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ABSTRACT

On the occasion of having collected three gravid Geochelone carbonaria in the Bolivian Chaco, data
are given on oviducal eggs, as well as on five shells of eggs of the same species in the Museum
collection. A review of the literature on the reproduction of G. carbonaria and of its sibling G.
denticulata is presented, with an elementary statistical treatment of the data on number of clutches
per reproductive season, interval between clutches, clutch size, egg shape and volume.
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RESUMO

Nota sobre a reprodução de Geochelone carbonaria e
G. denticulata (Testudines, Testudinidae)

São apresentadas notas a respeito de ovos oviducais de três exemplares de G. carbonaria, coletados
no Chaco boliviano, bem como a respeito de cinco cascas de ovos da coleção do Museu. É também
apresentada uma revisão da literatura a respeito de reprodução de G. carbonaria e da espécie irmã
G. denticulata, com um tratamento estatístico elementar dos dados a respeito do número de posturas
por ano, intervalo entre posturas, tamanho da ninhada, forma e volume dos ovos.

Palavras-chave: Testudines, reprodução.

INTRODUCTION

The tortoises of the genus Geochelone, and
especially the widely distributed G. denticulata
(L., 1766) and G. carbonaria (Spix, 1824), are
common in their area of occurrence. They are
docile and well-adapted captives, and captivity in
no way abates their considerable amatory pro-
clivities. It is surprising how little is known of their
reproductive biology, especially in the wild.

On November 17, 1997, a Museum party
(Celso Morato de Carvalho, Fernando Mendon-
ça d’Horta and myself), travelling through the
Bolivian Chaco, collected four adult specimens,
one male and three females, of G. carbonaria
(catalogued as MZUSP 4002-4005), on a stretch
of road 13 km long south of Fortin Suarez Arana,

on the way to Fortin Ravelo, in the province of
Santa Cruz. The approximate coordinates of the
extreme points of collection are 18°56’S, 60°20’W,
and 19°01’S, 60°24’W. Not having drums large
enough to preserve the specimens in fluid, we
followed our procedure for such cases, dissecting
the head, neck, limbs and tail, to be preserved in
formalin, sawing through the bridges, scraping and
drying the shell. In the process it was noticed that
the three females were gravid.

Given the dearth of information on the
species in general, and on Chaco populations
specifically, and in accordance with the principle
that the killing of a wild animal is an ethically
serious act, demanding that maximum scientific
profit be extracted from the kill, I think it desirable
to present the data, as obtained in the field,
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complemented with additional information from
our collection, and, of course, a review of the
literature, which is rather unsatisfactory. In fact,
the main reviews (in Harless & Morlock, 1979;
in Gans & Huey, 1988) provide very meager and
generalized information.

Disembowelling turtles in the middle of
nowhere for taxidermical purposes is of course not
an ideal way of acquiring scientific information.
Our materials, however, have potential interest
regarding some aspects of reproductive biology.
It is also clear that a review of the literature,
scattered, uneven and at times hard to locate, is
overdue.

LITERATURE

In order to build a frame of reference on the
reproductive biology of South American Geo-
chelone, portraying the state of the art and the more
obvious needs for further information, I have made
an effort to bring together and organize the
available data on the aspects relevant to the present
matter, not only of Geochelone carbonaria, but
also of G. denticulata. They are true siblings and
extensively sympatric (Auffenberg, 1971; Williams,
1960); it is worthwhile to consider them together.
As said, I have limited myself to the aspects of
reproductive biology to which the present materials
are relevant: courtship, nesting, incubation and
fertility are not treated.

The literature on other species of Geochelone,
South American or not, has also been searched,
although it will not be cited here and only
discussed, when pertinent, under “Comments”. I
have entirely omitted the literature on Gopherus,
because this taxon is phylogenetically and
ecologically too distant to be included in the
context of this report.

The earliest references to reproductive
aspects of South American Geochelone are in
Bell’s (1836-1842) texts accompanying the plates
depicting Testudo tabulata (= G. denticulata), in
part 1, and T. carbonaria, in part 2 of his “Mo-
nograph of the Testudinata”; these parts were
published in 1836 (see “References” below). For
denticulata he says: “The eggs are of a spherical
shape, very slightly flattened, and about two in-
ches in diameter. The egg shell is thick and of a
friable texture”. For G . carbonaria: “The egg is

very similar to that of T. tabulata, but rather
smaller, being an oblate spheroid, of which the
greater diameter is 1 inch 9 lines and the less 1
inch 6 lines”.

