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(Acccpred ]9. 9.88) 

A BSTRACT 

The res idues p resent i n  h atched eggshe l ls of cap t ive-bred squamates were examined and the i r  amou nts recorded . 
L a rge amo u n ts ofa  semi-ge lat inous nu id  were typica l ly  left i n  t h e  eggshe l l  at hatch ing. The amount  of resid ues. bu t  
not h atchl ing size, depended u pon the  u ptake of  water  by the eggd ur ing i ncubat ion .  1 n some i nstances egg yolk was 
a lso left in t h e  eggshe l l  at ha tch ing. The role of these residues in t h e  water re lat ions of rept i l e  eggs have largely been 
ignored. 

I NTRO DUCTION 

Water is absorbed by soft-shel led eggs ofsqu amates 
and tur t les dur i ng incubat ion (Packard and Packard,  
1 98 8 )  but  its fate i n  the egg is  u nclear .  In  some 
squamate eggs a lbumen mass has been reported to  
i nc rease dur ing  embryon ic  developmen t  (C lark, 1 953; 
Badham, 1 97 1 )  from i n i tia l l y  low levels at ovipos i t ion 
(Tracy and S n el l ,  1 985) .  The albumen i n  the eggs of  
A mphibo/orus barbatus barbatus oozed out  d u ring the  
hatch ing process ( Badh am, 1 97 1 ) . Considering that  
egg mass a lmost treb led du r ing incubat ion, and that  
h a tchl i ng mass was 1 5  per cent t h a n  i n i t i a l  egg mass. i t  
i s  c lear t h a t  there was considerable loss of a lbumen 
( Bad h am, 1 97 1  ). By contrast, Subbo Rao ( 1 98 7 )  
reported t h a t  i t  was a l l antoic nuid  that  oozed from 
eggs of the crocodi l ian  Gavia/is gangl'ticus at the  end of  
i ncubat ion .  The amount  of a lbumen i n  c rocodi l ian  and  
av ian  eggs i s  i n i t i a l ly h igh, d imin ishes dur ing  
i ncubat ion and  i s  absent a t  ha tch ing  ( Webb, M a n ol is. 
Whi tehead a n d  Dempsey, 1 987; M a no l is, Webb and 
Dempsey, 1 98 7 ;  R omanoff. 1 967) .  

R e ports of  nu id' loss at hatching are rare ( B ustard.  
1 966;  Badham, 1 97 1 ;  Subbo R ao, 1 987 ;  D.  B a l l .  
personal commun icat ion;  Deeming a nd Ferguson .  
1 989)  desp i te  in tensive stu dies o f  t h e  water  re l a t ions o f  
rept i le eggs ( M .  J .  Packard,  Packard a n d  B oa rdma n .  
1 980 ;  G .  C.  Packard. Taigen ,  Packard a n d  Boardma n .  
1 980 ;  G .  C .  Packard, Packard.  Boardman, M orris a n d  
S h uman .  1 98 3 ;  G .  C .  Packard,  Packard a n d  G utzke, 
1 985; Packard and Packard,  1 984; M orris, Packard,  
B o a rdman,  Paukstis a n d  Packard. 1 98 3 ;  Ackerman ,  
D mi'el a n d  Ar, 1 98 5; G u t zke a n d  Packard, 1 986, 1 98 7 ;  
Thompson ,  1 987).  Obviously t here is some confusion 
over the or ig in of  t h is nu i d  but  more important ly  t h e  
quant i t ies of Ouid lost a r e  u nknow n .  This study 
e x amined the residues in  the  hatched eggshe l ls from a 
species of l i zard and fou r  species of snake b red i n  
captivity.  

M AT E R I ALS A N D  M ETHODS 

Deta i ls of t h e  eggs used i n  t h is study a rc shown i n  
Table I .  A l l  of the  eggs were kept in sea led polyethy lene 
bags conta in ing  vermicu l i t e  and water (I: I) as an  
i ncubat ion med i um. At  t he Zoologica l Societ y of 
London the  bags were k ept  i n  a room ma in ta ined 
between 26°C to 2R0C. At  both the U n iversi ty of 
Read ing, and the U n iversity of  Manchester. the bags 
were kept i n  a table  top box oven ( Laboratory Thermal 
L imited, Oldham England)  mainta ined at 27°C. The 
bags were opened once or twice a week to replenish the 
a i r  wi th in  the bag. 

The stud ies were carried out dur ing t h ree seasons 
( 1 9 86.  1 987  and  1 98 8 ) .  In t h e  first season eggs from 
Eublepharis a nd E/aphe o. spi!oides were i ncubated at 
Reading. A fter  the hatch l ings had emerged the mass of 
the eggshe l l  and the  res idues in  the shel l  were 
determined to the  nearest l Omg. Eggs of the other 
speci es (Hvdrod1·11astes. Pituophis and P_1·1hon) were 
i ncubated at the  Zoological  Society of L ondon a n d  
were col lected after hatching.  O n  retu rn  t o  Reading the  
res idues and t h e  eggsh el l  were weighed. 

I n  the second season five freshly- la id  eggs of 
Eublepharis were col lected from London and incubated 
at Reading .  In 1 988 freshly- la id  eggs of E/aphe o. 
obseleta were col lected from t h e  M anch ester M useum 
and incubated at  t h e  department  of Cel l  and  S t ru ctural 
B i o l ogy. Each egg was weighed to the  nearest 
mi l l igram at t h e  start of incu bat ion and  every seven 
days t hereafter  upto 35 days of incu bat ion when the 
mass of  each egg was determ ined every t h ree or  fou r  
days. The mass o f  the hatc h l i ng was determined after 
emergence from the she l l .  A n y  residues were removed 
from the  eggshe l l  which was weighed. 
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Species 

Liza rds 
G e k k o nidae 

£11hll'pharis 111ac11/ari11s 

Snakes  
Co l ub ridae 

Elaphc obsoli'la spi/oidc.1 

£/aphe obsoli'!a obso/c1a 

!-hdrodrnas1c.1 giga.1 

Piruophis 111c/a110/c11c11s 

Pyt hon idae 
P_1·1hon 1110/ums 

N o .  Origi n 

10 The Zoological Societv of London 

3 M s  G .  Rohan-Wi ld  

2 The M anchester M useum 

3 The Zoological Society of London 

5 The Zoological Societ y of London 

3 The Zoological Societv of London 

TABLE I :  Deta i ls  of t h e  n u mber a nd sources o f  squamate rep t i l e  eggs exa m i n ed. 

S pecies 

E11blcpharis 111arnlari11s 

£/aphe ob.10/eta spi/oides 

/-frdrodrna.11es gigas 

Pinrophis 111ela110/e11c11s 

P1·1ho11 1110/urus 

Egg N u mber 

Al 
A2 
BI 
82 
C l  

Al 
A2 
A3 

A2 
A3 
A4 

Al 
A2 
A3 
A4 
AS 

Al 
A2 
A3 

Shel l  

0.28 
0.34 
0.23 
0.33 
0.32 

1.97 
1.76 
1.92 

2.95 
2.71 
3.16 
3.34 
3.45 

10.09 
11.28 
19.91 

Flu ids 

I.QI 

I. 18 
0.48 
0.50 
0.38 

4.44 
1.16 
2.68 

3.49 
3.99 
1.25 

1.75 
1.69 
3.12 
0.58 
1.62 

26.54 
46.17 
43.98 

Y o l k  

2.63 

15.14 
10.94 
13.57 

15.97 

25.25 
0.67 
0.77 

:j: 
* 

* 

* 
* 
* 

TABLE 2: The mass (gra ms) of t h e  she l l .  res i d u a l  flu ids  a n d  res idua l  v o l k  a fter  t h e  hatch  l i n g  rept i l e  has emerged from t h e  egg. 

" = Eggs i ncubated in Readi ng; o t h e r  eggs i nc u bated at  t he Zoological  Societv of London .  

R ESULTS 

In the fi rst season .  ne i ther the i n i t ia l  egg mass nor  
hatchl ing  mass were ava i lab le .  The fresh mass  of the 
hatched eggshel l  and the res idues are show n  in Table 2 .  
Varying a m ounts of a semi-gelat i nous flu id  were found 
in  eggshells of  a l l  the  species e x a m i ned. No deta i ls of  
poss ib le  leakage from the egg pr ior  to col lect ion were 
k nown . There were substant ial amounts  o f  yolk 
rema i n ing in several snake eggs (Table 2 ) . 

Dat a  col lected fro m  the Eublepharis eggs studied i n  
the  second season a re shown i n  F i g .  1 and  T a b l e  3.  The 
eggs i ncreased i n  mass  throug h out incubat ion th ough 
after  day 35 there was a n  increase i n  the  rate  o f  water  

u ptake. F ina l  egg m ass, recorded pr ior  to hatch ing. 
was a l m ost  tw ice that recorded a t  the start  of  
i ncubation ( Fig .  1 ) .  A fter  hatching ( day 55)  the average 
mass of the eggshel l was 0 . 23g. As data was 
u nava i l able from oviposited eggs, i ni t ia l  eggshell mass 
was assumed to be the same as at the end of  i ncubation .  
The to ta l  mass of the residues i n  t h e  eggs was 
determined by d i fference (Table 3 ) .  Hatchl i ng mass did 
not d i ffer s ign ificant ly  from the i n i t i a l  calcu lated egg 
contents  ( t  = - 1 .70 ,  p>0.05, two sample s tudent's 
t test ) .  

Eggs of Elaphe o .  obseleta l ikewise i ncreased 
cont i n uous ly  throughout  i ncubat ion; the fi rst egg 
doubled in mass ( a fter  57 d a ys of i ncubat ion )  
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E11h/cp!taris Elap!te Ua1ihc 

Variabit' x '.'\.l'. I 2 

I n i t i a l  egg m ass.  3.198 0 .164 15 .95 15 .56 
Fina l  egg mass. 5 . 805 0 .275 :n.72 23.51 
S h e l l  mass. 0.2.\0 0 . 0 1 6  ? " - . J _'I 1.29 
H at c h l i ng m ass.  2. 849 0.06 1 11.66 12.77 

Res i d u a l  mass at hatch .  2 .725 0 . 249 19.73 9 . 7 6  
Init ia l  egg contents .  2.968 0 . 1 5 7 1 :1.62 14.27 

TAB L E  3: Data from f ive Euhlepharis eggs a n d  two eggs of E/ap!tc ohsclc•ta ohsrlcta at t h e  begi n n i n g  and end of i nc ubat ion. 
Values for Eublcp!taris a re means (X) i n gra m s  and stand:1rd errors (s. e . ) . Values for Elaphr arc !"or t h e  two i n d i v i d ual  eggs. 

6·0 

5 ·O l yl 

D I SCUS S I O N  

M uch res idua l  materia l  w a s  p resent i n  the  eggshel l s  
exa mined in  the  present s tudy .  Compa rison of t he 
res idues fou n d  i n  eggs of Eublep/wris in I 986. wi th  
those i n  1 987 .  h igh l ighted a major problem i n  
exper i mental  tech n ique .  I n  I 9 8 6  neither the  mass of t h e  
eggs prior to ha tch ing. n o r  the mass of the ha tch l ing. 
were recorded.  Data col lected i n  I 987 were more 
extens ive a nd l a rge a mounts  of res idues were lost  at 
hatch ing .  It i s  clear tha t  data col lected i n  1 986 
u nderes t i m ated t h e  actual  anount  of the  res idues 
present at the end o f  incubat ion i n  t h i s  s pecies and i t  i s  
l ikely t hat  t h i s  resu l t  app l ies t o  a l l  o f t  he spec ies  shown 
in  Table 2 .  

Cl 

/rr 
Res idua l  yolk was easi ly recogn ised in eggs 

examined  in the  present study.  I t  was surpr i s ing  t h a t  
s u c h  l a rge amounts  cou ld b e  left in t h e  eggshel l .  
Norma l ly .  t h e  i n i t i a l  m ass of the  yolk determi nes 
ha tch l ing  mass and larger hatch l ings have better rates 
of survival (Tracy. 1 982 ) .  The s ignificance o f  the  ab i l i ty  
to leave  res idua l  yo lk in  t h e  eggshel l  and i t s  effects 
upon the s ize of the hatch l ing and i t s  potent ia l  su rvival 
a re not clear. 

"' 
VI 
d 

:I: 

4·0 

j/1 
l/j/ 

3·0 r 
2·5 

0 10 20 30 40 50 

Days of Incubation 

f ig . I The mass or fi , e eggs or the gcck o F11h/cf'hari1 

mac11/ari11s d u r i n g  i n cuba t i on .  V a lues a re means (grams) 
w i t h  s ta ndard erro r  bars. 

compared to t h e  second egg wh ich increased by h a l f  of  
i ts  i n i t ia l  mass  (Table 3) .  Despite th is  d i fference in  
water u ptake hatch l ing mass was s i m i l ar and  less  than 
the i n i t i a l  egg contents  ( 85.6 per cent  of  i n i t i a l  egg 
mass. egg 1 �89 . 5  per cent .  egg 2 ) .  The l Og d i fference i n  
fina l  egg m a s s  w a s  acco u n ted for b y  t h e  egg res idues 
after  hatch l ing emergence (Table 3). 

A l though the p resen t  st udy was l i m i ted in i t s  scope it 
h igh l ights  our  poor understand ing of the develop
mental  physiology of rept i le  eggs. Unfort u n ately. t h is 
s tudy can not confi r m  the orig in o f  t he semi-gela t inous  
flu id i n  these eggs but  exami nat ion of t h e  l i terature 
suggests that  i t  i s  a l l anto ic  flu i d .  Two reports have led 
to confus ion over t h e  role of  a lbu men in squa mate eggs 
(Clark. 1 953: Badham. 1 971). The a lbumen content of 
eggs of Amphiho/oms ( Badham.  1 97 I )  and Coluber 
co1111ric1or (Clark. 1 953) increased during i ncubat ion .  
The u rea content  of  a lbumen i n  Coluhereggs i ncreased 
dur ing  deve lopment  and the flu id  was seen as a major 
excretory store (Clark. 1 9 53) .  In  b i rds  the normal  
storage compart ment  for  n i t rogenous waste  ( u r ic  ac id)  
i s  the  a l lantoic  flu id .  Prote in  was p resent i n  the  
a lbumen of Amphibolorus eggs ( Badham.  1 97 1 )  but  i t  
on ly  const i t u ted l e s s  than  0 .5  per  cent of  t h e  t o t a l  mass 
of the Ouid measu red. By  contrast .  a lbumen i n  eggs of 
bi rds ( Romanoff. 1 967)  and crocod i l ians  ( B u rley.  
Black. Wel l ington and G rigg. 1 987 ) contains much 
more p rote i n .  Fresh a lbu men i n  rept i le eggs i s  gel-l ike 
( E wert.  1 985: Ferguson. 1 985) whereas a l l an to ic  flu id 
is m u c h  less viscous ( M o ffa t .  1 985) resembl ing t h i n  
a lbumen o f  bi rds eggs. T h e  res idua l  n u i d  i n  squamate  
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eggs was s imi lar  in  a p peara n ce to  a l lanto ic  nu id  in  eggs 
of Alliga1or missis.1ippicn.1is; la rge amounts  of a l lan toic 
nu id are present  in  t hese eggs at the end or incubation 
and i t  oozes from the  egg d u ring hatching ( Deem i ng 
and Ferguson,  1 989) .  Therefore, I agree wi th  t h e  
suggest ion of Packard and Packard ( 1 988 )  t h a t  
Badham ( 1 97 1 )  and C l a r k  ( 1 953 ) m i s t o o k  a l lanto ic  
nuid i n  l izard eggs for  a lbumen.  

I n  both  Euh/cpharis and Elapl•c increases in  egg mass 
dur ing  incubat ion were renected in  the a mount  of  
res idues ( a l lan to ic  nu id )  a t  hatch and not  i n  hatchl ing 
mass . H at c h l ing mass was s i m i lar  to ,  o r  less t h a n .  the 
mass of the  i n i t ia l  eggs contents .  P.1·1ho11 hatchl ings 
weigh l ess than both t h e  i n i t ia l  and fin a l  egg mass 
( B l a c k .  B i rchard, Schuet t  and B lack. 1 984) .  S i m i lar ly .  
ha tch l ings of Amphibolorns weighed less  t han the  
i n iiia l  mass  of t h e  eggs des p i t e  a t h ree-fo ld  increase in  
egg mass d u ring i ncubat ion ( Badha m ,  1 97 1 ) . I t  is  
i nterest ing to  note that c ro co d i l ian eggs also ooze 
a l l an to ic  nu id at  ha tch ing a l t hough t hey do not take u p  
addit i onal  water  from the nest substra te  d u ring 
i ncubat ion (Subbo Rao. 1 98 7 :  Deem ing a n d  Ferguson.  
I 989) .  Eggs of Crocodl'lusjohns1011i have a round I Og of 
alla n t oic  nu id p resent  a t  the  end o f  incubat ion 
( M an o l i s  et  al . .  1 98 7 )  b u t  a l l  o ther  nu ids i n  t h e  egg had 
d is a ppeared. U nfor tunate ly  the  fate  of  the  a l l an to ic  
n u i d  was not reported but  as  t h e  combined masses of  
the  h a t c h l i ng and eggshe l l  con s t i t ut ed only  72-76 per 
cent  of i n i t ia l  egg m ass i t  is l i ke ly  t h a t  the n u  id  was lost  
from the egg a t  ha tch i ng. 

A l though many s tudies have examined the water 
rela t i ons of squamate  eggs ( Badham.  1 97 1 :  Tracy. 
1 980;  M. J. Packard .  Pac k a rd .  M i l l e r .  Jones and 
G u t z ke, 1 98 5; M. J .  Packard et al . . 1 980: M u t h ,  1 9 8 1 :  
Black, et al . . I 984; G utzke  and Packard, I 987: Packard 
and Packard,  I 987) very few s tud ies have exam ined t h e  
changes in  t h e  ind iv idual components  of t h e  egg d u ring 
i ncubat ion .  For example, var ious s tud ies have shown 
t h a t  t h e  u rea cont e n t  of  che lon ian  and squa mate  eggs 
i ncreases dur ing incubat ion ( Packard a n d  Packard. 
I 98 3 ,  1 987; G. C. Packard et al . .  1 983 :  G. C .  Packard. 
Packard and Boardman.  I 984)  but  whole eggs were 
h omogenised a n d  the  locat ion of t h e  u rea was 
unknown .  By c o n t rast . Manol i s  et al. ( I  9 8 7 )  showed 
t ha t  u rea increased in eggs of Crocod!'lus d u ring 
incubat ion  and t h a t  i t  was o n l y  prese n t  i n  l a rge 
qua n t i t ies in a l l a n t o i c  nu id .  I ndeed water  a bsorbed 
dur ing incubat ion may play an i m por tant  role in 
d i l u t i n g  t h e  l arge amounts  of urea in rep t i l e  eggs 
a l lowing the  embryo to deve lop  for a l onger period 
( P a c k a rd et al., I 984) .  The t o x i c  a l l an to ic  nu id  would 
be released fro m  t h e  egg at  ha tch ing. 
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A BSTR ACT 

I m m a t ure. adu l t  ma les and fema les of t h e  l izard.  Aga11w aga111a (L.) col lected a t  A go-lwoye, N igeria dur ing  the 
seco n d  and t h i rd qua rters of  1 987, d i ffered most  in snout-vent  lengths ( S VL) .  They averaged 59 ± 3mm. 1 25 ± 2mm 
and 1 04 ± 3mm S V L  respec t i vely and a l so  d i ffered in  d i mensions a n d  weights of  other  body s t ruct u res. These 
st ruct ures, i nc lud ing  scales,  eyes, ta i l  and h i nd l i mb, corre lated wel l w i t h  S V L  and grow a l lomet r ica l ly in rela t ion  to 
it. They can therefore be used to separate Aga111a agama i n to  age-sex classes. Females are capable of  breedi n g  at 
9 1  mm SVL and t hose in  breed i n g  cond i t ion  d i ffered from non-reproduct ive members in  weigh t s  and d i mens ions of 
gonadal  struct ures ( P<0.00 1 )  but not S VL and body we ight ( P>0. 1 0 ) .  M a les in reproduct ive cond i t ion  d i ffered 
from non-reproduct ive ones in S V L ,  body weight and reproduct ive para meters ( P<0.00 1 ) . 

I NTRODUCTION 

In  t ropical  Africa,  where i t  is widely d is t r ibu ted.  the  
Aga m a  or  ra i nbow l i zard , Agama agama ( Fa m i ly -
Aga m idae) is t h e  most common rept i l e  clue to i t s  
to lera nce of a considerab le  range of c l i ma t i c  
condi t ions ( Ha rr is .  1 963) .  Desp i t e  i t s  abundance and 
common occ u rrence .  t h i s  l i za rd has  been l i t t le s tud ied. 
I t s  breed ing biology in Kenya ( Marshal l  a nd H ook. 
1 960) ,  growth and  cycl i c  behav iour  in  Liberia ( Dan ie l .  
1 960).  and general b iology i n  G hana  (Chapman and 
Chapman .  1 964) have been s tud ied a n d  reported. 
Tin kl e  ( 1 969) reviewed l ife h i s tory strategies of l izards 
and postu la ted tha t  Agama agama is early-ma t ur ing .  
short- l ived, m u l t ip le-cl u tched a nd acyc l ic  i n  breed ing .  

Reported inves t igat ions  of Agama agama in N igeria 
were c arried out  in widely-sepa rated periods of t i me. 
H a rris  ( 1 963.  1 964) described t he anatomy. general 
hab i t s .  t e rr i tor ia l  behaviour and reproduct i ve bio logy 
of t h e  l i za rds col lected fro m  I badan a n d  Lagos.  
N igeria .  The d i urnal act iv i ty pa ttern. and popula t ion  
dens i ty  were  i n vest igated by H a l stead ( 1 970) and 
E k unclavo a n d  Otusa nya ( 1969). Ma le  Agama agama 
a re usua l lv bigger than  fema les in  s ize and a re 
po lygynous .  The rat io  of ma les to females varies 
between I :3 i n  the ra i nv season to I :4 in  the d ry season .  
These l izards a re inact ive a t  dawn.  Thereafter. 
act iv i t i es increase a n d  pea k i n  the  late  a fternoons.  

The s i ze d i s t r ibu t ion and m o rphomet r ics. growth 
rate .  and reproduc t i ve parameters o f  th i s  species have 
been l i t t l e  s tudied .  I nformat ion  on sizes of l izards a t  
specific s tages o f  sexua l  matur i ty a n d  k nown ages a re 
requ i red by those conduct ing  field resea rch on  
popu la t ion and general ecology of these l i zards.  Life 
h i s tory da ta a re a lso needed to t est  hypothes is  on 
reprod uct ive s t rategy of Agama agmna. 

I n  th i s  paper.  resu l t s  of a p rel i m i nary i n ves t igat ion 
of the  g rowth  rel a t ionsh i ps a nd r11orphomet rics .  age-

sex d iffe rent ia t ion  cr i ter ia  and reproduct ive cond i t ion 
of Agama l i za rds col lected between M a rch and A u gust 
1987 o n  the  Ogu n  State Un ivers i t v  M i n i-Campus,  
Ago-lwoye, N igeria,  are presented.  

STUDY A R EA AND M ET HODS 

The s tudy site.  the Ogun S ta te  U n iversity Min i 
Campus .  Ago- I woye . occ u rs i n  t h e  sou thern N iger ian  
R a i n  Forest bel t .  Open spaces bet ween bui ld i ngs on 
the  M i n i-Campus a re in terspersed with grasses and 
p lan ted shrubs and  t h e  roads are bordered by 
un painted concrete d ra i ns .  

Eighty-two l i zards col lected fro m  differen t  s i tes o n  
the M i n i-Ca m p u s  were each s t u d ied as a u n i t  for 
morphometr ic  fea t u res .  growth a nd i t s  ind ices and 
reproduct ive ac t iv i t y. Lengths  of the fol lowing 
e xpressed to the neares t m m  or 0. 1 m m  were recorded 
for each l i za rd ca ught:  snout-ve n t  ( S V L ) .  h ind l imb 
( HLL).  i n tact ta i l  ( T L ) .  eye d iameter  ( ELD) .  and scale 
(SL) removed from the dorsal part  of the t a i l  near  i t s  
j u nc t ion  w i t h  the  t ru n k. Di mens ions  of ovar ian 
fol l ic les o r  oviduct a l  ova were recorded for fema les. 

Weigh t s  of: the whole body ( G B W ) .  eye ( EL W ) .  
p a i red ovar ies and  o v i d u c t  w i t h  fol l ic les and  eggs. 
pa i red testes (TW) a n d  the ep ididymis ( E W )  were 
recorded to the nea res t  0. 1 g or 0 .0  I g for t h e  a p p l icable 
sex. The epid idymis :  test is  weight  rat i o  (ETR) was 
determined  for m a les . 

