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YK 576.895.771:591.185.5

NCCIEJOBAHUE PEAKIIUU POALINXCA XUPOHOMU
CLADOTANYTARSUS SP. (CHIRONOMIDAE, DIPTERA)
HA AKYCTUYECKHUE CTUMYJIbI

M.b. Aoaes, B.J[. I punuenko, I A. I py3oes, /[.H. Jlanwun

HUccnenoBanbl peakiun Menkux posiuxcs komapos Cladotanytarsussp. (Chironomidae,
Diptera)Ha ToHaJIbHBIE aKyCTHUECKHE CTUMYJIBI B auana3one yactor 100—-600I'n. Ctumyasims
¢ yactotoir 260—320'11 BeI3bIBAJIa MACCOBOE JABHIKCHHE HACEKOMBIX B CTOPOHY HCTOYHHKA 3BYKa
(monokuTENBHBIN (OHOTAKCHC), OaHAKO TpH yactotax 140—-2000 3HaK (hOHOTAKCHCA MEHSIICS
Ha NPOTUBOIOJIOKHBEINA. MHHHMaJIbHEIE MOPOrH IOBEICHUYECKHX peakiuii (B cpexanem 45nb
V3/1) 3apeructpupoBansl B auanazone 280—320Tn. YacToTHyr OOYCIOBIEHHOCTH peaKIuii
XUPOHOMH]] MOXKHO OOBSICHUTH CIIOCOOHOCTBIO 3THUX HACEKOMBIX K CIIEKTPaJIbHOMY aHaIHU3y

AKYCTHYCCKHUX CUTHAJIOB.

Knrouesnie cioBa: Chironomidae, Cladotanytarsusmap, akyctuueckas KOMMYHHKAIHS,

JacTOTHaA HaCTpOfIKa.

[ToBenenue caMIiOB MHOTHX BHJOB HACEKOMBIX
XapakTepusyercs crnenupudeckor GopmMon aKTHUB-
HOCTH — POEHHEM, KOTOpPOE MPEIACTABISAET OO0
CTEPEOTHITHBIA TOJIET CKOIIEHUsT ocobeil B orpa-
HuueHHOM npoctpancTBe (Demoposa, CepOeHIOK,
1999; ®denoposa, Aszosckwuii, 2005). MexaHH3MBI
o0pa3oBaHus pPoeB HauMOoJIee XOPOIIO U3yYEHBI
B nogotpsae Nematoceray npencraButeneil ce-
meiicte Chironomidae 3gonusr) u Culicidae &po-
BOCOCYIIIE KOMaphl). PernpoayKTHBHO aKTHBHBIC
CaMKH TPUBJIEKAIOTCS B POM BHUIOCHIEIM(PHUUECKH-
Mu Mapkepamu. Camiipl 0OHApPYKUBAIOT CaMOK B
MPOCTPAHCTBE IO 3BYKY WX IOJIETa M TOCIE BOC-
HMPUATHS XapaKTEPHOTO CUTHAJIA YCTPEMIIAIOTCS
K HCTOYHHUKY akyctuueckux BosH (Roth, 1948;

IJIUBAIOTCS OKOJIO MCTOYHHKOB HH3KOYACTOTHBIX
3BYKOB (CHIIOBBIX TpaHc(hopmaropoB) (mo: P. Bep-
ToHy, 1972). JlanbHeHne WCCIeI0BaHHUs IOBe-
JICHUST 3TUX HACEKOMBIX MOJTBEPIUIN OTKPBITHE
X. MakcuMma W CYIIECTBEHHO PACIIUPHIIA TPEI-
CTaBJICHUS O POJIU aKyCTHYCCKOTO KaHaja CBSI3H
B DPENpOAYKTHBHOM IMOBeAcHHH HacekoMbix (Ta-
mapuna u ap., 1980;Jlanmua, 2010; Roth, 1948;

Tischner, Schief, 1955; Belton, 1974, 1989; Cator

et al., 2009, 2011).

[IpueMHMKaMU aKyCTHYECKUX BOJH Yy KOMapoB
SBIISIIOTCSL OIYIICHHBIE aHTEHHBI. BuOparus as-
TEHH, BO3HUKAIOIIAs IIPU ACUCTBUU 3BYKOBBIX KO-
ne0GaHMii, mepenaercs K JHPKOHCTOHOBBIM OpraHaM,
PACIIOJIOKEHHBIM B OCHOBAHUAX aHTEHH. J[>KOHCTO-

Wishart, Riordan, 1959; Charlwood, Jones, 198(HoBbI opransl cojiepskaT MHOTOYHCIICHHBIE MEXaHO-

CrnapuBaHue IPOMCXOIUT B BO3AYXE U IPOAOIIKA-
€TCSl HECKOJIBKO CEKYH/I, MTOCJIE Yero caMKa MOKH-
JlaeT 30HY POEHHS, a camel] BO3BpaIlaeTcs B pOil.
Takum 00pa3oM, poeHHE Y HACEKOMBIX UMEET KJIFO-
YEeBYIO PEIPOAYKTUBHYIO (PYHKIIHIO.

