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A BSTRACT 

The behaviou r of 5 1  i ndiv idual ly known spectacled caimans ( Caiman crocndi/11s) was studied in the  Llanos 
savan nahs dur ing t l1e fi rst half of the ra i ny  season .  At the onset of the ra ins caimans left their d ry season refuge. a 
perma nent pond. to colonise the  appear ing temporary lagoons. Ca imans less than one year old did not leave the 
pond .  Despite reports of terr i tor ia l i ty in t h is species. no i ndicat ion of  territorial behaviour was found during the 
colon i sa t ion of l agoons .  N i ne ty  per cent of the ca imans were nomadic. Their movements between water bodies 
inc luded the permanent pond.  Res idence in a study lagoon was up to one week long and was fo l lowed by prolonged 
periods of absence. Dur ing the i r  res idence t ime in  the lagoon.  some ca imans showed site fide l i tv .  ot hers did not .  
There was considerable over lap of caiman ranges in  the lagoon .  but ca imans showed spaci ng behaviour when 
s imu l taneously in the water .  Priority of access to resources in  ca imans and other crocod i l i ans is apparent ly 
determined by the  body s ize of compet i tors and not by t he s i te  of agon is t ic  encounters .  I t  is a rgued tha t  the social 
behav iour  of crocodi l ians  is characterised by an abso lute  dom inance h ierarchy based on body size. ra ther than 
terri tor ia l i ty .  

R ESUMEN 

E l  comportam iento d e  5 1  ca imanes ( Caiman crocodi/11s) marcados indiv idualmente fue estud iado e n  !as sabanas 
de los L lanos durante la primera m i tad de la estacion l l uviosa .  A l  comenzar !as l l uv ias. los ca imanes abandonaron  el 
charco  de aguas permanentes ( moricha l )  donde se refugiaron duran te la estac ion seca y colon izaro n  !as lagunas 
tempora les (esteros) que se comenzaban a formar. Caimanes menores de un  afio de edad no abandonaron el 
mor icha l . No obstante  previos i n formes de terri tor ia l i smo en esta especie. no hubo n i nguna ind icacion de 
comportamiento terri torial durante la colon izacion de esteros. E l  noventa por ciento de los ca imanes fueron 
nomadas e i nc luyeron e l  charco permanente en sus movimien tos en t re lagunas .  El t i empo regu lar  de res idencia en cl 
estero es tud iado fue de hasta una semana ,  segu ido por periodos de ausencia prolongada a n tes de un  regrcso 
eventua l .  Durante la res idencia en el estero solo a lgunos ca imanes se mostraron fieles a un determ inado sector. 
Cuando estaban s imultaneamente en el agua los ca imanes mostraro n espec iamiento entre s i .  pero cl t ras lapo cn t re 
!as areas usadas por cada i nd iv iduo fue considerable. En  caimanes y otros  crocodi l idos el acceso prior i tar io a 
recursos es aparentemente determi nado por el tamafio de los compet idores y no  por la loca l idad de! encuentro 
agonist ico. Se argumenta que en vez de terr i tor ia l i smo. el compartam iento social de los crocodi l idos se caracteriza 
por una  jerarquia abso luta de domin io  basada en tama1io corpora l .  

I NTRODUCTION 

Reports of terr i tor ia l i ty among  spectac led caimans 
( Caiman crocodi/us) may be mis l eading due to  a lack of 
consistency in the  defi n i t ion  o f  terri tor ia l  behaviour. 
Terr i tor ia l i ty has been i n ferred from observat ions of 
s i te fide l i ty  (Medem, 1 962; Gorzu la ,  1 978 ) .  d isplace­
ment behaviour (Medem. 1 962 ;  Staton and  Dixon .  
1 97 5 )  and breed ing  s i te defence by capt ive females 
( A lva rez de! Toro . 1 974). A lt hough these are typical 
e lements of terri tor ia l  behaviour ,  none a re sufficient to 
demonstrate terri toria l i ty  accord ing to  more recen t  
defi n i t ions of  the  term. K au fmann  ( 1 983 )  reviewed the  
concepts of territ or ia l i ty and dominance. defi n ing the 
fi rst as a space-re lated dominance, whereby the 
terri t o ry is ' . . .  a fi xed port i on  of an  i nd iv idual 's or 
group's  range i n  wh ich i t  has pr iori ty of  a ccess to one 

or more cr i t ica l  resources over others which have 
prior i ty e lsewhere or  at another t i me. This priority of 
access must be achieved through socia l  in teract ion . .  . ' .  
Terri tor ia l i ty  is a form of rela t ive dominance ( re lat ive 
to locat ion of the  contestants)  whereas an  absolute 
dominance h ierarchy  (e .g .  based on body s ize) is 
i ndependent of loca t ion  and t ime .  