Lizards were ca tegorised as i mm a tu re.  and  a d u l t  
( sexua l ly-m a t u re )  m a les and  fema l es on the  basis of 
gonadal  m a t u ri ty.  Breed ing  fem ales were e i ther  
v i te l logenic  wi th  developed. yo l ked ovarian fo l l ic les: 
or ovigerous w i t h  ov iducta l  eggs. Non-breeding 
females were t h ose w h i ch had u ndeveloped. m i l ky
wh i te  ovar ian  fo l l i c l es and  no oviducta l  eggs . M a l e  
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Adult Adult 
Attribute Immature males fem a ks 

( 1 4 )  f ( 40 )  ( 28 )  

S V L  (mm) 59 ± 3" 1 25 ± 3" 1 04 ± 2" 

Scale length (mm) I .  I ±  O. l h 3 . 5 ± 0. I "  2 . 8  ± 0 . 1 "  

Eye diameter ( mm) 4 . 2  ± 0. 1 " 8 . 1 ± 0. 1 "  7 .4 ± 0. 1 "  

Eye weight (g) 0. 1 2 ± 0. 0 I " 0 . 3 6  ± 0.02" 0 . 28 ± (l .0 1 "  

Body weight  ( g) 8 . 2  ± 1 .4" 6 8 . 1 ± 3 .4" 40.2 ± 1 . 7" 

TL:SVL ratio I .  78 ± 0.06[' 1 .44 ± 0.04" 1 .65 ± 0 .05" 

H L L : SVL ratio 0 . 3 0 ± 0.0 1 "  0 . 2 7  ± 0 . 0  I " 0 . 25 ± 0.0 I " 

TABLE I :  Mean dimensions. weights and morphomet i·ic measur ements ( ±  S. E. )  of bodv st ructurcs or /\ga ma lizards belonging 
to different  age-sex classes. Number of lizards in each category i s  shown in parentheses. 

Mea n  along rows with same superscript are not different ( P>0. 0 5 ) .  

Agama agama were placed in  breeding categories on 
t h e  basis  of  t heir  body weights ,  testes weights  and 
ETR. B reed ing  males were t hose that  had higher- tha n
average values of the  3 parameters wh i l e  non-breed ing  
ones  had  lower  values .  

Frequency dis tr ibut ions o f  l i zards according to the i r  
S VLs,  TL: S VL and H LL : S VL ratios were  i ns pected to  
de termine  t h e  u t i l i ty  of  t h e  variables as  age-sex class 
ind icators .  The rela t ionsh ip  between some of these and 
other  variables where lengths  were expressed i n  cm and  
weights in  g . ,  was  examined by correlat ion and 
regress ion .  The occurre11ce of a l lometry between any 
2 body d imensions compared was  proven by :  ( i )  tes t i n g  
for deviat i o n s  of observat ions from s i m p l e  size 
a l l o m e t ry ( S i m pson et al. , 1 960) ,  and ( i i )  tes t ing  t h e  
h omogene i ty  of  regression and corre la t ion  coeffic ients  
o f  j u ven i les, adu l t  ma les and females by means of a n  
F-test and a X2-test cr i ter ion respect ively (S teel  a n d  
Torrie,  1 980) .  Constan ts  of  t h e  a l lometric growth 
formula ,  Y = bX" are ind icated. 

Pair-wise and m u l t i ple comparisons were made 
using the  t- test  and one-way ana lys is  of variance 
(A NOVA) .  M ean separat ions were accompl ished with 
D u n can's New M u l t i ple Range Test .  Res u l ts of  
s ta t i s t ical tests  were considered sign i ficant  a t  P<0 .05 : 
h ighly  sign i ficant a t  P<0.0 1 .  

R ESULTS 

S I Z E  D ISTR I B UTION OF Agama agama 

The snout-vent length ( S VL)  showed the  sharpest 
m odal  separat ion of the l izard age-sex classes. The 
general  d i s t r ibu t ion  modes of low SVL, i ntermediate  
S VL .  a n d  h igh S VL fi t ted t hose of i m ma ture ( 5 5 m m ) ,  
a d u l t  females  ( 1 05 m m ). a n d  a d u l t  m a les ( 1 3 5 m m )  
respect ively ( Fig.  l a ) .  The smal lest-s ized juveni le  was 
4 5 m m  S VL w h i l e  the b iggest was 7 5 m m  S VL. S i zes for 
a d u l t  ma les and fem a l es were between 84- 1 48 m m  a n d  
89- l l 9 m m  S VL respec t ively .  T h e  TL: S VL dis tr ibut ion 
was t r imodal  ( Fig.  1 b ) ,  wh i l e  the genera l  d is tr ibut ion 
of HLL:SVL quot ients was u n imodal  ( Fig. l e) .  

M eans  of snout-vent lengt h .  body  we igh t  and o ther  
var iables for sampled l i za rds categorised i n t o  t h e  3 

age-sex classes are shown (Table  1 ) . I m mat ure. a d u l t  
m a l e  a nd adu l t  female l i za rds  d i ffered i n  SVL. eye 
d ia meter, eye weigh t .  scale length and  gross body 
weight which were highest in adu l t  ma les (al l  tests  
one-way ANOV A, P<O.O 1 ) .  They a lso d i ffered in 
H L L: SVL and TL:SVL ra t ios ( F  tes ts .  P<O .O I ) ,  which 
were greatest i n  i mm a t ure  l i zards.  

Body weight ranges were 2 . 5- I 8 .4g for t h e  
i m m a t ure, 22.6-54.0g for adu l t  females a n d  2 1 .  l -
1 07 . 8 g  for males .  The upper l i m i t s  of ranges o f  t h e  eye 
d iameter ,  eye weigh t ,  scale lengt h ,  h i n d  l i m b  length 
and ta i l  length for i m mature l i zards were respect ively 
5 m m ,  0 . 2g, l . 5 m m ,  2 1  mm and 1 42 m m .  The m i n i m u m  
va l ues of these parameters for the  sexua l ly-mat u re 
were 6ni ni·; · 0 . l g, l .O m m .  22mm and 1 22 m m  
consecut ively.  

G RO WTH R EL ATIONS H I PS /\ND M O R P H O M ETRIC 

A N A L Y S I S  

There was no systemat ic  deviat ion of observa t ions 
from a s imple a l lometr ic  rela t ion  for each dependent 
variable versus the  snout-ve n t  lengt h ,  as  no  t rend or  
curva t u re was apparent  from a p lot  of t h ese deviat ions .  
Regression coeffic ients ,  a ,  for rela t ionsh i ps considered 
for each age-sex category. wh ich a l so const i t u t e  t h e  
constant  of  a l lo metry s i n ce a l l  val ues were log
transformed, were homogeneous for the regressions o n  
S V L  of scale length ( F 2_76 = 0.02,  P>O . l 0 ) .  eye d iameter 
( F2_ 76 = 0. 1 1 , P>0 . 1 0 )  and eye weight ( F2_76 = 0 .33 ,  
P>0. 1 0 ) .  

The correla t ion  coeffic ients  and constants which 
specified the growth rela t ionsh ip  between t h e  SVL and 
t hese dependent  variables a re shown (Table 2 ) .  
A l l o m e t ry constants  were pos i t ive and  above 1 for 
scales ,  eye weigh t ,  and pooled body weights,  b u t ,  
below I for the  e y e  d iameter,  t h e  ta i l ,  and t h e  i m ma t u re 
l izards' h i nd l i m b  length in rela t ion  to t h e  SVL. The 
a l lometry constan t  was nega t i ve for adu l t  hind l i m bs .  
Correla t ion  between s n o u t-ven t  length a n d  each o f  t h e  
fo l lowing : sca le  length .  eye d iameter,  eye weigh t .  a n d  
t a i l  length ;  was s ign ificant  ( P<0 .05)  for j uven i l e  a n d  
adu l t  Agama agama except  for eye d i a m e t e r  of  fem a l es 
whose corre la t ion  wi th  SVL was n o t  s ign ifi c a n t  
( P>0. 1 0 ) .  B o d y  weights  of  the  i nd iv idua l  age-sexes 
correlated poorly with total body length ( P>O. I 0 ) .  
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M a les Females  l 111 m a t  1 1 rc  o,·c·r;d \  ( p nnkd ) 
Dependent  var iable ( Y )  b a b :I h :1 h :1 

Scale 0.69 0.0 1 U 7  0 . 6 5  0 . 0 1 1 .-1-l 0 .6.\ 0 .0 1 1 . -10 0 . 9 1 0 0 1 I :'\ :'\  
length * *  * *  * II= * 

Eye 0.84 0.22 0 . 5 2  O . J  I 0 . 1 5  0 . 70 0 .69 0 . 1 -1 0 . (10 ( l . X 9  0 . 1 0  O X !  
d i a meter * *  n .� .  • •  * *  

Eye 0.48 0 .02 1 . 1 2 0 . 4  7 0 .02 1 .66 0 . 76 0 .0 1 l . J�  ( Un  0 0 1 1 . -1 1 
weight ** ** :j: ::: 

H i nd l i m b  0 . 9 7  _l:\ . 5 7  - 1 .02 ( ma lcs a n d  fcm:dcs 0. 94 0 .-1:'\  0 .  7 5  0 . -I X  1 .02 0 -1 2 
length * *  pooled)  * �' * *  

Ta i l  0 . 5 3  3 . 3 0  0 . 6 8  0 .6 .\ .1 .02 0 . 7-1 0 72 ·' 02 0 .  7 1  0 .  75  -1 . 7.\  O S !  
len g t h  * * *  * *  * *  

Body weight ( v<:rsus t .  0 . 1 4  1 0 . 1 4  0 . 5 8  O . J 6  1 0 . 9 1 ( L \ 8  O . :'\  I 0 .05  1 . 79 O . X X  ( ) ( ) I  !. . 7 6  
body lcngt h )  n . s .  11 . S .  1 1 . � .  * *  

T A B L E  2 :  Corre l a t i o n  coeffi c i e n t s  a n d  cons t a n t s  o f t  he  a l  lo met r i c  gro11·t h rc l : t t  i o n s h i p .  Y = h X ·' bet w e c n  S V I . n r  t o ( a  I bodv 
length ( X )  a n d  other var iab les ( Y )  for t h e  3 Aga ma l i za rd age-sex c la sses.  
n.s . .  not  s ignifica n t : * s ign ificant  ( P<0.05 ) :  * *  h i g h l y  s ign i ficant  ( P<O.O I ) . 

The re was d i s t i nct  d i sco n t i n u i t v  i n  t h e  regression 
l i nes fi t t ed for the S L-S V L  rel a t ions h i p. between 
j u ve n i les and a d u l ts ( F ig . 2) . The corre l a t ion 
coeffi c i e n t s  ( X 1 = 0 . 49 _  2 d . f  . .  P>0 . 7 5 )  a n d  regress ion 

0· 1 0  

s l o pes ( F ,  7(, = 0 . 0 2 .  P>O. I 0 )  o r  e a c h  : 1gC-SC \ c;1 t cgnr\' 
cl i d  not  d il 'rcr J'rorn e a c h  n t h e r a nd J'ro 1 1 1  t he co 1 1 1  pm i l e .  
The pat t e rn  was t h e  s : 1  mc J'or e \'e  d i : t  meter  a n d  \\'e igh t .  
w h i c h  were no t p l o t t e d .  

L o g  
0 · 6 5  

sn out - to -ven t  len g t h (  crn)  
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Fig.  2 Sca le  11· i d 1 h  - S \' L  rcl a l i < l 1 1 s l i i p  in . \ g:1 111 : 1  l i 1 : 1 rd'  
sholl' i n g  hcsl 1 · i  t I i  n c :  t o  :d  I p o i  11 t s  ( so l  i d  I i  nc· I : 1  n d  I o each of I he 
a gc-sn c lass<:s ( hrn � c n  l i n e ) .  
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S V L  Body wt .  Ova ry wt .  Oviduct  wt .  Ovum length  

( m m )  (g )  ( g )  ( g )  ( m m )  

Mean Mean Mea n Mean Mean 

± ± ± ± ± 
Breeding category R a nge S. E .  Ra nge S . E .  Ra nge S. E. R ange S. E. R ange S . E .  

Ovigerous 9 1  1 03 32 .4 38 .7  0. 1 5  0 . 20h 3 .4 1 7 .05" 1 6 .0  1 8.4" 

( 8 )  ± ± ± ± ± 
I I  I 2 44. I 1 . 3 0 .30 0 .02 1 0. 70 0 .92 24.0 13 

Adva nced 1 00 1 08 36 .2  4 5 . 4  3 . 20 4 .45" 0 .60 0 .86h  7 .0 8 .8h  

vi te l logcn i c  ± ± ± ± ± 
( 8 )  1 1 6 2 60.0 J . O  4 .80 0 .25  1 .00 0.05 1 0 .0 0.4 

Early 92 1 02 26 .  7 38 . 1  0 .80 1 . 2 1  h 0 . 20 0.44h 4.0 5 . 8 h,· 

v i t e l loge n i c  ± ± ± ± ± 
( 7 )  1 09 2 5 5 . 3  J . 9  1 .90 0 . 1 7  0 .90 0 .08 7 .5  0 .5  

Non-breed i ng 89 1 04 22 .6  3 7 .4 0 . 1 0  0 .2.\h  0 .0 1 0 .05 h 2 .0 2 .5'  

( 5 )  ± ± ± ± ± 
1 1 9 7 52.  7 5 . 9  0.40 0 .05 0 . 1 0  0 .02 J .5  0 .4 

TA B L E  3 :  Dime n s i o n s  �1 nd wei g h t s  or t he body and re prod uct ive parameters of female Aga ma l i za rds belonging t o  d i fferen t  
breed i n g  categories. N u m ber for each category is  s h o w n  i n  parent heses. 

Means a long col u m n s  w i t h  same s u pcrscr i p t ( s )  a rc not d i fferen t  ( P>0.05 ) .  

R EPRODt JCTI VE ST 1\TE /\ N D  S 1 z r  AT M 1\Tt JR ITY O F  
Agama agama 

We observed tha t  breed i n g  females const i t u ted 
82 per cent of females ca ught wh i le  males in breed ing 
condi t ion made u p  5 5  per cent  of males sampled. 
Breed i ng l izards belonging to both sexes were found 
dur ing  the  months  of s tudy ( Ap ri l- A ugus t ) .  

Female: 

There was no d i fference in t h e  SVLs ( F 1 1-1 = 0 . 8 5 .  
P>0. 1 0 ) and body weigh t s  ( F_, _ 14 = 1 . 25 .  P":>0. 1 0 )  o f  
non-breeding. early-vi te l logen ic .  late-v i te l logenic .  and 
ovigero u s  females who d i ffered s ign i fica n t l y  ( F-tests. 
P<0.00 l )  i n  weights of  the  ovary and ovi d u c t .  and s i ze 
of fol l i c les or ova (Table  3 ) .  A mong breed ing females 
w i t h  m ea n  SVL of 1 03 ± 2 ( S . E . )mm . n o n e  less t h a n  
9 1  m m  S V L  conta i ned v i te l loge n i c  fol l ic les o r  oviductal  
eggs. Advanced v i te l loge n ic fem ales had the greatest 
ovary weights w h i l e  oviducta l  weight was h i ghest i n  
ovigerous females whose ova were la rgest .  

M e a n  ova per ovigerous fem a l e  l i zards sa m pled was 
6 .  Three non-breeding females ( mean S V L  1 03 m m )  

w i t h  d i st ended ovid ucts h a d  mean O\' iducta l  and 
ovar ian weights o f  O.O l g  and 0 . 1 5g respect ively .  S ix  
eggs la id  by a grav id  female  l i za rd on  22 June  hatched 
on  18 and 19 Augus t .  1 987.  The s n o u t-ven t  lengths of 
t he ha tch l i ngs a t  emergence ranged bet ween 37-39mm 
( Mean 38 ± 3 m m ). 

Male: 

M a les i n  breed ing  condi t ion d i ffered from t h e  non
breed ing  i n  SVL (t  = 4. 1 5 . d.f.3 7 .  P<0.00 1 ) . body 
weight ( t = 5.69. d . f. 3 7 .  P<0.00 1 ) . a nd ep id idvmis :  
t estes weight  rat io ( t  = 6.96. d.f. 3 7 .  P<0 .00 I ) . They had 
cons i s ten t ly  h igher va lues of  t hese var iables t h a n  the  
non-breeding ma les (Table  4) .  The sma l lest  male  in  
breed i n g  condi t i o n  had a snout-ven t  length  of 1 25 m m  
and 3 o ther  males had S V L s  grea t e r  than  1 25 m m  but  
l ower than 1 30 m m .  Four  non-breeding m a les w i th  
a t roph ied testes a n d  ep id idymis  had  SVLs ranging 
between 1 3 1 m m and 1 4 2 m m  ( Mean  1 36 ± 2 m m )  and 
ETR a n d  testes weigh t s  averag ing  0 .08 ± 0 .02 and 
0 .25 ± O.OSg respect ively .  

S V L  Bodv w t .  Test is  wt . Ep id idvmis  wt . ETR 
( m m )  (g)  (g)  (g)  

Mean Mean Mean Mea n M e a n  
± ± ± ± ± 

B reed i n g  categorv R a nge S . E . Ra nge S . E .  Ra nge S E. Range S . E .  Ra nge S . E .  

B reedi n g  1 25 1 33 64. 2  8 1 .  5 0 . 30 0.56 0. 1 0  0 . 1 2  0 .25  0 .22  
( 22 )  ± ± ± ± ± 

1 48 1 07 . 8  2 . 6  0.90 0 .04 0 . 20 tJO I 0 .33  0 . 0 1  

Non-breed i ng 84 1 1 7 1 9 .6  5 3 . 6  0 . 1 0  0 .25  0 .0 1 0 .02  0 .03  0 .08 
( 1 8 ) ± ± ± ± ± 

1 42 4 75 .0 4 .4  0 . 50 O 03 0.05 0 .0 1 0 .25  0 .02  

TA B L E  4: D i m e n s i o n  a n d  weigh t s  o f  t h e  bodv a n d  repro d u c t i ve parame ters o f  breed i n g  a n d  n on-breedi n g  male  Aga m a  l izards.  
N u m b e r  fo r each cat egorv is shown i n  pare n t heses. 
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D ISCUS S I O N  

T h e  snou t-ven t  l e n g t h  has u t i l i t y  as a n  a g e  predic tor  
in  A gama agama because i t  d i ffered wel l  between 
i m ma t u re and adu l t s .  H owever. t he T L : S V L  and  
H L L: S V L  d is t r ibut ions are  poor i ndicators of  age o r  
age-class because t here was considerable overlap 
between the t a i l s  of the  i nd iv idua l  d i s t r ibu t ions of 
i m ma t ure.  adult  male and adult females. 

On the basis of  SVL only .  juven iles can be easi ly 
separated from sexual ly-ma t u re l izards o n  the fi eld 
s ince t hese are ind iv iduals  with S V Ls o f 7 5 m m  or less .  
A d u l t  ma les with s izes grea ter t h a n  l 25mm SVL can be 
d i fferen t iated from females whose m a x i m u m  recorded 
d i mens ion in Ago-I woye was l 1 9 m m  S V L .  a greater 
length than the l 1 6mm SVL for females in  I badan 
( H arr is .  1 964) .  Ma les and  females wi th in  t he 84-
l 20m m SVL range can be part ia l ly  separated on  the  
bas i s  o f  body  weight si nce no female heavier than  60g 
was sam pled. ne i ther  has any been reported in ear l ier  
s tud ies .  Chapman and Chapman ( 1 964) used most ly  
weight  as  cr i ter ion of  s ize i n  their  s tudy a l t h ough body 
weights a lone may not be rel iable for t h i s  pu rpose 
beca use they are a ffected by the condi t i o n  of  the  
an ima l .  F ina l l y .  presence of  ana l  pads i n  the vent 
region of  males ( Harr is .  1 963 )  can be employed in  
iden t i fy i ng the  sexes where there i s  over lap i n  s i ze  or  
weigh t o f  the  a n i mals .  

Over lap in  t h e  t a i l  lengths of  i m m a t u re and adul t  
l i zards m ight be due to  the  d i fferent ia l  growt h rate  of  
each age-sex t a i l .  Chapman and Chapman ( 1 964: 1 22 )  
observed t h a t  t h e  rate of  increase in  ta i l  l ength was less 
in old females compared to  males so that female  ta i l s  
were shor1er. Overlap i n  ta i l  length between older 
j uveni les and s u b-adu l t  fema les might  t h us occur .  
S i m i l a r  over laps occurred for eye weight  and scale  
lengt h t h e  im pl icat ion of which is tha t  t hese variables 
cannot  be ·used in isolat ion  to separate l i zard 
age-classes.  

The tests  of  devia t ion  of  observat ions from 
a l lomet ry and  of homogenei ty  of a l lomet ry constan t s  
ind icated the occu rrence of  an a l lometric growt h 
rela t i onship between the  dependent variables and 
S V L  of A rranw l izards.  The ontogenet ic changes in  the  
d imens io�s of  t h e  eve. ta i l  and hind l i m b  i n  r;la t ion to  
the  S V L  ind icate  t h� t t here was decrease i n  the s izes of  
t hese. rela t i ve to  the  la t ter. These s t ru c t u res grew a t  a 
s lower rat e  a l t hough.  t hey d id not cease growth 
because the ir  absolute d i mensions were greater  in  
o lder  a n d  laroer-sized l i zards than  in vou n ger .  sma l l er
s i zed o nes.

� 
A nega t ive coefficie� t of al lometry  

i n d icates tha t  t h e  orga n  or  s t ructu re show i n g  i t  grows 
smal ler  as the d i mension of  the other s t ructure i t  i s  
be ing compared wi th  increases ( S i m pson cl al. , 1 960: 
404). I t  is h ighly  u n l i ke ly  t h a t  t h e  h ind  l i m bs of  adu l t s  
decreased as t h e i r  SVLs increased. rat her.  the h ind  
l i mbs  probably ceased growing a l t ogether  on .  or a fter  
a d u l t hood was a t ta i ned.  This  read i ly  exp la ins  the  
pos i t ive  a l lometry cons tan ts  for  i m m a t u re l izards and  
a l l  t h e  l izards sampled s ince .  the  i m m a t u re phase 
represen ts the period of  most  act ive hind l i m b  growth .  
The scale  l ength .  eye  we ight  and  overa l l  body weight 
i ncreased a t  a fas ter  rate than the  SVL.  

The  composite regression equat ions for the growth 
rela t ionsh ips of  A ga111a aga111a considered can be used 
to fit all l i za rds because t he correla t ion and regression 
coeffic ients  of  the indiv idual  age-sexes were 
homogeneous.  

Compared to  the i ncubation period of 58 days for 
eggs in t h is  s t u dy,  eggs brooded in the  laboratory by 
H a rr i s  ( 1 964) whose oviposi t ion  da tes were u n known, 
hatched before 32  days .  The s izes of  the hatch l ings at  
emergence were.  however, s i m ilar in  both cases. 
G rowth  t rajec tories based on  data  from t hese two 
s tudies shows t hat females of  s ize 90mm SVL a re about  
14  m o n t hs o ld w h i le males at  1 25 m m  SVL are aged 
ci rca 22 months .  

The lack  of  d ispar i ty  i n  body weights of the  breed ing 
and non-breed ing females suggests  compensatory 
weight loss by breeding females a imed probably a t  
reducing t h e  risk i nvolved in  carrying a weight heavier 
than the normal for the populat i o n .  The values of  some 
reproduct ive parameters for females i n  Ago-I woye is  
i n  consonance wi th  t hose for female  Agama agama i n  
G hana ( Chapman and Chapman,  1 964) .  I n  both 
i nsta nces, females w i t h  m a x i m u m  ovary weight  of 4 .0g 
and oocyte  d i mension of  I 2mm were adva nced 
v i te l loge n ic; t hose with ovary weight c irca 0 . 1 6g were 
ovigerou s ;  wh i le a n  ovary weigh t of O .Sg  or less was 
characteris t ic of  non-breeding females . As  evide n t  
from t h is s tudy .  females tha t  have recent ly  ovi posi ted 
have;  ovary weigh t s  s imi lar  t o  ovigerous ones,  no  
oviducta l  eggs, oocytes wi th  same d imens ions  as non
breed i n g  mem bers and  oviducts. more dis tended than 
t hose o f  v i te l logenic and n o n-breed ing female 
Agama agama. These cr i ter ia  are u sefu l i n  del ineat ing 
breedi ng categories of  female l izards.  

L izard tes t icu lar  cond i t ion and weigh t vary wi th  
spermatogenic ac t iv i ty  ( Licht  c l  al. , 1 969) .  O ccurrence 
of spermatozoa i n  the  t es t icu lar  l u m i na, hypertrophy 
of  the ep id idymis .  and subseq uent  spermia t ion are 
i ndicat ive  of  reproduct ive readi ness. The epid idymis :  
testes weight rat io and  tes t icu lar  weight  a re. t herefore, 
good i n d icators of breed ing condi t ion of male  l izards.  
We separated male A gama agama into breed ing 
categories on  t hese bas i s .  The occurrence of  males in  
breed i n g  cond i t i o n  i n  a l l  our  month ly  samples in  t h e  
southern  N iger ian R a i n  Forest where.  t he l i zard has 
been observed to breed a l l  the year round ( H arris .  
1 964, Ek undayo and  O t usanya, 1 969). probably a t tests 
to the acycl ic  n a t u re of breed i n g  reported for t he 
species (T ink le ,  1 969 , T ink le  cl al. , 1 970) .  

A C K N O W L E D G E M E NTS 

We t h a n k  an a n o nymous refe ree for rev iewing a n  
ear l ier  m a nuscr ipt  and  for t h e  s uggest io n s  offered. 
K. B.  O lu ri n  and G. A. Adenuga reviewed d ra ft s  of t h e  
manuscr ipt . a n d  Ogunseye assisted in  drawing t h e  
figures.  
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I D ENTI FI CAT I O N  O F  I N D I V I D UA L  A D D E R S  ( V!PERA BERUS) BY T H E I R  
H E A D  MA R K I N G S  

S Y l . Y I A  S H E L DON A N D  C l l R JSTOPJ I F R  B R ,\ D L E Y  

A'110 1 i1cs Mi!!. Do,, ./cs Bronk. Rc1ul/c 1 · .  l l 'nrrcsrcrshirc /) ) '/} }/..'<. C.A'. 

