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Abstract
New collections of Moroccan samples of the stick insect Clonopsis allowed the discovery of two new species (the bisexual C.
felicitatis sp.n., the all-female parthenogenetic C. soumiae sp.n.), and two all-male clonal androgenetic strains (C. androgenes35 and C. androgenes-53). Together with the already known parthenogenetic C. gallica and the new all-female C. soumiae, C.
felicitatis forms a numerically polyploid series with 2n535/36, 3n554 and 4n572; all karyotypes are structurally diploid,
however, so that it has been suggested that most likely they became re-diploidized in the triploid and tetraploid
parthenogens, as it apparently happened in other stick insects. Also in the two androgens the karyotype is structurally
diploid: therefore C. androgenes-53 should have originated as a re-diploidized triploid. Aside from their karyotype, the males
of C. felicitatis are identified by colour stripes, whereas for the androgens and the females of the three Clonopsis taxa, only the
chromosome numbers are diagnostic, since body and egg traits, also analysed at SEM level, did not reveal sound
differentiating characters, suggesting a close relationship. In line with karyological and SEM observations, preliminary
mitochondrial analyses support that C. felicitatis is the mother ancestor of ‘‘polyploid’’ C. gallica, C. soumiae and of both
androgens. Together with C. gallica, these new taxa form a cohesive species-complex, well differentiated from the two
already known bisexuals C. maroccana and C. algerica. Actually these species do not show directly comparable karyotypes,
and their males can also be specifically recognized by their terminalia. These findings throw a significant new light on the
hitherto obscure relationships of taxa within the genus. The overall reproductive and chromosomal diversification of North
African Clonopsis suggests that the Rif region could well be the radiation centre of the genus, although the ‘‘triploid’’ C.
gallica has been able to gain some pre-desert zones towards the South and to widely spread into Europe.
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Stick insects or phasmids (Phasmida: Otte & Brock
2005) are a polyneopteran insect order (Zompro
2005) challenging taxonomists and reproduction
biologists for the frequent convergent evolution of
distantly related morphs and the wide array of
reproductive modes (Scali, in press). On the other
hand, ootaxonomy, particularly at scanning electron
microscope (SEM) level, revealed that egg chorionic
structures and patterns are generally reliable in
allowing recognition of natural groups, from the
intra-specific up to sub-family rank (Clark Sellick
1987; Scali & Mazzini 1987; Scali & Mantovani
1989).

In phasmids, both the spontaneous activation of
virgin eggs (tychoparthenogenesis) and hybridization-primed parthenogenesis, often accompanied by
polyploidy, have been demonstrated (reviewed by
Scali, in press), so that the facultative or obligate
production of all female progeny attains, on the
whole, about 10% of the almost 3000 species in the
Order. The reproductive features of the stick insects
gained new interest when, in addition to the various
mechanisms of parthenogenesis, hybridogenesis and
androgenesis were found to occur in nature. All
these reproductive mechanisms have been observed
in Bacillus and Leptynia species-complexes, which
therefore became good study cases of the whole
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array of the phasmid reproductive modes (Scali et al.
1995, 2003; Ghiselli et al. 2007; Scali, in press).
Extensive karyological investigations also revealed
that in stick insects wide-reaching cytotaxonomy is
not reliable, since above the genus level the
chromosome sets give confused or even misleading
indications: it was therefore concluded that, at
variance with other animal groups (see Capanna &
Redi 1994), only very close species complexes can
provide a sound phyletic reconstruction (HughesSchrader 1959; White 1976; John et al. 1987; Scali
& Marescalchi, 1987a, b; Passamonti et al. 1999,
2004).
Within the Clonopsis genus, which up to now
includes three described species, C. gallica (Pantel,
1890) is the most investigated taxon. This is a
holomediterranean obligate parthenogen with a very
uniform body and egg morphology, but a variable
karyotype, ranging from 54 to 57 chromosomes,
some of which are odd, unpairable elements. Also its
ploidy is doubtful and disputed, the species being
sometimes considered diploid, sometimes triploid
(Pantel 1890; Bullini & Bianchi Bullini 1971; Bullini
& Nascetti 1987). Also allozyme analyses did not
throw new light on C. gallica ploidy level, hybrid
structure and relationships within genus or subfamily (Nascetti & Bullini 1983; Nascetti et al.
1983). The additional two Clonopsis species are
amphigonic and both North African: C. algerica
(Pantel, 1890), with 2n532/31, XX/XO, and C.
maroccana Bullini & Nascetti 1987, with 2n522/21,
also XX/XO; while their genus attribution was quite
sound on body and egg features, both their
chromosome sets and allozymes did not provide
clear phyletic cues (Bullini & Nascetti 1987).
Recent collections of Clonopsis specimens on the
Rif area of Morocco, revealed the occurrence of two
unknown species besides C. gallica and C. maroccana. Of these, one is bisexual, the other parthenogenetic. The existence of two all-male androgenetic
strains was also revealed (Milani et al., in press). The
two unknown species showed very uniform body and
egg morphologies, quite similar to the already known
Clonopsis taxa, but possessed sharply different
karyotypes for chromosome numbers, namely 36/
35 (XX/XO) chromosomes the former and 72 (XX)
the latter (Milani et al., in press). The karyotypes
appeared to share several morphologically similar
chromosomes and, together with C. gallica, clearly
formed a numerically polyploid series (2n536,
3n554, 4n572). However, their structure was
apparently diploid in all taxa, so that the hypothesis
of a re-diploidization of the polyploid karyotypes has
been forwarded (Milani et al., in press), as it had
been suggested for the sexual and parthenogenetic

