.

I  chose Ç. se x lin e a tu s  as  th e  b isex u a l s tu d y  spec ies  because 

more i s  known about i t  b eh av io u ra lly  than  any o th e r  w h ip ta il sp e c ie s . 

In v e s tig a tio n s  by F itc h  (1958), Hardy ( I 962) , C arpen ter ( I 96O, I 962) 

and B rackin  (1976, 1978) have e s ta b lis h e d  b as ic  behav iou ra l p a tte rn s  f o r
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th e  sp ec ie s . Gnemidophorus te s s e la tu s  was chosen because i t  was 

d eriv ed  from and a lso  hy b rid ised  w ith  C. s e x lin e a tu s . Townsend (1979) 

and Cole (p e rs . comm.) suggested Ç. neomexicanus in d iv id u a ls  a re  more 

aggressive  toward each o th e r than  in d iv id u a ls  of most b isex u a l sp e c ie s , 

so I  s tu d ied  0 . neomexicanus to  f in d  i f  i t s  behaviour co n trad ic ted  the  

the  p re d ic tio n s  o f k in  s e le c tio n  th eo ry . C. t i g r i s , a  p a re n ta l sp ec ies  

of both  parthenogens, was not s tu d ie d  because of d i f f i c u l t i e s  in  

cap tu rin g  enough unharmed in d iv id u a ls  fo r  b eh av io u ra l in v e s tig a tio n s .

C o llec tio n  S ite s

D ip lo id  Ç, te s s e la tu s  and Ç. sex lin e a tu s  were c o lle c te d  a t  

Conchas Lake S ta te  Park, San Miguel County, New Mexico. The s i t e  

rep re sen ts  a p o te n t ia l  h y b r id is a tio n  zone between th e  two spec ies  

(F ig . 2 ) .  T r ip lo id  G. te s s e la tu s  in d iv id u a ls  were c o lle c te d  a t  th e  

Fremont County S a n ita ry  L a n d fill ,  near F lorence, Fremont County,

Colorado; a l l  known popu la tions c o lle c te d  in  th e  Arkansas R iver V alley  

of Colorado a re  t r i p lo id  (Parker & Selander 1976). I  confirmed th e  

p lo idy  le v e l o f th e  Fremont County l iz a rd s  by measuring RBC n u c le i 

d iam eters and comparing them to  RBC n u c le i of Ç. te s s e la tu s  specimens 

from Conchas Lake which a re  known to  be d ip lo id  (W ilbur 1976; P arker & 

Selander 1976). Cnemidophorus neomexicanus was c o lle c te d  along Tramway 

Boulevard in  n o rth e a s t Albuquerque, San B e rn a li l lo  County, New Mexico 

(F ig . 2 ).

W hiptails are  f a s t ,  wary l iz a rd s  which a re  d i f f i c u l t  to  cap tu re  

un in ju red . To avoid  harming in d iv id u a ls , l iz a rd s  were c o lle c te d  usin g  a 

hardware c lo th  fence approxim ately 35 cm high and k  m long (C u e lla r 1971). 

Animals were herded in to  the  fence by two to  f iv e  persons and th en  caught
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by hand. No l iz a rd s  were p h y s ic a lly  damaged, except fo r  o ccasional t a i l  

lo s s e s ,  and many w h ip ta ils  could  be cap tu red  in  a  sh o rt tim e using th is  

method.

Experim ental Procedure

The c o lle c te d  w h ip ta ils  were housed indoors a t  th e  Animal 

Behavior Laboratory, Department o f Zoology, U n iv e rsity  o f Oklahoma,

Norman, in  38-  to  1 8 9 - l i t r e  t e r r a r i a  co n ta in in g  sandy s u b s tra te s .  L izards 

were fed  c r ic k e ts  and mealworms ad lib itu m , and cover, w ater and su n lig h t 

were provided to  a l l  t e r r a r i a .

I  used fo u r  3 x 3 x 1-m outdoor galvanized  m etal enclosures fo r  

o b se rv a tio n s . The enclosu res co n ta in ed  a sandy s u b s tra te  th a t  was 

c le a re d  of most v eg e ta tio n . In  each enclosure two 39 x 19 x 19-cm 

concre te  b lo ck s, two rocks approxim ately  20 x 20 x 10 cm and a board 

approxim ately  60 x 30 cm o ffe re d  cover; w ater was provided ad lib itu m .

I  observed th e  l iz a rd s  from a  4-m high  b lin d  placed e q u id is ta n t from the  

fo u r pens so a l l  pens could be seen a t  once. My presence d id  not seem 

to  d is tu rb  the  l iz a r d s .

I  recorded behav iou ra l d a ta  on 25 d ip lo id  Ç. t e s s e la tu s , 25 

t r i p l o i d  Ç. t e s s e la tu s , 25 G. neomexicanus and 75 Ç. se x lin ea tu s  

in d iv id u a ls .  The th re e  p arthenogenetic  groups were each d iv ided  in to  

f iv e  r e p l ic a te s  of f iv e  l iz a r d s .  The b isex u a l l iz a rd s  were d iv ided  

in to  th re e  groups o f 25 l iz a r d s ,  and those  groups were d iv id ed  in to  f iv e  

r e p l ic a te s  of f iv e  l iz a rd s .  The th re e  G. sex lin ea tu s  groups (fiv e  

r e p l ic a te s  in  each) were; ( l )  a l l  fem ale l iz a r d s ,  (2 ) a l l  male l iz a rd s  

and (3 ) mixed males and fem ales (two r e p l ic a te s  of th re e  fem ales and two 

males each and th re e  r e p l ic a te s  of two fem ales and th re e  males each).
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I  th u s  observed s ix  groups of w h ip ta ils , th re e  p arth en o g en e tic  and th re e  

b ise x u a l, and each c o n s is te d  of f iv e  f iv e - l i z a r d  r e p l ic a te s .

Before i n i t i a t i n g  observations I  marked in d iv id u a ls  by enamel 

p a in t  spo ts  on t h e i r  d o rsa  and bands of la b e lin g  tap e  around th e i r  t a i l s .  

Even w ith  th e  double marking system some l iz a rd s  shed or rubbed o ff  a l l  

marks w ith in  s e v e ra l days and had to  be cap tu red  and rem arked. I  a lso  

reco rded  th e  sex and measured th e  sn o u t-v en t len g th  o f each l iz a rd  

(Leuck 1980, Appendix B ).

The f iv e  l iz a r d s  o f a  r e p l ic a te  were p laced  in  an enclosure and 

allow ed to  h a b itu a te  f o r  a t  le a s t  24 h r .  Then each r e p l ic a te  was 

observed fo r  tw enty 20-min perio d s. During th e  f i r s t  seven observation  

p e rio d s  cover (concre te  b locks, ro ck s, board) was a v a i la b le  fo r  the  

l iz a r d s  (Treatment l ) .  Approximately every o th e r day a f t e r  observations 

were te rm inated  c r ic k e ts  were fed  to  th e  l iz a r d s .  For th e  next seven 

p e rio d s  (Treatment 2) two c r ic k e ts  per p e rio d  were o ffe re d  to  c re a te  a  

p o te n t ia l  food com petition  s i tu a t io n .  During th e  rem aining s ix  periods 

(Treatm ent 3) a l l  cover was removed, and c r ic k e ts  were o ffe re d  only a t  

th e  end of d a i ly  o b se rv a tio n s . O bservations began on any one r e p l ic a te  

in  th e  fou r enclosu res when more than  two l iz a rd s  were above ground.

Then r e p l ic a te s  were observed randomly accord ing  to  which r e p l ic a te  

co n ta ined  the  most number of l iz a rd s  above ground. D aily  observations 

te rm in a ted  when l iz a rd s  went under ground f o r  the  day. No re p l ic a te  was 

observed fo r  more th an  140 min (seven p e rio d s) on any one day (X = 3I min; 

SD = 26 min; N = 234 days; a given day could  be counted more than once 

because up to  fo u r r e p l ic a te s  might be observed on th a t  d a y ) , and 

observa tions on each r e p l ic a te  were completed in  s ix  to  11 days. The
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l iz a r d s  were observed June to  September 1977“! 979i u su a lly  from 8 .30 to  

14.30  hours, C en tra l S tandard Time, when w h ip ta ils  are  most a c t iv e  

(Leuck MS).

I  recorded  th e  fo llo w in g  da ta  on checksheets du ring  each 

20-min o b serv a tio n  period : ( l )  agg ressive  in te ra c t io n s — reco rd ed  by 

which l iz a r d  supplanted  (d isp la ce d  another l iz a r d  in  sp ace ), chased or 

b i t  which o th e r  l i z a r d , (2 ) c o - re s t in g — i f  two o r more l iz a r d s  re s te d  

w ith in  15 cm o f each o th e r , (3 ) which l iz a rd s  captured  c r ic k e ts  o ffe re d  

during  Treatm ent 2 (c r ic k e t  p e r io d s ) , (4) a c t i v i t y — recorded  f o r  each 

l iz a r d  above ground as basking  o r r e s t in g  in  shade; fo rag in g  in  sun or 

shade and (5 ) fo llow ing  of one l iz a r d  by a n o th e r. The ag g ress iv e  

in te ra c t io n  d a ta  were used to  determ ine dominance re la t io n s h ip s .  A 

p o rta b le  c a s s e t te  tape re c o rd e r  was used to  reco rd  o b servations not 

l i s t e d  on th e  checksheet, such as  prolonged f ig h t in g ,  lack  o f ag g ress io n  

during  c r ic k e t  periods or c lo a c a l  rubbing (Leuck unpub1. d a ta ) .

A nalysis

A nalysis of v a rian ce . Student-Newman-Keuls t e s t ,  ch i-sq u a re  

goodness o f f i t  t e s t ,  Pearson product-moment c o r re la t io n  c o e f f ic ie n t  and 

Wilcoxon two-sample t e s t  were used to  analyse  r e s u l t s  (Sokal and Rohlf 

1969) . Raw d a ta  on which s t a t i s t i c a l  t e s t s  were performed a re  l i s t e d  in  

Appendices A to  G of Leuck ( I 98O). Because a l l  f iv e  l iz a rd s  of a  

r e p l ic a te  were not above ground during each observa tion  p e r io d , I  derived  

a v a r ia b le  c a l le d  " liz a rd -p e r io d s"  to  s tan d a rd ize  comparisons o f d a ta  

among s ix  groups. A l iz a rd -p e r io d  is  one l iz a r d  above ground fo r  one 

20-min o b serv a tio n  period . During observ atio n  periods th e  above-ground 

number of l iz a rd s  in  a r e p l ic a te  v a ried  from two to  f iv e .  I f  th e  number
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o f l iz a rd s  above ground in  each period  i s  summed fo r  a l l  20 ob serv atio n  

p e rio d s , v a lu es  can range from 40 (two l iz a r d s  p e r period  x 20 p erio d s) 

to  100 ( f iv e  l iz a rd s  p e r  period  x 20 p e r io d s ) . This value was c a lc u la te d  

fo r  each r e p l ic a te .  A ctual l iz a rd -p e r io d  va lues ranged from 52 fo r  two 

d ip lo id  Ç. te s s e la tu s  r e p l ic a te s  to  92 f o r  a  C. neomexicanus r e p l ic a te  

w ith a  mean o f  77 liz a rd -p e r io d s  per r e p l ic a te  (SD = 1 1 .2 ;  N = 30 

r e p l ic a te s ) .  D ividing th e  number of a g g ress iv e  in te ra c t io n s  and 

c o - re s tin g  o f each r e p l ic a te  by liz a rd -p e r io d s  provided s tan d a rd ized  

values fo r  th e  number o f  above-ground l iz a r d s .

I  recorded  ag g ress iv e  in te ra c t io n s  between a l l  p a ir s  of 

above-ground l iz a rd s  in  a  r e p l ic a te .  When a l l  ag g ress iv e  in te ra c t io n s  

(su p p lan tin g , chasing and b i t in g )  which l i z a r d  A won a g a in s t l iz a r d  B 

were compared to  th e  in te ra c t io n s  B won a g a in s t  A, one l iz a r d  u su a lly  

emerged dominant and one subord ina te . In  some p a ir s  th e  dominant won 

alm ost a l l  th e  in te ra c t io n s ,  bu t in  o th e r p a ir s  th e  subord inate  won 

n early  as many in te ra c t io n s  as th e  dominant. To assess  v a r ia t io n  in  th e  

number of in te ra c t io n s  won by two liz a rd s  o f a  p a i r  I  deriv ed  a dominance 

s tre n g th  index (DSl) f o r  each r e p l ic a te .  F ive l iz a rd s  per r e p l ic a te  

y ie ld  10 p o ss ib le  dyadic in te ra c t io n s .  The number of encounters won by 

th e  dominant l iz a rd  o f a  dyad i s  d iv ided  in to  encounters won by the 

subord inan t, and th e  10 dyadic in te ra c t io n s  o f l iz a rd s  in  a  r e p l ic a te  are  

summed to  d e riv e  a  DSI f o r  each r e p l ic a te  as fo llo w s;

10 /  in te ra c t io n s  won by subord inate  + 1 \
DSI = 2  I ---------------------------------------------------------  )

n = 1 '  in te ra c t io n s  won by dominant + 1  '

One i s  added to  the  num erator and denominator to  avoid ze ro es . I f  the  

dominant o f e a c d y a d  in  a  r e p l ic a te  wins most encounters w ith  the
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su b o rd in a te , th e  DSI approaches zero . I f  th e  two l iz a rd s  o f every  dyad 

in  a  r e p l ic a te  win an equal number of encounters the DSI i s  10.

Therefore lower values in d ic a te  s tro n g er dominance r e la t io n s  among th e  

l iz a rd s  o f a  r e p l ic a te .

R esu lts

A ggressive In te ra c tio n s

P arthenogenetic  in d iv id u a ls  were le s s  aggressive toward each 

o th e r th an  were b isex u a ls  (Table l ) .  Supplanting  was th e  most common 

ag g ress iv e  in te ra c t io n  in  a l l  groups, and b i t in g  the le a s t  common. Male 

Ç. s e x lin e a tu s  r e p l ic a te s  had th e  h ig h est r a t e s  of sup p lan tin g  b u t 

in d iv id u a ls  in  mixed-sex Ç. se x lin e a tu s  r e p l ic a te s  chased and b i t  more 

th an  l iz a rd s  in  o th er groups. Rates of a l l  aggressive  encounters were 

h igher in  b isex u a l th an  in  parthenogenetic  g roups, but chasing  and b i t in g  

r a te s  in  b isex u a l groups were not s ig n i f ic a n t ly  d if f e re n t  from each o th e r .

The percentage of t o t a l  aggressive  in te ra c tio n s  o f each type is  

shown in  F ig . 3- A h igher percentage of t o t a l  in te ra c tio n s  was 

a t t r ib u ta b le  to  su p p lan tin g , a  "mild" ag g ress iv e  a c t ,  in  parthenogenetic  

groups th an  in  b isex u a l groups. T r ip lo id  Ç. te s s e la tu s  in d iv id u a ls  

r a r e ly  chased and b i t  ( le s s  th an  0 .4  p e rc e n t) , but in  mixed-sex 

r e p l ic a te s  32 percen t o f a l l  in te ra c t io n s  were chasing and b i t in g  (more 

"v io le n t"  a c ts  than  su p p lan tin g ). N ineteen percen t of the  in te ra c t io n s  

in  d ip lo id  G. t e s s e la tu s , 10 percen t in  G. neomexicanus. 24 p ercen t in  

female G. se x lin e a tu s  and 26 percen t in  male G. sex lin ea tu s  r e p l ic a te s  

were chasing  and b i t in g .

The r a te s  o f su p p lan tin g , chasing and b i t in g  d id  not vary  

s ig n i f ic a n t ly  among trea tm en ts  w ith two excep tions. During Treatm ent 2
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(cr ick e ts  offered  as fo o d ), d ip lo id  G. te s se la tu s  rep lica tes  chased more 

and Ç. neomexicanus re p lica te s  b it  more. Removing structure from the 

enclosure (Treatment 3) d.id not a f fe c t  aggressive in teraction s in  any 

grou p ..

