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Abstract:

Predatory birds feed mainly on small mammals. Tasyally swallow
their prey and after digesting, the indigestible foones and teeth are
regurgitated as compact pellets. The investigatidnpellet is an
extremely valuable tool for mammalogists. In thisdy 351 pellets have
been collected from the localities including nodfhkhorasan, Zanjan,
Yazd, Chahar Mahal va Bakhtiyari and MazandararviRces, Iran.
Results have revealed the most of pellets contaimlgnthe members of
five families of rodents including Muridae, Dipodie, Cricetidae,
Sciuridae and Calomysidae, respectively. Althouglisievident that
dental morphology is a valuable tool to recognitibe most genera, it is
not enough for the specific identification in sonases such dderiones
and Microtus. Therefore, it would be essential employing addii
approaches such as neontology and morphometricsajgo.
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Introduction:

Our current understanding of small mammal distidng usually is based on museum
specimens. Most museums holdings resulted fronpimgpsurveys, scavenging of road-killed
individuals, and owl pellet collections. Althoughese methods have provided information
about what species might be present in an areajespeith low abundance, narrow habitat
preferences, cyclic population dynamics, or sedsohanges in activity might have been
missed in some areas. In addition, some regionthefstate have been rarely sampled
(Brandon K. McDonald and Caire 2006). Thereforellepe are one of the most crucial
informative sources of predatory birds. They exetbe remains of prey bones and teeth from
their mouth and drop them at the bottom of rocks their nests. Owls usually produce one or
two pellets per night. Two endings of each pellsually are blunted and should be
distinguished from the dropping of fox which hasnped endings. Dropping usually contains
bones which have been broken by chewing and oftehremains that is not found in owl
pellets (Yalden D. W and. P. A. Moris 1993). Thdais could be significantly employed for
faunistic studies as well as ecological investmatof hunting bird, density of rodents, the
presence or absence of species, the relationsitpoagpecies and so on (Darvish 2000). They
may also be used to survey seasonal changes jrodibie age structure of prey taken and the
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general state of the ecosystem might be revealedvbygrazing (Yalden D. W and. P. A.
Moris 1993) The archaeological records of pellets from huntirgs such as owls are also
used for archaeological studies. One of the otlspeas of these pellets in archeological
studies is that it can represent the linkage betvweelogy and archaeology (Hashemi Narges
2006) .

There is very little English published informaticglating to the rodents of Iran; In addition,
there are few ones in Persian. Darvish (1992) hasstigated pellets of predatory birds in
north of khorasan and concluded that the most pfélgem were composed of rodents which
belonging to Microtidae and Gerbiliidae. 228 palletf hunting birds have been already
studied by Darvish et al. (2000) and presentedog@iss belonging seven genera of rodents in
Robat Sharaf Khorassan. Obuch (2001) collectedpaiéts samples from Middle East such
as Syria ,Turkey and Iran to acquire faunal dataraall mammals. Obuch and Kristin (2004)
collected pellets of predatory birds from 17 areBban and reported a number of rodents in
collected samples.

I[ran as an extensive country has quite a few varimatural biomes such as lowland region,
forest, mountain and desert. Because of discomyinabomplete sampling using live traps
would be so difficult as well as time-consuming.efdfore, this kind of studies using pellets
could be costly economized

The aim of this study is identification of rodeiiscollected pellets of sampling regions based
on dental and cranial characters and preliminaryeguof their distribution in sampling
localities of Iran.

Material and Methods

351 pellets have been collected from fourteen ibeal (Table 1, and Figure 1). After
transferring them to laboratory, the pellets prafgaby soaking in 5% NaOH to decompose
hair and feathers (Obuch, 2001), teasing apart fordeps and rotating the dissected pellet in
a dish of water until the bone content sank anduhéoated (Denver W.Holt J. Lyon 1987).
The shape of teeth and some parts of bones havedb@en by camera Lucida. Identification
was aided using available identification keys (Dgtry 1992; Corbet, 1978), and also
deposited materials at thRodentology Research Department, Ferdowsi Uniyersit
Mashhad, Mashhad, Iran. To avoid double countingy @rania were used to estimate
number of individual preyMap 1 illustrates the localities of sampling andl€al indicates
global position of every locality and the numberpedlets collected in different localities. In
order to statistical study on genMeriones, dental morphometric traits including the highest
length of M/1 , the width of anterior, median agpaisterior lobes on first lower molar are
measured and analyzed using SPSS version 16.
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L ocalities L atitude Longitude Number of Pellets
1 Abravan Sarakl N:36,0¢ E:59,5: 56 pellet
2 Abravan Sarakhs N:36,04 E:59,59 15 pellets
3 Abar koohe yazd N:31,67 E:53,17 25 pellets
4 Share kord Hossein Abad N:32,19 E:50,51 10 pellets
5 Ghazghan N:36,14 E:59,53 23 pellets
6 Robat sharaf N:36,17 E:60,40 4 pellets

