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ABSTRACT 

Egyptian torto ises were col lected in the field and X-rayed at 2-4 week in tervals during two breeding seasons. 
Females laid 2-3 clutches per year, each consisting of 1-3 large eggs. The internest ing period was est imated to be 
20-30 days. The nest was a shal low pit at a base of a bush. The breedi ng biology of Testudo kleinmanni is s imilar to 
that o f  other smal l  h ighly special ised tortoises. 

INTRODUCTION 

The Egyptian tortoise, Testudo k/einmanni, is a small  
terrestrial  tortoise which inhabits sandy areas and 
dunes throughout northeastern L ibya (Schleich, 1 989), 
northern Egypt, Sinai and eastwards to the northern 
Negev in  Israel (Flower, 1 933;  Iverson, 1 986; 
M en delssohn, 1 982). The Egyptian tortoise is an 
endangered species threatened by habitat destruction 
(Mendelssohn, 1 982) and commercial collect ing 
(Busk irk,  1 9

_
85) .  

The l imited information o n  i ts  breeding biology has 
originated from captive individuals in Egypt and 
Israel .  Data on wi ld populations are not available. 
Lortet ( 1 887) observed mat ing during M arch-April  
and n est ing during May. F lower's ( 1 933) o bservations 
on a large number of individuals in Giza Zoo indicated 
that peaks in copulation frequency occurred in  
September-October whi le  eggs were la id  mainly in 
June.  Egg length and width ranged from 29-30mm and 
22-23mm, respectively. S ixty-nine  individuals hatched 
in Giza Zoo, 53 per cent in October, 24 per cent in 
November, 9 per cent both in  September and February 
and 5 per cent in January (Flower, 1 933) .  These young 
were total ly yel low in colour and their carapace length, 
width and height was 33mm,  28mm and 1 8mm,  
respectively. In  Israel, captive tortoises mated during 
October-November and February-April ,  while eggs 
were la id between A pri l  and July .  Hatch ing started in  
August and ended i n  October, except for a s ingle case 
in December. The incubation period, at constant 30°C, 
was 97- 1 1 9 days ( Mendelssohn,  1 982). Half  of t hese 
clutches (n = 1 2) consisted of one egg, two clutches 
consisted of two eggs, t hree other clutches o f  three eggs 
and one of four  eggs (Mendelssohn, 1 982) .  

This paper describes prel i m inary observat ions on 
the breeding pattern of a wi ld popu lat ion of the 
Egypt ian tortoise in Israel .  

METHOD S  

Study site - T h e  study was carried out  a t  Holot 
Agur, about 1 5k m  north of  B eer-Mi lka (34° 24' E, 

3 1 °C 00' N), in  the north western Negev desert. The 
area is characterised by east-west t rending sand ridges 
separated by deep valleys. Mean annual air temperature 
is 20°C (Israel Meteorological Service, unpubl .  data), 
with mean maximum 30°C in the hottest month (July) 
and mean min imum 1 2°C in  the coldest month 
(January) . Subzero temperatures are rare. Large 
fluctuat ions in air temperature ( I  O- I 5°C) are common 
during the day. Most precipitat ion ( I 00-200mm) 
occurs between October and March .  Vegetat ion cover 
averages 20-30 per cent and consists pnmarily of 
A rtemisia monosperma plant associat ion (Waisel, 
Pollak and Cohen, 1 982) .  

Field methods - Adult  females were randomly 
collected, mainly by fol lowing fresh tracks on the sand, 
and X-rayed (Gibbons and Green, 1 979; Turner, 
Medica and Lyons, 1 984) using a portable X-ray 
generator (Softex K-2; 3mA; 50kV; individuals were 
placed 50cm away from the generator and were 
exposed for 1 0  seconds) .  Four fem ales were fit ted with 
radio-transmitters (I  5- I 7g) that were glued with dental 
acryl ic to  the posterior carapace (Geffen and 
Mendelssohn ,  1 988, 1 989). These females were X­
rayed every 2-4 weeks during their daily inactivity 
period (eveni ng, Geffen and M endelssohn, 1 989), 
between January and July, and were returned to the 
locat ion of col lect ion a few hours later. 