The next author on Geochelone biology is
Major João Martins da Silva Coutinho, travel
companion and factotum of Louis Agassiz during
the latter’s Amazonian expedition, 1865-1866
(Agassiz & Agassiz, 1868: 122; Vanzolini, 1996).
The Major, although a career soldier (corps of
engineers), was a cultured man and had a fine
feeling for natural history. He published in Europe
(see Vanzolini, 1977) two papers, in 1868 and
1886, on Amazonian chelonians. In the 1868 paper,
apparently written at the behest of Duméril fils,
he mentions (Coutinho, 1868: 156) three species
of Geochelone, using for them names from the Tupí
Indian language, widespread, usual and traditional
in Brasil: (i) “Jaboty-tinga”, which he identified
as Testudo carbonaria; (ii) “Jaboty-piranga”, no
scientific name offered; and (iii) “Jaboty-carumbé”,
also not identified. “Jabotí” was then , and con-
tinues to be, the Tupí name, universal in Brasil,
for Geochelone.

In a footnote to Coutinho’s paper, Auguste
Duméril comments on the identifications. He
correctly notes that Coutinho mixed up the
diagnostic characters of his tortoises. “Tinga”
(Tupí, white tortoise) would have, according to
the Major, a constricted carapace and yellow spots
on the head and feet. “Piranga” (Tupí, red tortoise)
would have red spots and no constriction in the
carapace. The real association is the reverse: G.
carbonaria, the red foot, has a constricted shell
and red spots; G. denticulata, the yellow foot, has
a rounded shell and yellow spots. As to “Jaboty-
carumbé”, Duméril could offer no guesses. It is
understandable: “carumbé” is simply the Ama-
zonian Tupí word for male tortoises in general
(Goeldi, 1906: 713; Tastevin, 1923: 705). The term
is still current in Amazonia.

Coutinho (1868: 155) states that the three
species had identical breeding habits, and that all
laid spherical eggs. In the specific case of jaboty
tinga he adds that the clutch comprises ten to fifteen
eggs, deposited in a nest covered by the female.
I think, with Duméril (loc. cit.), that, in spite of
the confusion about the color pattern, Coutinho’s
identification stands, and the data may be attributed
to G. carbonaria, keeping always in mind that it
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is nowhere stated how the Major came by his
information, if by personal observation (the animals
are common), or by hearsay (they are well known).

Ihering (1904), reporting on a general zoolo-
gical collection made by Ernesto Garbe in the Rio
Juruá, state of Amazonas, mentions, for “Testudo
tabulata”, two eggs, almost globular in shape, with
a hard calcareous shell. The tortoise is in our
collection and is G. denticulata; the eggs (mea-
surements of which are given by Ihering) are not
to be found. Francisco Dias da Rocha (1911: 40)
cites measurements of the eggs of “Testudo
tabulata”. Rocha lived in the state of Ceará, so the
tortoise is probably G. carbonaria (Williams, 1960).

Snedigar & Rokoski (1950) mention two
clutches of G. denticulata, no locality given, in the
Chicago (Brookfield) zoo: they give measurements
and weights of individual eggs. Medem (1960)
reports for G. denticulata from Amazonian
Colombia clutches of 5-15 “large” (averages 50 x
42 mm) eggs; Underwood (1962), on Antillean G.
carbonaria from the Grenadines, with measurements
of two eggs; Legler (1963) on G. carbonaria from
the Panamanian provinces of Darién and San Blas,
giving estimates of clutch size, from dissection.

Dahl & Medem (1964: 117) report on both
G. denticulata and G. carbonaria. Although the
paper is a joint one, the account is written in the
first person singular, so it is safe to attribute it to
Medem, who was a herpetologist much concerned
with Colombian chelonians. There are notes on four
clutches of denticulata in captivity. Measurements
are given, and the weight of one egg. On G. carbo-
naria Medem’s information stems from a private
breeder. Medem’s data stand out in the meagre
literature, and are often cited. I am, however, in favor
of altogether disregarding them: there is an assertion
that clutches are always in odd numbers, 1, 3 or
5, never 2 or 4. To me, such arrant idiosyncrasy
compromises the whole set of data. It is to be noted
that Medem’s data are not always easy to evaluate.
Fortunately this research was followed by two of
his students, Olga Victoria Castaño-Mora and
Myriam Lugo-Rugeles (see below), and excellent
data are available for Amazonian Colombia.