Baghbaghu N:36,02 E:60,33 13 pellets
7| Kish N:26,31 E:53,57 11 pellets
8 Kushk , Kardeh N:36,40 E:59,38 3 pellets
9 Kalat N:36, 34 E:60 01 6 pellets
10 | Shurak Maleki N:36,02 E:60,11 5 pellets
11 | Mayamey Chenarak N:36 ,15 E:60,07 13 Pellets
12 Zanjan N:36,41 E:48,31 15 Pellets
13 | Tandure park N:37,35 E:58,53 31 Pellets
14 | Ali Abad Katul N:36,54 E:54,50 4 pellets
15 | Yazd N:31,37 E:54,04 89 pellets

TABLE 1: The coordinates of sampling localities and thedarsize.
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FIGURE 1: Collecting sites of pellets in different partshan.
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CHART 1: The percentage of each group of rodents basedl&ttenl 351 pellets from the
localities of sampling.
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MAP 2: Distribution map of the found specimens.
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Results

The collected material altogether comprised iteb@pnging to five families

and fifteen genera. Map 2 illustrates distributmnfourteen localities and the
identified genera in every locality. The identifice was carried out according
to keys. Chart 1 indicates percentage of rodentsitawhole pellets. According
to this chart, prey birds mainly feed on the memd®rlonging to Muridae by
%71 and the second most frequency for Dipodida&oldyin selected localities.
The other results have been arranged in the fallgwroups:

List of the recognized species

Family Muridae llliger, 1811
The collected samples from different localities @npasses the some members
of subfamily Gerbillinaes follow.

Subfamily Gerbillinae Gray, 1825.
Skull is specialized with tendency to great infhatiof auditory bullae, enlarged
braincase and weaken of rostrum (Corbet 1978).

Rhombomys Brandt and Wagner, 1855.

Diagnosis:. Teeth are hypsodont and upper incisors have twaitudinal
grooves on the front surface. Thickness of enamelcementation in angles of
dental lobes are diagnostic characters of the gérhese is only one species in
Iran.

Rhombomys opimus Lichtenstein, 1823.

Diagnosis. Occlusal surface of molars are three transversesl which connect
each other in the middle by right angle (Figure Mulars are hypsodont and
each is located in a separated alveole. The spditfess fromMeriones in the
rootless molars. The complicated structure of #s¢ iolar has a loop which is
constricted in the middle. The presence of two imnal grooves on the
anterior surface of the upper incisors and the famd size of the tympanic
bullae are characteristic. The species has beerdfou Tandure, Abravan and
Robat Sharaf. Darvish (2000) has found this spdiotes Robat Sharaf pellets.
(Darvish, 2000). This species has also captureah fGarakhs and Daregaz in
2006. (Darvislet al., 2006)
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FIGURE 1: Rhombomys teeth.

Meriones llliger, 1811.

Diagnosis. Anterior surface of upper incisors has one lamgjial groove.
Molars of adult are well-developed roots. Last masavery small with simple
loop. In molars transverse lobes connected togeih@form dental loph (Figure
2). M1/ and M/1 have one lingual root and two labaots while M2/ with two
anterior and posterior roots and the last molah wite root. M3/ is simple and
one lobed. The members of the genus were obserggddntly in the pellets of
Robat Sharaf, Zanjan, Ali Abad, Abar Kouh, Tanduiravan, Mayamey |,
Kalat-e-Nader as well as Cham, Garizat Shavvaza@®ugrnan, Shirkooh and
Tazanj in Yazd province. Obuch and Kristin haveoateported Meriones
crassus and from Robat Sharaf and Yazd (Obuch J. and AiKn2004).