Sipylodea nelida John, Rentz, Contreras 1987 (John
et al. 1987).
The two all-male androgenetic strains showed 35
or 53 chromosomes, clearly related each other and to
C. gallica, since also their karyotypes appeared to
share the most characteristic chromosomes (Milani
et al., in press). At present, clonal androgenetic
reproduction is only conjectural for these Clonopsis
strains, but it must be considered that the alterations
of their spermatogenesis, skipping meiosis and
leading to unreduced sperm formation, are in line
with their maintenance by clonal androgenesis and
that this reproductive mode has been demonstrated
to occur naturally in hybrid taxa of the stick insect
genus Bacillus (Mantovani & Scali 1992; Tinti &
Scali, 1995, 1996; Scali et al. 2003).
Here we describe the comparative morphology of
the four new stick insects of the Moroccan Rif area.
The same samples are being analysed through
molecular approaches by sequencing mitochondrial
genes and comparing nuclear markers. As a matter
of fact, preliminary results for the mitochondrial cox2
haplotypes indicate that the new Moroccan taxa and
C. gallica share the same sequences, thus supporting
strict genetic and phyletic relationships among them
(Milani et al. 2007).
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Materials and methods
The map in Figure 1 gives the collecting sites with
acronyms for the new Moroccan samples gathered
during spring 2006. Table I lists size and sex
composition of these Moroccan samples as well as
the number of specimens available for this analysis,
from which the types and paratypes have been
selected for species descriptions; body and egg size
measurements of the two new species are reported in
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Figure 1. Map showing the Moroccan collecting sites of Clonopsis
samples: OLA, Oued Laou area; TET, Tetouen; CHA, Chef
Chaouen; TAR, Targuist area; SEF, Sefliane; TAF, Taferiate.

New Moroccan stick insects
0

Table I. Collecting sites with acronyms, species, sample size, gender composition and chromosome number (with sex formula) of
Moroccan Clonopsis.
Collecting sites

5

Sample

Species

Tetouen (TET)
Taferiate (TAF)
Oued Laou Area (OLA)
Chef Chaouen (CHA)
Sefliane (SEF)

10 females+18 males
11 females
13 females
4 females
10 females

Targuist (TAR)

14 females+9 males

20

Tables IIA and III. The terminology for body and
egg parameters has been derived from both Clark
(1976) and Milani et al. (in press). Digital pictures

Sex C. maroccanaa C. algericaa

Chromosomes

25

30

35

40

2n535/36 (XO/XX)
2n554 (XX)
2n554 (XX)
2n572 (XX)
2n571–72 (XX)
2n554 (XX)
2n572–73 (XX)
2n535 (XO)
2n553 (XO)

of living specimens of the bisexual and all-female
species, as well as androgenetic males, were recorded
to document colour in life.

Table IIA. Chromosome numbers and ranges of main body measurements of North African Clonopsis taxa. Body length was measured
without antennae and cerci; measures are given in mm.
Character

M
F
Body length
M
F
Number of antennal articles M
F
Length of antennae
M
F
Pronotum length
M
F
Mesonotum length
M
F
Metanotum length
M
F
Length of fore femur
M
F
Length of median femur
M
F
Length of hind femur
M
F
Note:

a

21
22
55.0–64.0
68.0–90.0
17
17–18
9.0–11,1
5.5–8.0
2.0–2.6
3.0–3.8
10.0–11.8
13.7–15.2
11.2–13.6
14.5–17.3
21.8–24.2
22.0–28.3
13.5–16.1
14.4–19.5
16.5–20.6
16.7–22.2

31
32
48.0–58.0
62.0–80.0
13–14
14–16
6.0–8.1
4.1–5.8
2.0–2.4
2.5–3.3
9.0–10.5
11.0–14.0
10.6–11.5
11.9–15.5
17.9–22.5
19.5–25.8
11.8–14.7
12.5–17.2
14.9–19.0
15.4–20.5

C. felicitatis
35
36
49.0–56.0
74.0–80.0
11–12
12–15
5.5–6.0
5.5–6.0
2.0
3.0
9.0–10.0
13.0–15.0
10.0–11.0
14.0–15.0
20.0
22.0–25.0
12.0
13.0–15.0
16.0
17.0–20.0

55

Chromosome number

Clonopsis felicitatis
Clonopsis gallica
Clonopsis gallica
Clonopsis soumiae
Clonopsis soumiae
Clonopsis gallica
Clonopsis soumiae
Clonal androgenes-35
Clonal androgenes-53

10

15

3

C. gallica

C. gallicaa

–

–
54–57
–
62.0–73.0
–
12–13
–
3.5–4.5
–
2.5–3.1
–
11.0–13.9
–
11.3–14.5
–
16.0–23.2
–
10.0–14.3
–
14.0–18.3

54
–
60.0–72.0
–
11–13
–
4.0–5.0
–
3.0
–
11.0–13.0
–
11.0–14.0
–
18.0–20.0
–
11.0–14.0
–
13.0–16.0

C. soumiae

C. androgenes

–

35; 53
–
48.0–55.0
–
12
–
6.0–6.5
–
2.0
–
9.0–10.0
–
10.0–12.0
–
16.0–22.0
–
11.0–13.0
–
14.0–17.0
–

72
–
68.0–78.0
–
13
–
4.5–5.0
–
3.0
–
12.0–13.0
–
13.0–14.0
–
20.0–21.0
–
13.0–14.0
–
15.0–17.0

Data sets after Bullini and Nascetti (1987).
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Table IIB. Qualitative descriptors of the same Clonopsis species as reported in Table IIA, allowing a closer specific diagnosis. C. gallica
samples were piled up.

