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Abstract. The publication entitled Description de 'Egypte, which carries scientific results from Napoleon
Bonaparte’s conquest of Egypt, includes illustrated descriptions of two lizards, Acanthodactylus boskianus
(Daudin 1802), and the new A. asper (Audouin 1827). We note that their original drawings differ
conspicuously in the degree of abruptness with which the dorsal scales are enlarged towards the rear of the
back. However, this character has been overlooked by later researchers, who often found it difficult to
distinguish the two nominal species by conventional transverse scale counts. We developed a method to
quantify the degree of abruptness with which scale size changes along the back. For studying this new
descriptor we reduced the expected within-sample variation by limiting the sample in two ways: (1) viewing
the sexes separately, and (2) heeding the Seligmann effect and considering only whole-tailed individuals.
However, the systematic problem persisted. According to our graphic analysis, in A. b. asper both the degree
of abruptness of change in scale size, and when abrupt, the location of this change along the back, varied
strongly but unimodally. The ranges overlap between provisional geographical areas. Similar abruptness in
the change of dorsal scale size does not occur in the populations called A. b. boskianus and A. b. euphraticus.
We conclude that the two classical illustrations must be considered as representing two extremes of a
complex gradient. The taxonomic implication is to maintain the current trinomials in the complex until a
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major revision may direct otherwise.

Key words: Arabia, Description de I'Egypte, Egypt, geographical variation, Israel, Lacertidae,
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Introduction

Napoleon Bonaparte’s massive military expedition
that conquered and dominated Egypt and what
was then southern Syria during 1798-1801 in-
cluded over 150 scientists. These produced a
wealth of information assembled in the multi-
volume and multi-authored Description de
I'Egypte, published during 1809-1828 (Gillispie
1994). A painstaking explanation of this monu-
mental work has been compiled and awaits publi-
cation (Bour, Paris, pers. comm. 2004). The animal
species reported or described in the natural his-
tory part of Description de I'Egypte included two
similar lizards, the already known Lacerta boskiana
Daudin, 1802, and the new Lacerta asper Audouin,
1827. After the erection of the lacertid genus Acan-
thodactylus Fitzinger, 1834, both species were as-
signed to this genus and are usually lumped un-
der A. boskianus (Gray 1845, Boulenger 1881, 1918,
1921; Anderson 1898, Salvador 1982, Leviton et al.

1992).

Acanthodactylus boskianus is widely distributed
throughout the Saharo-Arabian deserts, mainly in
sandy habitats, and is often common and con-
spicuous in the landscape (Anderson 1898, Salva-
dor 1982). In the west it reaches Morocco and
Mauritania (Salvador 1982) and eastwards it
reaches southernmost Turkey in the north (Bohme
1973, Baran & Atatur 1998) and western Iran in the
south (Anderson 1999, Rastegar-Pouyani 1999).

Over this vast area the species naturally shows
much variation, some of which surely is geo-
graphical, in body size, proportions (mensural
characters) and scutellation (meristic characters).
But any geographical coherence is rather befogged
by considerable intra-population variation
(Anderson 1898, Salvador 1982, Arnold 1983, Disi
et al. 2001, Baha El Din 2006). Some authors, nota-
bly Boulenger (1918, 1921) and Baha El Din (2006),
have recognized two or three geographical sub-
species: The small-scaled nominal form A. b.
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boskianus (high count of dorsals across mid-body)
in the Nile delta, the medium-size-scaled A. b. eu-
phraticus Boulenger, 1919 in and near Iraq, and the
large-scaled A. b. asper throughout most of the
species” wide range (usually low but very variable
count of dorsals). Scale size is the dominant dis-
tinguishing character between the subspecies but
is in part accompanied by other pholidotic differ-
ences. Several other authors, notably Salvador
(1982), Leviton et al. (1992) and Disi (2011), have
despaired of accepting an intra-specific taxonomic
subdivision at the current state of knowledge.
However, all authors fail to discuss or even to
mention one pholidotic feature that is conspicuous
in the detailed drawing of “Lacerta asper” in De-
scription de I'Egypte (Figure 10 of Plate 1 in the fo-
lio volume of illustrations) (Fig. 1A). Namely, the
dorsal scales are not merely larger, keeled and
spiny on the posterior region of the back; rather,
the transition from small dorsals anteriorly to
large ones posteriorly is abrupt, occurring over a
short stretch. By this the drawing of “Lacerta asper”
that serves as the holotype of the species dramati-
cally differs from that of “Lacerta Boskiana, Daud.”
on the same plate (there, Figure 9) (Fig. 1B). Ad-
mittedly, the explanation in the text volume is
misleading, as it stresses the similarity of the two
lizards and even questions their distinction.

B.