The morphological differences between species laghtsespecially in molar
characteristics. The classification of this gersugconclusive and the range of
interspecific and intraspecific variations is nétarly known for each species
(Darvish 2009). Identification of the species oistgenus only based on teeth
design is not possible and it is required to usihgther characters such as skull
,and bulla and tympanic characters (Naseri Z. 2080@intazi 2009). Darvish in
2000 has presented and identifidd. meridianus and M. libycus using
discriminant analysis (Darvish, 2000) and has alapturedM. libycus from
Sarakhs (Darvishet al., 2006). M. meridianus has been reported by other
researchers from Sarakhs (Karami M. 2008).
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FIGURE 2: A) Mandible B) Lower mandible, root alveolus Cppéer D) lower teeth rows in
Meriones.

Gerbillus Desmarest, 1804.

Diagnosis. The molars usually have roots. Their occlusafamer is flat, with
oval or rhomboid enamel loops (Figure 3). Tympdnittae inflated and mastoid
is large (Kingdon 1974). Some of the pellets hagerbcollected from Tandure
confirme the presence members of the genus. Piyjoil has been reported
that there are four species @Gkrbillus from Iran. However, Siahsarvie and
Darvish (2007) present new record Gerbillus from the Iranian Plateau
(Siahsarvie R. and J. Darvish 2000Qbuch and Kristin (2004) have also
reportedGerbillus nanus from Yazd.
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FIGURE 3: Mandible B and C, Lower and upper tooth rowGerbillus.

Family Cricetidae Fischer, 1817.

Cusps of the upper molars arranged in two longmnaildrows. The collected
materials consist of the members of two subfanfiicolinae and Cricitiae as
follow.
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Arvicolinae Gray, 1821.

Occlusal surface of cheek teeth are prismatic dtednating from left to right,
and molars are usually rootless (Krystufek and ¥bky2005). Zygomatic plate
completely tilted upwards. The arvicolinae diffeorh the other subfamilies of
the cricetidae mainly in the structure of the melar which the mastigatory
surface is flat and consists of alternating triasgiThe molars of most species of
voles are rootless only in few groups of voles [sasEllobius) the growth of
the molars cease towards the end of life and eaoth tforms two roots
(Vinogradov 1935).

Ellobius Fischer, 1814.

Diagnosis. Anterior surface of upper incisors is white. Radtlower incisor
forming a large projecting tubercle (Alveolar presgon the outer surface of the
mandibular condyle. Enamel loops of molars not fagncompletely closed
triangles. Front surface of upper incisors whitd aro-odont. M3/ shorter than
M2/ (Corbet 1978).

The remains of dental and cranial pieces of thertehave found in the pellets
collected from Daregahan (Shirkooh) in Yazd proeinc

Ellobius fuscocapilus Blyth, 1843

Diagnosis: Incisive foramen is very small. Interparietalabsent (fused with
occipital). Third upper molar has a more elongaiteva thanE.talpinus. There
are three projecting angles on the outer side isf thoth. Premaxilar exceed
from nasal. Posterior ridge of premaxilar doesmitlesed incisive foramen.
Anterior lobe of M2/ has labial notch while anteriobe of M3/ with lingual
notch. Well-developed coronoid. M3/ has three g angles on the outer
side and three ones on the inner side (Figure hp@radov 1935). One of pellet
collected from Sarakhs was shown the presenceo§gecimen. The specimen
has previously been reported from Daregaz (Dar\mQB;L)
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FIGURE 4: A) Skull B) Mandibles C and D) Lower and uppeztterows ink. fuscocapillus.
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Ellobius talpinus Pallas, 1770

Diagnosis: Third upper molar usually with only two roundembjecting angles
on the outer and inner sides. M3/ has two inteandl external projecting angles.
Reduced coronoid. Interparietal is well-develop@écemaxilar is equal to nasal
or smaller. Posterior ridge of premaxilar doesmriclese incisive foramen
(Figure 5). Only one of pellets which have beerlectéd from Robat Sharaf
shows the presence of this species. Obuch andrKhiave reported this species
from Robat Sharaf (Obuch and Kristin 2004). Thieses has previously
reported from Daregaz and Robat Sharaf (DarvislORA0 has been reported
E.talpinus exist as a parapatric species wih fuscocapillus (Darvish et al.,
2006).

Labial

;\k-;\

(?,/ .
Posterior

Lower toothrow

FIGURE 5: Ventral view the skull and lower tooth rowHntalpinus.

Ellobius lutescens Thomas, 1905.

