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Investigation of climatic effects

on the shape and volume of tympanic bulla of
Meriones libycus and M. persicus

(Muridac: Rodentia) from Northeastern Iran:
An evolutionary approach
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oy pegons of Khorssn Inothis cescarch 290 ehuils Deloogiog, oo Adprpurse feesr and
Mesamer e of narhkexst of Ino wese ar fest Wenisfed vnthe asis of mumphaligin
charsessns, s ien were divided remarding weasing quanticy of malas eeth surluces v
fwir age classes inowhich 20 cuanomative doaeial and dentary characters s measurrl
The genlts showe thar Bve charaesrs mel ding Infaodee] thickness, masteld lengh,
wvamreatic, wideh, fee ¢ mandibnlae molar leogth (M1, 2od lower cheek Leeth legth froen
lveale m doferent ape chasses aze oot signiloanrly diffesent, and e be applied in
Westalieatiny of specimens selaing tnocach of e teo spedies inoal age s, This
stuely s shomes thas e satie ol Dallar length e che skl length in these e spories b
basicaly diilesear zod in M. ffon i cosely celazed to environmental conditions lize
hunzidicy smd pogation densiiy. This charzcmr can be ol s inbraspecific population
densiry coefficdent ahet deser and sesn desen species g il s mnpostant for Tiasic
studies relating fe adapration, feld swodie, 2od harmful redente conrrals
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[KTRODUCTION

Jirdds are very widespread in desert apal serni desert areas of Nocth Atdca, Middle Eost, and Ceniral
i Dhispersal moage of Meriomer ferrians s lran Plateau, bevond Caveasiz, and Trag Vinogradov and
Arpyropulo, 1941), and dispersal range of Meroasr Sdper 13 North Aftica, Morth Arabia, Trag, Iran,
Afghanistaz, and Centrzl Asia] Corbet, 1978). These two juds ars among wiccly dispersed species in
whole parts of Tran, and Khorasan, M. #seer can be found in Jow land desert and scmi desert areas,
hetween TO0 ro 1500 meters and M. gervens i high and rocky clevanons up to 3300 meters, like in
the protected arca of Tandoneeh, Besides these two species, other species of this penns are locally
distribuced i Kharasan with very low pepualation density. For example, Memones srersdians 15 fonned
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in Sarakhs and southeastern Sabzevar deserts, and M. arassar in low lands and wvery hot deserts of
western Hajestan. '

In the genus Merioner ears are middle- sized, the tympanic bulla is large, and its mastoid part is much
hypertrophied, the suprameatal triangle is big and distinet in posteriar pact of the skull (Ellerman,
1941). The vpper incisor teeth have one median groove, and the molars arc hypsodont. Merorer
pervieus of northern Khorasan have been smdied by Gaodwin (1939), Lay (1967), Khosravi (1996),
and M. fbyawes of this area by Heptner (1973), Goodwin (1939}, Lay (1967}, Khaosravi (19496). But
prds of center and south of Khorasan have not been studied biosystematically, and it's the same
about the relationship berween age and morphologic variations of dental characters and cranial
dimensions. These two species are different from each other from the point of view of topography.
Although in mammals the length of tympanic bulla is usually less than nearly 30 percent of the skull
length (Petter, 1968), in some rodents like jirds the bullar volume increases considerably between 30
to G0 percent (Vinogradov and Argyropulo, 1964; Roberts, 1997; Petter, 1961), and the bullar
volume can be applied as environmental dryness ceefficient (Chethoun and Tchernov, 1983). The
results showed there is a hasic difference between the two specics from the point of view of bullar
shape and volume. In this research besides studying M. perricnr and M. debryear, adaptive significance of
their characrers, and the effects of ecological factors on the tympanic bulla sizes are considered.
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MATERIAL AND METHODS
Fvothis stady, o wial af 199 sl belemgs o the codents eofleciinn ul Zooleg el Mg, of
Ferdowsi Universite of Mashhad LMULM, were studied {sce fig | for detacs of samping |
For momhameteic siadies 20 vranizl and deqes ry characters were measured gad Presonied iz glfe o
ieee g Tand 3 for detailsy;

For age determination molay teech studying wese carsic] ooy under MNkon stccenomn e

cqivzed with s cauern lueidy, Lroaatralive starfstical avglrsis of the dais s dotie by 9
softwire, The mintmum, the maxirnen, and the varianees hihe snubied characters lilge Ler b o s
w adule specimers o A b were measired Ly ANOVA stulistical methed {tuble 3,

Frr nvestiming ano relaticrshin between bullar volnme and ervironmenial condinong a1d

topulation censiry, buler volume was measyred wsing fallowing borewla AChawerch Mlisters an
Fllerman, 1947, (Fig, 4):

Rullar volume =  Leength X width x height= 107

' 6

Ihe meusurernents were carsied ou- nslg ponted calincrs widh a 0005 erilimerer precsin.

