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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  
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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 .  



COM PARATIVE ECOLOGY O F  TESTUDO HERMANN! 407 

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 .  
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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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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 ) .  
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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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9SI/; 95r; 

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 .  
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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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