Ponpb 3peHus B mpornecce cOMMKeHUs camiia u
CaMKHU B poe IOKa €Ille YeTKO He OIpejaeieHa, of-
HAKO B IMPOLECCe KOHCOMHUIAIMK POSi 3pUTEIIbHBIN
KaHaJl SIBIICTCS, BEPOSATHO, OCHOBHBIM (Attanasi et
al., 2014).

N3ydeHne BO3MEUCTBUS aKyCTUUYECKUX CTUMY-
JIOB Ha MOBEJEHUE KOMapoB OepeT Hayajao OT Ha-
OJII0JICHUI M3BECTHOTO aMEPUKAHCKOTO KOHCTPYK-
topa X. Makcuma. OH 3aMeTHII, YTO KOMaphI CKa-

gyBcTBUTENbHBIE perentopbl (JKantues, demopo-
Ba, 1999; Boo, Richards, 197%9ropsie nmpeodpa-
3YIOT KOJieOaHUsI aHTCHH B DIIEKTPUYECKUE MOTCH-
quanbl. T MOTEHIMANIBI PACHpPOCTPAHSIOTCS IO
aKCOHAM aHTEHHAJIBHOIO HepBa JI0 30H IMEPBUYHON
00paboTKN aKyCTHYECKON nH(OpMaIuy.
O06o01IeHHass 9acTOTHAs XapaKTepUCTHUKA CITy-
XOBOM CHCTEMBI KOMapoOB TPEICTaBIsACT COOOM
pe3yNbTaT COBMECTHOTO BIIMSIHHSI MEXaHHYECKOIO
pe30HaHCca aHTEeHH, HACTPOMKHU CIYXOBBIX PEenTo-

poB (Jlarmmmmn, 2013; Gopfert et al., 1999; Lapshin,

Vorontsov, 2013)1, BO3MOXHO, CHenu(DUIECKUX
AKTUBHBIX MEXaHHU3MOB, KOTOPBIC CIOCOOCTBYIOT
YBEITUYCHUIO TYBCTBUTEIBHOCTH CITYXOBBIX PEICTI-

*Anaes Makcum Boprcosra — crynent Guosnornueckoro daxyinsrera MI'Y (maks100@yandex.rdTpunuenko Bapsapa JImurpu-
eBHA — CTyIeHTKa Guonormdeckoro dakymsrera MIY (minolia@yandex.ru)? I'pysues I'ne6 AnmpeeBHd — CTyaeHT Bronormdeckoro
daxyisrera MI'Y (medicaster-gleb@mail.ru)? Jlanmms  [mutpuii Hukomaeuu - Bex. Hayd. corp. Uucruryra npoGlieM mepenadun

undopmarmu PAH, nokr. 6uon. vayk (lapshin@iitp.ru).
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TopoB Kk crnabeiv curHagam (Gopfert, Robert, 2001; mazona (201'1r) ObL1 BEIOpaH KaKk KOMIPOMHUCCHBIH,

Avitabile et al., 2010).

Peakuuu caM1ioB KOMapoB Ha CHUHTE3UPOBAH-
HBIC aKYCTHUYCCKHC CTHUMYIJIbI, IO TCM HJIM WHBIM
napamerpaM OJIM3KHE K 3ByKaM IOJieTa CaMoK, He-
OJTHOKPATHO MCCJENIOBAIM MHOTHE aBTOphl (Arma-

ITO3BOJISIBIIUI IPOBECTH ITOJIHBIN LUK U3MEPECHUI
3a BpeMs OJTHOTO BEYEPHEr0 pOeHHUs. B Takoil LUK
TaKK€ BXOJWIHA IIOBTOPHBIE IIPOMEPHI ITOPOTOB IS
KOHTPOJISI CTAOMJIBHOCTH PeaKLuil posmuxcs Hace-
KOMBIX B IIPOLIECCE U3MEPECHU.

coB u 1p., 1986; Romer, 1970; Ogawa, Sato, 199  Vnpapnsomue CUrHaIbI Uil CTAMYJISIHA ObLTH

Hirabayashi, Nakamoto, 2001B. kauectBe y4er-
HOTO MapaMeTpa, Kak MPaBUIo, MPUHUMAJIOCH YHC-
JI0 0CO0OEH, IPUIICTEBIINX K aKyCTUYECKOM H3JTyda-
TEJI0 BO BPEMS CTUMYJISIHH.