Treatm ent 2 in troduced  p o te n t ia l  com petition  among th e  f iv e  

l iz a r d s  o f a  r e p l ic a te .  When a l iz a rd  cap tu red  a  c r ic k e t ,  i t  could e a t 

th e  c r ic k e t :  ( l )  out o f s ig h t o f o th er l i z a r d s ,  (2) near o th e r l iz a rd s  

and be ignored by them o r (3) near o th e r l iz a rd s  and be chased by one of 

them. O ccasionally  a  l iz a r d  would run  under a board or rock a f t e r  

ca p tu r in g  a  c r ic k e t ,  b u t u su a lly  th e  c r ic k e t  was consumed where cap tured .

Parthenogens were more l ik e ly  to  consume c r ic k e ts  near each 

o th e r  w ithout chasing  or being chased than  were b isex u a ls  (Wilcoxon 

two-sample t e s t ;  U = 9 .0 ; P < 0 .0 5 ; F ig . 4 ) .  However, a b isex u a l w h ip ta il 

w ith  a  c r ic k e t  was chased or chased s ig n if ic a n t ly  more o fte n  than  a 

parthenogen w ith a c r ic k e t  (Wilcoxon two-sample t e s t ;  U = 9 .0 ; P < 0 .0 5 ; 

F ig . . I  observed feed in g  f re n z ie s  during  c r ic k e t  periods in  two 

d ip lo id  G. te s s e la tu s  r e p l ic a te s  and one G. neomexicanus r e p l ic a te .  

During feed in g  f re n z ie s  a l l  l iz a rd s  above ground chased each o th e r when 

one o r two of th e  f iv e  l iz a rd s  were ca rry in g  c r ic k e ts .  These f re n z ie s  

may have occurred in  parthenogenetic  r a th e r  th an  in  b isex u a l r e p l ic a te s  

because th e  dominance r e la tio n s h ip s  (d iscussed  la t e r )  were weaker among 

th e  parthenogens, and one or two l iz a rd s  d id  not dominate th e  movement 

of a l l  o th e r  l iz a rd s  in  th e  enclosure . The feed ing  f re n z ie s  undoubtedly 

c o n tr ib u te d  to  th e  s ig n i f ic a n t ly  h igher r a te s  of chasing in  d ip lo id  

G. t e s s e la tu s  r e p l ic a te s  and b i t in g  in  G. neomexicanus r e p l ic a te s  

observed d u ring  Treatm ent 2.
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The most v io le n t s o c ia l  in te ra c t io n s  were tum bling, b i t in g  f ig h ts  

(tumble f ig h ts )  which la s te d  up to  s e v e ra l seconds. No parthenogens 

were observed to  tumble f ig h t ,  bu t a l l  b isex u a l groups d id  (F ig . 5)»

The in te ra c t io n  d id  not seem to  be a  component of c o u rtsh ip  because more 

male th an  m ale-fem ale p a irs  tumble fo u g h t, and co p u la tio n  was no t seen to  

fo llow  tumble f ig h t in g  between males and fem ales. However, tumble 

f ig h tin g  was more common between males in  th e  mixed-sex C_. se x lin e a tu s  

th an  in  th e  a ll-m a le  group. The d iffe re n c e  may be due to  com petition  

among males in  th e  mixed-sex group to  insem inate fem ales (W illiam s 1966). 

Because no fem ales were p re sen t in  th e  a ll-m a le  r e p l ic a te s ,  no 

in sem ination  com petition  was p o ss ib le .

Dominance R ela tio n sh ip s

D iffe ren ces  in  group dominance re la t io n s h ip s ,  determ ined by DSI 

v a lu es , were due to  th e  presence or absence of males (Table I I ) .  The 

fo u r  groups co n ta in in g  a l l  fem ales had s ig n if ic a n t ly  h ig h e r DSI values 

th an  d id  groups co n ta in in g  m ales, in d ic a tin g  weaker dominance 

r e la t io n s h ip s  in  each female r e p l ic a te .  In  a d d itio n , fo u r out o f f iv e  

and f iv e  out o f  f iv e  r e p l ic a te s  were organized in to  l in e a r  dominance 

h ie ra rc h ie s  in  th e  mixed-sex and male Ç. s e x lin e a tu s  groups re sp e c tiv e ly . 

None o f th e  Ç. te s s e la tu s  r e p l ic a te s  and only  one r e p l ic a te  each of the 

Ç. neomexicanus and female G. se x lin e a tu s  groups were o rgan ized  in to  

l in e a r  dominance h ie ra rc h ie s . In  th e  m ixed-sex Ç. se x lin e a tu s  r e p l ic a te s  

males dominated more l iz a rd s  than  d id  fem ales (Wilcoxon two-sample t e s t ;

U = 132.0; P < 0 .0 5 ; F ig . 6 ) .

H ierarchy p o s it io n  has been c o r re la te d  w ith body len g th  and 

a b i l i t y  to  o b ta in  food in  C. s e x lin e a tu s . C arpenter ( I 960) and Hardy
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( 1962) found no c o r re la t io n  o f  snout-ven t le n g th  w ith h ie ra rc h y  

p o s i t io n ,  h u t B rackin (1978) found h igh -rank ing  in d iv id u a ls  were longer 

th an  low -ranking l iz a r d s .  In  a l l  groups except th e  d ip lo id  Ç. te s s e la tu s  

group longer l iz a rd s  were th e  more dominant in d iv id u a ls  (F ig . 7 ) .  Hardy 

( 1962) s ta te d  th a t  dominants obtained food more r e a d ily  th an  su b o rd in a te s , 

b u t B rack in  (1978) found no such c o r re la t io n . I  found th a t  dominant 

in d iv id u a ls  of th e  t r i p l o i d  Ç. te s s e la tu s  and Ç. neomexicanus groups 

o b ta in ed  s ig n if ic a n t ly  more c r ic k e ts  than  subord ina tes  du ring  Treatm ent 

2, b u t no r e la t io n s h ip  betw een rank and food was apparent in  th e  o ther 

groups (X t e s t ;  expected v a lu es  generated  by d iv id in g  the  number of 

l iz a r d s  o f 25 in  each rank  ca tegory  [o -4 ]  by 25 [_five l iz a rd s  x f iv e  

r e p l ic a te s ]  and m u ltip ly in g  70 c r ic k e ts  [sev en  periods x two c r ic k e ts  x 

f iv e  r e p l ic a te s ]  by t h i s  v a lu e ) .

T olerance and N on-aggressive In te ra c tio n s

P arthenogenetic  w h ip ta ils  r e s te d  near each o th e r (c lo se r  than  

15 cm) more o fte n  than  d id  b isex u a l w h ip ta ils  (Table I I I ) . Two males 

r e s te d  w ith in  I 5 cm of each o th er only once, bu t in  parthenogenetic  

groups c o - re s tin g  was more freq u en t (up to  IO5 tim es in  th e  0 . neomexicanus 

group). In  the  mixed-sex Ç. sex lin ea tu s  group fem ales re s te d  near 

fem ales f iv e  tim es and nex t to  males s ix  tim es, but males r e s te d  next to  

males on ly  once.

W hiptail l iz a rd s  sometimes fo llow  each o th e r while fo rag in g .

I f  parthenogens cooperate to  f in d  food, th en  fo llow ing  should occur more 

o f te n  th a n  in  b ise x u a ls . I  found no s ig n if ic a n t  d iffe re n c e s  in  fo llow ing  

among th e  s ix  groups. The h ig h est occurrence of fo llow ing  (22) was in  

th e  m ixed-sex G. s e x lin e a tu s  group and may have been r e la te d  to  co u rtsh ip
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because males fo llow ed fem ales 17 tim es. Females follow ed males tw ice , 

fem ales fo llow ed fem ales once and males fo llow ed males tw ice . These 

values d i f f e r e d  s ig n i f ic a n t ly  from fo u r expected (average) values of

5 .5  (X^ = 32.18; P < 0 . 05) .

D iscussion

I  predicted two fa cto rs of parthenogenetic w hiptail liza rd  

population structure might influence d ifferen ces  in  behaviour between 

parthenogenetic and b isexu al groups. F ir s t ,  the high degree of  

relatedness among parthenogens was hypothesized to  increase the amount 

of n e p o tis t ic  behaviour observed, and second, the absence o f males was 

hypothesized to  decrease the amount of aggression  over that observed in  

bisexual liz a r d s .

The most obvious d ifferen ce between unisexual and b isexu al 

groups was in  aggression le v e ls .  A ll three parthenogenetic groups had 

lower supplanting, chasing and b itin g  ra tes than b isexu a ls , but b isexu al 

groups containing males had higher ra tes  than the b isexual group 

composed o f fem ales. Therefore, both fa c to r s , relatedness and male 

absence, might have contributed to  d ifferen ces  in  aggression. The same 

trend (parthenogens with lowest ra te s -  female b isexuals interm ediate- 

groups with males h igh est) was apparent among other behavioural a ttr ib u tes  

measured.

According to  kin s e le c tio n  theory unisexual w hiptail liza rd s  

should be le s s  aggressive toward each other than b isexu als. I f  

parthenogens are g e n e tica lly  id e n tic a l, being aggressive toward a 

con sp ecific  would be sim ilar to being aggressive toward one's s e l f .  

However, I  never observed a t o ta l  lack of a g o n istic  behaviour among
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parthenogens. I f  no aggression had been observed, i t  would appear that 

the genetic relatedness o f  the individuals strongly influenced s o c ia l  

in teraction s and absence o f males was probably not an important factor. 

Aggression was not absent but le v e ls  d iffered  among unisexual and bisexual 

groups. Whether genetic s im ila r ity  or absence of males was more important 

in  determining a p articu lar behavioural a ttr ib u te  thus became a problem 

b est solved  by s t a t i s t i c a l  a n a ly sis . I f  the degree of related n ess of the 

parthenogens was the in flu en cin g  fa cto r , then the three parthenogenetic 

groups would be more s im ilar  to  each other in  behaviour than they would 

be to  the b isexu al groups. I f  the lack of males influenced d ifferen ces  

of a p articu lar behavioural a ttr ib u te , then the a ll-fem ale  Ç. sex lin eatu s  

group would more c lo se ly  resemble the parthenogens than i t  would 

con sp ecific  groups containing males.

The genetic related n ess o f the parthenogens seemed to  a ffe c t  

d ifferen ces in  aggression ra tes of a l l  types among groups (Table IV). 

Either the three parthenogenetic groups d iffered  s ig n if ic a n tly  from the 

three b isexu al groups (chasing and b it in g ) , or the combined data for the 

unisexual groups d iffered  s ig n if ic a n tly  from the combined b isexu al group 

data (tumble f ig h tin g , chases involving a liza rd  with a cr ick et or eating  

near other lizard s without in tera ctio n ). A high percentage of aggressive  

acts  con sisted  of supplanting (a "mild" aggressive in teraction ) in  

parthenogenetic groups, but in  b isexual groups more in teraction s were 

attr ib u ta b le  to chasing and b itin g  ("violent" aggressive a c ts)  than in  

unisexual groups. When parthenogens engaged in  aggressive a c ts , they 

were more l ik e ly  to engage in  le s s  v io len t in teraction s than were 

G. sex lin eatu s in d iv idu als. Variations in  co -restin g , a benign
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in te ra c t io n ,  a lso  seemed to  be a f fe c te d  by the  re la te d n e ss  of the  

parthenogens because c o - re s tin g  means of the b ise x u a l groups d id  not 

d i f f e r  s ig n if ic a n t ly .

In  c o n tr a s t ,  th e  a ll-fe m a le  C. se x lin e a tu s  group more c lo se ly  

resem bled th e  u n isexua l groups in  form ation and maintenance of dominance 

h ie ra rc h ie s .  The presence of males seemed to  in flu en c e  the  maintenance 

o f a  s t r i c t  s o c ia l  o rd er such as  a  l in e a r  dominance h ie ra rch y . Although 

Ç. se x lin e a tu s  fem ales were alm ost a s  ag g ressive  as m ales, h ig h er-ran k in g  

in d iv id u a ls  d id  not always win ag g ress iv e  encounters w ith low er-ranking 

in d iv id u a ls . I f  dominant 0 . sex lin ea tu s  males always won over 

subord inate  m ales, th en  DSI values fo r  th e  f iv e  r e p l ic a te s  would have 

approached zero . In s tead  values averaged 3*3i which im plies males a lso  

d id  not have a p e r fe c t  h ie ra rch y  in  which dominants always won. B rackin  

(1978) re p o rte d  th a t  dominant G. se x lin e a tu s  males were never chased or 

b i t t e n  by sub o rd in a tes  bu t th i s  was not the  case in  my study.

I f  parthenogenetic  w h ip ta ils  a re  100 p e rcen t r e la te d  to  each 

o th e r , why d id  th ey  not behave n e p o t is t ic a l ly  toward each other? In  

f a c t ,  they  not only  were n o n -n ep o tis ts , bu t a lso  o ccas io n a lly  fough t.

P a r t  of th e  problem may l i e  w ith th e  assum ption th a t  populations of 

u n isexua l w h ip ta ils  a re  g e n e tic a lly  id e n t ic a l .  When Parker and S elander 

(1976) examined d ip lo id  popu la tions o f G. te s s e la tu s  e le c tro p h o re t ic a l ly ,  

th ey  found th a t  in d iv id u a ls  v a ried  a t  s ix  of 21 l o c i  s tu d ie d , in d ic a tin g  

th e  ex isten ce  of 12 p o ss ib le  c lo n es . In  com bination w ith m orphological 

v a r ia t io n  p rev io u s ly  s tu d ied  by Zw eifel ( I 963) , p o ss ib ly  17 d i s t in c t  

c lones o f d ip lo id  G. te s s e la tu s  populations e x is t  (Parker 1979a-).

P arker and ce lan d er (1976) and Parker (1979a., 1979b) proposed thaù :he
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e x is t in g  d ip lo id  G. te s s e la tu s  c lones may have a r is e n  hy m u ltip le  

h y b r id is a tio n  even ts , m utation o r recom bination. At Conchas Lake, where 

d ip lo id  Ç. te s s e la tu s  in d iv id u a ls  were c o lle c te d  f o r  my s tu d y , up to  

seven c lones may in h a b it a reas  around the  r e s e rv o ir ,  and th e se  c lones may 

have had m u ltip le  o r ig in s  (Parker 1979a). P arker (1979b) suggested  th a t  

Ç, t i g r i s  and Ç. se p te m v itta tu s , which h y b rid ised  to  produce th e  d ip lo id  

Ç, te s s e la tu s  form, had once in h ab ited  n o r th e a s te rn  New Mexico. They 

h y b rid ised  many tim es in  th e  reg io n , then fo r  unknown reasons receded 

southward to  where they  a re  now sym patric in  th e  Texas Big Bend re g io n , 

leav in g  c lones o f Ç. te s s e la tu s  in  n o rth e a s te rn  New Mexico (P arker 1979b).

T r ip lo id  Ç. te s s e la tu s  populations may re p re se n t only  one clone 

because P arker and Selander (1976) and Parker (1979a) found no genotypic 

v a r ia t io n  in  t r ip lo id  popu la tions s tu d ie d . The pop u la tio n  I  used in  th i s  

s tudy  was not examined by P arker and Selander, b u t p h en o ty p ica lly  i t  

conforms to  Z w eife l's  ( I 965) P a t te rn  C lass B d e s c r ip tio n . Other P a t te rn  

C lass B popu la tions examined by P arker and S elander (1976) composed one 

c lo n e . T herefore th e  t r i p l o i d  in d iv id u a ls  I  used a re  l ik e ly  to  be from 

a  s in g le  c lone.

