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ABSTRACT.—Examination and analysis of over 140 specimens of the endangered tortoise Testudo klein-
manni from all areas within its historical distribution on mainland Africa and the Levant confirmed the
existence of two allopatric species in this region. A new tortoise species, occurring east of the Nile delta,
and restricted today to the Negev desert (Israel) and to northern Sinai (Egypt), is described. The new species
has typically a rounded, considerably wide midbody and a very wide posterior carapace combined with
very narrow vertebrals, a relatively modest elevation of the anterior plastron lobe, a gently sloping upper
carapacial arch, which is posteriorly depressed, relatively flared, serrated edges of free marginals, a flared
supracaudal in both sexes, usually not running in parallel with the posterior carapacial arch, and a short
supracaudal in females, among other readily verifiable characteristics. Reflecting these relatively great dif-
ferences in shell morphology, the new species differs from T. kleinmanni by 17 (male) and 18 (female)
morphometric character ratios. The new species is additionally fully diagnosable by using Principal Com-
ponent Analysis and Linear Discriminant Function Analysis with cross-validation. The previous lectotype
designation for T. kleinmanni was not based on a syntype and is, therefore, invalid. A new lectotype is
designated. Both species are endangered because of loss of habitat and other anthropogenic factors. The
new species is additionally threatened by an introduction programme involving the release of confiscated

T. kleinmanni into northern Sinai.

The Egyptian tortoise Testudo kleinmanni Lor-
tet, 1883—the smallest representative of circum-
mediterranean Testudo—was described from
material collected by E. Kleinmann in 1875 near
Alexandria in Egypt (Lortet, 1883, 1887). How-
ever, the name was considered a junior syno-
nym of Testudo leithii Giinther, 1869 until the
publications by Mertens and Wermuth (1955)
and Loveridge and Williams (1957). These au-
thors concluded independently that the name
leithii was already preoccupied by a fossil pe-
lomedusid turtle described from India in 1852.
Additionally, the type of Testudo leithii was
claimed to originate from “‘Sindh, Baluchistan”
(Gtinther, 1869), modern northwestern Pakistan,
where the species has never been found again.
Loveridge and Williams (1957) considered this
type locality an error, but this geographic aspect
already led Lortet (1887), who knew the de-
scription but had not seen the type, to doubt the

type locality of leithii and to speculate that klein-
manni and leithii might represent the same spe-
cies. Lortet (1883) described T. kleinmanni with-
out designating a holotype, but some of the syn-
types still survive in a few collections, notably
in the Lyon museum where he worked. Mertens
(1967) listed, or designated (Iverson, 1992), a lec-
totype (SMF 7810; semiadult male; Alexandria;
leg. and don. Lortet 1881) citing Boettger (1893),
who already refered to the same specimen as
“Typus von T. kleinmanni,” which could either
be taken as an earlier lectotype designation ac-
cording to Article 74 of the old ICZN Code
(Anonymous, 1964) or as listing of a presumed
syntype. In any case, the only real (physical and
traceable) voucher specimens on which Lortet’s
(1883) description is based, that is, syntypes ac-
cording to the Articles 72 and 73 of the old Code
(Anonymous, 1964)—as indicated by two ac-
counts (Lortet, 1883, 1887)—are those collected
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by Kleinmann in the vicinity of Alexandria and
donated to the author in 1875 (Lortet, 1887).
Hence, SMF 7810 [specimen ‘3175 a” of Boett-
ger (1893)] cannot represent a syntype as it was
collected only in 1881 by Lortet himself, making
any lectotype designation based on this speci-
men—whether by Boettger or Mertens—invalid,
according to the old Code, Article 74(a)(i)
(Anonymous, 1964). The type locality of T klein-
manni is “dans les sables de la basse Egypte,
surtout dans les environs d’Alexandrie’” (Egypt),
according to Iverson (1992), and is based on a
direct quote from Lortet (1883).

Until recently, the range of T. kleinmanni was
believed to extend along coastal regions from
Tripolitania in western Libya (Iverson, 1992;
Fritz and Buskirk, 1997; and confirmed by field-
work by A. Pieh, pers. comm., June 2000), and
Cyrenaica in eastern Libya in the west through
mainland Egypt to north of El Arish on the Sin-
ai Peninsula, Egypt, and northern Negev desert
in Israel in the east (Lortet, 1883; Tristram, 1884;
Calabresi, 1924; Flower, 1933; Loveridge and
Williams, 1957; Werner, 1982, 1987, 1988; Bus-
kirk, 1985; Geffen, 1990; Iverson, 1992; Baha El
Din, 1994; Bringswe and Buskirk, 1998; among
others). Interestingly, the Nile delta seems to
form a major distributional gap cutting the his-
torical range of T. kleinmanni in half. There are
no records from the delta between Alexandria
and Damietta.

During fieldwork in the Negev desert and vis-
its to collections in Jerusalem and Tel-Aviv, the
suspicion arose that T. kleinmanni from east of
the Nile delta might be specifically distinct from
populations occurring in the west [in practice
Libya, as populations on mainland Egypt are al-
ready extinct (Baha El Din, 1994)]. This study
was initiated to test this hypothesis.

