
H ERPETOLOGICAL JO RNAL. Vol. I .  pp. 559-567 (199 1 )  559 

DIFFERENCES IN TH ERMORE G ULATION B ETWEEN TES TUD O HERMANN/ AND 
TES TUD O MARG/NA TA AND THEIR ECOLOGICA L SIGNIFICANCE 

RoN,\ J . D  E. W 1 1. 1. EMSEN 

Mo111c Ca.vsi110Hrar11 35. 700} F R  /)oe1i11chc111. The NNhcr/ands. 

(A ccc111cd 30. /. 90) 

ABSTRACT 

The activity patterns and body temperatures of T. herma1111i and T. 111arginta were studied in the Pelopon nese 
(southern G reece) during May, Ju ne, August and October 1 984. 

T. hermanni 

In May the daily activity patterns of T. hermanni were un i modal , in June  and August they were bi modal. I n  
August during the afternoon the activity increased significant ly .  in October the activity was very low. 

In  August basking decreased significantly and mating increased sign ificantly.  
During these four months no sign ificant differences in body tem perat ures were found.  In May a max imum body 

temperature of 35°C was found;  in feeding tortoises a maximum temperature of 34°C. A fter May no tem peratures 
over 32°C were found. 

T. marginata 

I n  May and June the act ivity patterns of T. marginata were bimodal with the h ighest act ivity during the afternoon. 
I n  August an uni modal low activity pattern was found during the afternoon. In October the activity ofT. marginal a 
was un i  modal and shifted towards the middle of the day. Sexual activity was seen in October only.  

Body temperatures in all  T. margin a ta samples were significant ly higher than those in  T. hermanni. During May a 
max imum body temperature of 36°C was found in bask ing tortoises, a maximum of 37°C in feeding tortoises. 

The trend towards lower body temperat ures in  summer was greater in  T. marginata than in T. hermanni. Body 
temperatures found in  feeding tortoises in October equalled those found in  M ay.  

Ecological Consequences 

I n  southern Greece the habitat separat ion between T. hermanni and T. marginata can be explai ned by 
morphological differences and a higher body tem perature tolerance in T. marginata. Differences in the annual cycle 
of act ivities might also be of importance as regards the habitat separat ion between both species.  

I NTROD UCTION 

Testudo hermanni belongs to the most widespread 
species of tortoises in Greece. found in almost every 
habitat and al l  over the mainland as wel l  as on some 
islands (Werner, 1 938; Wi l lemsen and H ailey . 1 9 89). 

The distribution of T. marginata was l imited to the 
mainland south of 40° 20' and to some of the Greek 
is lands (Werner. 1 938;  Stemmler, 1 957;  Watson .  1 962; 
Clark,  1 963,  1 967; Wi l lemsen and Hailey, 1 989). 
T. hermanni is l imi ted to certain k inds of habitats i n  
southern Greece; outside these habitats  T. hermanni is 
almost completely replaced by T. marginata (Wil lemsen 
and Hai ley ,  1 989). 

M orphological ly T. marginata is better adapted to 
h eavy terra in  and dense vegetation but differences i n  
morphology alone cannot  expla in  t h e  habitat 
separat ion between these two species . In northern 
G reece near the edge of the distribut ion area of 
T. marginata, T. hermanni is found in a h igh density 
sympatric with a T. marginata population of a low 
density, whereas in a s imi lar habitat in southern 
G reece T. hermanni have been completely replaced by 
T. marginata. 

I n  northern G reece there is a s im i lar but possibly 
even more complicated s i tuation with regard to 
T. hermanni and T. graeca. A t  some sites t here is a clear 
habitat separat ion between T. hermanni and T. graeca 
whi le  at other sites T. hermanni l ives sympatrically with 
T. graeca, different species predominat ing at different 
s i tes .  S tubbs ( 1 9 8 1 )  and Wright et al. ( 1 988)  found that 
in coastal areas T. graeca was more abundant than 
T. hermanni i n  hotter and drier k inds of  vegetat ion .  
They also found sign ificantly h igher body temperatures 
in T. graeca. W i llemsen (unpubl ished) also found 
differences in  thermoregu lation in  sympatric l iving 
populat ions of T. hermanni and T. graeca which cou ld  
produce ecological separat ion and which would  enable 
the two species to l ive sympatrical ly. 

It i s  possible that differences in thermoregulat ion 
are also sign i ficant in  the habitat  separat ion between 
T. hermanni and T. marginata i n  southern Greece. 
T. hermanni prefers cooler and less dry habitats.  
Cherchi ( 1 956) gives for n ormal activity a body 
temperature which ranges from 1 6°C to 32°C i n  
T. hermanni. They w i l l  not voluntarily accept body 
temperatures over 34°C; j uveni les have even lower 
body temperatures. A n um ber of field s tudied have 
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also shown that  T hermanni wi l l  almost never accept 
body temperatu res over 34°C (Meek, 1 9 8 1 ,  1 984, 
1 988) .  In l i terature no data about body temperatures 
of T marginal a were avai lable. 

S ITES 

Nowhere in Greece were sufficient tortois es of both 
species found for s imultaneous comparison of their 
body temperatures. The only sui table T. marginata 
population was found near Gytheion, the  nearest 
suitable populations of T hermanni were found near 
Sparta and Kalamata. These s i tes are described by 
Wil lemsen and Hai ley ( 1 989). 