B Hacrosimieit pabore B KauecTBe OOBEKTOB
uccienoBanus BeIOpaHsl xupoHomuabl Cladota-
nytarsusKieffer sp. —oueHb MenKHe HaCEKOMBIE C
oOmiel mImHOM Tena okoyio 1,5Mm. Dra BennymHa
Ha TIOPSIZIOK MEHBIIIE CPETHETO pa3Mepa MpeICTaBU-
Teneit MoxenpHOro Buaa Chironomus plumosus.,,
MIPU U3YYCHUH KOTOPBIX ObLIa TMoJjiydeHa OobImast
9acTh UHPOPMAIIMK O MEXaHU3MaX U POJIA aKyCTH-
YEeCKOT0 KaHaja CBS3U B OMOJOTHH XHPOHOMUI.
W3 dusuueckux 3akoHoMepHOcTel ciemyer (Jle-
neranH, 1978),94To npu yMEHBIIEHUH JTHHEHHBIX
pa3MepoB HACEKOMBIX MPOTOPIIMOHAIBHO TaaaeT
uX 3(pPEKTUBHOCTh B KAY€CTBE MCTOYHUKA aKyCTH-
YECKUX BOJIH (CaMOK) M, COOTBETCTBCHHO, KaK IpHU-
E€MHUKOB aHaJOTMYHBIX 3BYKOB (camIloB). B atoii
CBSI3M BO3HHUK BOTIPOC, COXPAHSETCS JIM TUITUYHOC
JUIS KOMapoB aKyCTHYECKOE IMOBEACHHE Y CTOJb
MeNKHX HacekoMbix? [lpemnaraemas pabora mo-
CBSIIICHA PEIICHUIO STOTO BOIIPOCA.

Martepuaj 4 MeTOAbI

Pabota BBITIOJIHEHA [IPU U3YYCHUH POEB CaMIIOB
menkux Chironomidae Cladotanytarsussp., rpyn-
na BugoB Mmancusu pallidis), kotopeie peryaspHo
(bOpMHUPOBAITUCH B BEUEPHEE BPEMsI Ha TCPPUTOPHU
3Benuropojckoil ouocranuuun MI'Y (55° 41' 59"
c.u., 36° 44' 05"B.1.). Bcero mpoBeaeHO 11ecTh
OJTHOTHITHBIX OITBITOB.

AKYCTHYECKYIO CTUMYJISIIHIO HACEKOMBIX B POC
OCYIIECTBIISUTH C TIOMOIBIO MaJorabapuTHOTO aK-
TUBHOTO W3Ny4yaTels, pa3paboTaHHOTO B jabopa-
Topun Ha Oa3e muHamudeckou ronoBku «MJ420»
(«Mistery», Kuraii). ICTOYHUKOM CHUTHAJIOB IS
usnydarens ciyxkui mieep «iRiver S100» KOx-
Hast Kopest). ['myOuHa peryupoBKH YPOBHS BBIXOI-
HOT'O CUTHaja mieepa coctasiisiia 45 n1b ¢ marom
1 1b.

HacexoMbIX CTUMYJIHPOBAIU C PACCTOSIHUS TIO-
psinka 1,5M TOHATBHBIMU MOCHUIKAMH JUTUTEIBHO-
cTeio 1,5¢ ¢ muaBHBIMH (pPOHTAMU HApaCTaHHS U
cmaga (mo 100 Mc) U BapsUpyeMoOli 4acTOTOM 3a-
nonuenns B auamnasoHe 100—6001'. Munumaiis-
HBIA MHTEPBaN pa30MEHHs BCETO YaCTOTHOTO JHa-

CHHTE3MPOBAHbI B XOJI¢ TOATOTOBKU K 3KCIIEPUMEH-
Tam ¢ nomoiuipio nmporpamMmmel Sound Forge 10 Pro
(«Sony» Snonus).