RFSULTS .

Regarding searny quantty of eeh surfaces and appeatitg of che tard emolars of upper and lewer
Jaws, the specimens were divided inta frue age clisses of new boen, juvenile, achult, avd] old(Tip 5
A Tmin e 144, . . !

The new born ape class with approximate age of 30 dayvs car be ident fed through the ubsence of
the thied mamdibulur and maxillicy molars and the Luieral grocves of mandibilar and maxiilary
folas run ines the pums, Tn the seconnd age class with approxirmase agt ol 45 o 50 davs, the thicd
mandibular and tnaxillane melaes appears out from alveslar foramen and erown, and coarosled
surfzce of the molars are complezely distiner, and rhe lageral greoves of the molars cxtends
dovwerewardy abruae half of crown lengel. Tn dee thied age class, adults with approximate aze of 6 oo 16
meuths, culling snrface of the teerh were whilvned, and the Raleral grooves of mand'bular aned
maxilaoy miciars are a5ow hall lenprh of creven lenpth of the recth

In the fourth age class, with e age of more than 16 manths weating o custing susface of the testh
have been widened zndd aprroxioately withaut enatnel and the latera! provves of vpper and |lower
molars are very short about the edpes of the recth. | e stludy shows that ws ope increases in Jwds,
ceown length decresses. In rshie 2 the menns #nd slandard eerors for wvesagared characters are
presenied

The: recuits of analysis of variance show (har Mt Bve claracters our of 20 sucied characrery
belween the oo spevies Af Aorcices and M, Séyms wrerc significantly ifferent, Fig, 6 shows thar 2x
exanires, From incsor alvenlar distance ta the point between ardculsr and angular procesaes/V),
ncreare with age, while 1wo chamctersiFix 7). Zypomaic width (7 (2 disgrant), und Tnfeaarhiral
hickaess 1OT) diarerce mean { b dingram} are conszant when AQT LICLCARES.
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FIG. 3.- Measured parameters on the craniom and molars of Merones [{Characters shown by numbers
were described in marerials and methods).
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FIG. 4.- (Left): Tympanic bulla shape, a: suprameatal trianple (Petrer, 1968) or mastoid anterios part
‘Lay, 1972, b and c: upper and lower posreror mastoid (Lay, 1972), d: sympatie (Tay, 1972) (Right):
how to measure characters of cympanic bulla in M. #byear

FIG. 5.- Age class determination of the studicd Jirds on the basis of wearng quantity of molar teeth
in fﬁurgrnlll::i af 2) new barn, b) juvenile, €) adule, and d) old spcl:i,n}r_‘:‘_-g_
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F1G. 7.- a) Zypomatic width (ZW), and b} Infraorbital thickness (IOT) diamerer in difterent age

classes; Lo M. Sbwenr P- M. pervicus
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Therefore, Infraorcbical thickness, diameter mean, Mastaid Length, Zypomatic Width, Lower first
molar leagth, and lower cheek teeth row length from alveole, Zygomatic Width in different age classes
show no sigmficant differences. Bullar volume measurements in adult specimens of M, fyas of
Birjand show that the volume varies herween minimum of 0.31, and maximum of 0.54, which can
oederly, be observed in Tabas Masina and Bajd of Birjand. The maximum vanance of bullar volume
15 observed in Tahas Masina [table 3),

TARLE 3.- Sampling localities, maximum, minimum and vanance of bullar volume in adult
specimens of M. Abyers of Bigand on the basis of population density in the region.