Diagnosis. Resemble tcE. fuscocapilus. Mandible has markedly developed
alveolar process which forms sheath for the rogheflower incisors (Darvish J.
and shakib 2006) . M3/ has one anterior notch, lkabeél and two lingual
notches. M/3 has two labial and lingual notchesx Well-developed coronoid,
incisive foramen is small, interparietal is abs@gfised with the occipital), and
third upper molar is as ik. fuscocapilus (Figure 6). Collected pellets from
Zanjan represent this species.

It seemsE. talpinus occurs in North East. lutescens in the central and west
andE. fuscocapilus in variety regions of the country.
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FIGURE 6: A) Skull B) Mandibles C and D) Tooth rows i |utescens.

Microtus Schrank, 1798.

Diagnosis. Recognition character for the genus is preserickl/@ with 4-5
closed triangles and M3/ with three closed triasgl8ecause of high
Resemblance, specific identification is not possjabkt by dental design (Figure
7). The pellets have been collected from Kushkh&h&ord, Zanjan as well as
Tandure shown whiciMicrotus exist in these localities. A study on this
specimen has shown it is high probable belongingomalis group as reported
M. paradoxus from Tandure (Darvish et al., 2006), and thosenfidanjan are
belong toM. socialis andM. gazvinensis (Mahmoudiet al., in press)
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FIGURE 7: Mandibles and teeth rows Microtus.
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Subfamily Cricetinae Fischer, 1817.
The tubercles on the upper molars are always agthmgtwo longitudinal rows.
The crowns are low and roots are always present.

Cricetulus Milene-Edwards, 1867.
Diagnosis: Skull relatively narrow, interparietal broad ab®i3.5 times wider
than long. There is just one species in Iran.

Cricetulus migratorius Pallas, 1773

Diagnosis: In the first lower molar, lingual cusps are l@ghimore anterior than
labial cusps (Darvish 2000). Supraorbital creshbsent. It has been found in
Abar Kouh, Tandure, Baghbaghu, Robat Sharaf anfadaand also in Garizat,
Ernan, Burag and Shavvaz in Yazd province. Dengésigth is according to
figure 8. Obuch and Kristin have also report&dcetulus migratorius from
Robat Sharaf (Obuch and Kristin, 2004). Moreovehas been (Darvisé al.,
2006) captured from Dargaz (37° 26" N, 59 °35" i) 8arakhs (36° 20" N, 60°
32" E).

fﬂ b ’\',_‘) v YLingual

C@s

\ / PO‘E terior
Lower

FIGURE 8: Mandibles and teeth rows @ricetulus.

Subfamily Murinae llliger, 1811.

Infraorbital foramen enlarged and usually speasimto a wider portion for
muscle transmission and a lower narrower one forveneransmission.
Zygomatic plate always broadened and tilted upwats$ located completely
beneath infraorbital foramen. Molars are rootedpewmpmolars laminate or
cuspidate. When is cuspidate, the cusps arrangdbrée longitudinal rows.
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Third Molar and tympanic bullae are small, teetladmodont. M1/ has 8-9
tubercles on three longitudinal rows.

Nesokia Gray, 1842.

The genus has one species in the Iran.

Nesokia indica Gray, 1830.

Diagnosis: Incisive foramina short, about 1/3 of the lengththe diastema.
Upper incisors are massive and large. Molars congi®f narrow transverse
loops (3 loops on the first molar and 2 on thediwlhg). The tubercles are
marked only in early youth. Root of lower incisasrrhing large alveolar
tubercle at the base of the mandibular condyle.r&upital crest is present
(Figure 9). Pellets of Qazgan, Robat Sharaf, Abrasad Mayamey showed the
presence of it. Darvisét al. (2006) captured it from Zoshk (36° 20" N, 59° 11°
E) and Sarakhs (36° 26" N, 61° 06" E).

Labial

Lower

FIGURE 9. Teeth rows irlNesokia.

Mus Linnaeus, 1758.

Diagnosis: First upper is molar as long as or longer tham st two molars
together. M1/ has three roots. Posterior side gdeupgncisors has a notch.
Anterior-outer corner of parietals forming pointpmbcesses above the frontal.
Interorbital space and parietals don’t have laterakts (Figure 10). Probable
species idMus musculus which have been collected from Abravan, Mayamey,
Shurak Maleki, Qazgan, Baghbaghu, Robat Sharafada@li Abad, Tandure
as well as Abar kooh, Cham, Garizat and Tazanj azdyprovince. Darvish
(2000) reported/. musculus from Robat Sharaf pellets.
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FIGURE 10 A) Mandible B) Notched upper incisor C and DEfferows inMus.

