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INTRODUCTION

Phylogeny and taxonomomy of the rodent sub-
family Gerbillinae was subjected to a serious re-
consideration during the last two decades. This
was due to active incorporation of modern phylo-
genetic methodology into researches on gerbilline
classification. As a matter of fact, this subfamily
appeared to be one of the first family-group taxa
of the Old World muroids which taxonomy was
studied on the basis of the modern phylogenetic
approach (Pavlinov, 1982a); in this respect it could
be compared with the New World neotomines and
peromyscines (Carleton, 1980). Under explora-
tions were both relationships of gerbillines to other
muroids and those among gerbillines themselves.
Respective researches were at first based on mor-
phological data (Pavlinov, 1982a; Tong, 1989;
Pavlinov et al., 1990) and were supplemented sub-
sequently with molecular findings (Chevret,
Dobigny, 2005). Their cumulative efforts have led
to several phylogenetic and classificatory schemes
which agree in some important details and dis-
agree in others.

As far as taxonomic relationships of gerbillines
to other muroid rodents are concerned, one of the
most important findings appeared to be their “shift”
from cricetids, where they have traditionally been
placed, to murids. To be true, this has been preced-
ed by realization of phylogenetic heterogeneity of
the classical taxon “Muridae”. Within gerbillines
themselves, several principal supposedly mono-
phyletic groups became reconized based on both
morphological and molecular data: taterillines (or
gerbillurines), gerbillines proper, and rhombomy-
ines; the two latter forming a monophyletic group
of higher rank. However, some points of signifi-
cant disagreements revealed between those two
kinds of data concerning phylogenetic position of
several genera that affect entire phylogenetic and
classificatory schemes for this subfamily. Some
enigmatic gerbilline taxa remain for which either
status or position remain quite unclear.

It is evident that such inconsistencies have
great impact on understanding of gerbillines’ evo-

lutionary history including pathways of their mor-
phological specialization, dispersion over conti-
nents and penetration into the desert biotas, etc.

There are several important causes of disagree-
ments between explorers of gerbilline phylogeny
and taxonomy which are to be taken into account
when the entire situation is being observed.

One of them is that, among complex morpho-
logical structures available, masticatory appara-
tus and middle ear appeared to be of most use in
elaborating phylogenetic classification for Ger-
billinae (Pavlinov et al., 1990). They are under
evident environmental control which makes quite
clear their evolutionary transformations and char-
acter polarities, on the one hand. The problem is
that, on the other hand, this prevents unambigu-
ous identification of homogenies and homopla-
sies for each of these structures and, as a conse-
quence, unambiguous recognition of holophyletic
and paraphyletic groups defined by respective
characters. However, because the selection pres-
sures for the masticatory and hearng organs are
evidently quite different, their simultaneous use
in the phylogenetic reconstruction warrants that
the resulting consensus tree contains a significant
phylogenetic signal.

Another cause is very limited molecular data
still available for phylogenetic reconstruction in
the subfamily Gerbillinae. Indeed, the only com-
prehensive molecular study so far completed was
based on just two fragments of mitochondrial
DNA (Chevret, Dobigny, 2005). Although these
authors insist upon priority of molecular over
morphology-based phylogeny, there is however
an opinion that mtDNA behaves as a solitary unit
in the evoluiton and so it should be treated as a
single character in phylogenetic reconstructions
(Doyle, 1992). Therefore, the molecular-based
phylogenetic reconstruction of Chevret and Dobi-
gny looks pretty weak in its factological back-
ground. This conclusion, because of shortage of
the reliable fossil records in gerbillines, seems to
be true also for unconditional application of mo-



lecular clock hypothesis to the genetic distance
data in the particular case under consideration.

At last, an important source of the above dis-
agreements is concealed in different taxonomic
philosophies, each treating its own way the phy-
logeny proper, its correct representation by clas-
sification, and the character weighting strategy.
Earlier classifications of Gerbillinae/Gerbillidae
were evidently gradistic (e.g. Heptner, 1933), the
subsequent pretended to be phylogenetic in its
“classical” (Haeckelian) sense (e.g. Chaline, Mein,
1979), while most recent belong to cladistic (Hen-
nigian) branch of phylogenetics predominating in
the contemporary taxonomic studies (Pavlinov,
1982a, 2001; Pavlinov et al., 1990; Chevret,
Dobigny, 2005). However, the cladistics itself is
not a uniform theoretical construction, which be-
comes more than apparent when methodological
backgrounds of morphologcial and molecular trees
for Gerbillinae, all declared being phylogenetic
(or, more strictly, cladistic), are compared.

It is evident that, in order to proceed more ef-
fectively with exploration in phylogeny and tax-
onomy of the subfamily Gerbillinae, a kind of
summary of preceding studies is needed. It would
make more evident the points of both agreement
and disagreement between different approaches.
The former would mean a reliable consensus about
monopyly of respective taxa. The latter would
indicate the focal points of further researches,
aimed not at contraposition of these approaches
but at search of the other points of consensus.

So the main task of the present contribution is
to provide a review of modern ideas about the phy-
logeny-based gerbilline taxonomy. In doing so, I
shall expose principal versions of the latter of-
fered so far by zoologists, paleontologists and
genetists. Recent taxa will be under most close
consideration whereae fossil genera will be just
briefly discussed. More attention will be paid to
the ideas have being been developed by myself
during last two decades or so (which explains and,
to a degree, excuses an extensive self-citation).
Principal diagnostic features will be indicated for
the genera and presumable monophyletic groups
of higher ranks recognized by me. Points of agree-
ments and disagreements between different clas-
sifications based on different characters and clas-
sificatory approaches will be highlighted.

As it follows from the above consideration, any
discussion of differences between existing classi-
fications of Gerbillinae would be superficial with-
out taking into account their theoretical back-
grounds, be they explicitly declared or just pre-
sumed. However, comparison of the “philosophi-
cal” matters lying behind particular classifications
to be considered here goes far beyond the scope
of my issue; they should be left for the future in-
vestigations (maybe upon a time when the nowa-
days predominating numerical phyletics, like its
phenetic predecessor, is no longer a kind of taxo-
nomic fashion, and limitations of molecular evi-
dence become more clear). Instead, I shall give
few words about theoretical background of my
own taxonomic approach and its resulting classi-
fication to make it more transparent and open to
criticisms.

This approach could be defined, if any formal
label is requested, as a kind of evolutionary cla-
distics (Hill, Crane, 1982; Sacther, 1983; Pav-
linov, 1990, 1998). Very briefly, it implies that
a) phylogenetic analysis should be based, as much
as possible, on the biologically sound evolution-
ary scenarios for morphological and eventually
other traits allowing to estimate at least some of
the character polarities (Hennig, 1966), and b)
monophyletic groups could be defined not only
by “true” but also by “underlying” (in the sense
of Saether, 1983) synapomorphies resulting from
parallel evolution of closely related groups. This
approach was initially elaborated for morpholog-
ical characters, but nowadays most popular max-
imum likelihood principles of molecular phylo-
genetics also fit demands of the evolutionary cla-
distics as far as they presume “evolutionary sce-
narios” for molecular structures (Felsenstein,
2003). It is acknowledged also that discrimination
between the above two principal kinds of syna-
pomorphies is based on probabilistic judgments
dependent on the entire context of phylogenetic
reconstructions and, thus, cannot be ultimate (Pav-
linov, 2005). And, at last and most, it is acknowl-
edged that any phylogenetic scheme is but a par-
ticular hypothesis which is consistent with both
its theoretical background and observed facts, and
is to be tested properly by other facts (which how-
ever are by no means “ultimate falsifiers” being
dependent on respective theoretical background).



EVOLUTIONARY TRENDS AND
MORPHOLOGICAL FEATURES

Gerbillines possess certain morphological
traits in common with other desert/semidesert
dwellers, such as heteromyids and, to a less ex-
tent, specialized dipodoids. Among these traits,
before all, most noticeable is enlarged and even-
tually hypertrophied auditory bulla. At the same
time, gerbils are interesting in that they retained
rather generalized external appearance as com-
pared with jerboas whose bipedal locomotory ad-
aptations are usually considered as most typical
for desert rodents (Mares, 1980). As a matter of
fact, the most specialized desert gerbils, such as
Pachyuromys or Desmodilliscus, are least similar
to jerboas in their locomotion habits and respec-
tive morphological adaptations. Instead, the ger-
bils of otherwise generalized genus Gerbillus
share some features of the pedal desert special-
ization with if not jerboas but with at least pocket
mice (subfamily Perognathinae).

The scope of the present contribution does not
allow to consider in details an interesting evolu-
tionary phenomenon of existing of two conspicu-
ously recognizable life forms of small desert ro-
dents, one of which is represented by highly spe-
cialized jerboas and their analogues (such as the
Australian Notomys) and another by more gener-
alized gerbils and similar species (such as the
Asian Calomyscus). At least some of the differ-
ences between them are supposed to be correlat-
ed with the way the rodents dwell the desert land-
scape (Shenbrot et al., 1999). For instance, it was
shown that the well known negative ratio between
the size of pinna and auditory bulla in specialized
desert rodents could be explained by the way of
their escaping from predation which, in its turn,
depends on the size and patchy structure of their
home ranges (Pavlinov, Rogovin, 2000).

In the present chapter, I shall concentrate on
consideration of those pretty limited morpholo-
gical features that allow discussing phylogenetic
relationships and taxonomic status of extant ger-
bils. These are basically elements of the mastica-
tory apparatus (both bony structures and denti-
tion) and the ossean middle ear. Other cranial por-

tions, such as alisphenoid region, though quite
informative in certain family-group rodent taxa,
are very modified due to enlarged auditory bulla
in many gerbillines and appeared to be of no great
value in this group (Pavlinov et al., 1990). Alisphe-
noid and palatal morphology is useful to discrim-
inate particular genera (such as Desmodilliscus,
Taterillus, Microdillus with enlarged posterior
palatal foramina) but is of far less significance in
recognizing their sister-group relationships. Male
genital morphology bearing an important phylo-
genetic information in several rodent families (e.g.
Arata, 1964; Carleton, 1980; Pavlinov, Shenbrot,
1983) appeared to be quite uniform in gerbillines
studied so far (Pavlinov, 1986; Pavlinov et al.,
1990) and is also omitted here (but see account of
the genus Desmodilliscus below). At last, muse-
um postcranial skeletons are preserved for just few
gerbilline genera, so their more extensive collect-
ing and detailed phylogenetic study is a task for
the future works.

BoNY ELEMENTS OF
MASTICATORY APPARATUS

Gerbillinae are characterized by so called my-
omorph type of masticatory apparatus; they dif-
fer from more generalized (in this respect) mem-
bers of Muroidea by dominance of the anterior
portions of musculus masseter over m. tempora-
lis. Respective modifications of the bony struc-
tures constituting masticatory apparatus in ger-
billines include a strong tendency toward en-
largement of the anterior portion of zygo-mas-
seteric construction (zygomatic arc + masseter-
ic plate) correlated with reduction of temporal
plate of the braincase and coronoid prosess of
the mandible.

As far as gerbilline zygo-masseteric construc-
tion is concerned (Fig. 1), the most spectacular is
the anterior outgrowth of the masseteric (= zygo-
matic) plate that is elongated to form a so called
masseteric keel. So, in the gerbillines this plate
consists of two clearly identifiable parts, of which



Fig. 1. Zygo-masseteric construction (lateral view) in
some Gerbillinae (not to scale, after Pavlinov et al.,
1990):

Puc. 1. 3uro—mMacceTrepHass KOHCTPYKIIUS (BUA
c6oky) y HekoTopbIx Gerbillinae (He B maciTabe,
no Pavlinov et al., 1990):

mk — masseteric keel (kuAb MacceTepHON TAOIIA-
AKM), os — orbital shield (opGuTarbHBIN HaBeC)

a — Desmodilliscus, b — Gerbilliscus, ¢ — Rhombo-
mys, d — Ammodillus

the posterior one, which is typical for all muroids,
is situated at the base of the anterior zygomatic
root proper, whereas the anterior one, the keel spe-
cific for gerbillines (and occuring occasionally in
some other muroids), expands forward along the
rostrum. This construction is most generalized in
Desmodilliscus and Gerbillus, which are charac-
terized by the least developed masseteric plate
among extant gerbillines (Fig. 1a). Two princi-
pal, though not quite distinct, trends could be iden-
tified in progressive evolution of the masseteric
plate. Its keel is strongly elongated in taterillines
(especially in Gerbilliscus, Fig. 1b), while it be-
comes rather high in rhombomyines (especially
in Rhombomys, Fig. 1¢). Dorsal expansion of an-
terior portion of zygomatic arc leads to formation
of a conspicuous orbital shield in some genera
(such as Ammodillus, Fig. 1d). All these differ-
ences occur as general trends only and no sharp
distinctions could be traced among phylogenetic
lineages. But at least taterilline-like elongation of
the masseteric keel could be considered as a syn-
apomorphy for taterillines.

These two trends in development of the zygo-
masseteric construction are correlated with cer-
tain transformation of temporal plate of the brain-
case delimited dorsally by parasagittal ridges (Pav-
linov et al., 1990). It becomes narrower with the
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Fig. 2. Mandible (lateral view) in some Gerbillinae and
their relatives (not to scale, after Pavlinov et al., 1990):

Puc. 2. HuwxkHAg yeAtocTs (BUA COOKY) Y HEKOTOPBIX
Gerbillinae 1 6AM3KKUX K HUM (He B MacIirtade, 1o
Pavlinov et al., 1990):

a — Gerbillus, b — Ammodillus, ¢ — Desmodilliscus,
d — ?Monodia, ¢ — Pachyuromys, f— Myocricetodon

taterilline-like keel elongation, and expands in
most advanced rhombomyines. The latter feature
reflects parallel evolution of the masticatory ap-
paratus in thombomyines and arvicolines and may
serve as additional support for phylogenetic speci-
ficity of the so-called “higher gerbils” (genera Me-
riones, Rhombomys and their allies).

Changes of the mandible (Fig. 2) are partly
correlated with evolution of the auditory bulla and
partly with changes in proportions of the masti-
catory muscles. There are certain reasons to sup-
pose that it is the bullar pneumatization (consid-
ered below) that initiated all these transformations
of the masticatory apparatus in gerbillines (Po-
tapova, 1990). This “bullar effect” is most evi-
dent, if compared to muroids with generalized bul-
la, in that ascending ramus of the mandible takes
more vertical position and becomes narrower and
the posterior curvature between this ramus and
angular process becomes deeper, while the latter
process becomes less vertical.

It is to be noticed that all these intercorrelated
features are evident even in the gerbils with rela-
tively small auditory bulla (Fig. 2a). So they may
serve as an important indirect evidence of pneu-
matization of the auditory bulla when no data on
morphology of the latter is available. In particu-
lar, these features seem to discriminate extant ger-



billines from extinct myocricetodontines for which
quite typical “murid” mandible was reported (Fig.
21). However, this correlation is not very strong;
in Pachyuromys with its inflated auditory bulla
the ascending ramus of mandible is very wide,
though taking more vertical position than usual
for the “typical” gerbils (Fig. 2e).

Ascending ramus of the mandible completely
lost coronoid process in Ammodillus (Fig. 2b), a
feature unique among Muroidea. This is correlat-
ed with most narrow temporal plate and maximal
orbital shield. Another very specific ascending
ramus morphology is observed in Desmodilliscus
that differs by long and narrow pr. articularis and
very wide pr: angularis (Fig. 2c). This morpho-
type found in Desmodilliscus, like the one in the
genus Ammodillus, is an autapomorphy and is of
minute cladistic significance as it does not indi-
cate any sister-group releationships. However, an-
other gerbil genus close to Gerbillus, here called
tentatively ?Monodia, possesses a mandibular
morphology (Fig. 2d) resembling the one observed
in Desmodilliscus. Such an intriguing similarity
could hardly indicate close relationships between
these two tiny gerbils but, as it is shown in the
account of the subtribe Gerbillina below, may in-
dicate a generic status of ?Monodia.

DENTITION

Gerbilline dentition is pretty specific and con-
stitutes one of several predominating types with-
in the rodent order (Shevyreva, 1976). Due to this,
molars of the gerbils are easily recognizable among
Recent Old World Muroidea, on the one hand. But
it provides certain problems with allocation of
some extinct muroid rodents to this subfamily by
1solated teeth alone, on the other hand.

In general, gerbilline molars are initially quite
simple, though not to an extent observable in such
muroids as specialized hydromyines (see Mis-
onne, 1969), and their further simplification is one
of the principal trends of dental evolution in the
subfamily (Petter, 1975; Pavlinov, 1984a). It in-
volves reduction of particular elements of the
molar crown, decrease of the last molars (lower
M3 disappeared in Desmodilliscus, see Fig. 2c),
and partial reduction of the molar roots. It is to be
stressed that all these manifestations of the over-
all trend peculiar to gerbillines are intercorrelat-
ed, so the gerbils most specialized in respect to
crown pattern are also most advanced in respect
to reduction of both the entire M3 and the roots
on M1 and M2 (Pavlinov, 1984a; Pavlinov et al.,
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1990). This correlation bears on recognition of
non-gerbilline nature of several extinct rodent gen-
era not infrequently allocated to Gerbillinae (see
the chapter on paleontology below).

In characterizing the evolution of gerbilline
dentition, it is to be stressed that its tendencies
are better understandable by analyzing not the de-
finitive crown patterns observed in the well worn
teeth but rather the age variation beginning with
the minimally worn molar crowns. The latter ap-
peared to be most important in revealing accesso-
ry elements of the dental crown and sequences of
fusion of the cusps with the age that are quite spe-
cific for different types of the crown pattern in
Gerbillinae (Pavlinov, 1979a, 1984a, 1985; Pav-
linov et al., 1990).

Detailed nomenclature of the gerbil dental
crown was elaborated by C. Robbins (1971) based
on that had been developed by P. Hershkovitz
(1962) for the New World Cricetidae. After that,
several new cusplets were discovered in living ger-
billines (Pavlinov, 1981a, 1985). The complete set
of molar crown elements known to occur in the
Recent members of this subfamily (Pavlinov 1984a;
Pavlinov et al., 1990) is shown in Fig. 3. I use the
informal term “longitudinal bridgelet” in the sub-
sequent descriptions instead of the formal “mur”
or “murid” of Hershkovitz for the longitudinal
connections between laminae. This is because the
interlaminar “murid” on lower molars could be
confused terminologically with the accessory “mu-
rid” cusplets on the same teeth.

The ancestral condition of gerbilline dentition
is characterized by moderately high (mesodont)
crown bearing isolated main cusps and few ac-
cessory cusplets. Anterocone of upper M1 was
most probably solid, as no one case of its split-
ting into a pair of cones is known in extant ger-
billines. Anteroconid of lower M1 was splitted
into two separate elements, extero- and intero-
anteroconids, this condition is observed on mini-
mally worn teeth in Asian 7atera. Subsequently,
they are fused to form the solid anteroconid (see
below). There are two additional isolated cusplets
occurring on lower M1 and M2, protoconulid and
hypoconulid: the both are preserved in living
Ammodillus and disappeared in others. Anteroloph
of upper M2 (not shown in Fig. 3) was initially
small and usually becomes fused with the first lam-
ina in more advanced gerbils (remained conspic-
uous in extant Microdillus). Just traces of hypo-
conule are evident in living gerbils with most gen-
eralized dentition, usually as an outgrouth of the
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Fig. 3. Nomenclature of upper (above) and lower (below) bunodont (left) and prismatic (right) molars in Gerbillinae

(after Pavlinov et al., 1990, modified). Abbreviations:

ac — anterocon, acd — anteroconid, eacd — exteroanteroconid, end — entoconid, iacd — interoanteroconid, sc —
hypocone, icd — hypoconid, hcl — hypoconule, Acld — hypoconulid, 4f — hypoflexus, hfd — hypoflexid, Im —
lamina, mc — metacone, mcd — metaconid, mf — metaflexus, mfd — metaflexid, pa — paracone, paf — paraflexus, pafd—
paraflexid, pr — protocone, prd — protoconid, prf — protoflexus, prfd — protoflexid, prid — protoconulid

Puc. 3. HoMeHKAaTypa BepXHUX (BBEPXY) M HIDKHUX (BHM3Y) OYHOAOHTHEIX (CAeBa) U IPU3MaTHYeCKUX (CIIpaBa)
xopeHHBIX ¥ Gerbillinae (mo Pavlinov et al., 1990, ¢ uamenenusamu). O603Ha4eHUS:

ac — QaHTEpOKOH, acd — aHTepOKOHHA, eacd — IKCTEPOAHTEPOKOHUA, end — DODHTOKOHHUA, iacd —
UHTEPOAHTEPOKOHYAUA, hc¢ — TUIIOKOH, hcd — rumnokKoHup, hcl — runokonya, hcld — runokonyaup, hf —
runoarekcyc, hfd — runodaekcup, Im — ramMuHa, mc — MeTakKoOH, mcd — MeTakKOHUA, mf — MeTdaekcyc, mifd
— MeTaAeKCHA, pa — IApakoH, paf — napadaekcyc, pafd — napadaekcup, pr — protocone, prd — protoconid,
prf — protoflexus, prfd — nporodaekcup, prld — IPOTOKOHYAUA

hypocone. The upper M3 was initially with four
cusplets (preserved in Microdillus and several
other genera), while its lower homologue was most
probably bicuspid. They both tend to become very
simple in most advanced gerbillines.

The molar roots are much reduced as compared
to other muroid rodents with non-evergrowing
cheek teeth. There are two main (anterior and
posterior) roots on both upper and lower M1 and
M2 whereas M3 are always with one root each in
all living members of Gerbillinae. The main roots
are added with much smaller median rootlets on
both lower and upper M1 and on upper M2, the
lower M2 always lacking any additional root. In
the upper toothrow, M1 bears one or two median
rootlets and M2 possesses no more than one such
rootlet. It is important to stress that, in extant ger-
billines, the median rootlets are present on the least
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advanced molars, and they tend to disappear with
increase of the molar crown height. In one genus,
Rhombomys, cheek teeth became evergrowing and
completely lost roots.

Awareness of these principal trends is impor-
tant for taxonomic allocation of some extinct gen-
era with dental crown pattern superficially simi-
lar to that in most advanced Recent gerbils. For
instance, Leakeymys, which is similar by the over-
all molar crown morphology to advanced tateril-
lines, possesses a bi-lophed lower M3 (Lavocat,
1964). Thus, it does not fit the trend leading to
the most evolved lophodont taterillines in which
the lower M3 is much simpler. The genus Epime-
riones with prismatic molars similar to those of
the “higher gerbils” (Meriones etc.) is character-
ized by the presence of a large median root on all
M1 and M2 and by two-rooted M3 (Daxner-Hock,
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Fig. 4. Principal molar crown types in Gerbillinae (after Pavlinov, 1984a, not to scale). For each taxon,
upper toothrow is on the left, and lower toothrow is on the right:

Puc. 4. OcHOBHBIEe TUIIBI CTPOEHUS KOPOHKU KOpeHHBIX y Gerbillinae (o Pavlinov, 1984a, Ge3
Macirada). AAd Ka’KAOTO TaKCOHA BEPXHUM 3yOHOU PsA CAe€Ba, HM)KHUY 3yOHOM P CIIpaBa:

a — Gerbillus, b — Gerbillurus, ¢ — Gerbilliscus, d — Ammodillus, e — Desmodilliscus, f — Dipodillus,
g — Sekeetamys, h — Meriones, i — Rhombomys, j — Brachiones

1972), which altogether puts it outside the evolu-
tionary trend of the entire gerbillines. The prob-
lems with inclusion of some extinct rodents in the
subfamily Gerbillinae by dental traits are consid-
ered in more details in the paleontological chap-
ter below.

Molar crown types (Fig. 4) start their evolu-
tion in gerbillines, as in all other rodents, with the
bunodont condition. This initial type is character-
ized by separateness of the main cusps and by pri-
mary asymmetry of the crown pattern (Fig. 4a).
This asymmetry may be characterized in several
ways: by slightly alternating main cusps; by small
but conspicuous differences in size of both those
cusps (metacone is the smallest) and flexuses
(paraflexus and hypoflexus on the upper M1 are
the widest). Due to the latter, the dentine field of
moderately worn upper teeth is S-shaped on M1
and C-shaped on M2 in Gerbillinae with bunodont
dentition. Connections between cusps tend to ap-
pear quite late and succession of their formation
is not strictly fixed, so it is the longitudinal bridge-
lets and not the transverse laminae that may first
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to appear with the tooth wear.

Two principal directions of the molar crown
transformations from the bunodont condition are
observed in the subfamily, one leading to the loph-
odont crown and another to the prismatic crown
pattern (Pavlinov, 1984a; Pavlinov et al., 1990). The
both are similar in rising the crown height and in
forming transverse laminae due to fuse of the op-
posite main cusps which always or usually (depend-
ing on degree of specialization) occur already on
the minimally worn teeth. The major difference be-
tween these two patterns includes development of
the longitudinal interlaminar connections (mures
and murids) which are characteristic of prismatic
molars and are absent in lophodont molars.