Vokins (1977) has data on the number of eggs
in fourteen clutches of G. carbonaria laid in the
Jersey zoo. He also gives average measurements
and weights of eggs for one of the clutches.
Medem, Castaño-M. and Lugo-R. (1979), give

succint data on clutch size and egg measurements
for G. carbonaria, apparently kept in captivity at
their laboratory in Villavicencio (see below). Moll
(1979), in a review article, places in a bar diagram,
without specific references, G. carbonaria in a
class having the “mean or usual clutch size” of 8-
10 eggs, G. denticulata in the 15 eggs class. Davis
(1979) gives data on G. carbonaria reproducing
in the Washington zoo; of interest are measu-
rements and weights of individual eggs.

By far the best set of data available in the
literature is that of Castaño-Mora and Lugo-
Rugeles (1981). Although the title of the paper
does not mention reproduction, it contains a wealth
of data. They worked with the herd already
mentioned, kept by their former mentor, Federico
Medem, at the Instituto Roberto Franco, Villa-
vicencio, Colombia. Both species are included and
data given on number of clutches, on clutch size
and (practically unique in the literature) interval
between successive clutches. The carbonaria series
is excellent, the denticulata one is smaller. The
observations were carried over 1977 and 1978.
Only raw data are presented; I have submitted
them (below) to some elementary statistical
treatment.

Pritchard & Trebbau (1984) present inci-
dental data on clutch size and egg measurements
for both species. Moskovits (1985) has also
incidental data on clutch size of G. carbonaria.
Rocha et al. (1988), in an abstract of a congress
presentation, show, for G. carbonaria in a zoo,
among other data, ranges and means of clutch size
and of egg weight. Guix et al. (1989) give data
on clutch size of G. carbonaria in captivity. Tonge
(1988) extends Vokins’s (1977) data. Moreira
(1991) presents data on five gravid G. denticulata
from the middle Amazon. Her data are incomplete
and restricted to ranges, but they are the only so
far obtained from wild specimens.

Mallmann (1994), in an unpublished master’s
dissertation on the influence of incubation
temperature on sex determination, gives incidental
data on clutch size and egg measurements.

DATA

The Chaco specimens
The largest specimen (MZUSP 4005, plastral

length 285 mm) had eggs on the left side only. Ten
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eggs were large, not shelled, consequently
spherical. Their diameters (taken in the field with
a straight ruler) and weights (taken at the same
time with Pesola scales) are shown on Table 14.
Fifteen small eggs, diameter 8-10 mm, were not
measured, just weighed jointly (3.8 g.). There were
additionally numerous large ovarian follicles. The
smallest female (MZUSP 4003, plastral length 240
mm) had (also unshelled) eggs only on the left side:
the measurements and weights of three large eggs

are discused below; there were additionally eleven
eggs 11-16 mm in diameter, not weighed; also
follicles. The third female, intermediate in size
(MZUSP 4004, plastral length 270 mm), had (again
unshelled) eggs on both sides. On the left side it
had two large (Table 1) and seven small eggs, the
latter measuring 16-23 mm in diameter and
weighing jointly 23 g. On the right side there were
nine eggs, a few scattered small ones and many
enlarged follicles.

TABLE 1

Geochelone carbonaria and G. denticulata, number of clutches per year.

Other materials
Besides this new information, we have in our

collection two samples of Geochelone carbonaria
egg shells: one sample of two eggs (MZUSP 3048)
from a zoo specimen, one of three eggs (MZUSP
3174) from a female collected in the area of
Aquidauana, Mato Grosso do Sul, contributed by
Arlindo Béda (Table 2, Figs. 1, 2), to whom thanks
are due. Our materials, taken together, have potential
interest regarding five aspects of reproductive
biology: (i) timing of reproduction; (ii) clutch size;
(iii) number of clutches per season; (iv) weight of
unshelled eggs; (v) size and shape of laid eggs.

COMMENTS

Number of clutches per season (Table 1)
Besides the definite data of Castaño & Lugo

(1981) and of Tonge (1988), and the assertion of
Rocha et al. (1988) of at least two clutches per
year, there is much indirect evidence for multiple
clutches in G. carbonaria, principally the simulta-
neous presence of eggs at different stages of
maturation.

The present data belong in this class: either
one or both oviducts occupied, oviducal and ova-
rian eggs present in the same female.