In  the  savan nahs of  northern South  America. large 
aggregat ions of spectacled ca imans are found in the 
scarce permanent ponds dur ing the  dry season (Staton 
and D i xon ,  1 975 ;  M arcel l i n i .  1 979) .  Dur ing the ra iny 
season .  extens ive a reas of grass land are flooded . 
formi ng temporary lagoons. Ca imans move from the ir  
dry season refuge to the  new lagoons and retu rn  to  the 
permanent  ponds when the lagoons dry out (Staton 
and D i xon ,  1 975 ;  Gorzula ,  1 978 ) .  The presen t  s tudy 
describes the behaviour of 5 1  i ndiv idual ly known 
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Fig .  I The s tudy s i te .  showing the perm a n e n t  pond P and the growth of t h e  t e m porary l a goons T over t h e  course of the ra i n v  
sea s o n .  T I .  T2 a n d  T:l are cons idered toge t h e r  i n  t h e  t e x t  a s  t h e  t e m porary l agoon of t h e  st udy .  T h e v  became a cont i n uous  water  
bodv i n  J u ne .  T4 was vis i ted sporad ica l ly  and not  inc l uded in  t h e  n ight l y  census .  The n e x t  t e m pora ry l a goon (T5.  n o t  on t h e  m a p )  
was  located I km to t h e  northeast of P. 

caimans dur ing the ir  colonisat ion of temporary 
lagoons.  The study period corresponds to the mat ing 
season of caim ans in th i s  environment (Staton and 
Dixon,  1 976) . The i nadequate use of the  concept of  
terr i tor ia l  behaviour is  di scussed in respect to former 
reports of terri toria l i ty  i n  this species and other 
crocod i l ians .  

M ETHODS 

The study took place at the Hacienda Los Naranjos 
(4° 1 3 ' N. 73° 1 6' W.  400m above sea leve l )  in the 
Colombian L lanos. The L lanos is  the seasonal  
grassland savannah located northeast of the Andean 
range.  both west and east of the Ori noco river. For 
descri pt ions of  this region see publ icat ions by H ueck 
( 1 966) .  Staton and Dixon ( 1 975 )  and Cabrera and 
Wi l l inck ( 1 980) .  There is a s ingle ra i ny  season usua l ly  
from Apr i l  to  N ovember. and a dry season from 
December un t i l  March. Average annual  ra infa l l  i n  t h e  
s tudy area is  3438m and  t h e  average temperature i s  
25 . 7°C (writ ten comm .  H IMAT,  Bogota) .  The  data 
were col lected da i ly  between 12 Apr i l  1 986 and 20 Ju ly  
1 986. Th i s  period corresponds to  the fi rst ha l f  of  the  
ra iny season .  Ra infa l l  at the s tudy s i te was  recorded 
dai ly .  

The spectacled caiman ( Caiman crocodi!us L . )  i s  
com m on i n  t he  study region, where i t  i s  sympatr ic wi th  
two other  A //igatoridae species: Pa/eosuchus pa/pebrosus 
and  Pa/eosuchus trigona111s (Medem, 1 98 1  ). The study 

populat ion was never hunted for commercial pu rposes. 
Dur ing th i s  study 1 9  female ,  22  male and 1 0  unsexed 
Uuven i le) ca imans were captured, measured, marked 
and released . Thei r s ize range was I 6 .6cm to 75 . 1  cm 
snout-vent-length (SVL,  measured to the an terior end 
of  the cloaca ) .  Three age categories were defi ned us ing 
growth data for free-ranging spectacled caimans 
publ ished by Gorzula ( 1 978) :  

- Juveni les ( 1 3 ): SVL <36 .0cm. An imals  less than 
th ree years old. 

- I mmatures ( 26) : SVL 36 .0cm-50 .0cm.  
- Adul t s  ( 1 2) :  SVL >50 .0cm. An ima l s  7 years i n  

age  or more. Females sexual ly mature 
( R ivero-B lanco, 1 974). 

I nd ividua ls  smal ler than I OOcm total length were 
captured by hand. seizing the neck and the base of the 
ta i l  s imu l taneously .  Larger ca imans were hooked 
around the neck against the ground, then secured wi th 
a noose to pu l l  them out  o f  the water. Captured 
ca imans were weighed, res t ra ined on a board and then 
sex was determ ined by cloaca I probing (after B razai t i s ,  
1 968) and/ or visual  examinat ion of the c loaca wi th an 
otoscope. After tak ing morphometrical data, the  
ca imans were ind iv idual ly marked us ing a code of  
ho les  punched in to the prox ima l  vert ical  scales of  the  
t a i l  and  a number painted on  the i r  backs w i th  fast 
drying meta l l ic pa in t  for model a i rp lanes. This number 
remai ned recognisable for about s ix weeks .  An  attempt 
to  mark the  ca imans us ing reflect ive tape was 
u nsuccessfu l .  The d ifferent coloured dots at tached to 



5 1 6  C A R LOS DR EWS 

the craneal  p late with cyanoacrylatc bonder fel l  off 
w i th in  one week due to shedding of the  Srrarum 
corneum. A detai led descrip t ion of scars, injuries and 
o.the r  conspicuous marks was recorded on each 
individual 's fi le .  Wi th in  one hour of  capture the 
caiman was released at the capture l ocat ion .  Data on 
morphometry, injuries, popu la t ion structure ,  and 
habitat cho ice w i l l  be publ ished elsewhere. 

The p resent s tudy was carried out at  n ight for two 
reasons:  I .  The assumpt ion that during the ra iny 
season cai mans are most  act ive at n ight .  2 .  Close 
approach for ident ificat ion and eventua l  capture of 
submerged ca imans during the day is a lmost 
i m poss ib le due to  the shyness of the an ima l s .  Data on 
the a ct ivity of ca imans in the d ry season i ndicate that 
over 80 per cent of  the ind ividuals are found in  the 
water between 2000h and 200h at n ight (Marcel l i n i ,  
1 979) .  N ight ly water temperat ure varia t ion between 
24 .3°C and 29 .6°C at the t ime  of census ing did not 
corre late with ca iman act iv i ty  (Staton a nd Dixon ,  
1 975 ) .  Comparable data  for the  ra iny season is not  yet 
avai lable .  