METHODS 

The activity of each tortoise was recorded, new 
tortoises were marked and recaptures were remarked 
with waterproof blue ink  on  the carapace to avoid 
wast ing t ime with fut ure recaptures . The use of red i n k  
would have been more pract ical b u t  t here i s  some 
evidence t hat red ink makes juveni les more vulnerable 
to predators, mostly birds of the  Corvus group.  

May 

(Sparta) 

Basking 

Feeding 

Other 

June 

(Kalamata) 

Basking 

Feeding 

Other 

August 

(Sparta) 

Basking 

Feeding 

Other 

October 

(Kalamata) 

Basking 

Feeding 

Other 

0800 0900 I OOO 1 1 00 1 200 

24.8-4. 1 26.4-4.0 30.0-3. 7 3 1 .0- 1 .6 

1 9-29 ( 1 4) 27-32 ( 1 5) 27-35 (7)  28-33 (9)  

25.0-0.0 

25-25 (2) 

25.8-3.4 25 .2-3.2 

20-30 (8)  20-30 (9)  

29.5-6.3 

25-34 (2) 

27.0-0.0 ' 30.0- 1 .0 

27-27 ( I )  29-3 1 (3)  

24.0-0.0 25 .0-2.5 

24-24 ( I )  22-28 (8) 

22.5- 1 . 6 

2 1 -25 (6) 

29.5-2.6 

26-32 (4) 

27.3-3.9 

23-3 1 (4) 

30. 1 - 1 .0 

29-3 1 (3)  

28.  7-3.5 

25-32 (3) 

27.  7-2.9 

26-3 1 (3) 

30.0-0.0 

30-30 ( 1 )  

32.5-0. 7 

32-33 (2) 

30.0- 1 .4 

29- 3 1  (2) 

3 1 . 2-5 .2  28.3-2. 1 

22-34 (5)  26-30 (3) 

30.0-0.0 

30-30 ( I )  
3 1 . 5-2. I 

30-33 (2)  

30.0-0.0 

30-30 ( I )  

32.0-0.0 

32-32 ( I )  

32.0-0.0 

32-32 ( I )  

20.0-0.0 30.0-0.0 

20-20 ( I )  30-30 ( I )  
30.0-0.0 

30-30 ( I )  

Al l  first captures were weighed, measured, sexed 
and, if possible, age was determinated accordi ng to 
growth l i nes in the carapace scutes . Of recaptures only 
act ivity, weight and body temperatures were noted. 
The body temperature was measured with a mercury 
bulb thermometer in the  cloaca to the  nearest 0. 5°C. I n  
t h is study only T hermanni over 1 Ocm Straight 
Carapace Length (SCL)  were used because the 
regu lat ion in juveni les might be d ifferent (Cherch i ,  
1 956), and the frequency of juveni les was very different 
in the two T hermanni populat ions (Wi l lemsen and 
Hailey, 1 9 89). Unsexable T. marginata were not used. 

R E S ULTS 

M A Y  
The daily act ivity pattern of T hermanni was 

u n i  modal from 9 . 30h to l 7 .49h, no observations were 
made from 1 3 .00h to 1 4. 00h (Fig.  I and Table ! ) .  The 
act ivity of  T marginata was almost  bimodal (F ig. 2 
and Table 2). There was l i t t le activity between 1 4.00h 
and 1 7.00h. 

Time 

1 400 

3 1 . 6- 1 . 1  

30-33 (6) 

32.5-0. 7 

32-33 (2) 

3 1 .5- 1 . 3 

30-33 (4) 

1 500 

30. 1 -0.0 

30-30 ( I )  

3 1 .6- 1 . 1 

3 1 -34 (9) 

29.5-0. 7 

29-30 (2)  

3 1 .0-0.0 

3 1 -3 1 ( I )  

1 600 

29.2- 1 . 2  

3 1 -34 (6) 

30.0-2.8 

28-30 (2) 

29.0-0.0 

29-29 ( I )  

3 1 . 7-0.6 

3. 1 -32 (3) 

1 700 

30.0-0.0 

30-30 ( I )  

30.0-0.0 

30-30 (3) 

32.0-0.0 

32-32 ( I )  

3 1 .0-0.0 

3 1 -3 1 ( I )  

1 800 1 900 

34.0-0.0 32.0- 1 . 4  

34-34 ( I )  3 1 -33 (2) 

30.0-0.0 

30-30 ( I )  

3 1 .0-0.0 

3 1 -3 1 ( I )  
32.0- 1 .0 28.8- 1 .6 

3 1 -33 (3) 26- 3 1  (9) 

2000 

32.0-0.0 

32-32 ( I )  

28. 7- 1 . 2  

28-30 (3) 

TABLE 1 :  D iural var iat ion o f  body temperature in T hermanni in d ifferent  months. Basking,  feedi n g  and other act iv i ties 
( includes m ov ing, mat ing  and stat ionary an imals) shown separately.  Times are East European sum mer t ime.  Data are shown as 
mean -1 S . D . ,  range and sample size. 
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Fig. I Act ivi tv pattern of T. lrff111m111i in  t h e  d ifferent months  at  the two s i tes .  Each bar shows t h e n um bcr of tor toises fou ncl in 
I -hour period. Times a re East European summer t i me. 
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Fig.  2 Act iv i ty  pattern of T. marginara in t h e  different months .  Each bar shows the n u m ber of tortoises found in I -hour period. 
Times are East European su m mer t i me.  

