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Abstract
The genus Meriones Illiger, 1811 comprises species that are mainly desert or semi-desert inhabitants in the Palearctic region. 
These species are usually distinguished from each other by some external and cranial characters, yet they show a consider-
able level of intra-specific variation. Studies demonstrated that their taxonomy is complex, and that they show a consider-
able level of morphological plasticity. This study mainly deals with such taxonomical issues in jirds belonging to the genus 
Meriones, and provides a contribution to their conservation status. To explore cranial shape and size differences among 
Meriones species, morphological variables of type specimens of ten valid Meriones species, as well as of their synonyms 
were investigated. These include Meriones libycus, M. crassus, M. persicus, M. tristrami, M. meridianus, M. hurrianae, M. 
rex, M. shawii, M. sacramenti, and M. arimalius. To obtain the geometry of the biological forms, 2D-landmark data was 
acquisitioned, and analysed using geometric morphometric techniques. Multivariate analyses on the shape data of ventral, 
dorsal, and lateral views showed that, although some species reveal an overlap in morpho-space, in some views they are 
morphologically distinct. A cluster analyses demonstrates the existence of at least two major groups. Although, it is possible 
to discriminate some Meriones species based on the relative bulla’ size, the results support the hypothesis that this criterion 
is not applicable to all of them. Size analyses demonstrated that the inter-landmarks distances representing the length of the 
tooth row and the opening of suprameatal triangle are significantly different between some jird species, and hence should be 
considered as a distinctive trait in the identification keys on jirds. Conclusively, only a thorough systematic revision of the 
genus Meriones, considering zoogeographic and ecological data, may complete the puzzle of the taxonomy of these species.
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Introduction

Species diversity is one of the most important and com-
mon aspects of biodiversity as a whole (Mahmoodzadeh 
et al. 2022). To achieve an effective conservation of species 
diversity, an integrative approach of species identification 
and recording is needed. The genus Meriones Illiger, 1811, 
contains 16 species, most of them referred to as jirds. They 
are widespread in the Palearctic region (North Africa to the 
Far East), especially in the Middle East and Central Asia 
(Wilson and Reeder 2005; Darvish 2011; Stoetzel et al. 

2017). These species show adaptation to aridity in physi-
ological and morphological characteristics. Well-developed 
tympanic bulla is remarkable in these species (Pavlinov 
and Rogovin 2000; Pavlinov 2008; Tabatabaei Yazdi et al. 
2014; Alhajeri et al. 2015). Most ecological aspects of 
Meriones species are still poorly known, and the taxonomy 
of these rodents is muddled, especially for the species com-
plexes (Chaworth-Musters and Ellerman 1947; Chevret and 
Dobigny 2005; Wilson and Reeder 2005; Darvish 2009, 
2011; Tabatabaei Yazdi et al. 2012).

The identification key of jirds mainly focuses on bulla 
inflation (Ellerman 1948; Pavlinov 2008). Previously, 
Tabatabaei Yazdi (2011) and Tabatabaei Yazdi et al. (2012, 
2014), clearly mentioned that a “more swollen bulla” and 
“open/closed suprameatal triangle” are not appropriate cri-
teria and thus not applicable for the identification of some 
taxa (i.e., M. c. longifrons and M. c. charon).
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Holotypes are a crucial source of reference material for 
biologists focusing on comparative studies, especially in tax-
onomy. However, type materials do not represent the mean 
shape of the taxon, ideally, a type specimen exemplifies the 
essential characteristics of a taxon to which it belongs. Thus, 
in this study, using geometric morphometric methods, we 
have investigated the morphological and size differences 
among the holotypes.

Recently, Chevret and Dobigny (2005), Yigit et  al. 
(2006), Pavlinove (2008), Darvish (2011), Tabatabaei Yazdi 
and Adriaens (2013), and Dianat et al. (2020), using differ-
ent techniques reviewed the systematic relationships among 
some jird species. However, their results are not sufficient 
to fill the gap required for a modern systematic revision of 
Meriones. Thus, in this article, we focus on the taxa with 
mix-up taxonomy, limited distribution range, and overlapped 
distribution with close taxa. By using geometric morphomet-
rics, we explored to what degree type specimens can allow 
showing the interspecies cranial shape and size differences, 
and what that infers in the context of taxonomy and biodi-
versity conservation.

Material and methods

Specimens collection

A total of 37 holotypes were investigated. The studied spe-
cies are reference specimens of each taxon. Those belong to 
Meriones libycus (including M. arimalius), M. crassus, M. 
persicus, M. tristrami, M. meridianus, M. hurrianae, M. rex, 
M. shawii, M. sacramenti, and Sekeetamys calurus (Musser 
and Carleton 2005). In the previous phylogenetic reconstruc-
tions, S. calurus (a basal species of Meriones) is included in 
the genus Meriones (Wrobel 2006).

Distribution range and type localities of the studied spe-
cies are as follows (Darvish 2011; Musser and Carleton 
2005; Yigit et al. 2006; Tabatabaei Yazdi 2017):

Sundevall’s Jird, Meriones crassus Sundevall, 1842
Type locality: Egypt, Sinai, Fount of Moses (Ain Musa). 