Ca imans can be easi ly l ocated a t  n ight us ing 
spot l ights s ince the ir Taper11111 /11cid11111 renects the l ight 
in tens ively reddish to orange and,  at  c lose range .  
whi te .  N ight censuses have been est imated to  record 
over 90 per cent of the ca imans in a pool (Staton and 
D ixon .  1 975 ) .  The study lagoon ( Fig. I ,  T I + T2 + T3 ) 
was censused w i th in  1 5  m inutes between 1 900h and 
300h each n ight .  The t ime depended on weather 
condi t ions. The pos i t ion of each ca iman was recorded 
us ing compass t ri angulat ion and landmarks around  
the l agoon. Approach and ident ifica t ion  of marked 
i ndiv iduals  and the  capture o f  unmarked ones were 
performed after fin i sh ing the census.  Duri ng ra in s  the 
water  surface became rough and submerged ca imans 
cou ld  not be seen .  making ident ificat ion d ifficu l t .  
Successful  iden t i ficat ion was achieved i n  5 2  per cent of 
a l l  s ight i ngs (N= 1 89 ) .  Data on the relat ive pos i t ions of 
caimans  and censuses at  the permanent  pond are 
excluded from the  ana lyses, because observat ions here 
became inaccurate as cyperaceous vegeta t ion i ncreased. 
Stat i s t ica l  analyses, un less oth erwise ind i cated were 
performed us ing the softwa re stat i st ics package 
M i n i tab (C)  at  the  Computer Ma in  Frame of 
Cambridge Un iversity (UK) .  

RESULTS 

1 .  Colonisation of temporary water bodies 

At  the  onset of the  ra i n y  season i n  m id-A pr i l  
temporary lagoons s tarted to  a ppear i n  the v ic in i ty  of 
the  s ingl e  permanent  pond of  the  study a rea ( Fig. I ) .  
A t  t h e  beginn ing o f  observat ions  ( 1 2  A pr i l  1 986)  30 
ca i mans  were counted i n  the 0. 1 4  ha perm a nent  pond .  
Thereafter, a successive dec l i ne  of caiman numbers 
was recorded. Five weeks after the i n i t ia l  census less 
t han  t h ree ca imans could be regular ly found in the 
permanent pond .  The first lagoon a ppeared on 
22 A pr i l  1 986 w i th an  area of l ess  than  0 . 2  ha .  Five 
n ights later t h ree caimans were sighted in  i t .  

Ten ca imans .  less t han  one year old, were marked in  
the  permanent  pond dur ing the  first three weeks  of the  

study.  They were often res ighted i n  the same pond. but 
never in the temporary lagoon .  The two year old 
female  F-7 (SVL = 26.9cm ) was the youngest ca iman 
recorded cover ing the  1 80m which separa ted the 
permanent pond from the adjacent lagoon ( Fig. I ) . A 
s im i lar  resu l t  is reported by Gorzula ( 1 978) .  who found 
caiman hatch l i ngs on ly in permanent ponds of a 
seasona l  savannah i n  Venezu e la ( but see Ouboter and 
Nanhoe. 1 988 ,  for swamp forest habitat ) .  

Out  of  27 ca imans (yearl i ngs i ncl uded ) marked in 
the permanent pond between 1 5  Apri l  1 986 and 4 June 
1 986 ,  22  per cent were res ighted dur ing that per iod i n  
the same pond, 4 4  per cen t  were resighted in  the 
adjacent lagoon .  and 34 per cent were not seen aga i n .  
No ca iman ident i fied i n  t h e  temporary lagoon between 
26 Apr i l  1 986 and 28 May 1 986  was resighted in  the 
permanent pond (N = 1 3 ) .  Thus, duri ng the fi rst month 
of the ra iny season caimans moved from the 
permanent  pond to temporary lagoons, but apparently 
not i n  the opposite d i rect ion .  Later in  the season .  
however. movements from the  lagoon to the 
permanent pond were observed (see below). 

A l though vegeta t ion  in  the permanent pond made 
the n ight ly censuses from June onwards inaccurate. 
s ight ings in  June inc luded two adu l t  females .  two adult 
ma les, one immatu re male  and several juven i les .  This 
shows that dur ing the  ra iny season the permanent 
pond was st i l l  used by caimans of  al l  age categories and 
both sexes. 

2 .  Movements between lagoons 

Twelve i nstances of movements from the permanent 
pond t o  the lagoon by known indiv iduals were 
recorded.  Movements between l agoons or from these 
to the permanent pond were recorded five t imes. One 
example of such movements was the immature male 
M-9 (SVL = 47 .5cm) ,  marked i n  the permanent pond 
on 28 A pril 1986. resighted there on  29 Apri l  1 986 and 
5 May 1 986,  then seen in the lagoon T3 on 1 2  May 1 986 
and. one month  later. i n  l agoon T4 ( F ig. I ) . Short 
distance movements between the lagoons T I ,  T2 and 
T3 ( Fig. I )  when th ese were s t i l l  d iscrete water bodies 
are cons idered as movements 1rirhin the study lagoon .  
Th i rty  ca imans recorded for an  average to ta l  t ime of  
2 .4  days  i n  the  s tudy  l agoon .  ou t  of 76 days of  
observat ions ( sec below), are assumed to  have moved 
between d is tant  water bod ies i nc lud ing a brief stop at 
the s tudy lagoon.  Caimans were seen t rave l l i ng 
through the savannah  on two occasions dur ing 
dayl ight (900 hou rs. 1 000 hours )  and once i n  the  
even ing  ( 1 900 hour s ) .  No ind iv idua l  from the marked 
popu la t ion sample was resighted in the temporary 
lagoon T5,  l ocated I k m  away from the permanent 
pond.  but  spectacled caimans have been reported to 
t ravel overland d is tances of 2 .4km and 5 .0km 
(Gorzu la ,  1 978;  Marcel l i n i ,  1 979) . 