45

Character

Sex

Thoracic
M
colour
Sub-anal vomer M

50

Tergite margin
Tenth sternite
margin
Cercus shape

M
F
F

C. maroccana*

C. algerica*

C. felicitatis

C. gallica

Greenish-brown Red and blackish
stripes
Short
Well developed A very small
remnant
Narrow incision
Wide incision
Wide incision
Slightly incised
Just bilobed
Rounded
Flat,
truncated
Almost cilindrical, Low conical
Narrow,
Low conical
blunt tip
pointed

C. soumiae

Greenish-brown
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Greenish-light
brown
A small remnant
Wide incision
Just bilobed
Almost cylindrical,
blunt tip
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Table III. Egg measurements (in mm) of Clonopsis felicitatis, Moroccan C. glllica and C. soumiae. Samples’ acronyms (see Table I) refer to
samples’ derivation.
Egg capsule

Opercular diameter

Length

Width

Height

Volume

Vol. range

Max.

Min.

2.35
2.60
2.50
2.60
2.50
2.60
2.75
2.70
2.50
2.70
2.70
2.70
2.75
2.70
2.75
2.75
2.90
2.90
2.85
2.85
2.60
2.70
2.55
2.65
2.80
2.90
3.20
2.70
2.85
3.00
2.95
3.00
3.00
3.10
2.85

1.40
1.40
1.50
1.40
1.45
1.50
1.45
1.30
1.30
1.30
1.60
1.60
1.50
1.60
1.55
1.50
1.45
1.50
1.55
1.50
1.55
1.60
1.60
1.60
1.60
1.75
1.80
1.65
1.70
1.70
1.45
1.80
1.70
1.75
1.50

1.65
1.80
1.70
1.75
1.80
1.80
1.80
1.55
1.70
1.60
1.85
1.90
1.85
2.00
2.00
1.80
2.00
1.90
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.15
2.20
2.00
2.10
2.05
2.00
2.10
2.00
2.10
2.00

5.43
6.55
6.37
6.37
6.52
7.02
7.12
5.44
5.52
5.62
7.99
8.21
7.63
8.64
8.52
7.42
8.41
8.26
8.83
8.55
8.06
8.64
8.16
8.48
8.96
10.91
12.67
8.91
10.17
10.45
8.55
11.34
10.20
11.39
8.55

5.43–6.55

0.99
0.95
0.90
1.00
0.95
0.90
0.85
0.85
0.80
0.80
1.05
1.05
1.10
1.20
1.10
1.10
1.00
1.00
0.95
1.05
1.00
0.95
1.00
1.00
1.00
1.20
1.30
1.15
1.20
1.20
0.95
1.10
1.05
1.05
0.90

0.80
0.75
0.80
0.70
0.70
0.70
0.70
0.70
0.75
0.70
0.85
0.80
0.85
0.85
0.85
0.75
0.70
0.70
0.75
0.80
0.80
0.90
0.75
0.75
0.80
0.85
0.90
0.75
0.95
0.90
0.80
0.85
0.95
0.85
0.70

5

60
C. felicitatis (TET)

10

C. gallica (OLA)

C. gallica (SEF)

15

C. gallica (TAF)

20
C. soumiae (CHA)

25
C. soumiae (SEF)

30
C. soumiae (TAR)

5.44–7.12

7.63–8.52

7.42–8.83

8.06–8.96

8.91–12.67

8.55–11.39
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SEM preparations
40

55

Specimens for microscopic investigations were first
fixed in Bouin liquid (5 picric acid : 1 formalin), then
washed and preserved in 70% ethanol. At the moment
of use they were dissected into suitable pieces – such as
head with antennae, thorax, legs, last three abdominal
segments with copulation structures and cerci (terminalia) – then dehydrated in absolute ethanol.
Eggs were fixed in Carnoy for at least 48 h and
then postfixed in absolute ethanol and finally
preserved in 70% ethanol. Empty capsules of
hatched eggs were also utilized when required.
Just before use all specimens were gently sonicated
for 30–60 s to eliminate or at least reduce surface
debris. Dried specimens were then mounted on
brass stubs by means of a conducting tape and goldcoated in a BIO RAD SC502 sputter according to
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the firm specifications. Sample images were obtained
with a JEOL–JSM 520 scanning electron microscope
and digitally recorded.
Egg and body size measures were either taken by
directly under a dissecting microscope or automatically evaluated by the SEM apparatus.
Chromosome preparations

95

100

The number of specimens utilized for karyological
investigation of species was: Clonopsis felicitatis, 7
males, 4 females; C. gallica, 9 females; C. soumiae, 8
females; androgenetic males, 3. Chromosome plates
were obtained from ovariole and testis smears of
either older larval instars (3rd, 4th) or adult specimens. According to size, from 50 to 100 ml of 0.05%
colchicine in insect Ringer solution were injected in
the coelomic cavity of each specimen, which 60 min
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later was anaesthetized and dissected. After 15–
20 min of hypotonic shock in 1% sodium citrate
solution, tissues were first fixed for 30 min in Carnoy
liquid (3 absolute ethanol : 1 glacial acetic acid) and
then teased directly on the slides in few drops of 60%
acetic acid. Cell smearing was then obtained through
a quick air drying on a hot steel plate at 60uC. Drops
of Carnoy liquid postfixed the smeared cells that
were then stained for 30 min in a 5% Giemsa
solution (Fluka, Steinheim, Switzerland) in phosphate buffer at pH 7. Dry stained slides were
eventually mounted in Euparal (Chroma, Köngen,
Germany). Later on, chromosome observations were
carried out with a Zeiss photomicroscope, which also
allowed picture recording on Ilford film. After its
processing, paper prints (Ilford, Kodak) at suitable
magnifications were finally obtained.
Male plates, besides chromosome counts, also
allowed the definition of the sex chromosome
formula, which, as in most phasmids, turned out to
be XO for the male and XX for the female; as a
consequence, the actual recognition of the X element
was thus only achieved when males were available
(bisexual species and androgens). Chromosomes,
including the sexual ones, were arranged in order of
decreasing size in all karyotypes, irrespective of
centromere position, and excluding satellites from
chromosome length evaluation, since they often
proved of variable size for the same pair even within
the same plate and/or specimen. It is important to
realize that this kind of comparisons is not intended to
imply inter-karyotype homology among different
taxa, although a resemblance between specific chromosomes is sometimes obvious.