Distribution: Across North Africa from Morocco through 
Niger, Sudan, and Egypt to Israel, Jordan, Syria, SE Ana-
tolia (Turkey), Saudi Arabia, Iraq, Iran, Afghanistan, and 
southern Turkmenistan.

Libyan Jird, Meriones libycus Lichtenstein, 1823
Type locality: Egypt, near Alexandria, Libyan Desert. 

Distribution: North Africa from Western Sahara (Rio de 
Oro) to Egypt, from Arabia to the Iranian Plateau, and Turk-
menistan to Sinkiang in W China.

Persian Jird, Meriones persicus Blanford, 1875
Type locality: Iran, Kohrud, 72 miles N. of Isfahan, Iran. 

Distribution: Eastern Minor Asia and Transcaucasia through 

NE Iraq and Iran, to south Western Turkmenistan, Afghani-
stan, and Pakistan (West of Indus River).

Shawi’s Jird, Meriones shawii (Dovernoy, 1842)
Type locality: Algeria, Oman. Distribution: Mediterra-

nean littoral from E Morocco through N Algeria, Tunisia, 
Libya, and Egypt to N Sinai.

King Jird, Meriones rex Yerbury and Thomas, 1895
Type locality: Yemen, Lahej, near Aden. Distribution: 

Yemen highlands in SW Arabian Peninsula, from Mecca in 
Saudi Arabia to near Aden.

Tristram’s Jird, Meriones tristrami Thomas, 1892
Type locality: Dead Sea area, Palestine. Distribution: 

from Arabian Peninsula to Asia Minor, From Israel, Leba-
non, and Jordan to E Turkey, Syria, N Iraq, Transcaucasia 
and NW Iran.

Boxton’s Jird, Meriones sacramenti Thomas, 1922
Type locality: Israel, 10 mi S Birsheba. Distribution: A 

small range in Israel (on the coastal plain south of the Yar-
qon River and in the N Negev) and NE Sinai Peninsula of 
Egypt.

Indian desert Jerbil, Meriones hurrianae Jordan, 1867
Type locality: India, Hurriana district. Distribution: 

Semi-desert from Punjab and Kathiawar to S. Afghanistan, 
and S.E. Iran.

Midday Jird, Meriones meridianus (Pallas, 1773)
Type locality: South East Russia, Astrakhanskaya Oblast, 

Dosang. Distribution: From Lower Don River and north of 
the Caucasus to Mongolia and N China, South to East Tur-
key, E Iran, and N Afghanistan.

Bushy-tailed Jird, Sekeetamys calurus (Thomas, 1892)
Type locality: Egypt, Sinai, near Tor. Distribution: 

Restricted to rocky and cliff habitat from E Egypt (east side 
of the Nile) through Sinai, SE Israel, and SW Jordan into 
Saudi Arabia. Although researchers now agree that calurus 
merits generic separation, previously, it has been assigned 
to the genus Meriones (Wilson and Reeder 2005).

All the studied materials are intact skulls of type, co-type, 
lectotype, and paralectotype specimens gathered at the col-
lections of the British Natural History Museum (London, 
UK). In order to be able to assign the specimens to nominal 
taxa, we followed the taxonomy used by the museums. For 
their nominal taxa, and the synonyms, collection numbers 
and the collected locality, see Table 1. For information about 
the collection number of studied species, see Appendix.

Geometric morphometric methods

Geometric morphometrics is a valuable tool for exploring 
inter-specific shape differences. This technique has a con-
siderable potential for taxonomic identification (Book-
stein 1991; Rohlf 1996; Fadda and Corti 2001; Zelditch 
et al. 2004; Cardini et al. 2007; Macholán et al. 2008; 
Cardini and Elton 2009; Abiadh et al. 2010; Cardini et al. 
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2010; Boroni et al. 2017; Rey-Rodríguez et al. 2022). The 
use of landmark data to describe cranial and mandibu-
lar variation (both in size, and shape) is proven to be a 
sufficiently powerful tool in rodent systematics (Tabata-
baei Yazdi and Adriaens 2013; Boroni et al. 2017; Rey-
Rodríguez et al. 2021; Alhajeri 2020, 2021). Geometric 
morphometrics is a frequently used technique for the 
analysis of form based on Cartesian landmark coordinates 
(Bookstein 1991; Polly 2018). Landmarks are anatomi-
cally corresponding points digitized on each specimen. 
Differences in specimens’ coordinates, due to rotation 

and translation of specimens, have removed by doing a 
procrustes’ superimposition (Rohlf and Slice 1990). Size 
and shape components of form are analysed, separately. 
“Size”, is measuring as centroid size (CS), the square root 
of the sum of squared distances between all landmarks 
and their centroid.