The first tortoises were seen at 8.56h and the last 
o nes at 1 9 . 3 1 h .  The morning act iv i ty period was 
s imi larly important in both species; 63 per cent of 
T. hermanni and 57 per cent of T. marginara were found 
before 1 3 . 00h (X2  = 1 .00, p>0.0 1 ) .  However 
T. marginata were act ive longer in the even ing. Only  
4 per cent  of  T. hermanni were fou n d  after 1 7 .00h 
compared to  39 per cent of T. marginata (X2 = 37. 70, 
p<0.000 1 ) .  

A CT I VIT I ES 

M ost tortoises of both s pecies were seen in the 
morning; 86 per cent of bask ing T. hermanni and 83 per 
cent of basking T. marginata were seen before 1 3 .00h.  
Basking accounted for a higher proportion of 
observat ions of T. hermanni (54 per cent)  than 
T. marginata ( 23 per cent) (X2 = 22.00, p <0.000 I ) .  The 
reverse was fou n d  for feeding tortoises w hich made u p  
2 1  per cent o f  t h e  observat ions in  T. hermanni 
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May 

Basking: 

Feeding 

Other 

June 

Basking 

Feeding 

Other 

August 

Bask i 11g 

Feeding 

Other 

October 

Bas k i n g  

0800 0900 1 000 1 1 00 1 200 

28.0-0 28 .. 1- 1 . 9  .10.4-:1 . 5  .14.2-0.8 

18-28 ( I )  27-.12 (8) 22-.15 ( 1 1 ) .1.1-.15 ( 5 )  

.10.0-2.8 .1 1 .6- 1 . 7  .14. 1 -2. I .15.0- 1 .0 

28-.12 ( 2 )  29-.14 (7)  .10-.17 (9)  .14-.16 (.1) 

28.0-0.0 28.5-5. 1 .n .1-2. 1 .10.4-.1 . .1 .14.0- 1 .  7 

28-28 ( 1 )  2 1 -.1 1 (4) .10-.16 ( 1 0) 28-.15 (9) .12-.15 ( .1 )  

.12.0-0.0 

2.1-2.1 ( l l  
26. 5-0. 7 

26-27 (2)  

27.0-0.0 

27-27 ( I )  

.14.0-0.0 26.0- 1 .4 .16.0-0.0 

.14-.14 ( I )  25-27 (2)  16-.16 

1 .100 

Time 

1 400 1 500 1 600 

.15 . 0-0.0 

.15-.15 ( I )  

.16.5-2. 1 .12.0-0.0 .10.0-0.0 

.15-.18 ( 2 )  .12-32 ( I )  .10-.10 ( I  l 

26.0-0.0 

26-26 ( I )  

.13.5-0 7 .1 .1 .0-0.0 10.5-2. I 
.1.1-.14 ( 2 )  .1.1-.1.1 ( I )  29-.11 ( 2 )  

1 700 

.15.5-0.8 

.14-.16 (4) 

.14.2- U 

.12-.16 (20) 

34.5-0.5 

:14-.15 (4) 

.17 .0-0.0 

.17-.17 ( 1 1  

1 800 1 900 2000 

.1.1.00-0.0 

J .1-J.1 ( I )  

J J . 5- 1 . 6  .12.0-0.0 

J0-.16 ( 1 8) .12-32 ( I )  
32.0- 1 .0 

J 1 -.1.1 (3)  

.1.1.0-0.0 

.1 .1-:1 ' ( 1 )  

.12.  7- 1 . 2  14.0-0.0 

.12-.15 (6) 34-.14 ( I ) 

.1.1 0- 1 .4 .13.00-0.0 

.12-.14 ( 2 )  .1.1-.1.1 ( 1 )  

.1.1.00-0.0 

.1.1-.1.1 ( I )  
.12. 5-2 . 1 

.1 1 -.14 ( 2 )  

.15-0-0.0 

.15-.15 ( I )  

Feeding .1 1 . 0-0.0 .12.5-0. 7 .1.1 .1- 1 .0 .1.1.5- 1 .6 3 1 . 1 - 1 . 2  29 . .1-0.6 

.1 1 - J I  ( I )  .12-.1.1 (11 .11-.14 (4) .12-.17 (8) 29-.1.1 (8) 29-.10 (.1) 

Other .12.2- 1 . .  1 .1 2 . 5-1.  I .14.0- 1 . 8  .11 . .1- 1 . 5  .1 1 .0-2.0 .10.0- 1 . 2 

.1 1 -.14 ( 5 )  .1 1 -.14 ( 1 )  .11-.16 (4)  10-.1.1 (4) 29-.1.1 ( .1 )  28-.1 1  (7 )  

T A B L E  2: D iurnal  variation of body temperature in  T. marginara i n  different  months.  All observations were made at Gytheion . 
Times are East European summer t ime. Data are shown as mean - 1  S . D  .. range and sample size. 

compared to 47 p er cent of  T. marginata (X2 = 1 7 . 20, 
p <0.000 1 ). 

Most  (90 per cent)  of the feeding T. hermanni were 
found after 1 3 . 00h compared to 65 per cent of feeding 
T. marginata (X2 = 4.46, p <0.05) .  

1 1  per cent of T. hermanni were found inactive, 
sign ificantly more than the 2 per cent of T. marginata 
(X2 = 1 2 . 1 0, p <0.00 I ) . S ix  T. hermanni were i nvolved 
in sexual activity; only one male T. marginata was 
found attempting to mate with a feeding fem ale. 

