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ABSTRACT
In this paper the author reports on a study of the effects of environmental parameters on the
fertilization and the development of embryos and hatchlings of Testudo hermanni boettgeri.
Eggs were laid from 1980-2000 by a group of T.h.boettgeri, kept in outdoor terrariums in the
Netherlands. The study involved a total of ca. 2000 eggs and the follow-up and sex determination of
150 hatchlings.
Information on fertility, clutch size, incubation period and sex ratio are presented. Special attention
is being given to the effect of incubation temperature on successful breeding and on sex ratios.
From these measurements it can be concluded that the total number of hours incubation or
embryonic development above the threshold temperature during the sensitive period is decisive for
sex determination.

RÉSUMÉ
Dans la présente étude on a déterminé un nombre caractéristiques morphologiques et de paramètre
relaté des pontes, des incubation et des juvéniles. Les études sont effectuées dans la ” Centre des
études des Tortues ”, ou on maintient un group de Testudo hermanni boettgeri et de Testudo
marginata.
Les oeufs étaient pondre de 1980 à 2000 d’un groupe de T.h.boettgeri, tenu à l’extérieur en Les
Pays Bas. Les effets du température de l’incubation au développement des embryons et la sex-ratio
des juvéniles sont particulièrement investigué.
On a fait la conclusion que le nombre total des heurs d’incubation au-dessus de température critique
pendant la période sensible est décisive pour la détermination de sexe.
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INTRODUCTION
The Tortoise Study Centre is located in Oosterbeek, a small town close to Arnhem in the eastern
part of the Netherlands. Private owned indoor and outdoor terrariums are used to investigate the
behaviour and the conditions of the tortoises. Most of the tortoises now present in the Study Centre
are of the second and third generation. On the average a number of 70 Testudo hermanni and 30
Testudo marginata are present at the Study Centre. The Centre was planned to investigate the
effects of environmental parameters on fertilization and the development of embryos and hatchlings
of T. hermanni boettgeri and T. marginata.
A number of variables, such as characteristics of the male and female, nest location, time of nesting,
order of laying within a clutch, egg weight and incubation parameters were recorded.
The variables that have been studied can be divided in the following three groups:
•
•
•

Morphology
Nesting and eggs
Incubation

Whether these variables were correlated or not and the relationship between these variables was
investigated. The influence of these variables on fertilization, development of embryos and sex ratio
has been analysed in more detail. The intention of this paper is to give an impression of the
measurements performed over the last 20 years. The study involved a total of more than 2000 eggs
laid from 1980-2000 by a group of T.hermanni and the follow up and sex determination of 150
hatchlings. Publications of correlations between the studied variables for T.hermanni were missing
at that time. However extensive studies on temperature-dependent sex determination for Emys
orbicularis (Pieau, 1971) and on various Emydinae species (Bull, 1982) have been published.

