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A b s t r a c t ;  

Recapture da ta  o f  62 a d u l t  i n d i v i d u a l s  f rom a  popu ld t i on  o f  
P . a 7 g i r u s ,  a t  l a  S i e r r a  de Guadarrama, Spain,  were analysed by 
u s i n g  t h e  b i v a r i a t e  by components and t h e  convex polygon 
methods. The p o l  ygonal method, b u t  n o t  t h e  probabi  1  i s t i c ,  
showed s e n s i t i v i t y  t o  sample s i z e .  Independent ly  o f  t h e  method 
used and p r a c t i c a l l y  f o r  a l 1  number o f  recap tu res ,  male home 
ranges were g r e a t e r  t han  those o f  females.  The r e s u l t s  
ob ta ined  a r e  compared w i t h  those r e p o r t e d  f o r  a  sympat r ic  
p o p u l a t i o n  o f  Podarc is  h i s p a n i c a  i n  t h e  same temperate f o r e s t .  
The e f f e c t  o f  t h e  t h i r d  d i m e n s i o n a l i t y  o f  t h e  m i c r o h a b i t a t  i s  
d i  scussed. 

Key words; Home range, l i z a r d ,  Psammodromus a l g i r u s ,  Spain 
temperate f o r e s t s .  

I n t r o d u c t i o n ;  

It i s  w e l l  known t h a t  f rom an e v o l u t i o n a r y  p o i n t  o f  v iew t h e  
possession o f  a  home range rep resen ts  many advantages f o r  
resources  u t i l i s a t i o n  and p reda to r  avoidance (Ortega,  1986).  
For t h i s  reason i t  can be s t u d i e d  as an a d a p t a t i v e  a t t r i b u t e  o f  
i n d i v i d u a l s  d i  r e c t l y  r e l a t e d  t o  aspects such as s o c i a l  
i n t e r a c t i o n s  (Stamps, 1977; Schoener & Schoener, 1982) o r  
r e p r o d u c t i v e  success (Ortega,  1986; Rand e t  a 7 ,  1989).  

Home range, then,  i s  n o t  o n l y  a  v i t a l  need f o r  most o f  t h e  
animal  species,  b u t  a l s o  i t s  s tudy  rep resen ts  a  l i n k a g e  among 
severa1 fundamental sc iences;  b i o l o g y ,  ecology,  e tho logy  and 
evo1 u t i  on. For i nstance,  home range depends on b i o l o g i  c a l  
aspects  o f  t h e  i n d i v i d u a l s ,  such as sex (Ruby, 1978; Smith, 
1985) and age (Dav is  & Ford, 1983).  
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Home range i s  a l s o  c l o s e l y  r e l a t e d  severa1 aspects o f  t h e  
envi  ronment, f o r  i ns tance  habi  t a t  p r o d u c t i v i  t y  (Harestad & 
Bunne l l ,  1979),  and, a l s o ,  home range i s  r e l a t e d  t o  p o p u l a t i o n  
dens i  t y  (Trombulak, 1985) and t h e  i n t e r s p e c i f  i c  c o m p e t i t i o n  
w i t h i n  t h e  community (Roce, 1982) t o  which t h e  i n d i v i d u a l  
be1 ongs . 
Temperate f o r e s t  environments can be m i l d  and p r e d i c t a b l e  f o r  
endothermic spec ies .  For r e p t i l e s ,  however, temperate f o r e s t s  
can be harsher  and more r e s t r i c t i v e  than d e s e r t s .  High l i z a r d  
spec i  es d i  v e r s i  t y  i n  dese r t  envi  ronments (Gonzal ez-Romero e t  
a l . ,  1989; Pianka,  1967:1975:1985) r e l a t i v e  t o  temperate f o r e s t  
(Or tega e t  a l . ,  1982) can be r e l a t e d  t o  ec to the rm ic  c o n d i t i o n  
o f  r e p t i l e s .  Most home range s t u d i e s  w i t h  l i z a r d s  have been 
developed a t  dese r t s  ( A l  -Johany & Spel l e r b e r g ,  1989; Jones & 
Droge, 1980; Hulse,  1985) and r e l a t i v e l y  few have been c a r r i e d  
ou t  a t  temperate f o r e s t s ,  even a t  t h e  Spanish one ( G i l  e t  a l . ,  
1988).  