THERMOREGULA TlON 

The mean in the body temperature of  T. hermanni 
was lower than the  temperature of T. marginata 
(Tables 3 and 4; t = 8.46, p <0.000 I ) . The body 
temperatures of T. marginata were also s ignificantly 
h igher when bask ing (t = 3 . 8 8 ,  p <0. 000 1 ) ,  when 
moving (t = 2 .24, p <0.025) and when feedi n g  (t = 6.00, 
p <0.000 1 ). 

JUNE 

The da i ly  pattern ofT. hermanni was bimodal ,  i n  the 
morning from 8 .40h t o  l l . 1 6h ,  i n  the afternoon fro m  
1 8 .58h  to 1 9.52h .  ( Fig. I and  Table 1 ) . During the 

afternoon the act iv i ty was low, o n ly 1 0  per cent of 
T. hermanni were found after 1 2.00h.  The daily act ivity 
pattern of  T. marginata was also bimodal between 
8 .40h and l l .09h and again  between 1 5 . 30 and 1 9. 52h 
( Fig. 2 and Table 2). 

During the afternoon T. marginata were significantly 
more active than T. hermanni (X2 = 1 7 . 25, p <0.00 1 ) .  

ACTIVITIES 

In T. hermanni most tortoises were found basking 
(53  per cent)  compared to only 20 per cent in 
T. marginara (X2 = 5 .  7 1 ,  p <0.05) .  

There were no significant d ifferences in  the 
frequency of act iv i t ies of each species compared to 
t hose i n  May. 

THERMOR EGULA TlON 

The mean in  the body temperature of T. hermanni 
was lower than the mean in the body temperature of 
T. marginata (Tables 3 and 4; t = 3 .02, p <0.00 1 ) .  
Though t he average June body temperature of 
T. hermanni was l ower ( 1 . 1 °C) than the May 
temperatu re; the difference was not s ignificant (t = 1 . 66, 
p <0.05) .  



TH ERMOREGULATIO IN TORTOISES 563 

Basking Moving Feeding 

May 27.8-4. 3 29. 5-3.4 30. 7- 1 . 5 
1 9-35 ( 52) 22-33 (8) 28-34 ( 20) 

June 25.8-3.4 30.0-2.2 30. 8-2. 8 
20-3 1 (2 1 )  27-33 (6) 25-34 (9) 

August 26.2-2.9 3 3 .0-0.0 3 1 .4- 1 .0 
2 1 -3 1  ( 1 4) 33-33 ( I )  30-32 (4) 

October 26. 3-5 . 5  3 1 .0-0.0 30. 5-0. 7 
20-30 (3)  3 1 -3 1 ( I )  30-3 1 ( 2) 

Mat ing 

27. 8-2.8 
25-3 1 (6) 

29. 5-3. I 
25-32 (4) 

30. 1 -3 .4  
2 1 -33 ( 20) 

Fighting 

23.0- 1 . 4 
22-24 ( 2) 

32 .0-0.0 
32-32 (2) 

Stationary 

3 1 . 0-2 .5 
29-34 ( 1 1 ) 

3 1 . 5-0.7 
3 1 -32 (2) 

Total 

29.0-3. 7 
1 9-35 (97) 

27 .9-3 . 1  
20-34 (40) 

28.  7-3 .6 
2 1 -33 (43) 

29.4-3.9 
20-32 (8) 

TA B L E  3 :  Variat ion of body tem perature of T. hermanni with act ivi ty type in every mont h .  Data are shown as mean. S .  D .. range 
and sample size. 

Bask ing Moving Feed ing Mat ing Stat ionary Total 

May 3 1 . 3-3 .2  32.0-2. 7 33 .5- 1 .9 30.0-0.0 32. 7-4.0 32 .6-2. 7 
22-36 (30) 2 1 -38 (34) 28-37 ( 6 1 )  30-30 ( 1 )  28-35 (3) 2 1 -28  ( 1 29) 

.lune 27.3-4. 3  32.2-3.8 32. 3-2.5 28. 7-4. 7 30. 7-3.9 
23-33 (4) 26-36 (5) 27-35 (8) 25-34 (3) 23-36 (20) 

August 33 .00-0.0 36.0- 1 . 4 32. 5-2. I 34.0-2. I 
33-33 ( I )  35-37 ( 2) 3 1 -34 (2) 3 1 -37 (5) 

October 32.2- 1 . 9 32.0- 1 .6 32. 1 - 1 .9 30.9- 1 . 8  36.0-0.0 3 1 .9- 1 .9 
29. 34 (5) 29-35 ( 1 5) 29-37 ( 26) 28-33 ( 9) 36-36 ( I )  28-37 (56) 

TA B L E  4: Variat ion of body tem perature ofT. marginata with activity type in every month .  Data are shown as mean, S. D .. range 
and sample size. 

I n  T. marginata however, the mean in the June body 
temperature was significantly lower t han the May 
body temperature (t = 2. 74, p <0.005). 

Basking tortoises of both species showed significantly 
lower body temperatures in June (T. hcrmanni: t = 1 . 90. 
p <0.05; T. marginata: t = 2.27, p <0.025).  

In T. hermanni the maximum body temperature 
fou n d  in bask ing  tortoises was 4°C lower than in May, 
in T. marginata 3°C lower than in  M ay (Tables 3 and 
4) .  