Rattus Fisher, 1803.

Diagnosis: First upper molar is shorter than the followingpttogether. Crests
on sides of interorbital space and on parietalsgdnvell developed. Teeth row
is longer tharMus. M1/ has three roots (Figure 11). Pellets of Kashwell as
Tandure show the presence of it. Harrison and B4i@31) have also recorded
Rattus norvegicus from Persian Gulf region. It is possible the spem is
belonging to the species.
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FIGURE 11: Teeth rows irRattus.
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Apodemus Kaup, 1829

Dignosis: There are nine cusps on first upper molar and erctimtrary ofMus,
there are not any notch on the posterior edge efutbper incisive. There are
several cingula at the labial side of the first éswnolar. The anterior palatine
fissure often does not arrive to the anterior bomfefirst molar alveoli. The
collected pellets from Shirkooh and Kor in the $oof Yazd province have
shown the presence of the genus (Figure 12).

A: Upper Molar teeth
B: Lower Molar teeth

C: Scanning electrom microscope image of first lower molar in 4podemus.

FIGURE 12: Teeth rows imlApodemus

Family Calomysidae Vorontsov and Potapova, 1979
This family consists of one genus with differenésies in Iran.

Calomyscus Thomas, 1905

Dignosis: The genus has several closely morphology spétiéidferent parts of
Iran which could not be identified only based omtdé morphology. The genus
is characterized by having five cusps on the figgber molar. Arrangement of
cusps is asymmetrical (symmetrical in Cricetinde)the maxilla, I* and 2¢
molar have two lingual and three labial cusps;l#éal row is shifted forward.
In the mandible, $tand 2° molars have three cusps on each side; the limgual
is placed forward. Third lower molar has three suspuite a few collected
pellets from Shirkooh show the presence of it (FeglB).
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FIGURE 13: Teeth rows irCalomyscus

Superfamily Dipodoidae Fischer, 1817.
This superfamily consist of a family Dipodidae.

Family Dipodidae Fischer de Waldheim, 1817.

Infraorbital foramen greatly enlarged for musckngmission. Lacrimal is large
and frontal broad. Zygomatic plate is narrow armdaming completely below it,
mandible weak. The angular process not distortéadards. This part of the jaw
frequently has a perforation. Cheek teeth rootsdally cuspidate, with broad
re-entrant folds. This family consists of two fallmg subfamilies.

Subfamily Allactaginae Vinogradov, 1925.
Upper incisors pro-odont, mastoid and bullae litiigated. Infraorbital foramen
is more widely open. Os penis is absélactaga is the common genus in the

group.

Allactaga Cuvier, 1836

Diagnosis: Mandible with perforated angular process and aidbwer incisor
forms process on the external surface of condyl@r&sent but small. M1/ and
M2/ each with three external re-entrant folds, iiddle one of which is small,
and each tooth with one internal fold. M3/ has mmer, three outer folds. In the
lower teeth row, M/1 has one small front fold, #iener folds and two outer
ones. The middle inner one being small; M/2 is ké but without the anterior
fold. M/3 has one fold and one or two inner onegyfe 14). In the pellets
which have been collected from Baghbaghu, Robatagh&bar kooh and
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Shirkooh in Yazd and Zanjan, the members of theugdound. Obuch and
Kristin have reportedA. eater from Yazd. (Obuch and Kristin, 2004). In
addition, Darvish (2000) has report&aiater in Robat Sharaf pellets.

’/
\/
‘ Labial
K Lingual
/ ;
" Posterior C
Posterior

oI

FIGURE 14: A) Allactaga mandibles B) Upper tooth row ilactaga C) Lower tooth row in
Jaculus. D) Electron microscope image Allactaga molars.

Subfamily Dipodinae Fischer, 1817.

Mastoid and bullae extremely inflated and exceethfforamen magnum. Upper
incisors are not pro-odont. Dental design is senpthan allactaginae.
Infraorbital foramens less widely open. Reducedrord. Os penis is present.
Dipus group such akaculus (Ellerman 1940).