M a t e r i a l  and methods; 

Study area - F i e l d  work was c a r r i e d  o u t  a t  La S i e r r a  de 
Guadarrama on t h e  southern  s lope  o f  t h e  Sistema C e n t r a l ,  n o r t h  
of Madr id ,  Spain,  a long  an a l t i t u d i n a l  g r a d i e n t  rang ing  f rom 
900 t o  2,200 metres.  C l ima te  v a r i e s  a long  t h e  a l t i t u d i n a l  
g r a d i e n t  (Gandul l o  e t  a l . ,  1976) f rom a  medi t e r ranean  one a t  
t h e  lower p a r t s  t o  a  c h a r a c t e r i s t i c  h igh-mountain one i n  t h e  
upper p a r t s .  The l a t t e r  i n c l u d e s  5  months w i t h  reduced 
tempera tures  (below 0°C) and has 1,033 mm o f  annual 
p r e c i  p i  t a t i o n ,  concen t ra ted  i n  two peaks; Ap r i  1  and November. 
G e o l o g i c a l l  y ,  t h e  area 1  i e s  on igneous and metamorphic rocks ,  
ma in l y  g r a n i t e s  and gneisses (Gandul lo,  1976).  

Along t h e  a l t i  t u d i n a l  g r a d i e n t  f o u r  p h y s i o g n o m i c - f l o r i s t i c  
u n i t i e s  occur a t  t h e  zone (Ru iz  d e l  C a s t i l l o ,  1976).  The s tudy  
s i t e  was l o c a t e d  a t  t h e  mountain f o r e s t s ,  a  f l o r i s t i c  u n i t y  
o c c u r r i n g  between 1200 m t o  1400 m, and w i t h  an oak (Quercus 
py rena i ca )  as t h e  dorninant spec ies ,  accompanied by a  j u n i p e r  
( J u n i p e r u s  communis) and a  shrub (Sarothanus v u l g a r i s ) .  

The spec ies ;  

The l i z a r d  community o f  t h e  s tudy  s i t e  i s  composed o f  f o u r  
l a c e r t i d  speci  es; Lace r ta  lep ida,  Psammodromus a l g i r u s ,  P. 
h i s p a n i c u s  and Podarc i s  h  i span i ca .  However, t h e  more abundant 
spec ies  a r e  Psammodromus a l g i r u s  and Podarc is  h i span i ca .  
P . a l g i r u s  i s  a  medium s i z e d  l i z a r d  ( 4 . 5  - 7 . 5  SVL a t  sexual  
m a t u r i t y )  w i t h  a  d i s t r i b u t i o n  t h a t  i n c l u d e s  most o f  t h e  I b e r i a n  
Pen insu la r ,  t h e  southwest o f  France and t h e  nor thwest  o f  
A f r i c a .  T h i s  l i z a r d  has a  wide a l t i t u d i n a l  d i s t r i b u t i o n  f rom 
sea l eve1  t o  1400 m, and i s  commonly t h e  more abundant 1  i z a r d  
i n  many p a r t s  o f  t h e  pen insu la  ( A r n o l d  & Bur ton ,  1982) .  
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Methods; 

A t  t h e  s tudy  s i t e  a  permanent quadrant  o f  4500 m2 was 
e s t a b l  i shed  by p l a c i n g  rows and columns f i x e d  by s takes 10 m 
a p a r t .  The p o s i t i o n  o f  each s take was recorded by ass ign ing  
l e t t e r s  and numbers t o  rows and columns r e s p e c t i v e l y .  From 
June 26 th  t o  J u l y  18 th  1984 over 62 i n d i v i d u a l s  were captured 
i n c i d e  t h e  quadrant .  They were marked by t o e  c l i p p i n g  and w i t h  
c o l o u r  d o t s .  I n d i v i d u a l  c o l o u r  marki  ng was accompanied by 
u s i n g  i n d i v i d u a l  d o t  combinat ions o f  o i  1  p a i n t  on t h e  backs o f  
t h e  l i z a r d s .  We c a r e f u l l y  searched f o r  a c t i v e  l i z a r d s  
th roughout  t h e  censuses c a r r i e d  o u t  a t  d i f f e r e n t  hours d u r i n g  a  
day, f o l l o w i n g  a  d i f f e r e n t  r o u t e  on each access. For each 
l i z a r d  observed we recorded i t s  l o c a t i o n  as a  b i - c o o r d i n a t e  
d i s t a n c e  t o  t h e  neares t  s take .  Data o f  l i z a r d s  w i t h  l e s s  than  
t h r e e  recap tu re  l o c a t i o n s  o r  i n h a b i t i n g  t h e  marg ina l  areas o f  
t h e  quadrant  were excluded f rom t h e  a n a l y s i s .  