I f  d ip lo id  Ç. te s s e la tu s  in d iv id u a ls  vary  g e n e tic a l ly  and 

t r i p l o i d  in d iv id u a ls  do n o t, th en  d ip lo id  l iz a rd s  may be more ag g ress iv e  

than  t r ip lo id s  because t h e i r  confidence of g en e tic  re la te d n e ss  i s  low er. 

R ates o f supp lan ting  a re  h igher in  t r ip lo id  C. te s s e la tu s  r e p l ic a te s  

(Table l ) ,  bu t r a te s  of "v io le n t"  agg ressive  in te ra c t io n s ,  chasing  and 

b i t in g ,  a re  h igher in  d ip lo id  r e p l ic a te s .  A h ig h er percentage of t o t a l  

ag g ress iv e  in te ra c tio n s  i s  a t t r ib u ta b le  to  chasing  and b i t in g  in  th e  

d ip lo id  r e p l ic a te s  (F ig . 3)* Tiv: feeding f re n z ie s  were observed in
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d ip lo id  r e p l ic a te s  bu t none in  t r i p lo id  r e p l ic a te s  (F ig. 4 ) ,  and t r i p l o i d  

checkered w h ip ta ils  c o -re s te d  over tw ice as  many tim es as d ip lo id  l iz a rd s  

(Table I I I ) .  However, th e  average DSI value f o r  th e  d ip lo id  Ç. te s s e la tu s  

group was h ig h er th an  th e  t r ip lo id  C. te s s e la tu s  group value in d ic a t in g  

weaker dominance r e la t io n s h ip s  among th e  l iz a r d s  le s s  r e la te d  to  each 

o th e r . Also p u zz lin g  was th e  f a c t  th a t  th e  d ip lo id  group was th e  only  

one no t to  show a  s ig n i f ic a n t  c o r re la t io n  o f  s iz e  w ith h ie ra rch y  p o s it io n .

G en era lly , more c lo se ly  r e la te d  l iz a r d s  were le s s  ag g ress iv e  

toward and more to le r a n t  o f each o th e r , b u t coopera tion  as p re d ic te d  by 

k in  s e le c t io n  th eo ry  was never observed. Even i f  in d iv id u a ls  o f a  

p o p u la tio n  sh are  a l l  t h e i r  genes, th e se  genes a re  derived  from two to  

th re e  se p a ra te  chromosome s e ts  of a n c e s tra l  b ise x u a l sp ec ies . These 

chromosomes come from in d iv id u a ls  norm ally in  com petition fo r  re so u rces  

and ca rry in g  no gene com binations promoting nepotism , and th e re  may not 

have been enough tim e fo r  the  r e s u l t in g  parthenogenetic  spec ies  to  

accum ulate m utations a f fe c t in g  n e p o tis t ic  behav iour. P arthenogenetic  

w h ip ta ils  may be 12 000 years o ld  (A x te ll 1966) o r they  may have 

developed as l a t e  as 200 B.P. when domestic c a t t l e  destroyed southw estern  

U nited S ta te s  g rass lan d s  c re a tin g  d is tu rb e d  "weedy" h a b ita ts  where 

b ise x u a l sp e c ie s  may have come in  co n tac t and th e  r e s u l t in g  h y b rid  

parthenogens th r iv e d  (Wright & Lowe 1963; Lowe e t  a l .  1970; P ark er & 

Selander 1976). These p o ssib le  re c e n t o r ig in s  of parthenogenetic  

w h ip ta ils  might account fo r  th e i r  lack  of n e p o t is t ic  behaviour and the  

presence o f low ag g ress io n  le v e ls  even in  t r i p l o i d  Ç. te s s e la tu s  

in d iv id u a ls  100 p ercen t r e la te d  to  each o th e r .

However, k in  s e le c t io n  theory  may s t i l l  apply  : : -:he behaviour
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o f parthenogenetic  w h ip ta il  l iz a rd s .  A ggression, though p re se n t, 

occurred  a t  s ig n i f ic a n t ly  lower le v e ls  th an  in  b ise x u a l w h ip ta ils .  The 

s tro n g e s t evidence su p p o rtin g  th e  o p era tio n  of k in  s e le c t io n  on 

parthenogenetic  po p u la tio n s  comes from th e  t o t a l  lack  o f tumble f ig h tin g  

in  a l l  th re e  un isex u a l groups. T herefo re , a lthough  nepotism  was not 

observed, n e ith e r  was e s c a la te d  f ig h tin g  which was commonly seen  in  

b isex u a l w h ip ta ils . There seems to  be evidence th a t  parthenogenetic  

w h ip ta ils  t r e a t  c o n sp e c ific s  as  i f  they  were c lo se  r e l a t iv e s .

O pportun ities  f o r  parthenogens to  a c t  n e p o t i s t ic a l ly  may be 

lim ite d  due to  th e  lack  o f s o c ia l i ty  in  w h ip ta il  l i z a r d s .  No p a re n ta l  

ca re  of eggs and young occur in  any known w h ip ta i ls ,  so parthenogens 

probably  do not share  d u tie s  w ith  r e la t iv e s  in  r a i s in g  young. Food 

donating  or sh a rin g  would be one p o ss ib le  n e p o t is t ic  a c t ,  b u t t h i s  

phenomenon was never reco rd ed . Perhaps a llow ing  a n o n sp ec ific  to  e a t a 

food item  (c r ic k e t)  w ithou t a ttem pting  to  s t e a l  i t  i s  a  n e p o tis t ic  a c t ,  

p a r t ic u la r ly  on th e  p a r t  of a dominant in d iv id u a l which would otherw ise 

secure a l l  food item s f o r  i t s e l f .  Crews and F itz g e ra ld  (1980) may have 

observed nepotism  in  parthenogenetic  G. u n ip a ren s , Ç. velox and 

Ç. te s s e la tu s  in d iv id u a ls .  Females not re p ro d u c tiv e ly  a c t iv e  (no yolking 

f o l l i c l e s )  mounted and pseudocopulated w ith c o n sp e c ific s  w ith la rg e  

p reo v u la to ry  f o l l i c l e s .  Crews and F itz g e ra ld  ( I 98O) propose t h i s  

behaviour may be n ecessary  to  prime th e  re p ro d u c tiv e ly  a c t iv e  l iz a r d  fo r  

egg -lay ing . I f  th i s  hyp o th esis  i s  c o r re c t ,  th en  th e  l iz a rd  a c tin g  l ik e  

a  male may b e n e f i t  from i t s  m asculine behaviour because the  egg -lay ing  

female passes genes shared  by both  l iz a rd s  on to  her o f fsp rin g . However, 

I  d id  not observe such ''_esb ian" behaviour in  my study.
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An anim al cannot be a n e p o tis t  i f  i t  does not defend a reso u rce  

which i t  may re lin q u is h  to  an o th er in  an a c t o f nepotism. North American 

w h ip ta il l iz a rd s  do not m ain tain  t e r r i t o r i e s  (F itc h  1958; C arpen ter I 96O; 

Hardy 1962; Stamps 1977), and I  d id  not observe them defending food 

re so u rc e s , burrows, basking s i t e s  or eggs and young. Because 

Cnemidophorus sp ec ies  a re  a c t iv e  fo rag e rs  they  do not defend s ta t io n a ry  

food sou rces, and burrows seem r e la t iv e ly  easy to  d ig , so th ey  may not 

be defended e i th e r  (Stamps 1977). Not only , th e n , does th e  lack  of 

defense reduce th e  o p p o rtu n ity  f o r  n e p o tis t ic  behaviour, b u t i t  a lso  

reduces th e  p o ss ib le  sources o f agg ress io n  in  a  w h ip ta il l iz a r d  

p opu la tion .

However, males seem to  defend fem ales, and m ales' ag g ressiv en ess 

toward each o th e r  may be due to  each one defending a female or fem ales to  

a ssu re  h im self a  co p u la tio n  to  pass on h is  genes. Male ag g ress iv en ess  

may be g e n e tic a l ly  mediated (W illiams I 966) , so aggression  le v e ls  a re  

high even in  a ll-m a le  groups o f w h ip ta ils .

I  observed co p u la tio n  in  the mixed-sex G. sex lin e a tu s  r e p l ic a te s  

fo u r tim es. In  one case the  second rank ing  male began co p u la tin g  but 

was dragged o f f  th e  female by th e  h ig h est rank ing  male, who then  

copulated  w ith th e  same fem ale. On ano ther occasion  the h ig h e s t ranking  

male found and copulated  w ith a  female ju s t  seconds a f te r  th e  second 

ranking  male had mated w ith h e r . Thus male aggressiveness may be r e la te d  

to  a ttem pts to  c o n tro l a d e fe n s ib le  l im ite d  reso u rce  and may a lso  involve 

sperm com petition  to  assu re  f e r t i l i z a t i o n  by o n e 's  own gametes over those 

of a  com petito r. Because co p u la tio n  i s  not a  normal component o f th e  

parthenogens' s o c ia l  o rg an iz a tio n , one opportunicy  fo r  the  e x is te n c e  of
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nepotism  by sh a rin g  or s a c r i f ic in g  mates i s  m issing.

In  conclusion , k in  s e le c t io n  may in flu en ce  some a sp e c ts  of the 

behaviour o f parthenogenetic  Cnemidophorus sp e c ie s , a lthough i t  may not 

be p o ss ib le  to  sep ara te  th e  e f f e c ts  o f g en e tic  re la ted n e ss  from th e  

absence o f males in  parthenogenetic  p o p u la tio n s . A ggressive in te ra c t io n s ,  

p a r t ic u la r ly  e sc a la ted  f ig h t in g ,  were s ig n if ic a n t ly  le s s  common in  

u n isex u a ls  th an  b ise x u a ls , b u t h ie ra rch y  r e la t io n s h ip s  depended on the 

presence of m ales. My o b serv a tio n s  suggest th a t  k in  s e le c t io n  may be 

o p e ra tin g  on th e se  l iz a rd s  to  reduce agg ressiveness so mature members of 

a  parth en o g en e tic  pop u la tio n  have an o p p o rtu n ity  to  tra n sm it genes 

shared w ith  a l l  o th e r members o f t h e i r  p o p u la tio n  to  succeeding 

g en e ra tio n s .
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T i'ala I .  Mean C ecurrsaces ; e r  L l ia s i-p a r lo d  (2ae Taxa) o f  S u p p la a t la ; ,  Ckaaiag ard  2 1 t lr ^  Ir, S ix  Croups

o f  V h la ta ll  Lioaria'*___________________________________________________

S u ro la a tin g

51? T2S 5SX? TSS ’ISO 7  SEX XIX SEX X SEX

0 .73  1.00 1 .23  1 .2 5  l.W . 2.2k

(0 .4 2 -1 .0 3 )  Co.33-1 .16) (0 .9 1 -1 .5 4 )  (O .So-1.63) (0 .4 1 -2 .4 7 ) (0 .9 2 -3 .5 6 )

Chasi.gr

5P.I? TES :i3C 51? TES 7 SEX X SEX XEC SEX

C.03  O.CS 0 .1 5  0 .2 5  0.51 0 .5 I

( .0 .0 1 -3 .0 2 )  ( c . : c - 3 . 15) (0 .0 1 -0 .3 1 )  ( : . l 5-0 . ; t )  (0 .3 0 -3 .7 1 ) (0 .0 5 -: .9 6 )

:isc 7 3e:c x sex mec se;c

3.01 3. Ou. 3 .0 6  3 .1 ;  0 .1 :  0 .2 ;

. - 3 . 3 1 - 0 . 03 ) ( -0 .C 2 -3 .1 1 )  (0 . 33- 0 . 1 : )  (0 .3 7 -0 .0 4 }  (3 .3 5 -3 .2 1 )  : 3 .3 3 -0 .-

- ; r i r . a i ra terra.-.: tcafidaaca l i a i t s  f : r  each rear, ira  ;lvar. ir. paran-.r.ases. :'eara :tr.-.a::ad 

Î  ;:rra.-. ■^rdarli.-.s ira  3iir.lfi:a.-.:l7  iiffera.-.: i t  ? < 3 3; Û33 TES = i i t l : l i  %. tiaza3_i::a,

T7.I? TES = t r ip l e  l i  %. tea s a la t  •-a. TEC = 3, r.a:r.a:ti:a.-.us, 7 SEC = i l l - i a r a l a  Z. ■ a ::li.ta i- .i:.

::E3 SEC = tUted ra le  ard fa ra la  %. a s x l i . t a i t ta , :! SEC = i l l - 'a l a  2- a a r lir .a it  t a . :: = : i r e  r a t l i ta t a z
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UMI

T able  I I .  Mean Dominance S tre n g th  In d ic e s  (See T ex t) f o r  S ix  Groups o f  W h ip ta il L iza rd s*

M SEX 

3 .29  

(2 .29-4 .28)

MIX SEX

3.72

( 2 . 21- 5 . 23)

F SEX 

5.40  

(3 . 93- 6 . 87 )

NEC

5.52

(1 .4 8 -2 .4 ? )

TRIP TES

5 .90

(5 .13 -6 . 7 6 )

DIP TES 

6.28  

(5 .0 8 -7 .4 8 )

* N ln e ty -f iv e  p e rc e n t co n fid en ce  l im i t s  f o r  each mean a re  g iven  in  p a re n th e se s . Means no t connected  by a  

common u n d e r lin e  a re  s ig n i f i c a n t ly  d i f f e r e n t  a t  P -^ 0 .0 5 . N = f iv e  r e p l ic a te s  p e r  mean. A b b rev ia ti '-n s  

a r e  th e  same a s  i n  T ab le  I .
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T ab le  I I I .  Mean Number o f Times p e r  L iz a rd -p e rio d  (See T ex t) t h a t  W h ip ta il L iza rd s  o f S ix  Groups R« s te d  

_____________________________________ C lo se r Than 15 cm to  Each O ther*__________________________________________

M SEX MIX SEX F SEX DIP TES TRIP TES NEO

0 .0 0 2  0 ,0 3  0 . 0 5  0 . 0 9  0 .1 5  0 .2 6

( 0 . 00 - 0 . 0 1 ) (0 . 00 - 0 . 0 6 ) (0 . 00- 0 . 0 9 ) (0 .0 7 - 0 .1 2 ) (0 . 09- 0 . 2 1 ) (0 .1 8 - 0 . 3 3 )

1** 12 20 27 58 105

* N in e ty -fiv e  p e rc e n t co n fid en ce  l im i t s  f o r  each mean a r e  g iven  in  p a re n th e se s . Means no t connected  by 

a  common u n d e r lin e  a r e  s ig n i f i c a n t l y  d i f f e r e n t  a t  P < .0 .0 5 . N = f iv e  r e p l i c a t e s  p e r  mean.

* ^ o t a l  o ccu rren ces  o f  c o - r e s t in g  reco rd ed  f o r  each group . A b b rev ia tio n s  a re  th e  same a s  in  T ab le  I .
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Table IV. Apparent Eiffects of High G enetic R elatedness of P arthenogenetic  

W hip tail L izards o r Absence of Males in  W hiptail L izard  Groups as 

_______ F ac to rs  A ffec tin g  B ehavioural D ifferences among Groups*____________

In flu en c in g  f a c to r :

G enetic Absence of

Supplanting  r a te s  

Chasing and b i t in g  r a te s  

Tumble f ig h t in g  

E ating  w ithout in te ra c t io n  

P ercen t each ag g ressive  

ca tego ry  c o n tr ib u te s  to  

t o t a l  in te ra c t io n s  

C o -restin g

Dominance S tren g th  Index 

L inear dominance h ie ra rch y  

Body len g th  c o r re la te d  w ith 

s ta tu s

S im ila r i ty

*

Males

*

*

U ncertain

*

* If  th e  th re e  parthenogenetic  groups c lo se ly  resem ble each o th e r 

s t a t i s t i c a l l y ,  then  genetic  re la te d n e ss  may be th e  in flu en c in g  f a c to r .  