Figure 1. Acanthodactylus drawings from Description de
I'Egypte: A.) “Lacerta asper” (Figure 10 of Plate 1).
B.) “Lacerta Boskiana, Daud.” (Figure 9 on the same
plate).
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Nevertheless, infrequently such individuals
with abruptly shifting dorsal scale size do occur
(Fig. 2) and having encountered (YLW) a large
specimen with such morphology, almost reminis-
cent of a Sceloporus (Iguanidae sensu lato), in the
Museum of Comparative Zoology, Harvard Uni-
versity (MCZ 56643), has led to this effort to inves-
tigate the debated concept of A. b. asper through
introducing a quantification of the intra-individual
variation in scale size. To our knowledge such
quantification has not been attempted before. We
address the geographical variation of the new de-
scriptor only provisionally. This report is expected
to serve the long awaited major revision, possibly
with subdivision, of A. boskianus sensu lato (Ar-
nold 1983, Disi et al. 2001, Baha El Din 2006).

Material and methods

Research strategy
We borrowed additional specimens from other museums

with emphasis on Arabia, whence the specimen that trig-
gered this research had originated, and Egypt, whence
the model for the drawing of A. b. asper had probably
come. The material varied greatly in the abruptness of
change of dorsal scale size, without distinct geographical
context. Therefore we preceded the quantification of the
change in scale size with two steps aimed at reducing
confounding variation. First, we tested all characters for
sexual dimorphism, which is prevalent in Lacertidae
(Wermuth 1955, Peters 1964, Bohme 1981, 1984, 1986, Ji et
al. 1998) including this species (Seifan et al. 2009), leading
to our proceeding separately with each sex. Second, we
tested the material for the Seligmann effect, i.e., innate dif-
ferences between tail-retainers and tail-losers (Almog et
al. 2005, Lachman et al. 2006), leading to our proceeding
only with whole-tailed specimens. Thereupon we could
approach the quantification of the change in scale size, as
described below. We conducted these three treatments on
a geographically constrained sample because morphol-
ogy, including the extent of sexual differences, may vary
among geographical populations within a species
(Werner 1971b, Fitch 1978, 1981 McCoy et al. 1994, Ota
2003, Roitberg & Smirina 2006). Finally we preliminarily
viewed geographical variation among political units in
the area covered.

Material

This project is based on museum material, mostly fixed
with 10% formalin and stored for many years in 70-75%
ethanol (denatured with 5% methanol). We tested for
sexual dimorphism using 53 whole-tailed adult males and
27 whole-tailed adult females, and for the Seligmann ef-
fect (morphometry related to tail state) using 86 whole-
tailed and 74 broken-tailed males, all from the physical-
geographically circumscribed area comprising the con-
tiguous Sinai (Egypt) and Negev (Israel) deserts. The ma-
terial, in the Herpetological Collection of the Hebrew
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Figure 2. Photographs of museum specimens of Acanthodactylus boskianus varying in dorsal
scale size. Shown is the anterior part of each animal up to % the distance from forelimbs to
hind-limbs. A.) Scale size changes very abruptly: Neck and shoulders tiny-scaled, posterior
part large-scaled, with narrow transition zone (male, 63 mm RA, from Artawiya, Kingdom of
Saudi Arabia; BM 1964.9). B.) Scale size changes less abruptly: Scales are tiny anteriorly, large
posteriorly, and the transition zone is wide (female, 74 mm RA, from Tamriyat, northern
Kingdom of Saudi Arabia;; BM 1985.524). C.) Scale size changes completely gradually (male,
67 mm RA, from Fanara, near Bitter Lake, Egypt. SMF 39159).

University of Jerusalem, is the same used and listed by
Seifan et al. (2009).

Material from further east - Arabia sensu lato (in-
cluding some specimens from adjacent Jordan and Iraq) -
was available from the California Academy of Sciences
(CAS; N=29; 22 tailed), the Museum of Comparative Zo-
ology, Harvard (MCZ; N=2; 1 tailed), the Natural History
Museum, London (BM, N=12; 10 tailed), and the Hebrew
University of Jerusalem (HUJR; N=12). Material from fur-
ther west - African Egypt sensu lato (including some
specimens from Sudan) - came from the Chicago Natural
History Museum (CNHM; N=269 adults), the Sencken-
berg Museum, Frankfurt am Main (SMF; N=26 adults and
subadults) and the Hebrew University of Jerusalem
(HUJR; N=3). Specimen lists are on file in the herpetologi-
cal collection, HUJ.

Characters

We used the following 18 quantitative characters. An as-
terisk (*) marks characters examined bilaterally and used
as individual means of the right and left side, in the ab-
sence of significant directional asymmetry (Werner et al.
1991).

Mensural  characters. RA  (Rostrum-anus; Werner
1971a): Distance from tip of snout to cloacal opening.
Trunk: RA minus head length. Head length: Distance
from tip of snout to posterior edge of ear, measured par-
allel to long axis of body with special calipers (Goren &
Werner 1993). Head width: Greatest width of head. Head
depth: Greatest depth of head. Head index: Head length
as % of head width. Forelimb: Distance from axilla to tip
of distal claw. Hindlimb: Distance from groin to tip of dis-
tal claw. *Fourth toe: From insertion of 5th toe, claw in-
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cluded. Tail: From cloacal opening to tip of tail, if origi-
nal. These mensural characters (measured to the nearest
0.1 mm, except for RA and tail length which were meas-
ured to the nearest 0.5 mm) were computed both in abso-
lute terms (mm) and in PERCRA (percent of RA; Werner
1971a).