The landmark data were obtained from photographs 
taken with a Nikon D70 digital reflex camera using a 
Sigma 105 mm macro lens at five megapixels, through 
a standardized protocol. The landmark configura-
tion adopted in the present study follows the ones in 

Table 1   Studied taxa and current scientific names, including collection numbers at British Museum of Natural History (Wilson and Reeder 
2005)

Taxon Synonym Type locality Museum No.

M. c. pallidus M. crassus Sudan, Atbara 19. 8. 16. 11.
M. charon Thomas, 1919 M. crassus Iran, Khuzestan, Ahwaz 5. 10. 4. 38
M. ismahelis Cheesman and Hinton, 1924 M. crassus Arabia, Hufuf 24. 8. 2. 4
M. pelerinus Thomas, 1919 M. crassus Arabia, Tebuk 10. 3. 12. 5
M. palidus tripolius Thomas, 1919 M. crassus Libya, Gebel Limhersuk 2. 11. 4. 64
M. longifrons Lataste, 1884 M. crassus Arabia, Jeddah 83. 11. 30. 1
M. longifrons Lataste, 1884 M. crassus Arabia, Jeddah 19. 7. 7. 2246
M. arimalius Cheesman and Hinton, 1924 M. libycus Saudi Arabia, Yabrin (Jabrin), Djebel Agoula 24. 8. 2. 5.
M. erythrourus aquilo M. libycus One hundred miles of Gutschen, Zungaria, Chinese central Asia 12. 4. 1. 44.
M. gaetulus Lataste, 1882 M. libycus Algeria 82. 7. 29. 9
M. l. caudatus Thomas, 1919 M. libycus Libya, Tripolitania, Bir Fredjan 2. 11. 4. 56
M. schousboeii tuareg Thomas, 1925 M. libycus West Africa 25. 5. 12. 59
M. schousboeii Loche, 1867 M. libycus Southern Algeria 19. 7. 7. 1560
M. syrius Thomas, 1919 M. libycus Syria, Karyatein, Syrian Desert 5. 7. 2. 2
M. s. edithae Cheesman and Hinton, 1924 M. libycus Arabia, Hufuf, Khudud Spring 24. 8. 2. 6.
M. s. evelynae Cheesman and Hinton, 1924 M. libycus Arabia, Hufuf, Khorassan Spring 24. 8. 2. 7.
M. ambrosius Thomas, 1919 M. persicus North east of Ahwaz, Persia into Baluchistan. 5. 10. 4. 35
M. p. persicus (Blanford, 1875) M. persicus Iran, Kohrud, north of Isfahan. 76. 3. 10. 2
M. p. baptistae Thomas, 1920 M. persicus Pasht Kuh, Bluchistan. 19. 11. 7. 69.
M. auratus (Duvernoy, 1842) M. shawii Northern Syria 19. 7. 7. 1567
M. albipes Lataste, 1882 M. shawii Msila, Algeria. 82. 7. 29. 10.
M. auziensis Lataste, 1882 M. shawii Ouedakarit, near Aumale, Algeria. 82. 7. 29. 8.
M. isis Thomas, 1919 M. shawii Ramleh, near Alexandria, Egypt. 92. 7. 1. 6
M. s. crassibulla Lataste, 1885 M. shawii Tebessa, Algeria. 19. 7. 7. 2981
M. s. longiceps Lataste, 1885 M. shawii Bordeaux, Tunis. 19. 7. 7. 1941
M. trouessarti Lataste, 1882 M. shawii Algeria 82. 7. 29. 7.
M. buryi Thomas, 1902 M. rex Zabed, Haushabi, in hills north of Aden, southern Arabia. 2. 11. 22. 9
Tatera philbyi Morrison-Scott, 1939 M. rex Najran, Arabia. 40. 272
M. rex Yerbury and Thomas, 1895 M. rex Yemen, Lahej, near Aden. 95. 6. 1. 30
M. blackleri Thomas, 1903 M. tristrami Western Asia Minor. 3. 6. 1. 1.
M. blackleri lycaon Thomas, 1919 M. tristrami Kara Dagh, about 80 km, south-east of Konia, Lycaonia, Asia 

Minor.
8. 7. 1. 28

M. sacramenti Thomas, 1922 M. sacramenti Ten miles south of Beersheba, Palestine 22. 10. 4. 1
Cheliones. h. collinus Thomas, 1919 M. hurrianae Kohat, North-West Frontier Province, India. 7. 6. 8. 7
M. auceps Thomas, 1908 M. meridianus East of Taiyuenfu, Shansi, China 8. 8. 7. 30.
Sekyytamys calurus Thomas, 1892 S. calurus Near Tor, Sinai. 1988. 558.
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Tabatabaei Yazdi et al. (2014, 2015). We digitized 21 
ventral, 19 dorsal, and 21 lateral two-dimensional (2D) 
landmarks, using TpsDig2. (Fig. 1). For anatomical defi-
nition of the landmarks, based upon Popesko et al. (1992), 
see Table 2.