(Acccprcd / ./. / /. 88) 

A BSTR ACT 

D ur i n g  a study of adders ( Vipcra bcrus) i n  Wyre Fores t ,  a systemat ic  method was developed to ident i fy 
ind iv idua l s  i n  the  fie ld .  I t  was revea led that  no two adders possessed ident ica l  head mark i ngs .  I t  was shown that a 
photogra ph ic  record was a re l i ab le  a id  to i d e n t i fica t ion .  Furthermore i t  was observed that  over the period o f studv  
adders reta i ned the i r  i nd ividual  head m a r k ings.  

I NTRODUCTION 

T h i s  paper  or ig inates from a s tudy  o f  the  adder.  
( Vipera bcrus). in Wvre Fores t .  Worcester.  U . K  . . which 
bega n i n  1 98 1  and i s  now i n  i t s  8th  year. D u ri ng the 
ear ly stages of th i s  work the  great d ivers i ty  of  head 
m a r k i ngs found on the adder became a pparen t .  I n  
a t tempt ing  t o  fo l low the movements and specific 
seasonal  behaviour of  a s izeable populat ion of adders.  
i t  was preferable if  a s imple  m ethod of ident i fy ing  
adders i n  the fie ld  was  ava i lab le ,  wh ich  a l lowed for 
pos i t i ve ident i ficat ion of i ndiv iduals  w i thout  the 
associa ted problems of handl ing and d i s turbance.  

STU DY A R E A  

T h e  s tudy a rea was centred u ron a p lantat ion  o f  
Japanese L a rch ( Larix kacmp/'cri).  i n  wh ich  a n u mber 
of  old coppice stools remai ned fro m  a pre\ ious stand 
of sess i l e  oak  ( Qucrcus 11c1raca ) that  occu pied the s i te  
pr ior  to 1 970. 

M ET H O D  

Dur ing  the  act ive period regu lar  v is i t s  were made to 
the  m a i n  study area .  Notes were t a k en record i n g  t ime .  
weather  condit ions.  a mbient  and ground tem peratures . 
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deta i l s  of each adder.  and s ignificant events  observed 
d u ring t h a t  day. 

To invest igate the possibi l i t y  of  adders possessing an 
i nd iv idua l  head mark ing.  the mark ings on t he head 
were d iv ided into t h ree basic components ,  as  fol lows: 
A .  Ei·e-lines. 

B. !11verred V. 
C. Apex of zig-:::ag. 

as i l l ust rated in  Fig.  I .  

� E Y E - L I N E S - - - - - - - - - -

12....t.. I N VEP. TE D V - - - - - - - -

.f..!.. A PE X  O F  Z I G - Z A G - - - -

Fig. I 

I f  A .  8 or C pro ved subject t o  indiv idual  var iat ion 
t hen t h is would provide the  va riables by which 
i nd iv idua l  head pat terns could be iden t i fied .  

Colour photographs of  each adder .  spec i fica l l y  of  
t h e  head  were ob ta ined . and fixed i n t o  a 1 1  x 1 3cm 
min i-fi l e  for i mmediate reference.  I n  conj unct ion w i th  
shed s k i n s  ( the p igment  is re ta i ned in the  scales and 
c lear ly  v is ib le  when viewed w i th  trans m i t ted l ight  
agains t  a whi te  background ) .  t h is al lowed for deta i led 
analys is .  

Of  t h e  92 adders photographed.  64 were i n  the  main 
s tudy  a rea .  and t h e  rema in ing  ind ividuals  a t  vari ous 
locat ions t h ro ughout  the  Wyre Fores t .  

R ES U LTS 

It p roved poss ible  to resolve the  ind iv idua l  scales 
which  com prise each component A. 8 and C and t o  
p lace t h e  head m a rk ing  of each adder i n t o  o n e  of two 
ca tegories . 

For the  pu rpose of th is  s tudy t h ese categories have 
been labe l led: 

I .  Visua/h /de111ica/. Where t he p igmented scales 
which comprise A. 8 and C and the ir  respect ive 
pos i t ions  prove im possible to d is t i nguish apart as  
from one adder t o  another  i n  a field s i tua t ion .  

2 .  Individual. Where one  or more o f  the  components 
A .  B .  C .  which cons t i tu te  the head pattern is  
obvious ly  d i fferen t .  

Fur t h e r. us ing t h e  same components A ,  8 ,  C the  
head  pal !ern of  adders w i t h i n  t h e  s tudy a rea were 
compared as they a ppeared in 1 98 1 when the s tudy first 
began .  or a l t ernat ively .  when fi rst ident i fied/photo
graphed.  and through each successive season u n t i l  the 
prese n t .  ( 1 988) .  Colour photographs and,  where 
poss ible .  shed s k i n s  were carefu l ly e x a m i ned for s igns 
of  a ny structural  change ( cha nges in  shape or  posi t ion 
of  components A.  B .  C )  over the  yea rs . 

I t  was convenient  to iden t i fy ind iv idual  adders by 
name,  in  addi t ion to  each being a l l ocated a n u mber.  
For example .  the  two ma les i l l us t ra ted in  Fig. 2 .  A and 
B .  and Fig.  3 .  A a nd B .  were named Pawn and K n ight 
beca use of  the  remarkable s im i l a ri t y  of component C 
to t he correspond ing pieces i n  a chess set . Fig.  2 ,  C and 
D,  and F ig .  3 .  C and D .  show t wo other  ma les where 
component  C resembles  a Pyra mid  and a M us h room.  
F igs .  2 a n d  3 .  E-P i l l u s t ra te  a sam ple  of  o ther  head 
mark ings. 

I t  was poss ib le  to  ident i fy ind ividual  adders in  
pract ica l l y  any  s i t uat ion pro vided t h a t :  
A .  A c lear  view of  each h e a d  mark ing w a s  obta i ned. 

and 
B. The observer was fa mi l i a r  with the various head 

mark ings of indiv iduals  w i th in  the study a rea .  
As  Table  I shows .  i n  fi ve cases , two adders ( set  of 

two ) shared a component wh ich was visual ly iden t ica l ,  
each  se t  d i s t i nct  from t he o thers, s ign ifica n t ly ,  i n  no 
two i ndiv id uals  were a l l  th ree com ponents A,  B .  C,  
( wh ich co mpr i se the  head pal!crn ) v isua l ly  ident ica l .  
I ndeed o n l y  one adder  was  found w i t h  two 
components  visua l l y  iden t ical to  t h e  corresponding 
componen t s  on another  adder ,  i n  th is  case t h e  t h i rd 
componen t  was the  rea d i l y  ide n t i fi able fea t ure.  

C l l ,\ N G ES IN H F /\ D M /\ R K I NGS O V E R  S t JCCTSS I Vr :  
S r : 1\SONS 

In j u s t  one so l i tary  male .  ( Fig.  2 . K  a nd Fig.  3 , K )  a 
s i ngle p igmented scale to the  left of apex a ppeared i n  
1 984. t h is was n o t  apparent  in  1 98 3 .  Th is  was t h e  on ly  
posi t i ve cha nge detected over  a per iod of  e ight  years i n  
a s i zeable  popu l a t ion  of  m a t u re adders w h i c h  have 
been reg u l a rl y  m o n i tored .  

C ategorv of Component  ( A l  Component  ( 8 ) Component  ( C )  Components  
Head Pa t t e rn  Eve l incs l m·cncd V Apex of Zig-Zag A n y  Two A. B .  C .  

I .  V i sua l lv  Iden t i ca l  I Set  2 Sets  2 Sets I Set 0 

2 .  I nd iv idua l  90 88 88 90 92 

T A B L E  I :  Showing !1 l 1mber of adders w i t h i n  t h e  swdv a rea possess i ng head mark i ngs considered: 

I .  Visua/!r id['l1tical. 

2. !11di1·id11al. c lass ified according to components  A .  B .  C .  

Note A ·set '  i s  defined as t \\'O i nd i v iduals  w h o  share a com ponent  wh ich  is  v i sua l lv  ident ica l .  
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A .  B .  

[ .  F. 

J .  K .  

N .  

Fig.  2 A - P. >holl' ing  va r ia t ions  in head m a r k i ngs.  

C O N C L U S I O N S  AND D I S C U S S I O N  

G .  

0 .  

L e i g h t o n  ( 1 90 I )  obsen-cd t h e  w i d e  var ie tv  o r  h e�1d 
m a r k i ngs in adders. but did n o t  p u rsue t h i s  a s  a means 
o f  iden t i ficat ion .  

W h e n  s t u dy i ng a populat ion o f  grass sna kes .IVairir 1 1  
natri.r in  Swed e n .  C a rlstrom a n d  Edclstam ( 1 94 6 )  
d iscovered ' t he b l a c k  a nd w h i te p a t t e rn  w h i c h  i s  fou n d  
o n  t he u n de rs i d e  o f  t h e. g ra ss s n a k e  h a s  a n  i n fi n i t e  
range o f  va ria t i o n ' .  a n d  rurt her s t a t e  'photograph,; " r  
t he b a c k  pa t tern c a n  b e  used for C o ro n e l l a  a n d  V i pera 
species'  to iden t i fy i n d i v i d u a l  s n a kes .  

D.  

H .  I .  

L .  M .  

P .  

M on: rece n t l y  A n dren a n d  N i l s o n .  U n i vers i ty  o f  
G o l<.' borg .  used a s i m i l a r  m e t hod t o  i d e n t i fy j uven i le 
V. /Jcr11s a n d  C. a11s1riaca. w h i c h  we re too s m a l l  t o  
m a r k  w i t h  ventral  s c a l e  c u t s .  b u t  h a ve not p u b l i shed 
a n v t h i ng s p e c i fi c a l l v  o n  t h e i r  met h o d .  

I n  B r i t a i n  t h e  u s e  o f  h e a d  m a r k i n gs fo r i n d i v i d u a l  
recog n i t i o n  h a s  b e e n  u s e d  for t h e  s m o o t h  s n a k e  
Coronel/a a11 .11riaca. G od d a rd ( 1 98 4 ) .  a l t h ough d e t a i l s  
o f  t h e  w o r k  a re t o  be fo u n d  i n  h i s  Ph . D .  t h e s i s  o n l y .  

A ft e r  e i g h t  years o u r  research i s  s t i l l  con t i n u i ng w i t h  
pa rt i c u  l a  r a t t e n t i o n  bc i  ng p a i d  t o  j u  \·c n i l e  a d d e rs .  a n d .  
i f  c i rc u m s t a nces perm i t .  i t  i s  i n tended t o  m o n i t o r  t hese 
i n d i v i d u a l s  over m a n v  s u ccess i ve seasons to i nvest igate 
m o re ru l l v  t he i r  bcha\· i o u r  i n  t h e  w i l d .  
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A .  B .  

E .  F.  

. I .  K . 

N .  0 .  

Fig.  3 A - P .  S k etches i l l u s t r;1 t i n g  \ a r ia t ion>  i n  head m a r k i ngs .  
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A BSTRACT 

I n i t i a l  data on the  t hermal ecology of C rrrodac1y/11s ko1sch ri from two insular  ecosystems of the  Aegean are 
reported .  C. ko1schyi i s  a thermoconformer.  C. ko1sch ri i s  an eurythermic  gek k o  and is act ive all the year in the 
ecosystems of the A egean archi pelago. 

I NTRODUCT I O N  

T h e  fa m i ly Gek k on idae i s  o n e  i n  which a h igh 
proport i o n  of the s pecies are noct urnal  ( A very,  1 982) .  
Thermoregu latory pat terns wi th in  t he Gek kon idae 
i nclude ac t ive con t ro l  of body tempera t u res at night by 
select ion of appro p riate substrates.  pass ive cont ro l  of 
body t e m perature ach ieved by modificat ion of act iv i ty  
t imes and  diurnal bask i ng ( A very. 1 982) .  

C Frrodac1Flus ko1schyi (S te indachner.  1 870) 
(Sauria-Gek konidae) is the most widespread l i zard in 
the i n s u l a r  ecosystems of the A egean a rc h i pelago. 
A l t hough the d is t r ibut ion and the systemat ics  of th i s  
gecko a re wel l  known ( Werner. 1 930, Wettstei n ,  1 953 .  
Beut ler, 1 98 1 .  e /  al. ), on the  cont ra ry i ts  ecology i n  the  
Aegean ecosystems has been stud ied less. Some data 
on i t s  eco logy are referred by Beu t l e r  ( 1 98 1  ), Beut ler  
and G ru ber  ( 1 977,  1 979)  and rece n t l y  by Vala kos and 
Vlachopanos ( 1 987) .  

The in i t i a l  data  on the  thermal  eco logy of C. ko1sch ri 
a re reported in t h e  p resent s tudy from two insu lar  
ecosystems of t h e  A egean d u ri n g  Ju ly  and N ovember 
of 1 987  and February and M a rch  of 1 988 .  

LOCA L I T I ES AND M ETHODS 

One  h undred and t h i rty  geckos were col lected from 
two insu lar  ecosystems of t h e  A egean arch i pe lago. 

F ift y  one of the geckoes were col l ected in  t h e  eastern 
p a rt of the N a xos is land (Centra l  A egean) ,  6 km south  

T b°C 

M o n t h s  x S D  Ra nge \ 

J u l v  3 0 . 7  :u 26.6-3 7 . 2  27.5 

Nove m be r + M a rc h  2 2 . 2  3 . 1  1 6 .5-29 . 3  1 7 .0  

February 1 5 . 6  3 . 1  9 .0-22.0 1 3 .9 

A l l  the m o n t h s  2 1 .2 7 . 3  9.0-J 7 . 2  1 8 .4 

of the s m a l l  v i l lage of Moutsoun a ,  dur ing J u ly .  
November and Marc h .  The main characteris t ics of  the  
a rea a re the  rocky  terra in  and the vegeta t ion wh ich  i s  
maquis .  The  most  predo m i na n t  p lant  spec ies  i s  the 
.!1111ipems phoe11icea; however Pisrncia /e111isc11s and 
Olea curopea a re abunda n t .  

Seventy n i n e  of the  geckoes were collected from 
ecosystems located on t h e  sma l l  i s land of A n t i k y t h i ra 
( S W  Aegean ) ,  d u ring February. The main cha rac
ter i s t i cs of t hese ecosystems a re the rocky terra in  and 
the  vegetat ion which is degraded maquis ,  where 
.!1111ipcrus phocnicca. Pisrncia /ell/ iscus. Thymus capi rn111.1 
and Ce11is1a acan1hoc/ada a re abundant .  

Geckoes were co l lected by a i rgun or  hand .  For 
every geck o ,  date.  t i me ,  length ( snout-vent ) ,  pos i t ion 
i n  the  env i ro n m e n t  when fi rst  observed.  body 
t e m perat ure (Tb) ( w i t h  q u ick reader c loaca! t henno
meter ,  M u l l e r  & Co). a i r  tempera t u re (Ta).  5cm above 
t h e  pos i t ion  of gek k o  a n d  substrate tem pera t u re (Ts) 
( w i t h  digital  thermometer)  were recorded. 

For s ta t i s t i ca l  a na lys i s .  M a n n - W h i t ney U-tests .  
S tudent  t-tests and regression ana lyses.  were used as  
described by Zar  ( 1 984) .  

R ES U LTS 

A verage cloaca! (Tb) .  a i r  (Ta)  and subs t rate 
t e m peratures (Ts) are given in  Table  1 .  (Twenty t h ree 
cases w h i c h  were recorded in winter  when the geckoes 
were in t h e i r  burrows mot ion less were nor i nc luded . )  

Ta°C Ts°C 

S D  R a nge .\ S D  R a nge N 

1 .6 24.5-3 1 .0 28 .8  2 .3  25 .0-J 3 . 8  3 1  

2 . 1 1 2 .0-20.2 1 9 .3  2.9 1 5 .4-25 . I  20 

2 . 7  8 .0-20. 1 1 4 .3  2 . 5  I 0 .0-2 1 .0 56 

6 . J  8 .0-3 1 .0 1 9 .5 6 .7  I 0 .0-33 . 8  1 07 

TA B L E  I :  Descript ive s ta t i s t ics for body (Tb).  a i r  ( Ta )  a nd substrate  ( Ts )  of C ko1.1c/11•i. 
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35 Ta °C 
F ig. I Relat ions h i p  bet ween body tem pera t u re ( T b )  and a i r  t e m perature (Ta) .  i n  C. kotschyi. Sol id  l i n e = l i ne fo r equ ivalence.  
i .e .  Ta = Tb. clots = November + March.  stars = February .  t r iangles = J u lv .  

There was a s ign ificant corre lat ion between Tb and 
Ta ( Fig.  1 r = 0 .93  P<0.05 ) .  A lso there was a s ignificant  
corre lat ion between Tb and Ts ( Fig. 2 r = 0 .96 P<0.05) .  

Tb vs T a  

b r2 

J u l y  1 . 50 0.77 0.60 

N ovember + March 0.83 0.55 0.3 I 

February 1 .06 0.94 0 . 8 8  

A l l  t h e  months  1 .0 I 0 .93 0 .87 

The slopes Tb versus Ta and Tb versus Ts d id  not  d iffer 
from I (Tb ver. Ta t =  0 .37  P<0.05 - Tb ver. Ts t = 1 .9 1 
P<0.05 ) .  

T b  v s  Ts 

p b r2 p 

<0.05 I .  I 2 0 .82 0 .66 <0.05 

<0.05 0 .79 0.74 0.55 <0.05 

<0.05 1 .02 0.95 0.89 <0.05 

<0.05 1 .04 0.96 0.95 <0.05 

T A B L E  2: Corre l a t i o n  between body t emperat u re (Tb) and air  (Ta) and su bstrate tempera tures (Ts) in every season (b = slope of 
t h e  curves) .  N u m ber of cases as i n  Table I .  
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35 Ts °C 
Fig.  2 R ela t ionsh ip  between bodv t e m perat ure  ( Tb )  and substra t e  t e m perature  (Ts ) .  i n  C. kotschri. S y m bols as in Fig.  I .  

Also i n  Table I a re given average c loaca ! .  a i r  and  
substrate tempera t u res. There was  no  d i fference 
between Tb's between November and M a rc h  ( M a n n
Wi tney  U test U = 68 P<0 .05 )  so the  data  were pooled.  
There was a s ign ifi cant  corre la t ion  between T b  and  Ta 
and also between Tb and Ts every month ( Table  2) .  
The s l o pes of  the regress ion  Tb ver.  Ta and  T b  ver. Ts 
i n  every month d id  not d iffer from I (Tb ver. Ta.  
November p lus M arch t = 0 . 5 8  P<0.05.  February 
t = 1 .4 2  P<0.05 J u ly  t = 2. 1 4  P<O.O I :  T b  ver.  Ts . 
November plus M arch t = 1 . 24 P<0.05.  Febru a ry 
t = 1 . 02 P<0.05 J u l y  t = 0.83 P<0.05) .  

A CT I V I TY P E R I O DS 
I n  J u l y  t h e  geckoes appeared i n  two periods d u r i ng 

the  day .  One  period between s u n r ise (6 .30 a . m . )  u n t i l  
I O a . m .  a n d  a secon d  period between sunset ( 7 .00 p . m . )  

u nt i l  1 0  p m .  T b  i n  the  fi rst  period ranged from 26 .6°C 
to 37°C and  i n  t he second per iod from 26.9°C to 
30 . 7°C .  Dur ing t hese per iods the  ind iv idua ls basked on 
the  stones.  

In the  other months  the a n i m a l s  had a u n imodal  
ac t iv i ty .  In November  and M a rch t h e  geckocs 
a ppeared and .  basked on  the stones from 1 0  a . m .  u n t i l  
4 . 3 0  p . m  . .  when Tb ra nged from 1 6 . 5 °C to 29 .3°C.  Ta 
from 1 2°C to 20.2°C a n d  Ts from 1 5 .4°C to 25 . 1 °C.  

In  Febr'ua ry t h e  gek koes a ppeared and  basked on 
the  stones or  in  the ho les between the stones from 
1 0  am to 3 pm.  Tb's ranged from 9°C to 22°C. Ta's 
from 8°C t o  20. 1 °C a nd Ts's from I 0°C to 2 1 °C.  

Twenty  t h ree mot ion less a n i m a l s  were captured  in  
t h e i r  b urrows a n d  t h e i r  body temperat u res ranged 
from 8°C to ! 2°C ( mean  ( 9 .8°C) Ta ranged from 8°C to 
1 2°C ( me a n  9 . l 9°C)  a n d  Ts ranged from 8°C to 1 2°C 
( mean 9 .08°C) .  
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C. kotschri i s  a t hermoconformer.  T h e  s lope o f  the  
c u rve Tb ver .  Ta did not d i ffer from I ( H uey a n d  
S l a t k i n .  1 976) .  A l so  the  s lopes o f t  he  curves T b  ver. Ta 
in every season did not d i ffer from I ( H uey a nd Pian k a .  
1 97 7 ) .  Therma l ly  passive l izards seem to have longer 
act iv i ty  t imes than thermoregu latory ones ( Ta n a k a .  
1 986) .  C. korsc/1 ri was act ive in  the  biotope  of Na xos 
i s l and  even in  the c loudy days when the sympatr ic 
thermoregu la tory species Podarcis crhardii ( Sa ur ia
Lacert idae) was  i nact ive ( per. obs . ) . 

The d i fferent mean body t e m pera t u res a mong the 
seasons showed that  C. korschri is an  e urythermic 
l i zard . The eurythermic l i za rds are a l so  eurytopic 
( R u ibal  er al . .  1 970).  This fact i s  i n  agreement  with the 
wide d i s t ribu t i o n  of this gek ko in  al l  the Aegea n 
i nsu lar  ecosystems .  

G e k k onidae belongs to t h e  t h igmot ro p i c  l i za rds  
( Spel lerberg. 1 972) .  C .  korsch\ 'i  uses t h e  substrate 
tem pera t u re to ma in ta in  i t s  body tempera t ure .  There 
was s ign ifica n t  correla t ion  between Tb a n d  Ts. and 
also t h e  value-r2 was  h igher  than  0 .5 every seaso n .  

C. kotsch)'I. i s  t he most d i u rn al gecko i n  t h e  E u ro pe 
( Beut ler .  1 98 1 ) . Valakos and Vlachopa nos ( 1 987 )  
reported that  C. korchri was  act ive i n  t h e  sum mer i n  
t h e  twl ight  zone o f  t h e  d a y  whi le  i n  spr ing a n d  fa l l .  i t s  
act iv i ty  depended on t h e  ambient  tempera t ure. Fro m  
t h e  winter  observa t ions i t  seems that  the ac t iv i ty of  th i s  
gecko  depended on the l igh t  con d i t ions because i t  was 
act ive even in low ambient  tempera t ur e .  It is k nown 
that the act iv i ty  of  l izards is related not o n l y  to ambient  
temperature but  a lso to  p:10tic condi t ions  ( Heatwole.  
1 976) .  The C. ko rschri i s  act ive in  s u m mer at such 
t i mes so that  i t  avoids the  h igh tem pera t u res during the 
cl ay .  but  i n  other seasons i t  is ac t ive in  a wide range o f a  
amb ien t  tem pera t u res and i t s  act iv i ty  depends a l s o  on  
the l ight  cond i t ions .  
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A BSTRACT 

We report pre l i m i n a ry data on the nat u ra l  h istory and biometry gathered d u ring a short-term study in a Corsian 
popu la t ion of the l i zard Lace/'/a bedriagac. Lizards were encountered at  heights of ! 650- ! 950 m .  Main  
character ist ics of  i t s  hab i ta t  are the  presence of  la rge rocks .  boulders and rock pavements .  Three  s ize (age )  c lasses 
were d ist i nguished.  Adu l t  males average l a rger in body s ize and have l a rger heads and  l imbs t h a n  fema les .  Females 
mature at a body s ize of 66-68 m m .  Earth-worms. ar thropods and plant leafs were recorded as  food i tems.  

I N TRODUCT I ON 

The l izard Lacer/a bedriagae is an endemic species of 
the medi terranean islands Cors ica and Sardin ia .  I n  
Corsica , i t s  d is t r ibut ion i s  largely rest ricted to heights 
above I OOOm,  a l though i t  has been reported from sea
l evel in the extreme south west of Corsica and on smal l  
is lets between Cors ica and Sard i n ia  (Schneider. 1 984. 
Fretey . 1 987) .  The natura l  h i story of t h is species 
a p pears l i t t l e  s tud ied: much of the i n formation 
reviewed bv Schneider ( 1 984) is  anecdot ica l  or based 
on obser\'a t ions made in capt ive condit ions .  

In  a n  at tempt t o  pa rt i a l ly fi l l  that  gap,  we recent ly  
made a short-te rm fie ld s tudy of a h igh-al t i tude 
populat ion of t h is species i n  Corsica. Our  a i m  here is to 
p resent l i m i ted i n formation on habitats .  s i ze dist r i
but ion ,  sex-rat io .  ontogenet ic  and  sexua l  variat ion of 
morfometric tra i ts .  reproduct ive character is t ics and 
food i tems.  A l though remai n i ng fragmentary and 
p rel i m i nary, these data are t he first to become 
ava i lab le  for a na t ura l popula t ion of th i s  l izard.  Data 
on act ivi ty rhythms and body tempera t u res a re 
presen ted elsewhere ( Ba uwens et al. ,  i n  p ress) .  

M ATE R I AL AND M ET H O D S  

F i e l d  work w a s  carried out  o n  2 5  M a y  a n d  from 
3 1  M a y  to 3 J u n e  1 988 near H a ut-Asco (42° 25' N ,  
8 °  55 '  E :  departement  Haute-Corse, Cors ica ,  France) .  
The s tudy a rea was s i tuated on  the steep east-faci ng 
s lope o f  the  Mont  M u frel la ,  on e ither  s ide o f  the  h i ke
path  G R  20. We searched for l i zards from H a ut-Asco 
( 1 450m )  up to the mountain-pass ' Bocca A l la Culaja '  
( 1 95 0 m )  that  g ives access t o  the  top of the Mont  
M u fre l la .  