The transformation of the bunodont type in
both principal directions is usually (but not al-
ways) accompanied by the crown symmetrization,
that is, by gradual disappearance of the primary
asymmetry. However, the supposedly secondary
asymmetry did evolve in several genera with more
advanced lophodont molars while prismatic teeth
always tend to be symmetrical.



Fig. 5. Anteroconid (shaded) of the 1st lower molar in
some Gerbillinae (after Pavlinov, 1984, not to scale):

a — Tatera, b — Desmodillus, ¢ — Ammodillus, d —
horseshoe type in Gerbilliscus, e — thomboid type in
Sekeetamys, f — rare horseshoe variant in Dipodillus

Puc. 5. AuTepokoHmp (3aTeMHeH) 1ro HHIKHETO
KOpeHHOoro y HeKoTopbix Gerbillinae (mo Pavlinov,
1984, ue B MmacIirrabe):

a — Tatera, b — Desmodillus, c — Ammodillus, d
— mnoapkoBooOpasubYl Tunl y Gerbilliscus, e —
poMOOBUAHBIN THULI V¥ Sekeetamys, I — peprui
IIOAKOBOOOpAa3HbIN BapuaHT y Dipodillus

The evolution of lophodont molar crown in
gerbillines begins with equalization of size of both
the main cusps and the flexuses/flexids between
them. Separate cusps occur on minimally worn
molars but transverse connections between cusps
appear earlier and longitudinal connections ap-
pear later as compared to the typically bunodont
teeth. This condition could be identified as the
semi-lophodont type (Fig. 4b), it characterizes the
genera Gerbillurus, Desmodillus, and Pachyuro-
mys. The next step is defined by far earlier devel-
opment of transverse laminae and nearly complete
disappearance of longitudinal bridgelets; this gives
the advanced lophodont type, a condition most
characteristic of the genus Gerbilliscus. Second-
ary asymmetry may appear in the evolved loph-
odont dentitions and involves skewness of the lam-
inae on M1, especially on the lower one. It is most
expressed in the genera Ammodillus and Desmo-
dilliscus in which this skewness is opposite in di-
rection (Fig. 4d,e).

Prismatic type begins with very early forma-
tion of both laminae and mures/murids. In one lin-
eage of transformation of bunodont into prismat-
ic tooth crown, elements of primary asymmetry
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are preserved or eventually more expressed. This
gives so called semi-prismatic dental crown type
which could be observed in the nominative sub-
genus Dipodillus s.str. and in Sekeetamys (Fig.
4f,g). However, nearly all elements of primary
asymmetry disappear and no secondary asymme-
try is developed in the evolved prismatic type in
which no signs of separate cusps could be ob-
served at the earliest stage of the tooth wear. It is
characteristic of the genus Meriones (Fig. 4h) and
is most expressed in the genus Rhombomys. The
latter acquired some noticeable traits of the pris-
matic molar specialization which includes differ-
entiation of the enamel layers and appearance of
the cementum in the flexuses/flexids (Fig. 4i). An-
other variant of specialization of the prismatic
crown type can be observed in the genus Bra-
chiones which differs by very wide dentine fields
of interlaminar connections (Fig. 4j).

It is hard to suppose that most evolved ver-
sions of lophodont and prismatic types could trans-
form into one another. However, such a transfor-
mation seems to be possible for more primitive
variants. Thus, the Asian genus Tatera demon-
strates moderately specialized molar crown which
by its morphology is intermediate between these
two advanced types.

Anteroconid of lower M1 earned special at-
tention in recent studies of gerbilline phylogeny
and taxonomy because it was shown to serve as
an indicator of both ancestry and principal phylo-
genetic lineages of extant members of the sub-
family (Pavlinov, 1981a, 1984a, 1985, 2001; Pav-
linov et al., 1990). It included initially three sepa-
rate elements, exteroanteroconid, interoantero-
conid, and an accessory “murid” cusplet, the pro-
toconulid. The first two isolated cusps could be
observed on minimally worn molars in Asian 7at-
era (Fig. 5a) while the latter element usually oc-
curs on minimally worn molars in the genera Des-
modillus and Ammodillus (Fig. Sb-c). The more
advanced anteroconid morphotypes are solid
structures lacking these isolated elements, they are
identified as horseshoe (Fig. 5d) and rhomboid
(Fig. Se) types. The first one is characteristic of
the gerbils with the advanced lophodont molars
(Gerbilliscus, Taterillus) and the second one is
correlated with the bunodont and prismatic mo-
lars (Gerbillus, Sekeetamys, Meriones, etc.).
Meanwhile, the horseshoe morphotype tends to
transform into the rhomboid type in the gerbils
with less advanced lophodont dentition (Desmo-
dillus, Tatera). At last, evident traces of the horse-



Fig. 6. Transformation series illustrating hypothesized evolution of anteroconid (shaded)
of the 1st lower molar in Gerbillinae (after Pavlinov et al., 1990; Pavlinov, 2001)

Puc. 6. TpancdopmalronHas cepusi, IOKa3bIBaloIlas IPEATIoAaraeMyIo 9BOAIOIIIIO
aHTepPOKOHUAQA (3aTeMHeH) HIDKHero M1 y Gerbillinae (o Pavlinov et al., 1990;

Pavlinov, 2001)

shoe morphotype rarely occur in gerbils with bun-
odont and occasionally semi-prismatic molars for
which the rhomboid type is more usual (Gerbil-
lus and Dipodillus, Fig. 5f).

Judging by the above comparative data on the
living gerbillines, including successions of the for-
mation of definitive anteroconid with the tooth
wear in the genera Tatera and Desmodillus, these
advanced morphotypes could be interpreted as a
result of integration of the above three initial ele-
ments. It means that predominating trend in the
evolution of the anterior part of lower M1 in ger-
billines included enlargement of its wear facet
along with reduction of protoconulid to make the
entire anteroconid lamina-like. An evolutionary
scenario for the transformation series observed
among living gerbillines, supported in part by the
fossil evidence (see below), could be the follow-
ing (Fig. 6; see also Pavlinov, 1985, 2001; Pavli-
nov et al., 1990).

Protoconulid known to occur in the extinct
myocricetodontines (see below) was most proba-
bly preserved in the most archaic gerbillines. It
became reduced with their advancement follow-
ing the two principal pathways: it was either con-
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served as a minute isolated cusplet (Ammodillus)
or appeared to be included into the anteroconid
proper. In the first case, the anteroconid became
enlarged along with the molar crown laminiza-
tion; such a condition could also be observed in
the extinct genus Protatera as well in the extant
Ammodillus. In the second case, there were two
transformation pathways: exteroanteroconid was
first fused either with interoanteroconid (as in Des-
modillus) or with protoconulid (as in 7atera s.stt.).
These pathways “merged” subsequently to give
the same primitive horseshoe morphotype. Char-
acteristic of the latter is the posterior fossetid,
while in more advanced variants of this morpho-
type the fossetid can also be anterior or occasion-
ally a through one dissecting the anteroconid into
two lateral parts.

All these variants are rarely observed in the
living bunodont gerbils with predominating
rhomboid anteroconid, so it is possible to treat
them as atavisms indicating that the latter type
originated from the horseshoe type. Rhomboid
anteroconid became completely lamina-shaped
in most gerbils with prismatic molars, though it
deviates from this general trend in the genus Bra-



chiones in which anteroconid tends to be reduced
in its size (see Fig. 4j).

MIDDLE EAR

The middle ear includes the transmitting sys-
tem consisting of three auditory ossicles that trans-
fer energy of the sound waves from the tympa-
num to the membrane of the oval window, and of
the bony auditory bulla surrounding that system.
Its peculiar transformations in desert rodents are
well known and involve noticeable pneumatiza-
tion of the bulla due to enlargement of its both
tympanic and mastoid (ectotympanic and petro-
mastoid, by ther origin, respectively) portions. All
changes of the first portion are described in terms
of increase of its size and volume correlated with
enlargement of the tympanum while the changes
of the second one entail both its pneumatization
and appearance of the new interior bony elements
(septa), some of them subsequently changing their
positions. Among auditory ossicles, most notice-
able are changes in the malleus (Lay, 1972; Pavli-
nov et al., 1990).

All these modifications are thought to be ad-
aptations to the physical properties of the sound
waves dispersion under the arid air conditions
(Alexander, 1968; Moore, 1981). It is of impor-
tance to call attention to the fact that the whole
process of the middle ear morphological evolu-
tion is triggered by respective changes in shape
and/or size of the tympanum and malleus while
enlargement of the entire bullar size seems to be a
secondary effect of those primary changes. Prin-
cipal “aim” of this effect is to provide the evolved
transmitting system with the proper ear volume.
The bony elements emerging de novo in the tym-
panic and especially in the mastoid portions of
the bulla were supposed sometimes to be adapta-
tions to the sound perception participating in the
“tuning” of the middle ear to the sound wave en-
ergy transfer (Simkin, 1965). However, an analy-
sis of their diversity among specialized desert ro-
dents made it more plausible to hypothesize that
they fulfill just a mechanical function of reinforce-
ment of the bullar walls and the semicircular ca-
nals (Pavlinov, 1988). The latter conclusion has
certain concern to the discussion of possible trans-
formations and homologies of the bony elements
appeared in the pneumatized mastoid of the ger-
billines.

In the present chapter, transformations of the
middle ear morphology most concerning discus-
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sion of phylogeny and taxonomy of Gerbillinae
are considered in two sections. The first one con-
tains evoluitonary interpretation of comparative
data on the mastoid. The second one is about trans-
mitting system.

Mastoideum

Transformations and homologies of these mas-
toid bony elements in gerbillines constitute the
foremost subject of the present section. I shall
outline briefly my own approach to the analysis
of the mastoid evolution without going into de-
tails published elsewhere (Pavlinov, 1980, 1988,
2001; Pavlinov et al., 1990). The homology sug-
gested by D. Lay (1972) will be considered as well,
as it presumes somewhat different evolution of
the auditory bulla in Gerbillinae and hence their
phylogeny.

Mastoid morphology starts its evolution with
the condition observed in the most generalized (in
this respect) rodents; among gerbillines, it is con-
served in Taterillus and, with but some reserva-
tions, in Gerbilliscus (Taterona). It is character-
ized by complete concrescence of the bottom of
the parafloccular recess with the mastoid lateral
wall, so no mastoid cavity exists in such a primi-
tive bulla.

The mastoid pneumatization can be interpret-
ed (Webster, Webster, 1975; Pavlinov, 1988) as a
result of penetration of the tympanic (ectotym-
panic) cavity into the mastoid (petromastoid). This
process becomes evident as a gradual reduction
of the parafloccular recess accompanied by ap-
pearance of a solid bony septum dividing the mas-
toid into two parts. Its initial position and subse-
quent transformations allow to specify both the
hypothetical pathways of the mastoid pneumati-
zation and homology of the resulted septa and air
chambers delimited by them (Pavlinov, 1988; Pav-
linov et al., 1990).

In gerbillines, the process of the mastoid pneu-
matization takes place by two principal pathways,
anterior (or dorso-anterior) and ventral, by which
the tympanic cavity penetrates into the mastoid
(Fig. 7). The first one goes through the epitym-
panic recess into which two auditory ossicles,
malleus and incus, are hanged; the second one goes
through the arc of the lateral semicircular canal.
These penetrations meet inside the mastoid and
the mastoid septum appears at the zone of direct
contact of the two pneumatization fronts.

Recent gerbillines differ from each other by
position of that septum and by presence or ab-



Fig 7. Transformation series illustrating hypothesized evolution of types of mastoid

pneumatization in Gerbillinae (lateral view, very schematically). Solid arrows indicate
pneumatization pathways, dashed arrows indicate transformation trends (after Pavlinov
et al., 1990; Pavlinov, 2001).

Mastoid elements: / — parafloccular recess, 2 — lateral and 3 — posterior semicircular
canal, 4 — anterior penetration, 5 — ventral penetration, 6 — epimastoid chamber, 7 —
tympano-mastoid chamber, § —mastoid septum, 9 — posterior mastoid cell, /0 — tympano-
mastoid septum, // — ventral mastoid septum, /2 — ventral mastoid chamber

Puc. 7. TparcdopmanmoHHas cepys, ITOKa3bIBAOIIAs IIPEAITOAATAEMYIO DBOAIOIIIO

TUIIOB THeBMaTu3aum MactToupa y Gerbillinae (Bup cOOKY, 0O4eHb CXeMATHUYHO).
CIAOIITHBIE CTPEAKH TIOKA3bIBAaI0 CIIOCOOKI ITHEBMATHU3AITUY, TOYEUHBIE CTPEAKHT
MOKAa3bIBAIOT HallpaBA€HMS 3BoAlouM (o Pavlinov et al., 1990; Pavlinov, 2001).

OAeMeHTEI MacToupa: | — napaAOKKyAsIpHasA AMKa, 2 — OOKOBOM U 3 — 3aAHUM
TIOAYKPY>KHBIN KaHan, 4 — IepeAHee BISTYMBaHUeE, 5 — HIDKHee BIITUUBaHUe, 6 —
3MMMAaCTOMAHAS KaMmepa, 7 — TUMIIAHO — MaCTOMAHAs Kamepa, 8 — MaCTOUAHAS
cenTa, 9— 3aAHSAST MAaCTOMAHAS sTuerKa, 10 — TUMIIaHO — MaCTOMAHAS cenTa, 11 —
HUJKHSISI MaCTOMAHAS cenTa, 12 — HUDKHSS MaCTOMAHAsS KaMepa

a — Taterona (Gerbilliscus), b — Gerbillurus (Progerbillurus), ¢ — Tatera, d —

Desmodillus, e — Dipodillus, f — Meriones, g — Pachyuromys.

sence of some accessory septa. These differences
reflect not only various steps but also various types
of the mastoid pneumatization differing from each
other by predominance of one of the above two
penetration pathways. The observed diversity can
be arranged in a transformation series that illus-
trates two hypothesized principal strategies in the
development of the entire mastoid cavity. One of
them is characterized by prevailing of the anteri-
or penetration while another is characterized by
predominance of the ventral penetration. They
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could be labeled, by names of their typical ad-
vanced representatives, as the Desmodillus-trend
and the Meriones-trend of mastoid pneumatiza-
tion, respectively.

The very first step of the mastoid pneumatiza-
tion from the anterior (that is, by the Desmodil-
lus-trend) is demonstrated by several species of
Gerbilliscus (1aterona) in which the fossa para-
floccularis still fills next the entire mastoid and
just a minute penetration of the tympanic cavity
via the epitympanic recess can be noticed (Fig.



7a). The Gerbillurus (Progerbillurus) shows the
next step of the mastoid pneumatization of this
type: the newly formed epimastoid chamber wide-
ly opened anteriorly into the tympanic cavity oc-
cupies about half of the mastoid while ventral
penetration is very small (Fig. 7b). Subsequently,
the epimastoid chamber fills up nearly the entire
mastoid while ventral penetration still remains
rudimentary, as in Tatera (Fig. 7c). And it is not
until the entire auditory bulla becomes hypertro-
phied when ventral penetration becomes enlarged;
it occupies first about one quarter of the entire
mastoid cavity (Gerbillurus s.str.) and then about
one third of it (Desmodillus). Due to this, the new-
ly developed tympano-mastoid chamber appears
ventrad to the epimastoid one and separated from
it by the mastoid septum. So the entire mastoid
cavity of most advanced variants of Desmodillus-
type appeared to be two-chambered, with the epi-
mastoid chamber predominating over the tympa-
no-mastoid one (Fig. 7d).

It is of importance to stress that the lateral semi-
circular canal in Desmodillus goes along the tym-
pano-mastoid suture, just as the mastoid septum
does, the latter septum detaching from that suture
and taking diagonal position in the posterior por-
tion of the mastoid only. Caudally, this septum
includes the posterior semicircular canal and con-
nects it with the external wall of the mastoid. Be-
cause of diagonal position of the solid tympano-
mastoid septum and of the lack of any other bony
elements beneath the latter, the posterior mastoid
cell appears opened vetntrally into the tympanic
cavity through the arc of the posterior semicircu-
lar canal.

Mastoid pneumatization by the Meriones-trend
begins with simultaneous tympanic penetration by
the both pathways, anterior and ventral, while
parafloccular recess still occupies about half of
the mastoid volume. Due to this, solid mastoid
septum appears in the diagonal position to sepa-
rate two chambers, epimastoid one above that sep-
tum and tympano-mastoid one beneath it. At this
stage, an additional tympano-mastoid septum
emerges along the tympano-mastoid suture to in-
clude lateral semicircular canal; it is perforated
through the arc of the latter and delimites the tym-
pano-mastoid chamber ventrally (Fig. 7¢). This
condition can be observed in Gerbilliscus s.str.
and in Dipodillus, species of the latter demonstrat-
ing various stages of initial pneumatization of the
mastoid by the Meriones-trend. Subsequent de-
velopment of this type shown by Meriones (Fig.
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7f) and its allies and by Desmodilliscus involves
dorsal movement of the mastoid septum that takes
vertical position along the boundary between the
tympanic cavity and the epimastoid chamber thus
completely isolating them from each other at the
level of the epitympanic recess.

The succeeding pneumatization of the mastoid
by Meriones-trend leads to the downward dis-
placement of the tympano-mastoid suture while
the tympano-mastoid septum including lateral
semicircular canal stays at the same position and
detaches entirely from that suture (it looks as dor-
sal displacement of the tympano-mastoid septum).
A widely perforated accessory ventral mastoid
septum appears at the tympano-mastoid suture to
separate partially the tympanic and mastoid cavi-
ties (its germ could be noticed already in Dipo-
dillus). Due to this, an accessory ventral tympa-
no-mastoid chamber between tympano-mastoid
and ventral mastoid septa appears, which seems
to have no homologue in the variants of Desmo-
dillus-trend. At last, one more independent acces-
sory septum appears that connects posterior semi-
circular canal to the expanded mastoid wall; it
delimits a posterior mastoid cell open into the tym-
pano-mastoid chamber.

Comparison of mastoid variants in gerbillines
indicates certain resemblance between Dipodil-
lus and Desmodillus in diagonal position of the
mastoid septum. This made D. Lay (1972) sup-
posing, taking into account the differences in de-
gree of their bullar pneumatization, that the first
morphotype is a direct predecessor of the second.
He suggested therefore that the septum taking ver-
tical position in the mastoid of Meriones is a new
one having no homologue in Desmodillus and
eventually in Dipodillus. It seems to me that Lay’s
mistake was due to incompleteness of the data he
had studied. He did not observe Gerbillurus (Pro-
gerbillurus) morphology; the latter is of impor-
tance by making it clear enough that mastoid in
Desmodillus has Progerbillurus-like morpholog-
ical predecessor. On the other hand, of importance
is the similarity between mastoid morphology in
Dipodillus and Meriones in presence of both tym-
pano-mastoid and ventral mastoid septa, together
with variation in position of the mastoid septum
among Dipodillus species from diagonal to near-
ly vertical (not shown in the scheme). All these
observations make it more parsimonious to ac-
cept the homology (based on the criteria discussed
by Rieppel, 1994; Nelson, 1994) according to
which the mastoid in Meriones originates from



that in Dipodillus. That is, that vertical septum in
Meriones is the same mastoid septum taking di-
agonal position in Dipodillus. Whatever might be
its exact homology to the similar septum in Des-
modillus, it seems quite plausible to suppose that
itis the genus Meriones that evolved directly from
the Dipodillus mastoid condition, while Desmo-
dillus seems to be a derivative of a condition ob-
served in the subgenus Gerbillurus (Progerbillu-
rus) and not in Dipodillus.

The mastoid of Pachyuromys is fully pneuma-
tized and quite simple (Fig. 7g). It is similar to
the one observed in Meriones and its allies by pres-
ence of the solid vertical septum separating mas-
toid cavity anteriorly from the tympanic one; thus,
it is most probably homologous to the mastoid
septum. However, there is only one septum de-
limiting mastoid cavity ventrally and attaching the
mastoid wall along the tympano-mastoid suture.
This condition does not correspond to the one
observed in the advanced members of the Meri-
ones-trend. However, this septum in Pachyuromys
includes the lateral semicircular canal that allows
to suppose its homology to the tympano-mastoid
septum. If it is correct, then mastoid of Pachyuro-
mys could be considered as a deviation from the
Meriones-trend in which tympano-mastoid sep-
tum remains connected to the tympano-mastoid
suture and so no ventral mastoid septum appears.
With such a homology, the cavity that fills the en-
tire mastoid in Pachyuromys is the tympano-mas-
toid chamber. Accessory poserior mastoid cell
appears with the respective septum connecting the
posetrior semicircular canal to the mastoid wall.

Mastoid pneumatization in the genus Ammo-
dillus is also peculiar. It is most similar to that
observed in the gerbillines belonging to the Des-
modillus-trend. The only difference involves pres-
ence of a small additional ventral penetration
which leads to formation of as small ventral mas-
toid septum similar (homologous?) to that devel-
oped in the members of the Meriones-trend.

The final evolutionary interpretation of this
pretty sophisticated transformation series is
based on two premises. One of them, already
declared above, is more then obvious: it asserts
that the initial condition of the bullar evolution
in Gerbillinae, as in all other mammal taxa, is
non-pneumatized mastoid (petromastoid) and
that its progressive pneumatization is more prob-
able than a regressive. The second premise, less
evident but no less important, is based on the
concept of the epigenetic landscape of C.H.
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Waddington and his followers; it presumes iner-
tial nature of evolutionary changes of complex
morphological structures. From this standpoint,
it is rather improbable for the evolving mastoid
morphology to “switch” freely among principal
evolutionary trends outlined above. They can
only “converge” in some instances by develop-
ing similar elements in the advanced morpho-
types, as it is observed in Ammodillus.

Phylogenetic meaning of the entire transfor-
mation series of mastoid morphology interpreted
on the basis of these two premises is as follows.
Other things being equal, it is more probable for
the gerbilline taxa sharing the same mastoid type,
whatever being its pneumatization stage, to form
a monophyletic clade, with the respective mas-
toid type being its synapomorphy. Contrary to this,
if the taxa possess different mastoid types, it is
more probable for them to belong to different
monophyletic groups diverged at the very begin-
ning of the mastoid evolution.

More particularily, it is more parsimonious to
suppose that the less evolved mastoid morpholo-
gies in Gerbillurus (Progerbillurus) and Dipodil-
lus are independent derivatives of the non-pneu-
matized mastoid in Taterillus. Respectively, the
more advanced morphotype in Desmodillus unites
the latter with Gerbillurus while the one in Meri-
ones unites this genus with Dipodillus. This argu-
mentation scheme seems to be most consistent
with the demands of evolutionary cladistics and
is of crucial importance for deducing correct phy-
logenetic hypothesis from the above morphologi-
cal data for the subfamily Gerbillinae.

Transmitting system

Principal elements of the transmitting system
of the middle ear to be considered here include
the membranous tympanum and the bony malleus.

The tympanum may be simple or complicat-
ed, in the first case it consists of the main por-
tion only, in the second case the latter is added
with the tympanum accessorium (Fig. 8a—b).
They are easy to recognize by presence or ab-
sence (respectively) of a bony septum filling or
not the upper wall of the meatus acusticus. In
the first case the septum covers the capitum mal-
lei (Fig. 8a), in the second case the latter is visi-
ble from the outside (Fig. 8b). Presence of ¢. mal-
lei in Muroidea is a primitive condition, its ab-
sence is a derived condition; in some taxa it can
secondarily appear (Lay, 1972; Webster, Web-
ster, 1975; Pavlinov, 1980; and references there).



The malleus (Fig. 8c-¢) consists of two just
mentioned parts, the larger caput malei and small-
er manubrium. The former can be lightly built with
a straightened upper edge (Fig. 8c, e), or more
massive and tear-shaped with a prominent upper
edge (Fig. 8b); the latter takes horizontal or verti-
cal position. A combination of lightly built malleus
with horizontal manubrium is the intial condition
for all Muroidea; its evolutionary transformations
first involve shift of the manubrium from hori-
zontal to vertical position and then weighting of
the caput malei; the latter, however, can occasion-
ally return from “massive” to the “light” condi-
tion. The most primitive variant is known to oc-
cur in generalized (in respect to bullar morpholo-
gy) muroids and is never observed in Gerbillinae
(Lay, 1972; Pavlinov, 1980).