Meristic pholidotic characters. *Supralabials: Number
of upper labials anterior to the centre of eye. Gulars:
Number of gular scales in a straight median series. Collar
plates: Number of larger scales in collar. Dorsals: Number
of dorsal scales across midbody (distinguished from the
ventrals by two dorsal rows matching one ventral row.)
Ventrals: Number of ventral scales in longest row across
belly. *Ventral rows: Number of transverse series of ven-
tral scales, counted along the ventral side to (and exclud-
ing) the row of scales separating, if present, the series of
femoral pores. *Femoral pores. *Subdigitals: Number of
lamellae along underside of fourth toe, defined by their
width, the one touching the claw included.

Methods

Definitions: We defined adult males by the swollen tail
base (Blasco 1975) and females as adult when lacking
such swelling despite being >3 mm larger than the small-
est adult male.

We defined specimens as whole-tailed if the tail was
complete and without any regenerated part, according to
external examination under a dissecting microscope. If
part of the tail was regenerated or missing, the specimen
was counted as broken-tailed. The missing tails probably
included some broken after preservation but these pre-
sumably comprised both some that had been complete
and others that had been regenerated, so that the “noise”
introduced would be negligible.

Because the dorsal scales were strongly imbricate, we
quantified their intra-individual variation in size as fol-
lows. We divided the mid-dorsal length of the trunk into
five equally long sections marked with six small entomo-
logical pins, the first at the end of the pileus and the last
between the hind-limbs (at mid-thickness). We counted
the scales between pins along the vertebral line. Scale-size
variation along the trunk was indicated by the count dif-
ference between successive sections. The slope of the
variation was indicated by the ratio between successive
counts. The degree of abruptness was indicated by the ra-
tio between successive slopes. We examined the distribu-
tion of these quantitative expressions of scale size varia-
tion by graphical methods (Nagel et al. 1996) that most
clearly reflect the situation in the populations.

Statistics

We tested the significance of differences between males
and females separately for each quantitative character by
t-test or X2 test according to the character of the data (Sei-
fan et al. 2009). We employed this methodology because
in principle the occurrence of sexual dimorphism in
Lacertidae is well established (references above) and we
wished to quantify it for assorted specific relevant charac-
ters. Because the same individuals were used multiple
times for several different tests, we corrected the P-values
using the false discovery rate technique (Benjamini & Ho-
chberg 1995). We used the SPSS computation packages.
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We did not test the significance of geographic differences
because this issue must await the full revision of the
complex.

Results

Sexual dimorphism
In the circumscribed sample from the Negev and

Sinai, sexual dimorphism was significant in most
mensural characters, both in absolute terms and in
PERCRA, and also in some meristic characters.
The details are presented in Seifan et al. (2009). As
to the number (and relative size) of the dorsal
scales, although there was not much overall dif-
ference between the sexes (Fig. 3A), in the first
fifth of the trunk the males tended to have fewer
(and larger) scales (Fig. 3B). Consequently, as a
safety measure, we proceeded with each sex sepa-
rately.

Differences between broken-tailed and whole-

tailed individuals.

In the limited sample examined from the Negev
and Sinai, none of the mensural characters (except
RA length) differed significantly between the sub-
samples of whole-tailed and broken-tailed males.
In contrast, in many of the meristic characters, and
in all those describing body-scale size, the differ-
ences between the means were significant (Table
1). This consistent result obviated further statisti-
cal treatment, and hereinafter we used only
whole-tailed specimens.

Variation of scale size along the dorsum

In the sample from the Negev and Sinai, in that
from Arabia, and in both pooled, we graphically
explored the distribution of the following vari-
ables of the dorsals: (a) count across mid-body and
around mid-body (not considered useful and not
shown). (b) Count along the trunk on the vertebral
line (see later concerning geographic differences).
(c) Counts along each of the five sections of trunk
length. Table 1 includes data showing that the av-
erage section count recedes along the body, re-
flecting the increasing scale size, with small differ-
ences between sections four and five. Table 2
shows the distribution of values in each section,
and how the mode drops from 28 in section one to
10 in sections four and five. (d) In males the differ-
ence between every two successive sections (see
Fig. 4) is relatively small (compared to that in the
females) between the first and second fifths (Fig.
4A) but increases posteriorly (Fig. 4B). (e) The
slope of change shown by the ratio between the
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Figure 3. Sexual dimorphism in dorsal scale count (and
thus relative scale size) in whole-tailed Acanthodactylus
boskianus from the Negev (Israel) and Sinai (Egypt).
Males, N=53; females, N=27. A.) Total count along the
trunk. B.) Count along the anterior fifth section of the
trunk.

counts along successive sections is very variable
(Fig. 5A) and tends to peak (be steepest) at about
the anterior third of the trunk. (f) The abruptness
of change, i.e., the rate of increase among succes-
sive slopes, shown by the ratio between successive
slopes, is so variable that at any point along the
trunk, in an individual either the anterior, or the
posterior of the two slopes being divided, may be
the steeper one (example in Fig. 5B and more so in
Fig. 9A).