Analyses of shape and size

Before doing the shape analyses, we performed a Gener-
alized Procrustes Analyses (GPA), using PAST software 
(PAlaeontologica STatistics) ver. 2.17 (Hammer et  al. 
2001). The patterns of shape variation have investigated 
based on Procrustes distances, following Bookstein (1991). 
Correctness of the projection of shape data, using TpsSmall 
ver. 1.34 (Rohlf 2004), was tested.

Principal component analysis (PCA) extracts singular 
vectors from the weight matrix. These singular vectors are 
equivalent to principal components (PCs). The scatter plots 
of the first two PCs were generated in STATISTICA (Stat-
Soft 2004). The percentage of the variation that is explained 
by the PCs was calculated using PAST. For the first and sec-
ond PCs the percentages are included in the corresponding 
graphs. The outlines representing shape variation explained 
by the PC axes, were generated using MorphoJ 1.07 (Klin-
genberg 2008).

TspSmall ver. 1.34 was used to obtain the average land-
mark configuration (consensus configuration) of each 
species. Procrust distances between each pair of OTU’s 

(Operational Taxonomic Units) were calculated using 
TpsSmall (for ventral, dorsal, and lateral sides). The results 
are presented in Table 3.

In order to evaluate the overall pattern of morphomet-
ric similarities among the OTU’s or their consensuses, 
UPGMA cluster analyses were performed. The analyses 
were done on the matrix of shape distances (Euclidean 
Distances) between the OTU’s means, using PAST, and 
for each skull side, separately. The results of UPGMA 
were represented by dendograms, which were gener-
ated in PAST. The branch supports on the dendograms 
were estimated by performing a bootstrapping of 10,000 
randomisations.

“Size” of the specimens have been  computed as 
centroid size (CS). CS is the square root of the sum of 
squared distances of each landmark from the centroid of 
the landmark configuration of each specimen. The sig-
nificance of the size differences among the OTU’s was 
tested by ANOVA. Size differences were illustrated using 
the plots (Fig. 4). The significance of pairwise compari-
sons between the CS of the species was tested using the 
Tukey HSD test in STATISTICA ver. 12. Additionally, 
interlandmark distances between landmarks 7-8 on the 
ventral side (representing the length of teeth row), and 
landmarks 15-16 on the lateral side of skulls (representing 
the opening of suprameatal triangle, and the bulla infla-
tion), were calculated in PAST. The obtained data were 
analysed using STATISTICA.

Fig. 1   Landmarks on the ventral (a), dorsal (b), and lateral (c) sides of M. shawii lectotype. The original photoghraphs bellow have been 
taken by the first author
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Table 2   Description of the landmarks’ position in this study (see Fig. 1)

Landmark Definition

Ventral view
1 rostral tip of internasal suture
2 most lateral junction point of incisive alveolus and body of premaxillary bone
3 most rostral point of incisive foramen
4 most caudal point of incisive foramen
5 most rostral point of palatine foramen
6 most caudal point of palatine foramen
7 most rostral point on the alveolus of the first molar
8 most caudal point on the alveolus of the third molar
9 most caudal point of median suture of palatine bone
10 most rostral point of foramen magnum
11 most lateral point of occipital condyle
12 most caudal point of acoustic tympanic bulla
13 rostral curvature point at level of the meatus
14 most caudal point of zygomatic process concavity formed by temporal bone
15 intersection between frontal squama, wing of presphenoid bone and wing of basisphenoid bone
16 most lateral point of zygomatic arch at maximum width of skull
17 rostral point of zygomatic plate
18 maximum curvature of zygomatic plate in infraorbital foramen
19 intersection of zygomatic arch and vertical line passing through most caudal point of third molar
20 intersection of the zygomatic plate and line connecting the landmarks 13 and 18
Dorsal view
1 rostral tip of internasal suture
2 intersection of naso-frontal suture with the internasal suture
3 intersection of frontal-parietal suture and the interparietal suture
4 intersection of suture between left and right parietals, and parietal-interparietal suture
5 midline point of suture between interparietal and occipital
6 midline point of caudal margin of the occipital
7 most rostral point of suture between nasal and premaxilla
8 rostral end of zygomatic plate
9 most lateral point of zygomatic plate
10 lateral end of the maxillary-frontal suture
11 rostral point of upper orbital crest at level of interorbital depression
12 intersection of temporal line and suture between parietal and squamosal bones
13 tip of concavity of squamosal root of zygomatic arch
14 caudal tip of squamosal root of zygomatic arch
15 rostrolateral end of tympanic bulla convexity
16 caudal end of tympanic bulla on lateral edge of suprameatal process (supramastoid part of squamosal bone)
17 distal tip of lateral process of supraoccipital
18 caudal end of suture between the mastoid part of tympanic bulla and supraoccipital
19 intersection of parietal-interparietal and interparietal-occipital sutures
Lateral view
1 most rostral point of nasal
2 inner extreme point of incisor at body of premaxillary bone
3 point at intersection between premaxillary and posterior end of incisive alveolus
4 most rostral end of infraorbital foramen edge on zygomatic plate
5 most ventral point at the margin of zygomatic plate
6 most caudal point of infraorbital foramen on zygomatic plate
7 most rostral point of suture between lacrimal and zygomatic plate
8 most rostral point of molar on alveolar process of maxilla
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Results

Shape

The PCA analyses show that in the ventral view, the PC1 
clearly sets M. crassus and M. libycus apart from M. tris-
trami and M. persicus (Fig. 2). Meriones libycus partly over-
lapped with M. shawii in ventral, dorsal and lateral views 
(Fig. 2a, b, and c).