The convex po lygon techn ique (Mohr, 1974; S t i c k e l ,  1954) was 
used t o  measure t h e  home range. T h i s  method i s  a  w ide l y  used 
techn ique  t o  es t ima te  home range areas,  and i t  has been 
demonstrated t o  be a  good es t ima to r  o f  t h e  area used by l i z a r d s  
when compared w i t h  o t h e r  methods ( G u t i e r r e z  & Ortega, 1985).  
Never the less ,  because a  smal l  number o f  recap tu re  p o i n t s  can 
seve re l  y  b i a s  home range es t ima tes  (Jorgensen & Tanner, 1963),  
we used a  p r o b a b i l i s t i c  method; t h e  b i v a r i a t e  by components o f  
68% ( A g u i r r e  e t  a l . ,  1984).  

Resul t s ;  

Tab le  1  shows t h e  home range es t imates  ob ta ined  f o r  t h e  
i n d i v i d u a l s  s tud ied ,  separated i n  groups by number o f  
recap tu res  and sex.  As i t  can be observed, t h e r e  i s  a  h i g h  
s e n s i t i v i t y  o f  t h e  po lygona l  method i n  r e l a t i o n  t o  sample s i z e ;  
t h e  g r e a t e r  t h e  number o f  recap tu res ,  t h e  l a r g e r  t h e  es t ima ted  
range. Thus, i n  order  t o  make comparisons w i t h  o n l y  t h i s  
method i t  i s  necessary t o  use s i m i l a r  numbers o f  recaptures  
ob ta ined  i n  s i m i l a r  p e r i o d s  o f  t ime .  I n  s p i t e  t h a t  t h e r e  e x i s t  
methods t o  c o r r e c t  t h i s  d e v i a t i o n  ( J e n r i c h  & Turner ,  1969) 
t hese  methods a l  so c o n t a i  n  f a i  1  ures  (Roce, 1982) .  

For t '  reason 1  used t h e  b i v a r i a t e  by components method, 
which , S  a  m o d i f i c a t i o n  o f  t h e  b i v a r i a t e  by components o f  Koepl 
e t  a l .  (1975) .  However, t h e  main disadvantage o f  t h e  l a s t  
method i s  t h a t  i t  a r b i t r a r i l y  works w i t h  two s tandard  
d e v i a t i o n s ,  and t h i s  i n t roduces  a  s e r i o u s  m i s c a l c u l a t i o n ,  
because i t  i n c l u d e s  p o i n t s  l o c a t e d  a t  t h e  p e r i p h e r y  
r e p r e s e n t i n g  zones o f  a c c i d e n t a l  o r  scarce u t i l i s a t i o n  t h a t  a r e  
n o t  a  c o n s i s t e n t  p a r t  o f  t h e  home range. The m o d i f i c a t i o n  o f  
A g u i r r e  e t  a l .  (1984) o f  t a k i n g  i n t o  account o n l y  one s tandard  
dev i  a t i o n  c o n t r i  bu tes  t o  reduce t h e  o v e r e s t i  mat i  on 
s u b s t a n t i a l  l y .  
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Average home range o f  males was 1 8 7 . 2 9 4  m2 and 1 , 2 3 6 . 0 6 6  m2 

es t ima ted  by t h e  po lygona l  and t h e  p r o b a b i l i s t i c  methods 
respect  i ve1 y .  Independent ly  o f  t h e  method used, and 
p r a c t i c a l l y  f o r  a l 1  numbers o f  recap tu res ,  home ranges o f  males 
were l a r g e r  than those o f  females, which had average home 
ranges o f  9 9 . 1 8 5  m2 f o r  t h e  convex polygon, and 7 6 1 . 8 0 8  m2 f o r  
t h e  b i v a r i a t e  by component methods. 

Di scuss i  on; 

The d i f f e r e n c e  among male and female home ranges agrees w i t h  
t h e  m a j o r i t y  o f  t h e  p r e v i o u s l y  s t u d i e d  l i z a r d  spec ies  ( A l -  
Johany & Spe l l e rbe rg ,  1989 ;  Ortega-Rubio et a 7 . ,  1 9 9 0 ;  Rand et 
a 7 . ,  1 9 8 9 ) .  T h i s  r e s u l t  a l s o  agrees w i t h  t h e  d i f f e r e n c e  among 
home ranges o f  males and females found f o r  a  sympat r ic  
p o p u l a t i o n  o f  P o d a r c i s  h i s p a n i c a  (Ortega-Rubio B Romero- 
Schmidt, 1 9 9 2 ) .  At t h e  same area i t  was found t h a t  t h e  average 
home range o f  mal e  P.  h i s p a n i c a  was 7 2 . 7 7 8  m2 and 273 .088  m2 , 
es t imated by t h e  po lygona l  and t h e  p r o b a b i l i s t i c  methods 
r e s p e c t i v e l y .  The females had an average o f  46 .258  m2 f o r  t h e  
convex po lygon and 7 1 . 9 7 0  m2 f o r  t h e  b i v a r i a t e  by component 
methods. 