MATERIALS AND METHODS

Summary of Material. —Over 140 specimens of
T. kleinmanni throughout the known range of the
species were investigated. This sample is be-
lieved to contain almost all available material
from Israel and the Sinai Peninsula. Museum
specimens were examined in 10 scientific collec-
tions as listed in Appendix 1. Museum abbre-
viations are based on standards suggested by
Leviton et al. (1985), with the exception of
PCHP (Chelonian Research Institute, Oviedo;
formerly: Peter C. H. Pritchard collection). Ad-
ditionally, data were recorded from two living
adults from the Negev desert, examined and re-
leased in the field by I. Siirild, T. Koivu, and J.
Perdld in 1997. The animals (field reference
numbers JP 97.3.36-7) are two of three (2 adults,
1 juvenile) mentioned and depicted in Perald
(2000). Data from these individuals are depos-
ited in BMNH.
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Grouping —The material was allocated into
two geographical groups: (1) western, compris-
ing animals from west of the Nile delta and (2)
eastern, for specimens from east of the Nile del-
ta. Specimens labeled “Egypt” without further
detail of locality, were classified as western by
morphological criteria after preliminary com-
parative examination of the material, except
BMNH 1933.9.3.5-6, which were grouped into
eastern category. Errors in allocation of speci-
mens would subsequently show in multivariate
analyses, and typically museum records dis-
criminate between mainland Egypt (Egypt) and
the Sinai Peninsula (Sinai).

The true origin of the type of T. leithii (BMNH
1947.3.4.35) was also of interest, and it was put
initially into the western group on morpholog-
ical grounds.

Measurements.—Quantitative data were re-
corded from 45 shell characters using calipers
straight-line to the nearest 0.1mm. Additionally,
with reference to one character (CU), a tape rul-
er was used to the nearest millimeter. Most pa-
rameters, as indicated with symbols, follow
those published among others in Ernst and Lov-
ich (19861), Iverson and McCord (1989+, 1997*)
and Ernst et al. (1998t). All other measurements
are defined below. Recorded characters included
maximum (not midline) carapace length (CL; {,
+, *), maximum plastron length (PL; §, +, *, 1),
midline (minimum) plastron length (PL-m),
curved carapace length over the dome, from the
anterior tip of nuchal scute to the posterior tip
of supracaudal (CU), maximum midbody width
within central bridge area not affected by a po-
tential ﬂaring of anterior or posterior marginals,
that is, at marginals 5-6 (MI), maximum width
of shell at posterior marginals 7-9 (MA), maxi-
mum (not midline) gular scute length (GU-; +),
maximum (combined, i.e., left plus right) gular
scute width (GU-w; *), gular scute height in a
90° angle to horizontal plastron level as the min-
imum distance between gular scute/humeral
midline crossing and dorso-median gular lip
surface (GU-h), maximum shell height (HE; +,
*), maximum inner width of anterior shell open-
ing parallel to horizontal level (ASO-w), maxi-
mum inner height of anterior shell opening par-
allel to median axis (ASO-h), left minimum
bridge length (BR; *), maximum (combined) hu-
meral scute width (and subsequent plastron
scute widths) in a 90° angle to median axis
(HUM-w), maximum (combined) pectoral scute
width (PEC-w), maximum (combined) abdomi-
nal scute width (ABD-w), maximum (combined)
femoral scute width (FEM-w), maximum (com-
bined) anal scute width (AN-w), maximum nu-
chal scute length (NU-I; 1), maximum nuchal
scute width (NU-w; 1), maximum gular midline
(intergular) length (GU-m), left humeral mid-
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line (interhumeral) seam length (HUM-m; +, *),
left pectoral midline (interpectoral) seam length
(PEC-m; +, *), left abdominal midline (interab-
dominal) seam length (ABD-m; +, ¥), left fem-
oral midline (interfemoral) seam length (FEM-
m; +, *), maximum anal midline (interanal)
seam length (AN-m), maximum width of first
vertebral scute (V1-w; 1), maximum width of
second vertebral scute (V2-w; 1), maximum
width of third vertebral scute (V3-w; 1), maxi-
mum width of fourth vertebral scute (V4-w; 1),
maximum width of fifth vertebral scute (V5-w;
1), maximum median length of first vertebral
scute (V1-I; 1), maximum median length of sec-
ond vertebral scute (V2-1; 1), maximum median
length of third vertebral scute (V3-1; 1), maxi-
mum median length of fourth vertebral scute
(V4-1; 1), maximum median length of fifth ver-
tebral scute (V5-1; 1), first costal length as the
minimum straight-line distance between the an-
teriormost and posteriormost contact points
with adjacent (normally first and fifth) marginal
scutes (C1), costal two ventral length along mar-
ginals (C2), costal three ventral length along
marginals (C3), costal four ventral length along
marginals (C4), maximum dorsal width of su-
pracaudal scute (SUP-d), maximum ventral (=
max. total) width of supracaudal scute (SUP-v),
maximum median length of supracaudal scute
(SUP-1), maximum head width (HEAD), mini-
mum distance between right eye and tympa-
num (EYE-TY), and, minimum distance be-
tween right eye and nostril (EYE-NO). Addi-
tionally, notes were made of body and individ-
ual scute forms, coloration, markings and
potential abnormalities. All listed parameters
could not always be recorded from every spec-
imen examined due to shell injuries, abnormal
growth/missing features, and human error (for
further details, see below under “Data Analy-
sis/Principal Components”). Some long-term
wild-caught captives were used in the assess-
ment of categorical character data (plastron
markings) but excluded from morphometric
analyses resulting from potential husbandry-re-
lated malformations, notably individuals from
the Tel-Aviv University Expo Zoo—all from Is-
rael according to Ora Kerman of TAU.