Castaño & Lugo (1981) Tonge (1988)

carbonaria denticulata carbonaria

Clutches 1977 1978 Sum 1978

0 4

1 3

2     3      –    3     1 6

3     5    8  13     2 4

4     2    1    3     1 1

5     1    1    2 2

Total   11  10   21     4   20

m     3.1     3.3     3.2     3.0     2.1

s     0.28     0.21     0.18     0.34

V   30.5   20.5   25.5   75.0

m, mean; s, standard deviation of the mean; V, coefficient of variation. Chi
square between the species (Castaño & Lugo) 0.942, p > 0.80.
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Days G. carbonaria G. denticulata

I-II II-III III-IV IV-V I-II

21-30 1 2 2 2 1

31-40 11 12 1 – –

41-50 5 1 – – –

51-60 1 1 – – –

61-70 2 – – – –

71-80 1 – 1 – –

81-90 1 1 – – –

91-100 1 – –

101-110 5 2 1

111-120 –

121-130 –

131-140 1

Sum 22 17 10 4 2

TABLE 2

Interval in days between sucessive clutches. Geochelone carbonaris and G. debticulata (data from Castaño &
Lugo, 1981).
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Fig. 1 — Geochelone carbonaria, timing of reproductive season in relation to rainfall, Chaco and Central Amazonia.
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Given the large number of successive clutches
(up to 5) observed by the authors cited, it is clear
that autopsy data do not permit an estimation of
the number of clutches in one reproductive season.

Castaño & Lugo’s (1981) and Tonge’s (1988),
data are shown on Table 1. The former, obtained
in the tortoises’ homeland, in semi-natural con-
ditions, may be taken as tentative paradigms for
the species and region, not forgetting that the G.
carbonaria sample is by far the best. McKeown,
Juvik & Meier (1982) cite two clutches per year,
irregularly spaced, for the Madagascar species G.
yniphora in the Honolulu Zoo.

Interval between clutches (Tables 2 and 3)
Again I refer to Castaño & Lugo (1981).

They give the actual dates of laying, and the
respective intervals, for the years 1977 and 1978.
(My reckonings differ topically from theirs by one
day; I am using my own counts). It seems to me
that the most salient point in Tables 2 and 3 is the
very large spread of the data, as indicated by the
ranges and coefficients of variation.

There are no significant differences between
the intervals between successive clutches of G.
carbonaria. The interval between first and second
clutches does not differ significantly between the
two species (Mann-Whitney test, p > 0.90).

Tonge (1988) has the data of a 20-year lon-
gitudinal study of a pair of G. carbonaria at the
Jersey zoo. The data agree well with those of
Castaño & Lugo (1981); they contain the additional
information that no eggs were laid in four different
years there was no clutch laid.

Clutch size (Tables 4 to 6)
Table 4 lists the data on G. carbonaria in

the literature. It shows remarkable spread both
within and between observers. Table 5 shows the
statistics of the cases where the published evidence
includes appropriate raw data. Again the very high
coefficients of variation should be noted.

Castaño & Lugo’s (1981) data permit another
interesting piece of analysis (Table 6): there is no
statistically significant variation in the number of
eggs in successive clutches.
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1

Fig. 2 — Geochelone carbonaria from the Bolivian Chaco, regression of mass on volume, oviducal eggs. Different sym-
bols represent individual clutches.
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N R M s V t

G. carbonaria
Interval
between
clutches

I-II, 1977 11 32-69 40.5 ± 3.08 10.2 25.2

1.262 ns

1978 12 29-88 48.6   5.48 19.0 39.1

Sum 23 29-88 44.7   3.26 15.6 35.0

II-III, 1977 8 27-55 36,4   2.88 8.1 22.4

1978 10 32-83 42.0   4.70 14.8 35.4

0.959 ns

Sum 18 27-83 39.5   2.91 12.3 31.2

III-IV, 1977 3 28-96 66.7

1978 2 30-32 31.0

Sum 5 28-96 52.4  14.09 7.9 15.1

IV-V, 1977 2 27-28 27.5

All 48 27-96 42.8   2.41 16.7 39.1

G. denticulata

All 7 27-134 78.0  12.78 33.8 43.3

N, individuals in sample. R, range. M, mean ± its standard deviation. s,
sample standard deviation, V, coefficient of variation, t, Student’s for the
difference between the means. ns, not significant at the 5% level.

TABLE 3

Statistics of the distributions of the interval between sucessives clutches,
Geochelone carbonaria and G. denticulata.