W3menenus B mosenenun posumxcs Cladota-
Nnytarsussp. B OTBET Ha JCHCTBUE CTUMYJIOB BU3Y-
QJIBHO PETUCTPUPOBAIH C JIBYX B3aWMHO TIEpIICH-
IMKYJISIPHBIX HarpaBJieHWi. B kauecTBe OCHOBHBIX
MIPU3HAKOB PEaKIMii HACEKOMBIX B poe ObUIM TpH-
HSTHI JIBA. CTEPEOTUITHOCTh U3MEHEHHH B TTOBEIE-
HUM HACEKOMBIX IIPH IOCIEIOBATEIHLHOM IPEIb-
SIBIICHUW TPEX OJHOTUITHBIX TOHAIBHBIX IMOCHLUIOK
U MacCOBOCTb TaKMX M3MEHEHUN. MUHUMAaIbHBIN
YpOBEHb CTHUMYJIALINU, TIPU KOTOpOM 00a HabIro/a-
TEJs OJJHOBPEMEHHO (PHKCHPOBAIH TTOBEICHUECKHE
OTBETHI HACEKOMBIX Ha 3BYK, ONPEICISIN KaK I10-
pOr peakiuii Ha KOHKPETHOM 4acTOTE 3aroJHEHUS
CTHMYJIOB. B KadecTBe KOHTPOJIS HCIOIB30BAIH
JIaHHBIC BHUICOPETHCTPALMH AKTHBHOCTH HACEKO-
MBIX B poe. Buneokamepy «Panasonic NV-G5500»
(SImoHms) pacrosiarand OTHOCUTEIBHO POsi TaKUM
o0pa3oM, 4TOOBI HACEKOMEIE, IMOJCBEYCHHBIC 3a-
XOJSAIIMM COJTHIIEM, KOHTPACTHO BBIICISUIMCH Ha
¢doHe Oojyee TEMHOTO Jieca WM KHIJIbIX CTPOCHHM
(puc. 1). [170THOCTH HACEKOMBIX B PO€ U YHCJIO
oco0eil, eAMHOBPEMEHHO YYacTBOBABIINX B Peak-
MM Ha CTUMYJI, OLEHHBAJIH IyTEM IOJCYETa HX
YKcia Ha KOHTPOJIbHBIX IUIOMNIAKaX B MOJISIX TO-
CIIEIOBATENIFHBIX BHIICOKAAPOB C MOCICAYIOIIUM
nepecueToM oOIIero yucia ocodei mo Bcel Iio-
I[aJay aKTUBHOU 30HEI.

OKCIEpUMEHTBI TIPOBOJMJIM B BEUYCPHEE BpEMS
(19:20—20:20)KoHTpOITb OCBEIIEHHOCTH, TEMITEPa-

o L e

Puc. 1. ®otorpadus pos Cladotanytarsusp.ua doue
JepeBbeB. SIpKue TOUKU — OTACIIbHBIE HACCKOMBIE,
COCTAaBJISIBILIME POH.
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TYpbl, BIQXKHOCTU BO3yXa M YPOBHS IlIyMa BO Bpe-
Msi TPOBEICHUS SKCIHEPUMEHTOB OCYIIECTBISIIH
MHOTO(YHKIIMOHATLHBIM H3MepuTeniem «DT-8820»
(«<CEM», Kurait).

Temneparypa Bo3ayxa BO BpeMsl SKCIIEpUMEH-
ToB coctaBimsiia 19-15 €, ocBemeHHOCTh B X0
ombiTa cHIkanack B cpennem or 200010 800k,
BJI&XKHOCTh BapbupoBaia B rpezenax 43—67%.

O/HOBPEMEHHO € M3MEPEHHEM IOBEICHUECKUX
OPOroB (PUKCUPOBAJIM MapaMeTPhl IyMOB (B mep-
BYIO 0Yepe/b, AaHTPOIIOI'CHHOT'O TPOUCXOXKICHHUS)
C TIOMOIIBIO IIU(PPOBOTO PErHCTPATOpa CO BCTPO-
eHHpiMH MuKpopoHamMu «ZOOM H2» («Zoom
Corp.», Kuraii). Bo Bpems mposieta camoleTos,
OJIM3KOTO NIBIKEHUSI aBTOTPAHCIIOPTA U MOPHIBOB
BETpa AKCIEPUMEHTHl BPEMEHHO MPEKpaIiaiy 10
HACTYIUICHUsSI CYOBEKTUBHOW THUIIMHBL. YPOBEHb
nIryMa Ha OTKPBITOM IPOCTPAHCTBE B HOpPME CO-
craBistn 32—361b Y3]1 (ypoBeHb 3BYKOBOTO JaB-
JIEHUsI, U3BMEPEHHBIN OTHOCUTEIBHO 2- 10° ITa).