The behav iour of  the caimans d uring the  fi rst half of 
the ra i n y  season can be characterised as nomadic . 
After the appearance of  temporary l agoons and their 
co lon i sa t ion by ca imans ,  res ight ings of k nown 
i ndiv iduals  in  neighbouring water bodies i ndicated 
that t hey did not become sedenta ry i n  the new lagoons .  
but ra ther moved between them . Such movements 
were made by ca imans of  al l  age and sex classes, except 
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2 . -l  d : t \'>; a rnl t i l l' 1 · : t f 1 1 e o r  c h i -sq 1 1 a re d ro ps t o  1 . 1 9  
( r /( - ·' · N S )  i n  a co m p a r i so n  w i t h  ; 1  ra n d o m  Poisson 
d i s t r i b u t i o n  w i t h  : I  1 1 1ea 11 or 2 .0 .  

T h re e  m a l e  ca i 11 1 ; 1 1 1 s .  M - 1  ( S V I .  = 4 1 . 6c 1 1 1 L 1\11 -) 
( S V l .  = 4 l . 5 c 11 1 ) :1 1 1 c l  1\11 - 1 1 ( S V I .  = 5 0 . 2c m ) .  were 
i d e n t i fi e d  in t h e  l a goon o n  l o . 1 7  ; 1 1 1 d  24 d a vs 
respec t i v e l v .  S i nce t l;e i r  t i m e recorded ; 1 t t h e l :ignc�n 
was s i g n i fi ca n t l v  h i g h e r  t h a n  t h ; 1 t  of :rn o t h e r  c : 1 i 1 11 : 1 1 1 s ,  
t h e  fo�· m c r  ; 1 r l' ;-crc�-red t o  a s  rcside11 1 s  ( 1 0  p e r  c e n t  o f  
t h e  s a m p k )  a nd t h e  l a t t e r  : i s  1 ·isi1ors ( 90 per  cent  of t he 
s a m p l e ) .  T h e  res i d e n t s  1\11 - 1 a n d 1\11 -5 v i s i t ed t h e l : 1 goo1 1  
in  b o u t s  o f' scvc r : t l  consec u t i v e  d a v s ,  but  1\11 - 1 1 w a s  
m o r e  o r  less  c o ns t a n t  I v  p res e n t  ( F ig . J ) . T h e  1 1 1 1 u s u a l  
h e h a 1· i o u r  n f  1\11 - 1 1 1 1 1 ; 1 v  h a ve b e e n  re l a t ed t o  a se 1 ·ere 
s n o u t  w o u n d  e v i d c n t l l; i n ll i c t cd w i t h : i  111 ; 1 c h e l e  lw : i  

· - p < 0.000 1 
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N o ,  OF DAYS PRESENT I N  TEMPORARY WATERS 
F i !.! .  2 rrc q u en c 1· d i " rihut i o n  , ,f t h e  l n t a l  n u mlxr l l f' d a ,·s 1 h ;1 1  e a c h  ca i m a n  11·as recorded i n  t h e  t c m pora rv l a g o o n  over t h e  7(1 

da�' S  of ohscn a t  i <; n .  T h e  ilkllt i t  1 of  l he s ix  ea i m a  ns recorded fi1·c or m o re clavs al  the  l agoon i s  i n d i ca t cd.  T h e  c l  i s t  r i  b u t  i o n  oft  he 
d a ta ( foregro u n d )  i s  co111p: 1red \\' i t h  a ra n d o m  Poisson d is t r i h u t inn ( backgro u nd ) ( sec t <.:x l ) .  



5 1 8  CARLOS DREWS 

CA I MAN 

M-8 

M-9 

F - 1 8  

M-4 

F - 7  � 

M-2 1  

F - 1 7 

M- 1 0  

M- 1 

M- 5  - . - . .  - • 

n . s .  
n . s .  
n . s .  
n . s .  
n .  s .  < P  < 0 .  1 l 

n . s .  < P  < 0 . 1 l  

p < 0 . 00 1  

p < 0 . 00 1  

p < 0 . 00 1  

• • • • • p < 0 . 00 1  

M- 1 1 - . .  - • • • • • • • • • n . s .  

1 0  
MAY 

20 3 0  1 0  
JUNE 

2 0  3 0  1 0  
J U L Y  

P = s i gh t i ng at t he permanent pond • = s i ght i ng at the t emporary l agoon 

Fig. 3 Occurrence of some ca imans  at  the temporary lagoon. Each square represents  one dav.  Th is  sample was used for a 
sequence a nalysis (S i egel .  1 95 8 )  test ing c lumpness of each ca iman's sigh t i ngs over t ime .  The s ignifica ncy of th is  test is indicated 
by P val ues fo r each ca iman .  

hun ter. Th is  wound probably interfered w i th  feeding 
for a l ong t ime,  s ince M - 1 1 had the  l owest body 
condi t ion of t he populat ion sample at  the begi nn i ng of 
the s tudy. Th irty days after i ts  first capture .  M- 1 1 had 
reached a just below average body cond i t ion .  