Region Source Range

Amazonia Coutinho (1868) 10-15

Zoo Snedigar & Rokoski (1950) 2-4

Amazonia Ihering (1904) 2

Panamá Legler (1963) 8-13

Zoo Vokins (1977)* 2-10

Colombia Castaño & Lugo (1981) 1-7

Zoo Mallmann (1984) 1-10

Venezuela Pritchard & Trebbau (1984) 3-5

Zoo Rocha, Molina & Correa (1988) 1-9

Zoo Guix et al. (1989)* 2-6

Captivity Houtman & de la Fosse (1989) 8-10

Amazonia Moreira (1991) 3-5

*See Table 5 for statistical treatiment.

TABLE 4

Geochelone carbonaria, clutch size, data from the literature.
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Source N R m s V

carbonaria

Vokins (1977) 14 2-10 6.6 ± 0.67 2.5 38.1

Castaño & Lugo (1981) 71 1-7 3.6   0.15 1.6 34.4

Guix et al. (1989) 17 2-6 4.2   0.25 1.0 24.3

denticulata

Castaño & Lugo (1981) 14 3-8 5.6   0.46 1.7 30.8

N, clutches in sample. R, range. m, mean ± its standard deviation. s,
sample standard deviation. V, coefficient of variation.

TABLE 5

Geochelone carbonaria and G. denticulata, clutch size, statistics of the distributions of frequencies.

TABLE 6

Geochelone carbonaria. Clutch size in sucessive clutches (data from Castaño & Lugo, 1981).

N R m s V

Clutch I 23 2-6 3.4 ± 0.20 0.9 27.8

II 23 2-6 3.8   0.23 1.1 29.1

III 18 1-6 3.7   0.31 1.3 36.2

IV 5 2-7 4.0   1.05 2.3 58.6

V 2 1-4 2.5

N, clutches in sample. R, range. m, mean ± its
standard deviation. s, sample standard deviation. V,
coefficient of variation.

Finally, it is to be seen that the average
number of eggs per clutch is larger in G.
denticulata (t = 5.154, p < 0.1%).

Galapagoan G. elephantopus is known to lay
7-22 eggs per clutch (Hairston & Burchfield,
1989); Burmese G. emys, 23-51; and Madagascan
G. yniphora 3-6 (Mc Keown et al., 1982); all in
zoos.

Shape and volume of the eggs (Tables 7 and 8)
Volume. The ascertainment of the geometrical

form of the egg is essential to the calculation of
the volume, whose direct measurement is usually
difficult and uncertain (Preston, 1953); in the present
case it was impracticable by any unsophisti-
cated means. Additionally, indirect estimation is
necessary for the bare linear measurements in the
literature.

The current approach to the indirect estimation
of egg volume originated in the seminal paper by
Preston (1953) on birds’ eggs. It was extended to
reptiles by Iverson & Ewert (1991) and, principally,
by Maritz & Douglas (1994), whose methodology

was adopted by subsequent authors (Rose et al.,
1996; Vanzolini, 1997).

Using adequate photographs (or scanned
images) of individual eggs it is extremely easy to
calculate, by a method of Maritz & Douglas (1994),
the “bicone” of the egg, a measure of its departure
from an ideal ellipsoid of revolution (prolate
spheroid) having the same diameters. The concept
of bicone originated with Preston (1953), who
denoted it by c

2
 (c in the present paper). If the

departure is considered not significant (no test of
significance seems to have been devised), one may
apply the formula for the volume of the ellipsoid

V
e 
=

 
LW 2/6000

in which L and W are the “length” and “width”
(major and minor diameters), measured in
millimeters, which results in the volume being
given in cubic centimeters. If the bicone is
considered significant, one should apply a formula
of Maritz & Douglas (1994)

V = V
e 
((3c2 + 14 c + 35)/35)
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TABLE 7

Measurements of G. carbonaria egg shells in the MZUSP collection.

L W c V 1 V2 V3

3048a 56.5 47.0 –0.1089 65.3 62.5 64.7

3048b 56.0 49.4 –0.0465 71.6 70.2 70.8

3174a 58.5 52.0 0.0381 75.7 67.6 75.0

3174b 51.5 50.5 –0.0877 68.2 65.9 67.6

3174c 49.7 49.6 –0.0947 64.0 61.6 63.4

L, major diameter. W, minor diameter. c, bicone. V1,
volume (ellipsoid). V2, volume (individual bicone). V3,
volume (average bicone).