In May 1 984 two females, that were previously X­
rayed and were known to carry eggs, were each placed 
in a smal l  enclosure ( I  m2) for 2-3 weeks. Each 
enclosure was bu i l t  around a large bush with a complex 
system of  rodent burrows. The females were released 
after the eggs were laid.  The aim of this procedure was 
to enable us to locate nests and monitor the i ncubation 
period in the wild.  We used only t wo females, largely 
because very few females were located daily.  

E very 2-4 weeks dai ly air (50cm above ground) and 
surface ( 1  and 5cm deep) temperatures were taken, 
using a d igital thermometer (Wescor TH-65, accurate 
to  ±0. l 0C), from a bush base n ear each nest .  At each 
visit ,  temperature m easurements were taken at equal 
in tervals four  t imes dai ly.  In addit ion, sand samples 
were collect.ed twice a day (at 0500 and 1 400) from the 
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19  3 1 984 

SCL Age 1 5. 4  29.4 6. 5 20. 5 _4. 6 1 8 . 2  1 6. 3  1 3 .4 4 .5  1 8 . 5  8 . 6  

# I  1 1 1 . 3 9 0 

#2 1 1 3 .6  8 0 0 

#3 1 1 6. 5  9 2 2 0 

#4 1 06.4 6 2 2 2 0 0 

#5 1 1 3 .4  7 0 2 3 3 0 

#6 1 1 3 .0  9 2 0 2 2 0 

#7 1 1 2 . 6  6 2 2 0 0 

#8 1 20.7 8 2 

#9 1 1 4 .3  7 2 

# 1 0  1 07 .3  7 0 

x 1 1 2 .9 7 .6  1 .0 2 .0  2 .0  2 .0  0 .5 0 1 . 0 0 .8 2 .3  1 . 3  0. 5 

TA B L E  I :  Number o f  eggs, determ ined b y  X-ray .  i n  n ine  Egyptian tortoise females during two breeding seasons .  Dates o f  
X-raying are presented for each year. with t h e  mean nu mber of  eggs per tortoise for each date shown a t  the bot tom l i ne. 
SCL = St raight Carapace Lengt h (111111). Age represented as number of  growth rings coun ted on carapace plates. 

I n t ercept Slope r2 F p cl . f. 

Clutch s ize -2.50 0.04 0.05 0 .59 >0.4 1 . 1 3  

Egg width 8 .92 0. 1 4  0. 20 5 .60 <0.05 1 . 23 

Widest egg per c lu tch 1 . 75 0. 2 1  0 . 37  7 .0 1 <0.05 1 . 1 3 

TAB L E  2: L inear rela t io nships of reproduct ive variables to body size (straight carapace lengt h )  in Testudo k!ei11111a1111i. 

surface ( I  and 5cm deep) and stored in sealed 
containers. The sand samples were later weighed, 
dried in a oven ( I  00°C) and in  a desiccator. Water 
content  in  the sand was calculated as the difference in 
weight of samples before and after drying.  

Data analysis - Clutch size and measurements of 
eggs were calculated from X-ray negatives. Correct ion 
for egg posit ions in the  tortoise body (= 2cm above the 
X-ray fi lm) were made by reducing measu rements by 
2 per cent. L inear regression and one way A NOV A 
were used in the statist ical analysis. 

RESULTS 

During th is study we observed only two mat ing 
pairs ,  both during March . On one occas ion a male was 
observed to attempt copulating 28 t imes within one 
hour. This behaviour consisted of series of  k nocks on 
the  posterior part oft he female's carapace , causing the 
female to stop, fol lowed by the  male cl i m bi ng on the  
fem a le's back, pushing his ta i l  beneath hers and 
s imul taneously uttering a series of high pitched, 
rasping calls (described by Flower, 1 933 and Loveridge 
and Wil l iams, 1 957) .  

Table I summarises the  n umber of eggs observed 
in n ine  females during two nesting seasons .  During no 
other period of  the  year did females carry eggs. Eggs 
were first observed in the oviduct during M arch-Apri l  
and last  observed dur ing the  end of June.  Most  
c lutches  (8 )  consisted of two eggs ( total  number of 
c lutches = 1 4) ,  five consisted of one egg and one con­
s isted of t hree eggs (mean ± SD = 1 .7 1  ± 0 .6 1 ) . 