In June the body temperature of basking, feeding 
and moving T. hermanni was not significantly different 
from t hat one found in  T. marginara ( t  = 0. 78,  p <O.O 1 ;  
t = 1 . 1 6, p >0.05; t = 1 . 20 p >0.05).  

AUGUST 
The activity of T. hermanni was bimodal. In the 

morning tortoises were found from 8.23h to l l . 23h,  i n  
the  afternoon from 1 7  . 3 2 h  to  20.07h ( F ig. 1 and 
Table 1 ) . 

The activity of T. marginata was u n i  m odal and low, 
o n ly five tortoises were found after 1 7 .00h (Fig.  2 and 
Table 2) .  Dur ing the afternoon T. hermanni were 
s ignificantly more active than registered in June 
(44 per cent against 10 per cent; X2 = 1 2. 1 4, p <0.00 1 ) .  

ACTIVITI ES 

I n  August the frequency of basking T. hermanni was 
s ignificantly lower than in May (33 per cent against 
54 per cent;  X2 = 5 . 32, p <0.025). Alt hough the 
frequency of basking T. hermanni was almost the same 
in  May and in  June (43 and 53 per cent) ,  there was not a 
sign ificant difference i n  the frequency of basking 
T. hermanni i n  June and August (X2  = 3.33,  p >0.05) .  
Probably the number of the an imals in the samples was 
too smal l .  I n  May and A ugust no s ign ificant 
differences were found in the frequency of feeding 
T. hermanni (X2 = 2. 73, p >0.05). In August 47 per cent 
of T. hermanni were found i n  a sexual act, th is was 
significantly more than in June (X2  = 3 1 . 52, p <0.000 1 ;  
X 2  = 1 3 . 56, p <0. 00 1 ) . 

THERMOREGULATION 
I n  M ay, June and August no  s ign ificant differences 

were found in the means of the body temperatures of 
T. hermanni (T = 0.45,  p <0.25 ;  t = 1 .08 ,  p >0. 1 0; 
Table 3) .  A l though the bask ing T. hermanni the 
max imal body temperature was 4°C lower than in 
M ay,  there was no s ignificant difference from the mean 
of May (t = 1 . 3 1 ,  p >0.05; Table 3) .  N o  s ignificant 
differences in t h e  means of the body temperatures of 
the other activ i t ies were found between T. hermanni 
sampl es in M ay ,  June and August either t hough no 
body temperatures over33°C were found.  
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I n  August the  mean of the body temperatures of  
T. marginara was significant ly h igher than the  one in 
June but not significantly higher than in May (t = 1 . 8 1 ,  
p <0.05; t = 1 . 1 5 , p >0.0 I 0).  The mean o f  the body 
temperatures in T. hermanni was sign ificantly lower 
than in T. marginara (t = 3 .2 1 ,  p >0.025). 

OCTO BER 
In  October the activity of T. hermanni was low in 

southern Greece. Near Sparta only three tortoises were 
found in two days. The act iv i ty was l i t t le higher near 
K alamata;  eight tortoises were found in two days. 
Tortoises were found from l l . 39h to l 2 .39h and from 
1 6 .28h  to 1 6.43h ( Fig. I and Table 1 ) . The number of 
animals in the samples was too small  to be sure 
whether the act ivity pattern was st i l l  un imodal or not. 
The activity of T. marginara was high and unimodal. 
Tortoises were found from l 2.30h to l 7.32h ( Fig. 2 and 
Table 2). 

ACTI VITIES 

The frequency of basking T. marginara was 9 per 
cent, s ignificant ly  l ower than in May; there was no 
significant difference from June (X2 = 5 . 2 3 ,  p <0.025; 
X2 = 1 . 60, p > 0. 1 0) .  E xcept for two fight ing males, no 
sexual activity was seen in T. hffmanni; in  T. marginara 
a high sexual act ivity was seen ( 1 7  per cent ;  Table 4). In 
samples from M ay ,  June and October almost no 
differences were found i n  the frequency of moving 
T. marginara (26,  20 and 27  per cent) .  The frequency of 
feeding in T. marginara was a lmost the same as in  May: 
47 per cent;  June 40 per cent and October: 46 per cent). 

T H E R MOREG ULATION 

In the means of the body temperatures of 
T. hermanni no s ign ificant differences were found in 
October compared to the samples of May ,  June and 
August (May: t = 0. 29, p >0.40; June:  t = I . 20, p >O. 1 0; 
A ugust :  t = 0.50, p

' 
>0.025).  The mean of the body 

temperature in T. marginara was significant ly  lower in 
October than in May and A ugust (t  = I .  76, p <0.05; 
t = 2.  35, p <0.025) but was significantly higher in June 
(t = 1 . 80, p <0. 05) .  Although the mean of the body 
temperature in bask ing T. marginara was higher in 
May, th is difference was not s ignificant (t  = 0. 6 1 ,  
p <0. 25) but i n  October the body temperatures in  
T. marginara were not s ignificant ly higher t han in June 
(t = 2 . 36, p <0.05) .  No differences were found in the 
body temperature of moving T. marginara in  the 
samples of May, June and October (May:  32.0°C; 
June:  32.2°C and October: 32.0°C). I n  feeding 
T. marginata the body temperatures were s ignificantly 
lower than in May (t = 3 . 1 5 , p <0.00 I ) , but not 
s ignificant from June to October (t = 0.24, p >0.40). I n  
feeding T. marginara the max imum body temperatu re 
( 3 7°C) was as high as i n  May and h igher t h an i n  June 
and A ugust . In basking T. marginara the  maximum 
body temperature was 34°C and a lso lower than i n  
M a y .  I n  October the mean i n  t h e  body temperature o f  
T. hermanni was s ignificant l ower t h a n  i n  T. marginata 
(t = 2. 98, p <0.0025) as well i n  a l l  other samples. 