MATERIALS & METHODS
The outdoor terrarium provides different areas to separate different species or individuals. Most of
these areas contain a greenhouse or protected shelter to protect the tortoise to the Dutch climate
during the early spring and autumn. Hibernation takes place in the outdoor shelters from October up
to April for the adults. For hatchlings the first hibernation is limited to 3 months.
Figure 1: One of the outdoor terrariums
All the tortoises are free to
move in the open field and
greenhouses except for the
hatchlings in their first or
second year that are kept
in indoor terrariums or in a
greenhouse for most of the
year to protect the young
tortoises from birds, rats,
hedgehogs etc.
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Figure 2: Plastron study
Apart from the size, mass and
carapax anomalies, only three
female characteristics were
followed during the course of
the study: pigmentation of the
carapax and plastron, upper
caudal scute (divided or
undivided) and the number of
claws on the fore feet.
Pigmentation was followed by
taking photographs, an example
of which is shown in figure 2.
The question, whether the state
of the upper caudal scute and
the number of claws shows an hereditary factor was studied by digitalisation of these factors for
males, females and following generations.
Fertilization of females has been studied in different ways. First of all the fertilization of all clutches
and eggs of the individual females were kept. In addition a number of females have been isolated
from males, to follow the expected decrease of fertilization in the following clutches. Finally
measurements of fertilization of multiple clutches (successive clutches of a specific female within
one season) have been performed.
The measurements of nesting and eggs are based on observations of a group of ca. 10 female
T.h.boettgeri during a period of 20 years.
All eggs are removed from the nests, marked with a pencil, weighed, inspected and placed in
incubators within one to three hours after laying. In general the eggs of one clutch were equally
distributed over three different incubators. Methods of incubation have been discussed in detail
before (Eendebak, 1995).
The “incubation period “as used in this study is defined as the time interval between ova-deposition
and emergence of the full-grown hatchling. The length of time from pippin of the eggshell to the
emergence of the hatchling is about one day. Therefore the influence on the determination of the
incubation period in small. Immediately after laying, the eggs were inspected for the possible
development of blood vessels that are normally visible after 6-8 days of incubation. No sign of
blood vessels has ever been detected, so a hypothetical developmental process within the female is
unlikely and will practically not influence the results. Eggs that don’t show any development or
stopped development were opened and examined for any sign of fertilization. As soon as there was
even the slightest sign of blood vessels or the presence of an embryo the eggs were defined as
“fertilized”. Embryos with a length of 1 mm are already easily detected with bare eyes.
In exceptional cases (~2%) the hatchling did not hatch after the expected time. In these cases the egg
was opened by hand two weeks after the end of the predetermined incubation period. These
exceptional cases were not included in the used data .The hatchlings were marked individually by
making notches in the marginal scutes according to the system used by the Charles Darwin Station on
Santa Cruz Island (Thornton, 1971). Most of these hatchlings were distributed among members of the
Dutch Tortoise Association. The juveniles were kept in the same outdoor terrarium as the colony of
full-grown T. hermanni boettgeri.
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The sex of the juveniles was determined by external characteristics such as the shape of the tail,
carapace, plastron or anal scutes. In most cases this determination can take place with a carapace
length of ~10 cm at an age of 3-4 years. Juveniles were defined as male or female not before at least
two different sex characteristics, in general the shape of the tail and anal scutes, were deciding. The
temperature producing a sex ratio of 50% is defined as the threshold temperature.

RESULTS
Overview of variables
The variables that have been followed are divided in three different groups. First of all it will be
clear, that a correlation between some variables is by nature not relevant or not applicable (n.a.). For
instance parameters of tortoises, clutches or eggs will not have any relationship with the
characteristics of incubation. Second, of a number of variables correlation with other variables
looked to be not existent, although lack of enough useful measurements did not allow final
conclusions (no relationship). Finally, a number of variables turned out to have a significant effect
on fertilization or on the development of embryos or hatchlings. An overview of the studied
variables, with an indication which kind of relationship was applicable, is given in Figure 3.

clutch

sex

incubation period

characteristics

hatched

humidity

temperature

type

development

fertilization

mass

sequence

female

location

time

date

number

variable

clutch size

Figure 3: Overview of studied variables for T.h.boettgeri

number
n.a.
n.a.
n.a. n.a. n.a. n.a. n.a. n.a. n.a.
date
n.a.
n.a.
n.a. n.a. n.a. n.a.
time
n.a.
n.a.
n.a. n.a. n.a.
location
n.a.
n.a.
n.a. n.a. n.a.
female
n.a.
n.a.
n.a. n.a. n.a.
clutch size
n.a. n.a.
n.a. n.a. n.a.
sequence
n.a.
n.a. n.a. n.a.
egg
mass
n.a.
n.a. n.a. n.a.
fertilization
n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a.
development
n.a. n.a.
n.a.
n.a. n.a. n.a.
incubator type
temperature
n.a.
humidity
n.a.
not applicable
n.a.
hatched
no relationship
n.a.
young
characteristics
significant relationship
n.a.
incub. period
n.a.
sex
n.a.
Information on the correlation of the variables indicated with “significant relationship” is given in
the following paragraphs.
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Morphology
Of the characteristics of the female is, apart from genetics and condition, only the size of direct
influence on other variables (see results of nesting). Measurements so far of the hereditary of the
number of claws are not finalized and worked out yet. Preliminary results show however, that there
is definite a hereditary factor. For instance females with 5 claws on both fore legs (5/5) produce
more hatchlings with the same feature than hatchlings with a 4/4 pattern. Females with 4 claws on
both feet produce four times more hatchlings with the same feature, than 5/5 hatchlings. Analogue
findings hold for the upper caudal scute. Those measurements however are insufficient to support
final conclusions by now. The measurements on claws and caudal scutes will be finalized in the
coming year and are intended to be published separately.