Two nests were fou n d  i n  July (6.7. 84), one i n  each 
enclosure. The nests, that contained two and t hree 

eggs, were located in a shady spot at a base of a bush, 
facing south.  The eggs in  each nest were laid in a 
shal low pit  (3-4cm deep) and covered with sand. The 
sand around the eggs was c lumped as if it was 
previously wetted. Mean (±SD) length and width of 
the eggs was 3 1 . 6mm ± I . I and 2 1 .4mm ±0. 5 ,  
respect ively. The eggs were not moved from their  
original posit ion when measurements were taken. 
Sand temperature at a depth of 5cm ranged between 
24. 3-38. 2°C in July,  23 .5-35. 3°C in August and 23.9-
34. 5°C in September. Sand water content at the  surface 
during the  summer ranged between 0. 1 3-0.30 per cent 
and at depth of 5cm between 0. 1 6-0.27 per cent. 

In one nest two young hatched after 70-90 days. On 
1 4. 9. 84 we observed one i ndividual hatching,  the other 
hatched one or two days l ater. H atchl ing body length 
was 25. 7 and 30mm and their weight was 3-4g. No 
hatching occurred in the other nest, but an egg from 
this  nest  contained a l ive embryo (I  Omm) and a large 
yolk sac 1 0  months after the eggs were laid. 

Egg width and n um ber were measured from X-ray 
negatives. Mean egg width was 24. 3mm ± I . I ,  and 
varied s ignificantly between females (F= 4.6, d . f. = 6.23, 
P<O. O  I ) . Egg width sign ificantly correlated with body 
size (Table 2). 

DISCUSSION 

The period of mat ing appeared to be l im ited to  t he 
spring ( March). A l t hough copulations were reported 
to occur in captivity during autumn (September­
October, Flower, 1 933;  M en delssohn,  1 9 82), there 
were no i ndications t h at t hey occur i n  autumn i n  the  
wi ld .  Furt hermore, Geffen and Mendelssohn ( 1 989) 



576 E L I  G E FFEN AND HEIN RICH MENDE LSSOHN 

reported that capt ive individuals showed a different 
annual  activity cycle due to avai labi l i ty of food round 
the year. This phenomenon might have impl ications 
on the breeding behaviour of tortoises in  captivity . 
Copulat ion attempts during autumn were o bserved in  
the  wi ld in  Gopherus po/yphemus but  females were not 
recept ive during that time ( Landers, Garner and 
McRae, 1 980). 

Sperm storage is  a well docu mented phenomenon 
with terrestrial t ortoises (Moll, 1 9 79). Fitt ing four 
females with transmit ters prevented them from 
copu lat ing due to the locat ion and size of the 
t ransm i tter, however they produced 2-3 egg clutches 
annual ly .  Sperm storage appears to  be an especial ly 
important  mechanism in  species with relat ively low 
density populations (e.g. Egypt ian tortoise, 27 
individuals per km2; Geffen, 1 985), ensuring repro­
duct ion when males are not encountered. 

Ovulat ion of s im i lar s ized ova in  the  ovaries 
occurs s imultaneously (Mol l ,  1 979), so presence of 
d ifferent  nu mbers of  eggs in  a female's oviduct at 
d ifferent  t imes with in one season is indicative of 
several d ifferent clutches. Differences in shel l  th ickness 
are eas i ly  observed by X-ray, where th in  shel led eggs 
i ndicate the  format ion of a new clutch .  We concluded 
from Table I that: 

1 )  The nest ing period lasted from March to  the end 
of June. 

2) With in  the nest ing period each female produces 
4-6 eggs in two-three cycles. 

3)  The i nternest ing period is  est imated to  be between 
20 and 30 days. 

