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Evol ution of calsin European and Asian red deer: fran bass to soprano

The red deer Cervus elaphus is the species wth broad distribition over
Eurasia and North America, dispaying a strong variationinthe structure of stag
ruting calls. The species Cervus elaphus has origmnated fran Tarim Basinin
Midde Asia approximatdy 2 million years ago and then distribted in t wo

8

opposite directions, to the Fast and to the West. The Eastern branch went over
Tian-Shan and Ata to China, Sberia and North Anerica The Western branch
went over Caucasus and Carpates to Western Europe. The Western stags produce
lowfrequency roars, rangi ngintheirm axim un fundam ertal frequency fram 52 Hz
to 223 He bet ween subspecies. The Eastern stags produce hi gh-frequency bugles,
withthem axim un fundam ertal frequency rang ng fran 1230t o0 2080 Hz bet ween
subspecies, what is 10 times hi gher thanin Western stags. A the sametime, the
presunable ancestral pattern of ruting calls, foundinm odern Bactrian subspecies
in Central Asia, cortains the t wo frequencies, the high and the low emitted
sim utaneously. The explai ning evol uti onary hypot hesi s suggests that the deer t hat
migratedtothe West lost their high frequency, whereas the deer that migratedto
the East, L ost their lowfrequency. We foundthat fundam ertal frequency of cortact
calls of hinds matches the fundamertal frequency of ruting calls of their stags
withinsubspecies. Thisis a challengetothe hypot hesis, claimingt hat the acoustics
of stagrutting calls are under strict sexual selection asinthis case, the acoustics of
the opposite sex are also affected In addition we found that in the Iberian
subspecies, hind calls were l ower than stag calls, what is against tothe canm on
rue for manmals, declaringthe lover-frequency calls for males, primarily due to
their larger sizes and effects of testosterone onm ae vocal folds. Consistertly, the
positiverel ation was found bet weenfundamert al frequency of t heir roars and body
size for most subspecies. Anong Western subspecies, the lowest fundam ertal
frequency is foundinthe smallest Corsican and Barbarian subspecies. In Western
European red deer, roaring patterns differ even bet ween subspecies belonging to
the same haplatype of m DNK - Surprisingly, that these substartial differences in
roar acoustics could evol ve during very short evol wionary time of 12 thousand
years, as all these subspecies radated fran the same refugiun after the last
EuropeanIce Ages. Thus, red deer vocalizations represert a natural experimert on
effeds of geographical radiation and sexual selection on evouion of
canmunicative behaviowr. However, the driving farces of this great acoustic
variation remain unclear to date For revealing the factars and mechanisms
responsi He for the praninent and rapid acoustic variation wthin Cervus elaphus,
mae data are necessary, primarily on the acoustic variation am ong sex and age
classes of Asian subspecies of red deer.
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3B0/50 1A KpHKOB G.aropoamsi X osicneii EBporst m Aur ot Gaca 0

conpaHo

Braropoausii onerb Cervus elaphus 5To BHZ II MPOKO PacpoCcTpa He HH b
no Beeit Eppasmm m Cepepnolf Amepuke AxkycTHueckas CTPYKTypa TOHHBIX
KPHKOB CaMIOB Pa3HBX MOJBMAOB OIaropoJHOr0 OJeH CHILHO pa3iHdaeTcs
(Hixombekwmit u ip., 1979). Braropoznusii onens xax Bua Cervus elaphus Bos HuK
OpHMEPHO [Ba MIUTHOHA JieT HasaJl B Tapumckom Oacceiine B IBHrpambHoit
A3WK OTKYyJa 3aTeM HOCTENeHHO, JBYMS MOl HHIMH CTBOJIAMH, PacIpocTpaHIICH
B JIBYX NPOTHBONOJNIO #HBKX Hanpapnenmix (Ienmrrep 1961, Malmu et al., 2002).
QueHM BOCTOWHOH BETBM paclpocTpaHWiuch uepes Tamb-1llamp w Antadt B
Cubupn, Kuraii n CeBepHylo AMepHKY, a OJIeHH 3a1a IHOM BeTBH Ilepent 4 Ka pxas
u Kapmatsl u 3acemwin Eppony. Yhers onemelt Tak W He NOKHHYNA LEHTp
HPOMCXOXICHWSI, W HPOJONJAET UTh B TyraMHBX necax 1o Geperam pek
Cpenneif fsuu jio Bam ux Jeeit