I f  th e  fo u r  groups co n ta in ing  a l l  fem ales ( th ree  parthenogenetic  + one 

b isex u a l) c lo se ly  resemble each o th e r , then  the absence of males may be 

the  in flu en c in g  f a c to r .
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FIGURE LEGEHDS

F ig . 1. R e la tio n sh ip s  of some hybrid  a ll-fe m a le  Cnemidophorus sp ec ie s  

to  t h e i r  b isex u a l p a re n ta l  sp ec ie s . Names o f species used in  

t h i s  study are  shown in  boxes.

F ig . 2. Ranges ( p a r t ia l  f o r  Ç. s e x lin e a tu s ) and c o lle c t io n  s i t e s  f o r

th re e  Cnemidophorus sp ec ies  used in  th i s  s tudy . Ç. neomexicanus 

was c o lle c te d  a t  Albuquerque, New Mexico, G. te s s e la tu s  

(d ip lo id )  and C_. se x lin e a tu s  were c o l le c te d  a t  Conchas Lake,

New Mexico, and Ç. te s s e la tu s  ( t r ip lo id )  was c o lle c te d  near 

F lo ren ce , Colorado.

F ig . 3- Supplan ting , chasing  and b i t in g  as percen tages of t o t a l

ag g ress iv e  in te ra c t io n s  fo r  s ix  groups of w h ip ta il l i z a r d s .

TRIP TES = t r i p l o i d  Ç. t e s s e la tu s . NEO = Ç. neomexicanus,

DIP TES = d ip lo id  Ç. t e s s e la tu s . F SEX = a ll-fem a le  

G. s e x lin e a tu s . M SEX = a ll-m a le  Ç. s e x lin e a tu s , MIX SEX = 

mixed male and fem ale Ç. s e x lin e a tu s . Parthenogenetic  groups 

a re  shown in  boxes.

F ig . 4 . Number of tim es w h ip ta il  l iz a rd s  ( l )  a te  c r ic k e ts  near o th e rs  

w ithou t an ensuing in te ra c t io n  (above th e  h o riz o n ta l l in e )  and 

( 2) chased a l i z a r d  ca rry in g  a c r ic k e t  (below the h o r iz o n ta l  

l i n e ) .  A bbreviations a re  the same as in  F ig . 3- 

P arthenogenetic  groups a re  shown in  boxes.
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F ig . 5» Number o f tumble f ig h ts  (e sc a la te d  f ig h t in g )  observed in  s ix  

groups o f w h ip ta il  l i z a r d s .  A bbreviations a re  the  same as in  

F ig . 3* P arthenogenetic  groups a re  shown in  boxes.

F ig . 6. Number o f fem ales and males dom inating zero through fo u r o th e r  

l iz a r d s  in  th e  m ixed-sex G. s e x lin e a tu s  group. Males 

dominated s ig n i f ic a n t ly  more l iz a rd s  th an  d id  females 

(Wilcoxon two-sample t e s t ;  U = 132.0; P < 0 .0 5 ) .

F ig . 7* R e la tio n  o f sn o u t-v en t len g th  to  number o f l iz a rd s  dominated in  

Cnemidophorus groups ( r  = product-moment c o r re la tio n  

c o e f f ic ie n t ) .  A bbreviations a re  th e  same as in  F ig . 3* 

P arthenogenetic  groups a re  shown in  boxes.
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COMPARATr/E BURROW USE ARU ACTIVITY PATTERNS OF PARTHENOGEHEriC AND 

BISEXUAL WHIPTAIL LIZARDS (CNENIDOPHORUS ; TEIIDAE)

Beth E, Leuck

(abstract)

Some w h ip ta il  l iz a rd s  (Cnemidophorus) reproduce 

p a rth en o g en e tic a lly ; thus co n sp ec ific  parthenogens may he g e n e tic a l ly  

id e n t ic a l .  This h igh degree o f re la te d n e ss  may lead  to  cooperative  

space use hy parthenogenetic  l iz a r d s ,  w hile b isex u a l w h ip ta ils , which 

a re  le s s  r e la te d  to  each o th e r , may compete fo r  lim ite d  s p a t ia l  f e a tu re s .  

I s tu d ied  groups o f f iv e  co n sp ec ific  l iz a rd s  of Cnemidophorus te s s e la tu s  

and Ç. neomexicanus (parthenogenetic ) and Ç. se x lin e a tu s  (b isex u a l)  in  

id e n t ic a l  outdoor enclosures to  f in d  i f  space use and a c t iv i t y  d if f e r e d .  

Parthenogens used a s ig n i f ic a n t ly  g re a te r  number of s i t e s  fo r  d igging  

burrows than  d id  th e  more s i t e - s p e c i f i c  b ise x u a ls . N either type of 

w h ip ta il m aintained t e r r i t o r i e s  nor defended o b jec ts  to  the  ex c lu sio n  of 

c o n sp e c ific s , and both  shared o b je c ts  under which th ey  burrowed (burrow 

s i t e s ) .  Parthenogens shared a c tu a l  burrows (nine o ccu rren ces), b u t only 

one case of burrow sh arin g  among b ise x u a ls  was observed. As the number 

o f l iz a rd s  above ground in  each enclosure in creased , aggression  le v e ls  

in creased  s ig n i f ic a n t ly  in  Ç. se x lin e a tu s  groups co n ta in in g  males, 

in d ic a tin g  males may c o n tro l th e  ag g ress iv e  c h a r a c te r is t ic s  o f a group. 

A c tiv ity  above ground in  a l l  w h ip ta il l iz a r d  groups peaked in  la te  

morning to  e a r ly  a fte rn o o n , bu t no tren d s  c o r re la t in g  a c t iv i t y  w ith  

d a i ly  high tem peratures were ap p aren t. T herefo re , space use and a c t i v i t y  

may have been a f fe c te d  by th re e  f a c to rs :  ( l )  d iffe re n c e s  in  g enetic  

re la te d n e ss  of parthenogens and b ise .ju a ls , (2) presence or absence of
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males in  groups and (3 ) specle s - s p e c if ic  d if fe re n c e s . S eparating  the  

e f f e c ts  o f these  param eters on space use and a c t iv i t y  i s  d i f f i c u l t .
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(INTRODUCTION)

Animals u s u a lly  a re  not randomly d is t r ib u te d  in  space bu t o r ie n t 

w ith  re sp e c t to  anim ate and inanim ate o b je c ts  in  t h e i r  environment 

(Brown and O rians, 1970; W ilson, 1972). Inanim ate s p a t i a l  fe a tu re s  of 

p o te n t ia l  s ig n if ic a n c e  a re  to p o g rap h ica l and v e g e ta tio n a l v a r ia tio n s  in  

th e  h a b ita t  (W ilson, 1972); anim ate fe a tu re s  include o th e r anim als with 

which l iv in g  space i s  shared . Both ty p es  o f f e a tu re s  can r e s u l t  in  

a t t r a c t io n  o r re p u ls io n  of in d iv id u a ls  and u lt im a te ly  determ ine th e  

d i s t r ib u t io n  of a  p o p u la tio n  in  space (Brown and O rians, 1970).

Many param eters of space use by in d iv id u a ls , such as whether an 

anim al m aintains a  t e r r i t o r y  or l iv e s  c o lo n ia lly  or s o l i t a r i l y  in  a 

p a r t ic u la r  h a b i ta t ,  may be determ ined by s e le c t iv e  fo rce s  a c tin g  over 

time (Davies, 1978). The morphology o f an in d iv id u a l and i t s  percep tio n  

o f environm ental f e a tu re s  (King, 1970) may a f fe c t  how i t  r e a c ts  to  

anim ate and inanim ate fe a tu re s  and u t i l i z e s  space.

The re la te d n e ss  of an organism to  co n sp ec ific s  may a f f e c t  i t s  

s p a t ia l  response to  anim ate f a c to r s ,  p a r t ic u la r ly  to  o th e r popula tion  

members. Animals th a t  share  a la rg e  number of genes ( i . e .  a re  c lo se  

r e la t iv e s )  may show a high degree o f to le ra n c e  fo r  and cooperation  with 

r e la t iv e s  because doing so in creases  th e  in c lu s iv e  f i tn e s s  of th e  

r e la te d  in d iv id u a ls  (Hamilton, 19c4a, 1964b). The s p a t i a l  o rg an iza tio n  

o f c lo se ly  r e la te d  in d iv id u a ls  may be d i f f e r e n t  from th e  o rg an iza tio n  of 

le s s  r e la te d  c o n sp e c ific s  which a re  in  com petition  w ith  each o th er to  

in c rease  t h e i r  g e n e tic  c o n tr ib u tio n  (W illiam s, 1966). C losely  r e la te d  

organism s, th en , should  share lim ite d  inanim ate fe a tu re s  in  the 

environment i f  sh a rin g  in c reases  th e  f i tn e s s  o f r e la te d  in d iv id u a ls .
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Less r e la te d  organisms should a ttem p t to  c o n tro l lim ite d  inanim ate 

fe a tu re s  f o r  t h e i r  own use and exclude c o n sp e c ific s .

Comparing space use of p h y lo g e n e tic a lly  c lo se ly  r e la te d  spec ies  

whose members sh are  d if f e r e n t  percen tages of genes w ith  c o n sp e c ific s  may 

h e lp  determ ine to  what ex ten t genes a f f e c t  s p a t ia l  p a t te rn s ,  p a r t ic u la r ly  

i f  inanim ate f a c to r s  a re  held  c o n s ta n t. In  th i s  study  I  in v e s tig a te  th e  

r e l a t io n  o f g en e tic  s im i la r i ty  to  space use and a c t iv i t y  p a t te rn s  in  

parthenogenetic  and b isex u a l w h ip ta il  l iz a rd s  (Cnemidophorus). Although 

s e v e ra l au th o rs  have in v e s tig a te d  h a b i ta t  use of w h ip ta il l iz a rd s  (e .g . 

Medica, 196?; W right and Lowe, I 968; S c h a ll ,  1976; C u e lla r , 1979)» no 

s tudy  o f Cnemidophorus sp ec ies  has h e ld  environm ental f a c to rs  constan t 

to  a sse ss  th e  e f f e c ts  o f g en e tic  d if fe re n c e s  on the  s p a t i a l  behavior o f 

parthenogen tic  and b isex u a l w h ip ta ils .

P arthenogenesis , a form of a sex u a l rep ro d u c tio n  in  which eggs 

a re  not f e r t i l i z e d  by male gametes (U zze ll, 1970)» r e s u l t s  in  a ll-fe m a le  

o ffsp rin g  id e n t ic a l  to  th e  reproducing  female (c lo n es). Some North 

American w h ip ta il  l iz a rd s  reproduce in  th i s  manner, r e s u l t in g  in  

p o p u la tions in  which in d iv id u a ls  may sh are  100^ of t h e i r  genes 

(C u e lla r , I 968; M aslin, 1971; Cole, 1975; Cole and Townsend, 1977). 

Because members of parthenogenetic  w h ip ta il  l iz a rd  popu la tions are  

g e n e tic a l ly  very  s im ila r  or id e n t ic a l ,  th ey  may co o p e ra tiv e ly  u t i l i z e  

lim ite d  inanim ate s p a t i a l  f e a tu re s ,  such as burrowing and basking  s i t e s ,  

w hile le s s  r e la te d  b isex u a l w h ip ta ils  may compete fo r  th e  same fe a tu re s .

The o r ig in  of a ll-fe m a le  w h ip ta il  l iz a rd s  is  by h y b rid iz a tio n  of 

two b ise x u a l w h ip ta il  sp e c ie s . Numerous s tu d ie s  have in d ic a te d  th a t  one 

complement of chromosomes is  id e n t ic a l  to  the chromosomes of one b isex u a l
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sp e c ie s , and th e  o th e r  one or two complements (some w h ip ta il parthenogens 

a re  t r ip lo id )  a re  id e n t ic a l  to  th e  chromosomes of an o th er "bisexual spec ies  

(Lowe and W right, 1966a, 1966b; Wright and Lowe, 196?; Lowe e t  a l . ,  1970; 

Bickham e t  a l . ,  19?6). E lec tro p h o re tic  in v e s tig a tio n s  (ïïeaves and G erald , 

1968, 1969; Weaves, 1969; McKinney e t  a l . ,  1973)1 h is to c o m p a tib ility  

s tu d ie s  (C uella r and McKinney, 1976) and most re c e n tly  exam ination of 

m itochondria l DNA (Brown and W right, 1979) have confirm ed th e  hybrid 

o r ig in s  o f parthenogenetic  Cnemidophorus p o p u la tio n s.

Methods

Because parthenogenetic  w h ip ta ils  a re  hybrid  sp e c ie s , one 

chromosome complement w il l  be id e n t ic a l  to  th a t  of each p a re n ta l 

b ise x u a l sp ec ie s . These r e la t io n s h ip s  allow  b eh av io ra l comparisons of 

c lo s e ly  re la te d  sp e c ie s . To in v e s tig a te  th e  e f fe c t  o f  genetic  

re la te d n e ss  on space use by w h ip ta ils  I  s tu d ie d  Cnemidophorus te s s e la tu s  

and G. neomexicanus (parth en o g en etic ) and Ç. se x lin e a tu s  (b isex u a l) . 

C u rren tly  the  taxonomic d esig n a tio n  G. te s s e la tu s  r e f e r s  to  both  d ip lo id  

and t r i p lo id  popu la tions; the  t r i p lo id  populations a re  derived  from 

h y b rid iz a tio n  of d ip lo id  Ç. te s s e la tu s  in d iv id u a ls  w ith male 

Ç. s ex lin e a tu s  in d iv id u a ls  (Wright and Lowe, 196?; P arker and S elander, 

1976) .  Cnemidophorus neomexicanus i s  a d ip lo id  parthenogen derived from 

th e  b isex u a l sp ec ies  G. t i g r i s  and G. ino rna tus (Lowe and W right, 1966a). 

R e la tio n sh ip s  of th e se  parthenogenetic  l iz a rd s  to  t h e i r  p a re n ta l spec ies  

a re  shown in  P ig , 1.

C o lle c tio n  methods and s i t e s  a re  described  in  Leuck (MS). 

Cnemidophorus neomexicanus was c o lle c te d  in  Albuquerque, New Mexico, 

d ip lo id  C. te s s e la tu s  and C. s e x lin e a tu s  a t  Conchas Lake S ta te  Park, New
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Mexico, and tr ip lo id  Ç. te sse la tu s  near Florence, Colorado. After 

c o lle c t io n  liza rd s were brought to  the Animal Behavior Laboratory, 

Department o f Zoology, U niversity o f Oklahoma, Norman, and housed in  

38-  189- l i t r e  (10-  30-g&llon) terra r ia  containing sandy su b strates.

Lizards were fed cr ick ets  and mealworms ad libitum , and cover, water and 

sunlight were provided to a l l  te r r a r ia ,

I  used fo u r outdoor galvan ized  m etal en c lo su re s , 3 n i x 3 n i x l m ,  

f o r  o b se rv a tio n s . The enclosures con ta ined  a  sandy s u b s tra te  th a t  was 

c lea red  o f most v eg e ta tio n . In  each enclosure  two concrete  b locks 

(39 cm X 19 cm X 19 cm), two rocks approxim ately  20 cm x 20 cm x 10 cm 

and a  board approxim ately 60 cm x 30 cm o ffe red  cover, and w ater was 

provided ad lib itu m  (Fig, 2 ), I  observed the  l iz a rd s  from a 4 m high 

b lin d  p laced  e q u id is ta n t from th e  fo u r  pens so a l l  pens could be seen a t  

once. My presence d id  not seem to  d is tu rb  th e  l iz a rd s ,

I  recorded  behav io ra l d a ta  on 25 d ip lo id  Ç, t e s s e l a tu s , 25 

t r ip lo id  G, t e s s e la tu s . 25 Ç, neomexicanus and 75  0 , se x lin e a tu s  

in d iv id u a ls . The th re e  p arthenogenetic  groups were d iv ided  in to  f iv e  

r e p l ic a te s  o f f iv e  l iz a rd s .  The b ise x u a l group was d iv ided  in to  th ree  

groups of 25 l iz a r d s ,  and those  groups were subdivided in to  f iv e  

r e p l ic a te s  o f f iv e  l iz a rd s .  The th re e  Ç, se x lin e a tu s  groups ( f iv e  

r e p l ic a te s  in  each) were composed as  fo llo w s: (1) a l l  female l i z a r d s ,

(2 ) a l l  male l iz a rd s  and (3 ) mixed males and females (two r e p l ic a te s  of 

th re e  fem ales and two males each and th re e  r e p l ic a te s  o f two fem ales and 

th re e  males each). In  t o t a l  I  observed s ix  groups of w h ip ta ils ,  th re e  

p arth en o g en e tic , th re e  b ise x u a l, and each group co n s is ted  of f iv e  

f iv e - l iz a r d  r e p l ic a te s ,
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Before i n i t i a t i n g  observations I  marked in d iv id u a ls  by p a in tin g  

sp o ts  on th e i r  dorsa w ith  enamel p a in t and wrapping d if f e r e n t  numbers of 

bands of lab e lin g  tape  around th e i r  t a i l s .  Even w ith  th e  double marking 

system  sev era l l iz a rd s  shed or rubbed o f f  a l l  marks w ith in  sev e ra l days 

and had to  be cap tu red  and remarked. I  a lso  recorded  the  sex and 

measured the snou t-ven t o f each l iz a r d  (Leuck, 1980, Appendix B).