4. Temporal pattern o f  visits to  the lagoon 

Each ca iman v is i ted the  temporary lagoon at 
i ntervals (see Fig .  3 for an  exemp lary subset of data) .  
The days between vis i ts to  the l agoon are referred to  as 
t he absence i nterval .  The sample is composed of  the 
pooled absence i ntervals of  22 caimans recorded more 
than once in the lagoon .  The freq uency dis tr ibut ion of 
the absence i ntervals recorded was b imodal ( Fig. 4) 
and d iffered s ign ificant ly from the expected geometric 
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distr ibut ion (P <0.00 1 .  chi-square = 70 .3 .  df = 1 4 ) .  
This d i fference was s t i l l  s ign ificant at  t h e  0 . 1 per cent 
leve l ,  when the three resident caimans were removed 
from the sample .  The large value of  ch i-square is  due to 
the  h igh number of very short absence i n tervals (one to 
two days) and very long absence i n terva ls ( l onger than 
34 days) .  In genera l .  caimans v is i ted the l agoon i n  
bouts up  to one  week  w i th  br ief absence in tervals  
w i t h i n  bouts .  and there were prolonged absence 
in tervals between bouts .  Out of30 ca imans recorded at 
the temporary lagoon ,  1 2  (40 per cen t)  returned to the 
lagoon after an  absence period of  at least two weeks. 

This pattern is supported by sequence analysis 
(S i ege l ,  1 956) of  the presence and  absence days of 1 0  
s ingle i ndiv iduals seen i n  t h e  lagoon a t  least three 

p ( 0.0 1 

. 

0 0 1 0 1 0  0 1 0 1 0 . 0  0 0 0 a a o l a l a c c c �----- � 
1 2  1 5  1 8  2 '  24 

TIME INTERVALS ( day� ) 

27  30 33 : 34 < p < 0.036 

Fig .  4 Frequ ency d is t r ibut ion of absence i n t ervals between two s ight i ngs of t h e  same ind ividua l  at t h e  temporary lagoon (33 
cai m a ns pooled) .  A bsence val ues bet ween 34 a nd 67 davs are pooled.  The d i str ibut ion of observed values is  bimodal and differs 
sign ifica nt ly  from a calculated geometric distr ibut ion .  
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t imes. The days  present  \\'ere s i g n i fica n t l y  c l u m pe d  i n  
t i m e  for fo u r  c a i m a n s  ( Fig.  3 ) : t h e  res i d e n t  m a l es M - 1  
a n d  M-5. a n d  t h e  v i s i t o rs m a l e  M - 1 0  ( S V L  = 6 7 . 0c m )  
a n d  fema l e  F- 1 7  ( S V L .  = 53 .5cm) .  They d is p laved t h e 
p a t t e rn  of s h o rt v i s i t s  fo l l owed bv prol o n ged a bsence 
i n tervals. The vis i ts  o f  four other c a i rn a ns w e re 
sporad ic e ve n t s .  Beca use t h e  res i d e n t  i m m a t u re 1 - 1 1 
ra rely left t h e  l agoo n .  i t s  davs of p resence were n o t  
c l u m ped i n  b o u t s .  

5 .  R a n ges w i t h i n  t he t emporary l a goon 

Seven n i gh t l y  foc a l  observ a t i o n s  of 85 to 555  
m i n u t es d u r a t i o n  were m a d e  o n  t h e  res i d e n t  ca i m a n  
M - 1 1 .  These i n d i c a t ed t h a t  t h e re w a s  n o  c o n s i s t e n t  
ra n g i n g  pa t t e rn  w i t h i n  t h e  l agoo n .  M ov e m e n t  rates 
varied between 7 m/ h  a n d 1 80 111/h ( me d i a n  v a l u e = 
4 2 111/h . N = 7 ) .  The a bs o l u t e  d i s t a n ce covered d u r i n g  
the 555 m i n u tes observ a t i o n  w a s  8 7 5 m .  a n d  t he l o n gest 
s t ra ig h t  l i ne between t wo l o ca t i o n s  for t h e  same n i gh t  
w a s  338m .  V a l ues o b t a i ned from t w o  o t h e r  i nd i v i d u a l s  
l a y  i n  t h e  same r a n ge .  T h e  ca i m a n s  u sed t o  move 
paral le l  and close to  the  shore. In general .  they swam 
s u b me rged in  s h o rt b u rs t s  fol l owed bv prol o nged s tops  
a t  t h e  water s u rface.  usua l  I v  fac i n g  t h e  s h ore or p a r a l le l  
to  i t .  These s t o ps co u l d  las t  for sever a l  hours .  When 
c a i m a n s  were s t a t i o n a rv t h e body h u ng down 
ve rt ica l l y  a n d  the  ta i l  t i p  res ted o n  the  gro u n d  as a 
p o i n t  of s u p po r t . C a i m a n s  u s u a l  I v  were n o t  s t a t i o n a rv 
i n  w a t er deeper t h a n  a body lengt h .  s i n ce u i l  
m o v e m e n t s  were req u i red t o  keep t h e  eyes a n d  n o s t r i l s  
a bo ve t h e  w a t e r  s u rface .  C a i m a n s  o ft e n  cra w led 
t h ro u g h  t he grass a l o n g  t he s h o re in a w a t e r  d e p t h  of 
a b o u t  5 c m .  l e a v i n g  a t ra i l  of n a t t cn e d  grass w i t h  a 
serp e n t i n e  s h a pe .  