Act ive l izards were captured with a noose. Each 
l i zard was marked ind iv idual ly  by toe-c l ipp ing, sexed 
and weighed (to n ea rest 0 .  lg on  a portable elect ronic 
Sar tor ius  balance) .  We also m easured ( to  nearest 
0 .  I m m )  snout-vent  l ength (SVL) .  t a i l  length (origina l  

and regenera ted port ions  separately ) ,  length of p i leus 
( t i p  of snout  to posterior �nd of parieta l  scales),  width 
of p i leus (at w idest p o i n t  on par ie ta l  scales) ,  width and 
height of head (at widest and h e ighest points ,  by 
c losing the ca l ipers u n t i l  resistan ce was fel t ) ,  and 
l engt h of the s t retched l eft fore ( a rm-pit  to  base of 
fou rt h  toe) and h ind-l i m b  (fi rst fem o ral  pore to base of 
fourth toe) .  Reproduct ive condi t ion  of females was 
assessed by not i ng the  p resence of mat ing scars; the  
presence of oviducta l  eggs was detected by palpat ion of 
the  abdomen.  We col lected and a n al ysed the contents  
of some faecal pe l le ts  that  the l izards excreted d u ring 
manipu lat ion .  

Re la t ive s ize of morphometr ic  t raits ( length and 
width of p i l eus .  w id th  and he ight  of head,  length of  
fore and  h i nd-l i m b ,  weigh t )  versus SVL was 
i nvest igated t h rough a p p l icat ion of the a l lomet ric 
equation (Y = a S V Lb o r  log Y = log a +  b log S V L ). 
The parameters.  and  t h e i r  s tandard errors. of th is  
equat ion were es t imated t h rough least-square re
g ression ana lysis of log-log t ransformed data .  To 
determine  whether  a given body d imension deviates 
from geometric s i m i larity dur ing  ontogeny.  we 
compared  the est i mate  o f t  he correspond i ng regression 
s lope ( b )  wi th  t h e  e xpected \'a l ue ( = I  for length 
measurements .  =3 for weight ) .  Jfb equals  the  expected 
va lue ,  growth is i sometr ic  and geom e t ric s i m i lar i ty  is 
ma in ta ined .  W h e n  b > expected va lue  growth is 
posit ive a l lomet r ic :  whereas a b < expected va l ue 
i n d i cates nega t i ve a l lomet ry .  D i fferences between 
sexes in t h e  para m eters of the a l lomet ri c  equat ion were 
assessed by ana lysis of covariance ( ANCOVA) .  

R E S U LTS AND D I S C US S I O N  

A LTITU D I N A L  DIST R I B ! IT ION A N D  H ,\ B J T;\TS 

W i t h i n  our  s tudy a rea. we d i d  not encounter 
L bedriagae a t  a l t i tudes < 1 650111 . We exclude the l ocal 
p resence of this species a t  heights between 1 450 and 
1 500m as we e x t ens ive ly  searched there for l izards 
d ur i ng a para l l el s tudy of Podarcis 1iligue/'/a (Van 
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Damme et al. , i n  p ress).  The incidence of L. bedriagae 
from a height  of I 650m, coincided wi th  a ra t h e r  abrupt  
change in  vegeta t ion composi t ion and habi ta t  
s tructure .  An  open Pinus nigra forest domina tes a t  the  
lower a l t i tudes. Trees a re absent  above 1 650m.  the  
scanty  vegetat ion t here i s  composed of dwarf-sh rubs  
(dominant  species:  .!1111iperus 11a11a. Ge11ista labe/li. 
Berberis ac1nensis) and grasses tha t  grow patchi ly  
between l a rge boulders, screes and extensive zones of 
rocky o u tc rops. I n  th is  zone,  we found L. bedriagae up 
to an  elevat ion of  1 950m. As our  searches were 
res t r icted to t hat  he ight ,  we cannot d i smiss i t s  presence 
at h igher  a l t i t udes .  A l though q ua n t i ta t ive data are 
lack ing ,  no obvious a l t i t ud i nal  variat ion i n  s ight ing 
frequency of th is  l i zard was evident wi th in  the  
elevat ional  range I 650- l 950 m .  

A l m os t  a l l  l i zards were seen o n  la rge a n d  exposed 
boulders ,  rocks a n d  bare rock pavement .  a l though 
t h ey s tayed often  near  some vegeta t ion cover. Dur ing 
t h e  m i dday hours  some i ndiv iduals  foraged under  
cover of dwarf-shrubs .  

Throughout  i t s  local a l t i t ud i na l  range. we found 
L. bedriagae to  be sympatr ic  wi th P.  1ilig11er1a. 
However, frequency of sigh t i ngs of the  la t ter  species 
was d i s t i nct ly h ighest  at he ights  between 1 450 and 
1 600m ,  where t h i s  l i zard was ub iqu itous  and very 
conspicuous,  and d ro pped sharply above 1 650m 
a l t i t ude .  In  the a rea where both l izards occurred . 
P. 1iliguer1a tended to occupy microhabi ta ts  w i th  a 
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relat ive h igh cover of dwarf-sh ru bs .  was often 
observed on pi les of sma l l  rocks and stones, but was 
v i rt ua l ly  a bsent  from l a rge boulders and rocky 
outcrops. 

BODY S I Z E  D ISTR I BUTION, S E X - R AT I O  AND 

TA I L- B R E A K  FREQUENCY 

Snout-ven t  length of 73 captu red l i zards ranged 
from 3 5 . 6 m m  to 84 . 8 m m  for m a l es and 79 .8mm for 
females ( Fig .  I ) . 

The s m a l lest  ind iv iduals .  wi th  S V L  of 3 5 .6 and 
36. 3 m m .  could not  be sexed. They had brow n  back 
colours a ncl bi ue ish ta i l s .  characterist ic for I he 
youngest age-class in  some Lacer/a and Podarci.1· 
( A  mole! e1 al . .  1 978) .  As newborns o f  L. bedriagae have 
a S V L  of ea.  30mm at hatch ing (Schneider, 1 984), we 
suggest t h a t  these ind ividuals  were born at t h e  end of 
the preceecl ing act iv i ty  season.  L iza rds with S V L  of 
50-63m m  could easi ly be d is t inguished in the  fie ld  from 
the i r  l a rger  conspeci fics by the i r  back colora t ion.  
which was brown or grey-brown , whereas t h e  la rger 
had green.  ol ive-green or  brownish green back colours.  
This s ize class probably represen t s  l i zards that were in  
t he i r  t h i rd act iv i ty  season.  L izards wi th  SVL � 66mm 
were considered as adul ts ,  a l t hough some females wi th  
SVL of 66-68 m m  d id  not evidence s igns  of sexua l  
act iv i ty  ( see fur ther ) .  We suggest t h a t  adu l t s  were in  
the i r  fou rt h  act iv i ty  year  or o lder .  a l though (some o f) 
t h e  s m a l l e r  indiv iduals  of t h i s  s ize class m igh t  have 

SVL (mm) 
Fig.  I D is t r i b u t i o n  o f bodv s ize  i n  male and fem a le l.acena hcdriagae. B l a c k : u n sexed i n d iv i d u a ls:  cross-hatched : l i za rds w i t h  
browish back colours: hatched : adul ts .  
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been i n  t h e i r  t h i rd ac t iv i ty  seaso n .  Mean S V L  o f  adul t  
males was s ign i fica n t l y  l a rger than  tha t  of the  adu l t  
females ( males : x = 77 .6 ,  S O = 4 .2 ,  n = 27;  females : 
x = 7 1 .9 ,  S O = 3 .6 ,  n = 37;  t = 5 .982 ,  P<0.00 I ) . 

Sex ra t io  (ma les/females)  w i t h i n  the  adu l t  s ize class 
was 0 . 7 3  (27/37) .  wh ich does not d i ffer s ign i ficant ly  
from un i ty  (Chi2  = 1 . 563,  P>0.20) .  

The percen tage of  l i zards wi th  regenerated ta i l s  was 
h igh a n d  i ncreased w i th  body s ize (SVL <50m m :  0% 
(n = 2), 50-65m m :  43% (n = 7). 2':66mm:  8 1 % ( n = 64);  
Ch i 2 = 1 1 . 3 ,  2 d f, P<0.0 1 ) . I nc idence of n a t ura l  t a i l  
breaks  w a s  not d i fferen t  i n  a d u l t  ma les ( 8 9 % ,  n = 27 )  
and fem ales (76%. n = 37;  Chi 2 = 2 . 7 .  P>0.05) .  

R EL ATI V E  S I Z E  O F  M O R PH O M ET R I C '  T R A ITS 

The sma l lest .  unsexable l i zards ( n  = 2 .  see Fig.  I )  
were not  i ncluded i n  subseq uen t  analyses.  O u r  data ,  
which cons is t  of a cross-sect iona l  sample ,  hence only  
represent  part  of  t h e  range o.f body s izes that  can be 
enco u nt ered i n  th i s  l izard .  Parameter  est i ma t es for the  
a l lometr ic equat ions a re presented i n  Table I .  

males 

log a b + S E 

length  p i lcus  - 2 . 1 20 1 . 1 80±0.040* ''"' 
w i d t h  p i leus - 2 . 2 3 3  1 .009±0.083 
he ight  head - 5 . 0 7 2  1 .634±0.094 * * *  
widt h head -2 .320 1 . 1 3 2±0.080 

length fo re l i m b  -0.956 0 . 8 7 8 ±0.060* 
lengt h h i nd l i m b  -0.830 0 .93 2±0.049 

weigh t - 1 1 .462 3 . 1 78±0. 1 28 

A l l  fou r  d i mens ions of head s ize exh ibi ted sexual  
d i morph i s m .  In  ma les .  pos i t i ve a l lometry occurred for 
length of t he p i l eus  a n d  head he igh t .  i nd ica t i n g  t h a t  
rela t ive s i ze of t hese t ra i ts i ncreases wi th  S V L .  I n  
females.  length and  width  of t h e  p i leus showed 
negat ive a l lometry a n d  h ence decrease in rela t ive s ize 
d u ring  o n t ogeny. A s  a resu l t  of t hese relat ions.  sexua l  
d i fferences in  length  a n d  width  of  t he p i leus  and in  
head he ight  are most  pronounced i n  the  l arger l i za rds 
( Fig. 2). Re la t ive growth of head wid th  was isomet ric 
i n  both sexes. The sexual  d i fference in regression 
i n te rcepts i nd ica tes that  head wid th  i s  la rgest in  ma les 
over t h e  e n t i re body range span (Table I .  Fig. 2 ) .  I n  
su m m a ry .  ma les have la rger and  more robust heads 
than fem a l es and, except for head he ight .  d i fferences in 
head d i mensions tend t o  increase with body s ize.  
Comparable sexual  d i fferences in relat ive head size.  
have previously been described in represen ta t ives of 
d i fferent  l i zard fam i l i es (e .g .  l gu a n idae:  Schoener et 
al. , 1 982 ;  Scincidae:  V i t t  and Cooper,  1 98 5 ,  1 986; 
Lacert idae:  Werm u t h ,  1 955 .  Cast i l l a  and Bauwens,  i n  
prep. ) .  

females A N C O V A  

l o g  a b + S E b a 

-0. 576 0 .  793±0.049'"'"'' 
- I .OOO 0. 70 I ± 0 .090'' ... * 
-2 . 800 1 .072±0 . 1 78 . , . ... ... 

- 1 . 5 3 2  0 9 1 6±0 085 ns  . . . , . . ,. 

0 1 3 7  0 . 596±0 . 1 09'' ::::;: 
-0.29'.'i 0 .  782±0 .080""' ns  ... ... . ;. 

- 1 1 . 902 3 . 274±0 . 203 ns ns  

TA B L E  I :  A l lomet ric equat ions  wi th  s n o u t -vent k ngt h : is  i ndL·pe ndcnt  va r i a b l e .  S h o w n  a rc est i m a t es for  i n t ercepts ( l og a)  a n d  
s lopes ( b )  o f  log-log regress ion eq u a t i ons.  res u l ts o f  compar isons  of  s l o pes w i t h  o pcctcd values ( sec m e t h ods ) a n d  of 
compar isons between t h e  sexes of  the  regress ion e q u a t ions  t h ro ugh A NCOV A. ( ns : P>0 . 0 5 .  ,., : P<0 . 0 5 .  ,,, ,.,,., : P<0.00 1 ) .  
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Fig .  2 R el a t i o n s  of h e a d  he ight  a n d  head w i d t h  to s n ou t-vent- le ngt h in m a l e  ( squa res ) a nd fem a l e  ( crosse s )  Laccrta halriagac.  

See Ta b l e  I for regress ion e q u a t i o n s .  
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egat i ve a l lomet ry of l i m b  s izes was seen i n  t h ree o f  
fou r  cases (Table I ) . Relat ive size of  fore and h ind
l imbs was largest in m

·
ales.  N egat i ve a l lometry of l i m b  

di mens ions seems to b e  rather  common in l i zards  (e .g.  
K ra m e r .  1 95 1 .  Laerm. 1 974. Pounds el al . .  1 98 3 .  
Garland,  1 985 ) .  

I n  sp i t e  of sexua l  d i fferences in  head and l im b  s izes. 
no sexual d i fference in  weight-size relat ions were 
eviden t .  

R E PRO DUCTI V E  C H A R ACTE R I STICS i\N D  B E i- i A  \ / !OUR 

None of the  females with a SVL <66mm had mat ing  
scars a n d  they were  therefore considered t o  be non
reproduct ive. The smal l est  reproduct ive fema le  had a 
S V L  of 66m m .  whereas four fema les w i t h  S V L  of 
66-6 8 m m  showed no s igns of sexual  ac t iv i ty .  A l l  
females >68m m  were reproduct ive.  A S V L  of 66-
68mm can therefore be considered as the m i n i m u m  size 
of reproduct ive females.  

Most  reproduct ive females beared numero u s  m a t i ng 
scars.  t o  t h e  ex ten t  t hat t hese sca rs a l most complete ly  
colou red the vent ra l  s ide of the  pe lv ic  region and the 
anal  sca le .  These observations are considered as 
evidence for the occur rence of m u l t i ple m a t i ngs i n  
i nd iv idua l  females .  A d i rect relat ion between the  
n umber o f  mat ing scars and mat ing frequency has been 
observed in  the closely related L. l'il 'ipara ( Ba uwens.  
unpub l .  obs . ) . 

We observed a copulat ion  on 2 5 . 5 . 1 988 al 1 0 .30h 
( M ET) .  The behavioura l  sequence descr ibed hereafter 
took p lace on  a la rge e x posed roc k .  i n  fu l l  sun.  An 
acl1J l t  male was seen run n i n g  over a d ista nce of ea 3m 
towards an adu l t  female .  The male  obta ined a mouth
hold on the  posterior part of t h e  female's  ta i l  a n d  
m a i n t a i ned t h e  gr ip  wh i l e  the  female moved forward 
ea 2 m .  When the  lat ter ha l ted .  t h e  male d i sp laced h i s  
g r i p  toward the female's t runk and obtained a h o l d  j ust 
anter ior  to the  pelv is .  A fter e x h i bi t ing some jerky 
movements .  the female layed clown.  The male  then  
arched h i s  body .  cur l ing i t s  ta i l  underneath t h e  
fem a l e's  and moving h i s  c loaca! region toward t h a t  o f  
the  female .  B o t h  l i za rds ma in ta ined t h i s  pos i t ion  
d u ri n g  ea .  6 min .  The  observed copulatory post ure i s  
s i m i l a r  to that  of  other species of l.accna and Podarci.1 
( Verbeek .  1 9 7 2 ) .  The absence of anv prc l i m inarv 
court s h i p  displays is notewort hy.  

Oviductal  eggs were detected in  t h ree females with 
SVL o f  74.2.  74.6 and 79 . 7 m m .  

Fooo 
L i mi ted data  on  diet compos i t i o n .  were obta i ned 

t h rough d i rect observa t ions  of foraging l i zards and t h e  
ana lys is of faecal pe l le ts .  These eviclencccl the  
consumpt ion of Ol igochaeta .  A ranea. Coleoptera . 
H ymenoptera a n d  Lep idoptera.  We frequent ly  
observed l izards feeding o n  ants .  which were  a l so the  
most  n u meric prev tvpe  encountered in  the faecal 
pe l le t s .  Remnants  of  vegetables .  main ly  grass-leafs .  
were present  i n  6 o u t  o f  1 2  faecal pel lets .  a n d  were t h e  
exc l us ive contents  of t w o  of t h e m .  M o re deta i led data 
are h owever needed to  establ ish the d egree of 
herbivory in  L . bedriagac. 
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A BSTR ACT 

F o l l o w i n g  i n i t i a I s t u d i es on t h e  popu l a t i o n  ecol ogy of Tcs111do her111a1111i in  M o n t e negro. Y ugos lav ia  ( M e e k . 1 984: 
1 98 5 :  I 9 8 8 a )  new d e m ogra p h i c  observat ions have been made on aclcl i t  ional popu l a t ions o f  t h ese  t o rtoises i n  Croa t i a  
a n d  M o n t enegro. R e s u l t s  i n d i c a t e  t h a t  M o n t e negren m a l es a t t a i n  a greater  s ize t h a n  C roa t i a n  m a l es .  but  t h ere were 
no s i g n i ficant  d i ffe ren ces between t h e  s i zes o f f 'emales .  A d u l t  sex ra t ios were in good a greement  w i t h  equal  n u m bers 
of m a l e s  and fe m a les in C ro<t t ia ;  in M o n t e n eg ro t h e  ra t i o  was 1 . 3 3 :  I .  A l a rge proport ion of i n d iv i d u a l s  in both 
popu l a t ions exceeded 19  years  a l t h o ugh the p roport i o n  was h igher i n  M o ntenegro as  a res u l t  o f M ontenegren m al es 
a t t a i n i ng greater  a ge t h a n  Croa t i a n  males .  E q u a t i o n s  t o  descr ibe growth  t rends i nd i cate t h a t  i n  genera l fem a les 
grow faster  t h a n  m a les and t h a t  M o n t enegrcn fema les grow faster  t h a n  C ro a t i a n  fe m a les .  Popu l a t ion and b i o m ass 
de n s i t i es .  b iomass p ro d u c t i o n  a n d  rel a t i v e  b i omass t u rn over were h ig h e r  in  C ro a t ia .  S u rv i v o rs h i p  was h igher  a n d  
m e a n  a n n ua l  recru i t ment  l o w e r  i n  M o n t e negro but  m a l es have a h i gher  s u rv ivors h i p  t h a n  fem a les i n  both regi ons.  
Fem a l es sus ta ined greater  shel l  d a m age and p h ys ica l  i nj u ries than m a les a l t h o u g h  genera l l y  C ro a t i a n  t o rt o ises of 
e i t h e r  sex susta i ned i nj u ries at  ear l i er  ages . S e x u a l l y  a ct i ve ma les were s m a l le r  t h a n  t h e i r  fem a l e  part ners and t here 
were n o  in te r-po p u l a t i o n  d i  ffe renccs between t h e  s izes o f  m a les or fem a l es .  A I lo  metr ic  equat ions descr ibe 
morp h o m etr ic  c h a racters.  conl'i r m i n g se x u a l  d i mo r p h i c  t rends fou n d  ear l ier  i n  Y ugoslavia  a n d  a d d i t i o n a l l y  s h ow 
t h at  m a les  have l o n ger t a i l s .  O n l y  male  p l a s t ro n  lengt h .  w h ich was re la t ive ly  gre a t e r  i n  C ro a t i a n  m a l es s h owed 
i n ter-popu l a t ion d i fferences. 

I N T R O D U CT I O N 

S t u d ies O il t h e  eco logy or M e d i t e rranean t o rt o i ses 
have clevelo pecl p r i n c i pa l ly o u t  of  a concern t h a t  
comm e rc i a l  e x p l o i t a t ion fo r t h e  food a n d  p e t  t rades 
may h a ve det r i m e n t a l  e ffects  on wi ld  p o p u l a t ions  
( L a m bert . 1 98 0 ) .  The ea r l i est work e xa m i n ed the  
i m pact of  pet  t ra d e  co l lec t ion  o n  Tc.1 1 11do grncca in  
N o rt h  A frica a n d i n cl icatccl ser ious dec l i nes i n  
p o p u l ; 1 t i o n  k\'e ls  over l a rge a reas o f  i t s  range 
( L a m bert .  1 980.  1 98 2 ) .  F u r t h e r  s t u d i es concerned 
Tc.11 11do hN111a1111i i n  E u ro pe .  In G reece t h e  e ffects  of  
del i berate  b u rn i ng a n d  p loug h i n g  o f  the  h a b i t a t  
res u l t e d  i n  a dra m a t i c  redu c t i o n  i n  n u m bers ( St u bbs 
cl al . .  1 9 8 5 )  a nd i n  sout hern France a s low decl i n e  i n  
popu l a t i o n  levels  w a s  a t t r i buted  t o  t h e  a b a n d o n i n g  o f  
t rad i t i o n a l  agricu l t u ra l  p ract ices by t h e  loca l  peop l e  
( S t u bbs  a n d S w i 11 g l a 11 d .  1 98 5 ) .  C l e a r l v  m a 11y  fac tors 
cou l d  be 1 n \ oh·ed i n  a species dec l i n e  a n d  t h u s 
clemogr;1 p h i c  i n fo rmat ion conce rn i ng M e d i t erranean 
t o r t o i s e  popu l a t i o n s  a re i m porta 11 t  conserva t io n  tools .  
s i n ce i t  i s  conceivable  t ha t  the d v n a m i es of  each 
popu l a t i on may d i ffer even when t h ese a re c lose ly  
s i t u a t e d  t o  ( lne  a n o t h er:  i n deed. d i s t inct  d i fferences in  
the t he r m a l  ecol ogy o f  T.  hcm1a1111 i have a l ready been 
fo u nd bet ween \ 'ar ious p o p u l a t ions  ( rev iew i n  M ee k  
and A very.  1 988 ) .  T h  i s  p a  per presents  new o bservat ions 
on the com parat i \ 'c  popu l a t i o n  eco logy o f T. hcr111a1111i 

in Y ugosla \ ia and compares a M o nt enegren popu la t ion  
l i v i n g  i n  c lose associ a t i o n  w i t h  h u m a n s  w i t h o n e  
l i v in ; i n  a rcl; 1 t i ve h· u n d i s t u rbed area in C ro a t i a .  The 
pape�· fo rms p a rt �f a  ser ies of fi e ld  s t u d i es on the 

ecol ogy o r  T. hcr111a1111i which have t o  ela t e  a fter  a n  
i n i t i a l  general  s u rvey i n  M o n t e n egro ( M eek a n d  
I ns k eep.  1 98 1  ) .  e x a m i ned t h c r m a  I ecology ( M ee k .  
1 984. 1 9 88a .  1 9 8 8 b )  a n d  popu l a t i on ecology ( M eek.  
1 98 5 ) .  

STU D Y  A R E A S  

The o bserva t i o n s  were o b t a i n ed from t o rt oise 
popu l a t i ons i n h a b i t i n g  scrubl a n d  a reas w i t h  part l y  
wooded per imeters o n  t h e  A d r i a t i c  coas t .  The 
n o rt h ern s i te  was in  C ro a t i a  \\' h e re t h e  d o m i n a n t  
vcgeta  t ion .  Q11c/'C11.1· flllhc.1cc11.1. Agrimonia c11pmoria. 
Pa!iu/'11.1 spi11a-chris1i. Ficus carica. Prn1111 1.1· do111n1ica 
a n d  Olea c11ropaca were used by T. hcrma1111i as shade 
p l a n t s .  T y p i c a l l y  t h ere were open grass covered 
c l e a r i n gs w i t h  l i mes t o n e  rocky o u tcrops ( F ig .  I b )  
w h ere gro\1 t h  of  l lcdcra hc!i.\· w a s  a lso fo u n d .  S u c h  
c l e a r i n gs i n  t h e  s u m m e r  m o n t h s  c o u l d  e x per ience a i r  
t e m peratu res a ro u n d  4 1 °C. Wet A u t u m n  wea t h e r  s a w  
t h e  a p pe a ra nce of  fu ngi  ( Basidiom 1 ·cc1c 1 )  on t h e  
c lear ings.  

The main fea t u re o f  t he M o11 t e n egren s i te was t h e  
agric u l t ur a l  act i v i t ies  ( e .g.  cabbage. l e t tuce a n d  o l ive 
c u l t i va t i o n ) which accoun ted for a bo u t  30  per cent of  
the  l a n d  a rea ( F ig.  l a ) . In  t h e  rem a i n i n g  n a t u ra l  zones 
t h e  d o m i nant  vege t a t i on was Vicia. A /'llndinkria. 
R11b11s. P1cridi11111 a n d  Pis1acia. T h e  whole  a rea was 
covered by a ser ies o f  i rr iga t i o n  d i tches ( m ost ly  of 
concrete constru ct i o n )  a bo u t  I m et re wide.  

The a d u l t s  were m os t l y  fou n d  i n  scrub h ab i t a t  
genera l l y  i n  both a re a s .  I n  c o n t r a s t .  h a t c h l i n gs a n d  
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Fig.  1 V iews o f  study a reas i n  M on t e negro ( l a ) and Croat i a  ( l b ) .  Fig.  l a  shows t h e  c u l t ivated areas in t h e  foregrou n d  a n d  t h e  
heav i l y  wooded eastern sect i o n .  F ig. 1 b shows a n  open clea r i n g  w i t h  characterist i c  l i mestone outcrops.  
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verv y o u ng t o n o i-,cs ( < 5  years)  were when fou n d .  
usu a l l y  in  associ a t i o n  w i t h  Spar1 i11m j11nic11111 ( C ro a t i a )  
a n d  Brnc/1_1 podi1 1111 s p  ( M on tenegro ) .  These t a l l  
( a  p p .  1 m )  na rrow stem med p l a n t s  p rovide t h e  benefi t s  
t o  s m a l l  tort o i ses o f  bot h cover a n d  s u n l ight  
pene t ra t i o n .  