Data Analysis—All statistical analyses were
performed using MINITAB, Release 12.1 (Min-
itab, Inc.). Data, for every mensural character
and for both populations separately, were pre-
liminarily checked for normality (Anderson-
Darling test) and for linearity by regression
against maximum carapace length. Growth was
allometric only in relatively small/young indi-
viduals [up to about 65 mm CL (males) and 75
mm CL (females), respectively], as expected and
consistently isometric in subadult and adult
specimens within both groups. Accordingly,
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specimens with a maximum carapace length of
less than those indicated above were excluded
from further morphometric analyses (but were
used in the assessment of categorical variation).
Eventually, 99 specimens (36 3 + 40 ? western
and 15 & + 8 ? eastern) were compared for
mensural character variation. The above mate-
rial and additionally juveniles and originally
(upon collection) crushed/damaged specimens
(as listed in Appendix 1) were used in analyses
of categorical data. According to inference from
preliminary investigations, four individuals,
MTKD D 34854 (western Libya), USNM 139093
[Gheminez, Cyrenaica (Libya)], TAU 12026 (Ge-
vulot, Israel) and TAU 5635 (south of Gevulot,
Israel) were omitted from further analyses be-
cause of their presumed hybrid status (inter-
mediates between T. kleinmanni and tortoises
currently classified into the T. graeca species
complex). These putative hybrids differed from
all other specimens by an atypical morphology
or color pattern or both. Multivariate clustering
of specimens from both populations was inves-
tigated using Principal Component Analysis
(PCA). PCA components were calculated from
the covariance matrix using data from 41
(males) and 40 (females) mensural characters.
The remaining parameters—CU, PL-m, ASO-h
(for females only), HEAD, EYE-TY, and EYE-
NO—and four specimens (BMNH 1933.9.3.16;
JP 97.3.37; MCZ 54045; PCHP 4447) were not
taken into account owing to missing data. Sexes
were analyzed separately. Discriminant Func-
tion Analysis (DFA), using linear discriminant
function (Mahalanobis distance), and addition-
ally cross-validation to compensate for an opti-
mistic apparent error rate, was used to test how
reliably specimens were classified into known
groups using PCA scores from the first three
principal components. Morphological character
variation in 46 shell parameters among both
groups was investigated using univariate anal-
ysis of variance (one-way ANOVA) with the sig-
nificance level set at « = 0.05 and sexes treated
separately. With respect to this character anal-
ysis, data were standardized for body size by
division by maximum carapace length; thus the
ratios eliminating the effect of size-related var-
iation, and allowing for direct comparisons be-
tween individuals and populations. Despite
some theoretical concerns associated with the
use of ratios, this method of standardization has
clearly been shown to produce unbiased and ef-
fective results in practice (Iverson and Graham,
1990) and is widely used in modern chelonian
taxonomy (e.g., Cann and Legler, 1994; Iverson
and McCord, 1994, 1997; Seidel et al., 1999). The
normality of the residuals and equal variances
were routinely checked relative to every char-
acter to be certain of the statistical validity of
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the ANOVA results. The effect of geographical
localities relative to the occurrence of distinct
plastron markings or their combinations was
checked using chi-square tests and the above
significance level.

Systematics.—On theoretical grounds re-
viewed recently by Grismer (1999), in this study
taxonomic inferences are made in accordance
with the lineage-based evolutionary species con-
cept (Simpson, 1961; Wiley, 1978; Frost and Hil-
lis, 1990).

RESULTS AND DISCUSSION

In Principal Component Analysis, the first
three components together account for 87.2% of
the total variance (males) and 82.0% (females),
with PC1 (interpreted as size) capturing by far
the most information from the underlying data
structure (males: eigenvalue 444.72, 81.7% of to-
tal variability; females: 420.0, 73.9%). Summary
statistics and component loadings for PC1-3 are
found in Table 1. PC scores for each population
and gender are presented in Table 2. With re-
spect to males, PC score plots (PC1+PC2 and
PC2+PC3) show a clear separation of two com-
pletely nonoverlapping clusters corresponding
to the geographical populations of T. kleinmanni
from each side of the Nile delta (scores for
PC1+PC2 are presented in Fig. 1). Variation on
axis PC2 (interpreted to represent body form) is
highly significant (ANOVA F,,, = 12939, P <
0.0001). As for females, plots of PC scores from
PC1+PC2 (Fig. 2) also discriminate well be-
tween the two populations, and variation is
again greatest on axis PC2 (ANOVA F,,, =
69.59, P < 0.0001) although there is also statis-
tically significant variation with respect to size
(PC1; ANOVA F,,, = 5.33, P < 0.026). Discrim-
inant Function Analysis on scores from PC1-3
without or with cross-validation classified 100%
of all individuals correctly into known groups
irrespective of gender (Table 3) (the same result
is achieved using raw character data). Addition-
ally, as indicated by clustering of PC scores and
DFA, there is strong evidence that the true geo-
graphic origin of the type of Testudo leithii Giin-
ther, 1869 lies within mainland Egypt (Fig. 2)—
T. kleinmanni was not known from Libya until
the early 20th century (Calabresi, 1924)—and
that the type specimen was subsequently ex-
ported to Baluchistan or mixed up with material
coming from there, as suggested by Lortet
(1887).

Among males 17 and among females 18 sig-
nificant to highly significant differences were
found between the eastern and western popu-
lation with respect to basic morphometric char-
acters standardized for body length (Tables 4—
6).

Pectoral blotches were present significantly
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more often (80.9% of individuals) in animals
from the eastern population than in specimens
from the west (21.3%; x> = 37.759, df = 1, P <
0.0001). A combination of abdominal and pec-
toral markings were present in 78.7% of animals
from the east but only in 11.5% of individuals
of western origin (x> = 49.725, df = 1, P <
0.0001). Over one third (23 of 61, or 37.7%) of
animals from the west showed no plastral mark-
ings whatsoever, as opposed to eastern tortoises
in which some form of plastral pattern was pre-
sent in every examined specimen (x*> = 22.516,
df = 1, P < 0.0001).