35

Results
General observations
40

The overall appearance and the apterous condition
of the Moroccan samples are unmistakably those

55

E-COLOUR
FIGURE
Figure 4. Underside of a living Clonopsis felicitatis male terminalia:
note the articulated wedge-shaped operculum, the bent claspers,
the compressed, deeply incised last tergite with ventrally contacting rims.
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E-COLOUR
FIGURE
70
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Figure 5. A green/canella specimen of Clonopsis soumiae sp.n.

80

described for other Clonopsis taxa (Pantel 1890;
Bullini & Nascetti 1987).
In view of peculiarities of reproductive mode,
chromosome number and karyotype structure, we
recognize here two new species, formally described
below, namely the bisexual C. felicitatis, collected at
Tetouen, and the all-female parthenogenetic C.
soumiae, collected at Chef Chaouen, Sefliane and
Targuist (Figures 2–6). In the latter place we found
two different all-male androgens, also previously
undescribed, informally referred to herewith as the
Clonopsis androgenes-35 and C. androgenes-53, respectively (Figure 7). New collections produced also
several Clonopsis gallica specimens from Sefliane,
Oued Laou area and Taferiate, that now represents
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Figures 2, 3. Male and female Clonopsis felicitatis sp.n., respectively. Note the blackish and red thoracic stripes of the male, its short
antennae and the dome-shaped last abdominal tergite.
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Figure 6. Side view of a dark brown Clonopsis soumiae specimen
showing conspicuous thoracic granulation and two dorsal median
teeth.

E-COLOUR
10
FIGURE
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35

Figure 7. Head and thorax of Clonopsis androgenes-53, showing its
green/yellowish colour (without red and blackish stripes), the
median black line on the pronotum and the light carina on mesoand meta-notum, respectively.

the southernmost site recorded for the parthenogenetic species.
The males of the Tetouen taxon are about 5 cm
long (Table IIA) and neatly characterized by outstanding red and blackish thoracic stripes, while the
abdomen is greenish/brown (Figure 2). This redand-blackish strip pattern clearly distinguishes the
new Moroccan species from C. algerica and C.
maroccana, the already known bisexual species,
whose males have been reported to be of a uniform
green/brown colour (see Bullini & Nascetti 1987).
Furthermore, the antennae of C. felicitatis males,
about 6 mm long and made up of 11–12 articles
(Figures 2, 8; Table IIA) are not neatly longer than
those of the con-specific females (Figures 3, 9;
Table IIA).
One additional male trait worth mentioning is the
dome shaped last (10th) abdominal tergite
(Figure 2): in fresh specimens its side margins are
in touch along the ventral mid-line (Figure 4) or
almost touch in dried up SEM preparations

(Figure 10); this tergite has a double median carina
and a V-shaped terminal incision. The cerci, about
2 mm in length, show a typical clasper’s feature, with
a straight proximal part and a uniformly bent body
(Figure 10). The 10th sternite clearly shows that no
real sub-anal vomer is present (Figure 4) and only a
minute remnant of it can be appreciated in dried
preserved specimens (Figure 10).
In the females of C. felicitatis the colour of
different specimens varies from pale green to canella
and dark brown. The antennae are most often of 12–
13 articles, but up to 15 (Table IIA). Thoracic and
abdominal tergites usually show a faint carina.
Particularly evident in dark-brown specimens are a
pronounced thoracic granulation and, usually, two
teeth (one prothoracic, one mesothoracic) on the
dorsal median line (Figure 6). Female cerci are short
(about 2 mm), and, in vivo, straight and sub-conical,
uniformly decreasing towards the tapered tip
(Figure 5); in preserved specimens they shrink and
flatten to assume an olive-leaf appearance with
narrower base and tip (Figures 11, 12). The subgenital plate has a rounded tip and in C. felicitatis and
C. gallica it ends shortly after the last sternite
articulation (Figure 11), a little farther in C. soumiae
(Figure 12).
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Figure 10. Underside of male Clonopsis felicitatis terminalia: the
separated tergite rims allow viewing last sternite whose base
presents a small tubercule, very likely a remnant of the sub-anal
vomer. Also note the teeth along the border of the deep incision of
last tergite.
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Figures 8, 9. Male and female head of Clonopsis felicitatis showing the similar length of antennae and the appearance of the antennal organ
(inset) on the 7th article from the tip.
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Figures 11, 12. Ventral view of a Clonopsis gallica female (11): in this specimen the short subgenital plate has a rounded tip and it is
indistinguishable from that of many C. felicitatis females. Plate length increases in C. soumiae (12), but not so constantly to represent a
species-specific trait. Also note the straight short cerci, which, in dried up specimens shrink and flat.