M ET H O D S  

F i e l d  work was  carried o u t  i n  Montenegro over a n  
e i g h t  d a v  period i n  l a t e  M a y  1 98 6  a n d  o v e r  a t wo week 
period i n  earlv .r u n e  1 986 i n  C ro a t i a .  A d d i t i o n a l  
genera l  i n forma t i on was g a t h e red over a t h ree week 
per iod i n  C roat ia  from l a t e  S e p t e m ber to  m i d-October 
1 984 .  When loca t ed each tortoise was g iven a u n i q ue 
m a r k  u s i ng t h e  met hod o f scute  n o t c h i n g ;  a l so n o t i n g  
t he ela t e  a n d  t i m e  o f  capt u re.  O t her p ro cedures i n  t h e  
fi e ld .  t h at  i s  met hods for gather ing  p l a n t  s a m ples,  body 
measu rements .  a ssessment  o f  a ge and physical  
con d i t ion a re t h ose given i ii M ee k  ( 1 98 5 ) .  S a m p l i n g  
w a s  c a rried o u t  t h roughout  t h e d a i l y  p e r i o d .  by 
m a k i n g d a i l y  rou t i ne p a t rols  of  t he study a rea u s u a l l y  
b y  t wo observers.  b u t  each wor k i n g a l o ne .  M ost  
tort o ises were located by s i g h t  a l t h o u g h  a s m a l l  
n u m b e r  of i n d i v i d u a l s .  part i c u lar ly  j u ven i l es were 
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located by sound w h en m o v i n g  t h rough dense 
veget a t i o n .  

Port ' l . ;\TI O'i D E 'iSITY E sTt M ,\TES 

Dens i ty  est i ma t es h a ve been m ade using the t r ip le  
catch met hod i n  wh ich reca p t u res are grouped 
a ccord i n g  to  the t i m e  at which  t h ey were m a rk e d .  I n  
t h is system t h e  t h ree s a m ples were t a k e n  a t  sh ort 
i n t ervals o f  t i m e  and a l t h ough it i s  not  req u ired t hat  t h e  
t i me i n t ervals between s a m p l i n g  s h o u l d  b e  equal  
( R icker. 1 95 8 )  i n  t h is st udy t wo cla y  sampl ing  periods 
were separated by one clay non-s a m p l i n g  i n tervals .  

STJ\ TI ST I C.f\ L A N1\ l . Y S I S  

Regress ion  a na lys i s  h as been u s ed for ca lcu l a t i ng 
m a t h e m a t ical  models of age related a n d  re lat ive 
g ro w t h  a fter  t ra n s fo r m i n g  the data into loga r i t h m i c  
form ( S o k a l  a n d  R o h l f. 1 98 1  ) . To es t i mate  t h e  n u mber 
of growth a n n u l i  on t h e  coast a l  scutes from carapace 
l e ngt h M odel  ( 1 )  regress ion has  been used w h i c h  t reats  
y .  the n u mber of  a n n u l i .  as  dependent  on carapace 
length ( x ) .  To descr ibe rel at ive growt h Model  ( 2 )  
regress ion (geomet r i c  m e a n )  h a s  been used.  T h is is  
cons idered a more a p p ropriate  method for rel a t i n g  
var ia bles  when n e i t h e r  c a n  be regarded as  t ru l y  

n = 1 2 4  

•--

n = 8 4  

2 5 0  S O O  7 5 0  1 0 0 0  1 2 5 0  1 5 0 0 +  

B o d y  m ;:i s s i n  g r ;:i m s  

1- i g .  :2 S i 1 c  1·rcq u c n c i ,·s o f  T ltcr111111111i i n  Croa l i a  a n d  M o n t e n egro . S o l  i d  h i stograms represcn t fe m a l e s .  s t i p p led h a rs m a  lcs  a n d  
Dpcn hars  i m nw t u r,·s .  
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M o n t .  ( I ) 

M o n t .  ( 3 )  

M on t .  ( 4 )  

Croa. ( 2 )  

Cor. ( 5 )  

M ean a n d  ( ma x i m u m )  carapace 

lengt h ± I S . E .  in mm 

males females 

1 35.4 ± 7 . 8  ( 1 48)  1 47 . 6  ± 1 6 .8  ( 1 90)  

1 26.4 ± 8 . 6  ( 1 43 )  1 47 . 0  ± 1 2 . I  ( 1 70)  

1 40.9 ± 1 1 . 3 ( 1 70) 1 59 . 3  ± 1 4 .6 ( 1 75 )  

1 27 . 7  ± 9 . 8  ( 1 45 )  1 4 1 . 7 ± 9 .6  ( 1 64)  

1 40.6 ± 7 .9  ( 1 50 )  1 64 . 6  ± 1 9 .6  ( 1 90) 

M<:an and ( ma x i m u m )  body mass 

± I  S . E .  in  gr;i ms 

m ales females 

822.9 ± 1 36.6 ( 1 038) 

609.0 ± 1 05 . 3  ( 740) 

63 1 .9 ± 1 44 . 8  ( 1 02 5 )  

7 24.3  ± 1 3 1 .4 ( 8 79) 

1 07 5 . 7  ± 276.5 ( 1 680) 

989.0 ± 208 .9 ( 1 4 1 0) 

990. 9 ± 1 84 . 8  ( 1 300) 

1 056.0 ± 276.5  ( 1 4 1 7) 

TA B L E  I :  Detai ls  of s ize characterist ics of T. hcr111a1111i populat ions in t h is s tudy in Y ugoslavia  ( 1 . 2 )  a n d  a lso data from ( 3 )  B udva 
( M ee k .  1 985) (4)  Petrovac ( Wa l lace and W a l lace.  1 98 5 )  and (5) Corfu ( Wal lace and W a l lace.  1 985) .  The calculat ions a rc based on 
tortoises exceeding I OOmm carapace lcngt h. 

i ndependent .  A bas ic  descr ipt ion of the d i fferences 
between the two met hods has been given in M eek 
( 1 987) .  

Confidence i n terva ls  have  been  calcu la ted for the  
constants  in  the equat ions at the  95 per  cen t  in terva l .  I n  
M odel  ( 2 )  regress ion the confidence l imi ts  are 
expressed for b and y0• i n  M odel ( I )  regression for b 
and a .  The expression x/-7- in the i n tervals for a and y0 
ind icates for e x a m ple i n  equat ion ( I )  in Table 2. from 
0.0004 x 1 .07 to 0.0004 -7- 1 .07 .  Tests for s ignificant 
d i fferences between exponents  have been made us ing 
the  t-d is tr ibu t i o n  in  t h e  way described by Bai ley 
( 1 98 1  ) .  Other  populat ion characters have been 
ana lysed at  the 95 per cent in terval us ing  the t and 
F-dis t r ibut ions at  a ppropriate degrees of freedom .  

R ES U LTS 

POPl l l . i\TION STRl JC'Tl R F  
T h e  freq uency d is t r ibut ions of carapace lengt hs a n d  

body masses of both populat ions are shown in Fig.  2 
with  detai ls  of the  means and ranges given in Table I .  
The samples were skewed towards larger an imals w i th  
fema les larger than  ma les in  both  populat ions :  
Carapace lengths  { C roat i a }  FI  I .  I 03 } = 48 .  74,P<0.000 I 
and ( M ontenegro) F{ l .78 } = 1 6 .05 .  P<0.00 1 :  body 
masses ( Croa t i a )  f'l l . 1 00 } = 1 1 8 .59 .  P<0.000 1 and 
( Mont enegro) F { I .  76}  = 25 . 5 3 .  P<0.000 I .  M a les from 
M o n te negro had s ign ificant ly  longer carapace lengths 
! FI 1 .9 9 }  = 1 5 . 5 1 . P<0 .00 l }  and grea ter body 111asses 
( F{ l .95 } = 4 1 .59 P<0.00 1 )  than Croat ian  males. bu t  
t here was  no  s ign i ficant d i fference between t h e  
carapace lengths or  body masses ( P>0 .05)  of females 
from t h e  two popu lat ions.  

Srx R .. \T1os 
From a tota l  of  1 2 7 iden t i fied t o rtoises in C roa t i a .  60 

were m a les 45 were females and 2 2  i 111 m a t u res or 
hatch l i ngs .  Th is  ind icates an adul t  sex rat i o  of 1 . 3 3 :  I i n  
favour of males and an adu l t :  i m ma t u re ra t i o  of 4 . 7 7 :  I .  
E ighty  s i x  tor to i ses were ident i fied i n  M o ntenegro of 
wh ich  4 1  were m ales.  39 were fem a les and 6 i m matures .  
This  gives an  adu l t  sex  ra t io  of  a lmost par i ty  ( 1 .05 :  I )  
and  adul t ;  i m m a t u re rat io  of 1 3 . 3 3 :  I .  

A G E  STRUCTUR E  
Based o n  t h e  l i m i ta t ions  of growth r ing  n u m ber as  a 

mea n s  of determi n i n g  age ( Castanet a n d  Cheyla n ,  

1 9 79) .  A g e  st ruct ure has been l i m ited a t  1 9  years with 
older a n imals  shown as more than 19  years . The age 
d is tr ibut ions a rc shown in  Fig. 3. I n  both populat ions 
most  t o rt oises were above 16  years ( Croat ia  75 .5  per 
cent ;  M ontenegro 8 7 . 1 per cen t ) .  H owever, whi lst i n  
Croa t i a  42.5  per  cent  exceeded 1 9  years a much larger 
pro port ion ( 67 .4  per cent )  of M ontenegren tort oises 
exceeded 19 years. I n  a n i mals aged more t h a n  19 years 
males p redomi nated ( Croat ia ,  males 27 .5  per cen t .  
fema les 1 4 .9  per cent :  Montenegro, males 39 .5  per 
cen t .  females 27.9 per cen t ) .  a l t hough i n  both 
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Fig.  3 Age freq uencies of T. hffmanni in Croat ia  and 
Montenegro . O t h e r  d e t a i l s  a r e  given i n  F ig. 2 .  
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I ndcpendent 95lk con. Exponent 95% con. 

Eqn .  'o .  va r iab le  x Pop .  Factor a in terval b i n terva l  n 

( I )  c. l ength  ( ma les )  c 0 .0004 1 .07 2 .23 0 . 1 8  82  
( 2 )  c. l ength  ( fema les ) c 0 .00 1 1  1 .07 l .99 0 . 1 6  67 

( 3 )  c. l engt h ( ma les ) M 0.00 1 1 1 .06 2 .02 0 .29 47 

( 4 )  c .  length ( fema les ) M 0 .0096 1 .05 1 . 54 0 .25  45  

TA B L E  2 :  A l lomet  r ic  equat ions  of t he form y = a x" re la t ing  t h e  n u m ber of  growth a n n u l i  o n  t h e  coasta l  scutes  y w i t h  t he s t ra ight  
length  o f  t h e  cara pace x i n  m m  i n T lier111a1111i fro m C roa t i a  ( C ) a nd Mo nte neg ro  ( M ). The 95% confidence i ntervals a l tached to 
factor a are the  x/7 type.  to  the  expo ne n t b the ± type.  The n u m ber of observa t ion s  on which the eq uat ions a re based (n)  a re a lso 
g ive n .  

populat ions fem a l es were more n u m ero us between 1 6-

1 9  years.  Based on gro w t h  r i n g  co u n t s  t h e re was no 
s ign ificant cl i ff e rencc bet we en t h e  ages of fem a les i n  t h e  
t wo po pu la t ions ( C roa t i a  x = 20. 2 ;  M o n t e negro x -

20. 3 :  F { I  . 8 2 l  = 0 . 0 1 . P>0 .05 l b u t  M o n t c n egre n m a l es 
(x = 2 3 . 6 )  were a p p a re n t l y  older t h an C ro a t i a n  males 
( x  = 2 1 . 3 )  with t he di ffe rence s ign i ficant  (F{ I .99 l  = 4.07.  
P<0 . 0 5 ) .  l m m a t u res from C roat i a  (x = 5 . 7 )  were 
younger  t h a n  t hose fro m M o n t e negro (x = 7 . 6 )  b u t  t h e  
d i fferences was n o t  s ign i fica n t  ( P>0 .05 ) .  
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AGE MODELS 
The s i mplest model wh ich relates the logarith ms of 

carapace length y i n  mm with the logari t h ms of growth 
r i ng n u m ber x .  is a mode l  I al lomet ric equat ion of the 
fo r m :  

y = axb  

where a a n d  b are constants .  Data  for these variables 
a rc shown in Table 2. The highest correlat ions were 
fou n d  for Montenegren tortoises (ma les r = 0.94:  

( 3 )  

M o n t e n e g r o  

B 

5 0  1 0 0  2 0 0  

C a r a p a c e l e n g t h  m . m .  

Fig.  4 G raphs  o n  l oga r i t h m ic coord i n ates of gro w t h r ing n u  m bcr p lo t ted a g a i n s t  carapace lengt h i n  T hcrmanni from C roat i a  
( A )  a nd M o n tenegro ( B ) . T h e  d a t a  h a v e  been corwcncd i n t o  t h e  s m a l lest c o n w x  polygons w h ich w i l l  enc lose a l l  t h e  d a t a  points  
w i t h  male  and fem a l e  dat ; 1  t reatccl separate ly .  H atched polvgons  represen t  fem a les.  s t i ppled polygons m a l es .  The l in es run n i n g  
t h rough the  polygo n s  ; 1 rc der i 1 ·cd from eq u a t i o n s  give n i n  Table 2 :  t hese a r e  exp la i ned i n  t h e  tex t .  



CO M PA R A T I V E  ECO L O G Y  O F  TESTUDO HERMANN! 409 

fem a l es r = 0.95 ) a l t hough good corre l a t i ons  ( ma les 
r = 0 . 8 9 :  fem a l es r = 0.90) and bet t e r  c o n fidence 
i n t ervals  were fo und in  Croa t i a n  a n i m a l s .  These 
e q u a t i o n s  i nd i ca t e  t hat  i n  genera l .  fem a l es grow faster  
than m a les .  a n d  t ha t  M o n t enegren fem a l es gro w  fas t e r  
t ha n  fem a l es from C ro a t i a- ( 1  = 2 . 2 5 �  P<0.05 ) .  
M o n t enegren m a l es appeared t o  grow faster  t h a n  
Croa t i a n  ma les b u t  t he e q u a t i ons  descri b i n g  t h e  d a t a  
a re not  s ign i fica n t l y  d i fferent ( P>0.05 ) .  F ig .  4 i s  a 
graph o f  t h e  d a t a  p lo t ted  as convex p o l vgons o n  
logari t h m ic coord i nates a nd a re s h o w n  w i t h  l i nes 
c a l c u l ated fro m t h e  fou r  equat ions .  These s u ggest t h a t  
( fo r  exam ple)  a fe male  from M o nt enegro wo u l d  
req u i re 3 3  years t o  ach ieve a cara pace lengt h o f 200 m m  
w h ereas t h i s  would  t a k e  56 years for a C ro a t i a n  m a l e .  

S 1 1 R V l \'O R S l l l P  

The age s t ru c t u res o f t  he  populat ions have been used 
t o  i n fe r  s u rv ivors h i p  on the ass u m p t ion t h a t  t here were 
n o  conspi cuous  gaps in the a ge d i s t r i b u t i o n s  of e i t h e r  
popu l a t ion w h i ch w o u l d  suggest p e r i o d s  of low 
recr u i t ment  o r  poss ib le  sampl ing erro r. i .e .  a n n u a l  
rec ru i t m e n t  r a t e s  a n d  age s t ru c t u res h a ve been 
a ss u m ed cons t a n t .  Sur v ivorsh i p  cu rves have been 
c a l c u l a ted by t h e  m e t h od descri bed by Deevey ( 1 94 7 ) .  
T h e  s u rvivors h i p  cu rves i n  F ig .  5 h a v e  t h us been 
c a l c u l a t e d  by t a k i n g  the n u m be r  of tor to ises  p rese n t  at 
t h e  beg i n n i ng of  each age class as  a perce n t  o f t  he  t o t a l  
popu l a t i on s a m p l e .  S u rv ivors h i p  is h igher  i n  t h e  
M o n t cncgren popula t ion w h i c h  unt i l  1 9  yea rs i s  
67 .4  p e r  cent ( F ig .  5 b ) :  in  C roat ia  t h e  cor res pon d i n g  
v a l u e  i s 4 2 . 5  per cent ( F ig .  5 a ) . Both  pop u l a t ions h a v e  a 
h ig h e r  s u rvivors h i p  u n t i l  1 9  years t h a n  a p o p u l a t i o n  
from centra l  M o n t enegro ( Fig .  5a ) descr i bed by M eck 
( 1 98 5 ) .  M a l e  s u rv i vorsh i p  is h igher t h a n  fe males in  
bot h a reas wi th  m a j o r  depart u res in  t h e  m a l e-fe m a l e  
cu rves begi n n i n g a r o u n d  1 6  years ( Fig .  5 b ) .  

M e a n  a n n u a l  recru i t m e n t  h a s  been ca l c u l a t ed fro m 
t h e  mean a n n u a l  popu l a t i o n  i n crement u n t i l  1 9  years 
and e x p ressed as  a perce n t a ge of the t o t a l  using t h e  
eq u a t i o n :  

R P = ( T11 - t . , )  1 8  ( I  00 ) 

w h e re R , is t h e  pe rce n t  recru i t m en t .  T 11 t h e  t o t a l  I . . . n u m be r  of t o rt o i ses 1 11 each s tudy a rea s a m p l e  a n d  t , ,  
t h e to ta l  n u mber o f  t o rt oise o v e r  1 9  vears.  T h i s  method 
g i ves a recru i t m e n t  v a l u e  t h a t  mav o n l v  be e m p i r ica l  
b u t  i t  i s  usefu l  i n  est i m a t i ng mort a l i t v  fo r the  fi rst 1 8  
years .  The ca l c u l a t i ons  i n d i c a t e  t h a t  mean a n n u a l  
recru i t m e nt i s  l o \l'er i n  M o n t e negro ( m a l es I . Ylr : 
l'c m a l es 2 . Yi : x = 1 . 81 ( )  t h a n  C roat i a  ( m a l es 3 . 1 '/L 

fe m a l es 4.0l7r : x = 3 . Y 1r  ) .  

M o 1n \ LI TY 
A t o t a l  of s i x  dead t o rt o ises were fo u n d  o n  t h e  s t u d y  

a rea n o n e  o f  w h i c h  a p pea red t o  b e  recent  deaths  s ince  
t h ere were no soft t issue rem a i ns .  Of t h ese fo u r  ( t wo 
m a l es .  one fem a l e  a n d  one unsexed ) were fro m 
C ro a t i a .  Based on t h e  n u m b e r  of grow t h  a n n u l i  on t h e  
scutes  t h ese were a l l  o l d  a n i m a l s  w i t h  a t  l e a s t  2 4  a n n u l i  
o n  t h e  m a l es ( c .  l engths  1 48 a n d  1 50 m m )  a nd 2 0  a n n u l i  
o n  t h e  fem a l e  ( c .  length 1 44 m m )  w i t h  t h e  u n sexed 
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Fig.  5 Genna!  s u rv i vorsh ip  cu rves for T liermrm11i i n  
Mon tenegro a n d  C roa t i a  u n t i l  1 9  years ( F ig .  S a ) .  Open 
c i rcles represent  M on t e n egro. sol id  c i rc les Cro a t i a  and 
t r i a ngles data for M on tenegro fro m M eck  ( 1 98 5 )  for 
compar ison .  Fig. Sb shows d i s t i nct  m a l e-fema le su rvivorsh ip  
cu rves for Monteneg ro ( t h is s t u d y )  where ma les  a rc open 
t r i a ngles.  fe ma les open c i rcles and  C roa t ia  where males a rc 
sol id t ria ngles and  fem a les sol id  c irc les .  

a n i ma l  s h owing a d u l t  s ize .  The dead a n i ma l s  from 
M o n t e negro appeared to be males  w i t h  at leas t  2 1  a n d  
25  a n n u l i  ( 1 28 a n d  1 48 111 111 cara pace l e n gt h s ) .  T h e  
ske le ta l  rem a i n s  o f  t h e  � h e l l s  a n d  many o t h e r  bones of  
t h ese and t h e  t h ree sexed C ro a t i a n  t o rt oises were i ntact  
sugges t i n g  perh a ps morta l i t y  dur ing the winter  
dormancy.  The percent age of  dead tortoises t o  the 
1n1a/  fi e l d  sa m p l es ( 101al = dead p l u s  l iv ing t o rto ises ) 
was 3 . 05 per cent  i !l  Croa t i a  a n d  2 . 3  per  cent  i n  
M o n t enegro.  

h.I L R I ES 
E ig h t een torto ises ( 1 4 . 2  per cent)  in Croa t i a  a n d  

e i g h t  t o rtoises ( 9 . 3  per  c e n t )  i n  M o ntenegro were fou n d  
t o  have  s u s t a i ned i nj ur ies.  These i nc luded,  in  Croat ia .  
carapace scutes absent ( p robably from fire damage) ,  
c racked she l l s .  dents i n  t h e  carapace a n d  o n e  a n i m a l  
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w i t h  t h e  r ight  rea r l i m b a bse n t .  I n  M o n te negro t h e\' 
cons isted p r i n c i p a l l y  o f  den ted o r  cra c k ed shel l s .  O n e  
fe m a l e  ( c .  l ength  I 7 8 m m )  i n  add i t ion  t o  having lost 
part o f  t h e  a n t er i o r  sect i o n  o f  the carapace .  had a lso 
l os t  the  l eft rear l i m b .  F i g .  6 shows the  freq uen c\' 
d is t r i b u t i ons  of da maged t or to ises in rel a t i o n  to t h e i r  
a g e .  P igs . 6 a  a n d  6 b  s h o w  t h e  s i m p l e  n u merica l  
freq uencies :  F ig.  6e a nd 6d t h e  freq uencies when 
co rrected fo r t h e b ias i n  age cl ass freq uen cy. Fig.  6 
c lemonst  rates t wo m a i n  p o i n t s  I )  I n  both  a re as fe m a l es 
s u s t a i n ed more i n j u r ies t h a n  males a n d  2 )  C ro a t i a n  
t o r t o i ses s u s t a i ned i nju ries a l  ear l ier  ages ( a l t hough no 
a n i m a l  in C ro a t i a  had serious i n j u r i es be low 14 years ) .  

O. , C  r o a t  i a C . C r o a t i a  
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A g e  c l a s s e s  ( y e a r s ) 

Fig.  6 H i s t ograms s h o w i n g  s h e l l  da m;1gc a n d  i n i 1 1 rv 
d is t r i b u t ion in re l a t i o n  to age i n  T. hcmia1111i. U p per 
h i s t ogra ms sh oll' data fo r C ro a t i a .  lower h i s t ogr;1 ms d ;1 ta for 
M o n t en egro. Sec t e x t  r·or d iscuss i o n s  a n d  Fig.  2 for bar � cvs .  

Dr:Ns1T 1 r:s 

P o p u l a t i o n  dens i t ies h a ve been est i m a ted us ing t h e  
' t r i p l e  catch'  m et h od ( R i c k e r .  1 95 8 )  w h e re sam p l i ng 
was d i vided i nt o  t h ree per iods each of two cl avs 
d u r a t i o n  w i t h  one clav n o n-sa m p l i n g i n terva l s  
between.  O n  t h e  fi rst occa s i o n  tor to ises were m a r k e d  
a n d  rel eased a n d  a fter  t h e  o n e  clay i n terva l  a seco n d  
s a m p l e  was t a k e n  w i t h  reca p t u res n o t e d  a n d  u n m a rked 
a n i ma l s  given ne\\' d i s t i n g u i s h i ng marks .  O n  the t h i rd 
s a m p l i ng per iod reca p t u res from t h e  fi rst  a n d  second 
s a m p l es were recorded 11· i t h  u n m a r k e d  t o rt o ises . 
D e n s i t v  has been ca lcu la tecl u s i ng:  

where N 1 a re t h e  t o t a l  capt ures o n  clay one.  N:? the t o t a l  
ca p t u res on cl a y  t wo.  N _i t h e  t o t a l  c a p t u res on clav 

t h ree.  M 1 . :2 the rec a p t u res on clay t wo o f  torto ises 
marked on clay one . M u  t h e  rec a p t u res on clay t h ree of 
a n i m a l s  m a rked o n  clay one and MJ 1 the rec a p t u res of  
a n i m a l s  on cla y  t h ree o f  t h e  a n i ma i s  m a rked o n  clay 
1 11 0 .  Table 3 shows t h e  n u m bers for t h e  s a m p l i n g 
periods for b o t h  a reas .  I n  Croa t i a  t h is i n d icated 226.6 
tor to ises in  2 . 8 h a  a n d  i n  M o n t e n egro 58 .3  torto ises i n  a 
I . 3 h a  a rea .  T h u s  p o p u l a t i o n  d e n s i t y  es t i m a t es were 
80.92 h a · 1  in C ro a t i a  and 44 . 8 3 h a · 1  in M o n t enegro 
( a l t h ough in  Mont enegro t h e  a rea sampled i n c l u clecl t h e  
agri c u l tu ral  z o n e s .  so  t h e  d e n s i t ies i n  n a t u ra l  zones 
wou l d  be somewhat h igher ) .  