In the ventral view, S. calurus, is positioned just close 
to M. c. charon, and M. syrius (synonym of M. libycus). 
M. sacramenti is positioned between the M. crassus and M. 
libycus.

Visualisation of the shape differences by the transforma-
tion outlines, along the first PC, demonstrates that most of 
the shape changes are mainly occurring in the inflation of 
bulla (landmarks 11, 12, and 13, Fig. 2a), and forward-pro-
jection of nasal (landmark1, Fig. 2a).

The second PC mainly reflects differences in the convex-
ity of zygomatic arch (landmarks 16 and 19).

For the dorsal shape, M. crassus and M. libycus are 
restricted to the higher range of PC1 (Fig. 2b), and they are 
perfectly apart from M. tristrami and M. persicus. Meriones 
syrius (synonym of M. libycus), is positioned in the middle 
range of PC1 scores. Meriones sacramenti shows morpho-
logical similarity with some synonyms of M. crassus (e.g, 
palladus, pelerinus, and ismahelis). The PC plot clearly sets 
M. c. charon and M. c. longifrons specimens, on the M. liby-
cus specimens’ polygon.

Meriones hurraianae is positioned in the middle of PC1 
axis, and apart from the other OTU’s. PC1 mainly represents 
variation in the braincase width, and PC2 mainly shows 

variation in the convexity of the zygomatic arch. The axes, 
demonstrate variation in the interparietal length and width 
(Fig. 2b).

Concerning the lateral shape, M. tristrami is the only 
one that does not overlap with any of the other species. 
Meriones persicus is partially overlapping with M. rex, as 
well. Meriones shawii is in the middle of morphospace, 
and shows considerable overlap with M. libycus (Fig. 2c). 
Meriones shawii and M. rex are apart, while they showed 
a fairly overlap in a ventral view. The location of M. sac-
ramenti in morphospace is close to that of M. l. schous-
boeii. S. calurus, in this view is located apart from the 
Meriones species. Specimens belonging to M. crassus 
or M. libycus have distinctly higher PC1 scores, respect-
ing a more inflated bulla and enlarged occiput (inter-
landmark 18-22, Fig. 2c). The second PC, in the lateral 
view mainly reflects variation in the skull length and 
position of the zygomatic process of the squamous part 
of the temporal bone that in some OTU’s situated more 
caudally.

The pairwise comparisons of the Procrustes distances 
between the OTU’s show that shape distances between spec-
imens is similar to some degree for the three views (Table 3). 
However, different sides aren’t equally informative.

The cluster analyses (UPGMA) on the ventral view data 
show that M. tristrami and M. persicus are most similar to 
each other (with higher bootstrap). These OTU’s also clus-
tered with M. rex and M. shawii. M. crassus, M. libycus 
and M. sacramenti are closest to each other. Interestingly, S. 
calurus shows more similarity with them (Fig. 3, Ventral).

The UPGMA, based on the dorsal view, shows that M. 
crassus, M. libycus, M. shawii, M. sacramenti, and M. 

Table 2   (continued)

Landmark Definition

9 most caudal point of molar on alveolar process of maxilla
10 most caudal point of optic canal
11 middle of alisphenoid canal
12 most caudal point of suture between jugal and squamosal root of zygomatic arch
13 intersection between rostral edge of tympanic bulla and most caudal point of gap

between tympanic bulla and occipital process of temporal bone
14 rostral point of suprameatal triangle
15 lateral tip of supraoccipital process
16 tip of hamular process of temporal on suprameatal triangle
17 rostral end of suture between stylomastoid suture and stylomastoid foramen
18 most rostral point of paraoccipital process
19 intersection of suture between parietal and supraoccipital with suprameatal process of squamosa
20 intersection of temporal line and suture between parietal and squamosal
21 junction of suture between parietal and squamosal bone and suture between frontal and

squamosal part of temporal bone
22 intersection of tympanic part of bulla and line connecting landmarks 16 and 17
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Table 3   Pairwise comparison of 
the studied OTU’s based upon 
the procrust distances

Pairwise compared OTU’s Procrust distances 
between groups (Ven-
tral)

Procrust distances 
between groups 
(Dorsal)

Procrust distances 
between groups 
(Lateral)