T h e  average dis ta nce between t h e  l o ca t i o n  o f  a 
ca i m a n  011 one n ight a n d  i t s  loca t i on t h e  n ig h t  a ft e r  was 
I 80m (S  D = 2 1 4 . range 25-940m. N = 30 .  e i g h t  ea i m a  n s  
pooled) .  C a p t u r e  a n d  h �rn d l i n g  d i d  n o t  i n d u ce c a i m a n s  
t n  l ea ve t h a t  a rea of t h e  l a g o o n .  T h e  m e a n  d i s t a nce 
from t h e capture s i te  t o  the loca t i o n  t h e  fo l l ow i n g  n ig h t  
wa s  I 84m ( S O = 1 83 . 2 .  N = 7 ) .  w h i l e  t h e  m e a n  d i s t a nce 
for ca i m a n s  i d e n t i fied b u t  not  ca p t u red was 1 82 111 
( N = 2 1 ) . 

The m a .-; i m u m  d i s t a nce cove red between t w o  
loca t i o n s  o v e r  seven d a �1s. i n  w h i c h  t h e  ca i m a n  w a s  
s i g h t ed t h ree o r  more t i mes .  \\'as measu red.  This  1 ·a \ u c  
c�rrcsponds t o  the range covered wi t h i n  t h e  lagoon 
dur ing a n  average 1 i s i t i n g b o u t .  The m e d i a n  fer e i gh t 
caimans was 240m ( ra n ge 25-800m) .  T h e  s i ze of t he 
sevcn-dav-ranges c o m pa red w i t h  the  a verage m o v i n g  
ra t e  of 1 80m/1; ight a n d  t h e  s i ze of t he l a goon ( Fig .  I )  
suggests t h a t  caimans showed fi de l i t y  t o  the lagoon 
po-r t i o n  clwscn at  the s t a rt o f  a v is i t i n g  per iod.  This  is  
refe rred to  as short term s i te  fide l i t y .  

There w a s  no  consi�tencv i n  t h e  a re a  of the lagoon 
chosen after a prolonged absence ( i . e .  absence of more 
t han  seven clavs) .  Some individuals showed long t erm 
site fidel i tv .  

-
for example the  adult female F-9 

( SVL = 54.4.cm) .  which ret urned after 35 cl ays absent 
to  a s i te wi th in  50m of i t s  last locr t ion .  O thers were 
resigh ted hundreds of metres awav from their last 
l ocat ion .  The male M-8 (SVL = 63 .9cm ) was found 
650m away from t he s i te  of t he  last record after 34 davs 

o f  a bsence .  V ;i l u cs o b t a i ned l 'rnm 1 1  more c 1 i m a n s \ ; 1v 
between t h cse two ext re mes. 

S u ffi c i e n t  loca t i on cla t ;1 was obt :1 i n ed l 'rom t h e 
res i d e n t  ca i m a n s  t o  est i m a t e  r:rn gcs w i t h i n  t h e l a goon 
for t h e  t h ree m o n t h  observa t i o n  per iod.  M - 1  (N = I (1 ) 
prcfcrccl t h e e a s t e rn  pa rt o f t  he l a goon ( F i g .  I .  T2) .  b u t  
occa s i o n a l  Iv v i s i t ed t h e  western a reas a lso .  M-5 ( N  = 1 7 ) 
a n d  M - 1 1 ( N  = 24) w e re most lv fo u n d  �! l o n g  t h e 
western s i de of t h e  lagoon ( Fi g .  I .  T:I ) .  b u t  were a lso 
s i g h t e d  in eastern a reas .  C o n s i d e ra b l e  over l a p  between 
ra n ges was observed . M ost v i s i t o r  c a i m a n s  were 
rec� rdcd w i t h i n  t h e  ra n ges o f  res i d e n t s .  H owever. i"cw 
ca i m a n s  were seen i n  t h e t e m pora rv l ;1 goon d u ri n g  
m ost  censu ses ( m ecl i a  n = 3 e a  i m a  n s .  r a  n gc 0-22. N = 66 ) . 

I l c nc c .  ra nge overl a p  d i d  n o t  n cccss a r i l v  mean 
s i m u l t a n eous u se o f  a n  a re a .  I f  ca i ma n s  occ u r red 
s i m u l t a n cnus lv  in an a rea . t h cv sh owed s p a c i n g  
bc h a l ' i o u r  ( sec be low ) .  

6 .  S p a t i a l  d istr ibut ion of c a i m a ns in t h e  l agoon 

The s pa t i a l  d i s t r i b u t i o n  o f  i m m� 1 t ur c  and a d u l t  
ca i m a ns i n  t h e  t e m porary lagoon .  w a s  a n a l ysed u s i n g  a 
co m p u ter  p rogr:1 m fo r s pa t i a l  a n a l y s is w r i t t e n  bv 
D .  B ro w n  ( S t a t i s t ics  G ro u p .  C a mbri d ge U n i vcrs i t v .  
U K ) . T h e  l a goon w a s  s u bd i v ided i n to t wo c q u ; i l  size 
sectors ( F ig .  I .  T I  + T2 a n d  TJ ) .  The s a m ple was 1 1  
crses i n  w h i c h  fo u r  t o  n i n e  c a i m; 1 1 1s  occ1 1 rrccl 
s i m u l t a n e o u s l y  in t h e  lagoon sector a n a l y sed.  For 
e i g h t  c a ses t h e  proba b i l i t y  ca l c u l a t ed by t h e  s i m u la t i o n  
i n d i c a ted regu l a r i t y .  s h o w i n g  a s i g n i fica n t  t e n dency 
for regu l a r i t v  i n  the s p a t i a l  d i s t r i b u t i o n  of c a i m ;1 n s  
( P  <0.0 1 .  co m b i n ed p ro ba b i l i t ies t e s t .  F i s h e r .  1 958 ) .  