Nesting
Figure 4: Date of nesting
35

SSC Oosterbeek

30
number of clutches

Nesting of the captive
T. hermanni boettgeri
takes place in the
months of May, June
and July usually
between 10:00 am
and 12:00 am. The
distribution of
nesting over the
season is shown in
figure 4 and the
distribution over the
day in figure 5.
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Figure 5: Time of nesting
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16h

18h

20h

In the study a
total of ca. 200
clutches were
involved. The
numbers in figure
5 are based on
143 clutches,
because only
clutches, which
were observed
during egg laying
were taken into
account.
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A clutch contains on the average a number of six eggs, ranging from 2 up to 15 eggs per clutch.
It turned out, that the mass of the eggs and the clutch size are specific for an individual female, but
not dependant of age. Clutch size may increase sometimes with the size of the female. This aspect is
illustrated in figure 6 that shows clutch sizes of 3 full-grown T.h.boettgeri.
Figure 6: Clutch size of 3 T.h.boettgeri
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An exception has to be made for young female in their first or first and second year of nesting.
These first nests are produced at an age of 8 to 12 years and a body mass of 800 to 1200 g. These
first clutches shows sometimes irregularities in clutch size (2-4 eggs) and the egg mass is frequently
lower in the first two years.

Fertility of female T.h.boettgeri
The T.h.boettgeri under investigation consist of a group of 10 adult females and 5 adult males. The
percentage of eggs, which were fertilized, is dependant on the female, individual as well as
conditional, and on the date that the clutches were produced. On the average 72% of all the eggs
were fertilized. Five different experiments were performed, during which a female, which produced
fertilized eggs for several years was separated from males immediately after the first clutch in the
spring. The outcome of these measurements is summarized in table 1.
Table 1: Fertility of clutches
Female
1
2
3
4

Average of last year
and first clutch
88 (34)
92 (26)
35 (23)
58 (19)

First year

Second year

100 (10)
86 (7)
70 (17)
100 (7)

100 (9)
(0)
100 (8)
(0)

Incubation period and sex ratio of Testudo hermanni boettgeri

The second column gives the
fertilization of the eggs [%]
averaged over the two
clutches in the preceding year
and the first clutch in the
spring before isolation from
males.
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The number of eggs involved is given between brackets. The third and fourth column gives the
fertilization of the clutch(es) in the first and second year after separation from males. Only female
number 3 produced 3 clutches during the first year.

time interval [days]

Figure 7: Time interval between multiple clutches
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It may be expected, that it will take at least a minimum time between the first and the second clutch
of a specific female in a specific year. Looking at the measurements of these periods for seven
different T.h.boettgeri, as presented in figure 7 it is clear, that in general it takes ~20 days before the
second clutch is produced.

Incubation periods and the development of embryos
In the past some preliminary results, dealing with constant incubation temperatures, has been
published (Eendebak, 1995). Here additional results and the effects of varying incubation
temperatures will be presented.
The most mentioned environmental parameter, influencing the development of the embryo is the
temperature of the egg during the development. Other environmental parameters, such as nest
location, date and time of nesting, order within a clutch, egg weight and humidity during incubation
were investigated, but no significant correlations with the incubation period or sex of the hatchlings
could be found.
Successful breeding is possible only within a specific temperature range. For constant incubation
temperatures below 23°C and above 34°C the embryo mortality rate is 100%.
A number of measurements was performed using high incubation temperatures during a part of the
day. The remaining time the temperature was below 20°C. Some of these results are given in
table 2.
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Table 2: Embryo mortality rate
Incubation
temperature
[°C]
24
25
26
27
28
29
30
30
31
32

hours/day

N

Mortality
rate [%]

24
24
24
24
24
24
24
8
24
24

12
3
10
10
20
10
27
7
56
75

67
33
30
70
15
0
11
7
25
20

Incubation
temperature
[°C]
33
33
33
33
33
34
34
35
35
35
36

hours/day

N

Mortality
rate [%]

24
12
8
4
3
24
5
24
5
3
2

285
61
22
4
21
42
19
3
4
49
13

50
26
55
75
62
57
37
100
50
47
54

The stage at which the embryos die is more or less spread over the whole incubation time, except
for the low (< 26°C) and high (> 33°C) temperatures.
Results of incubation periods are summarized in table 3. Here again the results for relevant constant
temperatures are also given. Averages and corresponding standard deviations are given in the
columns 4 and 5.
Table 3: Incubation periods
Incubation
temperature [°C]
24
25
26
27
28
30
30
31
32
33
33
33
33
34
34
34
36

hours/day

N

24
24
24
24
24
24
8
24
24
24
12
8
4
24
5
3
2

3
2
7
3
17
22
5
36
51
125
41
8
3
16
12
26
2

Incubation
period [days]
88.3
82
83.1
72.0
66.4
57.8
110.6
57.4
55.3
56.0
72.9
94.0
151.7
55.4
111.6
104.0
109.2

SD
3.2
0
3.6
2.7
2.1
1.4
0.9
2.6
3.0
3.3
5.3
6.7
6.7
2.4
5.4
14.4
12.3

In figure 8 the results of measured incubation periods for constant incubation temperatures are
summarized. The drawn curve is based on regression analyses of a total of 282 data for constant
temperatures in the range of 24 to 34°C.