M. crassus-M. libycus 2.86E-02 3.07E-02 3.52E-02
M. crassus-M. persicus 6.96E-02 6.58E-02 8.33E-02
M. crassus-M. shawi 4.76E-02 3.61E-02 5.56E-02
M. crassus-M. rex 5.70E-02 5.96E-02 7.78E-02
M. crassus-M. tristrami 6.87E-02 7.35E-02 9.97E-02
M. crassus-M. sacramenti 3.24E-02 4.37E-02 5.83E-02
M. crassus-M. hurrianae – 6.20E-02 7.34E-02
M. crassus-M. meridianus 5.97E-02 4.74E-02 6.89E-02
M. crassus-S. calurus 4.32E-02 6.56E-02 9.04E-02
M. libycus-M. persicus 5.70E-02 5.64E-02 7.02E-02
M. libycus-M. shawii 3.30E-02 2.73E-02 4.26E-02
M. libycus-M. rex 4.28E-02 4.78E-02 5.85E-02
M. libycus-M. tristrami 5.60E-02 6.46E-02 8.13E-02
M. libycus-M. sacramenti 3.43E-02 4.23E-02 5.38E-02
M. libycus-M. hurrianae – 6.41E-02 5.98E-02
M. libycus-M. meridianus 5.89E-02 3.48E-02 6.10E-02
M. libycus-S. calurus 3.91E-02 5.27E-02 8.65E-02
M. persicus-M. shawii 3.66E-02 4.71E-02 4.26E-02
M. persicus-M. rex 4.65E-02 3.33E-02 4.40E-02
M. persicus-M. tristrami 2.66E-02 3.36E-02 4.34E-02
M. persicus-M. sacramenti 6.30E-02 6.96E-02 8.76E-02
M. persicus-M. hurrianae – 6.66E-02 6.31E-02
M. persicus-M. meridianus 8.30E-02 5.72E-02 8.07E-02
M. persicus-S. calurus 5.81E-02 5.65E-02 7.26E-02
M. shawii-M. rex 3.79E-02 3.97E-02 3.95E-02
M. shawi-M. tristrami 3.39E-02 5.19E-02 5.73E-02
M. shawii-M. sacramenti 3.77E-02 3.97E-02 5.75E-02
M. shawii-M. hurrianae – 5.92E-02 4.93E-02
M. shawii-M. meridianus 6.71E-02 3.89E-02 6.89E-02
M. shawii-S. calurus 4.39E-02 5.03E-02 7.89E-02
M. rex-M. tristrami 4.06E-02 3.87E-02 5.36E-02
M. rex-M. sacramenti 5.03E-02 6.58E-02 7.87E-02
M. rex-M. hurrianae – 5.79E-02 5.30E-02
M. rex-M. meridianus 7.19E-02 5.18E-02 6.12E-02
M. rex-S.calurus 5.22E-02 3.47E-02 9.08E-02
M. tristrami-M. sacramenti 6.01E-02 7.83E-02 1.06E-01
M. tristrami-M. hurrianae – 7.56E-02 6.69E-02
M. tristrami-M. meridianus 7.62E-02 6.28E-02 8.98E-02
M. tristrami-S. calurus 5.68E-02 5.12E-02 8.65E-02
M. sacramenti-M. hurrianae – 6.77E-02 8.61E-02
M. sacramenti-M. meridianus 5.66E-02 5.73E-02 8.72E-02
M. sacramenti-S. calurus 4.62E-02 7.44E-02 1.15E-01
M. hurrianae-M. meridianus – 6.46E-02 7.48E-02
M. hurrianae-S. calurus – 7.20E-02 9.19E-02
M. meridianus-S. calurus 6.20E-02 5.37E-02 1.03E-01
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meridianus were clustered together. M. tristrami, M. rex, 
M. persicus, and S. calurus were clustered together (Fig. 3, 
Dorsal).

With respect to lateral dataset, S. calurus, corroborating 
the PC results, is partly apart. M. crassus, M. libycus, M. 

sacramenti and M. meridianus cluster together. M. cras-
sus and M. libycus, with higher bootstrap, are the closest 
OTU’s. Meriones shawii, in contract with dorsal view, 
clustered with M. tristrami, M. rex, M. persicus, and M. 
hurrianae (Fig. 3, Lateral).

Fig. 2   Scatter plot of PCA results on shape variables of ventral (a), dorsal (b), and lateral (c) sides of specimens. Outlines show shape transfor-
mations along the axes (from grey to black)

Fig. 3   Dendograms obtained from the UPGMA on the ventral, dor-
sal and lateral views’ shape data, using Euclidean distances between 
OUT’s means (branch bootstrap support shown as percentage at 

the nodes, 10,000 replicates). Nodes with lower bootstrap could be 
affected by low sampling
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Size

There is a significant size difference (F = 3.3603, p < 0.01) 
among the species’ centroid size (CS). Since sexual dimor-
phism didn’t influence the observed species differences 
(Fsex*species = 0.8, p = 0.51), both sexes are grouped. Meri-
ones persicus has the largest, and M. meridianus, has the 
smallest crania (Fig. 4a). Tukey HSD test on centroid size 
dataset shows a significant difference between M. crassus 
and M. persicus. Meriones meridianus has significantly 
smaller cranium than M. persicus, M. rex, and M. sacra-
menti. Although, M. crassus has larger mean of CS than M. 
libycus, these species are not significantly different.