T h e  sh ortest  n e a res t -n e i g h b o u r  d i s t a  nee b e t  wecn 
two s t a t i o n a rv c a i m a ns was 1 5m .  but m o re c o m m o n l y  
a m i n i m u m  n e a rest-ne igh bou r d i s t a n ce o f  30m w; rs 
o bserved.  T h i s  d i s t a n ce m a y  depend on t h e  bocl v s i zes 
o f  t h e  i n d i v i d u a l s  concerned. but such a rel a t ionsh i p  
w a s  n o t  a n a l vsecl cl u e  t o  t h e  sm a l l  s a m p l e  s i ze .  
Q u a n t i t a t i ve a n a l y s i s  o f  soc i a l  d is p l a c e m e n t  was not  
poss i b l e  beca use o n  I v  t h rec socia  I i n t eract  ions bet wccn 
ca i m a n s were o bse rved d u r i ng t he s t u d y .  

D I SCUSS I O N  

T h e re w a s  n o  i n d i c a t i o n  o f  t e r r i t o r i a l i t y  a m o n g  
c a i m a n s  i n  t h e L l a n o s  d u ri n g  t h e  fi rst  h a l f  o f  t h e  rainy 
sea s o n .  O bserva t i o n s  o n  t h e re p ro d u c t ive b i o logy o f  
c a i m a n s  i n  t h e  Venezu e l a n  L l a n o s  ( Staton a nd Dixon .  
1 976 )  s u ggest t h a t  t h e  s t udy period corresponded to 
t h e  m a t i ng seaso n .  Accord i ng t o  Kaufmann ( 1 983 ) .  a 
t erri to ria l  i n d ividu a l  is expected to be almost 
con t inuous ly in  i t s  terr i t ory . in  order to  disp lace 
i n t ru ders and guaran tee its priority access to resou rces . 
Ca imans i n  t he  s t ud ied lagoon system did not  fu lfi l  t h i s  
e lementary con d i t i on for terri toria l i ty :  I .  Mos t  
ca imans were nomadic between lagoons. 2 .  Vis i ts to a 
lagoon were brief. last ing a maximum of one week .  
These vis i ts  were often i n t errupted by  some nigh t s  of  
absence. 3 .  Some ca imans d id  no t  show any preference 
for anv locat ion .  while others did remain with i n  a 
certa in sector of the lagoon dur ing their v is i t .  Ranges 
w i t h i n  the lagoon overlapped considerably .  D u r i ng the  
short absence periods wi th in a v i s i t ing bou t  caimans  
may h ave been in  the  vege ta t ion nex t  t o  the  l agoon .  
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Caimans in  capt ivity are known to rest  in the 
vegeta t ion for several days after a substant ia l  meal 
( Pachon,  pers. comm. ) .  Du ring the long absence 
periods between visits to the  st udy lagoon ca imans 
presumably seeked dis tant l agoons as  supported by 
three observat ions of movements across the  savannah 
and five resight ings of  mark ed ind iv idua ls  in water 
bod ies other than the s tudy lagoon .  Movements 
between lagoons were not un id i rect iona l ,  as ind icated 
by 40 per cent of  the ca imans returning to the study 
lagoon after a min imum of two weeks absent .  

The nomadic behaviour  of ca imans may be part ly 
related to d ifferences in frog ava i lab i l i ty  between 
lagoons. Frogs are p robably the most common food 
i tem in the s tudy l agoon ( pers. abs . ) .  A l t ernat ive food 
i tems found in s imi lar  environments .  s uch as fish .  
sna i l s  o r  crabs ( S taton a n d  Dixon,  1 975 :  Gorzu la ,  
1 97 8 ;  Seijas and Ramos ,  1 980) ,  were no t  found in the  
s tudy  l agoon .  Pr ior  to  the  s tart of the  ra iny  season .  
ca imans were found i n  h igh densi t ies in  t h e  permanent 
ponds .  With the  onset of  the  ra ins ,  the ca l l ing act iv i ty 
of  a common frog, Physalae.mus neglect us dunni. at the 
permanent pond increased not iceably .  However. as 
lagoons appeared i n  the vicinity, the cal l ing activity of 
frogs decreased to zero in the permanent pond and 
became deafen ing in  the newly formed lagoons ( pers. 
abs . ) .  Most ca imans were found in  these l agoons from 
then onwards. Cai man numbers and ca l l i ng act ivi ty of  
frogs were part i cu larly h igh i n  new lagoons on nights 
fo l lowing heavy ra infa l l  ( pers .  abs . ) .  As  the lagoon 
level rose, ca iman numbers and the ca l l ing activity of 
frogs decreased. Two weeks after the onset of the ra ins .  
the n umber of ca imans seen in  the  lagoon was no 
longer related to  ra infa l l .  A l though caiman movements 
between tempo rary water  bodies have been reported 
before (Gorzu la ,  1 978 :  Marce l l i n i .  1 979) ,  the nature of 
this behaviour i s  s t i l l  not understood. 