The strong morphological heterogeneity of
the two allopatric populations is interpreted as
clear evidence for a divergent evolutionary his-
tory and the formation of two genealogical lin-
eages within current T kleinmanni. Though the
ecology of T. kleinmanni has been researched in
detail in Israel only, examination of relevant lit-
erature suggests the existence of discrepancies
in ecological adaptations between the Israeli
and mainland African populations (Baha El Din,
1994; Flower, 1933; Geffen and Mendelssohn,
1988, 1989, 1991; Schleich, 1989; Schleich et al.,
1996). Because the eastern population is mor-
phometrically distinct and geographically iso-
lated from T. kleinmanni from mainland Egypt
west of the Nile delta and Libya, it is here de-
scribed as follows.

Testudo werneri sp. nov.
Negev Tortoise
Figure 3

Holotype.—HUJ 949, adult female, in alcohol.
Collected by Haas, Werner et al., 12 March 1963,
from sand dunes 14 km south of Be'er Sheva
(northern Negev desert, Israel). This specimen
was the first record of T. kleinmanni in Israel.
[The species’ occurence as ““T. kleinmanni” in the
vicinity of Hebron and in Be’er Sheva in ““Syria,”
or between Hebron and Be’er Sheva and in the
Arabah south of the Dead Sea in *‘Palestine”’—
in a region that is nowadays Israel—was already
known to both Lortet (1883) and Tristram
(1884), respectively, but these observations were
rebutted by Flower (1933) whose misinformed
opinion was echoed by most subsequent authors
(but see Bringsee and Buskirk, 1998)].

Paratypes.—Seventeen specimens (locality
data listed in Appendix 1): Males: BMNH
1900.2.8.11; BMNH 1933.9.3.12; HUJ 16047; HUJ
16048; TAU 5636; TAU 7468; TAU 8363; TAU
12022; TAU 12712; TAU 12769; TAU 14120; TAU
14126. Females: BMNH 1933.9.3; HUJ 989; TAU
6295; TAU 11898; TAU 13397.

Type Locality.—Northern Negev desert, Israel.

Distribution.—Testudo werneri spreads, histori-
cally, roughly from northern Negev near Be'er
Sheva, and vicinities of Be’er Mash’abim, Holot
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FiG. 1.  Principal Component scores from PC1 and
PC2 for males of Testudo kleinmanni (plusses) and Tes-
tudo werneri sp. nov. (open circles).

Haluza, Holot Agur, and areas SE of Dimona,
further southwest along Mediterranean coastal
regions on the Sinai Peninsula to the Nile delta
in mainland Egypt. Today, it is almost entirely
restricted to Israel. Lortet’s (1887) reference to
Damietta (modern Dumyaét), where he saw live
animals (refered to as T. kleinmanni), cannot be
substantiated by existing museum material, but
is credible. A specimen (BMNH 1900.2.8.11) col-
lected 1900 by Stanley Flower in Kantarah-il-
Khastreh (possibly modern Al Qantarah) at the
Suez Canal represents the westernmost verifi-
able record for T. werneri. Baha El Din (1992)
reported a single individual from the southern
shore of Lake Bardawil, and unconfirmed sight-
ings of single animals from near El Gorah and
20 km southwest of El Arish, on northern Sinai.
A single population was recently found on
northern Sinai near the Israeli border (S. M.
Baha El Din, pers. comm., 2000; J. R. Buskirk,
pers. comm., 2000). The distributions of T. klein-
manni and T. werneri correspond to great extent
with those of the lacertid lizards Acanthodactylus
pardalis (Lichtenstein, 1823) (coastal areas west
of the Nile in Egypt to Cyrenaica, Libya) and
the recently described A. beershebensis Moravec
et al, 1999, a Negev endemic (Moravec et al.,
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FIG. 2. Principal Component scores from PC1 and
PC2 for females of Testudo kleinmanni (plusses) and
Testudo werneri sp. nov. (open circles). Type specimens
are indicated as follows: HUJ 949 (14 km south of
Be'er Sheva, Israel), type of T. werneri sp. nov. (solid
circle); MG 42000414 (Alexandria, Egypt), designated
lectotype of T. kleinmanni (solid square); BMNH
1947.3.4.35 (““Sindh, Baluchistan”), type of Testudo lei-
thii (open square).

1999). Previously, A. pardalis was considered to
occupy the pooled distribution of both species.
Etymology.—The new species is named in
honor of Y. L. Werner of the Hebrew University
of Jerusalem, one of the most active pioneers
and true greats of Israeli and Middle Eastern
herpetology, who has been over the years large-
ly responsible for assembling the finest collec-
tion of herpetological specimens in the Middle
East (HUJ: Zoological Museum, Herpetology).
Diagnosis.—Although T. werneri is superficial-
ly similar to T. kleinmanni, in practice it is read-
ily distinguished from the latter especially (in
dorsal and ventral view) by the rounded, con-
siderably wide midbody combined curiously
with narrow vertebrals and a wide posterior
carapace, a relatively modest elevation of the an-
terior plastron lobe, a gently sloping upper car-
apacial arch which is relatively depressed pos-
teriorly (in lateral view), the flared, dentate (ser-
rated) free marginals, a flared supracaudal in
both sexes not running in parallel with the pos-

TABLE 3. Summary of classification from Discriminant Function Analysis with cross-validation. Linear meth-
od for response: Species (sexes treated separately). Predictors: Principal Components 1-3 (PC1-3).