Incubation period and sex ratio of Testudo hermanni boettgeri

page 10 of 14

Figure 8: Incubation period for T.h.boettgeri
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Sex ratios
Figure 9 gives some results of the measured sex ratios (defined as the percentage male hatchlings),
together with the number of tortoises, that were incubated at that temperature and of which the sex
was irrefutable determined. Figure 9 shows a sharp transition between 30°C and 33°C, with a sex
ratio of 50% at a temperature of 31.5°C.
Figure 9: Sex ratios for T.h.boettgeri
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In figure 9 also the results of two experiments are shown, during which the temperature was raised
for a limited number of hours per day (35°C for 3 hours per day and 36°C for 2 hours per day).
Incubation period and sex ratio of Testudo hermanni boettgeri
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The rest of the time the incubation temperature was below 20°C.
Many experiments have been done to determine the sensitive period for T.h.boettgeri. Some examples
are shown in the figures 10a and 10b.
Figure 10a: Variation of the incubation temperature
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In figure 10a two situations are indicated in which the incubation temperature of 30°C was increased
during a period of 7 days, starting at day 7 and 27. Experiments with the same increase in temperature
over 7 days, but started before day 7 or after day 27 resulted always in males.
Figure 10b: Variation of the incubation temperature
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During the experiments, shown in Figure 10b the opposite approach was followed. Eggs were
incubated at a temperature of 32.5 respectively 33°C, which was decreased below the threshold
temperature again for a period of seven days. Both experiments resulted in females.
Incubation period and sex ratio of Testudo hermanni boettgeri
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DISCUSSION
Of all the variables measured over the study period of 20 years of only a limited number there has
been obtained enough data to allow reliable conclusions and relevant discussions. This concerns
fertility of females, nesting parameters, incubation periods and sex ratios. Therefore these issues
will be discussed in this section.
On the average ~75% of the eggs showed development and were defined as “fertilized”. This
average however is of little meaning as the yearly environmental variables (weather, food, e.g.) and
the individual condition will influence these numbers. Some of these effects will be flattened out by
the fact, that fertilization of a female tortoise may be effective for extended time periods. It has been
described how fertilization in a group of 8 G.gigantea, after isolation from males, decreased slowly
during the following 6 years.
Measurements in the Study Centre by isolating female T.h.boettgeri and follow up the change in
fertilization of successive clutches show different results. It showed, that fertilization of
T.h.boettgeri would not last for so many years. In three cases, in which female T.h.boettgeri were
separated right after their first clutch in May, they produced another, 100% fertilized clutch and
sometimes another in the first coming spring. Then the animals didn’t nest anymore until males
were introduced in their territory. These findings are preliminary, but it looks like that T.h.boettgeri
does not stay fertilized for more than one to two years. The result that fertilization of the first nest(s)
of isolated females does not change is supported by measurements of the fertility of multiple
clutches (two or three different clutches of a female in one year), in which no correlation between
the fertilization of the first and second clutch could be found. The time interval between multiple
clutches is very close to 20 days, almost without exception. This is in accordance with findings of
Swingland, who mentioned a minimum interval of 20 days in France and of 18 days in Greece
(Swingland, 1985). Measured time intervals of ca. 40 days may be erroneous and produced by the
fact, that nesting is not observed in every case. So the recorded time interval of 40 days may be in
reality the time interval between the first and the third clutch. This time interval is clearly far above
the same interval for T.horsfieldii, which is reported to be around 6 days (Henen, 2001).
The distribution of the time of nesting is applicable for the months May and June but is slightly
dependant on the date of nesting. For July and August the number of clutches registered is too small
to draw conclusions, although it looks like that the distribution is weather- and therefore datedependant. For many locations in the Mediterranean this distribution will be shifted some weeks
earlier in the season. First nesting takes place in May and is often initiated by oncoming rainfall. For
T.h.hermanni in Spain the maximum of nesting frequency is reported to be in May (Bertolero, 2001).
From the measurements it is clear, that the size of the female is not or hardly correlated with the mass
of the individual eggs, but clutch size is. A large female (e.g. m=3500 g) may have a yearly egg
production of twice that of females with a mass of about 2000 g. The same positive correlation is
determined for Emys orbicularis (Baron, 1999). These findings are in contradiction with a discussion