DI SCUSSION 

A CT IV ITY 

The activity patterns found du ring th is study are 
s imi lar to those found in other Greek T. hermanni 
populat ions. A trend for unimodal activity pattern in 
spring to a bimodal  activity pattern in summer was 
found between 1 975 and 1 986 in a great number of 
Greek T. hermanni populat ions.  When an unimodal 
act ivity pattern changed into a bimodal one, the 
activity during the afternoon was a lways low, exactly 
as in  the pattern found near Ka lamata in June. L ater i n  
summer t h e  act ivity was clearly bimodal,  sometimes 
h igher in the morning, someth ing in the evening. I n  
autumn the act ivity was again u n i  modal but the period 
of act ivity was shorter than in spring; daily activity 
started late and ended early. In southern Yugoslavia 
the act ivity of T. hermanni was uni modal throughout 
the year (Meek and I nskeep, 1 98 1 ;  Meek, 1 988) .  I n  
France the da i ly  activity pattern was un imodal, the 
activity strongly decreased during the hot hours in 
summer (Cheylan, 198 1 ) .  I n  summer in northern 
Greece the daily act ivity pattern of T. hermanni was 
bimodal (Stubbs er al. , 1 98 1 :  Wright er al. , 1 988) .  In the 
early dry and hot year 1 985 the act ivity pattern of 
T. hermanni was uni modal already in May (Wil lemsen 
unpubl ished). 

During relatively cooL cloudy days in summer the 
activity pattern of T. hermanni can again be unimodal, 
also i n  an environ ment with much shade T. hermanni 
were found st i l l  active during the hot hours in summer. 
It seems the dai ly activity pattern of T. hernwnni is 
determined by air temperature and probably by the 
intensity of the  sun .  In the cooler part of its 
distribut ion area the activity pattern remains un imodal, 
in the hotter part the activity is l im ited to the cooler 
hours of the day. 

The activity of T. hermanni is the h ighest in  spring 
and decreases during summer ( Hai ley, 1 988) .  This 
t rend was found in all G reek popu lations a l though in 
spring the activity was probably equal ,  after spring the 
act ivity can differ m uch in the d ifferent popu lations 
and also from year to year. The act ivity pattern of 
T. hermanni in  a great number of  populations over 
several years wi l l  be described in another paper. 

The dai ly act ivity pattern of T marginara was 
s imi lar to  that of T. hermanni, un imodal in spring 
although in this study the pattern had already become 
bimodal in  May; in  A pr i l  1 983 the act ivity pattern st i l l  
was un i  modal. A fter spring the act ivi ty pattern became 
bimodal and was un imodal again  in autumn,  shift ing 
towards the middle of  the day. 

However, there were also some differences in the 
act ivity pattern of  T marginal a. Though T hermanni is 
somet h ing a lmost tota l ly i nact ive during summer, in 
general T. hermanni can s t i l l  be found in fair  n u m bers 
in southern G reece during summer.  The low activity in 
T. marginara in A ugust 1 984 was not exceptional .  
Stemmler ( 1 957) could not find any T. marginata in  
s u m mer during his stay in southern Greece but he did 
find a large number of T. hermanni at different s ites. 
N ear the border of  the distribution area of 
T. marginafa i n  northern Greece, he found several 
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T. marginara toget her with T. hermanni. Probably 

T. marginara will aestivate more than T. her111a1111i. 

M uch research on tortoises have been done during 
the summer months in Greece by many investigators. 
All authors describe T. 111argi11ara as a tortoise seldom 
to be found. Without any doubt all T. 111argi11ara 
popu lations are less dense than the average T. hermmmi 
popu lation but the very low densit ies which have been 
found in T. marginara populat ions might be caused by 
sampling at the wrong t ime. 

The high act ivity in October is not except ional ;  
Clark ( 1 963) found a h igh activity in T. marginara 
during autumn but he gives no exact data. Local 
people found T. margi11ara st i l l  active during autumn 
and even during early winter while T. henna1111i were 
only seen during su mmer. Alt hough T. hermm111i can 
again become active on sunny days in winter 
(Swingland and Stu bbs. 1 985)  it is un l i kely that 
T. hermanni would be act ive in large numbers in 
southern Greece after the v is i ts  in October. 

I M PORTANCE OF ACTI VITY PATTERNS 

The daily and seasonal act ivity patterns of tortoises 
have more than theoretical value, for the  number of 
active tortoises can be used for dens ity calculations 
(Hai ley ,  1 988) .  Density calculations are important for 
conservat ion purposes, however, without sufficient 
knowledge on activity patterns errors in these 
calculations can be disastrous. At th is moment only 
the h igh act ivity in  spring of T. hermanni up to the 
middle of May, in  probably a l l  Greek popu lat ions, is a 
certain fact . Much more detailed knowledge is needed 
to be sure about the act ivity pattern after spring. I n  
southern Greece the activity o f  T. inarginara i s  high 
and probably also takes place in late autumn,  but 
nothing is known about differences between different 
popu lat ions and differences in different years. 