Period I Period 2 Period 3 

M o n t e negro N I = 25 N2 = 23 N3 = 1 9  

M l . 2 = 6  M l . 3 = 6 

M 2 .  3 = 5 

C roa t i a  N I = 4 0  N 2  = 3 9  N 3 = 3 7  

M I .  2 = S M l .  3 = 4  

M 2 .  3 = 3 

T A B L E  3 :  T r i p l e  ca tch  a na l v s i s  t o  est i m a t e  p o p u l a t i o n  
d c n s i t v  of T.  hcm11m11i i n  C roa t i a  a n d  Montenegro. F u r t h e r  
deta i l s  a rc givrn i n  t h e  t e x t .  

B I O M  \SS D EN S I T Y  

Using the  res u l t s  from popu l a t ion dens i ty  est i m ates.  
b iom ass dens i t v  h a s  been ca lcu la ted .  In t h i s  paper 
den s i t y  has  been es t i mated bv t a k i n g  the mean b i omass 
o f  the po p u l a t i on in g t i mes t h e  popu l a t i o n  dens i ty .  
T h u s  i n  C ro a t i a  w h ere t h e  mean b iomass was 68 I .93g. 
a b i o mass dens i t y  o f  5 5 . 2 k g  ha- 1 i s  i n d i cated.  I n  
M o n t e n egro m e a n  b i o mass was 892 .0g w h i c h  !.!i vcs a 
b iomass  de n s i t y  es t i m ate  of 39 .9kg ha:- 1 •  T h ese 

�
va l ues 

e x ceed t h e  dens i t y  c a l c u l a t e d  by Meek ( 1 9 8 5 )  for a 
popu l a t i o n  of T. hcn11a1111i a t  B u dva b u t  t h e  
m a t h e m a t ics u s e d  i n  t h a t  s t u d y  u n derest i m ated 
b i o m ass d e n s i t y  s i nce i t  is  based on the ;i l l omet ric 
rel a t i o n s h i p  of body mass w i t h  cara pace l e ngt h .  !\ 
more accurate  ( a n d  s i m pler )  m e t hod i f  mass  is k n own 
is t h e  one used in t h is pape r. This would  give an 
es t i m a t e  o f  2 6 . 8 k g  h a · 1  i n  B uclv a  which i s  in s l ight  Iv  
bet ter  agreement  w i t h  the res u l t s  of this  s tudy .  

A N N t  .·\ L  B I O M .\SS P R O D t lCT I O I\  

B i o m a s s  product i o n  has  been ca lcu lated bv the  
method descri bed by Iverson ( 1 98 2 ) .  I t  i s  based 
pri n c i p a l l y  on t h e  ass u m p t i o n  t ha t  the p o p u l a t i o n  is  
s t a b l e .  and t h e re fo re that  b i o m as .> l os t  t o  morta l i t v  is  
a n  a pp ro x i m a t i o n  o f  biomass prod uct i o n .  A n n ual  
b i o m as s  pro d u c t i o n  i s  t h u s fo u n d  by est i m a t i n g the  
n u m be r  of  t o rt oises i n  each age c lass per hectare a n d  
t h e  n u mber of tortoises l o s t  each yea r from t h e  age 
classes.  The res u l t i ng est i m a t e  i s  fou n d  by: 

A B p  = I  ( A C m  x ACb)  

w h ere annua l  b i o mass prod u c t i o n  ( A B p )  i s  derived 
fro m t h e  age c l a s s  m o rt a l i t y  ( A C m )  and the mean 
biomass o f  each age c lass ( A C b ) .  



CO M PA R AT I V E  E C O L O G Y  O F  TESTUDO HERMA NN/ 4 1 1 

The c a l c u l a t i ons  i n dicate t ha t  in Croa t i a  biomass 
prod u c t i o n  is  4 . 367 k g/ha a n n u a l l v  and i n  M o n tene gro 
2 . 4  I 3 kg/hg a n n u a l l y .  The rat i os of biomass p ro d uctio n  
to b iomass d e n s i t y  ( i . e .  re l a t ive a n n u a l  t u rn over i n  
b i o m ass)  a re t herefo re 0 . 0 7  i n  C roa t i a  a n d  0.06 i n  
M o n t en egro .  These values exceed t h e  ra t ios  o f  0 . 034 
a n d  0 .042 fo r Geoche/011e gigal//ca Coe e1 al . .  1 9 79) but 
a re lower than the  0 . 2 1 ca lcu la ted fo r C/Jn·sc111. 1 ·s piCla 
( I verson.  1 982) .  

M ATE S E L ECTION 

The mean cara pa ce l e n gt h s  o f  ma les observed 
cou rt i ng .  a t tempt i n g  t o  m o u n t  or copu l a t i ng w i t h  
fe males  were s i g n i fi ca n t l y  s h o rt e r  t h a n  t he i r  corres
ponding female p a rt ners in both  a reas:  C ro a t i a .  males 
x = 1 26 m m  fe m a l es x = 1 50 m m .  Fj l . I O l = 1 0 .76 .  
P<O .O I :  Mont enegro m a l es x = I 2 8 . 5 m m  fe males 
x = 1 47 m m .  Ff l . 1 8 ) = 1 5 . 7 1 .  P<0.00 1 .  There were no 
s ign i ficant  i n ter-popu l a t ion d i fferen ces { P>0 .05)  bet
ween t he s i zes of m a les o r  between the s izes o f  fe males 
i nvolved in sexual  a c t i v i t y .  N e i t h e r  popu l a t i on showed 
evidence ( P>0 . 0 5 )  for the ' B i g  M ale '  effect ( O' D o n a l d .  
1 98 3 ) , t h a t  is  t h a t  males fro m  e i t her p o p u l a t i o n  
i n vo l ved i n  s e x u a l  a c t i v i t y  had greater mea n carapace 
l e n g t h s  t ha n  t h e i r  popu l a t i o n  means.  which i s  in 
agre e m e n t  with the data  fo r T. herma1111i in  G reece a n d  
Fra n ce ( S wingland and S t u bbs. 1 98 5 ) .  

N i :sTs 1\ N D  H 1\TC 1 1 1 . 1 N c ;s  
Two n es t i n g  fem a l es were observed in  C ro a t i a  on t h e  

m o rn i n g  of 2 .J u ne .  B o t h  fem a l es h a d  selected s i t es 
about  I metre fro m  deep shade a n d  each depos i ted 
3 eggs . The mean egg length of both c l u t ches was 
3 0 . 3  mm ( ra n ge 2 6-3 3 m  m) and mean w i d t h  2 3 . 3  m m  
( ra nge 23-24 m m ) .  Three other  nests  where t h e  young 
had a p pa re n t l y  rece n t l v  emerged were fou nd on t h e  
C roat i a n  s i te  i n  l a t e  September.  Four  h a t c h l i n gs were 

Cro at i a  
( S l l  m lllt'J ') 

C roat i a  
(au t u m n )  

M o n t enegro 

1 -ami l \' 

Lcgu n1 i nosac 
Lcgu n1 i nost1 c 
Lcgumin osac 
L cg u  111 i nosac 
Compositae 
Plan ta g i n accae 
Rosacc;1 

lJmhc l l i krae 
Composi t ae 
l . ahiat ;1e  
Rosaceae 
Basi d i o nl\cc·tes 

A ral iaccae 
Chc·no pod iaccac 
A risto loch iaceac 
Plantag i n accae 
Lcgu mi n osac 
Scro p h u l a  r iaccae 
Cruciferae 

( i e n u s  

M e d i cago 
M edici  go 
Tri fo l i 1 1 111 
V i c i ;1 
Composi t e  
Plant  ago 
P r u n u s  

Tll\ ' ll l U S  
M ai u s  
Agar i c us 

H ed c ra 
C h cnopodi um 
A risto l u e h i a  
Pia n t ago 
M ed i cago 
Pedicago 
B rassica 

fou n d  near one o f  t hese nests and t h ese had cara pace 
lengt hs  ra ng ing from 3 l -45mm (x = 3 8 . 5 m m )  and body 
masses from 1 0- 1 9g (x = 1 5g) .  

Fooo P L A NTS 

The la rgest food p l a n t  sample  was col lected i n  
C ro a t i a  ( n  = 2 2 ) .  The major i ty  o f  t hese were fro m t h e  
L egu m i nosae ( n  = 1 1 ;5 % )  a l t hough other  fa m i l i es 
were a l s o  co l lected ( Ta b l e  4 ) .  H owever, t h e  sa mples 
were col lec ted over two seasons and as can be seen in  
Table 4 the  Leg u m i nosae were  not  p resent i n  t h e  
A u t u m n  s a m p l e  a n d  were t h u s  a n  exc lus ive  s u m m er 
food p l a n t  ( 78 . 6  per cent )  w i t h . i n t eres t i ngly,  
m ushrooms fo r m i n g  part  o f  t h e  A u t u m n  diet .  The 
M o n t e negren sa m pl e  was s m a l l e r  (n = 1 1 ) a n d  
cons is ted o n l y  o f  a n y  e a rl y  S u m mer col lec t i o n .  H ere 
t h e  Legu m i n osae a l t h ough p resen t ,  a re less p ro m inent  
(n  = 2 :  1 8 . 8  per  cen t ) .  

I t  is  recognised t h a t  t h ese a re s m a l l  s a m p les b u t  t he 
d a t a  do a p pear  t o  suggest t w o  p o i n t s  worth 
consideri n g .  The fi rst  is  the  poss i b i l i t y  of a seasonal  
s h i ft i n  d iet  i n  C roa t ia n  T. her111a1111i w i t h  a m o re 
res t r ic ted d ie t  based on Legu m i n osae i n  S u m mer 
sh i ft i ng t o  a b roader ra nge of p l a n t  food i n  A u t u m n .  
T h e  seco n d  is  t h a t  t h e  Legu m i n osae are less i m po rt a n t  
i n  t h e  S u m me r  d i et  o f  M o n t e n egren T. herma1111i 
a l t hough whet her  t h e  c lose pro x i m i t y  of h u ma n  
act i v i t ies has s o m e  i n n uence h e r e  i s  u nclear .  A n  ear l ier  
food plant  sample  fro m  T. herma1111i i n  M o n tenegro 
also l i v i n g  in c lose associ a t i o n  w i t h  h u m a n s  ( a l t h ough 
in ra t h e r  l ess close pro .� i m i t y )  showed 3 3 . 3  per cent to 
be Legu m i nosac ( M e e k .  1 98 5 ) . 

M O R P l l O M E T R I CS 

The m o rphomet ric a na l ys is  has been based on body 
mass ( t h e  x v a r i a b l e )  s i nce t h i s i s  the o n l y  var iab le  

S pecies 

ech i n :1 t a  
e a  111 pest re 

p 1 c ri s  

ccrasus 

domest i c u s  
an\:nsis 

h e l i \  

echi nata 

o l cracea 

n 

6 
I 
·' 
I 

2 
I 
2 

2 
2 
I 
I 
2 

Comments 

fr u i t s  (p l u m )  

fru i ts  (ap p l e )  
mush rooms 

cabbage 

TA B L E  4:  Food p l a n ts of T. hcn11a1111i in C roat i a  in s u mmer and a u t umn and i n  M o n t e n egro in summe r .  T h e  n umber o f  
observat i ons or  feedi n g  on a part icu lar  p l a n t  ( n l  arc also shmrn .  
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E q n .  N o .  S e x  Pop v v . . C. l i m .  \ b i  h2 C. l i 11 1 .  p 1 1  " 

( S )  p M C L.  1 3 .UX I .O J  790.24 0 . 3 3  0 . 3 3  0.0 1  11 . S .  0.98 84 

( 6 )  p c C L .  1 1 6. 1 4  1 .02 5 1 1 . 43 0 . 3 3  0._14 0 .0 1 11 . S .  0 . 9 7  1 24 

( 7 )  M M S . W .  4 S . 64 1 . 04 63 1 . 3 1  0 .46 o . . n 0.03 O .OS 0 .98 4S 

( 8 )  F M S W . 42.97  1 .02 7 79.05 fU9 0 .40 0 .03 0 .97 4S 

( 9 )  M c S . W . 3 S . 9 7  1 .04 3 5 9 . 39 0 .47 0.49 0 .03 0 . 0 1 0 .96 80 

( 1 0 )  F c S . W .  3 3 . 9 9  I .OS 442.03 0.4 1 0.42 0.02 0 . 9 7  6 1  

( I I )  p M 4 V . S .  3 3 . 4 6  1 .02 790.24 0 . 2 9  0 . 3 2  0 .03 1 1 . S .  0.90 84 

( 1 2 ) p c 4 V . S .  2 8 . 89 1 .02 S 1 1 .43 0 .29 0 . 3  I 0 .02 11 . S .  0 . 9 1 1 24 

( 1 3 )  M M P . L . .  1 02 . S 9  1 .0 1  63 1 3 1 0 . 2 8  0 .28 0 . 0 1  0 .00 1 0.99 4S 

( 1 4 )  F M p L .  1 1 9 . 4 8  I .O J  779.0S 0 . 34 0 . 3 4  0 .03 0 .99 45 

( IS )  M c P I  86 .99 1 .0 I 3 S 9 . 3 9  0 . 3 2  0 . 3 2  0.0 1 0.05 0.98 80 

( I  (1 l F c P L. 9 7 . JO 1 .02 42S . 3 3  0 . 3 4  0 . 3 4  0 .0 1 0 . 99 66 

( 1 7 ) M M T. L .  3 7 . 5 4  1 .06 63 1 3 1 0 . 7 2  0 . 7 7  0 . 09 0 . 00 1 0 .93  4S 

( 1 8 )  F M T . L. 2 3. 7 1  1 .07 779 . 05 0 .42 0 . 5 1  0 . 09 0 . 8 2  4S 

( 1 9 )  M c T . L . 2 2 . 1 0  1 . 1 4 4 1 4 . 1 4  0 .  74 0 . 84 0 . 1 4  0 .00 1 0 . 8 9  4 3  

( 20 )  F c T . L. I S. 1 7  I .OS  6 1 4 . 3 2  0 . 4 2  0.46 0 .06 0 .92 4S 

TA B L E S: M ode I 2 a J J 0 111c1  r i c  eq u a t i o n s  or  the form y Iv, , = ( x / x , . ) '' re I a t  i ng selected d i  111 c n s i o n s  oft  he s h e  I I o r  1; 1  i I lcngt  h v i 11  111 111 
w i t h  body mass x in gra 111s bv t h e  geo11 1e1  ric mca n o r ,. ( v , . ) .  geo m e t r i c  mca n of  x ( x ) a n d  ex  p o n c n t  b .  Con fidcnce i n t erva Is  for Y. ,  
a re t h e  x/7 t ype. for b t h e ± type .  Corre l a t i o n  coeffic ients  r. n u mber of  observ a t i o n s  n a n d  s ign i fi ca n t  d i fferences P ( when 
a p p l i c a b l e ) between e q u a t i o n s  for m a l es a n d  fem a l es a rc a l s o  g i , - c n .  For co m pa ra t i ,·c pu rposes corres p o n d i n g  c x p o n c ll l s  t h a t  
would b e  fou n d  bv M odel I rc�ress ion ( b i ) a rc shown.  M o n t cnc�rcn d a t a  ;i re i nd i c a t ed as M .  Croa t ia n  d a t a  as C .  o t h e r  
a bbn:v i a t  ions  arc :  C.  L .  ( ea r a  p;1 c� lcngt  h )  S .  W. ( s u praca u d a l  scu t c "· i�l t  h )  4 V . S .  ( 4 t h ' c rt c b r a  I s c u t c  w i d t h )  P .  L. ( p last  r o n  lcngt h )  
T. L .  ( t ; 1 i l  lengt h ) . 

which can be rega rded as repre�ent ing the whole  bodv. 
H owever. body mass be subj ect to error and thus  
Model  2 regress ion has  been used in  the  analys is .  
Model  2 equat ions  have the form:  

y/y" = x/x . , ) h 

where she l l  d i mens ions or t a i l  length y i n  m m  a rc 
re lated to body m ass  x in g by the geomet r i c  means of 
y(y0) and x ( x0 ) and exponent  b. The d i fferences 
between the two methods a re on ly  m i n o r  when the 
correla t ion coeffic i en t  ( r) for  the  data a re h igh:  when r 
is low M odel 2 equat ions produce steeper s lopes. 

The resu l t s  a re shown in Table 5 where the separate 
male and female equat ions  have been ca lcu lated bv  
incl u d i n g  the data  from i m m a t u rcs a l though when  the 
exponents  are not s ign ifi can t ly  d i fferent t h e  data  sets  
have been com bined a nd com prehens ive  equat ions 
produced. H igh correlat ion  coeffic ients ha,·e been 
fou n d  for most of  the data sets and t h u s  then: would be 
l i t t l e  d i fference between the e\ponents  had thc·v been 
ca lcu la ted by M odel ( I )  regress ion . the e \ ponents  for 
which a re a lso shown in Table 5. T h e  lo\\'est 
corre la t ions concerned 4th vertebral scute w id th  a nd 
t a i l  l e ngth g iv i ng some disagreement  between 
regress ion  e\ponents  (see Table 5) .  The widest 
confi dence in t ervals were for tai l  lengt h (0 .06-0. 1 4 )  
sugges t i n g  ra ther greater  var ia t ion in  s ize than  i n  the 
other c h a racters measured.  

The sexual  d i morph ic  t rends  found ear l ier  i n  a 
cen t ra l  M o n t enegren popu la t ion  of T. hcr111a1111i 
( Meek .  1 98 5 )  a re confi i·med here:  pr inc ipa l ly  the 
re la t ive ly  wider s upraca u d a l  scute 1 11 m a l es 
Montenegro, I =  2 .05 .  P<0.05 .  C ro2t ia . 1 = 3.04. P<O.O I 
and rela t i ve ly  longer  p las t ro n s  i n  fema les. M ontenegro 

t = 3.3 . P<0.0 I ;  Croa t i a  t = 2 .06 P<0.05. Ta i l  lengt h 
wh ich was not measured i n  the ear l ier  s tudy ( Meck .  
1 98 5 )  a l so  d i ffered between males  and fema les w i th  
tha t  o f  m a l es be ing  rela t ively longer ( M o n tenegro 
1 = 3 .02 P<0.0 1 :  C roat ia  1 = 4 . 1 2 . P<0.00 1 ). I n ter
popu la t ion  d i fferences in  morphometric characters 
were fou n d  on ly in ma le  plast ron length which was 
rela t ive ly  longer in C ro a t i a n  ma les (1 = 3 .09.  P<O.O I ) . 

D I SCUSS ION 

The d i fferences observed in  surv ivorsh i p .  age spans 
a nd growth rates in  Y ugos lav ian  T. hrrnwnni are 
i m po rt a n t  l i fe h i s tory character i s t ics but were they 
pr ima r i lv related t o  the close pro x i m i ty  of the 
M o n t enegren popu l a t i on w i t h  h u ma ns'1 St ubbs and 
Swingl a n d  ( 1 98 5 )  have a l ready suggested tha t  the 
ecologv o f  T. hrn11a1111i i n  wood l a n d  areas i n  sout hern 
France was l i nked to the t rad i t iona l  hort i c u l t u ra l  
p ract i ces of the loca l  people .  A ppare n t ly the key 
factors were the es tab l i shment  a n d  ma i ntenance of 
c lear i ngs i n  the  forest for crop growing which provided 
nest i n g  a reas for the  fema les and a lso the  contro l  of  
m a m ma l i a n  preda tors t h u s  reduc ing  nest preda t ion .  I t  
i s  u n l i k e l y  that in  M o ntenegro crop growing  areas were 
i m port a n t  in i ncreas i n g  t o rt oise nest ing  success s ince 
e\ tensive natu ra l  c lear i ngs were a regu lar  fea t u re of 
scru b l a n d  areas in the region  ( Fig .  I )  and were used by 
the  fem ales for nest s i tes .  Cont ro l  of m a m mal ian  
p redators d id  occur  and th i s  cou ld  i ncrease t o rt o ise 
s urvi1  ors hip but  a d d i t iona l ly  and perhaps more 
i m po rt a n t ly the a reas was extens ively i rr igated which 
may i m p rove both the qua l i ty  and ava i lab i l i ty  of  food 
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p l a n t s  d u r i ng t h e h o t  drv  S u m m er .  H o 11·e\Tr . 
a gr i c u l t ur a l  act i v i t i es" cou ld be i n voh·ecl i n  red u c i n g  t h e  
d� n s i t i es of  t o r t o i ses b y  c o n fi n i ng t he · a n i m a l� to 
n a t u ra l  zones w i t h i n  s u c h  a rea s .  s i n ce a l t h ou g h  
t o r t o ises were o bserved o n  t he per i me t e rs o f  c r o p  
grow i n g  a reas.  t h ere w a s  n o  m o v e m e n t  o n t o  t hese 
a reas a pa rt fro m  o n e  i ns t a nce o f a t ort o i se feed i n g  on 
cabbage.  

Prev i o u s  s t u d ies on the popu l a t i o n  ecolog\' o f 
T. her111a1111i h a v e  i n d ica ted  lo\1· n u m bers n f  bot h 
i m m a t u rcs a n d  h a t c h l i ng t o rt o i ses ( e . g .  M ec k  a n t i  
I ns keep.  1 98 1 :  M ec k .  1 98 5 )  and severa l t h eor ies h a n.: 
a t t e m p t ed t o  e x p l a i n  t h i s .  i . e .  l o ll' de tec t a b i l i t y  o r  

d i fferences i n  h a b i t a t  sel e c t i o n  bc t ll'ee n a d u l t s  a n ti 
i m m a t ures .  R ece n t h· howen.:r  S t u bbs a n d  S 11 · i ng l a n t l 
( 1 98 5 )  h a \T s ugges ted .  fro m reca p t u re d a t : 1  0 1 1  
j u \·e n i lcs .  t ha t  i m m a t u re T.  h er111111111i d o  i n deed 
c o n s t i t u t e  o n ! �· a s m a l l  p roport i o n  of t h e po p u la t i o n . 
T h i s  \\· o u l cl be i n  agreem e n t  ll' i t h  t h e ge n e ra l 
popu l a t ion  d y n a m ics of T. hemw1111i w h i c h  operates a t  
t h e ' K -cndpoi n t ·  o f t  h e  r- K co n t i n u u m  w h ere d e n s i t ies  
a rc h i gh and i n t e r- and i n t ra-spec i fic  co m pet i t i o n 
i n t ense lea d i n g  t o  a h i g h ly e ffi c i e n t  u t i l i s a t ion  of  
e n v i ro n me n t a l  resou rces. S u c h  a s t ra t egv i n v a r i a b l v  
leads  t o  t he c h a n n e l l i n g  o f  a l l  a v a i l a bl e  c n c rgv i n t o  t h e  
p rod u c t i o n  of  a fell' c x t re m c l v  fi t offs p r i n g  ( P i a n k a .  
1 9 7 0 ) .  Fem a l e  T .  hcmw1111i prod u ce o n h· s m a l l  
n u m bers of  o ffs p r i n g  w h i c h  s u ffe r h i g h  mor t a l i t v  a t  t h e  
egg s t a ge ( S t u b bs a n d  S ll' i n gl a n d .  I 9 � 5 ) a n d  p ro ba b l v  
a l s o  ll' i t h i n  t he m o n t h s  fol l o w i n g  h ; 1 t c h i n g .  T h e  resu l t s  
i n  t h i s  p a p e r  o f  t h e ali Li l t -j u v e n i l c  ra t i o' i n  C ro ; 1 t i a  

a p pear  i n c l i rcct h· t o  s u p po rt a h i gh m o rt a l i t v  o f  
h a t c h l i ngs .  1 1  h i c h  ll'crc rc l a t i vc l v more c n m nw n  i n  
A u t u m n  t h a n  i n  S p r i ng . Pred a t o rs p robab ly  co n t r i b u t e  
t o  h a t c h l i ng m o rt a l i t v  ( e .g .  r a t  s n a k e s  Ua;>lic a n d  
m a m m a l s  i n  s o m e  a re a s )  b u t  perh a ps m o r e  i m po rt a n t  
i s  m o rt a l i t v  fro m c n 1  i ro n m c n t a l  l '; 1 c 1 o r s  � u c h  a s  l : i t e  
S u m me r  d ro u g h t s  or  11 · i 11 t e r- k i l l . 

I n t ra a n d i n t c r-popu la l i o n  d i  ITc rcnccs i 11 grm\'l h ;1 n d  
ma .x i m u m  s i ?cs  h a ve b e e n  observed i n  o t h e r  spec ies  o f  
c h e l o n i a ns fro m w i t h i n  a ' i n g l c  geogra p h i c a l  a rea ( e . g .  
C a g l e .  1 946:  G i bbons .  1 96 7 :  H u lse .  1 97 6 ) .  I n  cert a i n  
c h c l o n i a ns food q u a l i t v  h a s  been c i t ed ; 1 s  a n  
e x p l a n a t i o n for d i fferences i n  gro ll' t h  ra t es a n d  t h i -, 
co u l d  e x pl a i n  t h e  f;1 s t c r  g ro ll' t h  r a t e s  of M o n t c n cgren 
fe m a les  co m p a re d  \1· i t h  fe ma l es fro m C ro ;1 t i a .  The 
con s t a n t  i r r iga t i o n  n f  t h e M o n t rn cgre n st u ch s i te .  i f  i t  
does i n deed i m p rmc t h e  q u a l i t y  of t  he 11 i l d p l a n t s  m ; 1 \  
b e  i m po rt a n t  i n  t h i s res p e c t  s i n ce i t  c o u l d  p ro \· idc  t h i >  
popu l a t ion  \1· i t h  a n  0 1 cra l l  s u pe r i or d i e t  t h ro u g h  t h e 
act i \ 'c  \'Ca r .  T h e  l a rge r  ' i ze o f  M o n tc n egre n rn;l ics  i n  
co m p a r i so n t o  m a l es fro m C ro a t i a  i s  a l so i n t c re <;1 i 11 '.,! 
a n d  a p pe a r e d  t o  he rel a t e d  t o  t h e  M o n t c n egrcn m;1 ks 
l i \ · i n g  l o n ger a n d  a l s o  t h ei r s l 1 g h t l v  f;1 s t c r  r a t e s  of 

g roll' t h  b u t  it i -, not i m mccl i a t ch· ob\· i o u s  ;1s to \I l l \  

o n ! \' m a l e s  a n d  n o t  fe m a les  fro m M o n t e n eg ro h a \·c 

s i g n i fi ca n t ! \ l o n ger l i l'c s p a n s  t h a n  C roa t i a n  t o rt c 1 i sc ''

C a g l e  ( 1 946 ) a t t r i b u t e d  d i ffe ren ces i n  s i ;e a n d  g rc m t h  

between po p u l a t i o ns o f  Psc11rlc111_1· .1 .1 C1"i;11a t o  age 

d i ffe r e n ces b e t w e e n  popu l a t i o n s  but  G i b bons  ( 1 96 7 )  

be l i eved t h a t  i n t e r-po p u l a t i o n  d i ffe ren ces i n  s i ;c i n  

Ch1Tscm 1 ·.1 picta co u l d n o t  b e  cx p l a i ncc l i n  t h i s  11' ; 1 \  a n d  

s u ggested t h a t  food q u a l i t \' ll'as t h e  p r 1 m a rv 

co n t ro l l i n g  fac t o r. 