by Swingland (1985) that clutch weight was not correlated with body size. The average clutch size for
T.h.boettgeri was found to be 6 eggs, but was of course dependent of the composition of the studied
group of females. For T.h.hermanni an average clutch size of 3 to 4 eggs is mentioned (Devaux, 1988)
and for T.h.boettgeri 4 to 6 (Swingland, 1985) and 4 to 5 eggs (Stubbs, 1998).
The incubation period for a constant incubation temperature can be forecast with a reasonable
accuracy. This holds only for a temperature range of 27 up to 34°C.
Hatchlings, incubated at a constant temperature of 24 or 25°C are generally small, weak and hardly
able to hatch successfully, so the definition of incubation period at these temperatures is
questionable. For temperatures that are used only during a limited number of hours per day,
especially using high temperatures the incubation periods show a large variation and an accessory
standard deviation. In “natural” nests the daytime soil temperature at the depth the eggs are buried
Incubation period and sex ratio of Testudo hermanni boettgeri
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(top of the eggs ~10 cm below the surface) can be up to 15°C higher than at night.
The maximum nest temperature for most locations in the Mediterranean does not rise substantially
above 35°C for many hours and many days. Embryo mortality rates for 3 and 5 hours at 35°C and 2
hours/day at 36°C are about 50%.. From these measurements it will be clear, that nests in the open air,
will not be endangered by overheating, not in the Netherlands and probably not in most parts of the
Mediterranean.
Different authors have studied the influence of the temperature on sex ratio, especially aquatic
species. A review of temperature dependant sex determination in tortoises is given by Ewert et al.
(1994). However, publications on T.hermanni are almost missing.
During this study it was found that in some cases T. hermanni boettgeri incubated at temperatures of
30°C - 33°C showed their secondary sex characteristics only after a long time. In exceptional cases it
took 8-10 years, which is long compared with the normal situation. This effect can lead to a maleoriented shift in the measured sex ratio.
This phenomenon can be explained by a study of Pieau (1975), who has reported on the formation of
intersexes of Emys orbicularis, incubated at a threshold temperature of 28°C to 29°C. Observations of
the author however, indicate that "external" sex characters will appear with time in almost all cases.
Whether sex ratio persist until appearance of sexual dimorphism cannot be determined because sex
determination was based only upon external sex characteristics.
Comparison with sex determination results for the Emydinae shows a similar change from virtually all
males to all females over a narrow temperature range. The threshold temperature for T.h.boettgeri,
however, was found to be 31,5°C. This result does not support suggestions of Ewert (1994), that some
embryos are “temperature independent females”. As indicated before in natural nests the daily
temperature variation may be rather high and will have an important effect on the development of the
embryo. This holds especially for the effect on sex ratios during the sensitive period. This period
corresponds to approximately day 10 to 30 for a development at incubation temperatures of 28 to
32°C. To develop females at least a period of 5 to 7 days at “female-producing” temperatures is
needed. To develop males even a longer time is needed. These findings are in agreement with the
model to predict sex ratio as proposed by Georges, but only for constant incubation temperatures
(Georges, 1989) To apply this model to varying temperatures it should use he number of hours above
the threshold temperature, only during the sensitive period. This critical stage seems to be longer and
to start earlier than that regarded for Emys orbicularis (Pieau, 1981). However, the determination of
the sexes is still under debate, morphological (see this discussion) as well as by microscopically
examination of testes and ovaries (Mrosovsky, 1995). The high embryo mortality rate for high
incubation temperatures might lead to a male biased sex ratio, because of the increased risk at femaleproducing temperatures. However, for the sex ratio in adult populations this effect will be less
important than the often observed large sex ratios (up to more than 6), that happens in Greece
populations of T.h.boettgeri, due to different mortality of adult tortoises (Hailey, 2000).
In a paper of Janzen (1994) possible behavioural modifications like initiation of the nesting season
and site selection in relation to the global climate change are discussed. However it is important to
keep in mind that increasing temperatures due to the greenhouse effect will come together with other
environmental effects. From the discussion above it will be clear that a change in rainfall as an
initiator to nesting or a change in sunshine as the most important factor for the nest temperature may
easily compensate an average increase in air temperature.
Further investigations are needed to determine to what extent conservation of Testudo hermanni
boettgeri may be endangered by a possible climate change in the coming decades.
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