I t  can be seen t h a t  t h e r e  i s  a  cons ide rab le  d i f f e r e n c e  i n  home 
range s i  ze between b o t h  speci  es. P. a  7 g i r u s  males exhi  b i  t a  
home range s i z e  2 . 5 7  t o  4 . 5 3  t imes l a r g e r  (depending on t h e  
method employed) than P . h i s p a n i c a .  For females, d i f f e r e n c e s  
a r e  s i m i l a r  f o r  t h e  po lygona l  method ( 2 . 1 4  t imes l a r g e r  than 
P. a  l g i r u s )  b u t  even more accentuated f o r  t h e  probab i  1  i s t i c  
method ( 1 0 . 5 9  t imes l a r g e r  than P . h i s p a n i c a ) .  

The d i f f e r e n c e  i n  body s i z e  between a d u l t  i n d i v i d u a l s  o f  b o t h  
speci  es ( P. a  7 g i r u s  i s on average 0 . 5  - 1  . O  mm SVL l a r g e r  than 
P . h i s p a n i c a )  cannot e x p l a i n  by i t s e l f  t h e  d i f f e r e n c e s  i n  home 
range s i z e s  ( C h r i s t i a n  & Waldschmidt, 1 9 8 4 ;  Turner et a 7 . ,  
1 9 6 9 ) ,  as suggested by t h e  f a c t  t h a t  t h e r e  i s  a  h i g h  o v e r l a p  
between b o t h  spec ies  i n  t h e  t a x a  (O jk  = 0 . 6 5 5 )  and volumes (O jk  
= 0 . 6 8 7 )  of t h e  i n s e c t s  consumed (Ortega-Rubio, 1 9 9 1 ) .  

However, t h e r e  i S an i mpor tant  behavi o u r a l  d i  f f e r e n c e  between 
b o t h  spec ies ;  P . h i s p a n i c a  shows a  s t r o n g  p re fe rence  f o r  t h e  use 
of v e r t i c a l  su r faces  i n  rocky  areas,  whereas P . a 7 g i r u s  i s  
c l e a r l  y  a  ground-dwel l  i n g  spec ies  (Ortega-Rubio, 1 9 8 9 ) .  Thus, 
P. h i s p a n i c a  i n d i v i d u a l s  accompl i s h  t h e i  r d isp lacements  on a  
t h i  r d - d i  mensi onal  m i  c rohab i  t a t ,  whereas P. a  7 g i r u s  per forms i t s  
movements i n a  two-di  mensi onal  mic rohab i  t a t .  Undoubtedl y,  i t 
i s  more easy and accu ra te  t o  es t ima te  t h e  home range s i z e  o f  
organisms i nhab i  t i n g  p l a i n  sur faces,  r e l a t i v e  t o  those 
i n h a b i  t i  ng t r i d i m e n s i o n a l  habi  t a t s .  

-- - - - 
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Tab le  1; Home range (m2) o f  P.a7girus, separated i n  groups by 
number o f  recap tu res  and sex (between pa ren thes i s  
appear t h e  number o f  i nd i  v i  d u a l s )  . 

- -- .- - 

No. o f  recap tu res  Sex ( n )  Method ~i v a r i  a t e  
convex polygon 6 8% 

Al though some methods have been proposed t o  a c c u r a t e l y  es t ima te  
t h e  home ranges o f  v e r t e b r a t e s  i n  canyon w a l l s ,  t r e e s  and rocks  
( M i l s t e a d ,  1971; Koepl e t  a7., 19771, t h e r e  a r e  p r a c t i c a 1  
problems n o t  y e t  reso l ved  (Or tega & G u t i e r r e z ,  1987).  

I t  i s  necessary t o  deve lop t h e  deepest s t u d i e s  w i t h i n  t h i s  
framework i n  o rde r  t o  e l u c i d a t e  i n  which degree t h e  observed 
d ivergence between b o t h  l a c e r t i d  spec ies  i s  exp la ined  o n l y  by 
t h e  t r i d i m e n s i o n a l i t y  o f  t h e  displacement o f  P.hispanica o r  i f  
t h e r e  a r e  o t h e r  sub jacent  reasons f o r  t h e  d i f f e r e n c e s  i n  home 
range s i  ze.  
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