Other metric data are given in Table IIA, including size range of the whole body and the most
relevant body parts (antennae, thorax and legs) of all
known Clonopsis taxa.
To make species identification safer, in Table IIB
some more body descriptors have been added and
confronted; it can be seen that in a few instances a
specific diagnosis can be reached.
Clonopsis eggs have a dark brown colour; generally
their length is slightly less than twice the width,
whereas their height is about 2/3 of the length
(Table III; Figures 13–16). The micropylar area has
a lance-tip shape (Figures 13, 14); small differences
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in its width or length (and in the ensuing median line
extension) appear to be a specimen-linked character
rather than a species-specific trait. The whole
surface of the egg capsule is covered by scattered
smooth mamelons, which, at higher magnification,
appear to be covered by small tubercles, either
rounded or petal-like, often interconnected by
narrow bridges (Figures 17, 18). The operculum is
round or moderately elliptical and forms a negative
angle of a few degrees with the egg capsule, since it
slightly leans toward the ventral side of the egg
(Figures 15, 16); on the surface of the operculum a
peripheral smooth crown surrounds a rough central
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Figures 13–16. Dorsal (13, 14) and side (15, 16) views of Clonopsis felicitatis and C. soumiae eggs, respectively. Note size difference of the
egg capsule, the marked height increase in the ‘‘tetraploid’’ egg, the lance-tip shaped micropylar plate, the median line ridge to the posterior
pole and the mildly negative angle of the operculum attachment (arrows).

Italian Journal of Zoology izo177097.3d 15/1/09 12:24:07
The Charlesworth Group, Wakefield +44(0)1924 369598 -

Rev 7.51n/W (Jan 20 2003)

>

365145

8

V. Scali and L. Milani

0

55

5

60

Figures 17, 18. Fine chorion pattern of Clonopsis felicitatis and C. soumiae eggs, respectively, showing a strict similarity.
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pattern of irregularly spaced prominences, which, at
higher magnification, reveal a covering of minute
fingers (Figures 19–22).
Table III records the egg capsule parameters,
including those of the operculum, for the newly
collected Moroccan samples. To better appreciate
the trend to larger size from the diploid C. felicitatis
to the ‘‘tetraploid’’ C. soumiae in a more synthetic
way, the three main egg diameters (in mm) were
multiplied to obtain a rough estimate of the egg
volumes that neatly evidences a trend to increasing
egg size; the capsule height appears to contribute
mainly, as can be clearly seen in C. soumiae
(Figures 15, 16). It could also be appreciated that
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Figures 19, 21. Opercula of Clonopsis felicitatis and C. soumiae,
respectively; their shape can vary from circular to moderately
elliptic, independently from the species, while their structure is
just the same, with an outer smooth crown and a rough internal
area.
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the OLA C. gallica, the geographically closest to C.
felicitatis (Table I), has rather small eggs, better
comparable to those of the bisexual species than
the SEF and TAF samples. At any rate, even the egg
volume values of the different species overlap and
therefore their egg size is not fully diagnostic.
On the whole, no species-specific female trait was
recognised; going from the 36-chromosome eumendelian species to the 72-chromosome parthenogen
just trends could be noticed, such as the longer
subgenital plate and the larger egg size. In summary,
while C. felicitatis males can be specifically diagnosed, for a safe characterization of their females and
of those of C. gallica and C. soumiae, the karyotype
remains the only reliable diagnostic character
(Figures 23A–C).
The two types of androgenetic males are morphologically indistinguishable from each other. All had a
greenish/light-brown body and rather short antennae, of 12 articles, slightly longer (6.0–6.5 mm;
Figure 7, Table IIA) than those of the males of C.
felicitatis (5.5–6.0 mm). Some of them showed a dark
marking on the median thorax line, more evident on
the pronotum, while fading out on the meso- and
meta-notum, where a faint brown mid line keeps
running up to the abdomen tip; on such males no
hints at thoracic red stripes were ever found. On the
other hand, their terminalia (Figures 24 and 25) look
quite similar to those of C. felicitatis males; as a
matter of fact, the dome shaped last tergite with its
pronounced notching, the tiny remnant of the subanal vomer and the claspers appeared indistinguishable. Therefore, for the androgens too, the really
diagnostic trait is their karyotype (Figure 26A,B).
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New species description
In line with the above-reported traits, each new
taxon can be described in more detail as follows.
Clonopsis felicitatis n. sp.

50
Figures 20, 22. Finer pattern of the inner opercular area of
Clonopsis felicitatis and C. soumiae, respectively: in both species the
irregular mamelons are covered by minute digits.
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The new amphigonic species has been found only in
a very small area of the south-eastern periphery of
Tetouen (Figure 1). That it belongs to the Areolatae
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Figure 23. Female karyotypes of Clonopsis felicitatis (A), C. gallica (Taferiate) (B) and C. soumiae (C). Note the clear diploid structure in the
three species.

40

is supported by the presence of the wedge-shaped
area apicalis on the underneath aspect of median and
hind tibiae of both sexes, while its attribution to the
Bacillidae family is based on the body features of
males and females, as well as egg structure.

45

50

Figure 24. Side view of Clonopsis androgenes-53 terminalia. Note
their high similarity to those of C. felicitatis male.

Furthermore, in both sexes the 7th antennomere
from the tip shows a small, roundish area deprived of
hairs, which certainly corresponds to the antennal
organ, a structure of uncertain function, always
present and more developed in the Bacillini tribe;
in C. felicitatis the antennal organ is slightly more
evident in females than in males (Figures 8, 8 inset,
9). In some females the thoracic pleurae are black.
The last (10th) abdominal tergite is incised, much
more deeply in males than in females; in both cases,
from beneath the last tergite the supra-anal valve can
be seen. The ventral aspect of the male terminalia
reveals that the operculum of the copulatory
apparatus attains the base of the last sternite and
that no well-developed sub-anal vomer is present
(Figures 4, 10). As a matter of fact, the small
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Figure 25. Ventral view of last abdominal metamer of Clonopsis
androgenes-53: between the tergite rims a projecting median
formation is seen, very likely corresponding to a vestigial subanal vomer, similar to that of C. felicitatis males.