Primitive lightly built malleus with horizontal
manubrium is always correlated in rodents stud-
ied so far with the presence of tympanum acces-
sorium. Gerbillines, in which such a condition
does not occur, expose diversity in respect to com-
binations of basic morphotypes of the caput ma-
lei (“light” or “massive”) with either simple or
complex tympanum (Lay, 1972; Pavlinov, 1979b,
1980; Pavlinov et al., 1990). It is this combina-
toric that bears on reconstruction of phylogenetic
relationships among certain gerbilline taxa. And
recognition of primary and secondary nature of
presence of the tympanum accessorium and light-
ly built malleus is the most important task. It could
be fulfiled, with more or less decisiviness, using
some rules for character polarity assessement, in-
cluding the principle of “reciprocal illumination”
(Hennig, 1966; Wiley, 1981; Pavlinov, 2005).

Taking into consideration the latter principle,
similar and more detailed data on transformations
of the auditory transmitting system in Arvicolinae
(Pavlinov, 1984b) seem to be of certain importance.
In particular, an additional morphological element
was identified in the light malleus which makes it
possible to recognize primary or secondary nature
of such a bone. It is a kind of “rib” of the anterior
portion of the malleus which goes either dorsally
along upper edge of that portion (Fig. 8c) or medi-
ally along its midline (Fig. 8e). This rib always goes
dorsally in the primitive malleus with horizontal
manubrium, whereas it always takes medial posi-
tion in the advanced massive malleus. Corresspon-
dingly, one may suppose that dorsal position of this
rib in the light malleus in Gerbillinae indicates pri-
mary condition of the latter, while its medial posi-
tion may indicate its secondary condition. The lat-
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Fig. 8. Principal types of the tympanum and two auditory
ossicles in Gerbillinae (buccal view, not to scale; a, b—
after Harrison, 1972; c—e — after Pavlinov et al., 1990):

Puc. 8. OcHoBHbIe THUNIBI GapaGaHHON ITEPENoHKY U
ABYX CAyXOBBIX KocTodeK y Gerbillinae (Bup
CHapy>kKy, He B Macirrade; a, b — o Harrison, 1972;
c—e — no Pavlinov et al., 1990):

a — Dipodillus dasyrusus, b — Gerbillus mesopota-
miae, ¢ — Gerbillus agag, d — Gerbilliscus kempi, e
— Meriones meridianus

ter seems to be true for several species of Meri-
ones with the most inflated auditory bulla, in which
tympanum accessorium is developed and malleus
turns out to be lightly built bearing the midline rib
(Pavlinov, 1979b).

There are at least two points in gerbilline phy-
logeny which resolutions may depend to a de-
gree on the above analysis.

The first is the the subgeneric division of the
genus Dipodillus. All its species are characterized
by light malleus with dorsal rib (primary condi-
tion), some of them possessing tympanum acces-
sorium (also primary condition) while others not.
The latter is most probably a derived condition
and may be considered as a synapomorphy allow-
ing to recognize the subgenus Petteromys.

Another case is the transmitting system of the
“higher gerbils” of subtribe Rhombomyina (gen-
era Meriones, Rhombomys and allies). They en
masse are characterized by simple tympanum and
by massive malleus. This is a synapomorphy for
Rhombomyina relative to the condition observed
in most members of Gerbillina s.str. The latter con-
clusion makes it reasonable to suppose that the
genus Sekeetamys, with its simple tympanum and
massive malleus, belongs to the Rhombomyina
rather than to the Gerbillina.



A REVIEW OF FOSSIL GENERA

Gerbilline paleontology is not especially rich,
as compared with such Old World Muroidea as,
say, cricetines, arvicolines, and murines (Tong,
1989; McKenna, Bell, 1997). Excluding the Pleis-
tocene and subrecent findings that certainly be-
long to the extant genera or are very close to them
(see most recent comprehensive references in
Musser, Carleton, 2005), about a dozen of the ex-
tinct genera have been described from the Miocene
and the Pliocene of Asia, Europe and Africa, which
were thought to belong to gerbillines by some or
other authors. They are known mainly by isolated
teeth but few are represented by skull or even post-
cranial skeletal remains.

By the dental features (Fig. 9), those fossils
could be classified roughly into groups with bun-
odont, lophodont and prismatic molars, accord-
ing to the typification outlined in the morpholog-
ical chapter above. “Bunodont fossils” to be con-
sidered here are myocricetodontines, before all the
genus Myocricetodon as the most typical mem-
ber of this group. Those with lophodont dentition
are the genera Protatera, Abudhabia, Debruijn-
imys, and Leakeymys. At last, the fossils with pris-
matic molars are Pseudomeriones, Epimeriones,
Mascaromys, Parameriones Chernov et Chetboun
(not Heptner), and Pliorhombomys. All of them
are briefly reviewed here.

Genus Myocricetodon Lavocat is known by
isolated teeth and skull fragments from the mid-
dle Miocene—Pliocene of northern Africa, south-
western Europe, southern and central Asia (Jae-
ger, 1977; McKenna, Bell, 1997; Wessels, 1998;
Qiu, 2001; Agusti, Casanovas-Vilar, 2003; Qiu et
al., 2004).

The masseteric keel in M. irhoudi seems to be
elongated nearly to the size observed in the extant
Gerbillus but mandible in M. parvus possesses a
large coronoid process and pretty shallow posteri-
or curvature between its ascending and angular por-
tions (Fig. 2f; see also Jaeger, 1977). By these fea-
tures, myocricetodontine mandible differs from that
of all living gerbillines and indicates indirectly that
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auditory bulla in Myocricetodon was most proba-
bly not yet inflated and resembled that of typical
Murinae (Pavlinov et al., 1990).

Molars in Myocricetodon are bunodont or
sometimes semi-lophodont, with main cusps op-
posable or clearly alternating (Fig. 9a). The up-
per molars in some species generally resemble
those in the Recent Gerbillus, but there is also an
important difference. The latter involves presence
of well developed “murid” accessory cusplets on
lower teeth, namely proto- and mesoconulids on
the 1st molar, and anterolophid and hypoconulid
on the 2nd molar. Both upper and lower 3rd mo-
lars are always simplified with one root each.

The genus Myocricetodon and its closest al-
lies were separated in the subfamily Myocricet-
odontinae (Lavocat, 1973) and were allocated to
Gerbillidae/Gerbillinae as their least advanced
members representing an ancestral or a sister
group to all extant gerbillines (Chaline etal., 1977;
Chaline, Mein, 1979; McKenna, Bell, 1997).

Myocricetodontines themselves are diverse
morphologically, some of them having simple
dental pattern while others displaying advanced
dental features not known in the gerbillines. So at
least some of the genera formerly allocated here
(Sindemys, Punjabemys, Mellalomys, Shamalina,
Dakkamys, etc.) were transferred to other muroid
taxa, megacricetodontines or dendromurines (Mc-
Kenna, Bell, 1997), indicating paraphyletic sta-
tus of the entire myocricetodontines (Bruijn, 1999).
Heterogeneity of this group becomes even more
obvious if to take into account that the extant ge-
nus Calomyscus belonging to basal radiation of
Muroidea (Pavlinov, 2003; Musser, Carleton,
2005) was mentioned as a member of Myocricet-
odontinae by Agusti and Casanovas-Vilar (2003).
At any rate, it is evident that the myocricetodon-
tines had their own evolutionary history, and only
typical members of this group could be placed close
to the root of the tree for the Recent Gerbillinae
(Jaeger, 1977; Chaline, Mein, 1979; Tong, 1989;
McKenna, Bell, 1997).



Fig. 9. Molars of some extinct and extant Gerbillinae and gerbilline-like rodents (after
Pavlinov, 1982b, not to scale) (a—e — crown patterns, f~h — roots):

a — Ist and 2d upper and lower molars of Myocricetodon ouedi (after Jaeger, 1977),
b — upper and lower molars of Protatera algeriensis (after Jaeger, 1977), ¢ — upper
and lower toothrows of Abudhabia radinskyi (after Flynn et al., 2003), d — lower
molars of Leakeymys ternani (after Lavocat, 1964), e — upper and lower molars of
Pseudomeriones sp. (after Bruijn et al., 1970), f — upper and lower molars of
Epimeriones austriacus (after Daxner-Hock, 1972), g — 1st lower molar of
Pliorhombomys, h — 1st lower molar of a senile specimen of the extant Iranian
Rhombomys (after Pavlinov, 1982b)

Puc. 9. Kopeunble HekoTophix BeIMepmmx Gerbillinae m mecuaHKo — ITOAOOHBIX

rpeI3yHOB (1o Pavlinov, 1982b, 6e3 macmiTada) (a—e — CTPyKTypa KOpoHKY, f—h
— KOpPHH):
a — 151 u 21 BepxHHe U HUJKHUe KOpeHHBle MYyocricetodon ouedi (1io Jaeger,
1977), b — BepxHUe U HUDKHUEe KOPeHHbIe Protatera algeriensis (rio Jaeger, 1977), ¢
— BepxHUe U HU>KHUe 3yOHble paabl Abudhabia radinskyi (o Flynn et al., 2003),
d — HWKHUe KOpeHHBIe Leakeymys ternani (o Lavocat, 1964), e — BepxHUe u
HIKHUe KOopeHHBle Pseudomeriones sp. (o Bruijn et al., 1970), { — Bepxuue u
HIKHUe KopeHHBle Epimeriones austriacus (no Daxner —Hock, 1972), g — i1
HIDKHUM KopeHHON Pliorhombomys, h — 1#1 HUJKHUN KOPEHHOU CTapol ocodu
COBpeMeHHOM HpaHcKoi hopmbl Rhombomys (o Pavlinov, 1982b)

Genus Protatera Jaeger from late Miocene of
northern Africa, south-western Europe and south-
ern Asia is known by isolated teeth (Jaeger, 1977,
Brandy, 1979; Geraads, 1998; Wessels, 1998;
Agusti, Casanovas-Vilar, 2003). They are typically
lophodont (Fig. 9b) with high transverse laminae
deeply separated by valleys, the laminae being
partially subdivided to show traces of the cones/
conids very similar to those of living taterillines.
Most peculiar for the Protatera is that it preserved
isolated protoconulid on the lower M1 whereas
its anteroconid is large and with no traces of sepa-
rate intero- and anteroconids. This condition is
most similar to the one observed in unworn teeth
of the genus Desmodillus from southern Africa
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(see respective account below). Moreover, a ru-
dimentary protoconulid seems to be preserved in
the lower M2, a feature not known in most of the
Recent gerbillines (save the genus Ammodillus).
Thus, the genus Protatera combines both pretty
advanced and primitive dental structures which
place it at the very base of taterilline radiation
(Pavlinov, 1984a; Pavlinov et al., 1990).

Genus Abudhabia de Bruijn et Whybrow from
the late Miocene—Pliocene of southern and cen-
tral Asia is known by teeth and well preserved
fragments of the skull and postcranial bones
(Flynn et al., 2003; Qiu et al., 2004). It remark-
ably resembles the extant 7atera by elongated
posterior palatal foramina and masseteric plate



while auditory bulla is smaller as compared to that
of Tatera (see Flynn et al., 2003). Crowns of 1st
and 2nd molars (Fig. 9c) are laminated, the lami-
nae being clearly subdivided into main cones
which are opposite on the upper molar and more
skewed on the lower ones. There is a clear trace
of hypoconule on the upper M1 fused with its
posterior lamina. Upper anterocone resembles
lamina by its shape, lower anteroconid is also wide
and has tapered postero-labial part. This pattern
much resembles configuration of the anteroconid
at average stage of its wear in 7atera thus making
it possible to suppose there was a small proto-
conulid on less worn lower M1 of Abudhabia, al-
though Flynn et al. (2003) noticed that the horse-
shoe configuration is not apparent in their speci-
mens. Third molars are reduced though not so
much as in 7atera. The genus Abudhabia is cer-
tainly a taterilline, among extant taxa it is most
similar and probably most close to the Asian ge-
nus Tatera.

Genus Debruijnimys Agusti from the late Mi-
ocene—early Pliocene of south-western Europe
(Castillo, Agusti, 1996; Agusti et al., 2006) was
reported to be similar to Protatera by Agusti and
Casanovas-Vilar (2003). I did not see its descrip-
tion and thus have no comments on its morpholo-
gy and phylogenetic relationships.

Genus Leakeymys Lavocat from late Miocene
of eastern Africa is known by lower molars char-
acterized by lophodont crown pattern and pres-
ence of complete set of additional “murid” cus-
plets in the lower dentition (Lavocat, 1964). The
anteroconid is lamina-like in its shape and with-
out any traces of the horseshoe pattern. The low-
er M3 is with two laminae. This genus was first
interpreted as a relative to the African “Tatera”
(Lavocat, 1964) and Kowalski (1974) agreed with
this. But subsequently this hypothesis was aban-
doned: judging by bilophodont lower M3 and pres-
ence of murid cusplets combined with highly de-
veloped lophodonty, Leakeymys is most probably
not gerbilline but may be close to cricetomyines
(Pavlinov, 1984a; Tong, Jaeger, 1993).

Genus Pseudomeriones Schaub from late
Miocene and Pliocene of Europe to southern and
central Asia (Bruijn etal., 1970; Sen, 1977; Agusti,
1991; Patnaik, 1997; Wessels, 1998; Agusti,
Casanovas-Vilar, 2003; Qui et al., 2004; Tesakov,
Titiov, 2005) was the first extinct rodent referred
to Gerbillinae. Its molar crowns are typically pris-
matic and superficially similar to those of the so
called “higher gerbils” of the subtribe Rhombomy-
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ina (Fig. 9e). It was this pattern that made this
genus considered as a gerbilline by nearly all au-
thors. However, the differences are also quite sig-
nificant. Both lower and upper 1st molars of
Pseudomeriones are with conspicuously alternat-
ing flexuses; in addition, the lower M2 is with
rather large anterolophid fused with its first lam-
ina, and the lower M3 is two-laminated. All these
features are not characteristic of the Recent Rhom-
bomyina at diagnostic level; what is more impor-
tant, such a prismatic molar does not fit evolu-
tionary trends in the rhombomyines with their
strong tendency to tooth crown symmetrization.
As to the anterolophid on lower M2 and second
lamina on lower M3, they are absent even in most
generalized members of the tribe Gerbillini. There-
fore, allocation of the genus Pseudomeriones ei-
ther to Rhombomyina or to Gerbillinae at all is
more than questionable (Pavlinov, 1984a).

Genus Epimeriones Daxner-Hock from the
Pliocene to the early Pleistocene of Europe has
also prismatic molar crowns similar to those of
Meriones. This feature was always considered as
a decisive argument in favor of its belonging to
Gerbillinae (Daxner-Hock, 1972; Kowalski, 1974;
Terzea, 1976; Agusti, 1991; Wessels, 1998; Agusti,
Casanovas-Vilar, 2003). However, the differenc-
es between this genus and the extant gerbillines
with prismatic molars are no less drastic than in
the case of the genus Pseudomeriones considered
though involves other traits. The most principal
difference is in root morphology: each of the 1st
and 2nd molars in Epimeriones has the median
root which is no less developed than posterior and
anterior roots, and 3rd molars are with two roots
each (Fig. 9f). Contrary to this, median roots are
always much reduced and 3rd molars are always
one-rooted in all living gerbillines, this condition
being most expressed just in the above “higher
gerbils” with prismatic molars. Therefore, just like
in the case of Pseudomeriones, 1 do not think that
the genus under consideration is close to any ger-
billine lineage (Pavlinov, 1984a). Rather, both
these genera with prismatic cheek teeth could be
called “gerbillodont cricetines”, by analogy with
microtodontines widely distributed in Europe si-
multaneously with them (Gromov, Baranova,
1981).

Genus Mascaromys Tong known by several
isolated molars from the Plio—Pleistocene of north-
ern Africa was suggested to be a sister group for
the extant rhombomyines (Tong, 1989). Its 1st and
2nd molars bear fully developed isolated laminae,



some are dumbbell-like due to partial strangula-
tion, with no signs of longitudinal connection. This
pattern much resembles that of minimally worn
Meriones molars, save that the latter display noth-
ing similar to strangulation. Thus, this genus might
actually be an archaic representative of the “higher
gerbils” lineage.

Genus Parameriones Tchernov et Chetboun
was erected for the species obeidiensis Haas from
the early Pleistocene of the Levant first described
as a member of Meriones supposedly close to M.
persicus (Tchernov, 1968). It is certainly a mem-
ber of the subtribe Rhombomyina but its more pre-
cise allocation is not clear. Configuration of its
enamel loops (see Tchernov, Chetboun, 1984) re-
sembles that in Psammomys rather than in Meri-
ones, so the species obeidiensis was included pro-
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visionally in the genus Psammomys by Pavlinov
et al. (1990).

It is to be noticed that the name Parameriones
Tchernov et Chetboun, 1984 is preoccupied by
Parameriones Heptner, 1937. It should be re-
placed by a new one if the generic status of this
gerbil is supported by future investigations and a
valid name is requested for it.

Genus Pliorhombomys Fokanov from early
Pleistocene of Turkmenia is the closest predeces-
sor of the recent Rhombomys differing from it by
less advanced molar morphology (Fokanov, 1976;
Gromov, Baranova, 1981; Pavlinov et al., 1990).
In particular, it is characterized by rooted molars
(Fig. 9g) and absence of cementum. Its relation-
ship and status are discussed under Rhombomys
below.



MODERN PHYLOGENETIC HYPOTHESES

The first attempts to study relationships of
Gerbillinae to other rodents go back to the end of
the 19th century (e.g. Tullberg, 1899). They were
not strictly phylogenetic in the modern sense in
reflecting rather grades of gerbilline evolution than
monophyletic groups (see the taxonomic chapter
below). As a matter of fact, first issues about phy-
logenetic relationships of Gerbillinae to other
Muroidea and within themselves appeared in the
late 1960s—70s only. Most recent studies, both
morphological and molecular, are aimed at uncov-
ering sister-group relationships both among ger-
billines themselves and to their relatives.

The present chapter provides a brief review of
principal ideas about the phylogeny of the subfa-
mily Gerbillinae.

RELATIONSHIPS TO THE OTHER MUROIDEA

Relationships of Gerbillinae within Muroidea
remained not quite certain untill most recent times.
This was due to advanced morphology of their
living members sharply separating gerbillines
from other muroids with a significant gap, on the
one hand, and because of the lack of good pale-
ontological records which would fill that gap, on
the other hand.

If not to consider earlier schemes reflecting
typological rather than phylogenetic relationships
(they are reviewed in the introduction to the ger-
billine classification below), very few hypothe-
ses were forwarded in the modern literature. Most
usually gerbillines were connected phylogeneti-
cally to Old World Cricetinae (e.g. Vorontsov,
1968), while R. Lavocat (1978) thought they were
more close to African endemic lineages united by
him under the name Nesomyidae Major. Occa-
sionally, different gerbillines appeared to be “root-
ed” in different ancestors, Cricetinae and Cricet-
odontinae (Gromov et al., 1963; see account of
Rhombomyina below).

A significant break in understanding of phylo-
genetic relationships of the gerbillines took place
when a “myocricetodontine hypothesis” was put
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forward presuming that the living Gerbillinae orig-
inated from the Miocene Myocricetodontinae or
had most close common ancestor with them (Jae-
ger, 1977; Chaline et al., 1977; Pavlinov, 1982a,
1984a; Flynn et al., 1985; Tong, 1989; Pavlinov
et al., 1990). This was based on great similarity
of most generalized gerbillines and the genus M-
ocricetodon by the molar crown pattern (Jaeger,
1977; Brandy, 1979; see also review of the ger-
billine paleontology above). The only embarrass-
ing point was that most myocricetodontines pos-
sess more or less developed additional cusplets
on lower molars then unknown in gerbillines.
However, the subsequent uncovering of one of
these cusplets in several extant gerbillines (Pavli-
nov, 1981a, 1984a, 1985, 2001; see also review
of the gerbilline morphology above), as well as in
the fossil Protatera most probably directly relat-
ed to the taterillines (Jaeger, 1977; Pavlinov,
1984a), made that hypothesis more sound mor-
phologically.

As it was observed in the above review of ger-
billine paleontology, myocricetodontines them-
selves were pretty diverse in their dental crown
pattern. So it looks more reasonable to consider
them, at the best, a sister rather than an ancestral
group of Recent gerbillines (Pavlinov, 1982a,
2001; Tong, 1989; Pavlinov et al., 1990). Any-
way, the myocricetodontine hypothesis, when it
was forwarded for the first time, appeared to be
quite important by focusing on search for ger-
billine closest relatives not among cricetines with
their initially simple molars but among Afrotro-
pical muroids with their complicated murid-like
lower dentition (Lavocat, 1978; Pavlinov, 1982a,
1984a; Pavlinov et al., 1990).

Most interesting recent findings in muroid
phylogeny based on molecular data seem to pro-
vide quite resolved picture of phylogenetic rela-
tionships of gerbillines with other major lineages
of living Muroidea (Michaux et al., 2001; Jansa,
Weksler, 2004; Steppan et al., 2004). According
to them, the rodents relevant to the present dis-
cussion are clearly divided into three groups —
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Fig. 10. Phylogenetic trees for the Recent Gerbillinae: a — after Petter (1975), modified, b — after Pavlinov et al. (1990),
¢ — after Tong (1989) modified, d — after Chevret, Dobigny (2005), modified
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Muridae, Nesomyidae, and Cricetidae, with the
Recent gerbillines being a monophyletic clade ev-
idently belonging to the first family. This molec-
ular phylogenetic scheme is supported by several
genes, both mitochondrial and nuclear, and so
seems to be pretty well founded. In such a case,
their most close living relatives are African en-
demics of the subfamily Deomyinae Lydekker
(Musser, Carleton, 2005; Acomyinae of the au-
thors, see Dubois et al., 1999; Michaux et al.,
2001), and not members of the family Nesomy-
idae as it has been supposed by R. Lavocat (1978).

PHYLOGENETIC TREES FOR THE
RECENT GERBILLINAE

The scheme of F. Petter (1975) was the first
attempt to reflect phylogenetic and not pure taxo-
nomic relationships among gerbilline genera (Fig.
10a). Although being “typological” in reflecting
(not properly, to be true) transformations of the
dental morphotypes, it was this scheme that sepa-
rated lophodont taterillines (“Zatera” in its wid-
est sense and Taterillus) from other members of
Gerbillinae/Gerbillidae for the first time. Anoth-
er branch in this scheme included the so called
“higher gerbils” (genera Brachiones, Psammomys,
Meriones, Rhombomys) with prismatic molar
crown. Petter placed Desmodilliscus and Desmo-
dillus at the base of the taterilline branch, while
other genera with no special features peculiar to
those two principal branches appeared to be piled
into a kind of basal gerbilline “wastebasket”.

This scheme became much more detailed sub-
sequently due to shoveling of that “basket”, as the
genera sacked into it appeared to be quite different
in respect to their morphology and genetics. The
first of these efforts to be mentioned (by time pre-
cedence) appeared to be the phylogenetic tree based
mostly on morphological traits of the mastoid part
of auditory bulla and to less degree on dentition,
with some addition from other morphological sou-
rces (e.g. zygo-masseteric construction) (Pavlinov,
1980, 1981a, 1982a; Pavlinov et al., 1990). In ad-
dition to taterilline clade, another major monophyl-
etic group was recognized, which included Ger-
billus with its allies (gerbillines proper) together
with Meriones and its allies (Fig. 10b). Besides,
several new branches in the tree were erected, each
with one genus only (Ammodillus, Desmodilliscus,
and Pachyuromys) while genera Gerbillurus and
Desmodillus were suggested to joint taterilline
branch as its basal outlet.
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Another serious attempt to clarify phylogeny
of Gerbillinae was undertaken by a paleontolo-
gist H. Tong (1989) whose tree (Fig. 12) resembl-
ed in general the one developed by me, especially
in respect to basal dichotomy of taterillines and
gerbillines. The differences involve the position
of Desmodillus, Pachyuromys and, at a lower hi-
erarchical level, also Sekeetamys. Tong placed
Desmodillus close to basal radiation of the ger-
billine fragment of the tree while Pachyuromys
appeared within the clade of “higher gerbils”. This
treatment is explained by different homology of
mastoid elements borrowed by Tong from D. Lay
(1972). The approaches to the mastoid homology
developed by Lay and by myself are discussed
briefly in the morphological chapter above; its
details as applied to the particular genera listed in
this paragraph are considered in respective taxo-
nomic sections below.

Cytogenetic and allozyme analyses are to be
mentioned as well. Though their taxonomic scopes
were limited to fewer genera than studied mor-
phologically, the results are remarkable in sup-
porting taterilline clade, while relationships shown
for other genera appear to be quite controversial.
See summary of these results in the paper of Chev-
ret and Dobigny (2005)

At last, several molecular phylogenetic trees
were published based on both total DNA hybrid-
ization and mtDNA sequencing (Chevret, Dobig-
ny, 2005). The latter is based on analyses of two
genes, 12S rRNA and cytochrome b, and is quite
complete in respect to the taxic representation and
details of tree topology (Fig. 10d). The molecular
tree differs most drastically from the above mor-
phological schemes by transferring Taterillus from
“Tatera” s.lato clade to Gerbillus—Meriones clade.
This result appeared to be the most surprising
outcome (to me at least) of Chevret and Dobig-
ny’s investigation, as no good synapomorphy is
known to support (Zaterillus (Gerbillus, Meri-
ones)) joint clade. Another strikingly new result
of this analysis appeared to be a supposed mono-
phyly of Desmodilliscus—Pachyuromys clade. The
matter is that no “good” morphological synapo-
morphies (hypertrophied auditory bulla are not to
be counted) are known at the present for this clade.