[Tpu mocTpoeHHH YacCTOTHO-TIOPOTOBBIX Xapak-
TEPUCTUK HMCXOJHbIE IaHHbIE KOPPEKTUPOBAIH C
Y4ETOM KaJMOPOBOUHBIX MOIMPABOK, XapaKTepU3y-
IOUIMX YaCTOTHYI0 HEPaBHOMEPHOCTH H3JIydaTels.
CooTBeTcTByIOIIAs KaMKMOpOBKa ObLIa MPOBEICHA
Ha OTKPBITOM NPOCTPAHCTBE C IMOMOIIBIO H3Me-
putens akyctudeckoro nasiieHuss «B&K 2235»B
KoMmIutekTe ¢ Mmukpodonom «B&K 4176» («Bruel
& Kjeer», Jlanus). M3smeputenbHbii MUKpO(OH TpH
9TOM OBLI YCTAHOBJICH HA paccTosHuu 1,5M oT u3-
JTydarens.

[TomuMoO peructpanyu MoBEACHYECKUX OTBETOB
POSIIIUXCST XUPOHOMUJ] Ha 3BYKOBYIO CTUMYIISIIUIO
MPOBOAMIIN TaKXKE M3MEPEHHsI YacTOTHl B3MaxOB
KpPBUIBEB CaMIIOB, OTJIOBIICHHBIX B posix. Hace-
KOMBIX TOMEINany B OaHKY M 3alMHCHIBAIH 3BYKH
ux nojieta (mectsh onbitoB, «ZOOM H2»).3atem
CTPOUIIU CIIEKTPHI MOJYYCHHBIX 3aMUCed U Ompe-
eI CPEIHIOI YacTOTY B3MaXOB KPBUIbSIMHU
10 3HAYCHUIO MEPBOM CIEKTPAJIbHOM I'apMOHMKHU
(mporpamma Sound Forge 10 Pro).

PesyabTartsl

Haoénwoenus 3a nosedenuem Cladotanytar-
SUS Sp. 6 ecmecmeennsvix ycnosusax. Pou Cladota-
nytarsussp. ¢bopMupoBanuch Ha OTKPHITOM IIPO-
CTpaHCTBE, MPEUMYIIECTBEHHO B MECTax, OCBe-
IICHHBIX BEUYECPHUM COJIHIIEM. 32 CYET OTpPaKCHUI
COJIHEYHBIX JTy4eil OT TOBEPXHOCTH KPBUIBEB CKO-
IUICHUSI 3TUX HACEKOMBIX KOHTPACTHO BBIICISUINCH
Ha (oHe Oosiee TeMHOI pactutenbHOCTH (puc. 1).
Uwucno ocobelt B OTIETLHOM pOE€ BaphbUPOBAIO OT
HECKOJIBKHX JIECATKOB J0 HECKOJNBKUX ThICSY. [lof
BO3/ICHICTBUEM MTOPHIBOB BETPaA POU PACIIAAAIIKCh,

HO Yepe3 HEKOTOpoe BpeMsl COOUpPAUCh BHOBb.
BoccTranoBnenue post mociae ouepeinHoro pacrnaaa
MOTJIO MPOUCXOJUTh HA PACCTOSHUU HECKOIbKUX
METPOB MO TOPU3OHTAIM OT MECTa MpPEKHEH Jo-
KaJIM3aui U 0€3 YeTKOW MPUBS3KH K KaKUM-THOO0
opueHtupam. M3-3a UI3MEHYMBOCTU TOJIOKEHUS PO
HA MECTHOCTH B IKCHEPHUMEHTaX OBLIO MCIOIb30-
BaHO 000pyJOBaHME, KOTOPOE MOKHO OBLIO omepa-
TUBHO TIEpEMENIaTh K OYEPEIHOMY MECTY CKOTLIe-
HUS HACCKOMBIX.

IIo naHHBIM M3MEpPEHMI CIIEKTpa 3ByKa IIOJIETa
camroB Cladotanytarsusp.uacrora OueHuil Kpbl-
JBEB ITUX HACEKOMBIX BapbUpOBAJA B Mpejaenax
600—-680I'n (mpu 18 C). OTa0BUTH B POSIX KOH-
crenupUIecKUX CaMOK i MPOBEACHUS aHAIO-
TUYHBIX U3MEPEHUI HE y1aT0Ch.

[To ananorum co cnenu@HUKON aKyCTHUECKOTO
noBeaeHust komapoB Culicidaen Goiee KpymHBIX
BunoB ChironomidaenansHeimme ucciienoBaHus
peakiuii poeB Ha 3BYK ObUIH MPOBEICHBI C UCIOJIb-
30BaHUEM aKyCTHUECKUX CTUMYJIOB C YAaCTOTOM 3a-
MOJTHEHUSI HIKE YaCTOThl KPHUIOBBIX B3MaXOB CaM-
1osB, T.e. 100—-600 11.