Males Females

Classification True” group Classification True” group

group kleinmanni werneri group kleinmanni werneri
kleinmanni 35 0 kleinmanni 38 0
werneri 1 15 werneri 0 7
Total N 35 15 Total N 38 7
N correct 35 15 N correct 38 7
Proportion 1.000 1.000 Proportion 1.000 1.000
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FiG. 3. Holotype of Testudo werneri, HUJ 949, adult female, 131.0 mm CL. Photograph by Aibi Niv (HU]J).

terior carapacial arch, and the short supracaudal
of females.

Description.—A small-sized species of Testudo,
carapace length up to 131.0 mm in females
(mean 119.25 mm) and 1064 mm in males
(mean = 97.53 mm). Xiphiplastral kinesis is well
developed in both sexes, although this feature
is evidently not as pronounced as in T. klein-
manni in which latter species the posterior plas-
tron lobe is exceptionally well hinged allowing
for maximal flexibility. The interpectoral seam
is longer than the interfemoral, as is also typical
of T. kleinmanni. The anterior carapace rim be-
tween the first marginals is only modestly in-
dented towards the nuchal scute, the carapace
is usually relatively low domed (usually less
than 50% of length in males) and it is highest
at more or less between the anterior edge and
the midpoint of the third vertebral scute. T.
kleinmanni is typically highest at the posterior—
or middle and posterior—portion of vertebral
three. The upper part of the carapacial arch of
T. werneri is modestly developed, gently sloping
and angulate or edged rather than rounded in
anterior, posterior and lateral view, and the pos-
terior part of the carapace is relatively de-
pressed as opposed to a more rounded posterior
part in T. kleinmanni. Testudo werneri differs fur-
ther from all other Testudo species by the follow-
ing combination of characters (subject to indi-
vidual variation): a pronounced flaring, rever-
sion, dentation, and rounding of the free edges
of all but the bridge marginals (features present

in a minor portion of Egyptian and Libyan an-
imals only); a relatively great flaring to the rear
of the supracaudal, which scute forms usually
an angle with the fifth vertebral (in T. kleinmanni
the supracaudal runs usually continuously par-
allel with V5); a marked reversion of the pos-
terior edge of the supracaudal; a relatively nar-
row contact between fourth and fifth vertebrals;
a relatively wide midbody; a relatively large
maximum carapace width (at posterior margin-
als); a relatively low gular/epiplastral region
combined with a well (but moderately in com-
parison with T kleinmanni) elevated anterior
plastron lobe in both sexes; a relatively wide an-
terior shell opening in females; a relatively wide
plastron across humeral scutes in females; a rel-
atively wide plastron across pectoral and ab-
dominal scutes in both sexes; a relatively nar-
row plastron at femorals in males leaving the
hind feet a comparably large space between the
posterior plastron lobe and the adjacent margin-
als; a relatively broad combined anal scute
width in females; a relatively short interanal
seam in males; very narrow first through fourth
vertebrals in males and relatively narrow third,
fourth and fifth vertebrals in females [vertebral
1 has typically slightly rounded lateral sides
only but not a “lyre shape”’ (Gmira, 1995) as
common in T. kleinmanni]; relatively short first
and second vertebrals in males; relatively short
third vertebrals in both sexes; the tendency for
rounding of the dorsal surface of the fifth ver-
tebral scute; a relatively short first costal scute
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in males; dorsally a relatively narrow, and me-
dially a relatively short supracaudal scute in fe-
males and, a relatively long temporal region in
females.

The extremities are relatively slender, featur-
ing anteriorly five and posteriorly four thin and
cylindrical, more or less transparent, claws. The
front feet have bulky and subconical, mostly
overlapping enlarged scales totalling three
(proximal) to between four and six (outermost)
in a longitudinal row (from elbow to claws) and
three in a transverse row. These scales, of uni-
formly bright yellow to beige color, are strongly
elevated anteriorly from the surface of the ex-
tremities (possibly as an adaptation to enable
effective movement in loose sand). The apex of
these scales tends to be generally more pointed
than in T. kleinmanni. The throughout yellow to
beige hind feet feature 2-3 swordlike enlarged
scales at the heels, as is common in various spe-
cies of Testudo. The tail is relatively long and
slender, longer in males than in females, and
without a horny tubercle at the tip. The thighs
lack enlarged conical tubercles (spurs). The skin
of soft parts is very thin and flexible, almost
parchment-like and transparent.

Coloration of carapace in life is bright or dull
yellow, typically with well-defined markings of
dark brown to dark brownish-violet, very thin
to medium broad bands (covering up to half of
a given scute) running along the anterior and
lateral margins of the vertebral scutes, and the
anterior and lateral margins of the costals, much
as in some but not most T. kleinmanni. Anterior
edges of the marginal scutes feature often, but
not necessarily, a dark and horizontally broad
triangular pattern with the vertical apex located
dorsally and the horizontal apex oriented pos-
teriorly (the bridge marginals may be without
any pattern). Such broad triangular markings on
the marginals are rarely present in T. kleinmanni,
in which species they are usually replaced by
thin vertical bands or no bands at all. The basic
coloration of the plastron is mostly bright or
dull yellow. Dark brown, in most cases very
well-defined triangular markings are typically
present (97.8% of examined specimens) on the
abdominal scutes, with the base at the anterior
border and the apex oriented posteriorly. The
anterior borders of the pectoral scutes feature
usually (80.9% of examined specimens) a broad-
er than long, dark brown fleck or semitriangular
or rounded marking with the apex situated pos-
teriorly. These markings are rarely present in
one of the paired pectorals only. Additionally,
according to the material examined, T. werneri
seems to typically feature some kind of plastral
pattern (100% of individuals examined); there-
fore, animals showing no plastral markings can
be classified as T. kleinmanni with reasonable
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confidence by coloration only. The basic colora-
tion of soft parts, head and posterior leg surfac-
es in life vary from a very pale and bright yel-
low to a greenish or grayish yellow. The eyes
are often bordered by darker scales, and an ir-
regular spot of dark scales may be found on top
of the head.