Jaculus Erxleben, 1777

Diagnosis. Mandible is perforated at the below of angulasoRof lower incisor
make a process on the lateral surface of artiquiacess. Upper incisor has a
longitudinal groove on the front. Upper teeth rowlans with one wide inner
and one wide outer re-entrant fold. M1/ is the éstgand M3/ the smallest.
Lower cheek teeth with two outer folds in M/2 amiednner one, M/1 with a

* Corresponding Author: Email: Hamid_shad20002001i@yacom
Haddadianshad.hamid@stu.um.ac.ir



fold each side and an anterior notch. The pellefBamdure and Darregahan in
Shirkooh Mountain indicate the presence of the gé€Rrigure 14).

Family: Sciuridae Hemprich, 1820
Cheek teeth are brachyodont and rooted; there -@@r&émolars in upper jaw
and one in mandible. The family have two generaan.

Soermophilus Blasius, 1884

Diagnosis. Cheek teeth are relatively hypsodont, with thgua portion in the
upper row being constricted thus giving teeth angular appearance. Dental
formula: 1/1, 0/0, 2/1, 3/3. Some collected pelfeten Shirkooh (Darregahan)
show the presence of the genus (Figure 15).

Anterior

; Lingual

EHT=1000kvV WD= 11 mm Signal A = SE1 Photo No. = 5905

FIGURE 15: The scanning electron microscope image of firgezond lower molar iSpermophilus.

Statistical studies

The discrimination species of the geiriones are not possible only by dental
morphology (Darvish 1992). Momenzadeh et al. (26@8)firm the importance
of molar size for determination d¥leriones species. Thereforen order to
statistical examination oMeriones specimens, four characters of teeth have
been measured including the highest length of Mg, width of anterior,
median and posterior lobes measured on 99 tedéctad in seven localities of
Zanjan, Abravan, Qazgan, Mayamey, Robat Sharafidran Abar Kouh. Figure
16 shows four measured dental characters. Measdental dimensions have
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been conducted using a measurescope and analyZfeSfy version 16. Table 2
indicates the univariate statistical results. Bt pf the highest length of M/1
in Meriones specimens in sampling localities is shown in fegli7. Meriones
specimens from Abar Kooh was separated from othelities with having the
lowest length. In addition, the mean of M/1 lengthAbravan, Zanjan, Robat
Sharaf, Tandure are similar together and also #meessimilarity in samples
Mayamey, Qazqan, Baghbaghu. In order to comparderdiit among
populations a Canonical Discrimainant Analysis (Qivas conducted in SPSS.
The first two functions explained 85.7% of the Lotariance that is suitable
amount for showing the first molar size differenaesong populations.

The results of a CDA analysis indicates that theme significant differences
between populations (Wilk's Lambda= 0.257,,2= 0.0001) The Abar kooh
specimens are distinct based on the dental chasaltten others (Figure 18).
Darvish in 2009 indicated the sizes of molars imederiones species are
considerably smaller than others and showedNhatrassus andM.meridianus
have small sizes specially in molar size (DarvieB® Therefore it seems the
specimen of the Abar Kooh probably is belongingvieriones meridianus or
Meriones crassus.

FIGURE 16: The definition of measured characters on M/Miriones.
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A B C D

N 99 99 99 99
Min 1.625 0.965 0.961] 0.924
Max 2.759 1.854 1.342 1.93Y
Mean 2.2708 1.4 1.0518 1.4439

Std.error 0.0188 0.01857 0.012B890.02
Variance 0.0353 0.0341 0.0164 0.04

Table 2: Univariate statistical results from four measucbkdracters on M/1.

TPl

=

Abravan Qazqan Zanjan Tandure

Mayamey Baghbaghu Robat Sharaf Abar Kouh

FIGURE 17: Mean and box plot variation of the length of NtiIMeriones in different
localities.
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Canonical Discriminant Functions
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FIGURE 18: Scatter plot of CDA analysis on M/1 measuredaldes inMeriones .

Discussion

In the current study, fourteen genera of small mafnbelonging to four
families and six subfamilies were identified. Tisigrvey clearly indicates the
pellets are crucial sources could be significaetlyployed for faunistic studies
as well as ecological investigation of hunting bidensity of rodents, the
presence or absence of species. According to sesitlithe survey, diet of
predatory birds mainly composes of small mammal&a(Cl). The results of the
study are agreement with other studies (Obuch amstitk 2004, Darvish 1992,
2000). However, it might be differed as a resultddferent in temporal and
spatial sampling. Obuch and Kristin (2004) havewstw the movement of