Five l iz a rd s  o f a  r e p l ic a te  were placed in  an enclosure and 

allow ed to  h ab itu a te  f o r  a t  le a s t  24 h . Then th e  l iz a rd s  of each 

r e p l ic a te  were observed f o r  tw enty 20-min p e rio d s . During the  f i r s t  14 

perio d s  the  s tru c tu re s  d escrib ed  p rev io u sly  were p re sen t in  th e  enclosure; 

however, fo r  th e  f i n a l  s ix  periods o b je c ts  were removed to  evaluate  

w hether or not space use by th e  l iz a rd s  was a l te r e d .  No r e p l ic a te  was 

observed fo r  more than  140 n in  (seven p erio d s) on any day (X = 51 

SD = 26 min; N = 234 days; a given day could be counted more than  once 

because up to  fo u r r e p l ic a te s  might be observed on th a t  day ), and 

observations on each r e p l ic a te  were completed in  s ix  to  11 days. A fte r 

a  r e p l ic a te  was removed and befo re  ano ther was p laced  in  an enclosure , 

the  su b s tra te  was hoed to  d es tro y  any burrows co n stru c ted  by the f iv e  

previous occupants. L izards were observed June to  September 1977-1979i 

u su a lly  from O83O to  1430, C en tra l S tandard Time, when w h ip ta ils  are  

most a c tiv e  (Leuck, 1980, Appendix F ).

I  recorded th e  fo llow ing  d a ta  to  determ ine space use and 

a c t iv i ty  p a tte rn s  during  each 20-min p erio d : ( l )  p lace  of emergence i f  

l iz a r d  emerged from a  burrow during  th e  period ; ( 2) p lace  o f r e t r e a t  i f  

l iz a r d  re tre a te d  to  a  burrow and remained th e re  fo r  5 min or u n t i l  

o b se rv a :-ons on th a t  r e p l ic a te  were te rm inated ; (3 ) a c t iv i ty ,  :,..ich was

49



reco rd ed  fo r  each l iz a r d  above ground a s  basking, r e s t in g  in  shade, or 

fo rag in g  in  sun or shade; and (4) ag g ress iv e  in te ra c t io n s ,  which were 

reco rd ed  by which l iz a r d  supplan ted  (d isp laced  ano ther l iz a r d  in  space) 

chased o r b i t  which o th e r  l iz a r d .  I  a lso  recorded the  h igh  tem perature 

f o r  each d a te  on which o b servations were made (ob ta ined  from th e  

N a tio n a l Severe Storms Laboratory , Department of Commerce, Max Westheimer 

A ir f ie ld ,  Norman, OK, approxim ately  1 km from th e  Animal Behavior 

L aboratory) (Leuck, 1980, Appendix G).

Chi square goodness o f f i t  t e s t s ,  t e s t s  o f  independence and 

P earson  product-moment c o r re la t io n  c o e f f ic ie n ts  were used in  analyses 

(Sokal and R oh lf, 1969). Raw d a ta  on which s t a t i s t i c a l  t e s t s  were 

perform ed a re  l i s t e d  in  Leuck ( I 98O). To assess  th e  a s so c ia tio n  of 

a g g ress io n  (su p p lan tin g  + chasing  + b i t in g )  w ith tem perature i t  was 

necessary  to  account f o r  the number o f , l iz a r d s  above ground during  each 

p e rio d . During observations th e  above-ground number of l iz a rd s  in  a  

r e p l ic a te  v a r ie d  from two to  f iv e  l iz a r d s  (observations were begun only 

when a t  le a s t  two l iz a rd s  were above ground). To determ ine agg ression  

r a te s  in  each r e p l ic a te  observed on a g iven  day, I  summed th e  number of 

above-ground l iz a rd s  in  a r e p l ic a te  du ring  each period  on th a t  d a te  

(one l iz a r d  above ground fo r  one p e rio d  = one l iz a rd -p e r io d )  and d iv id ed  

th e  t o t a l  number o f agg ressive  in te ra c t io n s  observed fo r  th a t  r e p l ic a te  

by th e  number o f l iz a rd -p e r io d s . For example, i f  one r e p l ic a te  was 

observed fo r  th re e  20-min periods on a  given day; fou r l iz a rd s  were 

above ground du ring  each period ; 7 , 5 a.ud 11 ag gressive  in te ra c t io n s  were 

reco rd ed  fo r  th e  th re e  p e rio d s , th e n  th e  r a te  of ag g ress io n  fo r  th a t  

r e p l ic a te  f o r  th a t  d a te  would ba (7 + 5 + H  in te r a c t io n s ) / ( 4  l iz a rd s  x
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3 p e rio d s) = 1 .9 2  in te ra c t io n s  per l iz a rd -p e r io d . These s tan d ard ized  

r a te s  were used to  compare numher of ag g ress iv e  in te ra c tio n s  when two, 

th re e ,  fo u r o r  f iv e  l iz a r d s  were above ground. A ggression r a te s  a t  

d i f f e r e n t  tem peratures were a lso  compared.

I  recorded  ag g ress iv e  in te ra c tio n s  between a l l  p o ss ib le  p a ir s  of 

l iz a r d s  in  a r e p l ic a te  ( f iv e  l iz a rd s  p er r e p l ic a te  y ie ld  10 dyads).

When a l l  ag g ress iv e  in te ra c t io n s  (supp lan ting  + chasing + b i t in g )  which 

l iz a r d  A won a g a in s t l i z a r d  B were compared to  in te ra c t io n s  B won a g a in s t 

A, one of th e  two was u su a lly  dominant. Dominance re la t io n s h ip s  were 

c a lc u la te d  f o r  each dyad in  each r e p l ic a te .  The l iz a rd s  o f each r e p l ic a te  

were then  assig n ed  ranks depending on th e  number o f o th e r  l iz a rd s  they  

dominated. A l iz a r d  dom inating fo u r l iz a rd s  o f a r e p l ic a te  was ranked 

4 , w hile a  l iz a r d  dom inating no o th er l iz a rd s  ranked 0. I  then  compared 

s tru c tu re  use and a c t iv i t y  among l iz a rd s  in  d if f e r e n t  rank  c a te g o r ie s .

R esu lts  and D iscussion

Use o f s tru c tu r e  in  th e  e n c lo su re .— Lizards could  d ig  burrows 

under s ix  o b je c ts  in  an enclosure (F ig . 2 ) , along th e  w alls  or in  the  

open sand. O bject use by l iz a rd s  of f iv e  o f th e  s ix  groups d if f e re d  from 

average expected use; on ly  a ll-fe m a le  Ç. se x lin e a tu s  in d iv id u a ls  seemed 

to  burrow e q u a lly  under a l l  th e  o b jec ts  in  th e  enclosures (Table 1 ) .

Two of th re e  parthenogenetic  groups ( th e  two Ç. te s s e la tu s  groups) 

f re q u e n tly  co n s tru c ted  burrows in  open sand, b u t open a re a s  were not 

used as o f te n  by G. neomexicanus and b isex u a l groups. The most h eav ily  

u t i l i z e d  o b je c t fo r  burrowing by a l l  groups was the  board.

P arthenogenetic  l iz a r d s  used burrows s ig n i f ic a n t ly  more o f te n  than  

b ise x u a ls  (comparison of expected [av e rag e ] values from Table 1 fo r

51



parthenogens to  expected values f o r  "bisexuals ; s in g le  c l a s s i f ic a t io n  

a n a ly s is  of v arian ce ; F = 58.03; P < 0 .0 1 ) .

A ll groups s h if te d  burrowing a reas  when o b jec ts  were removed 

from th e  enc losu res a f t e r  fo u rteen  20-min periods (Table 2 ). With 

o b jec ts  in  th e  en c lo su res , both parthenogens and b isexua ls  burrowed under 

them fre q u e n tly . A fte r  removal burrowing s h if te d  from the sand where 

o b jec ts  had been lo ca ted  to  open sand and along w alls o f th e  en c lo su res . 

In  th e  t r i p l o i d  Ç. t e s s e la tu s . G. neomexicanus, mixed-sex Ç. s e x lin e a tu s  

and a ll-m a le  Ç. se x lin e a tu s  groups more l iz a rd s  co n stru c ted  burrows along 

w alls  a f t e r  o b je c t removal than  in  any o th e r lo c a tio n . Most d ip lo id  

Ç. te s s e la tu s  in d iv id u a ls  burrowed in  open sand, and Ç. se x lin e a tu s  

fem ales used bo th  th e  sand over which o b jec ts  had been placed and the  

sand along w alls  a f t e r  ob jec t rem oval.

P arthenogenetic  l iz a rd s  used s ig n if ic a n t ly  more s i t e s  fo r  

burrows than  d id  b ise x u a l w h ip ta ils  (Table 3 ) . F if ty -n in e  p ercen t of a l l  

u n isexual w h ip ta ils  observed burrowing used th re e  to  s ix  s i t e s  fo r  

burrows, bu t only  of a l l  b isex u a l w h ip ta ils  used more th an  two s i t e s .  

The lack  of s i t e  s p e c i f ic i ty  seen in  un isexua l w h ip ta ils  may be r e la te d  

not only to  t h e i r  g en e tic  s im i la r i ty  to  co n sp ec ific s , bu t a lso  to  th e i r  

p o ssib le  p ro p en sity  fo r  d is tu rb ed  h a b i ta ts  (Wright and Lowe, 1968; 

C u e lla r , 1977) where environm ental f lu c tu a tio n s  a re  c o n s ta n tly  destro y in g  

burrows. In  th e  more s ta b le  h a b ita ts  th a t  Wright and Lowe (1968) suggest 

b isex u a l w h ip ta ils  in h a b it ,  s i t e  s p e c i f ic i ty  can be m aintained because 

burrows a re  not c o n tin u a lly  d is tu rb e d . The use of open sand fo r  

burrows v a ried  among th e  species I  s tu d ie d ; more G. te s s e la tu s  

in d iv id u a ls  burrowed in  open sand th an  o th e r w h ip ta ils . S c h a ll (1976)
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found G. te s s e la tu s  in  open a reas  33«8^ o f th e  time th a t  he s ig h te d  

in d iv id u a ls . C u e lla r (1977) s ta te d  th a t  rocky canyons are  o f te n  

considered  prime h a b ita t  f o r  th e  sp ec ie s , b u t he b e lieved  a l l  North 

American parthenogenetic  w h ip ta ils  in h a b it c o n tin u a lly  flooded r iv e r in e  

h a b i ta ts  where burrows a re  re g u la r ly  destro y ed . The h a b ita t  o f 

Ç. neomexicanus has not y e t been examined, b u t in  my study i t s  burrowing 

under o b je c ts  r a th e r  th an  in  open sand seemed to  more c lo se ly  resem ble 

th e  behavior o f b isex u a ls . However, l ik e  th e  C. te s s e la tu s  groups i t  

showed le s s  s i t e  s p e c i f ic i ty  than  th e  b ise x u a l Ç. s e x lin e a tu s  groups.

No w h ip ta il l iz a rd  was observed defending an o b jec t under which 

i t  had burrowed; o b jec ts  over burrows were sheared w ith  c o n sp ec ific s  in  

a l l  groups. In  only  one case  d id  b isex u a l l iz a rd s  a c tu a l ly  share  

burrows (a male and a female in  a mixed-sex C. sex lin ea tu s  r e p l i c a t e ) , 

bu t parthenogens were found sh arin g  burrows nine tim es (fo u r cases in  th e  

t r i p l o i d  Ç. t e s s e la tu s , fo u r in  the  d ip lo id  Ç. te s s e la tu s  and one in  the 

G. neomexicanus group).

Burrow sharing  i s  a  type of co o p era tiv e  space use p a t te rn  

p re d ic te d  to  occur in  parthenogenetic  w h ip ta ils . However, th e  sh arin g  of 

burrows was probably not a  s ig n  of co opera tion  bu t an in d ic a tio n  of 

to le ra n c e . D ifferences in  c o - re s tin g  and dominance s tre n g th  in d ices  

between parthenogens and b isex u a ls  (Leuck, MS) a lso  in d ica ted  th a t  

parthenogenetic  w h ip ta ils  a re  to le ra n t  of each o th er but probably  do not 

coo p era te . In  a d d itio n , to le ra n c e  of co n sp ec ific s  in  burrows may extend 

to  th e  two Ç. te s s e la tu s  groups because on ly  one occurrence o f burrow 

sh arin g  was observed in  G. neomexicanus. When I  m aintained th e  l a t t e r  

sp ec ies  in  indoor t e r r a r i a ,  in d iv id u a ls  sp read  out a n i h id  under

53



d i f f e r e n t  o b je c ts . In  c o n tra s t ,  Ç. te s s e la tu s  in d iv id u a ls  were o fte n  

found h id in g  to g e th e r  under one o b je c t, even i f  two or th re e  were 

a v a i la b le .  Thus, Ç. neomexicanus may c lo se ly  resemble b isex u a ls  in  

unshared burrow use , and i t s  b ehav io ra l d e v ia tio n  from o th e r 

parthenogenetic  groups i s  d i f f i c u l t  to  ex p la in .

Parthenogenetic  and b isex u a l w h ip ta il l iz a rd s  d id  n o t defend 

burrow s i t e s ,  and th e re  seemed to  be no c o n tro l  of p a r t ic u la r  o b je c ts  by 

h igh -rank ing  l iz a rd s  o f e i th e r  rep roductive  ty p e . I f  one o b je c t was 

p re fe r re d  f o r  burrowing (such as  the b o a rd ) , i t  might be expected th a t  

more h igh-rank ing  th an  low-ranking in d iv id u a ls  would be found under th a t  

o b je c t .  However, when o b jec t use by l iz a rd s  in  each rank ca teg o ry  was 

compared to  expected use (based on the number of l iz a rd s  in  each rank  

ca teg o ry  fo r  each group), no s ig n if ic a n t  d iffe re n c e s  were apparen t in  any 

o f th e  groups. Lack of t e r r i t o r i a l i t y  and /o r ob jec t ownership i s  probably 

a  g en e ra l s o c ia l  c h a r a c te r is t ic  of many Cnemidophorus sp ec ies  (F itc h ,

1958; C arpen ter, I 96O; Hardy, 1962; Stamps, 1977).

A c tiv ity  and a g g re ss io n .— W hip tail l iz a rd s  a re  h e l io p h i l ic  

anim als th a t  a re  most a c tiv e  in  la te  morning and e a rly  a fte rn o o n . No 

d if fe re n c e s  in  a c t i v i t y  p a tte rn s  between un isexual and b ise x u a l groups 

were ev iden t in  t h i s  s tudy  (F ig . 3) , bu t in  a l l  groups more l iz a r d s  were 

above ground from 0930- 1230 than  during  any o th e r time of day.