The variation that occurs at all levels can be
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understood as independent variation of two char-
acters: the degree of abruptness of change in dor-
sal-scale size (discussed above), and the location of
this abrupt, or relatively abrupt, change along the
trunk. As the length of the back comprises five
sections, the slope calculated between successive
sections occurs at four points. The greatest number
of individuals peaked at point two, the slope be-
tween sections two and three, and smaller num-
bers peaked at points one and three. None had its

Table 2. Distributions of the numbers of individuals
possessing assorted counts of dorsal scales along each
of the five sections of the trunk of whole-tailed Acan-
thodactylus boskianus (N= 80, pooling females and
males from the Negev, Sinai and Arabia).

Scale Sections

counts 1 2 3 4 5
6 0 0 0 0 0
8 0 0 0 11 17
10 0 0 11 34 39
12 0 0 20 21 21
14 0 0 15 14 3
16 0 1 18 0 0
18 0 12 12 0 0
20 0 26 4 0 0
22 1 28 0 0 0
24 5 13 0 0 0
26 13 0 0 0 0
28 27 0 0 0 0
30 15 0 0 0 0
32 10 0 0 0 0
34 7 0 0 0 0
36 2 0 0 0 0
38 0 0 0 0 0
40 0 0 0 0 0
>40 0 0 0 0 0

Table 1. Comparing body length (RA) and meristic characters of whole-tailed and broken-tailed Acanthodactylus

boskianus males.

Whole-tailed males

Broken-tailed males

Character N Mean SD Range N Mean SD Range P

RA length (mm) 86 674 9.7 38-98 74 64.5 7.8 50-85 0.045
Scales across back 81 348 6.9 19-51 68 36.4 4.4 27-45 0.087
Scales along back (total) 53 83 7.3 68-96 24 89.4 8.9 72-114  <0.01
Scales along section 1 53 28 29 23-36 24 28.6 3.2 23-38 0.438
Scales along section 2 53 20.7 1.9 17-24 24 224 2.8 19-32  <0.01
Scales along section 3 53 14 2.8 9-19 24 15.6 2.3 10-20 0.015
Scales along section 4 53 105 17 7-14 24 119 22 7-17 <0.01
Scales along section 5 53 9.7 14 7-12.5 24 109 1.9 7-16 <0.01
Scales around abdomen 76 443 7.6 31--63 63 45.2 44 37-56 0.391
Scales across venter 73 9.7 12 7-12 64 8.8 12 7-12 <0.01
Ventralia (L,R mean) 73 27 1.5 23.5-30 61 26.5 1.7 23-30.5 0.041
Femoral pores (L,R mean) 75 22.6 198 17.5-26.5 69 22.7 19 18-26.5 0.533
Subdig lamellae (L,R mean) 76 2211 13 19-25.5 86 222 13 19.5-26 0.758




Status of Acanthodactylus boskianus asper

g I
S 5l O Male
g 104 B Female
2 g ]
1
S 61
&
‘g : I:I
24
=
E0 Mo NN
-2 2 6 10 14 More
A Difference between sectional scale counts [#1-#2]
P 14 4 i
E 12 0O Male
£ 104 W Female
2
w 81
B 61
3 4
£
5 27
- g e f B B H EFRRFRRSS &
0 2 4 6 8 More
B Difference between sectional scale counts [#3- #4]

Figure 4. The difference in dorsal scale count between
every two successive sections (of five sections along the
trunk) in whole-tailed Acanthodactylus boskianus from
the Negev (Israel) and Sinai (Egypt). Males, N=53; fe-
males, N=27. A.) The difference between the first and
second fifths. B.) The difference between the third and
fourth fifths.

steepest slope at point four, i.e. between sections
four and five (Fig. 6A).

The abruptness in change of slope, the peak
ratio between successive slopes, could occur at
only three points. For most individuals the great-
est abruptness occurred at point one, meaning, be-
tween slope #2/#1 and slope #3/#2. Successive
points saw progressively fewer individual peaks
(Fig. 6B).

Geographical perspective

Because of technical constrains, the Egyptian ma-
terial was only inspected visually. Among the 298
adult or subadult specimens, only 12 (4%) speci-
mens displayed a more or less abrupt change in
scale size and in most of these the abruptness was
rather moderate.

Comparisons of whole-tailed males from the
Negev and Sinai (“Israel”) (N=35) and Arabia
(N=17) showed that: (a) The ranges of scale counts
along the trunk largely overlap, with both the
range (minimum and maximum) and the mode
slightly higher in Israel, reflecting an average
smaller scale size (Fig. 7A). (b) The same is true for
each of the five sections of trunk length (example
in Fig. 7B). (c) The difference between successive
section counts is highly variable, the ranges over-
lapping between the two samples, with a slight

159
12
E O Male
2 10
E B Female
2 8
@
o
w 64
k]
g 47
‘E ‘] I:I|]
2 o U (B [h (NN
045 0.55 0.65 0.75 0.85 095 More
A Slope (ratio) between sectional scale counts [#3/#2]
)
12 4
5 O Male
£ 104 F
‘G m Female
@ 84
&
5 °
v 44
2
E
S 0
=
06 08 1 12 14 16 18 2 More
B Ratio between adjacent slopes [(#4/#3)/(#3/4#2)]