Description of Holotype.—A large adult female
with relatively elevated vertebral and costal
shields, with the posterior carapacial arch de-
clining modestly toward the supracaudal, the
scute of which is ventally broad, strongly re-
verted, and flared to the rear. Highest at one-
third the length of vertebral three. Midbody rel-
atively wide, widest at sixth marginals. Maxi-
mum body width at eighth marginals. Verte-
brals and supracaudal/V5 contact relatively
narrow. Lower posterior edges of all free mar-
ginals well serrated, reverted, and showing a
relatively large degree of flaring. Bridge mar-
ginals feature a well-developed lateral keel. Me-
chanical injury visible (minor part broken off)
on posterior free edge of left second marginal.
Anterior plastron lobe greatly elevated (but very
modestly in comparison with T. kleinmanni). Lat-
eral sides of femoral scutes relatively straight
from base to around three-fourths the length.
Gular region well exposed from anterior plas-
tron surface in ventral view. Anterior extremi-
ties with three longitudinal rows of very large,
subconical and partially overlapping scales, to-
talling six on the outer surface, and 3—4 closer
to the body. Basic coloration of shell in alcohol
is greyish yellow, with dark brown markings.
The vertebrals feature relatively broad dark
bands covering the anterior and lateral borders
of each scute, with dark pigment filling up to
50% of the scute surface (notably V1-3). Anterior
and lower lateral edges of costals feature thin to
medium broad markings, which in places be-
come striated toward the center of each scute.
The anterior borders of anterior and posterior
marginals are pigmented with more or less
well-defined triangular or semitriangular mark-
ings. The bridge marginals feature only shades
of such markings. The lateral borders and an-
terior (except for immediate central) surface of
the supracaudal also feature a broad dark band.
The nuchal is unmarked. Well-defined dark
brown and triangular markings are present on
both pectoral and abdominal scutes, with the
bases located at the extreme anterior borders of
the respective scute. Soft parts and head are ba-
sically greyish to bright yellow. Aggregates of
brownish scales are present around the eyes,
and on top of the head.

Dimensions of Holotype.—Maximum carapace
length 131.0 (all measurements in millimeters),
maximum plastron length 119.5 (91.2% of CL),
median (midline) plastron length 111.0 (84.7%
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of CL), midline width within bridge area 96.5
(73.7% of CL), maximum width at posterior
marginals, i.e. maximum total width 97.4 (74.4%
of CL), maximum gular scute length 15.9 (12.1%
of CL), combined gular scute width 20.1 (15.3%
of CL), gular height 13.1 (10.0% of CL), maxi-
mum height 70.5 (53.8% of CL), inner width of
anterior shell opening 63.3 (48.3% of CL), inner
height of anterior shell opening 23.3 (15.5% of
CL), length of bridge 61.1 (46.6% of CL), com-
bined humeral scute width 60.7 (46.3% of CL),
combined femoral scute width 60.7 (46.3% of
CL), combined anal scute width 46.5 (35.5% of
CL), nuchal scute length 11.1 (8.5% of CL), max-
imum (posterior) nuchal scute width 7.0 (5.3%
of CL), gular midline length 14.7 (11.2% of CL),
humeral midline length 14.9 (11.4% of CL), pec-
toral midline length 18.2 (13.9% of CL), abdom-
inal midline length 35.6 (27.2% of CL), femoral
midline length 10.1 (7.7% of CL), anal midline
width 21.4 (16.3% of CL), combined pectoral
scute width 85.4 (65.2% of CL), combined ab-
dominal scute width 87.1 (66.5% of CL), first
vertebral width 25.2 (19.2% of CL), second ver-
tebral width 33.3 (25.4% of CL), third vertebral
width 37.2 (28.4% of CL), fourth vertebral width
29.9 (22.8% of CL), fifth vertebral width 31.3
(23.9% of CL), first vertebral length 26.0 (19.8%
of CL), second vertebral length 28.5 (21.8% of
CL), third vertebral length 27.7 (21.1% of CL),
fourth vertebral length 24.6 (18.8% of CL), fifth
vertebral length 25.1 (19.2% of CL), first costal
length 40.2 (30.7% of CL), second costal length
30.1 (23.0% of CL), third costal length 24.8
(18.9% of CL), fourth costal length 22.3 (17% of
CL), dorsal supracaudal width 18.2 (13.9% of
CL), ventral supracaudal width 36.1 (27.6% of
CL), median supracaudal length 16.7 (12.7% of
CL), maximum head width 18.6 (14.2% of CL),
minimum distance between eye and tympanum
7.6 (5.8% of CL), and minimum distance be-
tween eye and nostril 5.9 (4.5% of CL).

Mertens'/Boettger’s Lectotype—The lectotype
designations by Mertens (1967), or, depending
on interpretation, Boettger (1893), are not valid,
as discussed previously in this article; thus T
kleinmanni lacks a type specimen. Therefore, MG
42000414, an alcohol-preserved adult female
and syntype from Alexandria (Egypt) in the
original Lortet collection in Lyon, is hereby des-
ignated lectotype of T. kleinmanni. This speci-
men is presumably one of the individuals col-
lected by Kleinmann in 1875, because it died a
year later at the Lyon museum. Hence, all for-
mer syntypes of T kleinmanni are considered
paralectotypes of the same taxon.