W hip tail l iz a rd s  have been re p o rte d  to  have a  bimodal a c t iv i ty  

p a t te rn  in  th e  f i e l d  (M ilstead , 1957a, 19576; C arpenter, I 96I ;

E ch te rnach t, 1967; Medica, 1967; S ch a ll, 1976). The peak a c t iv i t y  

p e rio d  i s  u su a lly  l a t e  morning to  e a r ly  a fte rn o o n , but a  second le s s e r  

a c t i v i t y  peak occurs in  th e  l a t e  afte rn o o n . Although I  p e r io d ic a l ly
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checked a l l  r e p l ic a te s  f o r  l a t e  a fte rn o o n  a c t iv i ty ,  I  r a r e ly  observed 

l iz a rd s  above ground a f t e r  1530- This phenomenon may have been an 

a r t i f a c t  o f  c a p t iv i ty ,  b u t i t  may a lso  have r e la te d  to  th e  geographic 

a rea s  from which l iz a r d s  were c o lle c te d . The f ie ld  s tu d ie s  in  which a  

l a t e  a fte rn o o n  a c t iv i t y  p e rio d  has been re p o rte d  were c a r r ie d  out in  

Oklahoma (C arpen ter, 1961), Texas (M ilstead , 1957a, 1957b; S c h a ll, 1976), 

sou thern  New Mexico (Medica, 196?) or so u th ern  Arizona (E ch ternach t, 196?).

I  c o l le c te d  l iz a rd s  in  n o rth e rn  New Mexico and Colorado where d a i ly  high 

tem peratu res were lower th an  in  Oklahoma, Texas, southern  New Mexico and 

A rizona (U nited S ta te s  Department of A g ric u ltu re , 1941). Cnemidophorus 

sp ec ies  in  co o le r c lim a tes  may not have a  second d a ily  a c t iv i ty  period . 

Barden (19^2) m aintained Ç. se x lin e a tu s  in d iv id u a ls  from Ind iana and 

Kansas under various l ig h t-d a rk  and tem perature regimes in  th e  lab o ra to ry  

and found on ly  one l a t e  morning a c t iv i ty  peak. While c o l le c t in g  w h ip ta ils  

in  New Mexico and Colorado I  d id  not observe l a te  a fte rn o o n  a c t iv i t y  in  

th e  f i e l d .  The lack  o f a  l a t e  a fte rn o o n  a c t iv i ty  period  in  n o rth e rn  

Cnemidophorus popu la tions may be due to  s e le c t iv e  fo rces  a c tin g  on the 

p o p u la tio n s  because I  d id  not reco rd  a fte rn o o n  a c t iv i ty  in  th e  c o lle c te d  

l iz a rd s  in  Norman, Oklahoma, even though Norman's average Ju ly  tem perature 

i s  h igher th an  Ju ly  averages recorded  in  n o rth e rn  New Mexico and Colorado 

(U nited S ta te s  Department o f A g r ic u ltu re , 19 ^ 1 ) .

No d iffe re n c e s  between un isex u a ls  and b isex u a ls  in  le n g th  of 

a c t i v i t y  p erio d s o r tim e of peak a c t iv i t y  were apparent in  th i s  study. 

S c h a ll (1976) found v a r ia t io n s  in  tim e o f a c t iv i ty  among f iv e  sp ec ies  o f 

w h ip ta il  l i z a r d s ,  b u t d if fe re n c e s  d id  n o t fo llow  a p arth en o g en e tic -b isex u a l 

dichotomy. Asplund (197^) a t t r ib u te d  a c t i v i t y  d iffe ren c e s  to  s iz e
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d iffe re n c e s  in  the  Cnemidophorus sp ec ies  he s tu d ie d , and s l ig h t  

v a r ia tio n s  I  observed may a ls o  be due to  s iz e  d iffe re n c e s  among 

Ç. t e s s e la tu s . Ç. neomexicanus and Ç. s e x lin e a tu s . Sex d if fe re n c e s  may 

a lso  e x is t  in  Ç. s e x lin e a tu s . The m ixed-sex group reached peak a c t iv i ty  

a t  0930I th e  a ll-fe m a le  group a t  IO3O and th e  a ll-m a le  group a t  1130.

A ggressive in te ra c t io n s  per l iz a rd -p e r io d  in creased  as  more 

l iz a rd s  were above ground in  every group (F ig . 4 ) .  The c o r re la t io n  of 

number o f l iz a rd s  above ground with ag g ress iv e  in te ra c tio n s  per 

l iz a rd -p e r io d  was s ig n if ic a n t  in  th re e  groups, inc lu d in g  th e  two b isex u a l 

groups co n ta in in g  m ales. Cnemidophorus se x lin e a tu s  males were more 

ag g ress iv e  th an  fem ales o f any of th e  sp ec ies  s tu d ied  (Leuck, MS), and 

m ales' in to le ra n c e  of co n sp ec ific s  c o n tr ib u ted  to  an in c rease  in  

agg ression  as  th e  number o f males in  a  l im ite d  space in c reased . In  

a d d itio n , h igh-rank ing  males were p a r t ic u la r ly  b e l l ig e re n t  tow ard o ther 

m ales. The r a te s  of in d iv id u a l agg ression  among h igh -rank ing  males in  

th e  a ll-m a le  and mixed-sex Ç. se x lin e a tu s  r e p l ic a te s  were consid e rab ly  

h igher th an  r a te s  o f ag g ress io n  recorded  fo r  h igh -rank ing  fem ales in  

parthenogenetic  and a ll- fe m a le  b isex u a l groups. A h igher degree of 

agg ressiveness among males th an  fem ales i s  common to  many sp ec ie s  

(W illiam s, I 966) .

Although g en e ra l w h ip ta il  l iz a r d  a c t i v i t y  (basking , fo rag in g , 

e t c . )  has been c o r re la te d  w ith  ambient tem perature in  th e  f i e ld  

(C arpen ter, 1961; Asplund, 1974; S c h a ll, 1976, 1977), o b serv a tio n s  on the 

r e la t io n s h ip  of s o c ia l  behavior and tem peratu re  have not ye t been 

re p o rte d . I  found no tre n d s  c o r re la t in g  ag g ress iv e  in te ra c t io n s  and 

tem perature in  my study . In  only two r e p l ic a te s  of 30 (one t r i p l o —
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G. te s s e la tu s  and one a ll- fe m a le  G. s e x lin e a tu s ) d id  ag g ress io n  ra te s  

s ig n i f ic a n t ly  increase  w ith  an  in c rease  in  tem peratu re. No o th e r  

p o s it iv e  o r negative c o r re la t io n s  were found in  o ther r e p l ic a te s ,  so i t  

seems th a t  amhient tem perature does not a f f e c t  r a te s  o f s o c ia l  

in te ra c t io n s  among w h ip ta il l iz a r d s .

C onclusions.— I  p re d ic te d  th a t  parthenogenetic  w h ip ta ils  would 

cooperate  and share lim ite d  inanim ate s p a t i a l  fe a tu re s  while b isex u a ls  

would compete w ith enclosure mates f o r  th e  same re so u rces . Other 

d if fe re n c e s , such a s  v a r ia t io n s  in  tim e o f a c t iv i ty  and h a b i ta t  u se , were 

a lso  expected . The only f a c to rs  which seemed a sso c ia te d  w ith  genetic  

d if fe re n c e s  between un isexua ls  and b ise x u a ls  were burrow s i t e  s p e c i f ic i ty  

and burrow sh arin g . Parthenogens used more a reas  fo r  c o n s tru c tin g  burrows 

than  d id  b isex u a ls  and as p red ic te d  shared  burrows w hile b ise x u a ls  d id  

n o t. No t ru e  cooperation  l ik e  th a t  seen  in  some o th e r extrem ely c lo se ly  

r e la te d  organisms (Hamilton, 1964b) was observed among u n isex u a l 

w h ip ta ils ,  bu t th e i r  to le ra n c e  of co n sp e c ific s  was h igher th an  b ise x u a ls ' 

to le ra n c e  f o r  each o th e r .

Other v a ria b le s  measured d id  not show s ig n if ic a n t  d iffe re n c e s  

between parthenogens and b ise x u a ls . Time of a c t iv i ty  and defense of 

re so u rces  d id  not d i f f e r  between th e  two types of w h ip ta ils . V aria tio n  

in  one o th e r  t r a i t  seemed to  depend on th e  presence or absence of males 

in  th e  r e p l ic a te s  in s tea d  o f g en e tic  d if fe re n c e s — ag g ress io n  le v e ls  

in c reased  as more l iz a rd s  were above ground in  groups co n ta in in g  males 

(m ixed-sex and a ll-m a le  Ç. se x lin e a tu s  g roups). The absence of males 

r a th e r  th an  th e  genetic  re la te d n e ss  o f parthenogenetic  w h ip ta il 

po p u la tio n s  a f f e c ts  o th e r s o c ia l  s tru c tu re  c h a r a c te r is t ic s  b esid es
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"behavior in  crowded s itu a t io n s  (Leuck, MS).

D e lin ea tin g  th e  e f f e c ts  of phylogeny, genetic  re la te d n e ss  and 

presence o r absence of males on th e  use o f space by w h ip ta il l iz a rd s  i s  

d i f f i c u l t .  But by comparing th e  behavior of more parthenogenetic  and 

b isex u a l Cnemidophorus spec ies  in  c o n tro lle d  environm ents, we may 

ev en tu a lly  be ab le  to  d isc rim in a te  among u ltim a te  fa c to rs  a f fe c t in g  

spec ies  d iffe re n c e s  in  space u t i l i z a t i o n .
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T able  1 . Number o f L iza rd s  (o f  25 f o r  Each Group) Observed In  Burrows under Each O bject A v a ila b le  in  a

5 m X 3 m X 1 m E n c lo su re . E nc losu re  i s  i l l u s t r a t e d  in  F ig . 2. Use v a lu es  o f each group were compared
2

to  an  av erag e  expected  v a lu e  to  g e n e ra te  X v a lu e s . TRIP TES = t r i p l o i d  C. t e s s e l a t u s , DIP TES = 

d ip lo id  Ç. t e s s e l a t u s . NEO = G. neom exicanus, F SEX = a l l - f e m a le  Ç. s e x l in e a tu s , MIX SEX = mixed male and

fem ale C. s e x l in e a tu s ,  M SEX = a l l -m a le  Ç. s e x l in e a tu s .

TRIP TES DIP TES NEO F SEX MIX SEX M SEX

Southw est B lock 14 12 9 5 4 1

E a st B lock 7 8 10 3 3 5

Board 13 16 15 7 13 11

Rock 1 6 8 5 1 2 1

Rock 2 2 3 2 2 0 1

W ater Bowl 8 2 0 2 3 1

Open Sand 16 16 3 3 4 6

W all 21 5 6 6 10 4

Average ex pected  use v a lu e 10.88 8 .7 5 6 .25 3 .63 4 .8 8 3 .7 5
2

X f o r  obs. v s . exp. v a lu es 24 . 67* 23.81* 17 . 31* 8 .86 18.88* 2 3 . 56*

* S ig n i f ic a n t  a t  P<O .O 5 .



Table 2, Use by L izards o f O bjects or Areas f o r  Burrowing When Objects 

Were in  an  Enclosure and a f t e r  They Were Removed. Enclosure i s  

I l l u s t r a t e d  in  F ig . 2. "T o ta l"  column i s  th e  t o t a l  number o f tim es 

l iz a r d s  o f each group were observed burrowing when o b je c ts  were p resen t 

(o p) o r ab sen t (OA). Numbers in  rows fo llo w in g  each t o t a l  a re  percentages 

o f th e  t o t a l  value. A bbrev iations a re  in  same a s  in  Table 1.

T o ta l B lock, Rock & Board* Bowl Open Sand Wall

TRIP TES OP 66 

OA 31

62

16**

9

7

9

35

20

42

DIP TES OP

OA

49

24

92

8

2

8

2

67

4

17

NEO OP

OA

39

17

92

29

3

18

3

18

2

35

F SEX OP

OA

21

9

71

45

10

0

5

22

14

33

MH SEX OP

OA

27

15

74

27

7

13

4

20

15

40

M SEX OP

OA

25

6

72

17

4

0

16

33

8

50

* Removed a f t e r  14 p e rio d s .

** In  same lo c a tio n  as  o b je c t was befo re  rem oval.
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Table 3* Number o f L izards (o f 25 fo r  Each Group) Burrowing Under One 

to  Two O bjects Compared to  Number o f L izards Burrowing Under Three to  

S ix  O bjects. A bbreviations a re  th e  same as in  Table 1.

One to  Two O bjects Three to  S ix  O bjects

P arthenogenst ic

TRIP TES 6 19

DIP TES 11 14

NEO 13 10

TOTAL 30 ( W ) *  43 (59^)*

B isexual

F SEX 19 1

MIX SEX 21 2

M SEX 19 1

TOTAL 59 (94^) 4 (6^)

* P ercen tages compared u s in g  a 2 x 2 t e s t  o f independence ; G = 46.68 

(P < 0 .0 5 ) .
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FIGURE TITLES

F ig . 1 . R e la tio n sh ip s  of some hybrid  a ll- fe m a le  Cnemidophorus sp ec ie s  to  

t h e i r  b isex u a l p a re n ta l  sp ec ie s . Names o f spec ies  used in  th i s  

s tu d y  a re  shown in  boxes.

F ig . 2. Placem ent of o b jec ts  in  th e  3 m x 3 m x 1 m enclosures used fo r  

o b se rv a tio n s .

F ig . 3* Number o f tim es l iz a rd s  were observed above ground d u rin g  seven 

tim e periods from June -  September 1977-1979. TRIP TES = 

t r i p l o i d  Ç. t e s s e la tu s , DIP TES = d ip lo id  0 . t e s s e la tu s , NEO = 

Ç. neomexicanus, F SEX = a ll-fe m a le  Ç. s e x lin e a tu s , MIX SEX = 

mixed male and female Ç. s e x lin e a tu s , M SEX = a ll-m a le  

Ç. s e x lin e a tu s . P arthenogenetic  groups a re  shown in  boxes.

F ig . 4 . R e la tio n  of agg ression  per l iz a rd -p e r io d  (see te x t )  to  number 

o f l iz a r d s  above ground in  s ix  w h ip ta il l iz a rd  groups. F ive 

r e p l ic a te s  of f iv e  l iz a rd s  each were observed fo r  each group. 

A bbreviations a re  th e  same as fo r  F ig . 3.
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Figure 4

AGGRESSIVE ACTS /  LIZARD-PERIOD

%
P
r
g

1
>

Im
oa
Oc

I  I
' S a  §1^5!

zo

ut

AGGRESSIVE ACTS /  LIZARD-PERIOD

Z
o

N M- > a o a
> uHa
o<m
O &
ocz
o  a -

b
,11* I

Ë o

g

# > 0

Ml
A
s §

•  >

? a
•n (Â

m  (A m
It m X
o x cio >at r-
z c o

<5

71



Appendix A. A ggression d a ta  fo r  s ix  groups ( th ree  sp ec ies) of 

l iz a r d s  (genus Cnemidophorus); f iv e  r e p l ic a te s  o f  f iv e  l iz a rd s  in  each 

group. Treatm ent 1 = f i r s t  seven 20-min p e rio d s; cover in  en closu res; 

no c r ic k e ts  in troduced . Treatm ent 2 = second seven periods; cover in  

en c lo su res; two c r ic k e ts  in troduced  per p e rio d . Treatm ent 3 = l a s t  

s ix  p e rio d s; cover removed; no c r ic k e ts  in troduced . L izard -periods = 

sum o f th e  number o f l iz a r d s  above ground du ring  each period  in  a 

tre a tm e n t.

Treatm ent Supplanting Chasing B itin g L izard -periods

TRIPLOID G. TESSELATUS 

REPLICATE 1.

1 13

2 25

3 30

0

5

1

0

0

0

23 

28

24

REPLICATE 2. 