The nomadic behaviour of  caimans du ring the s tudy 
suggests t hat access to  resources in  t he lagoon was not 
determined by a s i te-dependent dominance h iera rchy 
( t err i toria l i ty ,  sc11Su Kaufmann ,  1 983 ) .  I nstead. the  
d is tr ibut ion of t h e  ca imans  i n  the  lagoon was probably 
determined by a body-size dependent  h ierarchy 
(S ta ton and Dixon .  1 975 ) ,  which resu l t ed  in  spacing 
behaviour .  Spac ing behaviou r  may be a response to  
potent ia l  cannibal ism and the  aggress ive nature of 
agon is t ic encounters, wh ich can lead to  severe inj ur i es 
(S ta ton and Dixon .  1 975 ;  Gorz_u la .  1 978 ) .  

A s i t e-dependent  h ie rarchy is l i ke ly i f  opponents 
have a s imi lar body s ize ,  as  is the case among adu l t  
mammals ,  birds and many a rt h ropods. Bu t  s imi lar  
s ized opponents seldom meet  among crocod i l i ans  due 
to  t h e  large var ia nce in  body s ize .  In  spectacled 
ca imans ,  a young sexual ly mature female  can increase 
its body weight th reefo ld  befo re reach i ng  fu l l  s ize .  A 
fu l l y  grown adu l t  ca irnan achieves 1 00 t o  200 t imes the 
weight  of a juveni le  ( R ivero-B lanco, 1 974; Medem. 
1 98 1  ) .  S ince most agon i s t i c  i nteract ions i nvolve 
d i fferent  sized cairnans ,  t he outcome of such 
i n teract ions i s  genera l l y  determined by a body size 
determined absolute dominance,  rather t han  the 
locat ion of  an  encounter .  The present  s tudy shows 
l acks of terri tor ia l i ty duri ng a l imi ted period. The 
theoret ica l  considerat ions above predict a l so lack of 

territor ia l i ty during the  rest of  the year. when caimans 
are sedentary around breed ing s i tes or in  permanent 
ponds dur ing the dry season. 

Territorial behaviour has been reported for other 
crocodi l ians ,  s uch as Crocodilus niloticus (Modha. 
1 967 ;  Pooley and Gans. 1 976; Hut ton ,  1 982). 
Crocodi/us ac11111s ( Lang. 1 975 )  and A lligator 
111ississippicnsis (Garr ick .  1 975 :  Garrick and Lang. 
1 977) .  Most of  t hese reports use the term ' terr i tory' for 
an area defended by adul ts  and mention body-s ize 
dependent disp lacements .  The defence of an area 
cannot be termed t err i toria l i ty .  u n less the outcome of 
fights depends on the s i te of  the encounter and is 
largely independent of  body s ize .  So far there is no 
evidence for s i t e-dependent hi erarchies among 
crocodi l ians .  Even if such a h ierarchy existed among 
fu l l y  grown males defending mat ing areas or females 
defending breeding s i tes ,  the  proport ion of displace­
ments determined by the s i te of the encounter rat her 
than the body-size of  opponents would s t i l l  be low. 
Considering the large variance in the body size of 
contestants and the  accumu lated evidence for body­
size dependent d i splacements ,  the social system of 
crocodi l ians is more adequate ly regarded as an 
abso lu te  dominance hierarchy in which body s ize 
determi nes access to resour ces . 
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A BSTRACT 

Three s t ra t igraph ic un i t s  in Bel l  Cave. north  western Alabama.  have yielded foss i l  herpetofaunas tha t  are main ly  
ana logues of t he  modern ones  in the area . Two of t  he fossi l i ferous zones  have been dated by the Carbon 14  met hod : 
Zone l /2 at 1 1 .820 +480 to -500 BP and  Zone 4 at 26.500 +870 to -990 BP. An  i n termed ia te  uni t  (Zone 3 )  did not 
vie ld a Carbon 14 elate .  hut is faunis t ica l l y  nearly ident ical to Zone 1 /2 .  Excessive damage was presen t  i n  many of  
the fossi ls due to predators and gnawing scavengers. t hus only 18  per cen t  of t he  3 .953  herpetological foss i ls could be 
ident ified to the generic or to the specifi c  leve l .  The wide variety of  habitats represented by the fossi ls ( smal l ,  c lear 
s t reams: la rger. slower streams: marshy wet lands: waterfa l l s  and associated ta l us seeps; woodlands and woodland 
edges) i s  a t t

-
r ibuted to t ransportat ion by palaeopredators .  None of  the  amph ibian or rept i l e  species i s  ex t inc t ,  in  

co�trast to the  mammal ian fauna wh ich has  several ex t inct taxa .  Zone 1 /2 has a t  l east  24 species, i nc lud ing one  
nort hern and two s l ight lv eastern ex t ra l im i ta l  ones .  Zone  3 has a t  least 24 species, i nc lud ing the  same t h ree 
ex t ra l im i ta l  species th

-
a t  o

.
ccur i n  Zone 1 /2 .  Zone 4 has 1 3  species ,  i nc lud i ng only two s l ight l y  eastern extra l im i t a l  

ones .  I t  is d ifficu l t  on the  herpetological remains to  suggest a pa laeocl imate m uch different from the  c l ima t e  of  t he  
area toclav .  Certa in lv ,  t he  p resence of many egg- lay ing t ur l es, l i za rds and snakes i n  a l l  un i t s  negates a t undra-l i ke  or 
boreal- l ike interpret.at ion of the palaeoc l imate. 