Peaxkyuu Cladotanytarsus sp. na axkycmuue-
CcKylw cmumynayuro. Bo Bcex IiecTu OmbITax B
nuara3oHe 4actoT crumyssiiun 260—3200 Hace-
KOMBIE€ JEMOHCTPUPOBAIIN BBIPAKEHHBIN MOJIOKHU-
TeNbHBIA (POHOTAKCHUC: HA (POHE NEHCTBUS TOHAIIb-
HOU MOCBUIKY HAOIIOAAIOCh MacCOBOE IBUKCHUE B
CTOPOHY aKycTHuecKoro mnmydaress. [Ipu ypoBHsx
CTHMYJISALIMY, TIPEBHIMIABIINX TOPOTOBOE 3HAUCHHE
Ha 7 ab win Oonee, B LEJICHANPABICHHOM JIBUXKE-
HUHM K UCTOYHHUKY CTUMYJIOB €IUHOBPEMEHHO yYa-
CTBOBAJIM HECKOJIBKO COTEH OCOOEH.

OTBeThl XMPOHOMHUJ HAa CTHMYJBI C YacCTOTOM
sarmonueHust okojo 160 I'm (140—2000'1) Bo Bcex
OMBITaX HOCWUJIM HETATUBHBIA xapaktep (oTpuIiia-
TEJIbHBIN (DOHOTAKCHC), OJTHAKO B 3aBUCHUMOCTHU OT
CTETICHU TPEBBIIICHHSI CTUMYJIOM MTOPOTOBOTO 3HA-
YeHHs PEAKIUH HACEKOMBIX pa3inuyainuch. CTUMY-
JALMS C OKOJIOMOPOTOBOM aMIUJIMTYAO0W BbI3bIBaja
pacimmpeHue posi U pasjieT HaCEKOMBIX K €ro Ie-
pudepun; nmpu 6osee Bricokoi ammuntyae (+12 nb
OT mopora u 0oJiee) MPOUCXOIUIO CMEIICHHE POsI
B IIPOCTPAHCTBE 3a CYET OJHOHAINPABJICHHOTO JIBU-
JKEHUS Macchl 0co0el, WK Jjake pacraj posl.

Hanpasnenue BekTopa cMenIeHus pos Mpu JIeii-
CTBUHU BBICOKOAMIUIUTYIHBIX CTUMYJIOB B 4YacTOT-
HoM juanazone 140—200Im 3aBuceno oT opueHTa-
UM JUarpaMMbl HaIllpaBJIEHHOCTH aKyCTUYECKOTO
U3TydaTessi OTHOCUTENIBHO IMOJIOKEHUSI BEUEPHETO
COJIHIIA HaJ ropu3oHTOM. [Ipu HampaBieHUu aua-
rpaMMbl H3JIydaTelis Ha POl MepHeHANKYISIPHO
HAMPaBJICHUIO COJIHEYHBIX JIyde OOJBIIMHCTBO
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Puc. 2. 3aBucuMOCTh HampaBJEeHUS ABHMKCHHUS
pOsl OT OpUEHTAIMM AKyCTHYECKOT'O H3JIydaTels |
TOJNIOXKEHHST COJTHLIA HaJl TOPH30HTOM (IMAra3oH YacToT
crumysiun 140—2000'a). BapuaHTsl cCTUMYISIHN:
a U 6 — pacupocTpaHEHHE aKyCTHYECKHX BOJH B
HallpaBJICHUH, NEPICHIUKYIIPHOM Jy4aM COJHLA,
6 — CTUMYJILWS, HAIpaBlICHHas Ha COJHIC. YCJIOBHBIC
00o3HaueHHS: 1 — aKyCTHUCCKHMI M3JIyJaTelib, 2 — PO,
3 — HanpaBJICHUE JBIKEHUS pOsi Ha (POHE CTUMYIIALINH,
4— conHrie.