1 

2 

3

38

39 

22

1

0

1

0

0

0

32

29

21

REPLICATE 3. 

1 

2 

3

13

27

21

0

1

0

0

0

0

18

30

23

REPLICATE 4. 

1 19 29
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Appendix A. continued.

Treatment Supplanting Chasing B itin g  Lizard-periods

2 32 0 0 29

3 32 0 0 24

REPLICATE 5.

1 30 1 2 31

2 34 4 1 30

3 14 0 0 18

DIPLOID Ç. TESSELATUS 

REPLICATE 1.

1 16 0 0 25

2 9 1 0 16

3 3 0 0 11

REPLICATE 2.

1 12 1 0 23

2 32 13 1 25

3 37 1 1 25

REPLICATE 3.

1 4 2 0 20

2 27 1 0 23

3 1 0 0 15

REPLICATE 4.

1 l4  0 1 22
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Appendix A. con tinued . 

Treatment Supplanting Chasing B itin g Lizard-periods

2

3

REPLICATE 5. 

1 

2 

3

23

8

11

7

13

11

0

1

15

0

2

0

0

6

1

20

12

17

20

15

Ç. NEOMEXICANUS 

REPLICATE 1.

1 W

2 22

3 36

REPLICATE 2.

1 18

2 19

3 47

0

6

3

0

0

3

0

3

2

0

4

0

29

28

25

27

25

23

REPLICATE 3. 

1 

2 

3

REPLICATE 4.

1

2

14

26

25

51

40

0

4

0

0

2

0

3

0

2

2

28

28

19

33

32
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Appendix A. continued.

Treatment Supplanting Chasing B itin g Lizard-periods

REPLICATE 5. 

1 

2 

3

47

44

39

ALL-FEMALE Ç. SEXLINEATUS 

REPLICATE 1.

1

2

3

24

23

36

0

14

1

8

16

4

2

7

1

5

6 

2

26

32

33 

27

28

29

29

REPLICATE 2. 

1 

2 

3

REPLICATE 3. 

1 

2 

3

REPLICATE 4.

1

2

21

20

28

36

39

52

42

34

5

5

4

0

6

1

10

9

0

3

2

3

8

1

8

5

25

25

21

30

30

26

29

2c
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Appendix A, continued.

Treatment Supplanting Chasing B itin g Lizard-periods

61

REPLICATE 5. 

1 

2 

3

56

22

17

MHED-SEX Ç. SEXLINEATUS 

REPLICATE 1.

1

2

3

REPLICATE 2. 

1 

2 

3

REPLICATE 3. 

1 

2 

3

REPLICATE 4.

1

2

46

32

17

26

20

20

34

20

23

44

28

3

17

2

32

17

6

2

14

5

0

5

3

31

24

1

9

1

17

10

3

2

2

2

2

0

0

16

9

28

35

27

20

31

31

19

29

30 

28

29

29

24

29

28
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Appendix A. continued.

Treatment Supplanting Chasing B iting Lizard-periods

REPLICATE 5. 

1 

2 

3

91

54

99

ALL-MALE Ç. SEXLINEATUS 

REPLICATE 1.

1 40

2 15

3 35

REPLICATE 2. 

1 

2 

3

REPLICATE 3. 

1 

2 

3

REPLICATE 4.

1

2

37

23

41

72

108

51

80

123

26

13 

15

14

14

22

4

5

16

32

14

21

8

20

23

16

6

5

5

5

3

1

2

5

7

4

7

3

3

15

22

29

30 

27

23

24 

22

28

29

27

34

32

25

29

31
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Appendix A. continued.

Treatm ent Supplanting Chasing B itin g  L izard -periods

3 124 10 4 26

REPLICATE 5.

1 54 7 3 30

2 52 6 2 29

3 85 6 1 22
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Appendix B, Snout-vent len g th , sex, number o f o ther l iz a rd s  

dominated ( ra n k ) , periods out and number o f c r ic k e ts  ea ten  fo r  each 

l iz a rd  of s ix  groups ( th re e  sp ec ies  of Cnemidophorus); f iv e  r e p l ic a te s  

of f iv e  l iz a rd s  in  each group. Combinations o f l e t t e r s  and numbers in  

th e  f i r s t  column r e f e r  to  in d iv id u a l l iz a rd s  in  each r e p l ic a te .

S-V len g th  Sex Rank P eriods out C rickets  ea ten

TRIPLOID G. TESSELATUS 

REPLICATE 1.

RIS 89mm F 4 18 3

R2S 83mm F 2 13 4

R3S 79mm F 1 14 1

HIS 76mm F 1 17 1

H2S 79mm F 1 13 4

REPLICATE 2.

RIS 81mm F 0 10 2

R2S 83mm F 2 18 2

R3S 86mm F 1 19 3

HIS 88mm F 3 18 4

H2S 87mm F 2 16 2

REPLICATE 3.

RIS 75mm F 0 18 0

R2S 77mm F 2 14 0

R3S 78mm F 2 12 6

HIS 80mm F 4 13 1

H2S 77mm F 1 13 1
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Appendix B. continued.

S-V length Sex Rank Periods out Crickets eaten

REPLICATE 4 .

RIS 72mm F 1 1? 3

R2S 72mm P 1 I 5 2

R3S 73mm F 0 I 3 2

HIS 76mm F 3 17 3

H2S 79mm F 4  19 1

REPLICATE 5 .

RIS 73mm F 0 17 0

R2S 74mm F 4  I 5 0

R3S 75mm F 1 16 0

HIS 75mm F I  I 5 4

H2S 89mm F 3 I 5 8

DIPLOID Ç. TESSELATUS 

REPLICATE 1.

RIS 79mm F 1 12 8

R2S 79mm F 2 11 1

R3S 79mm F 2 7 0

HIS 76mm F I  9 2

H2S 76mm F 2 11 0

REPLICATE 2.

RlS 6 0mm F 3 17 4

R2S 57mm F 0 16 1

8 0



Appendix B. 

S-V len g th

continued.

Sex Rank P erio d s out C rick e ts  1

R3S 67mm F 1 11 2

HIS 64mm F 3 16 3

H2S 76mm F 3 11 1

REPLICATE 3 .

RIS 79mm F 0 14 2

R2S 76mm F 2 15 5

R3S 79mm F 2 13 6

HIS 76mm F 1 7 1

H2S 83mm F 1 7 0

REPLICATE 4 .

RIS 87mm F 2 17 4

R2S 80mm F 0 10 2

R3S 78mm F 1 15 2

HIS 79mm F 1 18 4

H2S 80mm F 2 4 0

REPLICATE 5 .

RlS 80mm F 1 14 3

R2S 82mm F C 1 0

R3S 77mm F 1 12 4

HIS 75mm F 1 12 1

H2S 81mm F 3 14 4
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Appendix B, continued.

S-V length Sex Rank Periods out Crickets eaten

Ç. MEOMEXIGANUS 

REPLICATE 1.

RIS 63nm P 0 18 3

R2S 66im F 0 12 2

R3S 68mm F 3 13 2

HIS 65mm F 2 . 20 6

H2S ■ 72mm F 4 18 0

REPLICATE 2.

RIS 64mm F 2 13 3

R2S 65mm F 0 16 2

R3S 70mm F 3 13 2

HIS 64mm F 1 19 5

H2S 68mm F 3 15 3

REPLICATE 3.

RIS 64mm F 2 18 3

R2S 62mm F 0 19 2

R3S 67mm F 0 10 1

HIS 68mm F 2 15 4

H2S 73mm F 3 I 5 3

REPLICATE 4.

RlS 66mm F 0 19 2

R2S 67mm F 1 18 3
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Appendix B. continued.

S-V len g th  Sex Rank P eriods out C rickets  ea ten

R3S 76mm F ^  19 2

HIS 72mm F 2 I 5 5

H2S 74mm F 3 19 1

REPLICATE 5 .

RIS 72mm F 2 18 4

R2S 71mm . F 3 I 9 3

R3S 7̂ mm F 3 20 3

HIS 72mm F 2 19 4

H2S 73mm F 1 16 3

ALL-FEMALE Ç. SEXLINEATUS 

REPLICATE 1.

RIS 54mm F 1 18 3

R2S 54mm F 0 I 5 4

R3S 53mm F 0 14 2

HIS 59mm F 4 18 2

H2S 60mm F 3 20 2

REPLICATE 2.

RIS 60mm F 3 18 5

R2S 57mm F 1 20 2

R3S 60mm F I  9 1

HIS 62mm F 1 10 0

H2S 6lmm F 3 I 5 4
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Appendix B, continued.

S-V length Sex Rank Periods out C rickets eaten

REPLICATE 3.

RIS 50mm F 0 18 2

R2S 49mm F 2 20 1

R3S 58mm F 1 19 5

HIS 59mm F 2 19 2

H2S 60mm F 4 19 4

REPLICATE 4.

RIS 59mm F 1 20 3

R2S 57mm F 0 1? 4

R3S 56mm F 2 19 2

HIS 58mm F 4 17 4

H2S 60mm F 3 9 1

REPLICATE 5 .

RIS 55mm F 0 13 1

R2S 57mm F 1 I 9 2

R3S 57mm F 2 12 3

HIS 56mm F 2 18 4

H2S 57mm F 4 20 4

MIXED-SEX G. SEXLINEATUS 

REPLICATE 1.

RIS 55mm F 0 I 7 1

R2S 56mm M 4 19 3
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Appendix B. continued.

S-V lenffth Sex Rank P erio d s out C rickets

R3S 55mm M 2 18 3

HIS 6lmm M 1 15 1

H2S 60mm F 1 11 3

REPLICATE

RIS

2.

60mm F 1 17 3

R2S 51mm F 0 14 2

R3S 52mm M 2 17 3

HIS 59mm M 3 19 2

H2S 59mm M 4 20 2

REPLICATE 3.

RIS 56mm F 3 18 2

R2S 53mm F 1 17 3

R3S 57mm F 0 11 3

HIS 55mm M 2 18 4

H2S 58mm M 4 18 2

REPLICATE k .

RIS 49mm F 1 19 0

R2S 49mm M 0 5 0

R3S 60mm M 3 19 3

HIS 6imm M 4 19 6

H2S 62mm F 2 16 3
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Appendix B. continued.

S-V len g th Sex Rank P eriods out C rick e ts

REPLICATE 5.

RIS 60mi F 0 11 2

R2S 581™ F 1 19 5

R3S 60mm F 2 17 2

HIS 64mm M 3 19 2

H2S 63mm M 4 20 2

ALL-MALE C. SEXLINEATUS 

REPLICATE 1.

RIS M 0 15 3

R2S 58™ M 2 17 2

R3S 53™ M 1 18 5

HIS 59inm M 4 13 1

H2S 60mm M 3 5 2

REPLICATE 2.

RIS M 0 18 3

R2S 58mm M 4 14 1

R3S M 3 19 3

HIS 60mm M 1 18 2

H2S 62mm M 2 14 5

REPLICATE 3 .

RlS 54mm M 0 17 2

R2S 55inm M 1 20 2
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Appendix B, continued.

S-V length Sex Rank Periods out Crickets eaten

R3S 62mm M 3 20 4

HIS 60mm M 4 19 2

H2S 63mm M 2 18 4

REPLICATE 4.

RIS 56mm M 1 19 0

R2S 39mm M 0 12 2

R3S 60mm M 3 20

HIS 62mm M 2 18 3

H2S 60mm M 17 4

REPLICATE 5.

RIS 56mm M 2 13 3

R2S 57mm M 0 15 3

R3S 56mm M 1 13 0

HIS 62mm M 3 20 6

H2S 61 ram M 4 19 2
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Appendix C. Dominance re la t io n s h ip s  in  each r e p l ic a te .  

Combinations o f l e t t e r s  and numbers r e f e r  to  in d iv id u a l l iz a rd s  in  each 

r e p l ic a te .  Winners o f aggressive  in te ra c tio n s  (supp lan ting  + chasing  + 

b i t in g )  a re  l i s t e d  on th e  l e f t  s id e  and lo s e r s  are  l i s t e d  acro ss  th e  

top  o f each m atrix ._______________________________________________________

TRIPLOID Ç. TESSELATUS 

REPLICATE 1. REPLICATE 2.

RIS R2S R3S HIS H2S RIS R2S R3S HIS H2S

RIS 8 4 6 11 RIS 4 2 . 5 1

R2S 3 1 3 6 R2S 5 4 9 2

R3S 0 2 • 1 1 R3S 2 6 3 2

HIS 0 1 2 4 HIS 6 12 14 7

H2S 3 4 1 8 H2S 2 0 7 7

REPLICATE 3. REPLICATE 4.

RlS R2S R3S HIS H2S RIS R2S R3S HIS H2S

RIS 2 2 0 4 RIS 7 3 6 4

R2S 5 2 5 5 R2S 4 5 1 2

R3S 4 2 3 2 R3S 3 0 3 2

HIS 6 8 5 3 HIS 8 7 4 3

H2S 3 0 0 1 H2S 6 6 5 4

REPLICATE 5.

RIS R2S R3S HIS H2S

RIS 2 3 3 2

R2S 7 5 5 6

R3S 4 2 1 4

HIS 6 2 1 3

H2S 4. 5 6 11
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Appendix C. continued. 

DIPLOID Ç. TESSELATUS 

REPLICATE 1. REPLICATE 2.

RIS R2S R3S HIS H2S RIS R2S R3S HIS H2S

RIS 1 0 3 1 RIS 13 4 2 7

R2S 2 1 1 0 R2S 10 1 4 3

R3S 7 1 2 1 R3S 2 3 3 0

HIS 0 0 1 1 HIS 7 7 6 2

H2S 2 2 1 0 H2S 2 4 6 7

REPLICATE 3. REPLICATE 4.

RIS R2S R3S HIS H2S RIS R2S R3S HIS H2S

RIS 1 0 0 0 RIS 2 6 8 2

R2S 3 3 2 2 R2S 1 3 1 0

R3S 6 8 1 0 R3S 5 6 1 2

HIS 0 0 _ 2 0 HIS 8 3 1 0

H2S 0 2 2 0 H2S 2 1 4 0

REPLICATE 5.

RIS R2S R3S HIS H2S

RIS 0 2 4 2

R2S 0 0 0 0

R3S 3 0 0 2

HIS 1 0 2 4

H2S 7 0 10 10
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Appendix C. continued. 

C. NEOMEXICANUS

REPLICATE

RIS

1.

R2S R3S HIS H2S

RIS 1 2 5 5

R2S 1 0 1 1

R3S 3 2 5 1

HIS 8 12 4 12

H2S 14 6 8 17

REPLICATE

RIS

3.

R2S R3S HIS H2S

RIS 5 0 1 8

R2S 2 4 9 6

R3S 0 4 1 1

HIS 1 10 2 2

H2S 0 8 2 3

REPLICATE

RIS

5.

R2S R3S HIS H2S

RIS 2 3 7 10

R2S 11 1 4 1

R3S 14 8 12 13

HIS 6 7 8 10

H2S 9 15 4 12

REPLICATE 2.

RIS R2S

RIS

R2S

R3S

HIS

H2S

3

4

4

5

10

1

6

9

REPLICATE 4.

RIS R2S 

RIS 6

R2S 8 

R3S 17

HIS

H2S

7

6

8

7

15

R3S

3

1

3

1

R3S

3 

1

8

4

HIS

8

3

6

12

HIS

3

4 

12

12

H2S

1

1

3

4

H2S

0

1

13

10
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Appendix G. continued.

ALL-FEMALE Ç. SEXLINEATUS 

REPLICATE 1. REPLICATE 2.

RIS R2S R3S HIS H2S RIS R2S R3S HIS H2S

RIS 3 2 4 4 RIS 12 0 3 5

R2S 1 4 1 1 R2S 6 1 9 ?

R3S 2 4 7 2 R3S 0 3 0 2

HIS 11 6 9 20 HIS 1 4 0 8

H2S 5 4 6 15 H2S 4 10 3 4

REPLICATE 3. REPLICATE 4".