predatory birds from one place to another arealtré@suve cannot find any
pellets in the site.
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The northeastern Iran composed of two parallel rearchains, Kopet Dag and
Binaloud, in the north, and parts of Iranian cdrdiesert in the south and west.
Eastwards it borders to the eastern part of theidraplateau (Afghanistan).
Kopet Dag Mountains in the northern part of the Ksan make an important
ecologic barrier between these two zones. Howesmne species were able to
circle the mountains eastward and enter to thedmaplateau through Kushk
crossing. The environment conditions especially iditgnis the factors which
play an important role in distribution of rodentSome specimens such as
Nesokia are very dependent on to humidity which has $jribtited their
distribution but other specimens suchMe&riones, Rhombomys, Gerbillus and
dipodids are adapted to arid or semiarid areasdiivtis, 1959). Therefore, it
could be observeMeriones, Gerbillus and dipodids in the arid areas such as
Abar Kooh and the semi arid in some parts of nonthéhorasan (Darvisht al.,
2006). According to these results, it seems sped@dification requires more
studies to acquire discriminating characters inegerwith high variety such as
Meriones, Microtus, Apodemus. Therefore, it is necessary to use additional
methods including geometric and morphometric, nelogy as well as
morphological analyses to realize relevant characte
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Appendix

Key to recognize Glires
1.1 Each jaw with two UPPEr iNCISOIS.......cccvivi e, dRantia (2)
1.2 Each jaw with four Upper inCisorsS......... cooveveieviivinnennns. Lagomorpha
2.1 Angular process of mandible from ventral viesvseen on the dental
PlatE . .. Sciurignathi (3)
2.2 Angular process of mandible from ventral vieve@en toward internal of
dental plate ... Hystrichognathi
3.1 Infraorbital foramen absent ..., Samorpha
3.2 Infraorbital foramen always enlarged................cooiii e ieeenn . 4
4.1 Zygomatic plate tilted upwards and broaded. iffi@orbital never much
ENIArgEd. ..o Muroidae
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4.2 Zygomatic plate never tilted upwards, alwaysow and completely below
the enlarged infraorbital foramen. The angular psscof mandible has a
perforation.

Key to recognize Muroidae

1.1Cusps of the upper molars arranged in two longiaidiows and M1/ with

58 USSP . ettt e et et e e e e e 3
1.2 Cusps of the upper molars arranged in thregitlafinal rows and M1/ with
o LS o 1 ] 01 Muridae (2)
2.1 Anterior surface of upper incisors with longitual groove....... Gerbillinae
2.2 Anterior surface of upper incisors without ldadinal groove...... Murinae
3.1 The first upper molar with 5 cusps................... Calsidae(Calomyscus)
3.2 The first upper molar with 6 cusps..................cc...........Cricetidae

Key to identify the genera of Murinae

1.1 Cheek teeth laminate and without traces ofgusp.............. Nesokia
1.2 Cheek teeth cuspidate............cooiiii i e 2
2.1 The first upper molar with 9 CuUSpS ..........ccoovvvviieinnne Apodemus
2.1 The first upper molar with 8 CUSPS .......oiiiiiiiiiiiiii e, 3
3.1 Teeth row size is small, M1/ is longer than tagt molar together Mus
3.2 Teeth row size is large, M1/ is not longer than tast molar together............ Rattus

Key to identify subfamily Gerbillinae

1.1 Upper incisors with two grooves, space of betwaental lobes fill by
cement and molars are

RYPSOdONt......ci Rhombomys

1.2 Upper inCisors With 0Ne groove ..........ccovviiiiiiiiiiii i eeas 2

2.1 Molars hypsodont and dental lobes are symnastch other............. 3
2.2 molars brachiodont and dental lobes are asymnmiie size of teeth row is
Sl .. Gerbillus
3.1 Molars fairly hypsodont, transverse lobes ipammolars usually separate
P | - | (= -
3.2 More hypsodonty in molars, upper molars wittold shape

0] 01> Meriones

Key to recognize Cricetidae
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1.1 Teeth row cuspidate, there are 5-6 cusps oramgtudinal

00T Cricetinae 2
1.2 Teeth row prismatic with projecting angle icleside....... Arvicolinae3
2.1 Tooth row small size and dental design as Fig.8............ Cricetulus
2.2Toothrow large Size .......coovvviiiiiii i Mesocricetus
3.1 Enamel loops of molars forming closed triangles............. Microtus
3.2 Enamel loops of molars not forming closed gles.............. Ellobius
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