HACEKOMBIX B poe Ha (poHE CTUMYIISAIMHN HAaUMHAIH
JIBUTAaThCSl B HAIIPABJICHUH OT COJIHIIA (puc. 2, a, 0).
B T0 xe Bpems Ompkaiiiine K U3IydaTelio 3K3eM-
IJISIpbl JBUTAJIMCh B OCHOBHOM OT H3JIy4aTels.
Eciu poit Haxoauics Ha JIMHUM U3J1y4aTelb — COJIH-
1€, TO HACEKOMBIE M3 3TOTO post Ha (OHE AECHCTBUA
aKyCTMYECKOI0 CTHMYJIa HauyMHAJIM [BUTaThCS B
cropoHy ot m3nyuatens (puc. 2,6). B mpomecce
TECTUPOBAHUS POEB B YAaCTOTHOW 0OJACTH BBIpa-
KEHHBIX OTPULIATENIbHBIX PEaKLIUi HaM HE yJalloCh
TOOUTHCST M3MEHEHHUs 3Haka (OHOTAKCHCA MyTeM
BapbUPOBAHMSI AMIUIUTYIbI CTUMYJIOB.

[Ipu akycTHYECKON CTUMYJISIIIMU C YaCTOTOM 3a-
noiaeHust 200—2600'1 mabmomancst dhheKT «3amMu-
paHusI», BEIPQKEHHBIN B CYIIECTBEHHOM CHIKEHHU
CKOPOCTH TOPH30HTAIBHOIO MOjeTa OOJIBIIMHCTBA
posiuxcsi ocoOel, T.e. HaceKOMble Kak OBl TpH-
OCTAHAaBIIMBAJIMCh B BO3JyX€ Ha BpeMs ACUCTBHS
TOHAJIBHOM IOCBIIKH.

B o1HOM M3 ONBITOB IIyM HPOJIETABILErO TYp-
OOpEeaKTUBHOTO CaMoJIeTa SBUJICS HelpeaHaMepeH-
HBIM cTUMyJioM. Ha ¢one neiicTBust akycTudeckoi
nomexu (mopsimka HECKOJIBKUX MHHYT) HUKHSS
KpPOMKa pOsi, Ha KOTOPOM JI0 3TOr0 IPOBOJIWIN Ha-
OJIOZICHUS, OIYCTUIIACh HETIOCPEICTBEHHO K YPOB-
HIO TpaBsHOrO IOKpoBa. OJHOBPEMEHHO MOYKHO
Obut0 HaOMIOAATh APGPEKT 3aMeTIeHUs] TMHEHHON
CKOpPOCTH JIBM)KEHUSI HaCEKOMBIX B poe. Takas kap-
THHA POEHUSI HE MEHSJIACh Ha MPOTSKEHUU BCETO
BPEMEHHM JECHUCTBUA IlIyMa aBUALMOHHBIX JIBUraTe-
nen. Ilpu mocnegyroniem aHain3e aKyCTHYECKUX
3anucei, BKIIOYABIIMX 3TOT 3MH30]1, ObLIN OIpe-
JIeJIeHbl UHTEHCUBHOCTD U CIIEKTP aBUALIMOHHOTO

myma. MakcuMmaibHast amrmuaryaa 70 nb Y31 mpu
4acTOTE MEepBOU CreKTpaabHON rapmonuku 22011,
Tpu BbICIIME TAPMOHUKH B CIIEKTpE IIyMa 3aHUMa-
JIM 9acTOTHYIO Tosiocy mupuHoit 9001 .

Kak ObU10 BBISICHEHO B MOCJEIYIOLIUX IKCIEPU-
MEHTaX, CTUMYJIBI C YacToTor 3amoiHeHus: 360 I
TaKke Bh3bIBaK y Xuponomu Cladotanytarsusp.
peaKUMU 3aMeUIEHUS] TUHENHON CKOPOCTH TOJIETA.
BeposiTHO, Takoe 3ameIeHHe SIBIISIETCS XapaKTep-
HOM IOBEACHYECKOU PEaKIUEH POSALIUXCS HACEKO-
MBIX TIPHU HEOTPEACIEHHOM TUTe (POHOTAKCHUCA.