To sum up the results of all these investiga-
tions, both morphological and molecular, it can
be concluded that three main branches in phylo-
genetic tree of the Gerbillinae are unanimously
recognized by most recent authors: taterillines
(maybe without genus Taterillus), gerbillines prop-



er, and rhombomyines. The two latter constitute a
higher-level monophyletic clade, a point at which
all the above trees come to a consensus. The “tater-
illine” (or maybe “gerbillurine”, see discussion
of nomenclature in the account of subtribe Tater-
illina below) clade most certainly includes gen-
era Tatera and Gerbilliscus, and the genus Ger-
billurus is placed within or at a basal level of this
fragment of the phylogenetic tree. The second
group is very compact to include genus Gerbillus
and its closest relatives (Dipodillus, ?Monodia,
Microdillus). At last, the thombomyine branch in-
cludes genera Meriones, Brachiones, Psam-
momys, and Rhombomys. It is to be indicated also
that both Pavlinov’s and Tong’s trees agree in plac-
ing the genus Ammodillus (unfortunately absent
from the molecular tree) close to basal radiation
of the entire subfamily Gerbillinae.

There four genera remain which position is less
certain: Desmodillus, Taterillus, Desmodilliscus,
and Pachyuromys. The genus Desmodillus is ei-
ther considered as a member of taterilline clade
(though in various positions), or placed close to
basal radiation of the clade including gerbillines
proper and rhombomyines; or occasionally it is
placed within thombomyines. However, it is note-
worthy that morphological and DNA data on ex-
tant genera agree in treatment of this genus. The
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genus Taterillus is placed together with Tatera—
Gerbilliscus by morphological and cytogenetic
data while allozyme and DNA data suppose it is
closer to the gerbilline clade. Basal position to
gerbillines is supposed also for Desmodilliscus by
morphological and allozyme data while DNA anal-
ysis makes it forming quite separate clade with
Pachyuromys. At last, the latter genus is also con-
sidered as a member of either its own clade (Pav-
linov’s morphological data) or of rhombomyine
group (supported by karyology and by Tong’s mo-
rphological interpretation). These versions are dis-
cussed in more detail in respective taxonomic sec-
tions below.

It is of importance to call attention on that all
the differences just considered involve mainly those
taxa which, according to one or another version,
take (or are close to) a basal position in the phylo-
genetic tree of the subfamily Gerbillinae. At least
to me, it is not surprising and should not bother
much, as such kind of uncertainty is predetermined
by modern principles of phylogenetic reconstruc-
tions (Pavlinov, 2005). Such a methodological
standpoint makes it clear that higher resolution of
basal radiation of the subfamily Gerbillinae could
be achieved by its considering together with its
close relatives within Muridae or occasionally with
the members of other muroid families.



TAXONOMY OF RECENT GERBILLINAE

During decades of taxonomic studies in Ger-
billinae, several classifications were forwarded
which agree quite reasonably in some respects and
differ in others. They are briefly reviewed here
without going much into details, the reasons hav-
ing been explaned in the introductory chapter of
the present contribution.

Nor shall I discuss taxonomic relationships of
the fossil taxa allocated to the gerbillines (they
are considered in the paleontological chapter
above): a scope of this review is delimited by the
contemporary fauna. The only point to be indi-
cated is that exclusion of the extinct myocricet-
odontines from consideration does not seem (at
least now) to have any effect on understanding of
taxonomic relationships among the extant genera
of subfamily Gerbillinae.

Thus, my primary goal here, as it was stated at
the very beginning of the contribution, is to pro-
vide descriptions of the suprageneric taxa, the
genera and subgenera recognized in the classifi-
cation elaborated by me and published elsewhere
(Pavlinov, 1982a; Pavlinov et al., 1990). It is not
to say this classification is “the best”; however, it
fits conditions of the evolutionary cladistics as a
theoretical background of the present issue in be-
ing most supported by thorough analyses of some
important morphological structures, including ho-
mology of auditory bulla and dental crown pat-
tern (see morphological chapter above; also see
Pavlinov, 2001).

In the subsequent sections, each taxon recog-
nized in this classification is provided with the
following information: principal morphological
features and evolutionary trends; phylogenetic
relations to other taxa and between its members
including consideration of arguments pro and con-
tra particular interpretations of memberships treat-
ed inconsistently by various authors; important
paleontological data; and nomenclature upon a
need. Some attention will be paid to subgenera
while the species will be mentioned only in case
of monotypy of respective inclusive taxa.
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A REVIEW OF PRINCIPAL CLASSIFICATIONS

Gerbils constitute a taxonomically pretty well
defined, not very large supergeneric group of the
Old World rodents of the superfamily Muroidea
ranking in taxonomic literature as a family or a
subfamily. Their taxonomic distinctness is reflect-
ed, in particular, in that not any rodent genera ev-
idently unrelated to the gerbils were ever allocat-
ed to this group. Alston’s (1876) monograph on
rodent classification seemed to be the only un-
lucky exception: he included all living gerbils in
the same genus Gerbillus and included in his Ger-
billinae also genera Mystromys, Otomys, and Das-
ymys, which are now allocated to different sub-
families of Muroidea.

Three principal versions of taxonomic rank and
position of the group under consideration have
been discussing in the taxonomic literature until
most recent times. According to one of these con-
ceptions, gerbils were treated as a separate fami-
ly Gerbillidae along with Muridae, Cricetidae, etc.
(Tullberg, 1899; Heptner, 1933; Chaline et al.,
1977; Pavlinov et al., 1990; Pavlinov, 2003; etc.).
Another treatment ascribes gerbils a subfamily
rank Gerbillinae within the family Muridae in its
widest sense, that is, including next to all muroid
rodents (Thomas, 1896; Ellerman, 1941; Corbet,
Hill, 1980; Carleton, Musser, 1984; McKenna,
Bell, 1997; Musser, Carleton, 1993; etc.). These
two classifications differ from each other mainly
by formal ranking of the family-group taxa rec-
ognized, so they actually represent just two ver-
sions of largely the same taxonomic treatment. No
less popular was placing Gerbillinae as a subfam-
ily in the family Cricetidae Fischer together with
the vole subfamily Arvicolinae Gray (= Microti-
nae Cope) (Miller, Guidley, 1918; Simpson, 1945;
Arata, 1967; Sokolov, 1977). Finally, gerbillines
were not so long ago suggested to be included in
the family Nesomyidae Major (Lavocat, 1978),
though not in the sense adopted by Musser and
Carleton (2005; see below).



Recent findings in molecular phylogeny of the
muroid rodents considered briefly above, support-
ed by today predominating cladistic treatment of
relation between phylogeny and classification,
placed gerbils within the family Muridae as a tax-
on of the subfamily rank. In this classification,
their closest neighbors are the members of the
subfamily Deomyinae Lydekker (= Acomyinae
Hanni et al., 1995). Accordingly, position of ger-
billines in the classification of Muroidea can be
represented as follows (after Musser, Carleton,
2005, with some modification):

Superfamily Muroidea s.lato

Family Rhizomyidae Winge, 1887
Family Spalacidae Gray, 1821
Family Calomyscidae Vorontsov, Potapova, 1979
Family Cricetidae Fischer, 1817
Family Platacanthomyidae Alston, 1876
Family Muridae Gray, 1821

Subfamily Murinae s.str.

Subfamily Otomyinae Thomas, 1897

Subfamily Deomyinae Lydekker, 1889

Subfamily Gerbillinae Gray, 1825
Family Nesomyidae Major, 1897

As to the suprageneric classification of ger-
bils themselves, the first clearly articulated arran-
gement appeared to be the one suggested by W.
Heptner (1933) who divided the family Gerbillidae
into three subfamilies. One of them was Gerbilli-
nae s.str. including genera of “lower gerbils” with
bunodont and lophodont dentition. Another was
Merioninae Heptner (non Brandt) with the gen-
era possessing prismatic rooted molars. Subfami-
ly Rhombomyinae Heptner included the sole ge-
nus Rhombomys with its hypsodont molars. The
entire classification looks as follows:

Family Gerbillidae Gray, 1825

Subfamily Gerbillinae s.str.

Genera Gebillus, Desmodillus,

Pachyuromys, Tatera, Taterillus
Subfamily Merioninae Heptner, 1933

Genera Meriones, Brachiones, Psammomys
Subfamily Rhombomyinae Heptner, 1933

Genus Rhombomys

This classification was gradistic in reflecting
morphological progression of molar crown height
in gerbils. Such an “odontological” aspect of the
gerbil taxonomy was far more stressed later by
I. Gromov who separated the genus Rhombomys
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into monotypic tribe Rhombomyini and gathered
all other genera in the nominative tribe Gerbillini
s.str. (Gromov, Baranova, 1981).

Quite different classification was suggested
by J. Chaline (Chaline et al., 1977; Chaline,
Mein, 1979). He divided recent Gerbillidae in
two subfamilies, Taterillinae Chaline et al. and
Gerbillinae s.str., and added the extinct subfami-
ly Myocricetodontinae Lavocat to reflect new
findings in gerbilline phylogeny. This major tax-
onomic treatment was followed subsequently by
some paleontologists (e.g. Agusti, Casanovas-
Vilar, 2003; Qiu et al., 2004) including McKen-
na and Bell (1997) who lowered the ranks of re-
spective taxa by one step (see below). Morpho-
logical basis of this taxonomic decision for the
living taxa was drawn from bullar morphology:
taterillines were defined as gerbils with non-in-
flated mastoid and gerbillines proper were char-
acterized by pneumatized mastoid. Therefore,
this classification, though it appeared to be in
agreement with further developments (see be-
low), seemed to be no less “gradistic” than that
of Heptner, although on different morphological
background. Howevere, Chaline’s approach was
not quite consistent with that background: for
instance, one species of the genus Gerbillurus
with least evolved auditory bulla (namely, G.
paeba) was placed within Taterillinae while the
species of Gerbillus s.lato with the likewise prim-
itive mastoid pneumatization (allocated to Di-
podillus by me) were left in Gerbillinae.

The next and the most detailed classification
of Gerbillinae/Gerbillidae was suggested by me
(Pavlinov, 1982a; Pavlinov et al., 1990) based
on the phylogenetic tree discussed above (see Fig.
10b). It appeared to be more similar to that of
Chaline et al. (1977) in recognizing the same two
principal suprageneric taxa, taterillines and ger-
billines proper, though they were defined by oth-
er morphological features (the types and not just
a degree of mastoid pneumatization, before all)
and so with the different taxonomic content. One
more taxon of the same rank with those two main
clades was erected for the genus Ammodillus
based on its unique dental structure, and several
other suprageneric taxa were recognized within
both taterilline and gerbilline branches to reflect
the hierarchy of phylogenetic pattern. The sub-
family rank of the entire group under consider-
ation being adopted, that classification looks as
follows:



Subfamily Gerbillinae Gray, 1825
Tribe Taterillini Chaline et al., 1977
Subtribe Taterillina s.str.
Genera Tatera, Gerbilliscus, Taterillus
Subtribe Gerbillurina Pavlinov, 1982
Genera Gerbillurus, Desmodillus
Tribe Ammodillini Pavlinov, 1981
Genus Ammodillus
Tribe Gerbillini s.str.
Subtribe Gerbillina s.str.
Genera Dipodillus, Gerbillus, Monodia,
Microdillus
Subtribe Desmodilliscina Pavlinov, 1982
Genus Desmodilliscus
Subtribe Pachyuromyina Pavlinov, 1982
Genus Pachyuromys
Subtribe Rhombomyina Heptner, 1933
Genera Sekeetamys, Meriones,
Brachiones, Psammomys, Rhombomys

Phylogenetic analysis of H. Tong (1989) was
not resulted in a formal classification. However,
the respective tree (see Fig. 10c), as far as Recent
memebers of the subfamily Gerbillinae are con-
cerned, seems to be most consistent with the fol-
lowing possible classification:

Subfamily Gerbillinae Gray, 1825
Tribe Taterillini Chaline, Mein, Petter, 1977
Subtribe Taterillina s.str.
Genera Tatera s.lato, Taterillus
Subtribe Gerbillurina Pavlinov, 1982
Genus Gerbillurus
Tribe Ammodillini Pavlinov, 1981
Genus Ammodillus
Tribe Gerbillini s.str.
Subtribe “Noname”
Genus Desmodillus
Subtribe Desmodilliscina Pavlinov, 1982
Genus Desmodilliscus
Subtribe Gerbillina s.str.
Genera Gerbillus, Microdillus,
Sekeetamys
Subtribe Rhombomyina Heptner, 1933
Genera Pachyuromys, Brachiones,
Meriones, Psammomys, Rhombomys

Molecular phylogenetic tree of Chevret and
Dobigny (2005) also was not represented in the
form of any taxonomic system, although the au-
thors discussed some important taxonomic out-
comes of their findings. Following exactly the
principles of the Hennigian cladistics requesting
for equal taxonomic ranks of sister groups (e.g.

Wiley, 1981), the subfamily Gerbillinae, accord-
ingly to Chevret and Dobigny’s tree topology (see
Fig. 10d), is to be divided into tribes Desmodillis-
cini (with genera Pachyuromys, Desmodilliscus)
and Gerbillini s.str., the latter being further split-
ted into several subtribes (gerbillurines and ger-
billines), each with respective “subsubtribes”.
However, if not to adopt principles of cladistic
taxonomy so literally, the tree in question could
be represented by the following system of mono-
phyletic suprageneric taxa (note that the genera
Ammodillus and Brachiones were absent from the
sample studied genetically):

Subfamily Gerbillinae Gray, 1825
Tribe Desmodilliscina Pavlinov, 1982
Genera Pachyuromys, Desmodilliscus
Tribe Gerbillurini Pavlinov, 1982
Subtribe “Taterini” auct.
Genus Tatera
Subtribe “Noname”
Genus Desmodillus
Subtribe Gerbillurina s.str.
Genera Gerbillurus, Gerbilliscus
Tribe Taterillini Chaline, Mein, Petter, 1977
Genus Taterillus
Tribe Gerbillini s.str.
Subtribe Gerbillina s.str.

Genera Gerbillus, Sekeetamys
Subtribe Rhombomyina Heptner, 1933
Genera Meriones, Psammomys,

Rhombomys

At last, one more classification summarized
by McKenna and Bell (1997) looks as follos (ex-
tinct taxa omitted):

Subfamily Gerbillinae Gray, 1825
Tribe Gerbillini s.str.
Subtribe Gerbillina s.str.
Genera Gerbillus, Microdillus
Subtribe Merionina Brandt, 1844 (sic!)
Genera Sekeetamys, Meriones,
Brachiones, Psammomys, Rhombomys
Subtribe Desmodilliscina Pavlinov, 1982
Genus Desmodilliscus
Subtribe Pachyuromyina Pavlinov, 1982
Genus Pachyuromys
Subtribe Taterillina Chaline, Mein, Petter, 1977
Genera Tatera, Taterillus
Subtribe Gerbillurina Pavlinov, 1982
Genera Gerbillurus, Desmodillus
Tribe Ammodillini Pavlinov, 1981
Genus Ammodillus



The just above classification simplifies phy-
logenetic hierarchy of Gerbillinae acknowledged
by most of the recent authorities. In particular, it
does not reflect properly sister-group relationships
between taterillines (in my sense) and gerbillines.

TRIBE TATERILLINI
CHALINE, MEIN, PETTER, 1977

Contents. This is one of the principal suprage-
neric groups in the subfamily Gerbillinae recog-
nized by both morphologists (Petter, 1975; Pavli-
nov, 1982a, 2001; Tong 1989; Pavlinov et al.,
1990) and, with some reservations, by molecular
phylogenetists (Chevret, Dobigny, 2005). Accord-
ing to the phylogeny and classification adopted
here, it includes five Recent genera divided into
two subtribes: the Taterillina s.str with the genera
Tatera, Gerbilliscus, Taterillus; and the Gerbillu-
rina with the genera Gerbillurus, Desmodillus.
The genus Taterillus is excluded from here by
Chevret, Dobigny (2005), with respective change
of the tribal name.

MORPHOLOGICAL CHARACTERS. Taterillines are
characterized by usually (save Desmodillus) en-
larged masseteric plate with elongated keel and
with wide orbital shield. This pattern is correlat-
ed with anterior displacement of the oral ending
of the masseteric ridge on the mandible. All these
peculiarities are caused by powerful development
of both lateral and medial portions of the anterior
branch of the masseteric muscle (Potapova, 1990;
Pavlinov et al., 1990).

Auditory bulla is variable in size but with tym-
panic portion always significantly predominating.
This portion is well inflated already in the spe-
cies with no mastoid pneumatization and such a
disproportion is retained even in the species with
enlarged mastoid portion (e.g. in the subgenus
Gerbillurus s.str.). The mastoid is not pneuma-
tized in many members of Taterillina s.str. and with
less or more developed cavity in others, being the
largest in Desmodillus and in some species of Ger-
billurus. Mastoid pneumatization usually follows
the anterior pathway: the tympanic cavity pene-
trates into the mastoid first through the epitym-
panic recess (see morphological chapter above).
The resulting epimastoid chamber remains domi-
nating with the progress of mastoid pneumatiza-
tion, while partial ventral penetration of tympan-
ic cavity in the mastoid occurs at the final stage
of the latter’s development. So the cavity consti-
tuting the fully pneumatized mastoid, unlike the
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one in Gerbillini, is strictly homologous to the epi-
mastoid chamber (see Figs 7, 8). Mastoid septum
bounding it from the beneath never takes vertical
position in the taterilline genera. No additional
tympano-mastoid septum appears, so it is the
mastoid one that attaches the mastoid wall along
the tympano-mastoid suture. The only exclusion
from this general trend is the nominative subge-
nus Gerbilliscus s.str. in which the type of mas-
toid pneumatization is rather similar to that ob-
served in the most primitive members of the tribe
Gerbillini.

Molar crown is pretty high and laminated, it is
semi-lophodont in less advanced or typically loph-
odont in most specialized members of the tribe. It
is usually symmetrical, some traces of the primary
asymmetry are noticeable in the subgenus Gerbil-
lurus (Progerbillurus) only. Anterior part of lower
M1 bears rudimentary isolated protoconulid on the
least worn crown in at least one genus (Desmodil-
lus) which becomes fused with the anteroconid
proper with the tooth wear. Judging by ontogenet-
ic sequences displayed by various stages of tooth
wear in Tatera and Desmodillus, there are two ways
of formation of definitive anteroconid in Taterilli-
ni. In Tatera, protoconulid and exteroanteroconid
are fused first and then this structure is added with
the interoanteroconid. In Desmodillus, elements of
the anteroconid proper join first each other where-
as the protoconulid remains isolated for some time
(as in the extinct Protatera). The fully developed
anteroconid in its most derived condition is usual-
ly of the horseshoe type, as it is common to the ge-
nus Gerbilliscus. This type is less expressed in other
genera where the well worn anteroconid is not in-
frequently rhomboid in its shape.

PrincipaL FossiLs. Fossil history of the tribe is
represented by several genera with lophodont
molars from Miocene and early Pliocene of north-
ern Africa, southern Asia and south-western Eu-
rope. These are Abudhabia, Debruijnimys, and
Protatera (see review of the paleontology above).
The first two of them are typical taterillines prop-
er by characters available from the remains while
the last one displays a specific combination of ad-
vanced and primitive traits (the fully developed
protoconulid on the lower M1) and is to be placed
at basal radiation of the Taterillini. So, the known
fossils give no possibility to trace more precisely
both within- and intra-subtribal relationships in
this clade.

ComMENTs. Monophyly of the tribe Taterillini
(save the genus Taterillus) is supported by both



morphological and molecular data (Petter, 1975;
Pavlinov, 1982a, 1987; Tong, 1989; Chevret, Do-
bigny, 2005). However, phylogenetic relationships
among its genera are not clear enough. Generally
speaking, this tribe could be considered as con-
sisting of two “nuclei”, one with the genera Tat-
era and Gerbilliscus and another with the genus
Gerbillurus. Molecular data are in favour of bas-
al position of the genus 7afera relative to others
while morphological data rather place the genus
Gerbillurus at that position. It is the relationships
of two other genera, Taterillus and Desmodillus,
which allocation to and position within the tribe
provides certain problems.

The genus Taterillus has been traditionally
jointing to the first “nucleus”, this conception
gaining good support from morphological data;
they share synapomorphic traits in dental and
zygo-masseteric morphology. But molecular data
show this hypothesis might be incorrect and this
genus should be excluded from the tribe under
consideration at all (Chevret, Dobigny, 2005;
Colangelo et al., 2007). This treatment is consid-
ered as well supported by genetists, but actually
it is based on analysis of just two mtDNA genes.

The second “nucleus” serves as a kind of phy-
logenetic attractor for the genus Desmodillus: it
is similar with Gerbillurus in dental and bullar
morphology. But these similarities are not true
synapomorphies: semi-lophodont crown pattern
is rather plesiomorphic trait relative to typical lo-
phodonty of the taterillines proper, while advanced
bullar morphology might appear due to parallel
evolution (see account of the subtribe Gerbilluri-
na below). On another hand, not enlarged masse-
teric plate in Desmodillus indicates that closest
ancestor of the subtribe Gerbillurina and eventu-
ally of the entire tribe Taterillini also possessed a
similar plesiomorphic trait. This leaves this tribe
without such an important synapomorphy.

Situation just outlined requests (as it is usual-
ly stated in such cases) furthure analyses and more
characters. This conclusion is especially true for
the genus Taterillus which is kept here following
morphological evidence. As to the Desmodillus,
it is also retained here as a member of Gerbilluri-
na but it well might be that this genus is to be
placed at basal radiation of the entire tribe. The
arguments pro and contra for each of these treat-
ments are considered at more length in the ac-
counts of the respective genera below.

Shift of the genus Taterillus from this group to
basal radiation of the Gerbillini suggested by mo-
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lecular phylogenetic tree would request certain
change in the nomenclature. If such a system is
adopted, this genus becomes the only representa-
tive of the tribe Taterillini (by tautonymy). Re-
spectively, all other members of the group under
consideration are no longer “taterillines” formal-
ly, and another name is to be applied to it. A new
name Taterini was proposed by genetists (Chev-
ret, Dobigny, 2005) to reflect their taxonomic
treatment, but it is antecedeted by Gerbillurina
Pavlinov, 1982, at the tribal level (see also com-
ments to Taterillina s.str. below).

Subtribe Taterillina s.str.

ContenTs. Three genera, Tatera, Gerbilliscus
(including Taterona) and Taterillus are referred
here to the nominative subtribe. The first two were
usually treated as congeners until latest times; the
third one was usually considered as most close to
them though newest findings in molecular phy-
logeny suggest its sister-group relation to Gerbill-
ini (see below).

MORPHOLOGICAL CHARACTERS. The skull is char-
acterized by most robust zygo-masseteric con-
struction for the subfamily, with a very long keel
of the zydomatic plate and a well developed or-
bital shield (see Fig. 1b). This is synapomorphy
for the subtribe, it also unites its members with
the genus Gerbillurus (but not with Desmodillus).

The mastoid of auditory bulla is not pneuma-
tized (most primitive for the subfamily) in Zater-
illus and Gerbilliscus (Taterona) or just slightly
evolved in others, it is always smaller externally
relative to the tympanic portion than in any other
Recent Gerbillinae. Two different modes of mas-
toid pneumatization are observed; one (in 7atera)
from the anterior only, similarly to Gerbillurina,
another (in the subgenus Gerbilliscus s.str.) from
both anterior and ventral pathways, as in Gerbill-
mi. In the latter case, however, the mastoid re-
tains very primitive condition.

Molar crown is of most advanced lophodont
type, with laminae being formed very early and
longitudinal bridgelets appearing much later. Lam-
inae are usually with slightly curved axial lines,
which makes the teeth secondarily asymmetrical.
Anteroconid of the lower M1 is developed by the
horseshoe type, it varies in the degree of special-
ization. Separate protoconulid is present on min-
imally worn tooth in 7atera while solid and fully
developed anteroconid occurs in the two other
genera. This advanced morphotype, as far as wear-



ing sequence in Tatera shows, is resulted from
first fusion of protoconulid and exteroanteroconid,
with interoanteroconid being added to this com-
plex subsequently.