tubercle at the base of the 10th sternite appears to be
just a remnant of it (Figure 10).
The median and hind legs of both males and
females bear a pair of strong teeth, located on the

lateral ventral carinae at the distal end of femora,
whereas the fore legs are muticous.
The only morphological trait of real diagnostic
value appears to be the red and blackish stripe
pattern on the meso- and meta-thoracic tergites and
sternites of the male (Figure 2); this unique character distinguishes the new Moroccan species not
only from the congeneric C. algerica and C.
maroccana males, but also from all other Bacillini
and, as far as we know, from all other stick insect
species.
An additional peculiar male character of the new
species is the reduced length of the antennae, which
are comparable to those of the female, while in all
other bacilline species the antennae are distinctly
longer in the males. An additional, although not
diagnostic, male trait is the peculiar dome shape of
the last abdominal tergite with a split median carina
and the terminal deep incision, whose margins are
lined by three pairs of short, strong teeth (Figures 4,
10).
Owing to the diagnostic colour pattern and the
additional features of antennae and terminalia, we
fixed a male specimen as the holotype, while taking a

55

60

65

70

75

25

80

30

85

35

90

40

95

45

100

50

105

Figure 26. Karyotypes of Clonopsis androgenes-35 (A) and C. androgenes-53 (B). Note the clear correspondence of these chromosome sets to
those of C. felicitatis and C. gallica, respectively, particularly evident for the largest elements, including the unique X chromosome (2nd
pair); satellites have a variable development and are located on different pairs.
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female as a paratype; both are in the collection
‘‘Museo dell’Evoluzione’’ of the Bologna University
and are individually described below.
Male holotype and female paratype
The in vivo habitus of the holotype male is reported
in Figure 2; all other descriptive traits fully correspond to those reported above for the species. We
only add that the brown speckles of the eye
pigmentation are lightly scattered all over the eye’s
hemispherical surface but concentrate in the middle
to form a defined longitudinal stripe, aligned with
the main body axis. On the thoracic segments the
granulation can be just perceived; a faint brown mid
line runs along the abdominal tergites. Further,
when the mid femora are bent toward the abdomen
tip and are brought to contact the sides of the body,
they hardly reach the first fourth of the first
abdominal segment, while the hind femora, brought
to the same position, attain the sixth abdominal
segment. The last abdominal tergite is slightly longer
than the ninth, their ratio being about 1.25.
The main body measurements of the male
holotype are summarized in Table IV, together with
the corresponding ones of the female paratype.
The female paratype is dark brown, with a habitus
very similar to the C. sumiae specimen in Figure 6.
All other descriptive traits, including the relatively
short subgenital plate, the pronounced thoracic
granules and teeth, are completely in accordance
with the features reported in the species description.
However, particularities to be noticed are: two
longitudinal speckle stripes on the eye, instead of
just one, and a dorsal median carina starting from
the mesonotum and reaching the end of abdomen.
Also in the female, the tenth abdominal tergite is
longer than the ninth (their ratio being about 1.25).

Female mid femora, once positioned as described for
the holotype, hardly reach the base of the first
abdominal segment, whereas, in the same position,
the hind femora reach half of the fourth abdominal
segment.
The main body measurements of the female
paratype are reported in Table IV. The females of
this species cannot be identified with certainty,
however, unless a concurrent check of the chromosomes is done: female karyotype of C. felicitatis is
reported in Figure 23A.
Derivatio nominis. The choice of the species epithet
has a double root. First it acknowledges the major
role that the distinguished ethologist/zoologist,
Professor Felicita Scapini (Florence University),
had in making possible the collecting of Moroccan
samples: as a matter of fact, she could arrange that
V.S. spent a spell at the Moroccan Abdelmalek
Essaâdi University of Tetouen. Second, it expresses
our happiness in finding what had been searched for
years, namely the maternal ancestor of C. gallica, as
morphology (body and eggs), karyotype and
mitochondrial haplotypes strongly suggest.

50

Chromosome number
Body length
Number of antennal articles
Length of antennaea
Pronotum length
Mesonotum length
Metanotum length
Length of fore femura
Length of median femura
Length of hind femura

The new all-female parthenogenetic species spreads
on a hilly and mountain district of the Rif area, from
Chef Chaouen to Sefliane and Targuist (Figure 1).
The holotype comes from the latter place, whereas a
paratype has been taken from the Chef Chaouen
sample. These females too clearly belongs to the
sub-order Areolatae, family Bacillidae, as the presence of the typical area apicalis and the general body
shape support: their main metric and meristic traits
are reported in Tables IIA and IV; both are in the
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C. soumiae

Holotype M

Paratype F

Holotype

Paratype

C. androgenes

35 (XO)
56.0
11R–12L
5.7
2.0
10.0
11.0
20.0
12.0
16.0

36 (XX)
79.0
12
6.0
3.0
15.0
15.0
25.0
15.5
19.0

72 (XX)
78.0
13
4.7
3.0
13.0
14.0
21.0
13.0
17.0

72 (XX)
78.0
13
5
3.0
12.5
13.5
20.0
14.0
16.0

53 (X0)
55.0
12
6.5
2.0
10.0
12.0
22.0
13.0
17.0

Note: afor parameters that in the same specimen differed for right and left measures their mean value is given.
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Table IV. Main meristic values and metric measurements (in mm) of holotypes and paratypes of Clonopsis felicitatis, C. soumiae and C.
androgenes-53. Body length was measured without antennae and cerci.