Figure 5. The rate of change in scale count along the back
in whole-tailed Acanthodactylus boskianus from the
Negev (Israel) and Sinai (Egypt). Males, N=53; females,
N=27. A.) as shown by the ratio between the counts
along the third and second sections (the slope). B.) as
shown by the abruptness of change in scale count along
the back, ie., by the ratio between successive slopes,
here, the ratio between the slopes on either side of the
third section.
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Figure 6. The location of the main change in scale count,
along the back in whole-tailed Acanthodactylus boskianus
from the Negev (Israel) and Sinai (Egypt). Males, N=53;
females, N=27. A.) the distribution of the individual
peaks of slope (ratio between successive counts) over
the four possible locations. B.) the distribution of indi-
vidual peaks of abruptness of change in scale count (ra-
tio between successive slopes), over the three possible
locations.
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tendency for lower values in Israel, where the
scales are smaller and more numerous (Fig. 8A).
(d) The ranges of slopes (rate of change; countin a
section divided by that of the preceding section)
similarly largely overlap, averaging a little steeper
in Israel (Fig. 8B). (e) The ranges of abruptness (ra-
tio of an inter-section slope to the preceding inter-
section slope) overlap (Fig. 9). Anteriorly, either
the preceding or the succeeding slope may be the
steeper, i.e. displaying abruptness values higher or
lower than one, and at least in the larger Israeli
sample with relatively similar probability (Fig.
9A). Posteriorly, the anterior of the two slopes is
mostly steeper (Fig. 9C). Only in the middle of the
trunk is this tendency stronger in Arabia than in
Israel, showing unparalleled levels of abruptness
(Fig. 9B).
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Figure 7. Geographical comparison of the dorsal scale
count (and thus relative scale size) in whole-tailed Acan-
thodactylus boskianus.males. Arabia, N=17; Israel, N=35.
A.) Total count along the trunk. B.) Count along the last
fifth of the trunk.

As to the location of the maximum slope (ratio
between successive section), this was similar in
Arabia and Israel: the greatest number of indi-
viduals peaked at point two, the slope between
sections one and three, and smaller numbers at
points one and three. None had its steepest slope
at point four, between sections four and five (Fig.
10A).

The greatest abruptness in change of slope (ra-
tio between successive slopes) occurred for most
individuals at point one (between slope #2/#1
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and slope #3/#2). Successive points saw progres-
sively receding numbers of individual peaks. This,
too, was similar in Arabia and Israel (Fig. 10B).
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Figure 8. Geographical aspect of the comparison of the
dorsal scale counts between two successive sections (of
five sections along he trunk) in whole-tailed Acanthodac-
tylus boskianus.males. Arabia, N=17; Israel, N=35.
A.) The difference (by subtraction) in dorsal scale count
between the second and third fifths. B.) The slope of
change in scale count along the back shown by the ratio
between the counts along successive sections: the ratio
between the third and and second fifths.

Discussion

Viewing pholidotic variation

Taxonomic comparisons of populations must heed
the within-sample variation; a frequent important
component of this is sexual dimorphism. One
popular solution is to test the variation of each
character by bi-dimensional ANOVA, identifying
the variation due to sex and that due to population
identity (e.g. geographical), and their possible in-
teraction. However, on the one hand, many other
factors could potentially contribute to the charac-
ter’s variation, and on the other hand, the sexes
may differ in so many biological aspects (Ander-
son 1994, Shine 1994, Perry 1996, Werner et al.
2006, Cox et al. 2007, Vincent & Herrel 2007,
Seligmann et al. 2008, Seifan et al. 2009), that it
would be more justified to treat them like separate
species. Among reptiles it is quite common for a
character to vary inter-specifically in one sex but
not in the other (e.g. horns of chameleons) and
phenotypic cluster analysis can yield somewhat
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different dendrograms for the two sexes (Werner
et al. 1999). We hold that testing the sexes sepa-
rately, for systematics as well as other purposes, is
justified and often necessary.
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in scale counts along the back, shown by the ratio be-
tween successive slopes in whole-tailed Acanthodactylus
boskianus.males. Arabia, N=17; Israel, N=35: A.) The ra-
tio between the slopes on either side of the second fifth.
B.) The ratio between the slopes on either side of the
third fifth. C.) The ratio between the slopes on either
side of the fourth fifth.

Additionally, recent work has shown that in
morphology-based taxonomic comparisons of liz-
ards, the within-sample variation can be reduced,
and thus the comparison facilitated, by excluding
individuals with incomplete tails. This is the
Seligmann effect: among conspecific lizards the
tail-losers differ biometrically from the tail-
retainers (Seligmann 2001, Seligmann et al. 2003).
This means that tail-losers (as a statistical group)
differ genetically from tail-retainers (Almog et al.
2005). Apparently the aberrant individuals, in-
cluding excessively asymmetrical ones, especially
in terms of fluctuating asymmetry and left-biased
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directional asymmetry, are also accident prone
and more frequently lose or damage the tail. This
occurs also in snakes (Shacham 2004, 2005,
Razzetti et al. 2007) and in Sphenodon (Seligmann
et al. 2003, 2008) and thus appears to be general
for the Lepidosauria. The correlation is reciprocal
and culling out the broken-tailed individuals
sometimes leads to a reduction of morphological
variation within the sample, facilitating distinction
between similar samples (Almog et al. 2005,
Lachman et al. 2006). All these studies have dealt
with asymmetry of pholidosis, so accident-
proneness is unlikely to have direct mechanical
reasons, as could happen with mensural asymme-
try (Martin & Lopez 2001).
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Figure 10. Geographical aspect of the location of the
main change in scale count, along the back in whole-
tailed Acanthodactylus boskianus males. Arabia, N=17; Is-
rael, N=35. A.) the distribution of the individual peaks
of slope (ratio between successive counts) over the four
possible locations. B.) the distribution of individual
peaks of abruptness of change in scale count (ratio be-
tween successive slopes), over the three possible loca-
tions.