PrINcIPAL FoOsSILS. It is very probable that the
genus Abudhabia from the late Tertiary of south-
ern (and probably central) Asia (Flynn et al., 2003;
Qiu et al., 2004) belongs here. It possesses elon-
gated keel of the masseteric plate and is very simi-
lar to the extant 7atera by less advanced lophodont
molar crown (see paleontological review above, and
Fig. 9¢). Another fossil with probably close affini-
ty to taterillines proper is Debruijnimys from the
late Miocene of south-western Europe.

CoMMENTS. Both monophyly of the tribe Tater-
illina and its close relationship to gerbillurines in
the Recent fauna are supported by morphological
data. Several hypotheses were forwarded about
its phylogenetic status and taxonomic structure.
According to the traditional treatment, the gerbils
included here are divided into two genera, “Tat-
era” s.lato and Taterillus (e.g. Arata, 1967; Tong,
1989; Musser, Carleton, 1993). Cladistic analy-
sis of morphological traits (Pavlinov, 1982a,
1984a, 1987, 2001; Pavlinov et al., 1990) supposes
Gerbilliscus (including Taterona as a subgenus)
and Taterillus are sister groups characterized by
most advanced molar crown pattern relative to the
Asian genus Tatera in which more advanced bullar
morphology is observed. Molecular data (Chev-
ret, Dobigny, 2005; Colangelo et al., 2007) are
also in favour of generic separation of 7atera and
Gerbilliscus and indicate close relationships be-
tween the latter and Gerbillurus, which means that
they are to be united in the same subtribe not in-
cluding the genus 7atera. Another stricking nov-
elty of molecular studies is that the genus Tateril-
lus is to be excluded from this group. If this sug-
gestion of molecular phylogenetists is correct, the
Gerbillirina Pavlinov would be its valid name (see
also comments to the genus 7atera below).

All these molecular findings make the subtribe
under consideration, as it is understood here, a
paraphyletic assembladge. However, as it was al-
ready stated above, the latter treatment looks
weakly supported from the morphological stand-
point. So it seems premature to change the present
classification until more genetic (and eventually
morphological) evidence are available.

Genus Tatera Lataste, 1882
ContenTs. This genus has long been conside-
red as including, in addition to the Asian nomino-
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Fig.

11. Skull of Tatera indica (orig.)
Puc. 11. Yepen Tatera indica (opwur.)

type species, about a dozen of African species here
allocated to the genus Gerbilliscus. Moreover, Ta-
tera and Taterona were sometimes united in the
same nominative subgenus in such a traditional
treatment (e.g. Davis, 1971). It was not until ear-
ly 1980s when African and Asian members of
“Tatera” s.lato were first recognized as different
subgenera (Pavlinov, 1981b) and then as full gen-
era (Pavlinov, 1982a, 1987, 2001, 2003; Carle-
ton, Musser, 1984; Pavlinov et al., 1990; Musser,
Carleton, 2005). The genus Zatera is here under-
stood as containing 7. indica Hardwicke only.
MORPHOLOGICAL CHARACTERS. The genus under
consideration is characterized by skull morphol-
ogy rather typical for the subtribe Taterillina (Fig.
11). It differs markedly from the other members
of the latter by a peculiar combination of mor-
phological features some of which are most ad-
vanced and others are primitive for this subtribe.
The advanced is the mastoid morphology in
Tatera: it is fully pneumatized though not espe-
cially enlarged (see Fig. 7c) and with pretty thick
walls. Therefore its pneumatization, unlike in oth-
er gerbils with similar type of mastoideum, is not
visible from the outside. In this connection it is to
be stressed that the mastoid pneumatization in this



genus is even more evolved than in Gerbillurus
(Progerbillurus) and in Dipodillus. Its cavity is
connected with the tympanic one anteriorly and
is isolated from it ventrally by the solid mastoid
septum. So, this type of pneumatization is similar
to that observed in Gerbillurina and differs from
the one known to occur in the nominative subge-
nus Gerbilliscus s.str.

Contrary to the mastoid, morphology of the
anterior portion of lower M1 is quite archaic. It is
frequently represented by two isolated elements
on the minimally worn teeth (see Fig. 5a), of which
the internal one is supposed to be homologous to
interoanteroconid and the external one, judging
by its shape, is homologous to the fused extero-
anteroconid and protoconulid (Pavlinov, 1984a).
This complicated structure turns with wear into
horseshoe morphotype with posterior fossetid and
then rather quickly turns into rhomboid type, un-
like both Gerbilliscus and Taterillus in which it
remains pretty long of the horseshoe shape.

ComMENTS. Such an archaic dental morpholo-
gy seems to agree with the molecular phylogenet-
ic tree of Chevret and Dobigny (2005) in which
the genus under consideration takes a basal posi-
tion within (my) Taterillini. Such a treatment stre-
sses especially generic separation of 7atera and
Gerbilliscus. If the anteroconid homology in 7at-
era is correct, then this pattern differs from that
in Miocene Protatera (see paleontological account
above) thus indicating not especially close rela-
tion between them.

The basal position of the genus Tatera in the
tree for the tribe under consideration may make it
resonable to separate it in the monotypical sub-
tribe of its own. A new name for the latter should
be “Taterini” of Chevret and Dobigny (2005) but
it seems to be a nomen nudum under provisions
of Article 16.2 of the International Code of Zoo-
logical Nomenclature and so in need of a correct
re-description.

Genus Gerbilliscus Thomas, 1897

Conrtents. This was usually considered as a
monotypic subgenus within Afro-Asian genus
“Tatera” s.lato. Accordingly to the phylogenetic
scheme developed on the basis of morphological
data (Pavlinov, 1982a, 2001; Pavlinov et al., 1990)
it is a full genus of entirely African distribution
including all the species have been known previ-
ously as the “African taterans”. About 10 species
are currently recognized most of which are re-
ferred now to the subgenus Taterona (Pavlinov et
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Fig. 12. Skull of Gerbilliscus kempi
(after Rosevear, 1969)

Puc. 12. Yepen Gerbilliscus kempi
(o Rosevear, 1969)

al., 1990; Musser, Carleton, 2005); but their real
number is most probably higher (Colangelo et al.,
2005; Volobouev et al., 2007).

MORPHOLOGICAL CHARACTERS. This genus differs
from the Asian Tatera cranially by conspicuously
more inflated tympanic portion of the bulla (Fig.
12). However, the most significant are differen-
ces in mastoid morphology, which is at the very
initial stage of pneumatization and filled in most
part with . parafloccularis (see Fig. 7a). It is of
special interest that the ways of its pneumatiza-
tion display both principal types known for the
Gerbillinae. Its very small cavity appears as a pen-
etration either from the anterior in the subgenus
Taterona (like in the subgenus Progerbillurus) or
from both anterior and ventral sides of the mas-
toideum in the nominative subgenus (similar to
Dipodillus; see Fig. 7e). This difference is evi-
dent from absence or presence (in diagonal posi-
tion) of the mastoid septum.

Another principal difference between these two
genera is the anterior part of lower M1. It is of
most advanced horseshoe type in Gerbilliscus,
without any trace of protoconulid (se Fig. 5d).
Indeed, the “horseshoe” is formed in this genus at



the earliest stage of tooth wear, with the fossetid
entering it from either forward or backward.
Sometimes it goes from both directions to transect
the anteroconid into two lateral portions, and fre-
quently forming a closed hole at the later stages
of tooth wear.

COMMENTS. As it is obvious from the morpho-
logical evidence and supported indirectly by mo-
lecular data, the genera Gerbilliscus and Tatera,
as they are understood here, have diverged at that
stage of their evolution when the mastoid bulla
was not pneumatized, and the anterior portion of
the lower M1 was represented by several sepa-
rate cusplets. Subsequently, the former genus de-
veloped more advanced molars while the latter
succeeded in the mastoid pneumatization.

Morphological differences between the gen-
era Gerbilliscus and Taterillus are of less scale
and involve few diagnostic characters (such as
length of the posterior palatal foramina) with lit-
tle phylogenetic significance. So, morphological
data suggest their sister-group relationship (Pav-
linov et al., 1990), while molecular data are against
this treatment (Chevret, Dobigny, 2005).

Species groups within the genus are not clear.
Its division into two subgenera, Gerbilliscus s.str.
(containing G. boehmi only) and Taterona Wrou-
ghton (all the remainder species), is supported by
the bullar and mandible morphology. However,
cytogenetic and molecular data on Taterona
(Qumsiyeh, Schlitter, 1991; Colangelo et al., 2005,
2007; Volobouev et al., 2007) indicate the latter
is quite heterogenous and may represent a para-
phyletic group (G. boehmi was not studied). Such
a conclusion was especially stressed by Colange-
lo et al. (2005) who placed Gerbillurus within this
genus, though with a weak support.

Genus Taterillus Thomas, 1910

Contents. Includes about 10 species without
any clear grouping (Pavlinov et al., 1990; Muss-
er, Carleton, 2005).

MORPHOLOGICAL CHARACTERS. Here belong quite
typical members of the nominative subtribe in re-
spect to significantly enlarged anteriorly masse-
teric plate (Fig. 13), overall morphology of the
auditory bulla and molar crown pattern. Tympan-
ic portion is well inflated and predominates over
mastoid one, the latter being without any trace of
pneumatization, that is, most primitive in all the
subfamily Gerbillinae. Molar crowns are typical-
ly lophodont, but there are some traces of ances-
tral bunodont condition: for instance, longitudi-
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Fig. 13. Skull of Taterillus gracilis
(after Pavlinov et al., 1990)

Puc. 13. Yepen Taterillus gracilis
(o Pavlinov et al., 1990)

nal bridgelets appear a little earlier than in Ger-
billiscus and not infrequently in lateral position.
Anteroconid of lower M1 is of the horseshoe type
when it is little worn, but all phases of its wear
are displaced at earlier ages as compared to Ger-
billiscus, so it 1s used to be rhomboid-like on well
worn tooth. This anteroconid is sometimes with
tapered postero-labial angle which might be con-
sidered as a trace of the former protoconulid (such
a peculairity is also known for Abudhabia).
CommenTs. This is another African represen-
tative of the subtribe Taterillina according to the
classification exposed here. This genus was ac-
knowledged, until most recent times, as closest
relative of Gerbilliscus (Pavlinov, 1982a, 2001;
Pavlinov et al., 1990) or, at any rate, of “Tatera”
s.lato (Chaline et al. 1977; Tong, 1989). Similari-
ty between Taterillus and Gerbilliscus s.lato is so
striking that Pavlinov (1987) supposed they might
be just subgenerically distinct. Morphological
characters discriminating them are as follows:
posterior palatal foramina are long and mandible
is lightly built than in other taterillines.
However, molecular phylogeny based on two
mtDNA genes (Chevret, Dobigny, 2005) suggests



Taterillus to be a basal member of the tribe Ger-
billini; this is also supported by the allozyme data
(Benazzou, 1984; cited after Chevret, Dobigny,
2005). But there are no specific morphological
synapomorphies known so far to unite the genus
under consideration with the genus Gerbillus and
its allies; cytogenetic data are also against such a
hypothesis (Qumsiyeh, 1986).

Subtribe Gerbillurina
Pavlinov, 1982

Contents. This group, as it is understood here
(after Pavlinov et al., 1990), includes two genera
endemic to southern Africa.

MORPHOLOGICAL CHARACTERS. Gerbillurines are
characterized by more generalized dentition and,
to some extent, zygo-masseteric construction,
while bullar morphology is more advanced as
compared to members of the nominative subtribe
Taterillina.

As far as morphological traits diagnostic for
the entire tribe Taterillini are concerned, it is to
be stressed that elongated keel of masseteric plate
occurs in the genus Gerbillurus only, while in the
genus Desmodillus it is not enlarged.

The auditory bulla varies from moderately to
extremely pneumatized. Unlike in the members of
Gerbillini, its tympanic portion predominates over
mastoid one in the gerbillurines, even in those with
hypertrophied mastoideum, which is typical for all
the taterillines. The mastoid is just partially pneu-
matized in the least advanced subgenus Gerbillu-
rus (Progerbillurus) in which parafloccular recess
filling its caudal part (see Fig. 7b). Such a mor-
phology indicates that the mastoid pneumatization
in gerbillurines begins with the anterior tympanic
penetration while the slight ventral penetration oc-
curs in the most enlarged bulla only (Gerbillus s.str.
and especially Desmodillus). Due to this, the mas-
toid septum occupies diagonal position and never
goes vertically. It divides mastoid cavity into two
portions isolated from each other, the larger epi-
mastoid chamber being widely opened into tym-
panic cavity anteriorly and the smaller tympano-
mastoid chamber communicating with the tympanic
cavity ventrally through the arc of the lateral semi-
circular canal (see Fig. 7d).

As it was shown in the chapter on gerbilline
morphology above, this kind of mastoid pneuma-
tization differs from the one in the tribe Gerbilli-
ni; they correspond to two different developmen-
tal trajectories (see Fig. 7). This scheme of mas-
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toid evolution presumes that it is rather improba-
ble for the mastoid to “switch” from one trajecto-
ry to another. It is incorrect from this viewpoint
to consider the mastoid type in advanced gerbil-
lurines as a predecessor of that in gerbillines, as it
is supposed by the homology of D. Lay (1972) or
by the formal synapomorphy list on the phyloge-
netic tree of Tong (1989). Rather, our scheme ma-
kes it more plausible to suppose these trajectories
reflecting independent branches of the phyloge-
netic tree of Gerbillinae.

Molar crown in Gerbillurina is less evolved
than in Taterillina s.str. in being semi-lophodont
(see Fig. 4b). That means that transverse laminae
are developed at later stage than in the typical lo-
phodont teeth (like in Taterillus) but earlier than
in the typical bunodont ones (like in Gerbillus).
This semi-lophodont crown pattern differs from
the bunodont condition also in that its longitudi-
nal elements are developed later and does not form
asymmetrical S-shaped configuration on the 1st
molars. This overall pattern is well developed in
Desmodillus and more less so in Gerbillurus.

The anterior part of lower M1 is pretty primi-
tive, with isolated protoconulid in Desmodillus
(see Fig. 5b). Unlike in Tatera, its transformation
begins with fusion of extero- and interoantero-
conids with subsequent joining of protoconulid
to form the horseshoe or rhomboid anteroconid.

CommenTs. Taxonomic fate of this group of
gerbils has long been and still remains controver-
sial. The genera it includes were and still are unit-
ed not infrequently with various members of Ger-
billini: Gerbillurus was once thought to be a close
relative of Gerbillus, while Desmodillus i1s com-
bined sometimes with Desmodilliscus. At present,
the position of gerbillurines as members of the
tribe Taterillini (in its original sense) seems to be
well supported both morphologically and geneti-
cally (Pavlinov, 1982a, 1984a, 1985; Pavlinov et
al., 1990; Chevret, Dobigny, 2005). At the same
time, the subtribe contents is not well founded.

According to the classification adopted here,
this group is defined by semi-lophodont molar
crown and specific mastoid pneumatization. How-
ever, its monophyly is not strongly supported if
these features shared by Gerbillurus and Desmo-
dillus are treated cladistically. The matter is that
each of these two genera possesses a specific com-
bination of plesiomorphic and apomorphic traits
and there is no unique “true” synapomorphy uni-
ting all gerbillurines relative to other Taterillini.
Indeed, the genus Desmodillus displays more



primitive zygo-masseteric construction and an-
teroconid than Gerbillurus (and any other Afri-
can taterilline), while their interrelation in respect
to the bullar and dental morphology is quite op-
posite.

Such a mosaic may indicate parallel evolution
at least in some morphological traits which means
gerbillurine synapomorphies might be not true in
the strict (Hennigian) sense of this term but rath-
er “underlying” (in the sense of Saether, 1983).
This possibility was expressed by Pavlinov et al.
(1990) and explicitly follows from both cytoge-
netic and molecular data (Qumsiyeh, 1986; Chev-
ret, Dobigny, 2005; Colangelo et al., 2007). They
indicate unambiduously a paraphyletic status of
the subtribe under consideration, with the genus
Desmodillus taking position next to the root of
the taterilline phylogenetic tree and the genus Ger-
billurus being a sister group to Gerbilliscus.

Genus Gerbillurus Shortridge, 1942.

Contents. Belonging here are four species of
the southern African pygmy gerbils divided into
two or three subgenera (Pavlinov et al., 1990).

MORPHOLOGICAL CHARACTERS. Members of this
genus are generally characterized by moderately
elongated keel of zygo-masseteric plate (Fig. 14),
which is less than in genera included in the sub-
tribe Taterillina, and by semi-lophodont molar
crown pattern. The latter is least advanced in the
tribe in having certain characters in common with
typical bunodont type (see Fig. 4b). In particular,
the longitudinal bridgelets are frequently formed
in lateral and not in axial position. Anterior part
of the lower M1 is always solid, that is without
separate protoconulid which is present inconspic-
uously only as a small outgrowth of postero-labi-
al part of the anteroconid. The horseshoe pattern
occurs at earlier stages of the tooth wear and dis-
appears later, with the anteroconid becoming of
the rhomboid type.

Pneumatization of the auditory bulla is vari-
able in degree, especially of its mastoid portion,
thus allowing to trace its transformation from least
to more advanced variants within the type specif-
ic to the Gerbillurina. The mastoid is quite prim-
itive, just partly pneumatized in Gerbillurus (Pro-
gerbillurus) (see Fig. 7b) and is most advanced in
the members of nominative subgenus, as in the
genus Desmodillus (see Fig. 7d).

ComMENTs. The species here included in Ger-
billurus were once allocated to different genera
(Roberts, 1951) or to different subgenera in the
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14. Skull of Gerbillurus setzeri
(after Pavlinov et al., 1990)

Puc. 14. Yepen Gerbillurus setzeri
(o Pavlinov et al., 1990)

Fig.

genus Gerbillus (Ellerman et al., 1951). Subse-
quently, some morphological characters were re-
vealed that appeared to discriminate them from
the latter and, at the same time, made them close
to taterillines (Lundholm, 1955; Herold, Nietham-
mer, 1963). Both generic status and the current
contents of Gerbillurus was finally acknowledged
in the 1970s (Davis, 1971; Petter, 1975), and lat-
er the genus was transferred to Taterillinae/Tater-
illini (Chaline et al., 1977; Pavlinov, 1982a, 1987,
Tong, 1989; Pavlinov et al., 1990; Chevret, Dobig-
ny, 2005). Most recent molecular data (Colange-
lo etal., 2005) stress a close relation between Ger-
billurus and Gerbilliscus by placing the former
within the latter, though with a weak support.
There are three subgenera recognized within
the genus, of which Progerbillurus Pavlinov, 1982
and Paratatera Petter, 1983 being monotypic and
Gerbillurus s.str. containing two species (Pavli-
nov et al., 1990). Of these subgenera, Progerbil-
lurus is the most primitive in having the least
evolved zygo-masseteric structure and auditory
bulla while Paratatera takes intermediate posi-
tion between it and the nominative subgenus.



15. Skull of Desmodillus auricularis
(after Pavlinov et al., 1990)

Puc. 15. Yepen Desmodillus auricularis
(o Pavlinov et al., 1990)

Fig.

Genus Desmodillus Thomas, Schwann, 1904

ContenTs. Includes the sole species, D. auric-
ularis A. Smith.

MORPHOLOGICAL CHARACTERS. This is the most
advanced representative of the tribe Taterillini in
respect to bullar morphology. The auditory bulla
is hypertrophied, its mastoid part is fully pneu-
matized, with mastoid septum taking diagonal
position and posterior mastoid chamber opened
into the tympanic cavity (see Fig. 7d). Other cra-
nial features of Desmodillus (Fig. 15) are more
generalized than in Gerbillurus and in other tater-
illines. In particular, keel of the masseteric plate
is not elongated, so the genus in question falls in
this respect out from the formal morphological
boundaries of the tribe Taterillini.

It is to be noticed in parentheses that this ge-
nus, due to its very large auditory bulla, is most
similar by overall skull shape to Pachyuromys but
not to Desmodilliscus (compare Fig. 15 with Figs
20 and 21 below), as it is usually but incorrectly
stated by various authors.

Molar crown type is a little more advanced than
in Gerbillurus. It is semi-lophodont with pretty
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symmetrical configuration of main cusps, oppo-
site elements of the crown tend to fuse quite early
to form the transverse laminae.

The genus Desmodillus is very interesing in
possessing a separate protoconulid on the lower
M1 (Pavlinov, 1984a, 1985). However, unlike in
the genus Ammodillus (considered below), it is
clearly identifiable on minimally worn tooth only
(see Fig. 5b) and fused quickly with the antero-
conid to form with it a horseshoe shape typical to
all taterillines. Thus, the genus under consideration
is more primitive in this respect than the genus
Gerbillurus. 1t is noteworthy that such an antero-
conid pattern also occurs in the Miocene genus
Protatera (see Fig. 9b) thus indicating a very an-
cient origin of Desmodillus (Pavlinov, 1985).

ComMmEnTs. This genus was sometimes put
close to Desmodilliscus: some authors were prob-
ably misled by similarity of the names of these
two genera (Simpson, 1945), while others fol-
lowed wrong homology of their mastoid elements
(e.g. Tong, 1989). However, belonging of Des-
modillus to the tribe Taterillini, as it is understood
here, seems quite clear from both morphological
(Pavlinov et al., 1990) and molecular (Chevret,
Dobigny, 2005) backgrounds.

From the standpoint of phylogenetically im-
portant dental and bullar morphology, the genus
in question is most similar to Gerbillurus which
in its turn shares some apomorphic features with
typical taterillines. However, its membership in
the subtribe Gerbillurina is not well supported, as
it was indicated above in account of the latter. It
might be that Desmodillus actually belongs to
basal radiation of the entire tribe Taterillini; this
point is supported by a very primitive anteroconid
pattern and by quite generalized zygo-masseteric
construction; molecular data also agree with this.
This means that similarity btween Desmodillus
and Gerbillurus is explained by parallel evolu-
tion. In other words, one can not exclude that an-
other subtribe is to be erected for the genus in
question, with respectve new family-group name.

TRIBE AMMODILLINI PAvLINOV, 1981

ConTenTs. Includes the only one genus, Am-
modillus.

MORPHOLOGICAL CHARACTERS. This tribe is one
of the most distinct taxa among living gerbillines
by its cranial and dental morphology. It is charac-
terized by unique combination of archaic proto-
conulid and hypoconulid and highly specialized



morphology of both masticatory apparatus and au-
ditory bulla.

The skull (Fig. 16) is with elongated rostral
part and with the braincase compressed laterally
like in taterillines. Keel of the masseteric plate is
not especially elongated and rather low (see Fig.
1d), the surface of m. masster lateralis attachment
being enlarged mainly due to significant concav-
ity of the masseteric plate, the orbital shield be-
ing widened. Morphology of m. temporalis attach-
ments is the most advanced in gerbillines: the tem-
poral plate of the braincase is very narrow and
bounded above by strongly pronounced temporal
ridge. Respective complete reduction of coronoid
process of the mandible is unique among the
Muroidea (see Fig. 2b).

The auditory bulla is completely pneumatized
and large, its tympanic and mastoid portions are
equally developed, like in Gerbillini s.str. and dis-
similar to that in Taterillini. The pattern of mas-
toid pneumatization is pretty complicated. Judg-
ing by composition and position of the septa sep-
arating principal mastoid chambers, one may sup-
pose that the mastoid was initially pneumatized
anteriorly followed by the secondary ventral pneu-
matization. This resulted in diagonal position of
the mastoid septa, like in advanced Gerbillurina,
with which ammodillines are similar also in posi-
tion of small posterior mastoid cell. However,
there is a small additional ventral penetration
which leads to formation of as small ventral mas-
toid septum similar (homologous?) to that in Ger-
billini (see Pavlinov et al., 1990, for details).

Dentition is also one of the most specialized
among Gerbillinae. The molar crown is pretty
high, laminated, with developed teniodonty (sen-
su Shevyreva, 1976) on the 1st molars, especial-
ly on the lower one (see Fig. 4d). It is to be no-
ticed that skewness of laminae on teniodont
molars of Ammodillus is opposide to that in Des-
modilliscus (see below): their inner angles are
displaced caudally relative to the outer ones. But
this secondary asymmetry of ammodilline mo-
lars is paradoxically “neutralized” by posterior
convergence of the upper toothrows: due to this,
the upper laminae take perpendicular position rel-
ative to the longitudinal chewing movements of
the lower toothrows. Anteroconid of the lower
M1 is large but, unlike in most other extant ger-
billines (save Desmodillus), does not include
small protoconulid, which remains separate even
in rather worn teeth (see Fig. 5c¢). It is very small
and may be absent occasionally due to individu-
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Fig. 16. Skull of Ammodillus imbellis (after
Roche, Petter, 1968; Pavlinov et al., 1990)

Puc. 16. Yepen Ammodillus imbellis (o
Roche, Petter, 1968; Pavlinov et al., 1990)

al (or age) variation. A pretty well developed hy-
poconulid on the lower both M1 and M2 occurs
which also distinguishes ammodillines from all
other extant gerbillines.