Parameters
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collection ‘‘Museo dell’Evoluzione’’ of the Bologna
University and are described below.
The holotype and paratype body colour is of a
uniform pale canella shade; the granules on the
meso- and meta-notum are not so numerous and
sharp as in dark brown specimens. The eyes of both
the holotype and paratype have a few speckles on
upper and lower halves but a neat, heavy-speckled
stripe separates them. The antennae are constantly
of 13 articles and of an almost invariant length of
about 5 mm; in both specimens, on the seventh
antennomere from the tip, an antennal organ very
similar to that of C. felicitatis could be noticed. The
holotype pronotum shows a marked median black
line (shortly interrupted half-way), which on the
mesonotum is replaced by a faint carina extended up
to the last abdominal tergite. While the median
carina is present in both the holotype and the
paratype, the pronotum black line is lacking on the
paratype. The ratio between the longer tenth tergite
and the ninth one is 1.45 in the holotype, 1.21 in the
female paratype. In both the holotype and paratype,
the last abdominal tergite is very lightly incised, and
from beneath it the supra-anal valve can be seen; in
the same specimens, on the ventral side, the long
subgenital plate almost reaches half of the last
sternite; their cercus length and shape fully conform
to those of the females of other Clonopsis taxa. In the
holotype the median and hind femora bear a pair of
teeth, located along the lateral ventral carinae at
their distal end, whereas the fore femora are smooth.
When the mid femora are aligned backwards along
the abdomen, they hardly reach the base of the first
abdominal segment, while the hind femora, in the
same position, attain the half of the forth abdominal
segment. SEM observations of egg features, such as
colour, micropylar plate and chorionic pattern,
together with the above-mentioned body traits, show
this taxon’s affinities to C. gallica and C. felicitatis.
The trend towards a bigger egg size appears to be
mainly realized by the increase of the height
parameter, so that, on the whole, the egg capsule
acquires a laterally more compressed structure
(Figures 14, 16).
This species also cannot be diagnosed with
certainty from the sole body and egg characters;
therefore the karyotype features seem the most
reliable diagnostic criterion (Figure 23C).
Derivatio nominis. This all-female parthenogen is
dedicated to Professor Soumia Fahd of the
Moroccan Abdelmalek Essaâdi University of
Tetouen. She generously hosted V.S. at the
‘‘Laboratoire de Diversité et Conservation des
Systèmes Biologiques’’, of the Département de
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Biologie (Faculté des Sciences de Tétouan), thus
allowing collecting, breeding and first analyses of the
Moroccan Clonopsis samples.
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Clonopsis androgenes-35 and C. androgenes-53
60

As hinted at in Milani et al. (in press), the systematic
status of the two androgenetic strains is uncertain,
owing to their quite unusual reproductive and
genetic systems; therefore, these are not deemed as
species. On the other hand, it seems informatively
correct to present their characterization for the sake
of complete recording of Moroccan phasmids.
These all-male taxa have been collected near
Targuist, in a bushy area with bramble, Daphne sp.
and prickly broom, at 1500 m above sea level. A
male C. androgenes-53 is now kept in the collection
‘‘Museo dell’Evoluzione’’ of the Bologna University.
First of all, we present their karyotypes
(Figure 26A,B) to show their degree of specificity
and, at the same time, their relationship to those of
C.
felicitatis
and
C.
gallica,
respectively
(Figure 23A,B). Although differences in chromosome structure and satellite position can be noticed,
a sound resemblance to the diploid and triploid
members of the series, namely C. felicitatis and C.
gallica, respectively, is also apparent, particularly for
the largest elements, including the X chromosomes
(Milani et al., in press).
It happened that the C. androgenes-35 males were
sacrificed when third and fourth pre-imaginal
instars, respectively, so that no karyotypized adult
male of this androgen was further available for a full
morphological description. The body characterization of adult androgens is therefore based on C.
androgenes-53 only (Tables IIA, IV); at any rate, the
35-chromosome pre-adult males looked just the
same as the 53-chromosome androgens.
We may here recall the overall green/yellowish
body colour, the slightly longer antennae of 12
articles (see Figure 7 and Tables IIA, IV) and the
terminalia, which shared the same traits as described
for C. felicitatis males (compare Figure 10 with
Figures 24 and 25).
The median and hind femora of these males
almost reach the base of first and sixth abdominal
segments, respectively, when mid and hind femora
are pushed backwards along the abdomen; the last
(tenth) tergite is 1.50 longer that the ninth.
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Discussion
Addressing stick insect analysis with a variety of
investigating techniques is very often the only way to
discover and ascertain unsuspected reproductive
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methods and phyletic relationships: actually only in
combination with karyology and mitochondrial gene
sequencing the morphological approaches with light
microscopy and SEM on both adults and eggs, have
been able to partially disentangle the complex
situation existing between the androgenetic
Targuist males and their syntopic females or to
differentiate the morphologically very similar allfemale populations in the whole collected range.
Actually, on sole morphological characters, the 72chromosome all-female C. soumiae are practically
indistinguishable from C. gallica (54 chromosomes);
furthermore, also the females of the bisexual taxon
C. felicitatis (36 chromosomes) look quite similar in
most body traits and, if collected without the
corresponding male partners, could be easily mistaken for those all-female species.
On the other hand, some help in separating the
females of the three bisexual species comes from the
cerci, even if these are of comparable length and
always straight, since in C. felicitatis they are pointed
and slim, in C. algerica have a larger base and sharply
decrease towards the tip to take a low conical shape,
whereas in C. maroccana they appear to have a more
uniform diameter with a somewhat blunt tip (Bullini
& Nascetti 1987). These differences must be taken
with caution, however, because cerci features often
change and become less distinctive in the preserved
specimens. Even the supposed diagnostic value
attributed to the dorsal thoracic teeth and to the
number of antennal articles (Bullini & Nascetti
1987) proved unreliable as more Clonopsis samples
were obtained and compared. A more defined
picture of taxa structure and relationships could be
hopefully obtained when also nuclear markers’
analysis were available.
At any rate, chromosomes differentiate all known
Clonopsis taxa and their number and karyotype
remain the only sound diagnostic trait of females,
while the males of the bisexual taxa can be told
apart, additionally, by the joint comparisons of the
following traits: the colour pattern together with the
wide incision of the last tergite and the lacking subanal vomer for C. felicitatis; the greenish/brown
colour, the still poorly developed sub-anal vomer
and the very narrow terminal incision for C.
maroccana; the greenish/brown colour, the wide
notching of the last tergite and a decidedly more
developed sub-anal vomer, for C. algerica. The great
variation of the sub-anal vomer size, realized in the
same species complex, rules out this trait as a
systematic guide-character of wide reach, as it had
been maintained by Key (1970), although it seems
sufficiently sound at genus or species level.