Description of Lectotype—A large adult female
with a very slender (narrow) body and well-
domed (rounded) upper carapacial arch and
abruptly descending sides. Carapace is highest
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at posterior region of third vertebral. Supracau-
dal is ventrally narrow, showing no great flaring
to the rear, and runs almost parallel to fifth ver-
tebral in lateral view. Supracaudal/V5 contact is
relatively wide. Vertebrals are relatively broad,
but V1 is very narrow anteriorly. Free marginals
are only slightly flared and very modestly re-
verted, if at all, and not serrated except for M1,2
and 3. Anterior plastron lobe is well elevated
from horizontal level. Basic shell color (in alco-
hol) is wooden yellow. Anterior and lateral bor-
ders of supracaudal, nuchal, all vertebrals and
marginals, and anterior and lower lateral edges
of the costals feature a relatively thin to medium
broad band of brown pigmentation, which be-
comes striated toward the areolae. Only the
third marginals show a hue of triangular pat-
tern. The abdominals feature relatively poorly
defined (delimited) triangular markings. The re-
maining plastral scutes are without any distinct
pattern. Anterior extremities feature three lon-
gitudinal rows of very large, subconical and
partially overlapping scales, totalling five on the
outer surface and four closer to the body. Soft
parts and head are grayish yellow, the head also
with light brown, poorly delimited scutes on the
top and snout, and dorsal, dark brown flecks in
front of and behind the eyes, and in the poste-
riormost portion of the temple.

Dimensions of Lectotype—CL: 114.8 (all mea-
surements in millimeters), PL: 100.7 (87.7% of
CL), PL-m: 93.7 (81.6%), MIL: 79.5 (69.3%), MA:
80.5 (70.1%), GU-I: 13.1 (11.4%), GU-w: 18.1
(15.8%), GU-h: 11.5 (10.0%), HE: 59.0 (51.4%),
ASO-w: 51.6 (44.9%), ASO-h: 15.7 (13.7%), BR:
53.4 (46.5%), HUM-w: 49.3 (42.9), FEM-w: 49.7
(43.3%), AN-w: 36.7 (32.0%), NU-1: 8.8 (7.7%),
NU-w: 6.4 (5.6%), GU-m: 12.7 (11.1%), HUM-m:
13.4 (11.7%), PEC-m: 17.9 (5.6%), ABD-m: 29.7
(25.9%), FEM-m: 5.6 (4.9%), AN-m: 17.3 (15.1%),
PEC-w: 72.6 (63.2%), ABD-w: 72.2 (62.9%), V1-
w: 24.4 (21.3), V2-w: 28.6 (24.9%), V3-w: 32.6
(28.4%), V4-w: 27.0 (23.5%), V5-w: 28.4 (24.7%),
V1-1: 20.5 (17.9%), V2-1: 25.8 (22.5%), V3-1: 23.9
(20.8%), V4-1: 22.2 (19.3%), V5-1: 23.2 (20.2%),
Cl: 38.8 (33.8%), C2: 28.8 (25.1%), C3: 24.6
(21.4%), C4: 19.6 (17.1%), SUP-d: 19.8 (17.2%),
SUP-v: 29.1 (25.3%), SUP-1: 15.3 (13.3%), HEAD:
17.5 (15.2%), EYE-TY: 7.4 (6.4%), EYE-NO: 5.8
(5.1%).

Conservation.—The elevation of T. kleinmanni
onto CITES I Appendix in 1995 essentially
banned all legal trade in this species. However,
this did not stop the illegal trade in animals
within Egypt, despite a confiscation of more
than 200 traded animals in the Cairo bazaars in
1997 (Highfield, 1997, and pers. comm.; Peréld,
2000). Some of these originally Libyan animals,
that is, T. kleinmanni, have been released into an
open-air enclosure and others introduced on an
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island, at Lake Bardawil on northern Sinai as
part of a conservation program run in cooper-
ation by Egyptian wildlife authorities and vari-
ous international nongovernmental organisa-
tions, and the Royal Netherlands Embassy in
Cairo (Baha El Din, 1999; E. Wenman, pers.
comm., July 2000). This ongoing reintroduction
program—which was established despite the
fact that T kleinmanni from Libya and north-
western Egypt, as opposed to those from north-
ern Sinai and Israel, were known to have differ-
ent ecological adaptations as cited above and
discussed in Peréld (2000)—poses a major and
immediate threat to the survival of T. werneri.
Even if individuals were to be released in fenced
areas or on an island, this would not be a secure
solution. Introduced animals held in “closed”
environments or farms have the tendency to es-
cape into the wild. The introduction of T. klein-
manni within the range of T. werneri could con-
tribute to the mixing (hybridization) of the two
populations with devastating consequences and
loss of biodiversity. However, hybridization is
not the only serious threat posed by the intro-
ductions. Alien micro-organisms could also es-
tablish in new habitats. In similar circumstanc-
es, pathogens from released animals are sug-
gested to have caused a large scale epidemic
among wild Gopherus agassizii in Nevada and
California (Jacobson et al., 1995).

In less than a hundred years, as predicted by
Flower (1933), T. kleinmanni has become so rare
that it is on the verge of extinction in the wild.
The species is currently “‘technically” extinct in
its former main distribution range in Egypt
(Baha EI Din, 1994) because of habitat destruc-
tion and fragmentation and other mainly an-
thropogenic factors discussed extensively in the
same paper. Testudo kleinmanni is currently con-
sidered one of the most endangered chelonian
species in the world as indicated by its CITES
listing and IUCN Red List status (endangered).
The discovery that T. kleinmanni is actually not
a single taxon with a highly fragmented popu-
lation structure but two separate species facing
extinction should be taken into consideration in
legislation and conservation efforts at national
and international level. The protection of habi-
tats occupied by T. werneri on Sinai and in Israel
is essential for its survival.
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APPENDIX 1
SPECIMENS EXAMINED

Testudo kleinmanni. Adult males used in morpho-
metric analyses.—LIBYA: Gheminez, Cyrenaica,
USNM 139094; Cyrenaica, Derna, MTKD D 31598; NE
Libya (Cyrenaica), PCHP 4319, 4321, 4323, 4340-1,
4438, 4441-3, 4445-6, 4484; Libya, MTKD D 26016,
28287, 29119. EGYPT: Alexandria, BMNH
1920.1.20.774, MG 42006132 (paralectotype), MG
42006138 (paralectotype); vicinity of Alexandria,
MTKD D 32798; Mediterranean coast, MTKD D
31803, 32831; Salum, Western Desert Governate, MCZ
54045; Egypt, BMNH 1933.9.3.9-10, MNHN 7838 (ex
1879-774), MTKD D 32742, PCHP 3844, 3991, 4017,
TAU 14198.