ComMENTs. It is these additional isolated cus-
plets on the lower molars that indicate very an-
cient origin of the ammodillines. One may sup-
pose that they branched out from the very root of
the gerbilline phylogenetic tree allowing them to
preserve such archaic dental murid features ab-
sent in other living members of Gerbillinae (Pav-
linov, 1981a, 1982a, 1984a; Pavlinov et al., 1990).
This could be taken as an argument of equating
rank of ammodillines with other principal super-
generic groups of the subfamily Gerbillinae (see
also McKenna, Bell, 1997). This conclusion is
largely supported by H. Tong’s (1989) phyloge-
netic scheme (reproduced in Fig. 10c) where Am-
modillus is placed basal to all the gerbillines.

Genus Ammodillus Thomas, 1904
ConTenTs. Includes the only species, A. imbel-
lis Thomas, which distribution is confined to Af-

rican Horne (Roche, Petter, 1968; Pavlinov et al.,
1990; Musser, Carleton, 2005).



TRIBE GERBILLINI S. STR.

ConteNTs. The nominative tribe, as it is treat-
ed here, containes no less than 10 Recent genera
and about three quarters of species of the Recent
Gerbillinae, so it is “typical” not only by its name
but by its contents, as well. The genera included
here are devided into four subtribes: Gerbillina
s.str. (Dipodillus, Gerbillus, ?Monodia, Microdil-
lus), monotypic Desmodilliscina and Pachyuromy-
ina, and Rhombomyina (Sekeetamys, Meriones,
Brachiones, Psammomys, Rhombomys).

MORPHOLOGICAL CHARACTERS. This tribe in-
cludes both most generalized and most advanced
members of the subfamily Gerbillinae in respect
to some important characters of cranial and den-
tal morphology.

The bony elements of masticatory apparatus
are not so highly specialized in most members of
the tribe as compared to most taterillines and am-
modillines. Keel of the masseteric plate is not
much elongated; rather, in contrast to taterillines,
it is its vertical expansion that enlarges surface of
attachment of respective portion of the masseter-
ic muscle in some Rhombomyina (see Fig. 1c).
No orbital shield is especially developed.

The principal synapomorphy uniting this
tribe, as it was just outlined, is a particular way
of mastoid pneumatization in the auditory bulla.
According to the scheme of morphological evo-
lution discussed above (see morphological sec-
tion), it is resulted from predominantly ventral
penetration of tympanic cavity into the mastoid.
This process begins with reduction of the para-
floccular fossa due to both ventral and anterior
tympanic penetrations, these pathways meeting
at the middle of the mastoid to form diagonally
situated mastoid septum, as it is seen in the ge-
nus Dipodillus (see Fig. 7¢). Subsequent pneu-
matization, unlike the one in the advanced mem-
bers of Taterillini, involves enlargement of just
the tympano-mastoid chamber that moves mas-
toid septum to vertical position and thus fills
nearly entire mastoideum. This process is usual-
ly (save Pachyuromys) accompanied by dorsal
displacement of the tympano-mastoid septum
relative to the tympano-mastoid suture (see Fig.
7f). An accessory ventral mastoid septum appears
at this suture to define ventral boundary between
tympanum and mastoid cavities and to delimit
ventral mastoid chamber. At last, caudal expan-
sion of the mastoid wall due to its further pneu-
matization leads to formation of a septal arc con-
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necting posterior semicircular canal to the mas-
toid wall and delimiting accessory posterior
mastoid cell open into the tympano-mastoid
chamber. As a result, in most members of the
tribe with fully developed pneumatization, the
mastoid appears to be most complicated among
members of the subfamily Gerbillinae; it includes
tympano-mastoid and pretty large ventral mas-
toid chambers, and posterior mastoid cell. The
only exclusion is the genus Pachyuromys in
which neither ventral tympano-mastoid septum
nor ventral mastoid chamber appear (see Fig. 7g).

Dental evolution of Gerbillini is generally or-
dered within the trend from primitive relatively
lower-crowned bunodont type to advanced high-
crowned prismatic type, the latter finally evolv-
ing into hypsodont (rootless) molars in the genus
Rhombomys (aunique instance in Gerbillinae). No
additional cusplets preserved except for small out-
growths of main cusps occurring as the cusplet
rudiments in some Gerbillina s.str. with bunodont
molars. Initial bunodont type (see Fig. 4a) is char-
acterized by main cusps remaining clearly sepa-
rated for pretty long time and by primary asym-
metry that involves conspicuous difference in size
of both the cusps (metacone is the smallest) and
flexuses (paraflexus and hypoflexus on upper M1
are the widest). This primary asymmetry is inher-
ited in semi-prismatic crown pattern (see Fig. 41-
g) that makes it different from the typical pris-
matic one of so called “higher gerbils”, the latter
type appearing to be most simple, especially in
the genus Brachiones (see Fig. 4h-j). A deviating
variant of this general trend is secondarily asym-
metric semi-lophodont molar in Desmodilliscus
(see Fig. 4e). It is to be stressed that molar roots
also got simplified along with the crown special-
ization, the medial root becoming much reduced.

Anteroconid of the lower M1 is of simple
rhomboid type (see Fig. Se). However, rare cases
of a kind of horseshoe shape (see Fig. 5f) are re-
vealed in some specimens of Dipodillus and Ger-
billus (Petter, 1973; Pavlinov, 1984a). It could be
interpreted as an atavistic morphotype indicating
that the gerbilline rhomboid type evolved proba-
bly from the horseshoe one.

PrincipaL FossiLs. There are several fossil gen-
era (Pseudomeriones, Epimeriones, Mascaromys)
that are considered as close relatives to the mem-
bers of Gerbillini, specifically to the “higher ger-
bils” of the subtribe Rhombomyina. They are treat-
ed in both paleontological chapter above and in
the account of the latter subtribe below.



CoMMENTS. Typologically, this tribe seems to
be a pretty artificial assemblage of quite hetero-
geneous forms. Phylogenetically, however, it is
well supported by both morphological and mo-
lecular data, save few genera which position is
not much clear and hence not stable. However,
there are noticeable differences in opinions con-
cerning the number and contents of the subtribes.

Two principal groups (subtribes of the present
classification) are recognized by modern phylo-
genetists, one with the genus Gerbillus and its
closest allies (Gerbillina s.str.), another with the
genus Meriones and its allies (Rhombomyina).
The genus Sekeetamys takes uncertain position
among them, here it is allocated to the tribe Rhom-
bomyinae. The nominative subtribe is, strictly
speaking, a symplesiomorphous assemblage, their
significant overall similarity making it phyloge-
netically sound enough as a kind of “grade” of
morphological evolution. The subtribe Rhom-
bomyina is united by specialized features of den-
tal crown and the auditory transmitting system.
Two monotypic subtribes, Desmodilliscina and
Pachyuromyina, are recognized on the basis of
their highly derived autapomorphies (Pavlinov
1982a; Pavlinov et al., 1990).

A somewhat different phylogeny was suggest-
ed by H. Tong (1989) who included Pachyuromys
in Rhombomyina (next to the genus Brachiones)
and placed Desmodillus (here in Taterillini) at the
base of the Gerbillini. The latter suggestion is
caused by incorrect (from my standpoint) homolo-
gy of the mastoid elements, while the former seems
to be just a misunderstanding, as I see no specific
synapomorphies of the genus Pachyuromys with
rhombomyines and specifically with Brachiones.

Molecular data of Chevret and Dobigny (2005)
agree with monophyly of both Gerbillina and
Rhombomyina but give another treatment of po-
sition of the genera Desmodilliscus and Pachyuro-
mys. These authors combine them in a separate
clade that takes basal position relative to all other
gerbillines. According to Chevret and Dobigny,
its monophyly received strong bootstrap support
(>90%), and genetic distance between these two
genera (20.1 %) falls within the range of interge-
neric distances revealed in other clades (8.6—
21.5%). Each of these two genera is very specific
morphologically with no synapomorphy (even
“underlying”’) known at the moment to unite them.

Another strange finding of Chevret and Dobig-
ny is that the genus Taterillus (invariably placed
by morphologists close in the Tatera—Gerbillis-
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cus group) might be possibly a sister group to Ger-
billini. This treatment was discussed above in the
account of Taterillus.

The only recurrent comment of mine about
these molecular ideas would be that they are based
on just two mtDNA genes and more data are need-
ed to discuss these serious contradictions between
morpholoigical and molecular phylogenetic hy-
potheses.

More comments on these suggestions are giv-
en in the accounts of respective subtribes.

Subtribe Gerbillina s.str.

ContenTs. This subtribe includes three or four
recognized genera of northern African—southern
Asian pygmy gerbils: Dipodillus, Gerbillus, ?Mo-
nodia, Microdillus (Pavlinov et al., 1990; Muss-
er, Carleton, 2005). All of them, however, are in-
cluded in the same genus in most “lumping” clas-
sifications (e.g. Lay, 1983).

MORPHOLOGICAL CHARACTERS. This is one of the
principal groups of the subfamily Gerbillinae dis-
playing initial stages of evolution of most diag-
nostic features not only of its inclusive tribe but
of the entire subfamily at all. Respectively, some
of its least specialized members resemble to a
certain degree some myocricetodontines, which
are thought to be ancestral to the entire subfamily
or at least to its nominative tribe (see paleonto-
logical account above).

The skull lacks any traces of specialization in
zygo-masseteric construction (see Fig. 1a) deve-
loped by taterillines or rhombomyines. Mandible,
however, is pretty advanced in its shape, with deep
and wide posterior curvature separating its ascend-
ing and angular portions and with markedly di-
minished coronoid process (see Fig. 2a). Audito-
ry bulla is small to medium in size, its mastoid
portion is typical in the way of its pneumatiza-
tion. It is partly filled with parafloccular fossa in
few or fully pneunatized in most of the subtribe
members, with mastoid septum being diagonal or
vertical, respectively. Accessory tympanum occurs
in nearly all members of the subtribe except for
the subgenus Dipodillus (Petteromys).

Dental crown pattern is usually of bunodont
type (see Fig. 4a), which is the most primitive
condition for the subfamily. However, some of the
members of the subtribe possess more evolved
semi-prismatic pattern. In the first case, the cones
usually remain independent from each other for a
long time, consequence of their connections is not



Fig.

17. Skull of Dipodillus simonsi
(after Pavlinov et al., 1990)

Puc. 17. Yepen Dipodillus simonsi
(o Pavlinov et al., 1990)

strongly fixed, so the formation of isolated trans-
verse laminae is not the common pattern of these
“lower gerbils”. In semi-prismatic crown of Di-
podillus s.str. (see Fig. 4f), however, the cusps ap-
peared to be fused nearly as early as in the sub-
tribe Rhombomyina. Primary asymmetry of den-
tal crown is characteristic for all members of Ger-
billina which becomes apparent in somewhat dif-
ferent sizes of both principal cusps and flexuses
(see description of the tribe Gerbillini above). Sec-
ondary cusplets (such as anteroloph) may be
present as small outgrowths of principal cones
(e.g. in Microdillus).

CoMMENTS. The genera included here are simi-
lar to each other and differ basically in degree and
kind of specialization of dental crown which is
most generalized in Gerbillus, Monodia and more
advanced in Dipodillus, Microdillus. The sup-
posed genus ?Monodia differs from others by the
shape of mandible, while Microdillus is peculiar
in having more evolved overall skull morphology
combined with pretty complex (archaic) upper
M3. All these differences seem to warrant gener-
ic separation of the taxa listed here.
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However, such generic classification, at least
as far as polytypic genera Dipodillus and Gerbil-
lus are concerned, reflects mostly grades rather
than clades of evolutionary relations. They are sep-
arated basically by degree of specialization of den-
tal and bullar morphology and so are most proba-
bly paraphyletic assemblages. Therefore, compre-
hensive molecular phylogenetic analysis of the
subtribe Gerbillina s.str is needed, as morpholog-
ical characters are insufficient for recognition of
monophyletic polytypic genera within it.

The southern African genus Gerbillurus was
once considered together with Gerbillus, but at
present this opinion is abandoned (see account of
that genus above). Finally, the genus Sekeetamys
is sometimes suggested to be a member of the sub-
tribe under consideration by both morphological
and molecular phylogenetists (Tong, 1989; Chev-
ret, Dobigny, 2005). It is allocated to Rhombomy-
ina in the present study as the morphological char-
acters in common to the genera Gerbillus and Se-
keetamys seem to be of plesiomorphic nature.
However, molecular phylogeny indicates that the
latter genus may actually belong here as the most
advanced member of this subtribe rather than be-
ing a most primitive representative of the subtribe
Rhombomyina.

Genus Dipodillus Lataste, 1881

Contents. Taxonomic boundary and species
composition are unclear; in my classification
(Pavlinov, 1982a; Pavlinov et al., 1990) it con-
tains up to eight species divided into two subgen-
era, Dipodillus s.str. and Petteromys.

MORPHOLOGICAL CHARACTERS. This genus has
skull typical for the subtribe (Fig. 17). It was orig-
inally defined as Gerbillus-like rodens with na-
ked sole of the hind foot. The genus, as it is un-
derstood here, is characterized by bullar morphol-
ogy most primitive for the tribe Gerbillini. The
mastoid is just partially pneumatized, so the para-
floccular fossa occupies its more or less signifi-
cant part (see Fig. 7e). Respectively, the mastoid
septum takes diagonal position thus demonstrat-
ing the very early step of mastoid evolution in the
direction characteristic for the entire tribe. Acce-
sory tympanum either absent (Petteromys) or
present (Dipodillus s.str.). Contrary to the primi-
tive bullar pattern, molar crown is of advanced
semi-prismatic type (see Fig. 4f): molar cusps are
slightly alterating and longitudinal connections be-
tween them appear very early (see the chapter on
gerbilline morphology above for details).



CommenTs. The genus is most close to Gerbil-
lus proper with which it is united by many au-
thors. Its naked hind foot was given earlier as ex-
clusive diagnostic feature for the genus (or sub-
genus) according to which the species of Hende-
capleura (now in Gerbillus) were also included
in Dipodillus (e.g. Osborn, Helmy, 1980). F. Pet-
ter (1959, 1971; also Cockrum et al., 1976) de-
fined it as a genus of pygmy gerbils with semi-
prismatic molar crown, and bullar morphology
was subsequently added to its diagnosis (Pavli-
nov, 1982a; Pavlinov et al., 1990). However, there
are opponents of such a treatment (e.g. Lay, 1983).

The subgenera recognized, Petteromys Pavli-
nov, 1982 and Dipodillus s.str., differ mutually
by levels of specialization of dentition and audi-
tory bulla (Pavlinov, 1982a; Pavlinov et al., 1990).
Molar crown is with just slightly altering cusps in
the subenus Petteromys and with fully developed
semi-prismatic pattern in the Dipodillus s.str. The
former is peculiar by absebnce of the fympanum
accessorium differing it from all other members
of the inclusive subtribe (Pavlinov, 1980; Pavli-
nov et al., 1990). It is certainly a derived condi-
tion (see the morphological chapter above), but it
is not now definitely clear if it could be consid-
ered as the true synapomorphy for Petteromys.

Genus Gerbillus Desmarest, 1804

Contents. This is one of the most typical and
certainly the most speciose genus of the subfam-
ily Gerbillinae. In its widest sense (Lay, 1983), it
is equal to the entire subtribe Gerbillina as the
latter understood here. At present, it includes no
less then 20-25 species divided into two subgen-
era, Hendecapleura and Gerbillus s.str.

MORPHOLOGICAL CHARACTERS. Members of this
genus are characterized by generalized skull and
dental morphology without specific combination
of especially primitive and/or advanced morpho-
logical traits. The skull (Fig. 18) has moderately
developed masseteric plate, not very long diaste-
ma and posterior palatal foramina, and pretty wide
ascending ramus of the mandible (unlike those in
Microdillus). Auditory bulla is moderately inflat-
ed, with mastoid fully pneumatized (f° parafloc-
cularis is reduced) and mastoid septum taking
vertical position (unlike that in Dipodillus s.lato).
Tympanum accessorium is always present. Molar
crown is most archaic in the subfamily, typically
bunodont (see Fig. 4a). The main cones remain
isolated long time from each others, more or less
opposite (no tendency to alteration), their trans-
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Fig. 18. Skull of Gerbillus pyramidum
(after Osborn, Helmy, 1980)

Puc. 18. Yepeu Gerbillus pyramidum
(o Osborn, Helmy, 1980)

verse junctions into laminae do not much precede
formation of longitudinal connections with wear.
Additional cusplets are not especially developed,
and small anteroloph of the upper M2, if present,
is always connected to paracone.

ComMENTS. As it was already stressed in the
account of the subtribe Gerbillina, the boundaries
between the genus Gerbillus and its closest rela-
tives are quite fuzzy. The differences between
Petteromys, Hendecapleura and Gerbillus s.str.
reflect more grades rather than clades of evolu-
tion of this group, and the entire taxonomic situa-
tion needs a full revision based on molecular data.
In some classifications (e.g. Osborn, Helmy, 1980),
species of Hendecapleura are transferred to Di-
podillus. One of Gerbillurus species was also al-
located here earlier (see account of these genera
above).

Subgeneric classification of Gerbillus in the
contents adopted here is also quite obscure. It is
divided in two subgenera, Hendecapleura Latat-
ste, 1882 and Gerbillus s.str. (e.g. Petter, 1971,
1975; Pavlinov et al., 1990). However, they dif-
fer only by hairiness pattern of the hind foot which
1s naked in the former and haired in the latter, such



a character seems evidently to be of just a minute
phylogenetic sugnificance.

Genus ?Monodia Heim de Balsac, 1943

ContenTs. This is an enigmatic monotypic
member of the nominative subtribe close to the
Gerbillus.

MORPHOLOGICAL CHARACTERS. ?Monodia differs
from Gerbillus by peculiar skull morphology.
Ascending ramus of its mandible (see Fig. 2d) is
with anterior margin standing closer to vertical
but not covering M3, and with pretty large pr: coro-
noides separated by a wide curvature from pr. ar-
ticularis. Besides, this mandible bears a large
prominence (before the toothrow) to which m.
masseter laterals anterior is attached. Its crani-
um is specific in having pretty narrow temporal
plate of the braincase (nearly of the same size as
in Ammodillus, see above), shortened upper di-
astema, and zygo-masseteric construction rather
strong for such a fragile skull.

ComMENTs. The new genus and species Mono-
dia mauritaniae was described very briefly by H.
Heim de Balsac (1943) on the basis of the only
one specimen from Mauritania. Subsequently, G.
juliani was allocated without comment to this
genus (Roche, Petter, 1968) but it was synony-
mized later with one of the species of Hendeca-
pleura (Petter, 1975; Roche, 1975). I did not lo-
cate the original Monodia specimen during my
visit to the Museum National d’Histoire Naturel-
le (Paris), and there is a suspicion that it was not
preserved in the collection (F. Petter, pers. comm.).
The only additional (and useful) information on
this genus appeared to be available from the pic-
ture of the skull of the holotype of Monodia mau-
ritaniae in the st edition of E.P. Walker’s (1964)
“Mammals of the World” (vol. 2, p. 849; omitted
in subsequent editions) which seems to be typical
Gerbillus in many respects (but see below).

However, when visiting the Mammal Division
of the National Museum of Natural History in
1993, I have revealed in its collection two speci-
mens of very small Gerbillus-like rodents from
Mauritania which were of the same size but
showed two markedly different kinds of skull mor-
phology. One of them, no. 401520, appeared to
be typical Gerbillus while another, no. 401002,
differed from it and from other species of that
genus seen by me in important traits of the skull
indicated in the preceding section.

It is of interest that the specimen no. 401002
not just differs markedly by these features from
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Fig. 19. Skull of Microdillus peeli (orig.)
Puc. 19. Yepen Microdillus peeli (opur.)

typical Gerbillus but shares certain similarity with
Desmodilliscus in the mandible morphology. So
it is quite probable that it actually represents a
distinct genus (or a subgenus of unclear alloca-
tion) within the subtribe Gerbillina s.str. Unfortu-
nately, it is impossible to identify unambiguously
the skull of Monodia holotype pictured in Walker
(1964) with the one just described. So my previ-
ous identification of this Mauritanian enigmatic
taxon as Monodia still remains more than provi-
sional and requests furthure clarification.

Genus Microdillus Thomas, 1910

ConTenTs. Includes the only species, M. peeli
De Winton, from African Horne (Roche, Petter,
1968; Pavlinov et al., 1990; Musser, Carleton,
2005).

MORPHOLOGICAL CHARACTERS. Diagnostically
differs from all other pygmy gerbils mainly by
shortened tail (about 75% of the body length) and
by some advanced cranial and dental traits (Pav-
linov et al., 1990).

The skull (Fig. 19) is narrow in the interorbit-
al constriction and in rostral part, with nasals rel-
atively shorter than in Gerbillus. Keel of the mas-
seteric plate is also shortened and more vertical
than in any other Gerbillina. Upper diastema, how-



ever, is the longest for the Gerbillina which is also
true for both anterior and posterior palatal foram-
ina, the latter’s length is nearly equal to that of
the upper toothrow (similar to Zaterillus). The
bony bridge separating these foramina, unlike in
Gerbillus and Dipodillus, is narrower than the
width of either of them. Mandible is quite spe-
cialized in having rather narrow ascending branch
and wide angular process. Auditory bulla is one
of the largest among members of the subtribe
Gerbillina, its mastoid part is fully pneumatized.

The molar crown is higher and more flattened
than in Gerbillus. Upper M2 bears well developed
anteroloph which is larger than in other Gerbilli-
na and is connected to protocone, unlike that of
Gerbillus. Upper M3 is complicated, usually with
four cusplets forming two transverse laminae with
wearing (probably an archaic condition).

ComMENTs. Close to Gerbillus s.lato and some-
times included in it when the latter is treated in
the widest sense (Lay, 1983). However, its spe-
cialized features indicate that Microdillus evolved
in somewhat different direction as compared to
the typical Gerbillus. At least morphologically,
the difference between the latter and Microdillus
looks of the same scale as between Gerbilliscus
and Taterillus thus supporting generic rank of the
taxon under consideration. Advanced dentition of
Microdillus made H. Tong (1989) supposing its
sister-group relation to Sekeetamys here placed in
Rhombomyina. However, they differ from each
other by some important characters of the audito-
ry transmitting system: in Microdillus it is the
same as in Gerbillus, while Sekeetamys is similar
in this respect to other rombomyines (see account
of the latter below).

Subtribe Desmodilliscina
Pavlinov, 1982

ConTENTS. Very specialized, actually even
unique in some respects monotypic genus Des-
modilliscus belongs here.

MORPHOLOGICAL CHARACTERS. The desmodillis-
cine cranium is very peculiar in its shape (Fig.
20). The rostral part is short and widened, as is
the anterior part of interorbital region, so the in-
terorbital constriction is displaced caudally as
compared to the other gerbillines. Posterior pala-
tal foramina are the largest in the subfamily and
protrude slightly forward in front of the upper too-
throws. Auditory bulla is fully pneumatized and
very large, with tympanic septum taking vertical
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Fig. 20. Skull of Desmodilliscus broweri
(after Pavlinov et al., 1990)

Puc. 20. Yepen Desmodilliscus broweri
(o Pavlinov et al., 1990)

position and tympanic-mastoid septum moved
upward as in Rhombomyina and in advanced Ger-
billina s.str. Posterior mastoid cell is distinct and
opens into the mastoid cavity.

The masticatory apparatus is very specific. On
the one hand, zygo-masseteric structure is among
the least specialized in the subfamily Gerbillinae,
with zygomatic arc going pretty high and masse-
teric plate being small and just slightly sloping
(see Fig. 1a). On the other hand, the mandible is
highly specialized, with sharp disproportion of
ascending and angular parts (see Fig. 2c). The
former is thin, with reduced pr. coronoides, the
latter is very wide and significantly deflected from
vertical position.

Dentition is unique in disappearing of the lower
M3 while its upper homologue is typical in size
and crown pattern. Such a combination does not
allow to agree with F. Petter (1959) who explained
such a reduction by forward expansion of the au-
ditory bulla. Both upper and lower M1 are char-
acterized by teniodonty (see Fig. 4e), with the lam-
inae oriented in the direction opposite to that in
the genus Ammodillus (see above). The lower M1
is characterized by a kind of “tripetalous” struc-



ture formed by elongated anteroconid and first
lamina merged by a longitudinal bridgelet.

Specific morphology of desmodilliscine man-
dible and lower dentition might be causally relat-
ed to the development of rather large cheek-pouch-
es which are uniquely present in the group under
consideration. They are similar to those known
for Palaearctic cricetines (subfamily Cricetinae)
in being outgrowths of the inner muscular walls
of the oral cavity and do not go backward as far
as level of the pinnae (Pavlinov et al., 1990).

In contrast to the above characters of high spe-
cialization, the desmodilliscines retain one fea-
ture very archaic for gerbillines. This are prepu-
tial glands so far revealed in these gerbils only
(Pavlinov, 1986; Pavlinov et al., 1990).