Herein we have refined the data, making them
more compact, by applying both these steps. But
even among whole-tailed males, both the degree
of abruptness of change in dorsal scale size, and
when abrupt, its location along the back, vary
strongly. The distribution of both characters is not
bimodal but broadly unimodal, and largely over-
lapping between geographical areas (Figs 6, 9 and
10). The occurrence, in some areas, of a small
number of extreme types in the continuous mor-
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phological variation, does not disrupt the whole
pattern. Hence the illustrations of Acanthodactylus
boskianus (Daudin 1802), and of A. asper (Audouin
1827) in the Description de 'Egypte must be con-
sidered as representing two extremes of a complex
gradient, rather than two discrete taxa.

Implications for systematics

Thus the “asper” morphotype is not a distinct
morph; rather, it is an uncommon extreme of a
range of variation, presumably based on a poly-
gene system. As long as no thorough and DNA-
supported revision is available, we consider the
taxonomic implications to be as follows. At this
time there is no reason to reject the concept of sub-
specific distinction of the small-scaled A. boskianus
boskianus (Daudin 1802) in coastal Egypt, and the
medium-size-scaled A. b. euphraticus Boulenger,
1919 in southeastern Anatolia and northern Iraq
(Boulenger 1921, Baha El Din 2006). These two
populations that contain no “asper” morphotypes
appear to be defined by lacking “asper” genes, al-
though the amplitude of variation in A. b. euphrati-
cus is unclear: Reed and Marx (1959) reported that
locally A. schreiberi syriacus co-existed but Salvador
(1982) interpreted the small-scaled specimens as
probably belonging to A. boskianus. Both A. b.
boskianus and A. b. euphraticus could in principle
differ from A. b. asper also in characters that have
not been examined. Indeed, the coastal Egyptian
population called A. b. boskianus differs from A. b.
asper also in another hitherto overlooked qualita-
tive scale character (Werner and Ibrahim, in
press). The situation resembles that of Cerastes
gasperettii mendelssohni Werner and Sivan, 1999 in
the “Arava Valley of Israel and Jordan that is con-
spicuously distinct from Cerastes gasperettii gasper-
ettii Leviton and Anderson, 1967 in never carrying
supra-ocular horns but also inconspicuously in
other traits, notably caudal biometry (Werner et al.
1999). In conclusion, over the rest (and vast major-
ity) of the species range it appears justified to con-
tinue the currently prevalent practice of using the
trinomen A. boskianus asper (Audouin 1827).

Acknowledgements. This little investigation was only
possible through the existence of museum collections and
the dedicated and patient cooperation and help of all
curators and staff of each and every museum that we
approached. Especially we thank Boaz Shacham for free
use of and work in the national collection at the Hebrew
University of Jerusalem. We also thank for assorted
advice and help with literature Uwe Fritz, Gad Perry,

Gilad, A. et al.

Herve Seligmann, Boaz Shacham, Guy Sion and Roy
Talbi, for helpful critical reading of the MS Geoff Smith
and two anonymous reviewers, and last but not least, for
photographic help, Nurit Werner.

References

Almog, A., Bonen, H., Herman, K, Werner, Y.L. (2005):
Subspeciation or none? The hardun in the Aegean (Reptilia:
Sauria: Agamidae: Laudakia stellio). The Journal of Natural
History 39: 567-586.

Anderson, J. (1898): Zoology of Egypt: vol. 1, Reptilia and
Batrachia. Quaritch, London.

Anderson, S.C. (1999): The lizards of Iran. Society for the Study of
Amphibians and Reptiles. Ithaca, New York.

Andersson, M. (1994): Sexual selection. Princeton University Press,
Princeton, NJ.

Arnold, E.NN. (1983): Osteology, genitalia and the relationships of
Acanthodactylus (Reptilia: Lacertidae). Bulletin of the British
Museum (Natural History), Zoology series 44: 291-339.

Audouin, J.V. (“1809” [1827]): Explication sommaire des planches
de reptiles (supplément) offrant un exposé des charactéres des
especes, p. 174 and pl. I, fig. 10, In: Savigny, MJ.CL.,
Description de I'Egypte, vol. 1, Histoire Naturelle. Paris
(Imprimerie Impériale). (Not seen, following Salvador 1980 and
Baha El Din 2006.)

Baha El Din, S. (2006): A guide to the reptiles and amphibians of
Egypt. American University in Cairo Press, Cairo.

Baran, I, Atatur, MK. (1998): Turkish herpetofauna (amphibians
and reptiles), Republic of Turkey Ministry of Environment,
Ankara.