S h e l l  d a m age a n d  1 11_1 u n cs a rc co m m o n  1 11 
M ed i  t e r ra nca  n t o rt o i se popu l a t i o n s  ( e . g . L a  m bcrt . 
1 98 2 :  M ec k .  1 9 8 5 )  b u t  i t  is not  c l ea r how i 1n port : 1 11 t  
t h ese a r c  i n  con t r i b u t i ng t o  morta l i t v  r ; 1 t es .  F n r  
e x a m p l e .  ca n t hev  be u sed i n  t h e  way l izard t a i l  l o s s  h a s  
becn u sed as  a m o rt a l i t v  i nd c .\'1 T h e  d a t : 1  i n  F i g .  (1 
; 1 p pcars  t o  sh oll' t h a t  t here w; 1s  : 1n  1 11 c rc:1 s i ng 
l i ke l i h o od o f  i n j u r\ '  l\· i t h  age a nd i n creases I l l S l / C  I l l  
T .  hcrnw1111i b u t  \1· hc t h er t hese ll'erc t h e  res u l t  o f  
a cc i d e n t s  o r  p r ed a t o r  :1 t t ;1 c J.: s  i s  n o t  k n o\\' 1 1 .  Po t e n t i ;i l 
p red a t ti rs Oi l  J ; 1 rge t n r t o i scs  a rc prub:1 h l \· i"c11· 

p a rt i c u la r h· i n  t h e M on t cn cgrL· n po pu l : l l i o n a l t h o ugh 
t h e  !"a ct  t h ; 1 t C roa t i a n  t n rt p i ses s u ffe red i n j u r ies  : 1 t  
e a r l i e r  a ges is  i n t e rest i ng ; 1 1 1 d  m a \ ' i n d i c a t e  a t  l eas t  
s o m e  d egree n f  pred a t i o n  fro m ca rn i vo ro u s b i rd s  o r  
m a m m a b . N c1 -c r t h c l css a l t h o u g h  based n n  o n h  ; 1  
s m a l l  ' a m ple .; i ; c  i t  i s  s o m L'll' h ; 1 t  s u r p r i s i ng t lw t  m os t  0 1· 
t h e re m a i n s o f t  he dead T ha111111111i c ln t h e  . .;t u d v  :1 rcas 
, J l < l l\Td l i t t le o r  n o  -; i g n s  o f  ph vs i ca l  i n j u rv s u gges t i n g  
t h at  o t h e r  f:1 c t ors  ; l i -;o cn n t r i h 1 1 t c  t o  m or t ; i l i t \' r: 1 t c s .  
pe r h a ps hc; 1 t d e a l  h as ro u n d  for ( ;('r >! 'ht!r>ll( '  gig1111 1 1•11 
( f3 o u rn c  a n d  Coe . 1 9 7 X ) .  

T h e  b i omass  cl c n s i t i L·, t 1 f  Y u gos l a\· i ; 1 n T l/i'm1111111i 
fo u n d  i n  t h i s  a n d  a p re v i o u s  st udv ( M ec k . I 9 X 5 ) ; 1  re i n  
good a g ree m e n t  w i t h  t h os e  fo u n d  for o t h e r  t e rrcs t  r i : 1  l 
c hc l o 1 1 i ;1 11 s  ( sec l \ - crso n .  1 9 X 2  fo r a rev i e w )  a l t lm ugh 
t h e\' a rc grca t l v  e x ceeded lw t h e b i o m as s  d e n s i t i es ( ) f  
cert a i n  I s l a n d  s pecies ( e . g .  ( ;tochc/011e gig111 1 1eo.  Cnc 

et al . .  I I 9 79 1 ) . S c r u b  h a b i t a t .  1 1  h c t h c r  in  /\ rgc n t i 1 1 ; 1 
( ;\ u flc n he rg . 1 %9 ) . U n i t ed S t a t es ( 1\ u llc n hng ; 1 1 1 d  
Wc:l \ -cr. 1 969 ) n r  L u rope : 1 p pc a rs t o  s u p p < l rt h i g h  
d e n s i t ie s  o r  h cr h i n i ro t h  t o r t o i ses . m uch h i gh e r . for 
n;1 m p l c .  t h a n  a rc fn u n d  in d e s e r t  a rcas ( l \·erso n .  1 9X 2 )  

a n d t h u s  a p pea rs ge n c r; 1 1 l v t o  he i m porta n t  h ; 1 b i u t for 
t e rres t r i a l  c h c l o 11 i ;1 1 1 s .  l-l c r h i 1·oro u s  t o r t o i s e  h i o m a s-; 

d en s i t i es a l s o grca t l v C .\ cccd t he b i o m a s s  d e n s i t ies o l  

h cr bi n i ro u '  I i 1 a rlb. ( 1\· h i c h h a \'e t h e h i ghest  h i o n 1 : 1 ' s  
d en s i t i es o r  ; 1 11 \' g ro u p  o f  l i 1.a rc ls ) .  ; 1 n d  a l so c .xcccd t h e  
b i o m ass d e n s i t i e s  o f s n a k c s ( l 1 ·c rso n .  1 9X 2 ) .  S u c h  d a t : i  
a p pc; 1 r to s u ggc'1  t h ;1 t  t o r t o i ses a rc p : 1 r t i cu l ; 1 r h 
<; uccess l"u l i n  u t i l i s i n g  e n v i ro n me n t a l  resou rces : 1 1 1d  
i n deed T.  hcmw1111i i s  o ft e n  t h e m ost ;1 b u n t l ; 1 1 1 t  o r  : 1 t  
l e a s t  t h e  m ost  co n s p i c u o u s \Tr t c hr;1 t c  s pec i es i n  t h e  
ccosYs t e m s  11·h c rc i t  ncrn rs : 1 p p a rc n t l v e xceed i n g t h e 
d e m i t \' of t h e m o s t  c o m m o n  l i 1 ; 1 rd s p e c i e s  ( M e c k . 
1 9X 6 ) .  I ! 011'Cl ' L' I" .  l \ ·c rso n ( 1 9X 2 J h ; 1 s  d r; 1 11 ·n a t t e n t i o n  t o  
t h e  pnss i b i l i 1 y t h : 1 t  i n  l o ng l i \ ·cd s pec i es 11 i t h  h i g h 
<; t ; 1 n d i n g  crop h i o 111 ; 1 s-;c s .  t h e  a n 11 u ; i l  h i o m ; 1 s-; 

p rocl u c t io 11 rn : 1 ,· he l o 11 · ( c .g . T hcmw1111 i i n  Y u gos l ; 1 1 · i ; 1 ) 
ren d e r i ng -; uch  s pecies  <, U scc p t i h l c  t o  p o p u l ; 1 t i o 11 
d i <; t u rha n L·c, . ;1 n d  rccmc n· rro m ( ro r  n ; 1 rn p l c ) t h e  
c lTcc t s o l. l ;1rgc sc; 1 l c  col lect i o n  \\' i l l  be s l o 11· o r  rn ; 1 \  n ot 
occ u r  1 1 " ; 1 t  ; i l l .  

/\ C K  N O W !  . F DC 1  [ 1\/1  L N TS 

I t h a n k  G a n  M ec k  fo r ; 1 ss i s t a 1 1cc  11 i t h  t h e fi e l d  11 o r k  
a n d  D r  R oger A \'Crv  for 1-c 1  i c 11 i n g  t h e  111 ; 1 n u scr i p t . T h e  
fi e l d  \\'ork 11· a s  fu n d ed lw t h e  f3 r i t i s h F c o l o !,! i c;1 I 

S oc i e t \ .  
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in northern G reece ( t he effect s  of  a catas tro p h e  on 
popu l a t i o n  s t r u c t u re a n d  clc n s i t v .  Rio/ogical Conscr-
1·ario11. 3 1 . 1 25- 1 52 .  

S t u bbs.  D. ; 1 n d  S w i n g l a n d .  I .  R .  ( 1 98 5 ) .  T h e  eco l ogy of a 
M e d iterra nean t ort oise ( Tcstudo hcm1m111 i ) :  a dec l i n i ng 
popula t i o n .  Canadian Journal o(Zoolog r .  63. 1 69- 1 80 .  

S w i n g l a n d .  I .  R .  and S t ub bs. D .  ( 1 98 5 ) .  T h e  eco logv of a 
M ed i t erra nean t o rt oise ( Testudo hcr111a1111i) repro
d uc t i o n  . .louma! of Zoologr. !.01ulo11. 205. 595-6 1 0 . 

W a l l a c e .  E. a n d  W a l lace.  G .  ( 1 98 5 ) . Obse rva t i ons  of a 
p o p u l a t i o n  of H er m a n n s  torto ise  ( Tcsrudo hcn11111111i) i n  
sout hern Y ugos l a 1· i a .  Tc.1 111do. 3 .  1 5-25.  

W a l l ace.  E .  and W a l lace .  G.  ( 1 98 5 ) . Ohserva t io n s  of  a 
p o p u l a t i o n  of H er m a n n s  tor to ise  ( Tes/lido hcmwnni) on 
Corfu .  Tesrudo. 2(3) .  56-6 1 .  
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S H O RT NOTE: 

THE PARASITIC B U R D E N  OF TH E FROG RANA RID/BUNDA PALLAS, FROM 
SAUDIA ARABIA.  A P R E L I M I NA R Y  L I ST O F  P A R A S I T I C  H E L M I NT H S  

M .  M .  FFR 'J ·\ N DO 

College o(. \ ll'llici11c and \ fcdica/ 5;cicncc· , .  A:in<.: Fai,a/ l '11il'c ·n·i1 r .  I' 0. Un r _1 / l-1. na111111t1111-3 1-15 1. 1''111::,c/0111 o( .\'111ult l ruhia. 

(·I U C/l/Ctf f fi. r\. 88) 

Few i n ves t iga t ors have s t u d ied t h e he l m i n t h  
p a ra s i t i c  fa u n a  o f  Rana ridib1111da i n  S a u d i a  A ra bi a  
( N asher .  1 979. R a m adan B a n aj a  a n d  Saoml .  1 980 a n d  
A l i .  K a l a n t h a n  a n d  R a h m a n .  1 98 1 ) . 

The a u t hor's i n t e n t i o n  i s  to give a prel i m i n ary l is t  
( T a b l e  I )  of P l a t y h e l m i n t hs .  N e m a t odes and A c1 11 t h o
ceph a l a  col lected fro m frogs i n  S a u d i  A r a b i a .  over a 
per iod o f  fou r  y e a rs from 1 980- 1 984. C o l l ect ions  were 
made i n  t h e  periods .J a n u a ry-February a n d  October
Novem ber of t h ese years .  

F ro gs were co l lected from t wo loca l i t ies i n  t h e  
E as t e rn  Pro v i n ce o f  S a u d i  A r a b i a .  Col l ect i n g  s t a t i o n s  
w e r e  i n  A l- K a t i f O a s i s  26 3 3 '  30"  N .  49  59 '  00"  E a n d  i n  
p r i m a ry a n d  scconcl a rv i rr iga t i on d r a i n age c a n a l s  i n  
t he v i c i n i t v  of A i n  B a rb:, r a .  a bo u t  2 k m  e a s t  of  t h e  c i t y  
o f  A l- H o fu f. A l - A hsa ( H as a )  O a s i s .  E a s t e rn  P rovi nce.  
S a u d i  A ra b i a .  

To t h e  b e s t  o f  m v  k n ow l edge a l l  species l i s t ed here .  
u n l ess i n d i ca t ed o t h erwise.  a r c  record i n gs m ade for t h e  
fi rst  t i m e in  t h e  S a u d i  A ra b i a n  frog Rana ridih1111da. 

A C K N O W L E DG E M E N TS 

I t  is w i t h  p l e a s u re t h a t  l t h i n k  t h e  Dean D r .  H i s h a 111 
A l-S i ba i  fo r m a k i n g  ava i l a b l e  to  me t he resea rch 

!"a c i l i t ies a t  K i n g  F a i s a l  U n i \ crs i ty  and t h e  C h a i r m a n  

o f  t h e Dcpa n m c n t  o f  B i o logv fo r every ass is t a n ce 
g1\ ·e n .  

l a m  grca t l v  i n d e bted t o  m y  fr iend a n d  former  
co l league  D r  . .I . F .  B r i ggs for  1 he i n \ ' a l 1 1 a b l e  a s s i s t a nce  
he  ga\'e 1 1 1e  wi th  c o l l ect i n g  spec i m e ns .  I ! i s cons t a n t  
encou ragement  t o  con t i n ue  w i t h  t h i s  rcse: 1 rch i s  v a l u e d  
and m u ch appreci a t e d .  

M v  s i n cere t h a n k s  a rc a bo d u e  t o  D r .  D .  l .  G i bs o n .  
o f  t h e pa r:1s i t i c w o r m s  sect ion of  t h e  B r i t ish M u seu m 
( N at u r a l  l l i s t o rv ) .  w i t h o u t  whose hel p .  l wou l d  have  
had grea t d i fficu l t y  i n  iden t i l \1 i n g  t h e par asi t es .  

R I T E R !  N C I S  

/\ I i .  M .  M . .  K ;i l a n t h ; 1 n .  /\ . a n d  Ib h m ; 1 11 .  M .  N .  ( 1 9X I ) . O n  
l'll'11ro�1·11oidn 1 1 ro111i T r; 1 \ · ; 1""" 1 9 .\0. ( Tre111 ; 1 t n d a : 
L ec i t lwd e n d r i i d a e l  rrnm t h L· , m a l l  i n t es t i n e or ; 1  frog. 
Procccdin -.; 1 .  Fi/ih Co11/iTc11n· 011 1/Jc /liologic11/ 11.1/il'C/ 1· 
o( S1111dio 11 rahia. A h/111. 1 .\- 1 6 . /\ p r i l .  1 98 I .  

N ; 1 s h c r .  1\ . K .  ( 1 97 9 ) .  I l c l m i n t h  p ; 1 1· a s i t es o r  lfo/r1 oric111ali.1 
a n d  /fr/a arhorca i n  A si 1 - .  l'mcccrli11g.1. Third C1m/i'rc11cc 
011 Hiological a.1pcc1.1 o( Saudi ;I mhia. !I /-1/11.rn. 24-27 . 
. l a n u a rv .  1 9 79 .  

R a m a d a n .  M. M . . B ; 1 11 < 1_i a .  /\ . /\ . a n d  S a o 1 1 d .  M. 1- .  /\ .  ( 1 980 ) . 
O n  P.1c11do.1011.1 i11111u·11111 .rn11dii n .s p .  ( T n : m a t o d a :  
L ec i t hoclcnd r i i d a e ) .  /\ n i n t es t i n a l  p;1 r a s i t c  o f  1?0110 

rirlih1111da in S a u d i  /\ r a b i ; 1 .  H11/lc1i11 11( 1/Jc Farnln o( 
Scic11cc. A"i11g /l htful /I ::i:: l' 1 1i 1 ·asin. I 980. pp. 1 27- 1 .\ I .  



4 1 6  

I -los t  Locat ion  

Rana ridib1111da A l- K a t i f  
Pal l as 

A l- K a t i f  

A l - K a t i f  
and  
A l - H asa 
Oasis 

A l- K a t i f  
a n d  
A l-Hasa 
Oasis  

Taxono m i c  G rade 
o f  Paras i te  

Phyl u m  
P la tyhe l m i n t h es 
Class  
Cestoda 

P h v l u m  
N ematoda 

Phylum Nematoda 

P h v l u m  
N ematoda 

S H O R T  NOTE 

Para s i t e  

!) ip/1_1 ·//obo1 hrium 
erinaceieuropaei 
R udolph i  1 8 1 9 : 

Pkurocercoid 
larvae. 

ApleClana S ps 
ma le  a n d  female  
i m ma t u re s t age 
described inc ident  
i n  Bufo orie111afi.1· 
and /- fr/a arhorea 
in As ir .  S. \V .  
S a u d i  A rabia .  

Nasher A .  K .  
( 1 979)  

A hhreria1a s ps 
la rvae 

Fol e re/la 
duhoisi 
G edoelst  
1 9 1 6  

Loca t i o n  o f  
Paras i te  

E ncysted i n  St omach 
wal l  of hos t .  

Wedged in  bet ween 
bundles  or  t h i g h .  
s h a n k  and  a r m  
m uscles. 

Rect u m  

L a rl'ac i n  brown cvsts 
located s u b
cutaneous lv  on bod,· . . 

1\ a l l .  Packe t s  of cysts  
on e i ther  s ide  o f  the 
urostv le  a n d  i n  t h e  
a x i l l a  of l i m bs .  
H eal'y i n fes ta t ions 
also occu r red i n  t h e  
superfic ia l  s tomach 
wal l  and  e m  bedded 
deeply i n  i t s  m uscle .  
Cysts  were fou n d  
a t tached t o  g u t  
muscu la ture  and  
mesenter ies  a long the  
lengt h o f  t h e  e n t i re 
G . I .  Tract . 

I n  t he bodv cav i tv  
on e i ther  s ide  of  
t h e  vertebra l  col u m n .  

Comment  

Found i n  spec i mens of  
hos t  col lected in  
October- N ovem ber. 
L arge trans lucent  sacs 
a t t ached t o  s tomach 
serosa. Short  l arvae. 
A verage in a s i ngle host 
1 -2 .  A ct i ve i n  frog 
ri n ger.  

Found i n  s peci mens  
co l lected i n  .l a n u arv
Febru arv.  Long 
p leurocercoids seen 
m oving when m uscle 
blocks wen: separa ted .  

Sma l l  nematode .  Usua l  
i ncidence one o r  two 
worms t o  a hos t .  H eavv 
i n festa t ions  of  8- 1 0  to a 
host  occu rred rarc lv .  
a n d  a frog w i t h  30 
parasi tes was a lso 
encoun tered. 

The larl'ae were m i cro
scopic a n d  were released 
w i t h  d i ffi cu l tv  bv 
m icro d issect i o n .  When 
present  t hey were 
n u merous a n d  t here
fore count i n g  
was  d i ffi c u l t .  
I n  t h e  u ros ty lar  regi on 
t h e  host reac t ion  to 
p resence of paras i te  
produ ced heavy mela n i n  
p igmenta t ion  aro u n d  t he 
lar,·a l  cyst s .  

La rge N e m atodes w i t h  
t rans l ucent  bod\' wal l .  
occu rrence 2 t o  4 wurms 
u s u a l l v .  Occas iona l lv  
heavv  infesta t ions of I :1 
worms were encoun tered 
in a s i ngle hos t .  Worms 
\\·ere fragi le .  D u e  to host 
react ion to the presence 
or \\ 'Orms.  m e-;cnterics 
covered and \\ ' rapped u p  
t h e  worms .  
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Taxonomic Gra de Location of 
Host Locat ion of Parasite Parasite Parasite Comment 

Rana ridibunda A l-Hasa Phylum Os11·a/docruzia sps Found free in  the I ncidence rare. 
Pallas Oasis Nematoda ( Female) Described rectal contents and Maximum one or two 

incident in 81({0 also deeply embedded worms per host.  
orienralis and i n  the  m ucosa of the  Only one speci men was 
Hy/a arborea in large intest ine .  Rarely found in  the stomach 
Asir. S .  W. Saudi  found i n  the stomach. m uscosa of a frog. 
Arabia Nasher. 
A. K . . 1 979. 

A l-Hasa Phylum Pohs10111a sps Found free in  the Not of common 

Oasis Nematoda rect a l  contents of incidence. 
the host .  

Al-Katif  Phylum Diplos1011111111 I n  the body cavity A few metaceriae were 

Oasis Platyhelmint hes (Tylodelphys) near the  axil la of found attached to  and 
Class (Met acercariae) the arms. covered by mesenteries 
Trematoda ( host react ion?). 

Pleurogenoides M u cosa of  A l l  Trematode usually 
compacrus duodenu m .  i n test ine covered over by a 
(Stromi 1 940) and rectu m .  Rarely great deal o f  m ucous. 

in  u rinary bladder. 

Pleurogenoides M u cosa of 
Srromi duodenum and 
(Travassos 1 930) rect u m .  
Described i ncident 
in  the  smal l  
intest ine  of a 
' Frog' . Al i  M. M . ,  
Kalant h a n .  A . .  
R a h m a n ,  M .  M . .  
R iyadh. Saudi  
Arabia.  1 98 1 .  

Opisrhoglyphe M usoca of  smal l  
ranae intest ine .  
( Frol ich.  1 79 1 )  

Codonocephalus Attached to gut  Examinat ion of cyst in  
uringer mesenteries and frog ringer revealed 
(R udolphi .  1 89 1 )  body wal l .  very sl ight labo ured 
metacercariae. m ovement of 

metacercariae inside the  
cyst. 

Al-Kat if  Phylu m  Cenrrorhynchus sps In the mesenteries Parasite found i nside 
Oasis Acanthocephala  ( i mmature stage) near the stomach bright orange cysts. 

and the u pper region G roups of t h ree to four 
of the  small  intest i ne. cysts were held together 

by host mesenteries. On 
M icrodissect ion of the  
cyst ,  the  juven i le  form of 
the parasite was found. 

The cysts lost the bright 
orange colour  when 
stored in  alcohol. 

T A B L E  I:  Parasites of Rana ridibunda. 
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S H O RT N O T E :  

E C O L O G I C A L  S E G R EGATION B ETWEE N  PODAR CIS SICULA A N D  
P. MEL/SELLENSIS, (SA U R I A :  L A C E R T I D A E )  I N  Y U G O SLAVIA 

R O B ER T  G .  R A YNOR 

/ Jcp11r11111·111 "(F(Jrt'lllT a11d N111urn/ Rc1nurn·1. C11ircr.1·i1 r n(l':di11/mrg'1. f·:i11g' 1· Buildi11g.1. Fdinburglt E!-f9 3.IU. UK. 

l'rcsc111 addrc.u: .?3 Cari1hmakc A r1·11tll'. l. ciccs1cr !I.? .IPA. U K.  

(·I CCCfllCd .? Ui. fill) 

I N T R O D UCTI ON 

The Dalamat ian Coast  w i t h  ea .  3500 Adriat ic  
i s l a n ds su pport s a rich l izard fau n a ,  nota b ly the  Wal l  

L i zards ( Podarcis spp . )  and Rock L izards (Lacer/a 
s p p . ) .  The habi tat  is genera l ly  e i ther degraded scrub 
w i t h  maquis type vegetat ion growing over terraced 
h i l l s ides , or  karsr type terra in .  

M A P  O F  D A L M AT I A N  C OAST S H OW I N G L O CATI O N  OF S I TES STU D I E D .  

A )-</ B 
c r Q D o� o� E F 

0 < 
""1,.>. ""? £.. G / � H ""?../ I 

J 

0 
• 

• 

fig.  I M a p  or t he D a l m: 1 1 i'an Coast s h o w i n g  n a m ed s i t es a n d  t h e  spec ies fou n d  at each s i te .  
K E Y  A C res (P. 111c!i.1 c//c11sis). B U n ij e  ( P. sicu/al). C L o s i n i  ( P. 111c!isc//c11sis). D S u s a k  ( P. sicu!a) .  E l lo v i k  (P. sicu!a) .  F O l i b  
( P. s irn/11 ) .  G l ' g l_ia n  ( /'. 111c!isc//rnsi.1 and P .  1 irn/a). 1-1 D ugi Otok ( P. mc!isc//c11sis). l V r a n a  (P. sicu/a). J Vrgada ( P.  sicula) .  

K K orcu l a  ( / '. 111c!il c!!rnsis ) .  
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Two widely  d i s t r i bu t ed l a cert i ds i n  the  region are t h e  
I t a l i a n  W a l l  L i zard ( Podarcis sirnla) a n d  t h e 
D a l m a t i a n  W a l l  L izard ( P. 111e!isel!e11sis). Severa l 
workers h ave s t u d ied t h e  d is t r i b u t i o n  a n d  i n teract ions  
o f t  hese s pecies.  notab ly  R a dovanovic ( 1 959) . In  1 985 
we carr ied o u t  a s tudy of  t h e habi ta t  d i fferences 
between t h e  two species so t hat  t h e  pot e n t i a l  for 
i nt e rspecific  compet i t ion cou l d  be i nvest igated.  