RIS R2S R3S HIS H2S RIS R2S R3S HIS H2S

RIS 3 2 0 1 RIS 18 9 2 1

R2S 18 15 2 9 R2S 11 4 4 3

R3S 12 6 2 4 R3S 11 7 2 5

HIS 3 2 3 5 HIS 24 16 19 11

H2S 19 15 15 10 H2S 15 6 6 7

REPLICATE 5.

RIS R2S R3S HIS H2S

RIS 2 0 1 1

R2S 12 4 4 3

R3S 3 7 2 5

HIS 19 16 19 11

H2S 5 6 6 7
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Appendix C. continued,

MIXED-SEX Ç. SEXLINEATUS 

REPLICATE 1. REPLICATE 2.

RIS R2S R3S HIS H2S RIS R2S R3S HIS H2S

RIS 0 4 0 0 RIS 4 1 2 2

R2S 21 41 38 14 R2S 1 0 0 0

R3S 9 1 6 3 R3S 6 7 4 1

HIS 1 1 4 1 HIS 4 6 5 7

H2S 0 0 5 1 H2S 10 9 3 16

REPLICATE 3. REPLICATE 4.

RIS R2S R3S HIS H2S RIS R2S R3S HIS H2S

RIS 12 2 9 1 RIS 3 0 0 1

R2S 8 6 3 0 R2S 1 0 0 0

R3S 0 4 1 0 R3S 30 3 7 9

HIS 7 5 2 2 HIS 39 6 10 13

H2S 7 7 3 7 H2S 14 1 14 18

REPLICATE 5.

RIS R2S R3S HIS H2S

RIS 4 6 0 4

R2S 5 10 2 1

R3S 17 60 12 7

HIS 7 26 28 18

H2S 10 36 25 24
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Appendix C. continued.

ALL-MALE G. SEXLINEATUS 

REPLICATE 1. REPLICATE 2.

RIS R2S R3S HIS H2S RIS R2S R3S HIS H2S

RIS 3 8 1 1 RIS 0 1 4 4

R2S 22 14 2 1 R2S 15 14 13 6

R3S 11 6 4 0 R3S 19 7 11 6

HIS 9 7 21 2 HIS 15 3 6 5

H2S 2 10 6 0 • H2S 11 4 3 6

REPLICATE 3. REPLICATE 4.

RIS R2S R3S HIS H2S RIS R2S R3S HIS H2S

RIS 8 2 2 3 RIS 38 15 15 1

R2S 18 5 3 12 R2S 1 2 1 0

R3S 12 25 13 18 R3S 27 22 18 3

HIS 24 24 31 37 HIS 20 17 7 0

H2S 16 20 8 5 H2S 94 29 40 49

REPLICATE 5.

RIS R2S R3S HIS H2S

RIS 16 10 3 2

R2S 4 2 6 2

R3S 7 4 8 0

HIS 17 14 25 4

H2S 23 22 20 30
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Appendix D, Number o f l i z a r d s  (o f  25 in  each o f s ix  g roups; th re e  s p e c ie s )  u s in g  burrow s

under each a v a i la b le  o b je c t  in  3m x 3m e n c lo su re s ._____________________________________________________ ___

Southw est b lo ck  E ast b lo ck  Board Rock 1 Rock 2 Bowl Open sand A gain st w a ll 

TRIPLOID G. TESSEIATUS

14 7 13 6 2 8 16 21

DIPLOID 0 . TESSEIATUS

12 8 16 8 16

0 . NEOMEXICANUS

10 15
&

ALL-FEMALE C. SEXLINEATUS

MIXED-SEX G. SEXLINEATUS

13 0 10

ALL-MALE C. SEXLINEATUS

11



Appendix E. Number o f l iz a r d s  in  each rank  ca tegory  l i s t e d  by 

number o f o b je c ts  under which th ey  burrowed (out o f e ig h t p o ssib le  

o b je c ts  in  3m x 3m en c lo su res ).__________________________________________

TRIPLOID 

C. TESSEIATUS

Rank Number o f o b je c ts :

DIPLOID 

C. TESSEIATUS

G. NEOMEXICANUS

ALL-FEMALE 

G. SEXLINEATUS

1 2 3 4 5 6 7 8

0 0 1 3 0 1 0 0 0

1 0 2 1 1 4 0 0 0

2 1 1 1 2 0 0 0 0

3 1 0 1 0 0 1 0 0

4 0 0 1 2 1 0 0 0

0 1 2 0 1 0 0 0 0

1 1 3 3 3 0 0 0 0

2 0 3 3 1 0 0 0 0

3 0 1 1 1 1 0 0 0

4 0 0 0 0 0 0 0 0

0 2 1 2 1 0 0 0 0

1 0 2 1 1 0 0 0 0

2 3 1 0 1 0 0 0 0

3 3 1 3 0 0 0 0 0

4 0 0 1 0 0 0 0 0

0 3 1 0 0 0 0 0 0

1 2 3 1 0 0 0 0 0

2 2 2 0 0 0 0 0 0

3 2 1 0 0 0 0 0 0

4 3 0 0 0 0 0 0 0
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Appendix E. continued.

Rank Number of o b jec ts :

1____ 2____3 4 5

MIXED-SEX 0

Ç. SEXLINEATUS 1

2

3

4

ALL-MALE 0

G. SEXLINEATUS 1

2

3

4

3 2 0 0 0 0 0 0

2 2 0 0 1 0 0 0

4 1 0 0 0 0 0 0

1 1 1 0 0 0 0 0

1 4 0 0 0 0 0 0

1 1 0 0 0 0 0 0

1 3 0 0 0 0 0 0

3 2 0 0 0 0 0 0

3 1 0 0 0 0 0 0

3 1 1 0 0 0 0 0
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Appendix F . Number o f tim es l iz a rd s  were observed during 

seven tim e p e rio d s . A l iz a r d  was recorded  as observed each time i t  was 

above ground du rin g  a  p erio d . Time p erio d  I  = 83O-93O (C en tra l S tandard 

Time); I I  = 930-1030 h r; H I  = IO3O -II3O h r; IV = I I 3O-I23O hr; V =

1230-1330 h r; VI = 1330-1430 h r ; V II = 1430-1530 h r .____________________

Time p erio d ;

I  I I  I I I  IV V VI VII

TRIPLOID

G. TESSEIATUS 1 ^3 109 10? 72 38 14

DIPLOID

G. TESSEIATUS 11 ?4 86 66 18 12 21

Ç. NEOMEXICANUS 10 ?4 135 I 65 30 0 0

ALL-FEMALE

G. SEXLINEATUS 0 1 6 1 66 1 22 60 50 0

MIXED-SEX

G. SEXLINEATUS 1? 135 122 75 29 0 0

ALL-MALE

G. SEXLINEATUS 0 21 133 166 70 I 5 4
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Appendix G. Dates on which each of f iv e  r e p l ic a te s  o f s ix  

groups of l iz a rd s  ( th re e  spec ies) was observed. Number o f periods fo r  

which each r e p l ic a te  was observed on a  given d a te  and high tem perature

f o r  th e  date  a re  a lso  l i s t e d .  Temperatures (°C) were ob tained  from th e  

Severe Storms L aboratory , U.S. Department of Commerce, Max Westheimer 

A ir f ie ld ,  Norman, Oklahoma (approxim ately 1 km from o b serv a tio n  s i t e ) .

Date P eriods Temperature Date P erio d s Temperature

TRIPLOID C. TESSELATUS

REPLICATE 1. REPLICATE 2.

7 /7 /77  3 36 8/ 21/77 2 31 .5

7 /9 /77  4 34 8/ 22/77 3 33

7/13/77 4 37.3 8/ 24/77 2 37.5

7/14/77 3 37.3 8/ 23/77 3 37

7/20/77 3 38 9/ 3/77 1 34

7/21/77 2 33.3 9/ 4/77 3 35

7/23/77  1 41

REPLICATE 3. REPLICATE 4 .

8/ 21/77 2 31.3 9 /W 7  3 31

8/ 22/77  5 33 9/ 8/77 3 33

8/ 24/77 2 37.5 9/ 10/77 1 32

8/ 23/77  3 37 % % 1/n  3 35 .5

S/3/77 2 34 9/ 17/77 4 33

9/ 4/77  4 33 9/18/77 4 35

9/ 20/77 2 31.5
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Appendix G. continued.

Date P eriods Temperature

REPLICATE 5.

9 /6 /77

9/8 /77

9/10/77

9/11/77

9/17/77

9/18/77

9/20/77

Date P erio d s  Temperature 

DIPLOID C. TESSELATUS

3

3 

1

4

3

4 

2

REPLICATE 2.

7/16/77

7/17/77

7/18/77

7/23/77

7/24/77

7/25/77

7/28/77

2

3

2

2

5

1

5

REPLICATE 4. 

8 /22/77 1

8 /23 /77  4

8/24/77  2

8/ 26/77  4

31

33

32

35.5

33 

35

31.5

37.5

36.5

37

38 

40 

40

33

37.5

37.5

37

REPLICATE 1.

7/ 7/77  2

7/ 10/77  5

7/ 13/77  2

7/14/77 3

7/16/77 2

7/ 20/77 1

7/ 21/77  4

7/ 25/77  1

REPLICATE 3 . 

7/16/77 2

7/ 17/77  3

7/18/77 2

7/ 23/77  4

7/24/77 3

7/ 25/77 4

7/ 28/77 2

REPLICATE 5 . 

8/ 23/77 4

8/24/77 3

8/ 26/77 4

8/ 27/77 3

36

36

37.5

37

37.5

38

35.5

41

37.5

36.5

37

38

40

41

37.5

37.5

37

35.5
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Appendix G. 

Date Periods

con tinued .

Temperature Date P eriods Temperature

8/ 27/77  3 35 .5 8/ 30/77 1 33

8/ 30/77  2 33 9 /1 /77 3 33

9/ 1/77  1 33 9 /3 /77 2 34

9/ 3/77  3

G. NEOMEXICANUS 

REPLICATE 1.

34

REPLICATE 2.

6/14/78 3 31 .5 6 /14 /78 3 31.5

6/ 15/78  4 33 6/ 15/78 2 33

6/ 16/78  2 32 6/16 /78 1 32

6/ 20/78  1 33 6/ 20/78 4 33

6/ 25/78 1 35 6/ 25/78 4 35

6/ 27/78  3 32.5 6/ 27/78 2 32.5

6/28/78 6 33 6/ 28/78 3 33

REPLICATE 3 .

7/ 3/78  2 37

REPLICATE 4 .

6/ 23/79  2 32

7/ 4/78  4 36.5 6/ 26/79 5 29

7/5 /78  1 37 6/ 27/79 4 31

7/ 11/78  4 38 6/ 28/79 1 33.5

7/ 17/78  5 37.5 6/ 29/79 2 35

7/18/78 2 40 7 /1 /7 9 4 36

7/ 19/78 2 39 7/ 2/79 2 34
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Appendix G. continued.

Date Periods Temperature Date Periods Temperature

REPLICATE 5.

7/ 2/79

7/ 3/79

7/ 4/79

7/ 13/79

7/14 /79

7/ 15/79

7/ 21/79

5

4

2

3

2

2

2

REPLICATE 2.

7/ 28/78

7/ 29/78

7/ 30/78

8/ 10/78

8/ 11/78

8/14 /78

8/ 15/78

3 

1

4 

3 

3 

3 

3

REPLICATE 4.

7/22/79 2

7/ 26/79  1

7/ 28/79  3

34

34

36

34.5

34.5

34.5  

31

36.5

37

39

32

36.5

37

35

32

31

35

ALL-FEMALE Ç. SEXLIMEATUS 

REPLICATE 1.

7/ 27/78 4

7/ 28/78 1

7/29/78 1

7/30/78 3

8/9/78  1■

8/ 10/78  1

8/11/78 3

8/14/78 3

8/ 15/78  3

REPLICATE 3.
7/ 21/79 6

7/23/79 2

7/ 26/79  2

7/ 27/79  4

7/ 28/79  4

7/29/79 2

REPLICATE 5 .

8/ 2/79  5

8/ 3/79  3

8 /4 /79  1

33

36.5

37

39

34 

32

36.5

37

35

31

31

35

35

32

33.5

34.5
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Appendix G. continued .

Date P eriods Temperature Date Periods Temperature

7/29/79 2 .35 8/ 5/79 2 35

7/ 30/79 1 35.5 8 /6 /79 2 36.5

7/ 31/79 2 30 8/ 7/79 1 36

8/1 /79 1 31 8/8 /79 3 34

8/ 2/79 2 32 8/11/79 3 27.5

8/ 3/79 1 33.5

8/ 4/79 3 34.5

8 /3 /79 2 35

MIXED-SEX Ç. SEXLINEATUS

REPLICATE 1. REPLICATE 2.

7 /3/78 7 37 7/ 10/78 4 39

7/ 4/78 2 36.5 7/ 11/78 2 38

7/ 5/78 3 37 7/ 12/78 1 37.5

7/ 13/78 2 40 7/ 14/78 2 40

7/ 14/78 1 40 7/ 15/78 3 37.5

7/ 17/78 1 37.5 7/ 17/78 2 37.5

7/18/78 2 40 7/18/78 1 40

7/ 19/78 2 39 7/ 19/78 2 39

REPLICATE 3 .
7/ 20/78 3 37

7/ 10/78 3 39 REPLICATE 4 .

7/ 11/78 1 38 6/ 29/79 1 35

7/ 12/78 3 37.5 7/ 1/79 5 36

7/ 13/78 2 40 7/ 2/79 2 34
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Appendix G. 

Date P erio d s

continued .

Temperature Date P eriods Temperature

7 /14 /78 3 40 7/ 3/79 3 34

7/ 15/78 2 37.5 7/ 4/79 1 36

7/ 18/78 2 40 7/ 13/79 1 34.5

7/ 19/78 1 39 7/14/79 1 34.5

7/ 20/78 3 37 7/ 15/79 2 34.5

7/ 20/79 4 30

REPLICATE 5 . ALL-MALE G. SEXLBIEATUS

7/ 22/79 2 32 REPLICATE 1.

7/ 26/79 2 31 7/ 22/78 1 35.5

7/ 28/79 1 35 7/ 25/78 7 36.5

7/ 29/79 3 35 7/ 26/78 3 40

7/ 30/79 2 35.5 7/ 27/78 3 33

7/ 31/79 1 30 7/ 28/78 4 36.5

8 /1 /79 2 31 7/ 29/78 2 36.5

8/ 2/79 2 32

8 /3 /79 1 33.5

8/ 4/79 3 34.5

8/ 5/79 1 35

REPLICATE 2. REPLICATE 3 .

7/ 22/78 3 35.5 7/ 11/79 33.5

7/ 25/78 1 36.5 7/ 12/79 3 34

7/ 26/78 5 40 7/ 13/79 1 34.5

7/ 27/78 3 33 7/14/79 2 34.5
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Date

Appendix G. 

P eriods

continued .

Temperature Date Periods Temperatu

7/28/78 3 36.5 7/ 1 5 /7 9 1 34.5

7/ 29/78 5 36.5 7/ 16/79 3 34

7/ 22/79 2 32

7/24/79 1 32.5

7/ 26/79 1 31

7/ 28/79 1 35

7/ 29/79 1 35

REPLICATE 4 . REPLICATE 5 .

7/ 11/79 4 33.5 8/ 7/79 3 36

7/ 12/79 3 34 8/ 9/79 2 34

7/ 13/79 1 34.5 8/ 10/79 2 36.5

7/14/79 3 34.5 8/ 11/79 1 27.5

7/ 15/79 3 34.5 8/ 12/79 3 27.5

7/16/79 3 34 8/ 13/79 1 34

7/ 20/79 1 30 8/14/79 1 36

7/ 21/79 2 31 8/ 15/79 1 32 .5

8/16/79 2 34

8/ 17/79 3 33.5

8/18/79 1 35.5
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