Benjamini, Y., Hochberg, Y. (1995): Controlling the false discovery
rate: a practical and powerful approach to multiple testing.
Journal of the Royal Statistical Society, Series B (Methodological)
57: 289-300.

Blasco, M. (1975): Dimorfismo sexual en una poblacion de
Acanthodactylus erythrurus Schinz, procedente del litoral arenoso
de Malaga. Cuadernos C. Biologia 4: 5-10.

Bohme, W. (1973): Erstnachweis zweier Eidechsengattungen fiir die
Tiirkei. Bonner Zoologische Beitrage 24: 394-398.

Bohme, W. (ed.). (1981, 1984, 1986): Handbuch der Reptilien und
Amphibien Europas. Vols. 1, 2/1, 2/11. Aula, Wiesbaden.

Boulenger, G.A. (1881): On the lizards of the genera Lacerta and
Acanthodactylus. Proceedings of the Zoological Society of
London 1881(48): 739-746, pls. LXIII-LXIV.

Boulenger, G.A. (1918): Sur les lézards du genre Acanthodactylus
Wiegm. Bulletin de la Société Zoologique de France 43: 143-155.

Boulenger, G.A. (1919): On a new variety of Acanthodactylus
boskianus, Daud., from the Euphrates. Annales and Magazine of
Natural History, Ser. 9, 3: 549-550.

Boulenger, G.A. (1921): Monograph of the Lacertidae, vol. 2. British
Museum (Natural History), London.

Cox, RM., Butler, M.A., John-Adler, H.B. (2007): The evolution of
sexual size dimorphism in reptiles. Pp.38-49. In: Fairbairn, D.J.,
Blanckenhorn, W.U., Székely, T. (eds), Sex, Size and Gender
Roles: Evolutionary Studies of Sexual Size Dimorphism. Oxford
University Press, Oxford, UK.

Daudin, F.-M. (1802): Histoire Naturelle, Générale et Particuliere
des Reptiles, pp.188-190 and pl. 36, fig. 2, in vol. 3, Paris
(Dufart).

Disi, AM. (2011): Review of the lizard fauna of Jordan (Reptilia:
Sauria). Zoology in the Middle East, Suppl. 3: 89-102.

Disi, AM., Modry, D., Necas, P., Rifai, L. (2001): Amphibians and
reptiles of the Hashemite Kingdom of Jordan: an atlas and field
guide. Edition Chimaira, Frankfurt am Main, Germany.

Fitch, H.S. (1978): Sexual size differences in the genus Sceloporus.
University of Kansas Science Bulletin 51: 441-461.



Status of Acanthodactylus boskianus asper

Fitch, H.S. (1981): Sexual size differences in reptiles. University of
Kansas Museum of Natural History, Miscellaneous Publication
70:1-72.

Fitzinger, L.J.FJ (1834): pp.10. In: Wiegman, AFAH (ed),
Herpetologia Mexicana. Luderitz, Berlin. (Reprint, Society for
the Study of Amphibians and Reptiles, 1969) [Not seen.]

Gillispie, C.C. (1994): The scientific importance of Napoleon's
Egyptian campaign. Scientific American, September 1994: 78-85.

Goren, M., Werner, Y.L. (1993): On measuring head length in fishes,
amphibians and reptiles and on modified calliper rules. Journal
of Zoology 230: 187-191.

Gray, J.E. (1845): Catalogue of the specimens of lizards in the
collection of the British Museum. Edward Newman, London.

Ji, X., Zhou, W., Zhang, X,, Gu, H. (1998): Sexual dimorphism and
reproduction in the grass lizard Takydromus septentrionalis.
Russian Journal of Herpetology 5:44-48.

Lachman, E., Carmely, H., Werner, Y.L. (2006): Subspeciation
befogged by the ‘Seligmann effect’: the case of Laudakia stellio
(Reptilia: Sauria: Agamidae) in southern Sinai, Egypt. Journal of
Natural History 40: 1259-1284.

Leviton, A.E., Anderson, S.C. (1967): Survey of the reptiles of the
Sheikdom of Abu Dhabi, Arabian Peninsula. Part II. Systematic
account of the collection of reptiles made in the Sheikdom of
Abu Dhabi by John Gasperetti. Proceedings of the California
Academy of Science, Ser. 4, 39:157-192.

Leviton, A.E.,, Anderson, S.C., Adler, K., Minton, S.A. (1992):
Handbook to Middle East Amphibians and Reptiles. Society for
the Study of Amphibians and Reptiles. Oxford, Ohio.

Martin, J., Lépez, P. (2001): Hindlimb asymmetry reduces escape
performance in the lizard Psammodromus algirus. Physiological
and Biochemical Zoology 74: 619-624.

McCoy, J.K., Fox, S.F., Baird, T.A. (1994): Geographic variation in
sexual dimorphism in the collared lizard, Crotaphytus collaris
(Sauria, Crotaphytidae). Southwestern Naturalist 39: 328-335.

Nagel, M., Benner, A., Ostermann, R, Henschke, K. (1996):
Grafische. Datenanalyse. G. Fischer, Stuttgart.