The number of the antennal articles of the
different species can only partially help in identifying
species, since it only differs among the three bisexual
species, where the presently recorded variability
ranges are contiguous (Table IIA); on the other
hand, the antennal article number of the two allfemale species falls within the range of C. felicitatis. A
female feature, apparently related to the chromosome number, is the egg volume: while female body
size appears to be independent from the corresponding karyotype and ploidy level (Table IIA and
below), eggs are increasingly bigger going from
diploid bisexuals to polyploid unisexuals (including
measure estimates obtained from the egg drawings
by Bullini and Nascetti 1987). In the diploid species
the range of the roughly evaluated egg volume goes
from 5.43 to 6.55 mm3, in the ‘‘triploid’’ C. gallica
from 5.44 to 8.83 mm3 and in the ‘‘tetraploid’’ C.
soumiae from 8.06 to 12.67 mm3. As for the length of
the subgenital plate, egg size also just indicates a
trend without providing a diagnostic trait. At any
rate, the homogeneity of egg chorionic sculpturing
realized in spite of their karyotype differences, can be
taken as a cue of true relationship among these
Clonopsis taxa, thus reinforcing the suggestion that
ootaxonomic features appear to be reliable in
witnessing phylogenetic relationships (Scali &
Mazzini 1982, 1987), actually supported by
sequence analyses of mitochondrial genes (Milani
et al., in press). As a matter of fact, while karyotype
features, do not imply a direct genetic basis ‘‘per se’’,
egg morphological and structural traits appear to
have a relevant genetic determination, since more
than a hundred genes seem to contribute in the
chorion time-regulated synthesis by follicle cells
(Scali & Mazzini 1987). Therefore chromosome
number and structure could result markedly different among Clonopsis taxa, while genetic intertaxon
affinity is kept high, particularly among unisexual
hybrids having a same maternal ancestor, as clearly
suggested by the mitochondrial cox2 gene sequencing (Milani et al. 2007, in press; Scali in press).
A feature distinguishing C. felicitatis one side from
C. maroccana and C. algerica the other, is the ratio of
male/female antennal length: this value is about 1.4
in the latter two species, but just 1.0 in the former.
While C. maroccana and C. algerica are in line with
the antennal dimorphism noticed in all other bacilline species (Otte & Brock 2005), the condition of C.
felicitatis appears to be unusual.
The karyotypes of C. felicitatis, C. gallica and C.
soumiae appear to form a related polyploid series,
although with chromosomes always in pairs; this
contrasting condition has been interpreted as due to
re-diploidization of the chromosome sets, as seen in
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other stick-insect species complexes (John et al.
1987) and here also suggested by the great plasticity
of the karyotypes of the still morphologically related
C. maroccana (2n522/21) and C. algerica (32/31)
(Bullini & Nascetti 1987; Milani et al., in press).
Even in the androgenetic males the main body
features – excepting the thoracic colour stripes – are
actually the same as those of C. felicitatis males,
suggesting that they too are closely linked to this
Artenkreis, again in line with their karyotype
similarities to C. felicitatis and C. gallica. A closer
phyletic relationship among C. felicitatis, C. gallica,
C. soumiae and the androgens is also supported by
the preliminary analyses of mitochondrial cox2
haplotypes which, at the same time, clearly indicate
that C. maroccana is more differentiated from them
(Milani et al. 2007).
Owing to the sympatry of both the maternal
ancestor and the derived all-female and all-male taxa
on the Moroccan Rif region, we would suggest that
this zone is the melting pot of the speciation events,
likely including repeated hybridization, originating
both the unisexual taxa C. gallica and C. soumiae as
well as the two additional endemic bisexual species
(C. maroccana and C. algerica), thus suggesting the
Rif area as the radiation centre of the Clonopsis
genus, although the ‘‘triploid’’ C. gallica has been
able to gain some pre-desert zones towards the
South and to widely spread into Europe. These
colonizing abilities are a typical issue of unisexual
and polyploid animal taxa shaping the phenomenon
of geographic parthenogenesis.
On the whole, these investigations on the genus
Clonopsis have contributed to:
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discover new closely related taxa, bridging up the
hitherto unrelated species C. gallica, C. maroccana
and C. algerica;
confirm the ample diffusion of parthenogenetic
reproduction among stick insects, particularly if
hybrid and/or polyploid (Scali et al. 1995, 2003),
even in its ecological aspect of geographic
parthenogenesis;
demonstrate the occurrence of likely re-diploidised polyploid karyotypes witness natural
androgenesis in an additional stick insect genus,
beside Bacillus and, likely, Leptynia show that
the genus Clonopsis exploits the same array of
reproductive modes and exhibits the same
intertaxon relationships as the other two
Mediterranean species-complexes, Bacillus and
Leptynia provide additional evidence that parthenogenetic forms, particularly when polyploid,
can compete successfully and even displace their
bisexual ancestors.
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