Egg s ize in nature was s imi lar  to that measured in  
capt iv i ty by  Flower ( 1 933) .  Congdon and G ibbons 
( 1 983, 1 985) studied the relat ionships between 
reproductive characters and body s ize in  a variety of 
turtle s pecies, and concluded that among species clutch 
size i ncreases with body size. In many species, egg width 
i ncreases with body size (Congdon and Gibbons, 1 985;  
Hailey and Loumbourdis, 1 988)  probably reflect ing 
the  width oft  he pelvic cana l .  Ha i ley and Loumbourdis 
( 1 988) argued t hat small ind ividuals can overcome th is 
constraint  by modifying egg shape, t hus  smaller 
individuals are expected to carry more elongated eggs. 
This cou l d  not be i nvestigated here as egg length can 
not be accurately measured from X-ray photographs. 
It appears t hat p roduction of  mul t iple clutches per 
year is  a common phenomenon i n  the Testudo species 
and it m ay reflect the  morphological constraint of  
packing shel led eggs wi th in  the  body (Swingland and 
Stubbs, 1 985;  Andreu and Vi l lamor, 1 986; Hailey and 
Loumbourdis, 1 98 8) .  

The n est construct ion,  as wel l  as the ind ication for 
u rinat ion during oviposit ion are typical for t errestrial 
tortoises ( Ehrenfeld,  1 9 79). Urination in  the  nest may 
camouflage the eggs' smel l ,  t hus decreasing detection 
by poten t ial predators (Patterson,  1 98 1  ) . Urinat ion 
may also increase the  h umid i ty  i n  the  nest ,  thus  
decreas i n g  water l oss by evaporation from the eggs. 
I ncubat ion  t ime in the  wi ld was lower than in captivity 
(Mendelssohn,  1 982) but th is may be due to the 
difference in  temperature regime during i n cubation.  
Fluctuat ions i n  n est temperature and low rates of 

h umidi ty  have also been observed in  Testudo hermanni 
(Cheylan ,  198 1 ) . Data from Giza Zoo showed that 
hatching takes place mainly during autumn and early 
winter. In th is period food (annual plants) is l i kely to 
be most abundant and potential predators are either 
h ibernat ing (desert mon itor, Varanus griseus) or 
elsewhere (birds of prey, Geffen and Mendelssohn,  
1 988, 1 989), thus hatching during autumn and early 
winter may increase survival of the young. The 
extended and unsynchronised hatch ing period reflects 
the  annual  nest ing cycles, but it also provides a 
mechanism to ensure that at least some of the young 
wil l  emerge when conditions are more favourable, 
especial ly in years with low rain fal l .  The case of the  
egg, that  after 10  months  had not yet hatched, but  
contained a l ive embryo, may i ndicate that  under  the 
same ambient condit ions changes i n  incubation t ime 
can occur. Such, probably mutative, changes may have 
select ive survival value if hatch ing occurs in winter, 
when food is most abundant ,  instead of during early 
autumn.  

The Egypt ian tortoise breeding strategy can be 
categorised as type I I  (Mol l ,  1 9 79), characterised by a 
smal l  n u m ber of relat ively large-size eggs, a prolonged 
nesting period and sol itary nest ing s i te  that does not 
require specific locat ion or structure. Tortoises that 
are incl uded in  th is category are h ighly special ised 
smal l  species l ike Homopus. KinixFs and Ma/acochersus. 
The smal l  body size l im its  the n u m ber of eggs in each 
clutch because egg size cannot be reduced beyond a 
certain point  and s t i l l  contain the  necessary amount of 
water and energy reserves needed for the embryo to 
develop and survive t he incubat ion period. Evolution 
led these species to develop fewer but larger eggs 
yielding fewer offspring but increasing their survival .  
Small numbers of eggs and the lack of need for a 
specific nesting locat ion decreases egg predation in  
these species (Mol l ,  1 9 79).  
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ABSTRACT 

The movement pattern of adul t  male Lacer ta vivipara travell ing spontaneously along a wooden-walled channel 
was s imilar to  the  previously measured pattern of animals  moving across an open space, compris ing an alternat ion  
of short  (-1  s) bursts of  locomotion with even shorter (-0 . 1  s)  pauses. Changing the struct u re and appearance of  
the walls of the  channel altered the locomotor pattern .  Grass turf separated from the l izards b y  glass h ad t h e  greatest 
effect, causing a decrease in mean burst s peed and an i ncrease in mean pause duration .  This persisted for 25 trials, 
suggest ing that the response to the visual st imulus presented by turf was investigatory and not merely due to its 
novelty,  whereas the smaller effect seen when the walls were of white card waned with t ime and so may have been 
primarily a response to change. 