M ET H O D S  

Observat ions w e r e  m a d e  a t  one m a i n l a nd and 1 0  
i s l a n d  s i t es each w i t h  considerable var iat io n  i n  t h e 
t y pes of h a b i t a t  p resent . These  are i ndicated i n  Fig .  I .  
The m ajor i ty  of t h e  observat ions  were made d u ring t h e  
l izards'  p e a k  per iod o f  act iv i ty .  v iz.  e a r l y  t o  m i cl
morn i n g  on hot  a nd s u n ny clays .  The fo l l o w i n g  
m et hods were used d u ring t he s l lldy :  

( i ) Using a set of  pre-defi ned m i cro-ha b i ta ts .  t h e  
locat i o n  o f  e a c h  l izard w a s  recorded wh i l st t h e 
recorder walked i n  a random fas h i o n  over s u i t a b l e  
t er ra i n .  Such  cou n t s  were m a d e  for fi xed t i m e  periods 
o f  e i t h er 20 o r  30 m i n u t es .  The m i cro- h a b i t a t s  were 
defi n e d  as fol lows: 

A I ntact  w a l l s  
B Col l a psed w a l ls 
C Base of wal l  
D I so la ted bou l ders 
E H erbaceous veget a t i o n  
F Woody veget a t ion  

...... 40 CU ...... 
..0 
CU ..c 
1 
0 L- 30 u .E 

..c 
u CU Q) 20 
c 
Q) 
u c 
CU 

-0 1 0  
c 
:J 

..0 
<{ 
-;:?_ 0 0 

A B c D E F G 

G Pat h .  t ra c k  or road 
H Open s ton�1 gro u n d  ( k ars1) 

Edge of veget ated ba nk 
J Sanclv ba n k  
K D ead twigs .  branches or reeds 
L Edge of a path  or road 
M E dge of c u l t ivated land 
N O t h er m i cro-habi ta ts  

( i i )  For  paths .  t ra c k s  o r  roads ides. l i zards were 
recorded in t h e  s a m e  way as ( i) for s i m i l a r  t i me periods. 
but  w i t h o u t  the ra ndom element o f  di rect i o n .  

R ESU LTS 

The a b u ndance of  l izards in each m ic ro-h a b i t a t  is  
shown i n  Fig .  2. The data  show t h at  P. 111elisel!e11sis has 
a marked preference for dry-s t o n e  wal l s ,  espec ia l ly  
overgrow n  and co l l a psed ones .  In  co n t ras t .  P. sicu/a 
was m u c h  more more diverse in i t s  choice of m i cro
habi t a t .  being present in all t h e  predefi ned m icro
habi ta t  cat egories and showing n o  ma rked p reference. 
but  w i t h  a n  a ffi n i t y  for veget a t ed open gro u n d  a n d  
paths .  I n  add i t i o n  t o  t h ese d a t a ,  t h e  fol l owing 
q u a l i t a t i v e  observat i ons on t h e  var ious species were 
made: 

( i )  A t  most s i t es .  only e i t h e r  P. me!isellensis or 
P. sicula were p res e n t ,  not bot h .  O n  Uglj a n ,  however, 
both species were p resent  a l t hough t h ey a p peared not 
t o  be i n  s y m pa t ry .  Coasta l  to  t h e  i s l a nd's m a i n  roa d ,  i n  

� Podarcis sicula 

� Podarcis melisellensis 

H J K L M N 

Micro-habitat 
Fig.  2 The abundance o f  P. 111c/i.1 cl/msi.1 and P. sirnla in each m icro- h a b i t a t .  KEY  A I ntact  w a l l s .  B C o l l a psed 11·a l l s .  C Base of w a l l .  D I so la ted boulders .  E H erbaceous veget a t i o n .  F Woody vege t a t i o n .  
G P a t h .  t rack or road .  H Open s t o n v  gro u n d  ( kars t ) .  I E d g e  o f ,·egctated b a n k .  J S a n d v  b a n k .  K D e a d  twigs .  branches or reeds. 
L Edge o f  a path o r  road. M Edge of cu l t ivated l a n d .  N O t h er m icro-habi ta ts .  
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the town of Preko,  P. sicu!a was abundant .  I n land 
from the  road, however, only P. me/ise/lensis was 
present ( i n  the maquis) .  

( i i )  Both P. melise/lensis and P. sicu/a were observed 
in a variety of colour and pattern combinat ions.  
A mong popu lat ions of  t he former species, the bol dly
marked green-backed variants tended to prefer lush 
green vegetat ion ,  whereas the unmarked brown 
variants were usual ly more abundant  on or near wal ls 
and in  kars/ t erra i n .  A melanist ic  specimen was found 
in  such terrain on Cres. 

DISC USSION 

I n  most  of  t h e  locat ions s tudied,  t here were at l east 
five of the  m i cro-habi ta ts  p resen t .  Therefore. it was 
assumed t hat those m icro-habitats  wi th  the  h ighest 
p roportion of  a species are the 'preference' of that  
s p ecies. O n  t h e  bas is of t h is ,  t h e  l i ke l ihood of 
compet1 t 1ve exclusion between P. sicu/a and 
P. melisellensis could be assessed. I n  ear l ier  work , 
R adovanovic ( 1 959)  postu lated t h at P. sicu/a was 
i n vading the range of P. me!ise/lensis via a competi t ive 
advantage, namely superior size.  He tested t h is 
hypothesis by in troduct ion experi ments on several 
s m al l  is lands .  and concluded t hat compet i t ive 
exclus ion was indeed occurring. S u bsequent ly .  Neva, 
G orman,  Soule ,  S u h  Yung Yang, Clover and 
Jovanovic  ( 1 972)  revis i ted some of Radovanovic's si tes 
and found evidence to both support and refute  h is 
t h eory. They a lso found evidence from the  is land of 
M a l i  Obrovanj to suggest t hat the  two species could 
coexist  on one is land, p rovided that at least  two 
dist inct habi tat-types were present ,  i ndicat i ng t h at 
t h ey were p robably not sympatric .  

Our observat ions from U gljan  support t he ir  
findings, a l though i t  shou Id be s tated that U gljan is a 
very l arge is land when c o mpared w i t h  M al i  Obrovanj, 
wh ich  only m easures 80 x 50m. C lover. ( 1 979) l i kewise, 
h as observed t h a t  on  some of t h e  larger A dr ia t ic  
i s lands, such as  Ciovo,  both  species may occur 
t ogether. This phenomenon of the two species 
occupying separate h abi tats on t he rare occas ions 
w h ere t h ey both occur on  the  same is land.  cou pled 
with our observat ions of  the l izards' p referred habi ta ts  
among separate populat ions .  suggest t hat the  t wo 
s pecies are not l i kely t o  be compet ing  for the  same 
resource and t hus compet i t ive exclusion is  p robably 
n ot occurr ing. 

I n  addi t ion to these fi nd ings, observations were 
made on the  Sharp-Snouted Rock l izard (lacena 
oxycepha!a) and P. melisel!ensis on the  is land of  
K o rcula,  where the  two species appeared to  be 
sympatr ic .  L. oxycephala was, however, much more 
adept at c l i m bing t h an t h e  latter species. I n  Korcula 
town, L. oxycepha/a coexisted with the Turkish Gecko 
(Hem idac1y/us turcicus) w i t h  which i t  had comparable 
c l i mbing abi l i t ies but ,  u n l i k e  the gecko, was diurnal .  
Thus L. oxycephala appeared to  avoid tota l  niche 
overlap with P. melisellensis by the  superior c l imbing 
ab i l i t ies of the  former species,  and wit h H. turcicus by 
the nocturnal habits  of the  la t ter species. 

In summ ary, compet i t ion  between P. sicula and 
P. melisellensis is avoided by : 

( i )  geograph ica l  separa t ion  of the  individual  is land 
populat ions of  each species,  or by 

( i i )  s ign ificant habitat  and behavioural d ifferences 
between the  two species where t hey do occur together; 
namely t hat  P. sicula is  a part i cu larly bold ,  opportun ist 
and consp icuous species prefering vegetated and open 
land near human habitation. I n  contrast, P. me/ise/lensis 
is a more conservative species prefering a more rocky, 
overgrown habi ta t ,  espec ia l ly  dry-stone walls, often 
away from human habita t ion .  
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S H O RT NOTE : 

A SP/D URA I N  T H E  M A L D I V E S  

C\ R l .  G ,\ NS 

/)cpar1111c·111 o( llio/og L The l 'nircrsitr o( .\ lichigan . .  · l n11 A rhnr. , \!/ ./8 / ()9. C. S. A .  

(·kccpt('(/ / /. /().88) 

L a i d law ( 1 902) i n  repor t i n g  on t h e  a m p h i bians  a n d  
rept i l es of t h e  M al d i ves.  noted a u n i q u e  record o f  
A sp idura. a g e n u s  of Sr i  L a n k a n  s n a k es (cf. P h i l l i ps .  
1 95 8 ) .  Gans  a n d  Fetcho ( 1 982)  la ter  cas t  t h e  record i n  
d o u bt i n  rev iewing t h e  genus.  as t he record was 
u ndocumented by a s peci men and t h e  occu rrence 
ot herwise_ u n l i ke ly .  

Th rough the  cou rtesy o f  D r .  K .  A . .Joysey I was  
recent l y  ab le  to  examine  t h e  rep t i l ian  m ater ia ls  i n  t h e  
col l ect ions of t h e  Cam bridge U n ivers i t y  M useum of 
Zoology. To my s u rpr ise  I d iscovered t h e i r  R 7 . 3 5 7/2 
c a t a logued as  from M a l e  A t o l l .  M a ld ive  I s lands a n d  
a ccessioned as from .! . S .  G ardiner .  M . A . .  on 20 J u n e  
1 900. Clear ly  t h i s  is  t h e  specimen referred t o .  I t  has 
been iden t i fied as A spidura 1rach 1 proc1a. as i t  has a 
preocu lar .  u n d iv ided s u bcaudals  and 1 5  rows of dorsa l 
sca les .  I t  measu red o n l y  78 + I 2mm ( s n o u t-vent  p l u s  
t a i l  l e n g t h ) .  s u gges t i n g  t h a t  i t  m u s t  b e  a recent  
h a t c h l i n g  ( cf. G a ns and Fetcho.  1 982.  Fig.  I ) . 

D i scovery o f a  s i ngle  hatch l i n g  i n d i v i d u a l  cannot  he 
used a s  ev idence for t he occu r re n ce of t h i s  s pecies in as 
u n l i k e l y  a loca t i o n .  A spidura f rach rprocf(I i s  not o n l y  a 

montane  for m .  b u t  t he most common a n d  widely 
d i s t r i bu t ed species of t h e gen u s .  U n l i k e A .  g11c11fheri i t  
n e i t h e r  occurs i n  the southern lowlands ,  nor does i t  
reach coas ta l  loc a l i t ies .  The spec imen l i k e l y  represe nts  
an i n d i v i dual  t ransported i n  t rade with h o rt i cu l t u ra l  
mater ia l s .  e i t her a s  an egg or as a h a t c h  l i ng.  S u p ported 
hy gra n t  G-BSR- 850940 fro m the U . S .  N a t iona l  
Sc ience  Foun d a t i o n .  
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B O O K  R E VI E W S :  

( 1 )  H\ 'hrid Origin of' a U11isc.rna/ Species of' Whiptail 
L izard. C n e m i dophoro u s  neomcxicanus .  in Western 
North A mer ica: Nc1r cl 'idcncc and a Rc1 ·ic1r. Char les J .  
Cole .  H erbert C .  Dess a u cr. and George F .  Barrow
clough.  A m er i can M useu 111 N o v i t a t es . N u mber 2905. 
pp. 1 -38 .  ( 1 98 8 ) .  

F ro m  a n u m be r  o f  prcl' i o u s  s t u d ies . i t  was 
es tab l i shed t h a t  the u n ise .\ u a l  d i p l o i d  New M e x i co 
l i zard Cnc111 ido;1hom 1· nco111exicm111s. as wel l as m a n v  
o t her parth enogenet ic  l i zard spec i es. or ig ina l ly  res u l ted 
fro m  the n a t u ra l  hybr id isat ion of  b isexual  d i p l o i d  
s pecies Cncmidophoms inoma111s a n d  Cncmidophorus 
111armora111s. The concl u s i o n  about t h e  hybridogenic 
o rigin of t h is speci es was d rawn fro m  analysis  o f  
k a ryot ypes. e lectro p h o ret i c  s t udies o f  p ro t e i n s  a n d  
com parat ive s t u dy of  geogra ph ical  d is t ri bu t ions a n d  
ecological p ecu l a r i t i es o f  C. ncomcxicanus a n d  i t s  
s u p posed parent  species ( Lowe a .  Wrigh t .  1 966, 
.!. A rizona A cad. Sci. , 4(2) :  8 1 -87.  and o t hers ) .  

I n  t h e  present  s t u dy .  t h e  a u t h o rs i n vest igated t h i s  
h y pot hesis o n  s o m e  n e w  materi a l .  U s i n g  var ious  
met hods. t h ey s t u d i ed s a m p l es of C. 11comcxica1111s 
fro m  t h e  vic i n i t y  of Lords bu rg. New M ex i co. a south
western geogra p h i c  e x treme popu l a t i o n .  and from t he 
n o rt h ern part  o f  i t s  range.  near Pe n a  B l anca.  N ew 
M ex ico. A lso s tud ied were s a m p l es o f  t h is species from 
loca l i t ies between t h e  two m e n t i o n ed a bove a n d  
several samp les of t h e  p ro posed a n cestra l  bisex u a l  
species.  C. 111armora111s a n d  C. inommus. i nc l u d i n g  
some from t h e  v ici n i t y  o f  Lordsburg w he re t h ey a re 
s y m patr ic w i t h  C. 11comcxican11.1 t oday.  For com
par ison.  s a m p les of C. gu/aris. C. .1 cxlinca111s. and 
C. scptcnvirta111s bisex u a l  species re la ted t o  
C. i11orna111s w h i c h  s h o u l d  not  b e  ignored as poss ib le  
an cestors a l t e rn a t ive t o  C. inornatus were also s t u d ied.  
C o m parisons were made of  the h a b i t a t  prefere nces. 
e x t ernal  morph ologies (col o u r  pat terns . character of  
p h o l idosis and a l l  ana lysed wit h u n i var iate  and 
m u l t ivar iate  m e t h ods ) .  k aryotypes. p ro t e i n  e lect ro
p h o resis a n d  v i a b i l i t y  of eggs a n d  offs p r i n g  t h rough 
several  gen e ra t ions  p ro d u ced by capt ive 
C. ncomcxicanus kept  a n d  reproduced i n  i s o l a t i o n  
fro m  m a l es .  

With  t h e  he lp  o f  t he a bove met hods.  the  a u t h o rs se t  
t h e mse lves the  t a s k  t o  answer the  fo l l owing 
fu ndamenta l  q u est ions :  

1 .  A re  t he var ious  d a t a .  i ncl  u d i  ng t h e m orp hological  
d a t a .  cons is tent  with the h y b rid origin hypot h es i s  fo r 
C. ncomcxicanus. t h e p ro bable  a n ces tors be ing 
C. 111an11ora111s a n d  C. inoma111.11' 

2. G i ven t h e  m i x t ure of hab i ta t s  a n d  assoc iated 
spec ies of C11c111 idophorus i n  t h e  Lordshurg area.  do t h e  
C. 11co111cxica1111.1 i n d i v i d u a l s  t here const i t u t e  a 
reproduc ing p o p u l a t i o n .  or are t hev newly  generated.  
and poss i bl y  s ter i le  h v b r i ds o f  t h e  fi rst  generat i on·> 

3. A re t h e  s pe c i m e ns · o f  C. 11comc.rica1111s from 
Lo rdsburg s i m i l a r  to t h ose from t h e  R io G rande 

V a l l ey ,  p a rt icu lar ly  from a nort hern l a t i t u de,  a 
d i fferent h a b i t a t ,  a n d  a s i t e  w here t h e  two an cest ors 
were not fou n d  toge t h e r  w i t h  t h e  11comcxica11us 
s a m ples'J 

As a res u l t  o f t  h e  s tu d i es m ade, i t  was con firmed t h a t  
C .  11eomcxica1111s i s  i ndeed o f  hybr id or igi n .  T h is i s  
i nd icated by t h e  fol l owing facts received a n e w  a n d  
t hose a l ready k nown to t h e  reader. 

In a l l  p ro t e i n s  of t h e  bise x u a l  species of 
Cncmidophorus s tudied by t h e  m et hod of electrophoresis 
most gene loci  bear a l le les in the homozygous s tate  
( t y p i ca l ly  a bo u t  5 per cent  of the loci  scored per 
i n d i v i d u a l ) .  Cont rary t o  t h i s ,  in the h ybridogen ic  
species C. 11comcxica1111s t h e  leve l  of het erozygosi ty  is  
34 p e r  cent ,  w h ich i s  cons iderably  h igher than in any 
b isexua l  rept i l e  s pecies o f  n o n-hybrid origi n .  The 
k aryotype of C. ncomexicanus i s  characterised by a 
great n u m ber of heteromorp h i c  pairs of c h romosomes 
as com pared t o  a l l  non-hybr id bisexual  s pecies .  I t  has 1 
h a p l o i d  set  of t he C. marmoratus s pecies a n d  I haplo id  
set  charact e r i s t i c  o f  t h e  b i sexua l  species from the  
C. scx!incatus grou p.  The ot h e r  haplo id  k aryotype 
m i g h t  have been cont ri b u t e d  by C. septcmvi11a1us, 
C. g11/aris. C. scxlincatus or C. inornatus. H owever, t he 
n u m ber of biarmed set  I I  chro m osomes i n  neomcxicanus 
su ggested t h a t  C. sc.Ylincatus was not i n volved. The 
comp lete  com b i n at i o n  o f  t ra i t s  o bserved in 
C. ncomexicanus can be a t t r i b u ted to  hybr id isat ion 
between cer ta i n k nown b isexual  s pecies of 
Cnemidophoms having geogr a p h ical ly a n d  ecologi cal ly  
releva n t  d i s t r i b u t ions .  

T h e  origi n of  t h is s pecies b y  t h e  C. marmoratus X 
C. inornat11s scheme is supported firs t  of a l l  by the  
fol l o w i n g  data .  The e l ectrophoret ic  examinat ion  o f 92 
a l le l es ( i n  homo- and heterozygous s t a t e )  e l ic i ted a l l  
t he a l l e l es a n d  a l l  t h e  l o c i  s i m u l t a n eously i n  
C. neo111exica1111s, C. marmoratus and C. inornatus. 

G e n otypica l l y ,  C. inornatus fi t s  as t h e  second 
ancest o r  for C. ncomcxicanus s u bsta n t i a l ly bet ter  t han 
any other i n vest igated speci es.  Observat ion on 
p refered habi ta ts .  geogra phic  d i s t r ibut ion.  and externa l  
morphology, whi le  not  as c lear ly  i nt erpreted in  terms 
o f  gen e t i c  determ i n a t i o n  of t h e  characters .  a lso are 
con� i s tent  with a n d  s t ro ngly favo u r  the C. marmaoratus 
X C. inorna111s hybr id  o r i g i n  hypot hesis  for 
C. 11co111cxica1111s. 

The po p u l a t i o n s  of C. 11co111cxica1111.1 i solated at  
p res e n t  belong t o  the  same e l ec t ro p h ore t ic c lone.  
hav ing.  t hough.  some gene t i c  and m o rp hological  
d i fferences . T h e  mechan i s m  o f  t h e i r  origi n a t ion is  not  
q u i t e  c l ear .  I t  has  been suggest e d  t hat  C. ncomcxicanus 
l izards of L o rd s b u rg proba b l y  colon ised t h e  a rea 
fol lowing dis persal  from the Rio G rande Val ley.  

The l i terat u re q uoted i n cl u des 72  sources. 
I .  S .  D arevsky 
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(2)  World Chec/.:/isr of Threa/ened A mphibians and 
R ep1i/es. Prepared bv Br ian G ro o m bridge a n d  
publ ished b y  t he N a t u're Conservancy Coun-c i l .  1 38 
p ages. soft back.  1 988 :  £ 1 6. 

Check l i s ts are necessari l y  fu nct io n a l  p u b l i ca t i o ns.  
n o t  t h e  best o f  bed- t i m e  read ing .  The b u l k  of  t h is one i s  
t a k e n  u p  by cata logues of  species a ppeari ng o n  
A p pe n d i ces I .  I I  o r  I l l  of  t h e  C o n v e n t i o n  o n  
I nt ern a t i o n a l  Trade i n  Endangered Species ( C I T E S )  o r  
w h i c h  fea t ur e  i n  t h e  I UC N  R e d  Data  Book ( R D B ) .  o r  
bot h .  Each s pecies i s  l is ted under i t s  s c i e nt i fi c  name.  
a l ongside w h ich are g iven common vernacular  n ames.  
C I TES/R O B  category , i n dicat ion of m aj o r  explo i ta t ion 
( food,  s k i n s ,  e tc . )  where k nown. a n d  re levant  
p u b l ished references ( 549 of which  are c i t ed at  the  back 
o f  the  vol u m e ) .  I have n o  doubt t ha t  t h ese l is t s  a re 
comprehensi ve. accu rate  a n d  u p-to-da t e ;  t h e  a u t h o r  
h a s  a n  u nr iv a l led repu t a t i o n  i n  t h i s  a r e a .  a n d  reviewers 
of com para b l e  com petence ( a m ong w h i c h  I cert ai n ly 
do not  i nc l u d e  myse l f) i m possi ble to fi n d .  The m a i n  
w o r k  i s  preceded b y  a rat her br ief  preface a n d  
i n t ro d u ct o ry notes .  i n  w h i c h  t h e  p u rpose of  t h e  
p u b l ica t i o n  i s  m a d e  c l ear: i t  i s  in tended p r i m a r i l y  for 
u s e  by t h e  N a t u re Conservancy C o u n c i l  as a guide for 
t h e  asses s m e n t  of a p p l icat ions  for i m port and ex port 
permi ts  for herpet o fa u n a  entering o r  leaving t h e  
U n i t ed K i ngdom.  I n  t h is  spec ific  ro le  I a m  s u re i t  w i l l  
fu lfi l l  i t s  fu nct ion  a d m i ra b l y .  However. my s trongest 
fee l i ngs a ft e r  peru s i ng t he work concerned what  was 
l e ft out ra ther  t h a n  w h a t  was i n c luded.  There m u s t  be 
m a n y  n a t u ra l is t s .  sc ient i s ts  and herpetologists  i n  
gen e ra l  t h a t  k n ow l i t t l e  or n o t h i n g  a b o u t  t h e  m e a n i n g  
o r  i m p l ica t ions  of  C I TES.  t he bas is  o n  which  species 
are l is ted o n  i t .  and so on.  So here i s  a plea t o  t he 
a u t h or,  a n d  t he publ i sh ers , fo r an e x t e n ded vers ion o f  
t h is  check l i s t  d i rected at  a wider a u d i ence. S u c h  a 
book let  m i g h t  i nc lude such t h i ngs as :  defi n i t io n s  o f  t h e  

C I TES A ppendices a n d  R D B  status cat egoric. ( t he 
present  p u b l i c a t i o n  assu m es t hese are k n own by t h e  
reader) :  s u m m a ries of n u m bers o f  species from each 
Order i n  each category: and.  m o  t i m port a n t l y ,  some 
d iscuss ion oft  h e  reasons why s pecies arc so l is ted .  I did 
a few sums of  my own o n  the basis  of  the m a i n  
check l i s t .  a n d  fi n i s hed u p  rat h er puzzled o n  a n u m be r  
of  p o i n t s .  N o  Caeci l ia n s  o r  A m ph isbaenids a re l is ted 
by C I TE S  o r  the R D B : are none  as endangered as any 
o f  the species l is ted  i n  the bett er-k nown fam i l ics'l I n  
percent age terms,  t h ere is  great int er-fa m i l y  variat ion 
from the above t w o  gro u ps (no p ro t ect ion)  t h rough the 
other a m p h i b i a  ( less t h an 2 per cent of  a n uran and 
u rodele  species a re l is ted  in a l l  C I TE S  A ppendices ) .  
l i zards and s n a kes ( u p  t o  6 per cent l is ted) ,  t es t u d i ncs 
( a b o u t  50 per cent  l is t e d )  u p  t o  c ro co d i l i a n s  (v i rt u a l l y  
a l l  l is ted) .  I a l so  fou n d  i t  o d d  t h at  t here were 
s u bs t a n t i a l  discrepancies bet ween C I TES and R D B  
asses s m e n t s ;  m o r e  t ha n  t w i ce a s  many a n u ra ns fea t u re 
o n  C I TES A p pendi ces t ha n  in R D B  categories,  
wh ereas w i t h  u ro deles t here a re five t i m es more R D B  
ent rants  t h a n  C I TES o nes 1 

I t  w o u l d  be i n t e res t i n g  to sec t hese mat t ers di scussed 
by t h ose res pons ib le  fo r a l locat ing s pecies to C I TE S  
a n d  t h e  R D B .  O n e  conseq u ence of t h e  most recen t 
C I TES u pdat i n g  exercise,  a t  Ott awa i n  1 9 87.  was 
c r i t i c i s m  of  the sc ient ifi c  basis for der iv ing t hese 
schedules .  A p a rt i c u l a r  e x a m p l e  was the l is t i ng of  a l l  
t h e  Dendrobares ( ' a rrow poiso n ' )  frogs o n  A ppend i x  1 1 ,  
w h e n  by a l l  acco u n t s  m ost  are abundant  a n d  not 
obvious ly  enda ngered. Let 's  hope some fu t u re 
p u b l i ca t i o n  on t h reatened s pecies w i l l  i nc lude t h is 
broader ed u c a t i o n a l  re m i t  a n d  l e t  us a l l  k now t he whys 
and w h erefo res o f  conservat i o n  legisl a t i o n  enacted on 
o u r  beh a l f. 

Trevor Beebee 
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