CaMirsl 3a0aIHBX [OABMAOB MPOM3BOJAT HU3KOUACTOTHEE PEBH KOTOPBE
Pa3JIMgaio Tesl [0 MAKCHMAJIL HOH OCHOBHOM wacToTe Me Iy NOJABHIAMH OT 52 10
223 T (Reby, McCam by 2003; Kidio et al., 2008, Frey et al., 2012). Camipr
BOCTOYHBK MOJIBHIOB KPHY4aT BbCOKOYACTOTHBE KPHKH, OYriM MLKCHMAIIbHAs
4acToTa KOTOPHX pa.’snmae’fcs Meoly mnomBuiaMu ot 1230 pmo 2080 Iy
(Sruhsaker, 1968, Feighny et al., 2006), uro B 10 pa3z BHI €, YeM Yy 3aIla JHBX
caMIOB. BTo %€ BpeMi npe/nosio #uTeIbHbI Ipe IKOBBEL JBYXI0N0C bif Bapua HY
TOHHBIX KPHKOB, ~OOHApY#EHHBE Yy coBpeMeHHOrO OyXapckoro IoJBH/IA

6naropouoro onens Cervus elaphus bactrianus, oburaoero B Ta ixuikucTage H
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Yabekncrare, cofepHur obe 9acTOThl KaK HH3KYO, Tak M BBLCOKYO, KOTODBE

MOTYT IBJiaBaThes ofHoBpeMeHHO ( Hukonbekuii 1975 Volodin et al., 2013).

DBoJIO IMOHHAS THIOTe3a, OOBICHEOM A TaKyi0o M3MSHYMBOCTH T'OHHBIX
KPHKOR, IIpe/IOJIaraeT, YTo Te ONEHH, KOTOPHE MUI'PHPOBANIH Ha 3aIRJ, YTpaTWIH
B CBOMX KPHKaX BBLOKYO 9YacTOTY, HO COXPAHMIH HIBKYO, TOLJA Kak Te, 9TO
MHTPHPOBAJIH Ha BOCTOK, IOTEPANH HEBKYIO YACTOTY, HO COXPAaHHIIM BBLOKYIO.
OnHako Belie]| 3a CAMIAME, TOXOXWe M3MEeHeHMS IMPOM3QIl JIH 4 B KPHKAX caMOK
BOCTOYHBK H 3alAfJHBX IOJBHIOB. M Bl OGHADYMMIH 9ro OCHOBHAS HacTOTa
KOHTaKTHBX KPHKOB CaMOK COBIAJAJA C HACTOTON TOHHBX KPHKOB BHYTPH
nogsuioB ( Volodinet al., 2014). 3ro BEBOB I'HNOTE3€ NOJOBOIO 0TOOPA, KOTOpast
JeKIapHPYET, Yro aKyCTHYecKas CTPYKTYpa TOHHBX KDHKOB CaMIOB
¢ dopmupoBasack MOJ MECTKHM BIMIHHEM INOJIOBOrO oTOOpa, TaK Kak B 3TOM

Cllydae OKa3aliach 3aTPOHYT bl M IIPH3 HAKH 3BYKOB IPOTHBOIIONOXHOT'O TIOJIA.

IomuMO 5TOrg, y HCIAHCKOTO NOJBHAA Mbl OOHAPYMIUIH 9TO CaMKH
npomsBoJAT Oojlee  HIBKWE KpHKH deM caMusl ( Volodin et al., 2014). Oro
NMpoTHBOpedMT ofmeMy NpaBHIy IId MISKOIMI&O I HX, BKJIO Has YeJIOBEKa,
KOTOpoe JieKiapupyeT Goliee HU3KHE 3BYKH JUIS Ca MIIOB 10 CPABHEHHO € Ca MKaMH
u3-3a OOJIHII €TO pa3Mepa TONIOCOBBX CBA30K CAMIOB M BIHSHHA TECTOCTEPOHA,
KOTOpHIf  JenaeT ToOJOCOBBRE  cB3ku  Oomee rpyOemm  Takxde, B
MPOTHBOIIONO KHOCTH 00N €My MpaBHITY, Y OaropoHoro ojens 6ura oOHapY *e Ha
HE OTPHIATENIbHAS, a4 TOJIONMTENbHAd CBA3b MEIKIY OCHOBHOH HacTorolf peBoB
CaMIOB M Pa3MEPaMH TeJla pasHBK oBujoB ( Volodin et al., 2013). K npumepy,
cpe/M 3ala/HBX NOJBHJIOB, caMasi HU3Kas OCHOBHAS 4YacTOTa PeBOB Halizema y
caMBX MeNKHX IOJBHAOR Kopcukamckoro Cervus elaphus corsicanus wu

Bappapuiickoro Cervus elaphus barbarus (K do et al., 2008).

Y samajHoeBponeMcKHMX oOJileHeli peBbl pa3lHYa0 TCH JANEe  Me KLY
NOJBHJaMH, TpHHAICHAN HMA K OJHOMy H TOMy J TaIUIOTHIY
muroxorapuanbsHoit JIHK (Frey et al., 2012). YauuremsHo, 9ro 3HaMUTEILHLE
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pa3JiiMmsl B aKyCTHYECKHX NPH3HAKAX PEBOB BO3HHMKIM 3a BOJIO IHOHHO OYeHb
KOPOTKOE BpeMd B 12 THLSAY JeT, MOCKOIBKY 3TH OB/ PACCEIIIIHCH 13 OHOTO
u toro #e pedyruyma B IOjmolt Vorawun rie OHM Nepeddalu LOCIE aHee

eBpornelickoe oJie/ic He Hue (Zachos, Thrtl, 2011).