CommenTs. The genus Desmodilliscus, a sole
member of the subtribe in question, was some-
times kept close to the southern African genus
Desmodillus in some of the previous studies (Pet-
ter, 1959, 1975). However, bullar morphology
clearly separates them indicating that Desmodillis-
cus belongs to Gerbillini s.str. whereas Desmo-
dillus is a member of the tribe Taterillini (see ac-
count of the latter above).

Presence of preputial glands is usually consid-
ered as plesiomorphic trait for the muroid rodents
(Carleton, 1980). This indicates desmodilliscines
belonging to the basal radiation of the nomina-
tive tribe. The latter conclusion is supported not
only by morphological but also by biochemical
data (Benazzou, 1984; cited after Chevret, Dobig-
ny, 2005).

Generally speaking, the results of DNA anal-
ysis (Chevret, Dobigny, 2005) agree with isolat-
ed position of desmodilliscines relative to other
Gerbillini s.str., but treat that some particular
way. DNA/DNA hybridization of Chevret (1994;
cited after Chevret, Dobigny, 2005) placed them
at basal level of the tree for the entire Gerbilli-
nae. DNA sequencing study (Chevret, Dobigny,
2005) is also in favour of exclusion of desmo-
dilliscines from the nominative tribe. Moreover,
they indicate possible sister-group relation be-
tween Desmodilliscus and Pachyuromys which
are included into one clade taking most basal po-
sition on the subfamily tree.

Unfortunately, there are no morphological fea-
ture known to me that might be considered as a
unique synapomorphy for these two genera.
Therefore I do not think that limited data on ge-
netic similarity might overbalance taxonomic de-
cision derived from a lot of morphological traits.
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Genus Desmodilliscus Wettstein, 1916

Contents. The species D. broweri Wettstein
from African Sahel belt is the only known repre-
sentative of this genus.

ComMENTs. Supposed relationships of Desmo-
dilliscus to the genera Desmodillus and Pachyuro-
mys are considered in the account of the subtribe
Desmodilliscina.

Subtribe Pachyuromyina
Pavlinov, 1982

ContenTs. This is another monotypic subtribe
within the nominative tribe Gerbillini including
only the nominotypical genus, Pachyuromys.

MORPHOLOGICAL CHARACTERS. Pachyuromyines
are probably among most morphologically spe-
cialized desert dwellers among gerbillines. These
small rodents possess shortened ears and limbs,
as well as the tail which is able to accumulate sub-
cutaneous fat. The skull shape (Fig. 21) is mostly
outlined by completely pneumatized auditory bul-
la, which is the largest in the subfamily, with just
one mastoid cavity of unique inner structure.
Molars are of advanced bunodont type with rath-
er symmetrically situated cusps and with no addi-
tional cusplets.

According to homology of the bullar bony el-
ements and chambers elaborated by the author
(Pavlinov, 1988, 2001; Pavlinov et al., 1990), pa-
chyuromyine mastoid contains only tympano-
mastoid chamber resulted from ventral penetra-
tion of the tympanic one through the arc of the
lateral semicircular canal into the mastoid to fill
it entirely (see Fig. 7g). Thus the vertical bony
wall isolating mastoid and tympanic cavities an-
terior of the former is homologous with the mas-
toid septum of Rhombomyina, Desmodilliscina
and advanced Gerbillina. Another septum demar-
cating the mastoid cavity ventrally is similar to
and most probably homologous with the tympa-
no-mastoid septum of other members of Gerbilli-
ni differing in one but important respect. It is con-
nected with lateral wall of the bulla along the tym-
pano-mastoid suture, and not dorsad to it, so nei-
ther ventral mastoid septum nor the chamber of
the same name are formed in the pachyuromyine
bulla. Posterior mastoid cell opens into the mas-
toid cavity, which is typical for all Gerbillini.

It is of interest to call attention to transforma-
tion of pachyuromyine mandible similar to cer-
tain degree to that characteristic for the most ad-
vanced grass-eating gerbillines (Rhombomys) and



arvicolines (Microtus). Its horizontal portion is
shortened and bears well pointed lower angle,
while the ascending portion is widened and with
quite steep anterior edge. As pachyuromyines are
generalized seed eaters with noticeable addition
of invertebrates in the diet (Walker, 1964; Pavli-
nov et al., 1990), such a morphology cannot be
atributed to the feeding adaptations. Another ex-
planation might be that the caudal part of the man-
dible is “forced out” in forward (oral) direction
due to hypertrophied auditory bulla (Pavlinov et
al., 1990). However, this does not explain why
the ascending ramus remains very wide whereas
it becomes narrower under such condition in oth-
er gerbillines with enlarged auditory bulla.

ComMENTS. In one of the first phylogenetic
schemes elaborated for Gerbillinae (Petter, 1959),
the genus Pachyuromys was placed together with
Ammodillus and with several other gerbillines with
not advanced dentition at the base of this phylo-
genetic scheme (see Fig. 10a). This treatment is
unwarranted by the nowadays knowledge of di-
versity of gerbilline morphology.

D. Lay (1972) supposed closeness of Pachyu-
romys to Desmodillus based on superficial similar-
ity of their mastoid containing only one cavity in
these two genera. Lay’s conclusion is not true for
Desmodillus (see account of the subtribe Gerbillu-
rina above) and presumes incorrect homology of
mastoid elements (see details in the respective sec-
tion on bullar evolution above). The homology
adopted here indicates that these two genera, just
like in case of the pair Desmodillus and Desmo-
dilliscus (see above), belong to different tribes, as
their mastoid pneumatization was initiated by dif-
ferent tympanic penetration pathways.

The type of mastoid pneumatization places the
genus Pachyuromys among Gerbillini s.str.,
though with certain reservation. Its advanced
mastoid morphology is clearly autapomorphic in-
dicating its belonging to the basal radiation of that
tribe (see Fig. 10b) and warranting subtribal sta-
tus of Pachyuromyina.

H. Tong (1989) placed Pachyuromys in Rhom-
bomyina making it a sister group of Brachiones
(see Fig. 10c). This hypothesis is based on simi-
larities in both bullar and dental crown morphol-
ogy which, to me, are also more than superficial.
As it is evident from transformation scheme de-
veloped for the mastoid on the basis of homology
adopted here, pachyuromyines and rhombomyines
differ in position of the tympano-mastoid septum.
This scheme makes the former a sister group to
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Fig. 21. Skull of Pachyuromys duprasi
(after Pavlinov et al., 1990)

Puc. 21. Yepen Pachyuromys duprasi
(o Pavlinov et al., 1990)

the rhombomyine clade rather than places it within
the latter. Contrary to this, Tong’s tree presumes
transformation of the rhombomyine-like position
of tympano-mastoid septum into the pachyuromy-
ine-like which seems to be evidently less parsi-
monious hypothesis. As to the dental morpholo-
gy, pachyromyine pattern is clearly identifiable
as an advanced bunodont type, while rhombomy-
ine pattern is defined here as the prismatic one
(see account of that subtribe below). So, again
Pachyuromys can not be placed within rhombomy-
ines by this feature, especially taking into consid-
eration that dental morphology of Brachiones is
one of the most specialized among Rhombomyi-
na having nothing in common with Pachyuromys.

Molecular phylogenetic data (Chevret, Dobig-
ny, 2005) join Pachyuromys to Desmodilliscus and
place their clade at basal level of the subfamily
tree. As I explained above (see accounts of the
tribe Gerbillini and the subtribe Desmodilliscina
above), this treatment contradicts morphological
data and needs further clarification.

Genus Pachyuromys Lataste, 1880
ContenTs. The species P. duprasi Lataste from



deserts of northern Africa is the only representa-
tive of this genus.

Subtribe Rhombomyina
Heptner, 1933

Contents. This clade includes four extant gen-
era: Meriones, Brachiones, Psammomys, and
Rhombomys. The term “higher gerbils” was coined
by creators of gradistic classifications to reflect
their advanced molar morphology (Heptner, 1933;
Gromov et al., 1963). Besides, the genus Sekee-
tamys is also tentatively placed here.

MORPHOLOGICAL CHARACTERS. In thombomyines,
the initial bunodont tooth crown pattern is trans-
formed into the prismatic type (see Fig. 4g-j). The
crown is high, no separate cones could be identi-
fied even on the least worn molars, and laminae
become connected by longitudinal bridgelets at a
very early wear stage (Pavlinov, 1979a). There are
only two major roots well developed in both M1
and M2, anterior and posterior ones, while the me-
dian roots are rudimentary. These features are least
developed in Sekeetamys and most evolved in
Rhombomys in which molars are mostly rootless.
The general trend of molar “prismatization” leads
to appearence of the cementum layers in the inner
angles of molars in the genus Rhombomys, which
is unique for the Gerbillinae.

Such an evolution of rhombomyine dentition
parallel to that in the arvicolines triggered similar
transformations in skull morphology. Within the
rhombomyines, there is a strong trend of both the
cranium and mandible to become higher, with
shortened rostral part and more powerful zygo-
masseteric construction (Pavlinov, 2000). All of
these features are most pronounced in the genus
Rhombomys.

By bullar morphology, rhombomyines are typ-
ical members of the tribe Gerbillini. All of them
possess fully pneumatized mastoid with the mas-
toid septum taking vertical position and isolating
mastoid cavity anteriorly from the tympanic one
(see Fig. f). There is also well developed tympa-
no-mastoid septum perforated through the arc of
lateral semicircular canal and displaced dorsally
from the tympano-mastoid suture. Ventral mas-
toid septum is well developed and is connected to
the bullar wall along tympano-mastoid suture thus
delimiting pretty voluminous ventral mastoid cha-
mber. Posterior mastoid cell also occurs.

Middle ear transmitting system in rhombomy-
ines is to be mentioned separately (see morpho-
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logical chapter above; see Fig. 8). The malleus is
usually of massive type and tympanum accesso-
rium is typically absent. Following the formal
“rule of commonality” (Wiley, 1981), such a mor-
phology is supposed to be a synapomorphy for
the subtribe Rhombomyina relative to the condi-
tion observed in the subtribe Gerbillina s.str. How-
ever, malleus is lightly built and yympanum acces-
sorium is present in some of the species of the
genus Meriones having most enlarged auditory
bulla. The latter surely indicates that such a com-
bination corresponds to the derived condition in
the subtribe under consideration.

PrincipaL FossiLs. Besides five Recent genera
listed above, the fossil genus Mascaromys Tong
known by isolated teeth from the Plio—Pleistocene
of northern Africa may belong here (Tong, 1989).
By its characters, it is pretty archaic representative
of the clade under consideration, which dentition
is, however, more advanced than observed in the
genus Sekeetamys. One more genus to be mentioned
is Pliorhombomys from the early Pleistocene of
Turkmenia (Fokanov, 1976) which is most close to
the extanct Rhombomys and could be included in
it. At last, Parameriones Tchernov et Chetboun (not
Heptner) was described from the Pleistocene of
Levant as close to Meriones (Tchernov, Chetboun,
1984); it is included here in Psammomys.

Two other extinct genera, Pseudomeriones and
Epimeriones, both with prismatic molars similar
to those in living rhombomyines, are usually as-
sociated with this group (Daxner-Hock, 1972;
Kowalski, 1974; Agusti, Casanovas-Vilar, 2003;
etc.). But this similarity is superficial and more
exhaustive analysis reveals very important differ-
ences putting these genera apart from morpholog-
ical and phylogenetic limits of the subtribe. In
particular, the genera just listed possessed pretty
heavy medial roots on the upper M1 and M2 and
two-rooted M3 in contrast to all extant Gerbilli-
nae with reduced medial roots and one-rooted M3
(see also account of the gerbilline paleontology
above for details; see Fig. 9e-f).

ComMENTs. In gradistic classifications, rhom-
bomyines were sometimes divided into two
groups, one for the genera with rooted molars and
another for the genus Rhombomys (Hepnter, 1933;
Gromov, Baranova, 1981). It could be mentioned
that I. Gromov (in Gromov et al., 1963) supposed
genera Meriones and Rhombomys having origi-
nated from Cricetinae and Cricetodontinae, re-
spectively; as no arguments were provided, this
idea could be mentioned as just a curiosity.



At present, monophyly of all four genera of
the “higher gerbils” is shown to be supported by
both morphological and molecular data (Pavlinov,
1982a; Pavlinov et al., 1990; Chevret, Dobigny,
2005). There is a doubt only about Sekeetamys
which is placed at basal radiation of the subtribe
Rhombomyina but considered by many authors
as a member of the subtribe Gerbillina s.str.; ar-
guments pro and contra various treatments see in
the account of that genus below. Besides, the ge-
nus Pachyuromys was included occasionally here
by Tong (1989) but this concept seems to have no
sound foundation (see above).

Unlike the above mentioned gradistic classifi-
cations, suggested cladogenetic relationships split
the group of “higher gerbils” into two subgroups
(presumably clades), one with genera Meriones
and Brachiones, another with genera Psammomys
and Rhombomys (Pavlinov et al., 1990). The char-
acters discriminating them are the following: lac-
rimal bone is wide in the first group and narrow
in the second; tympanic bulla is either inflated or
rather flat beneath, respectively; upper toothrow
is most wide at the level of first lamina of M2 or
at first—second lamina of M 1, respectively; enamel
layer is thin and not differentiated in the genera
Meriones and Brachiones whereas it is especially
thick in the inner angles of M1 and M2 in the
genera Psammomys and Rhombomys.

As to the inclusion of the genus Sekeetamys in
this subtribe, it is based mainly on dental and
bullar morphology, including construction of its
auditory transmitting system (see account of this
genus below).

Members of this subtribe are basically south-
ern and central Asian in their distribution; north-
ern African taxa are only specifically or subspe-
cifically distinct from the Asian congeners. So the
entire group seems to be most probably of south-
ern Asian origin.

NomeNcLATURE. The valid name for this sub-
tribe requires commenting (Pavlinov, Rossolimo,
1987). There are two family-group names based
on the names of genera belonging here: one of
them 1is derived from Meriones, the other from
Rhombomys. Both were first introduced by J.
Brandt (1844) and later, as new ones, by W. Hep-
tner (1933). [ used Heptner’s name Rhombomyi-
nae elsewhere (Pavlinov, Rossolimo, 1987; Pav-
linov et al., 1990; Pavlinov, 2003; also applied
here) while Brandt’s name Merionina was used
in McKenna and Bell (1997). Below follows an
explanation of the position adopted by me.
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The name Merionina Brandt, 1844 is based on
the generic name Meriones Cuvier, 1823 not II-
liger, 1811. The type of Meriones Cuvier is Dipus
labradorius Kerr, 1792 (Palmer, 1904), now a jun-
ior synonym of Zapus hudsonius, the latter deno-
tating the species belonging to North American
dipodoid subfamily Zapodinae (Holden, Musser,
2005). Cuvier’s Meriones is available (Article 10.6
of the International Code..., 1999), and it is this
treatment that was adopted by J. Brandt in his
memoir on jerboas (Brandt, 1844). This conclu-
sion follows unambiguously from Brandt’s list-
ing his Merionina among family-group names of
“Dipoda s. Macropoda Wagn.” and indicating dis-
tribution of “Meriones Fr. Cuv. (Jaculus Wagler)”
as “America borealis” (Brandt, 1844: 71). It is
evident that Brandt’s name Merionina is available
but has nothing in common with gerbillines. Sub-
sequently J. Brandt acknowledged priority of 1I-
liger’s name over Cuvier’s in his review of ger-
billines (Brandt, 1854, 1855), but without men-
tioning and altering original meaning of his Me-
rionina. So, my conclusion is that the name Meri-
onina Brandt cannot be used as the valid family-
group name in any sense other than implied by
Meriones Cuvier, and its listing in synonymy of
Gerbillinae (Palmer, 1904) or its use as the valid
tribal name in this subfamily (McKenna, Bell,
1997) is incorrect. However, original typification
and availability of Merionina Brandt prevents use
of either Merionidinae Schmidtlein, 1893 (nom.
nudum?) or Merioninae Heptner, 1933, as the valid
family-group name because of their being junior
homonyms of the available Merionina Brandt
(Article 38 of the Code).

As to the Brandt’s Rhombomys-derived name,
it appeared as “Gerbilli seu Rhombomyies” in
Brandt (1855: 161) so it has a formal priority over
Merionina by page. It was most probably based
on Rhombomys Wagner by both tautonymy and
context, as no other such name is known to exist
in mammalian genus-group names synonymy.
However, this name did not appear again in
Brandt’s publications; in particular, the suprage-
neric group of “higher gerbillines” entered on the
subsequent pages of the book just cited as “Mures
merioniformes seu Arvicolini” (Brandt, 1855: 163,
305). Therefore, both spelling and context of this
Brandt’s name “Rhombomyies” indicate it is just
anot fully latinized name proposed as a synonym
for “Gerbilli”, so it is unavailable and cannot be
used as a valid family-group name (Articles 11.5
and 11.7 of the Code). It follows from nonavail-



Fig. 22. Skull of Seleetamys calurus
(after Osborn, Helmy, 1980)

Puc. 22. Yepen Seleetamys calurus
(mo Osborn, Helmy, 1980)

ability of Rhombomyies Brandt that it does not
enter in homonymy (Article 54.1 of the Code), so
Rhombomyinae Heptner, 1933 should be used as
the valid name for the least inclusive family-group
taxon including Rhombomys Wagner.

Genus Sekeetamys Ellerman, 1947

ContenTs. Includes one species, S. calurus
Thomas, from the Near East.

MORPHOLOGICAL CHARACTERS. The skull is pret-
ty lightly built, with enlarged bulla (Fig. 22). The
molars are less prismatic than in Meriones but
evidently more advanced than in any Gerbillina
s.str. They bear clear characters of primary asym-
metry of wearing facets, due to which dentin field
on the upper M1 is S-shaped (see Fig. 4g).

Construction of the middle ear transmitting
system in Sekeetamys is the same as in most other
member of the subtribe Rhombomyina and dif-
fers from that observed in Gerbillina s.str. That
is, malleus is of massive type and tympanum ac-
cesorium is absent.

ComMENTs. The genus takes intermediate po-
sition between advanced representatives of Ger-
billina s.str. and generalized Rhombomyina in
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many morphological characters. This is reflected
in its “fluctuation” among these two clades in dif-
ferent classifications: some authors place it close
to Gerbillus and its allies (Chevret, Dobigny,
2005), in particular to Microdillus (Tong, 1989),
others place it with Meriones, up to including it
in the latter genus (Ellerman, 1941, 1947, 1948;
Charworth-Musters, Ellerman, 1947).

Morphological feature responsible for such an
uncertainty is dental crown pattern found in Se-
keetamys. It makes it equiprobable to consider the
latter genus as either the most advanced member
of Gerbillina s.str. or the most primitive member
of Rhombomyina.

Middle ear morphology serves to me as a key
indication of belonging of Sekeetamys to Rhom-
bomyina. Of course, this synapomorphy taken
alone is a rather weak support of hypothesis of a
sister-group relations of Sekeetamys to other rhom-
bomyines. But combined with semi-prismatic mo-
lar crown and larger size (extrinsic to the mem-
bers of Gerbillina s.str.), it might witness for the
phylogenetic scheme adopted here in which Se-
keetamys is placed at the base of the phylogenetic
tree for the subtribe Rhombomyina.

Controversy between morphological and mo-
lecular data is such that [ would evaluate the en-
tire situation with this genus as quite uncertain
and requiring further investigations.

Genus Meriones Illiger, 1811

ContenTs. This is one of the most typical mem-
bers of the subfamily Gerbillinae, along with Ger-
billus and Gerbilliscus. Belonging here are about
16 species from southern Asia and northern Afri-
ca. Four subgenera are usually recognized in this
genus: Meriones s.str., Parameriones, Pallasi-
omys, and Cheliones.

MORPHOLOGICAL CHARACTERS. Characters defin-
ing Meriones within Rhombomyina are as follow-
ing. Interorbital constriction and brain case are
not widened (Fig. 23), unlike in Brachiones. Lac-
rimal bone is nearly equal in length and width,
upper incisors with one groove each, unlike in
Psammomys and Rhombomys. Molar always with
well developed roots, unlike in Rhombomys, with
narrow longitudinal bridgelets connecting lami-
nae, unlike in Brachiones, and these bridgelets
are situated axially on upper M1, unlike in Se-
keetamys.

CommenTs. The genus Meriones, by its level of
overall specialization, takes intermediate position
between Sekeetamys and Psammomys. Its mono-



Fig. 23. Skull of Meriones vinogradovi
(after Pavlinov et al., 1990)

Puc. 23. Yepen Meriones vinogradovi
(o Pavlinov et al., 1990)

phyly and generic status was never seriously con-
sidered as disputable, though it was suggested that
Brachiones might belong here (Sokolov, Orlov,
1980), and Sekeetamys was occasionally included
in it (see the latter genus above).

Four subgenera are usually recognized in this
genus: Meriones s.str., Parameriones, Pallasi-
omys, and Cheliones.

The nominative subgenus, in traditional clas-
sifications, includes nearly all species with not
hypertrophied auditory bulla and with haired hind-
foot. But cladistically its contents is to be restricted
to its nominotypical species, M. tamariscinus Pal-
las, a position based on its very specific male gen-
ital morphology (Pavlinov, 1982a, 1986; Pavlinov
et al., 1990).

The subgenus Cheliones Thomas, 1919 is one
more monotypic subgenus which species, M. hur-
rianae Jerdon, evolved some characters in com-
mon with Rhombomys most probably due to sim-
ilar ecology.

The subgenus Parameriones Heptner, 1937
seems to be well defined , as far as its nominotyp-
ical species, M. persicus Blanford, is concerned;
but sometimes it is included in Meriones s.str.
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Fig. 24. Skull of Brachiones przewalskii
(after Pavlinov et al., 1990)

Puc. 24. Yepen Brachiones przewalskii
(o Pavlinov et al., 1990)

(Gromov et al., 1963; Petter, 1975). Its diagnostic
character defined originally is the naked hindfoot.
It is shared by M. persicus with M. rex Yerbury et
Thomas, which therefore is also included tradi-
tionally in this subgenus (Charworth-Musters,
Ellerman, 1947; Harrison, 1972). But belonging
of the latter species to Parameriones is not well
found cladistically (Pavlinov et al., 1990).

The subgenus Pallasiomys Heptner, 1933 is
rather heterogeneous morphologically and deserves
a revision. According to my classification (Pavli-
nov et al., 1990), it includes all the species not al-
located to the above mentioned subgenera, their
uniting synapomorphy being specific genital mor-
phology (Pavlinov, 1986). However, they differ sig-
nificantly by morphology of transmitting system
and by bullar size. In particular, the tympanum is
simple in some species and complicated in others,
the latter possessing lightly built malleus. The spe-
cies with smaller bulla are included usually in the
nominative subgenus (Gromov et al., 1963; Petter,
1971; Gromov, Baranova, 1981).

Genus Brachiones Thomas, 1925
CoNTENTS. A monotypic genus which species,



B. przewalskii Buchner, is known from the Cen-
tral Asia only.

MORPHOLOGICAL CHARACTERS. It is one of the
most advanced members of Rhombomyina,
though not of the type observed in the genus
Rhombomys. Its skull (Fig. 24) is very peculiar in
widened both interorbital constriction and brain-
case. It could also be distinguished from Meri-
ones by very short both anterior and posterior pal-
atal foramina and by just slightly developed audi-
tory tube in spite of very large tympanic bulla.

Interlaminar junctions on M1 and M2 are very
wide which could be noticed even at moderate
stages of the tooth wear. Of special interest is sig-
nificant reduction of anteroconid on the lower M1
(see Fig. 4j, Fig. 6); this character is unique for
gerbillines among which a general tendency of
widening anterocone predominates to make it of
the same shape as the main laminae. The genus
Brachiones deviates from this tendency and dem-
onstrates initial stage of the secondary reduction
of the laminated molar crown pattern.

CommenTs. The genus Brachiones is well de-
fined by several cranial and dental autapomorphies.
It is most probably a deviating relative of the ge-
nus Meriones with which it forms a monophyletic
group within Rhombomyina. There was a sugges-
tion that B. przewalskii might be conspecific with
M. meridianus (Sokolov, Orlov, 1980), but I see no
serious grounds for such a view. H. Tong (1989)
makes Brachiones close to Pachyuromys, but foun-
dations of this hypothesis seem to be more than
weak (see account of the latter genus above).

Genus Psammomys Cretzschmar, 1828

Contents. The genus includes two species
from northern Africa and south-east Asia. They
are sometimes considered as conspecific, so P.
obessus Cretzschmar might be its sole extant mem-
ber; see Musser, Carleton (2005) for review of
opinions.