TABLE 8

Statistics of the distributions of frequencies of the measurements of Geochelone carbonaria egg-shells in the
MZUSP collection.

N R m s V

L 5 49.6-56.5 53.4(1.33) 3.0 5.6

W 5 47.0-52.0 49.7(0.82) 1.8 3.7

C 5 –0.1084-0.03810 –0.05996(0.026614) 0.0595 99.3

V1 5 64.0-75.7 69.0(2.13) 4.8 6.9

V2 5 61.6-76.9 67.4(2.81) 6.3 9.3

V3 5 63.4-75.0 68.3(2.10) 4.7 6.9

L, W, major and minor diameters. c, bicone. V1 – V3, volumes (ellipsoid,
individual bicone, average bicone).
N, eggs in sample. R R, range. m, mean ± its standard deviattion. s, sample
standard deviation. V, coefficient of variation.

3048 a

2 3 4 5 6 7 8 9

Fig. 3 — Egg shell of Geochelone carbonaria.
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Rose, Simpson & Manning (1996) suggest that
c may be taken as the value for the individual egg,
or, alternatively, as an average for the species (which
latter alternative they favor). I calculated (Tables
7 and 8) the bicones of the 5 shells in our collection,
and the volumes by the three methods outlined:
ellipsoid, individual bicone and average (for the
5 specimens) bicone. It can be seen that the average
of the bicones (as could be predicted from the very
wide ranges) does not differ significantly from 0
(t = 2.252, p > 0.05); this, incidentally, sidesteps
the need for a significance test of c. The three
estimates of volume agree among themselves

(analysis of variance, F = 0.106, not significant at
the 5% level). In consequence, I feel justified in
calculating, for present purposes, the volume of eggs
of which diameters only are given in the literature,
by the formula for the ellipsoid.

Tables 9 and 10 show the volumes thus
calculated for the shells in our collection and for
all eggs in the literature for which diameters are
published. Table 11 summarizes the respective
statistics. The distributions have reasonable
coefficients of variation, especially considering
that the volumes computed are products of two
measurements which have their own variability.

TABLE 9

Geochelone carbonaria, egg measurements and calculated volumes (ellipsoid).

Source L W V

Bell, 1836 44 38 33

Rocha, 1911 50 48.5 62

Underwood, 1962 43 38 33

Vokins, 1977 52 44 53

Pritchard & Trebbau, 1984 44 41 39

44.9 35.8 30

46 42 42

47.5 40 40

Davis, 1979 40.0 34.3 25

41.3 35.3 27

  4.0 36.0 29

43.0 40.0 36

43.5 38.6 34

43.8 37.4 32

44.1 39.0 35

44.4 36.0 30

44.6 36.4 31

45.0 36.0 31

46.0 35.1 30

46.9 39.7 39

47.0 34.4 39

48.3 36.5 34

MZUSP 49.7 49.6 64

51.1 50.5 68

53.5 52.0 76

56.0 49.4 72

56.5 47.0 65

L, W, major and minor diameters. V, volume
(calculated by the ellipsoid).
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TABLE 10

Geochelone carbonaria, egg measurements and calculated volumes (ellipsoid).

Source L W V

Ihering, 1904 52 49 65

Snedigar & Rososki, 1950 47 38 36

50 35 32

50 37 36

50 37 36

53 36 36

61 32 33

Medem, 1960 50 42 46

Pritchard & Trebbau, 1984 40 38 30

43 38 32

43 39 34

45 40 38

45 41 40

47 43 46

55 51 75*

Moreira, 1991 45.0 40.0 38

45.7 43.6 45

46.2 45.7 51

46.7 43.6 46

47.0 43.4 46

* Omitted, obviously anomalous.

G. carbonaria N R m s V

Davis (1970) 14 25-30 31.6 ± 1.00 3.7 11.8

Pritchard & Trebbau (1984) 6 30-42 37.8   2.66 5.3 14.1

MZUSP 5 64-76 69.0   2.24 5.0 7.3

G. denticulata

Snedigar & Rokoski (1950) 5 32-36 34.6   0.87 1.9 5.3

Pritchard & Trebbau (1984) 6 30-36 36.8   2.34 5.7 15.1

Moreira (1991) 5 38-51 45.0   2.07 5.6 10.3

N, eggs in sample. R, range. m, mean ± its standard deviation. s, sample
standard deviation. V, coefficient of variation.

TABLE 11

Statistics of the distributions of frequencies of egg volume.