TaxuM 06pasoM KPHKM OJeHel MOJKHO paccMATPUBATE KaK HPHPO AHbi
SKCIEPHMEHT ‘TI0 BIWSHHO reorpa(eueckoro pacipocTpaHeHHs M IOJOBOrO
orGopa Ha BOJO MAO KOMMyHMKATHBHOrO ToBejieHus (JIHAKO 3BOJIO IHOHHBE
daxTOoph] BHBBAaHU M 9Ty AaKyCTHYECKYIO M3MEHYMBOCTH, MOKAa OCTAO TCS
memwpectH M Ji1a  Toro uroOsl  BEWMBHTH  (AKTOPBL M MEXaHH3IMBE]
OTBETCTBEHHBE 3@ IPKO BbPa ¥EHHYO aKyCTHUECKYIO H3MSHYMBOCTL BHYTPH BHJa
Cervus elaphus, meobxoumo cobparh Gonmplle JAHHBX, B NEPBYIO OUYepe/b O
CTPYKTYpe KPHKOB CaMIOB CaMOK H JIeTeHbII e BOCTOYHBX IO/JBUJOB
6JArOpO/IHOTO ONIeHs, Takux Kak cuOmpckmit mapan Cervus elaphus sibiricus
wio 6ps  Cervus elaphus xantopygus ~anamarcxuit mapan Cervus  elaphus
alashanicus, cywropexkuit mMapan Cervus elaphus sungorus u THOGTCKHMH Mapai

Cervus elaphus wallichii

Io ieprano Poccutickny Hayuanem @ onom rpanr Ne 14-14-00237
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The wse of sound traps for longitudi nal monitoring of stag vocal activity
during the rut in Sberian red deer populations kept in Central Russia

Roaring courts are often used as indices of red deer abundance. Hunting
managers apply fran one to a fe weounts by ear per roaring season what does not
consistertly synchronous wththe roaring peak Autanatedrecording systems can
be used for form al validation of red deer censuses by ear. They can be schedul ed
for recordngs in the absence of human observers. This allovs longtudi nal
recordings through day and night and through the season for assessmert of the
dynamics of calling activity of red deer populations. (bing two auamated
recording systems Song Meter SM2+ we recorded ruting calls of Sberian red
deer stags Cervus elaphus sibiricusint wo semi-captive popul ations kept in private
facilities onthe Furopean part of Russia, separated by a distance of 510 km. The
"Tver" popul ation has beenirtroducedin 2006 on a fenced 5000-hectare territary,
andinthe year of recordng (2013) courtedintcatal 400 animals. The " Kostram a"
population has been irtroduced in 2010 on a fenced 70-hectare territary wth
intensi ve supplementary feeding and inthe year of recording (2013) courted in
tatal 108 animals The recordng schedue was set at Smin per hour (120minin
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tatal per day), fran 3 Septem berto 11 Novem ber 2013 (far 70 days or 10 weeksin
taal), wthsimutaneous regstration of air tem perature. The total num ber of calls
recarded during the 70 days, was 30 times higher at Tver than at Kostrana
population (4341 and 145 calls respecti vely). While the call mum ber per day did
not correlate bet veen popul ations (r=0 05 p=0. 67, n=70), the correlation bet ween
average tem peratwes per day in the t wo study sites vas positive and highly
signficart (r=0 85 p<0.001). A Tver population the call nunber signficantly
negatively correl ated wth average tem perature per day (r=0 29, p=0.01), whereas
at Kostrana popuationthe correlation was nonrsignificant (r=0 15 p=0.20). A
Tver population theru calling activity was singe-hun ped, with hi ghest call-per-
hour val ues distributed bet ween 24 September and 21 (etober, and wth peak at 6
Cctober. A Kostrana population, the rut calling activity was t wo-hun ped, with
t vo small peaks at 22 Septem ber and 25 October, and a close to zero depression
bet weenthe peaks. A Tver population the call num ber per hour was signficantly
related to daytime wth peak values fran 18 00 to 09 00, whereas at Kostrana
population, the maxima of calling activity per day were found bet ween 07 00-
09.00 and bet ween 16,00-18 00. Substartial differences inrut calling dynamics
bet ween the t wo populations, located in the same climate conditions can be
explained by managem ent conditions. In Tver population thereis 12 hectares of
territory per individual, whereas in Kostrama populaion only-0-65-hectares. In
addition, the Kostrana population contained many young stags below the
reproducti ve age
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