A significant difference (F = 7.9992, p < 0.01) was among 
the species, based on the distance between landmarks 7-8 
(Fig. 4b). This distance, representing tooth row length, was 
maximum in M. rex and M. persicus, respectively. It was 
minimum in M. meridianus and S. calurus (Fig. 4b). The 
results of a Tukey HSD test on dataset corresponding tooth 
row length (i.e. landmarks 7- 8), show significant differences 
(p < 0.01) between the following pairs: M. crassus and M. 
persicus, M. crassus and M. rex, M. libycus and M. rex, and 
M. tristrami and M. rex. Regarding this criteria, remarkably 
S. calurus shows more similarity with M. crassus, and M. 
meridianus.

Regarding the analysis of the inter-landmarks’ distances 
between landmarks 15 and 16, a significant difference 
(F = 4.2511, p < 0.01) was found among the species. This 
distance was maximum in M. crassus and M. sacramenti, 
respectively. The closest suprameatal triangle was observed 
in M. tristrami and S. calurus (Fig. 4c). The results of Tukey 
HSD test show significant differences (p < 0.01) between the 
following pairs: M. hurrianae and S. calurus, and between 
M. crassus and M. tristrami.

Discussion

The results (i.e. the cluster analyses) demonstrate that the 
OTU’s are clustering into two main groups, mainly based 
on the relative tympanic bulla size. Patterns of variation in 
bulla size have already been described for some jird spe-
cies (Tabatabaei Yazdi and Adriaens 2013). Intraspecific 
variation in bulla size has been observed in M. meridi-
anus, M. crassus, M. tristrami and M. libycus (Tabatabaei 
Yazdi and Adriaens 2013; Tabatabaei Yazdi et al. 2014, 
2015). Such morphological plasticity reflects differences 
in climatological conditions. In other words, since the 
hearing ability is associated with larger bullae, having a 
larger bulla is a biological advantage for living in xeric 
environments (Pavlinov and Rogovin 2000; Harrison 1972; 
Vaughan et al. 2000; Alhajeri 2019). Concerning the ven-
tral and dorsal skull shape, M. tristrami and M. persicus 

demonstrate a partly overlapping in the morphospace, 
while in the lateral shape M. tristrami is apart, without 
any overlapping in the morphospace.

Concerning M. blackleri, currently a synonym of M. 
tristrami, we observed more morphological similarity (i.e. 
in the dendograms) between M. blackleri and M. persicus, 
than with M. tristrami. These results that reflect aspects of 
cranial similarities, such as bulla inflation, are in agree-
ment with Yigit et al. (2006), Darvish (2011), and Taba-
tabaei Yazdi and Adriaens (2013).

Regarding M. sacramenti, the results (i.e., PCA), 
show that in the ventral view, this species is similar to M. 
schousboei (M. libycus), in the dorsal view is similar to M. 
gaetulus (M. libycus), and in the lateral view is similar to 
M. ismahelis (M. crassus). Additionally, we should men-
tion that M. sacramenti is a rare and endangered species 
(IUCN 2016) with a small range of distribution (Israel/ 
Palestine). This species, in the past, was a closely related 
taxon to M. shawii and M. libycus (Musser and Carleton 
2005; Darvish 2011). So, a study with a multi-disciplinary 
approach (including advanced molecular, morphological, 
and ecological), is needed to clarify the taxonomy of this 
taxon and other sympatric taxa in synonymy with M. tris-
trami Thomas 1892.

Our results generally show that M. shawii has consider-
able similarities with M. libycus, especially subspecies as 
auratus and arimalius. We should mention that auratus, 
based upon our shape data (weight matrix of all sides of a 
skull), shows overlap with the polygon of other M. shawii 
synonyms. M. shawii, showing a morphological overlap in 
the morphospace (PCA) with M. libycus, was previously 
discussed by Zaime and Pascal (1988) in Happold (2013). 
These authors have discussed about the craniometrical simi-
larities of these OUT’s. Meriones shawii was listed as the 
synonym of M. libycus, in past (old ver. Musser and Car-
leton 2005). Identification of M. shawii and M. libycus is 
often confusing in the museum collections and so doubtful 
in the published reviews and reports on Meriones (Musser 
and Carleton 2005). We should mention that in the dorsal 
and lateral views, less similarity was observed between M. 
shawii and M. tristrami, rather than in the ventral view.

Meriones auratus, which was regarded as the synonym 
with M. libycus by Musser and Carleton (2005), currently 
is listed as the synonym of M. shawi, in the latest version of 
this reference. Based on our results, M. auratus is morpho-
logically similar to M. albipes, which is in synonymy with 
M. shawii.

Meriones arimalius (Arabian jird) from central Arabia, 
in synonymy with M. libycus, show morphological simi-
larity with some synonyms of M. libycus and M. crassus. 
In ventral view, it is similar to schousboei (synonym of M. 
libycus), and then palidus (synonym of M. crassus). In the 
dorsal view is close to gaetulus (synonym of M. libycus), 
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Fig. 4   Plots showing means of 
the centroid sizes (c, calculated 
based on the ventral con-
figurations), distances between 
landmarks 7-8 (b), and 15-16 
of each species (c). Wiskers 
represent SE
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and in the lateral view, is similar to ismahelis and palidus 
(synonym of M. crassus).