Rev. Brasil. Biol., 59(4): 593-608

604 VANZOLINI, P. E.

Analysis of variance shows that the samples
of G. carbonaria are a heterogeneous ensemble
(F = 142.164, p < 0.001). Tukey’s test, applied in
sequence, shows that no two samples agree between
themselves. In the case of G. denticulata the
contrasts are relatively less sharp (F = 8.121; even
so, p < 0.01); the means of Snedigar & Rososki and
of Pritchard & Trebbau (1984) agree between
themselves and disagree with Moreira’s (1991).

The rationale behind these discrepancies lies
probably in the field of geographic differentiation,
but present materials are insufficient to judge.

This comprehensive heterogeneity makes it
difficult (perhaps even senseless) to compare the
two species. If this is to be attempted, though, there
are two ways: (i) comparing directly Pritchard &
Trebbau’s samples of the two species, or (ii) doing
an analysis of variance, followed by Tukey’s test,
for all samples of both species taken together.

The two samples of Pritchard & Trebbau
closely agree (t = 0.295, p > 0.70). As to the results
of the analysis of variance, the results are as follows
(denoting G. carbonaria as C and G. denticulata
as D, and indicating by a continuous line the
samples that do not differ significantly):

C 1 (Davis, 1979) mean 31.6
D 1 (Snedigar & Rokoski, 1950) 34.8
D 2 (Pritchard & Trebbau, 1984) 36.7
C 2 (Pritchard & Trebbau, 1984) 37.8
D 3 (Moreira, 1991) 45.2
C 3 (MZUSP) 69.0

i.e., the MZUSP and Moreira samples stand out,
the volumes of our (MZUSP) eggs being exceedingy
larger than the remainder. In fact, they are com-
parable to the eggs of Geochelone gigantea, a much
larger species, that reaches 65 cm³ (Deraniyagala,
1960).

No systematic difference can thus be found
between the two species in what regards egg
volume, calculated as here done.

Shape. The numerical description of the form
of the eggs has its own importance, besides the
indirect calculation of the volume. In the present
case this importance lies principally in the com-
parison of the two species.

Since it is legitimate to consider the egg as
an ellipsoid of revolution, the geometrical
properties of the solid must serve as a basis for
analysis. There are two main ways of evaluating
the departure of an ellipsoid from the sphere: the
ratio of the two diameters, and the eccentricity of
the generating ellipse.

A preliminary analysis showed that in no case
is there significant regression between the two
diameters; their ratio is thus compromised. The
eccentricity is given by

e = SQR ((L² – W²)/2L)

I calculated the eccentricities for all eggs for
which diameters are available, but present here
only the data for the samples with 4 or more eggs
(Tables 12 and 13).

G. carbonaria G. denticulata

Pritchard &
Trebbau

Davis MZUSP Snedigar &
Rokoski

Pritchard &
Trebbau

Moreira

0.31-0.75 1 1

0.76-1.20 1 –

1.21-1.65 1 1 1

1.66-2.10 2 1 – 4 2

2.11-2.55 – 6 1 2 1

2.56-3.00 2 3 1 1

3.01-3.45 4 2

3.46-3.90 2

3.91-4.35 –

4.36-4.80 1

4 14 5 6 7 4

TABLE 12

Geochelone carbonaria and G. denticulata. Distributions of frequencies of the eccentricity of the eggs.



Rev. Brasil. Biol., 59(4): 593-608

REPRODUCTION OF GEOCHELONE 605

It is once more seen that there is very large
variation, within and among species. Applying the
same strategy as done for the volume:

Analysis of variance shows that both species
are heterogeneous with regard to egg eccentricity
(carbonaria, F = 4.848, p < 0.05; denticulata, F =
26.554, p < 0.001). Tukey’s test shows no regu-
larities for either species. Pritchard & Trebbau’s
(1984) two samples do not differ significantly (t =
1.616, p > 0.10). Joint analysis of variance followed
by Tukey’s test gives the following result:

C 1 (MZUSP) mean 1.549
D 1 (Moreira, 1991) 1.581
D 2 (Pritchard & Trebbau, 1984) 1.938
C 2 (Pritchard & Trebbau, 1984) 2.287
C 3 (Davis, 1979) 2.622
D 3 (Snedigar & Rokoski, 1950 3.605

No clear interspecific difference is apparent.

Timing of reproduction
The problem of the timing of reproduction

in the case of animals with multiple clutches per
year cannot be conclusively adressed by means
of short term observations. Unless a wild
population is followed for a significant period,
isolated observations will have only sedimentary
value. I now add two records of this type: the
present one and that of Moreira (1991).