MORPHOLOGICAL CHARACTERS. Morphologically,
the genus in question seems to take an intermedi-
ate position between Meriones and Rhombomys.
Its skull (Fig. 25) is with rather flat and wide brain-
case. Its molars are typically prismatic and always
rooted, with no cementum. It could be identified
by weakly developed or absent longitudinal
groove on front surface of the upper incisor.

ComMmENTs. W. Heptner (1933) placed Psam-
momys into his Merioninae, as his classification
reflected grades defined by evolution of tooth
crown height (see review of gerbilline classifi-
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Fig. 25. Skull of Psammomys obesus
(after Pavlinov et al., 1990)

Puc. 25. Yepen Psammomys obesus
(o Pavlinov et al., 1990)

cations above). F. Petter (1959) also placed it
close to Meriones rather than to Rhombomys. In
the molecular phylogenetic tree of Chevret and
Dobigny (2005), Psammomys takes basal posi-
tion in the group of “higher gerbils”. According
to Pavlinov et al. (1990), there are some diag-
nostic cranio-dental characters not presumably
bounded by specific adaptations that connect the
genus in question not with Meriones but with
Rhombomys. The characters in question are those
that divide rhombomyines into two groups, Me-
riones—Brachiones and Psammomys—Rhom-
bomys, they are listed in the account of the sub-
tribe Rhombomyina above.

An extinct species obeidiensis Haas, 1966 from
the Pleistocene of Near East, once allocated to
Meriones and later separated by Tchernov and
Chetboun (1984) into their genus Parameriones
(not Heptner, 1937), was subsequently identified
as a possible member of Psammomys by Pavli-
nov et al. (1990).

Genus Rhombomys Wagner, 1841
ConTenTs. Includes one extant Asian species,
R. opimus Wagner.



MORPHOLOGICAL CHARACTERS. This is one of the
most evolved gerbilline genera showing special-
ized characters of dentition not known in other
members of the subfamily. These are rootless
molars with cementum layers occurring in most
advanced members of the genus and reflecting her-
bivorous specialization of this rodent. The latter
explains also a specific structure of the skull of
Rhombomys (Fig. 26). It bears noticeable feature
in common with voles possessing rootless molars.
Actually, the skull of Rhombomys resembles by
its shape that of arvicolines in having powerfully
developed zygo-masseteric structure with wide
and high (but not especially long) keel of masse-
teric plate, shortened rostral part, shortened man-
dible with high horizontal portion, and very wide
upper incisors. Each of the latter bears two slight
longitudinal grooves on its front surface which is
a diagnostic feature of the genus Rhombomys.

Molars in Rhombomys are with very high
crown, rootless and constantly growing in most
of its living populations. However, few senile spe-
cimens from Iran were revealed in the collections
ofthe Zoological Institute (St. Petersburg) and the
National Museum of Natural History (Washing-
ton, D.C.) in which roots are closed and conspic-
uously identifiable (Pavlinov, 1982b, 1996; Pav-
linov et al., 1990; see also Fig. 9h). Besides, they
differ from typical “rootless” races by having not
so thick cementum layers.

PrincipaL FossiLs. Genus Pliorhombomys with
rooted high-crowned molars and no cementum
was described from the Earlier Pleistocene of
southern Turkmenia (Fokanov, 1976). It is certain-
ly a phylogenetic predecessor of the Recent Rhom-
bomys differing from it by less advanced denti-
tion. Extant members of the latter genus with root-
ed molars take intermediate position between
Pliorhombomys and typical rootless Rhombomys
(see Fig. 9g-h). This fact reflects very rapid evo-
lution in the lineage of Pliorhombomys—Rhom-
bomys toward rootless condition due to herbivo-
rous specialization. Because of this, they were
suggested to be considered as congeners (Pavli-
nov, 1982b; Pavlinov et al., 1990).

ComMENTs. In gradistic classification paying
most attention to tooth morphology, the genus
Rhombomys takes quite isolated position as a sole
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Fig. 26. Skull of Rhombomys opimus
(after Gromov et al., 1963)

Puc. 26. Yepen Rhombomys opimus
(mo Gromov et al., 1963)

member of the separate subfamily/tribe (Heptner,
1933; Gromov, Baranova, 1981). However, the
rooted specimens of both extant and extinct Rhom-
bomys s.lato fill that gap. Accordingly, the genus
in question neighbours with Meriones and Psam-
momys in the phylogenetic classification adopted
here. It is most close to the latter genus by the
characters separating the groups Meriones—Bra-
chiones and Psammomys—Rhombomys (see ac-
count of subtribe Rhombomyina above).

Taxonomic status of the extant rootless Rhom-
bomys is not clear. The matter is that all younger
Iranian specimens appeared to be with rootless
molars, as were all the specimens seen by me from
Turkmenia (several hundred skulls including the
most adult ones). I was unable to find any differ-
ences in the skull morphology between them and
the specimens with rooted molars other than those
explaned by age.



KEYS TO THE GENERA AND SUBGENERA

Below are the identification keys
for the Gerbillinae provided for three
main geographic regions separately,
namely Asia, northern and eastern Af-
rica, and southern Africa. They are ad-
dressed at the professional zoologists,

so they are based mainly on the skull and dental
characters while the external features are indicat-
ed upon a need just to help with some difficult cas-
es. The work with the keys requests at least a min-
imal level of knowledge of anatomical characters
and terms discussed in the preceding chapters.

KEY TO THE ASIAN TAXA

1. Frontsurface of upper incisives nearly plain ..........c.ccoceeeeeneee. Psammomys
— Front surface of upper incisives with Grooves ..........c.cceevvveeeveeerveenveennne. 2
2. Front surface of each upper incisive with two slight grooves; molars with
cementum, their roots usually absent or much lower than the crown (see
FAZ.ON) e Rhombomys
— Front surface of each upper incisive with one deep groove; molars without
cementum, their roots well developed .........cccoeeeviiieiiiiiiiiiiciecee e, 3
3. Molar crown pattern lophodont, with laminae not skewed (see Fig. 4c);
keel of masseteric plate long and covers the maxillo-premaxillar suture
(SCE FIZ. T1) ettt Tatera
— Molar crown pattern of other types (bunodont, prismatic, or lophodont
with skewed laminae); keel of masseteric plate shorter and does not cover
the maxillo-premaxillar SUtUIe ...........cceeeeviieiiieiiiecieecee e 4
4. Interorbital constriction wide (more than 20.5% of skull length, see Fig.
24); anterocon of lower M1 partly reduced (see Fig. 4g); lower surface of
forefoot haired ..........cooeviiiiiiii e Brachiones
— Interorbital constriction not so wide (less than 20.5% of skull length);
anterocon of lower M1 not reduced, lamine-like (see Fig. 4a,g); lower
surface of forefoot naked ..........cccovieiiiiiniiii, 5
5. Tympanum accessorium absent, so only manubrium mallei is visible from
the outside (s€€ Fig. 8a) ....ooviiiiiiiiiiiciece e 6
—  Tympanum accessorium present, so the auditory ossicles are visible from
the outside (Se€ Fig. 8D) ..cueieviiiiiiiiieciieeeeeee e 11
6. Lower surface of hindfoot naked ...........coccooviiiiiiiiiiiii, 7
— Lower surface of hindfoot haired ...........ccccoooiiiiiiiiiii 9
7. Mastoid portion of auditory bulla just partly pneumatized, so the mastoid
septum is diagonal (see Fig. 7€) ....cccceevvvivciieeiiieiiecieeeieeen, Petteromys
— Mastoid portion of auditory bulla fully pneumatized, so the mastoid septum
1S vertical (88 Fig. 71) cooviiiiiieiiee e 8
8. Proximal pads of the hindfoot large ...........cccccoceeiiniiiinnc. Sekeetamys
— Proximal pads of the hindfoot small ............... Meriones (Parameriones)
9. Lower surface of hindfoot completely haired ................... Meriones s.str.
— Lower surface of hindfoot with small naked stripe ............cccceevveennnne. 10
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10.

11.

12.

B B

s =]
= ° ] s

11.

12.

Posterior palatal foramina not exceed upper toothrow in length; cheek
VIDIISSAC PIESENL ....vvuveeeeeieeiieienieeiete et eee st Meriones (Cheliones)
Posterior palatal foramina not shorter than upper toothrow; cheek vibrissae
ADSENL ...t Meriones (Pallasiomys part.)
Tooth crown prismatic (see Fig. 4h) ............ Meriones (Pallasiomys part.)
Tooth crown pattern bunodont (see Fig. 4a) .......cccevvvevvevienciinieniennnns 12
Lower surface of hindfoot naked .................... Gerbillus (Hendecapleura)
Lower surface of hindfoot haired ............cccoeoeiiiinnnnne. Gerbillus s.str.

KEY TO THE NORTHERN AND EASTERN AFRICAN TAXA

Mandible without coronoid process (see Fig. 2b); lower M1-2 with
hypoconid (see Fig. 4d) ......cccoeveeriieiiiciieieeeece e Ammodillus
Mandible with coronoid process; no hypoconid on lower M1-2 ............. 2
Front surface of upper incisives plain .........cccccceeeeveeeieeenenns Psammomys
Front surface of upper incisives with grooves ..........ccocvevveeecreeeeiieenineenne, 3
No lower M3 (s€€ Fig. 2C) voovvvieiiiiiiieiieeie e Desmodilliscus
LOWET M3 PIESENL ...eeeuviieiiieiiieciieeieeetee et e eite et e b e eteeeveeeaseesenees 4
Keel of masseteric plate long, covers maxillo-premaxillar suture (see Fig.
1b); molar crown pattern (nearly) symmetrically lophodont (see Fig. 4c);
mastoid portion of auditory bulla not or minimally pneumatized ............... 5
Keel of masseteric plate shorter, does not cover maxillo-premaxillar suture;
molar crown pattern of other types (asymmetrical if lophodont, see Fig.
4e); mastoid portion of auditory bulla partly or fully pneumatized .......... 6
Posterior palatal foramina not enlarged (see Fig. 12) ............. Gerbilliscus
Posterior palatal foramina enlarged (see Fig. 13) .....cceevvvennennne. Taterillus
Molar crown pattern prismatic (see Fig. 4h); tail longer than head and
DOAY et Meriones
Molar crown pattern not prismatic, usually with conspicuous cones (if the
latter condition is not observed, tail shorter than head and body) ............. 7
Auditory bulla hypertrophied (see Fig. 21), its mastoid portion without any
septa (see Fig. 7g); tail twice shorter than head and body ...... Pachyuromys
Auditory bulla not especially hypertrophied, its mastoid portion with one or
two septa (see Fig. 7e,f); tail longer than half of head and body ............... 8
Mandible with large prominence before toothrow (see Fig. 2d) ...... ?Monodia
Mandible without such a prominence before toothrow ..............cccouve... 9
Posterior palatal foramina enlarged (see Fig. 19) .................... Microdillus
Posterior palatal foramina not so enlarged ...........ccceeevveviieecieenieenieens 10

. Lower surface of hindfoot haired ..............cooovvviviiieiennn. Gerbillus s.str.

Lower surface of hindfoot not haired ...........ccoooeeviiiiiiiinii, 11
Tympanum accessorium absent so only manubrium mallei is visible from
the outside (see Fig. 8a) .....ccccvvevciiieeiriiieciienen. Dipodillus (Petteromys)
Tympanum accessorium present, so the auditory ossicles are visible from
the outside (S€€ Fig. 8D) ..ouvieiiieiiiiiieceeceeee e 12
Molar crown pattern semiprismatic (see Fig. 4f); mastoid portion of
auditory bulla just partly pneumatized, so the mastoid septum is diagonal
(SEE FIZ. 7€) cuveieeeeeieeiee ettt Dipodillus s.str.
Molar crown pattern bunodont (see Fig. 4a); mastoid portion of auditory
bulla fully pneumatized with the mastoid septum more or less vertical (see
Fig. TE) e Gerbillus (Hendecapleura)
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KEY TO THE SOUTHERN AFRICA TAXA

Keel of masseteric plate long and covers the maxillo-premaxillar suture
(SEE Fi@. D) 1ottt e 2
Keel of masseteric plate shorter and does not cover the maxillo-premaxillar
SULUTE ...ttt ettt ettt sttt et e bt e beesate et e e bt esbeesbteeateebeenbeesbaesnneenneens 5
Tympanum accessorium absent, so only manubrium mallei visible from
the outside (see Fig. 8a); lower surface of hindfoot naked ...................... 3
Tympanum accessorium present, so the auditory ossicles visible from the
outside (see Fig. 8b); lower surface of hindfoot not naked ..................... 4
Front surface of each upper incisive with two slight groves; mandible with
partly reduced coronoid process .........cceceevveruerreeeeeeruennn. Gerbilliscus s.str.
Front surface of each upper incisive with one deep grove; coronoid process
of mandible not reduced .............ccooieiiiiiiiiennn. Gerbilliscus (Taterona)
Posterior palatal foramina short ........................... Gerbillurus (Paratatera)
Posterior palatal foramina long ...........ccccceveeveieiiiieennnne Gerbillurus s.str.
Mastoid portion of auditory bulla hypertrophied and projects behind the
occiput; tail shorter than head and body .........c.ccccevvvirennnnnn. Desmodillus
Mastoid portion of auditory bulla small and does not project behind the
occiput; tail longer than head and body ........... Gerbillurus (Progerbillurus)
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CONCLUSIONS

There are several points of significant agree-
ment between modern phylogenetic and classifi-
catory schemes deduced from morphological and
molecular data. One of them is monophyly of the
group including genera Tatera, Gerbilliscus, Ger-
billurus, and Desmodillus; another is the sister-
group relationship of the subtribes Gerbillina s.str.
and Rhombomyina, each usually considered as
monophyletic.

It is of importance also that the both types of
data coincide in recognizing generic separation
of Asian Tatera and African Gerbilliscus former-
ly included in the same genus and even subgenus.

At the same time, there are also essential dis-
agreements between phylogenetic hypotheses
based on those two types of data. Skull and dental
morphology supports placing genus Taterillus in
the group including genera Tatera and Gerbillis-
cus, while mtDNA data indicate its sister-group
relation to the tribe Gerbillini.

There is also a controversy about relationships
between Desmodilliscus to Pachyuromys: they are
placed in the nominative tribe by the morphologi-
cal data or considered as constituting a separate
clade basal to all other gerbillines by DNA data.

In both cases of the principal controversy, no
morphological characters are known so far to be in
favor of mtDNA-derived phylogenies. Therefore,
it seems premature at the moment to insist upon
priority of the molecular data over morphological
ones, as genetists used to do. Further investigations
are needed to incorporate more both morphologi-
cal (for instance, postcranial skeleton) and molec-
ular (nuclear DNA, before all) characters into a kind
of consensus phylogenetic hypothesis.

There are several particular cases requesting
further investigations. One of them is phyloge-
netic status of the subtribe Gerbillurina that might
be paraphyletic; in this respect relationships be-
tween genera Gerbillurus and Gerbilliscus be-
come of prime importance. Phylogenetic relation-
ship of the genus Sekeetamys still remains unclear:
it is placed either in Gerbillina s.str. or at basal
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position in Rhombomyina. The whole nominative
subtribe requests intensive study by molecular
approach, as morphological data seem to be un-
able to recognize its monophyletic subgroups. This
is especially true for the two of its politypic gen-
era, Dipodillus and Gerbillus, which are quite
probably paraphyletic assemblages. The enigmatic
genus ?Monodia also deserves special attention
of taxonomists. At last, taxonomic status of ex-
tant Rhombomys populations with rooted and root-
less molars is of interest.

Rhombomyina Heptner is shown to be a valid
name for the subtribe including both Rhombomys
and Meriones. Gerbillurini Pavlinov is shown to
be a valid namve for the tribe including Tatera
and Gerbillurus if Taterillus is removed from it.

Although the present issue concerns primarily
Recent taxa, two fossil genera, Epimeriones and
Pseudomeriones, worth mentioning here. Their
dental characters do not fit evolutionary trends of
the extant gerbillines with prismatic tooth crown,
so they do not probably belong to the subfamily
Gerbillinae at all.

The above contradiction between morpholog-
ical and molecular phylogenies has certain meth-
odological interest. Adoption of the former means
parallel evolution of mtDNA which might be
caused by simple combinatorics of genes (Nei,
Kumar, 2000, for details). Adoption of the latter
means parallel evolution of morphological fea-
tures which is not surprising by itself; the worse
is impossibility to reveal any morphological syn-
apomorphy for the groups recognized by molecu-
lar data. Such cases are known for the mammals,
one of most famous is the concept of Afrotheria
(Scally et al., 2002). Therefore, future studies on
phylogeny and taxonomy of Gerbillinae based on
more morphological and molecular data would be
of utmost importance for clarifying one of the key
problems of the modern phylogenetics: have the
groups recognized by molecular data as presum-
ably monophyletic clades any phylogenetic sense
if they have no morphological synapomorphies.
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SUMMARY

Under consideration are modern ideas about
phylogeny and taxonomy of the subfamily Ger-
billinae. Most attention is paid to the classifica-
tions based on bullar and dental morphology, on
the one hand, and on mtDNA data, on the other
hand.

A kind of transformation series analyses are
provided for diversity of the masticatory appara-
tus (primarily dental crown pattern) and the osse-
an middle ear (primarily bony elements reflect-
ing types of mastoid pneumatization) in extant
gerbillines. Phylogenetic hypotheses deduced
from these analyses are discussed.

A brief review of the extinct genera usually
allocated to Gerbillinae is given, with re-exami-
nation of their relation to the subfamily. The gen-
era Epimeriones and Pseudomeriones are sup-
posed to be not gerbillines.

A taxonomic system of the subfamily Gerbill-
inae above species level is provided. Diagnostic
features of all recognized suprageneric taxa and
genera of the Recent gerbillines are listed togeth-
er with the discussion of their phylogenetic and
taxonomic validity and relationships.

The existing phylogenetic schemes based on
both morphological and molecular data agree in
recognition of monophyly of two principal groups
of the tribal rank. One of them includes Tatera,
Gerbilliscus, Gerbillurus, and Desmodillus, the
other includes all Gerbillina s.str. and Rhombomy-

66

ina. The latter two are acknowledged as monophy-
letic subtribes. It is shown that inclusion of Des-
modillus in Gerbillini and of Pachyuromys in
Rhombomyina suggested by Tong (1989) is based
on incorrect mastoid homology and should be
abandoned.

Some questions of nomenclature at the tribal/
subtribal levels are discussed. One of them is
caused by possible chanding position of the ge-
nus Taterillus, and the other concerns a valid name
for the group of “higher gerbils” (Meriones, Rho-
mbomys and their allies).

Some problematic points for the future research-
es upon phylogeny and taxonomy of Gerbillinae
are emphasized. Among them are: belonging of the
genus Taterillus either to the group including gen-
era Tatera and Gerbilliscus or to the basal radia-
tion of Gerbillini s.str.; belonging of the genera Des-
modilliscus and Pachyuromys to a monotypical
subtribes of their own within Gerbillini s.str. or to
a separate tribe; paraphyletic status of the subtribe
Gerbillurina; position of Sekeetamys in either Ger-
billini s.str. or in Rhombomyina. Unrecognized phy-
logenetic relations among members of the subtribe
Gerbillina s.str., including uncertain status of ?Mo-
nodia, are also stressed.

Identification keys for the genera and subge-
nera of Gerbillinae are provided for three main
geographic regions separately — Asia, northern and
eastern Africa, and southern Africa.



PE3IOME

PaccMoTpeHBI cOBpeMeHHbBIe IIPEACTaBACHUS
O (PUAOTEHMU M KAACCUPUKAIIUY ITOACEMENCTBA
necyaHkoBbIX (Gerbillinae). [AaBHOE BHUMaHTE
YAEAEHO (PUAOTeHEeTUYEeCKUM PEKOHCTPYKIIUAM,
OCHOBAHHBIM Ha MOP(OAOTMHU Yyepela 1 3yOHOU
CHCTEeMBI, a Tak’Ke Ha pe3yAbTaTaX aHaAu3a
MUTOXOHApUarbHOU AHK.

CpaBHUTEABHBIE AQHHBIE I10 JKeBATEABHOMY
annapary (IpeuMylleCTBEHHO CTPYKTypa 3yOHOU
KOPOHKH) U KOCTHOTO CPeAHero yxa (TAaBHBIM
00pa3oM KOCTHBIE 3IAEMEeHTHI, CBS3aHHBIE C
TUIIAaMU [THEBMATH3alluU MacCTOUAQ) IIPEeACTaB-
AeHBI B (popMe TpaHC(HOPMAITMOHHBIX CEPUU.
Ha aToll ocHOBe 0OCY’KAQIOTCA THUIIOTE3Bl O
MOHO(UANN HAAPOAOBBIX I'PYIIII TIECUaHKOBBIX.

KpaTtko paccMOTpeHBI HUCKOIlaeMble POAHL,
orHocuMble K Gerbillinae, o0cy>KaeHBI UX
pPOACTBeHHBIe CB43U. [lokazaHO, YTO POABI
Epimeriones u Pseudomeriones He OTHOCSTCS
K AQHHOMY IIOACEMENCTBY.

[MpeapcTaBAeHA HAABHMAOBAS TaKCOHOMHUYEC-
Kasg cucteMa nopceMericrBa Gerbillinae.
YkazaHbl MOpoAormYecKue IpU3HaKU HaAPOAO-
BBIX TAKCOHOB 1 POAOB COBPEMEHHBIX ITeCUaHOK,
00CY>XA€HBI TPAKTOBKY UX (PUAOT€HEeTHYeCKOI'0O
cTaTyca (cocTaB, MOHO(MUAUS, POACTBEHHBIE
CBSI3MH).

CyecTBytonye PUAOTeHeTUYeCKUe CXEMEI,
OCHOBaHHbIEe Ha MOP(OAOTUYECKUX U MOAEKY-
ASIPHBIX AQHHBIX, COBIIQAQIOT B IIPU3HAHUU
MOHO(PUAETHUYECKOTO CTaTyca ABYX OCHOBHBIX
rpynn panra TpuOnl. OpHa U3 HUX BKAIOYAET
poabt Tatera, Gerbilliscus, Gerbillurus v Des-
modillus, ppyrag — IpeACTaBUTeAeN IOATPUO
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Gerbillina s.str. 1 Rhombomyina; Kakpada u3
ABYX IIOCAEAHUX TaKKe IIpHU3HaHa MOHOMUAe-
TruuyHou. [TokaszaHo, 4To BKAIOUeHue Desmodil-
lus B Gerbillini u Pachyuromys B Rhombomyina
OIINOOYHO, TIOCKOABKY OCHOBAHO Ha HEKOPPEKT-
HOM FOMOAOTU3AIIUN SAEMEHTOB MaCTOUAQ.

PaccmoTpeHbBl HOMEHKAATYpHBIE BOIIPOCHI,
CBs3aHHBle C Ha3BaAHUIMU TAKCOHOB paHra
TpuOBLI/TOATPUOBI. OAWH M3 HUX CBSI3aH C
BO3MOJKHBIM H3MeHeHHeM IIOAOKEeHHUSI poja
Taterillus, ApyTOM KacaeTCsl BAAUAHOTO Ha3BaHUSA
AT TPYIIIBI «BBICIINX IIec4yaHOK» (Meriones,
Rhombomys u 6AM3KHE K HUM).

OTMeueHBl KAIOUEBBIE PA3HOTAACUS MEKAY
CcXeMaM¥, OCHOBAHHBIMU Ha MOP(POAOTMYECKUX U
MOAEKYASIPHBIX AQHHBIX. [AaBHBIMM W3 HUX SIB-
AFIOTCSL CAeAyIOlIMe: BKAIOUeHHe popa Tateril-
Ius B MOHOUAETIYECKYIO TPYIITY, COAEPIKAIITYIO
poanl Tatera u Gerbilliscus, UAM eTO OTHECEHUEe
K OazanbHOM papuariyu Gerbillini s.str.; BeipeAe —
Hue popoB Desmodilliscus u Pachyuromys B
MOHOTUNIMYECKUE IIOATPUOBI B COCTaBe HOMMHA —
THUBHOU TPUOBI UAM UX BKAIOUEHUE B OTAEABHYIO
TpuoOy; napaUAETUUYECKUMN CTaTyC MOATPUOBI
Gerbillurina; oTHecenme popa Sekeetamys K
Gerbillini s.str. man kK Rhombomyina. ITopuepk-
HyTa HEONIpPEeAeAeHHOCTb IPEeACTaBAEHUMN O
(PUAOTEHETUUECKUX CBA3S9X MEXKAY YAeHaMU
nmopaTpuObl Gerbillina s.str., BKAIoUuass HesICHBIN
craTyc poaa ¢ Monodia.

[TpeacTaBAEHBI OLIPEASANTEABHBIE KAIOUM AAS
POAOB 1 IIOAPOAOB ITECYAaHOK PA3AEABHO AAT TPEX
peruonoB — Asuu, CeBepHoli 1 BocTouHott Ad-
puku, FO>xHOM AQpUKH.
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