D l rF E R FNCES I N  A CTI VITI ES 

Differences in basking, moving and inactive 
T. hermanni and T. marginara can be easi ly explained 
by d ifferences in vegetation of the site near Gytheion.  
Near Gytheion, except for the an imals found in the 
heath ,  a l l  tortoises were found on the open patches, for 
the macchie was inaccessible.  This m ay cause an 
u ndersampling of bask ing and stationary tortoises, 
and possible an oversampl ing of feeding tortoises. 

The t rend of the decreas ing number of basking 
T. hermanni in summer was also found by M eek ( 1 988) .  
The relatively large number of bask ing T. hermanni in  
June could be due to the k ind of vegetat ion as this s i te  
had much more shade than Sparta. 

In t h is study no differences in frequency of feedi ng 
T. hermanni and T. marginara were found between the  
different vis its .  Meek ( 1 988) found an increas ing 
frequ ency of feeding T. hermanni in summer, but in  the 
present study th is was not found. 

In France T. hermanni was sexually act ive during its 
entire active period, but the h ighest activity was found 
i n  A pr i l  and A ugust (Swingland and Stubbs, 1 985) .  
They found the  same trend in Greece, but  the sexual 
activity i n  spring was lower than in France. The results 
fou n d  in 1 984 near Kalamata and Sparta match those 

found in France and in G reece. Meek did not find 
sexual activity in T. herma1111i in autumn, but in G reece 
sexual activity was seen in October (Wi l lemsen). so 
there could be some differences in behaviour between 
Greek and Yugoslavian T. her111a1111i populations. 
E xcept for one male no sexual activity was seen in 
T. 111argi11ara before autumn 1 984. Clark ( 1 963) gives a 
h igh sexual act ivity in T. nwrgi11ara in autumn. I n  
Greek T. marginara populations n o  sexual activity was 
seen after Apri l  and before October (Wil lemsen), so it 
is l i kely that the sexual cycle of T. marginara differs 
from that of T. hermanni. 

BODY TE M PE R ;\TU R ES 

No sign ificant differences in body tem perature of 
T. henna11ni were found during four months of 
research, though it is poss ible that differences would be 
significant in  larger samples. Cherchi ( 1 956) gives 32°C 
as max imum body temperature for normal act ivit ies 
and 34°C as maxim u m  voluntary body temperature. I n  
the field basking T. hermanni accept body temperatures 
to 35°C and feeding tortoises to 34°C (Meek,  1 988) .  
The body temperature of bask ing and feeding tortoises 
is of special interest, for these act ivities are completely 
voluntary. Basking tortoises are mostly found close to 
cover, so that in  case of overheating they can go 
direct ly  into cover. Feeding tortoises are mostly found 
on open patches, often rat her far from the nearest 
cover, so they have to watch their body temperatures 
more closely than the basking tortoises. Activity such 
as moving, mating and especial ly  nest ing can not be 
stopped at once, so in these tortoises the body 
temperature can eas i ly exceed the maximum voluntary 
value and sometimes even the critical value.  

Near Meteora every year in June,  in  the nesting 
season, several mostly old females were found dead on 
the open patches, wh ich were used as nesting sites. 
Overheat ing could be possible cause of death.  In 
moving and stationary tortoises often rather low and 
rather high tem peratures were fou nd, because many of 
these animals were either at the beginning of their 
act iv i t ies and st i l l  had a low body temperature, or were 
at the end of their activit ies and often had a body 
temperature over the maxim u m  normal body 
temperatu re .  

In  a l l  studies about thermoregu lation of T. hermanni 
the maximum voluntary body temperature remains 
under 3 5°C in active tortoises, but the l imi t  which 
Cherchi  gives (32°C) is too low. In  the field 34°C is the 
max i m u m  body temperature for normal activities. 
A lthough the mean in SCL in T. hermanni populations 
in Greece and Yugoslavia differs widely (Wi l lemsen 
and Ha i l ey ,  1 989), no difference in body temperatu re 
tolerance was found in larger and smaller tortoises 
with a SCL over I Ocm (Wil lemsen).  

In  June and August t here was a trend t owards lower 
body temperatures. M eek ( 1 982, 1 988) also found t h is 
trend. A fter May no body temperatures over 3 1 °C 
were found in basking tortoises. I n  August  the 
max imum body temperature in feeding T. hermanni 
was 32°C, but  i n  June it was st i l l  the same as in May. 
This relatively high body temperatu re was probably 
caused by environ mental differences of the site near 
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Kalamata. I t  seems T hermanni keep t heir body 
temperatures lower in summer than in s pring, thus 
keeping on the safe side in summer. The sample of 
October was too smal l  to  say much about the  body 
temperatures during that month.  

I n  a l l  samples the  body temperatures o f T.  marginal a 
was s ign ificant ly  h igher than in T hermanni. I n  
basking and i n  feeding T. marginata max imum body 
temperatures of36°C and 37°C were found.  I n  contrast 
to T hermanni the  body temperatures of T marginata 
in feeding tortoises were h igher than in bask ing 
animals .  I t  is possible that tortoises with a maximum 
body temperature after bask ing never left the  macchie 
and so were never found. I n  T. marginata the body 
temperatures had decreased s ignificantly in June, and 
the trend towards· lower body temperatures was 
stronger than in T. hermanni. Although the mean in  the 
body temperature in T. marginal a was sti l l  h igher t han 
in  T. hermanni in June,  the  differences in body 
temperatures of different a.ct iv i t ies were no longer 
sign i fi cantly different. The habitat near Gytheion is 
much hotter in summer than the  relatively cool habitat 
of K a lamata and also that of Sparta, so in summer 
T. marginata maintains a lower body temperature, to 
be on  the safe side. I n  A ugust only five T. marginata 
were found during a s ix  day vis it ,  so the  activity of 
T. marginata was very low. A l l  tortoises were found 
during the  afternoon. E xcept i n  moving tortoises no 
body temperatures over 34°C were found, so the 
max imum voluntary body temperature is  probably 
lower than in May. 