Calendrical dates by themselves are of course
of no use; they should be correlated with envi-

ronmental factors. In the case of the reproductive
biology of tropical animals, the main environmental
factor is rainfall.

I found on November 17 three females in full
reproduction. I tried in vain to obtain climatological
information on the Bolivian Chaco; the best I could
do was data on the Paraguayan Chaco (Gorham,
1973). I selected from his data the two stations
geographically closest to the area of interest: Bahia
Negra (20º15'S, 58º12'W) and Mariscal Estigarribia
(22º02'S, 60º38'W) – it will be remembered that
my place of collection was approximately at 18º
59'S, 60º22'W. In spite of the distance, ca. 300 km,
the localities are ecologically very similar (I know
them), and so I have adopted, as a first approxi-
mation, the Paraguayan data.

Moreira’s (1991) specimens came for the
basin of the Rio Uatumã, a tributary of the Ama-
zonas on its left bank. The actual localities
(Moreira, 1989) cluster around the mouth of a small
stream, Igarapé Caititu, at approximately 01º44'S,
59º38'W.

The nearest meteorological station (Instituto
Nacional de Meteorologia, 1979) is Manaus, on
the same side of the Amazonas, at 03º07'S,
60º00'W, some 160 km to the SSW, but definitely
within the same ecology (I also know the area).

It is to be seen on Fig. 1 that our specimens
were in full reproductive activity a little (2 months)
before the peak of the Chaco rainy season;
Moreira’s specimens were reproducing a similar
two months but after the peak in Manaus. Without

TABLE 13

Geochelone carbonaria and G. denticulata. Statistics of the distributions of frequencies of the eccentricity of
the eggs.

N R m s V

G. carbonaria

Davis (1979) 14 1.70-3.30 2.632 ± 0.1272 0.476 18.1

Pritchard & Trebbau (1984) 4 1.70-2.86 2.287    0.2732 0.547 23.9

MZUSP 5 0.31-2.95 1.549    0.5043 1.128 72.8

G. denticulata

Snedigar & Rokoski 6 2.86-4.70 3.605    0.2528 0.619 17.2

Pritchard & Trebbau (1984) 7 1.40-2.17 1.938    0.0981 0.260 13.#

Moreira (1991) 5 0.17-2.17 1.581    0.2490 0.557 35.2

N, individuals in sample. R, range. m, mean ± its standard deviation. s, sample
standard deviation. V, coefficient of variation.
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overstressing the significance of two isolated
observations, the data suggest that reproduction
in G. carbonaria is either linked to the rainy season,
with a long reproductive period (in keeping with
the presence of multiple clutches), or that the
reproductive period is continuous, without a causal
relationship to the pluviosity.

Oviducal eggs
I took in the field measurements and weights

(mass) of the larger unshelled eggs. Diameter was
measured with a straight ruler: this measurement
of soft eggs cannot be accurate, even in replication.
Weights, taken with adequate Pesola spring scales,
can be accepted with security to the nearest gram.

The raw data are shown on Table 14 and the
statistics on Table 15. Analysis of variance shows
that there is no significant heterogenety among the
clutches (F = 1,144 for 2 and 21 degrees of
freedom), so the females must have been well
synchronized reproductively. An examination of
graphs, linear and of the usual anamorphoses (arith-
log, log-arith and log-log), indicated that the
relationship between mass and volume can be
described both by a linear regression and by a log-
log one (logarithm of mass, on logarithm of vo-
lume) (Table 16, Fig. 2). Both models give, applied
to all eggs taken together, equivalent fits, in fact
good ones, as shown by the coefficients of
determination, both in the neighborhood of 0.90.

TABLE 14

Geochelone carbonaria from the Bolivian Chaco. Oviducal eggs, measurements and mass.

Female Diameter Volume (calculated) Mass

4005 19 3.6 6

24 7.2 9

28 11.5 12

4004 20 4.2 3

22 5.6 6

22 5.6 8

27 10.3 13

29 12.8 13

29 12.8 17

30 14.1 14

30 14.1 15

30 14.1 15

30 14.1 17

32 17.2 15

4003 12 0.9 2

16 2.1 3

20 4.2 5

23 6.4 6

23 6.4 7

26 9.2 10

29 12.8 17

30 14.1 14

30 14.1 14

32 17.2 15
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These data are of course given for a
descriptive purpose only.
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