Adult females used in morphometric analyses.—
LIBYA: NE Libya (Cyrenaica), MTKD D 28286, PCHP
4316-7, 4322, 4333, 4335-6, 4337-8, 4435-7, 4439, 4440,
4447-54; Gheminez, Cyrenaica, USNM 139092; ca 30-
50km W Tripoli, close to coast, MTKD D 30855; W
Libya (Tripolitania), MTKD D 32434-5, 34854; Libya,
MTKD D 26017, 32832, PCHP 4686. EGYPT: Alexan-
dria, BMNH 88.4.24.2, 1920.1.20.773, MG 42000413
(paralectotype), MG 42000414, designated lectotype of
Testudo kleinmanni (this article), MG 42006125 (ex MG
110) (paralectotype); neighborhood of Alexandria,
BMNH 1897.11.13.2-3 (only 1 specimen: male appar-
ently lost); Mersa Matruh, NW Egypt, BMNH
1933.9.3.16; Agniba near Mersa Matruh, BMNH
1977.1218; Egypt, BMNH 1933.9.3.7, MNHN 1878-602
(DA 51 A) (paralectotype), 1987-971 (DA 51 B) (par-
alectotype), PCHP 3843, 3954-6; ““Sindh” (extralimit-
al), BMNH 1947.3.4.35 (ex BMNH 69.8.28.5), present-
ed by Dr. Leith 1869 (type of Testudo leithii Guinther,
1869).
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Additional specimens examined. —EGYPT: Alexan-
dria, MCZ 5081 (paralectotype), juv., MG 42006110
(paralectotype), deformed male; Giza, USNM 55758,
adult male, no gular; Egypt, MNHN 1876-416 (para-
lectotype), skull, MNHN 1992.197 (DD 62) (paralec-
totype), skull and misc. bones; MNHN 9462 (paralec-
totype) (juv. female).

Testudo werneri. Adult males used in morphometric
analyses.—EGYPT: Suez Canal, Kantarah-il-Khastreh,
BMNH 1900.2.8.11 (paratype); N Sinai, BMNH
1933.9.3.12 (paratype); Egypt, BMNH 1933.9.3.6. IS-
RAEL: Negev: ca. 14 km S Be'er Sheva, HUJ 16047
(paratype), HUJ 16048 (paratype); Be'er Sheva, TAU
14120 (paratype); near Ashalim, Negev desert, JP
97.3.36 (examined in the field, data deposited in
BMNH); 3 km N of Revivim, TAU 5636 (paratype);
Gevulot, TAU 7468 (paratype), TAU 11941 (paratype);
1 km E of Rehovot, TAU 8363 (paratype); Agur Sands,
TAU 12022 (paratype); Holot Agur, TAU 12769 (par-
atype); Holot Nahagur, TAU 12712 (paratype); Nahal
Secher, TAU 14126 (paratype).

Adult females used in morphometric analyses.—
EGYPT: N Sinai, BMNH 1933.9.3.14 (paratype);
Egypt, BMNH 1933.9.3.5. ISRAEL: sand dunes 14 km
S of Be'er Sheva, HUJ 949, coll. Haas, Werner et al.
12.3.1963 (first record of T. kleinmanni in Israel; holo-
type of T. werneri sp. nov.); 14 km S Be'er Sheva, HUJ
989 (paratype); 16 km S of Be'er Sheva, TAU 11898
(paratype); near Ashalim, Negev desert, JP 97.3.37
(examined in the field, data deposited in BMNH); Tel-
Yerucham, TAU 6295 (paratype); Agur, TAU 13397
(paratype).

Additional specimens examined. —EGYPT: Sinai: El
Bardawil, west to Nahal Yam settlement, HUJ 971
(crushed ad. male); North Sinai, HUJ 16142 (crushed
ad.). ISRAEL: Bir Aslyj sands, Boaz Shacham, 4 July
1999, HUJ (uncatalogued hatchling); Be'er Chagil,
TAU 12017(ad. female, plastron deformed); Kibutz Ge-
vulot, TAU 13150 (juv. male); Agur Sands, HUJ 22820,
(juv. female), TAU 13889 (juv. male); Tel-Aviv, MNHN
1984-500 (deformed juv.), extralimital: probably from
TAU'’s Expo Zoo, don. Mendelssohn; Israel (originally
wild caught captives from TAU’s Expo Zoo), TAU
11103 (juv. male), 11129 (juv.), 12141 (adult male),
12216 (adult male), 13139 (adult male), 13952-3 (juv.
males), 14121 (ad. female), 14122-3 (ad. males), 9359
(ad. male), 9360-1 (ad. females).

Putative Hybrids.—West Libya, MTKD D 34854;
Libya: Gheminez, Cyrenaica USNM 139093; Gevulot,
Israel, TAU 12026; S of Gevulot, Israel, TAU 5635.
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