Ota, H. (2003): A new subspecies of the agamid lizard, Japalura
polygonata  (Hallowell, 1861) (Reptilia: Squamata), from
Yunagunijima Island of the Yaeyama Group, Ryukyu
Archipelago. Current Herpetology 22: 61-71.

Perry, G. (1996): The evolution of sexual dimorphism in the lizard
Anolis polylepis (Iguania): evidence from intraspecific variation
in foraging behavior and diet. Canadian Journal of Zoology 74:
1238-1245.

Peters, G. (1964): Sekundaere Geschlechtsmerkmale, Wachstum
und Fortpflanzung bei einigen transkaukasischen Eremias-
Formen. Senckenbergiana biologica 45: 445-467.

Rastegar-Pouyani, N. (1999): First record of the Lacertid
Acanthodactylus boskianus (Sauria: Lacertidae) for Iran. Asiatic
Herpetological Research 8: 85-89.

Razzetti, E., Faiman, R., Werner, Y.L. (2007): Directional asymmetry
and correlation of tail injury with left-side dominance occur in
Serpentes (Sauropsida). Zoomorphology 126: 31-43.

Reed, C.A,, Marx, H. (1959): A herpetological collection from
northeastern Iraq. Transactions of the Kansas Academy of
Sciences 62: 91-122.

Roitberg, E.S., Smirina, EM. (2006): Adult body length and sexual
size dimorphism in Lacerta agilis boemica (Reptilia, Lacertidae):
between-year and interlocality variation. Pp.175-187+folding

163

table. In: M., Corti, C, Lo Cascio, P., Biaggini, M. (eds),
Mainland and insular Lacertid lizards: a Mediterranean
perspective. Firenze University Press, Firenze.

Salvador, A. (1982): A revision of the lizards of the genus
Acanthodactylus ~ (Sauria: Lacertidae). Bonner Zoologische
Monographien 16: 1-167.

Seifan, M., Gilad, A., Klass, K., Werner, Y.L. (2009): Ontogenetically
stable dimorphism in a lacertid lizard (Acanthodactylus
boskianus), with tests of methodology and comments on life-
history. Biological Journal of the Linnaean Society 97: 275-288.

Seligmann, H. (2001): Microevolution of proneness to tail loss in
lizards. Unpublished PhD Thesis, The Hebrew University of
Jerusalem, Jerusalem. [English with Hebrew abstract]

Seligmann, H., Beiles, A., Werner, Y.L. (2003): Avoiding injury and
surviving injury: two coexisting evolutionary strategies in
lizards. Biological Journal of the Linnaean Society 78: 307-324.

Seligmann, H., Moravec, J.,, Werner, Y.L. (2008): Morphological,
functional and evolutionary aspects of tail autotomy and
regeneration in the “living fossil” Sphenodon (Reptilia:
Rhynchocephalia) . Biological Journal of the Linnaean Society
93:721-743.

Shacham, B. (2004): Polymorphism in the Schokari Sand Snake
(Psammophis schokari) in the coastal sand dunes of Israel.
Unpublished M.Sc. Thesis, the Hebrew University of Jerusalem,
Jerusalem. [in English with Hebrew abstract]

Shacham, B. (2005): Tail injury linked to morphological asymmetry
in a polymorphic snake. Israel Journal of Zoology 5: 77-78.

Shine, R. (1994): Sexual size dimorphism in snakes revisited. Copeia
1944: 326-346.

Vincent, S.E., Herrel, A. (2007): Functional and ecological correlates
of ecological dimorphisms in squamate reptiles. Integrative and
Comparative Biology 47: 172-188.

Wermuth, H. (1955): Biometyrische Studien an Lacerta vivipara
Jacquin. Abhandlungen und Berichte fiir Naturkunde und
Vorgeschichte (Museum fiir Kulturgeschichte Magdeburg) 9:
221-235.

Werner, Y.L. (1971a): Some suggestions on the standard expression
of measurements. Systematic Zoology 20: 249-252.

Werner, Y.L. (1971b): Lizards and snakes from Transjordan,
recently acquired by the British Museum (Natural History).
Bulletin of the British Museum (Natural History) Zoology 21:
213-256, 6 pls.

Werner, Y.L, Ibrahim, A.A. (in press): A specific pholidotic
character in Acanthodactylus boskianus ~ (Reptilia:
Lacertidae). Herpetozoa: in press.

Werner, Y.L., Rothenstein, D., Sivan, N. (1991): Directional
asymmetry in reptiles (Sauria: Gekkonidae: Ptyodactylus) and its
possible evolutionary role, with implications for biometrical
methodology. Journal of Zoology 225: 647-658.

Werner, Y.L., Sivan, N., Kushnir-Bardugo, V., Motro, U. (1999): A
statistical approach to variation in Cerastes (Ophidia: Viperidae),
with the description of two endemic subspecies. Kaupia
(Darmstadt) 8: 83-97.

Werner, Y.L., Takahashi, H., Yasukawa, Y., Ota, H. (2006): Factors
affecting foraging behaviour, as seen in a nocturnal ground
lizard, Goniurosaurus kuroiwae kuroiwae. Journal of Natural
History 40: 439-459.

boskianus