Ravw Town villayme Y LT L TR Varance

1 Ahvaz (140 37 000045

2  Bojd 0.54 0.40 00029
3 Bijind Buoshpmaze - 0.40 .37 000045

4 g Bumng 045 (.35 000053

5 Tabas Masma .48 (.31 00,0054

0 Aansorabad 0.41 | 035 f 10024

Thus, among ong specjes there are considerable. ditferences feom the point of view of distribution
Adult specimens which live in higher elevations of Ahvaz, Boshgaze, Burang, Mansoorabad and
-Bojyd, because of better chimatic conditions have smaller bullas, while specimens which live in low
elevations, have pventually bigger tympanic bullas. The variance quantity shows the difference
between the minimum and maximum volume of the bulla in the region, so, mutually the distance
between localized stadied specimens from each other increases. Specimens of M. fbyeus reveal two
Important po1r1t5 more dryness and less population density of Tabas Masina. In this study frequency
of male specimens were st;rmt'mn I:lf.r more than female ones in both of the species M. persfons and M.
dibyens,

For M. libyeas frequem:_r,r of male was 86%, while it was 14% for the femnales. This value for
M. perricrer was 82% for males and 18% for E:ms]:;q M. Ebycus was observed in low lands with hard
sediments {clay} in Sarakhs and Bajestan, at 1950 meters altitude in Mian of Biand, while M. persions
iz found in Babaneisan Mounrains of Tandooreh. Compared with aorthern Khorasan provinces, in
southern repions M. ffyenr is found in higher elevations because of the heat and dry climate.

DiscUss1oN

This study showed that in the two species molar teeth unlike the incisors, are not hypsadont.
Among cranial characters (table 2), five characters out of 20 are just significantly different in the four
ape classes, ut the level of 5%, As cramal characters show allomerric growth, finding characters
which are constant and similar during ontogeny in both species is very valuable in hinsystemaric
studies, These characters which are constant in different age classes are as fallows: Infracchital
thickness, Mastoid length, Zypomanc width, first mandibular maelar length, and lower cheek teeth
ronw length fram alveole.

Bullar vaolume and the variance increase is a sign of intm populadon varation of M. Sy in
Southern Khorasan which introduce loeal populations or demes. Demes distributions are on the
hasis of living facilities of M. Fiyeas in the distribution area, like feeding and reproduction (Darvish,
1992). Clitnatic factors like dryness, heat and decrease in food sources produce local adaptive
responses. The species survival relates to reproduction, conservation and generation o MUY, 50
that adequate tcproduction ensures the speeies survival One af the main facrors of M S
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continidly o desest and cemi-descrt aceas s the bullar valuene, s G they can kear souade P
Tong distanees. For this reason a stronp adaptive pressure will Te irmposad on the members of each
deme i a local population, and the resuli s the selecoon of the members wic lurger yreoanie bullas
nodesert and semi deseet arcas, Clinatic fastors like the wealthes dryness mncrease zre mogether with
density decrease. on the one hind, and bullas selune snereuse, on the other hand, T"mp ands Tudla
acts like a resonance box, and ts role 15 meoreasig the aliliy 1 recsive sounds, b.,_;, tacroaaing the
cepions (e Lmpinic
pulla is very hpe and the membes of sieh pupalatons can bod heme and each sther again, sfier

Drallar wolwtne van be considered as an ue |J.Fll.j.'-\.-'C chiaracter, o, =1 Ioew dens

keepinp out of home for kiloeneters. Actaalle, as einled ou. before, soecimens with smaller bullas
are nol zavared ]:I" natral sclecoon t]"rnu'-]mur 1I'rr1t' ur ite u[ar:'irr.r'n'—i with 111;pc:t:u;\p]\_l:d
wropanic bollas are the most n:h*lmv:'v:nzr:d oes. Tm":'l.fldualﬂ ol vee species, at the center of
distribuarion, show mee ']t:::f!SlL:CE and h:wc smaller trmpanic bullas. El‘ln T].H lvasis of fronder offoet,
a number of marginal pepuaiations, esoecilly the most heemitc ones, are the cesule af reproduction
of g terohzed female or a small group of fir atrlers, ahich r:-!'!.]],E contain a very seall proporticn of
whole penedc variation of the species. Tn fuch eonditinns there will he a steong selecrion ana
restricted mumnber of penotrpes resalting from Esunder effeet. Cenveal pomizdations are located 12 a
region which s the most compefent coolopically, so they tead w ‘cause large colonies whoss
dimensions are just conerolled by the factors depending on density. In the end low density colonies
which are [ormed aroand the moge of The :aprt'ir:. t,_‘;-lt,‘i,"if.._\ ars b*‘l,slc,:l,]_l';' sclected for adapratico
with densicy-free factors like the I:Etupcrﬂur:_', d.n, ness and food nht:rta_!_r 11 bosravy, and Darssh,
1900, Oher knowlecge about bullae weluee o eath eepion can be wsed by ather reseacchers tor
abtainirg in Fwnnn-::-n about density quanoty, and mrvesnuent for todes coultol Momessoadeh,
20015,
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