In agreement with Darvish (2011), M. arimalius shows 
morphological similarity with both M. libycus, and M. cras-
sus. Therefore, it needs a complete systematic revision.

Meriones syrius (synonym of M. libycus), showing cra-
nial morphological similarity to M. shawii and longifrons 
(synonym of M. crassus) and which share burrows with sym-
patric M. syrius, may imply the need for a more thorough 
and entire revision of these sympatric taxa, moreover than 
focusing on potential hybridisation between them.

Our results show considerable similarity in cranial mor-
phology between charon (subspecies of M. crassus, from 
Khuzestan plain and Mesopotamia), and M. l. syrius, and 
also between M. e. caucasius (synonym of M. libycus), and 
M. erythrourus (synonym of M. crassus). Both Heptner 
(1940), and Ellerman (1948) reported the occurrence of M. 
erythrourus (M. e. caucasius) in Khuzestan province. Thus, 
the specimens collected from this locality might be identi-
fied as the synonym of either M. libycus or M. crassus.

According to results obtained by multivariate analyses 
in this study and our previous investigations on the genus 
Meriones (Alhajeri et al. 2015; Dianat et al. 2020), we may 
conclude that the similarities in cranial morphology among 
the genus Meriones, in addition to phylogeny is notice-
ably linked to the climatic conditions. The Meriones spe-
cies show considerable morphological plasticity and have 
evolved related to habitat conditions. This fact has been well 
discussed in the past (Tabatabaei Yazdi 2011; Tabatabaei 
Yazdi and Adriaens 2013; Tabatabaei Yazdi et al. 2014). 
Alhajeri (2019) and Abiadh et al. (2010) proposed the same 
hypothesis for Gerbillinae, as well.

The size analyses on the different datasets demonstrated 
that distances between landmarks 7-8 on the ventral view 
(i.e. the length of teeth row) were significantly different 
between some jird species. Thus, this metric distance could 
be of interest to taxonomists. In contrast, distances between 
landmarks 15-16 on the lateral view that shows a noticeable 
intra-species variation, indubitably is unusable in the species 
identification.

Regarding the conservation context, the status of some 
Meriones species in IUCN is “Endangered”, i.e. M. sacra-
menti, M. arimalius, and M. dahli. Most of the jirds are in 
the status of “Lower Risk”, e.g., M. hurrianae, M. libycus, 
M. meridianus, and M. crassus. At a glimpse, the species 
with limited distribution range have listed as the endan-
gered species. Some of these OUT’s are cryptic species, 
and several times have reinstated. Most of jird species are 
complex (Tabatabaei Yazdi et al. 2012), and include locally 
endangered populations that have not been defined or well 
appreciated.

As we mentioned before, the taxonomy of Meriones is 
complicated. One of the major causes of this mixed-up 

taxonomy in this genus is taxonomical identification based 
on some morphological traits that show a variation at the 
level of intra-species. Therefore, the diagnostic criteria 
should be defined after eagle-eyed the inter-specific mor-
phological variation.

Concussively, only a thorough systematic revision of 
the genus Meriones, including zoogeographic and ecologi-
cal data, may complete the puzzle of the taxonomy of these 
species.

Appendix

Collection numbers of the studied specimens at the British 
Museum of Natural History (London, UK).

Meriones crassus Sundevall, 1842
5. 10. 4. 38, 24. 8. 2. 4, 10. 3. 12. 5, 2. 11. 4. 64, 83. 11. 

30. 1, 19. 7. 7. 2246.
Meriones libycus Lichtenstein, 1823
24. 8. 2. 5., 12. 4. 1. 44., 82. 7. 29. 9, 2. 11. 4. 56, 25. 

5. 12. 59, 19. 7. 7. 1560, 5. 7. 2. 2, 24. 8. 2. 6., 24. 8. 2. 7.
Meriones persicus Blanford, 1875
5. 10. 4. 35, 76. 3. 10. 2, 19. 11. 7. 69.
Meriones shawii (Dovernoy, 1842)
19. 7. 7.1567, 82. 7. 29. 10., 82. 7. 29. 8., 92. 7. 1. 6, 

19. 7. 7. 2981, 19. 7. 7. 1941, 82. 7. 29. 7.
Meriones rex Yerbury and Thomas, 1895
2. 11. 22. 9, 40. 272, 95. 6. 1. 30
Meriones tristrami Thomas, 1892
3. 6. 1. 1., 8. 7. 1. 28
Meriones sacramenti Thomas, 1922
22. 10. 4. 1
Meriones hurrianae Jordan, 1867
7. 6. 8. 7
Meriones meridianus (Pallas, 1773)
8. 8. 7. 30.
Sekeetamys calurus (Thomas, 1892)
1988. 558.
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