The u n imodal act ivity during the  evening could be 
explained by the  high risk of  overheati ng during the 
morni ng hours,  when air temperature and he l iothermic 
energy were increasing fast. H owever, at other cooler 
s i tes i n  southern G reece T. marginata was seen in the 
morning i n. August ,  so the  u n imodal even ing activity 
could be characteristic for the hotter habitats in 
southern Greece during summer. In October the body 
temperatures of T. marginata were h igher t han in  June 
but lower than i n  May and in  A ugust. I t  i s  p ossible t hat 
i f  the  n um ber of a n imals in  the  sample in A ugust had 
been l arger the results would have been the  reverse. I n  
October the same m ax imum body temperatu re i n  
feeding T. marginata were found as i n  M ay. The 
un imodal activity pattern of T. marginata found in the 
middle  of the day and the s ignificant l ower body 
temperatures in feeding animals  as compared to t hose 
in May  may i ndicate that in October overh eating was 
u n l ikely ,  so the tortoises cou l d  safely use the hottest 
hours of the day. However, u nder t hese circumstances 
T. marginata is s t i l l  able to reach the  same max imum 
body temperature i n  feeding tortoises. Pigmentation 
and s h ape of T. marginal a wil l  make it  easier  to absorb 
heat, compared to  T. hermanni of equal s ize.  

The relatively low body temperatu res found in 
T. hermanni i n  October (no body temperature was over 
32°C) were possibly caused by the k ind of habitat of 
Kalamata; but we m ust  not rule out t he poss ibi l it y  that 
T. hermanni wil l  not be able, u n der the circumstances 
of October, to reach the same max imum body 
temperatures as in May. 

In a l l  samples the  maximum body temperatures in 
T. marginata were significant ly h igher than m 
T. hermanni. The maximum voluntary body 
temperatues of T. hermanni ta l l ied with the values 
which were found in a number of other studies, so the 
values found i n  t h is study can be considered 
representative of the species T hermanni. 

In feeding T. marginata the body temperatures were 
3°C higher than in T hermanni. I n  dry and hot habitats 
th is will give an ecological advantage over T. hermanni. 
This partly explains the  habitat separat ion between 
t hese two species, but some d ifficult ies remain .  I f  
T. marginata heats u p  faster than  T hermanni, as 
suggested by the body temperatures found in October, 
the ecological advantage of a h igher body temperature 
tolerance in T. marginata would be reduced. I n  th is 
study no lower temperatures than 25°C in feeding 
T. hermanni and no lower than 28°C in  feeding 
T. marginata were found. 

Cherchi  ( 1 956) gives 1 6°C as the  min imum body 
temperature for normal activity in T. hermanni. I n  
spring, especially in  northern G reece, the c l imate is 
rather cool and wet with a lower heating rate of the sun 
than in southern Greece. Under t hese circu mstances a 
lower body temperature min imum in T hermanni 
could give an ecological advantage over T. marginata. 
I n  early Apri l  1 982 during a period of cool weather 
only T. hermanni were found near L itochoron. On this 
site T. marginata l ives sympatrically in low density 
with T. hermanni (Wi l lemsen and H ailey,  1 989). I n  
northern Greece the  soil  vegetation dies in  early 
summer and does not regenerate in  autumn,  at l east 
not under circumstances which make activit ies of 
tortoises st i l l  possible ,  so T marginata will miss its 
autumnal  act ivity t here; sexual activity in  autumn 
could be an indicat ion of importance of an autumnal 
activity of this s pecies. Thus the cl imatical circum­
stances in spring and in  autu mn could make northern 
Greece unsuitable for T. marginata. 

The fact t hat T. hermanni is s t i l l  active with a lower 
body temperature could make T. hermanni able to 
complete with T marginata i n  those k inds of habitats, 
namely on the border of the distribut io n  area 
of T marginata, where in southern Greece T. marginata 
has replaced T hermanni completely. I n  fact T hermanni 
is found only in relat ively wet and cool habitats  i n  
southern Greece, often sympatric with a sparse 
T. marginata populat ion,  and the  reverse is found in  
dry and hot  habitats (Wi l lemsen and Hailey ,  1 989). 
This is  an indication that the h igher body temperature 
tolerance of T marginata suppl ies an ecological 
advan tage in t hose habitats, in spite of a probably 
faster heat i ng rate. It also seems that aest ivat ion is 
more com mon in T marginata t han  in T. hermanni i n  
southern Greece, so i f  t he physiological abi l i ty o f  
T. marginata to escape t he d ifficu lt hot summer 
months by aest ivat ion is  greater t han i n  T. hermanni, 
t hen  t h i s  wi l l  also give T. marginata an ecological 
advantage in hot h abitats. A lso morphological 
differences cou ld  m ake T. marginata less suitable for 
h abitats in which T. marginata l ives i n  southern 
G reece. 
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