Yacmommno-nopozoswvie zpagpuxu (ayouozpam-
Mbt) OBUTH TTOCTPOCHBI TI0 BCEM THUIIAM PEAKIIUN He-
3aBUCUMO OT 3HaKa (hOHOTAKCHCa, BKIIOYAs peak-
I[UH, BRIpOKEHHBIE B 3aMe/IJICHUH TIoJeTa. B 1enom
MOPOTU PEaKIHid, 3apPETUCTPUPOBAHHBIC B Pa3HBIX
OTBITaX, UMENU OJM3KHWE 3HAYCHUS HA COOTBET-
CTBYIOHIMX YacToTax. MUHUMalbHbIE MOPOTH Ha-
Oyro1anuch B 00JIaCTU MPOSIBICHUS MOJIOKUTENb-
HOro ()OHOTAKCHCA, BHIPAXKEHHOTO B JIB)KEHUM Ha-
CEKOMBIX K MCTOYHHMKY aKyCTHUYECKOro curHaia. B
TaKUX CUTYallMiX M3-32 COKPAILLEHUS PACCTOSHUSA
OT M3JIydaTesis 10 PearupoBaBIINX HACEKOMBIX MOT
BO3pacTath CyOBEKTHUBHBIH YpPOBEHb TI'POMKOCTHU
ctumyia. OgHako OCHOBHas 4acTb pabOTHI C poeM
3aKJIoyangach B U3MEPEHUHU TOPOTOB PEaKIIMid, T.e.
¢duKcanuyu TakuxX MapaMeTpoB CTHUMYJIOB, IIPU KO-
TOPBIX BbI3BaHHBIE U3MEHEHHUSI B XapaKTepe IMojieTa
HAaCEKOMBIX CTaHOBWJIMCH 3aMETHBIMH, HO €IIe He
IPUBOAWIA K CYLIECTBEHHOM NPOCTPaHCTBEHHOU
neopmaru posi.

Ha puc. 3 nmpuBezieH 4acTOTHO-TIOPOTOBBII Ipa-
(GuK, TOCTPOCHHBIN MO pe3yibTaTaM YCPEIHEHUs
JAHHBIX IIECTH OMBITOB. MOXHO MPEANONIOKHUTH,
YTO MOJIY4E€HHAs 3aBHCUMOCTh OTPAXKAET B TIEPBYIO

7071

601

501

[Mopor peaxumit, 1b Y3/

405 100 200 300 400 300

YacroTa 3al0JHEeHHs CTUMYIIOB, I'1]

Puc. 3. YcpenHeHHasT 4aCTOTHO-TIOPOTOBast XapaKTepH-

cruka Cladotanytarsussp..IIpu yactoTe 3amoaHeHUs

crumystoB Bbiie 400 ' OTBETHBIEC PEAKIMKM HACEKOMBIX

He Ha0JTIoaIMCh. Y Ka3aHbl BEJIMYMHBI CTAHAPTHBIX OT-
kionenuii (N = 6).
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o4epeab CBOMCTBA CIyXOBOM CUCTEMBI UCCIIENO-
BAaHHOI'O BUJIa XUPOHOMHJL.

Ob6cy:xnenne

CormacHO COBPEMEHHBIM MPEICTABICHHUSM, IS
AKyCTUYECKOTO IOBEJICHNSI KOMapOB XapaKTEpHbI JBE
(OpMBI peaKIrii: ONIOKUTEIBHBIN (POHOTAKCHUC, BBI-
PaXEHHOCTh KOTOPOTO CHM)KACTCS TPH OTKIOHCHUH
YacTOTBI CTUMYJIa OT OCHOBHOT'O TIOPOI'OBOTO MHHH-
MyMa B CTOPOHY OOJIBIIMX MJIM MEHBIIHMX 3HAYCHHH
(Romer, 1970Anacos u ap., 1986),u B3aumHas moj-
CTpO¥MKa MHIMBUIYaJbHBIX YaCTOT B3MAaxOB KPbLIbS-
MU B NIpoNopiuK 3.2 Ha KOHEYHBIX 3Tarax COMMKEHHs
camua u camku (Cator et al., 2009}13-3a TpyaHOCTEH
AKYCTHYECKOH PETHCTpalii 3BYKOB OT OTHEIBHBIX
oco0ell B poe HMCCIeJOBaHUS B3aUMHBIX IIEPECTPOEK
KOMapoB PeaIn30BaHbI TIOKA TOJIBKO B JIA0OPATOPUH U
B YCJIOBHSIX 3aKPETICHHOTO ITOJIETA.

B mamux omeitax camiel Cladotanytarsussp.

B MpejeNax HCCISIOBAHHOTO IHana3oHa JIEeMOH-
CTPHPOBAIN aJbTEPHATHBHBIC (OPMbI PEAKI[HIA:
TIOJIOKHUTEIBHBINA (DOHOTAKCUC TPH OJJHUX YaCTOTaX
crumynsinun (260—3201') u orpuiarenbHeiii (Ho-
Hotakcuc — mpu apyrux (140-200Tm). ¥V camios
KOMapoB JI0 HACTOSIIEr0 BPEMEHH ObLT M3BECTCH
TOJILKO OJIMH THI (POHOTAKCHCA — TOJIOKUTEITbHBIMH.
B mporiecce wuccienoBaHUs MPUBICKATEILHOCTH
AKYCTHYECKHX CTHMYJIOB OOJIBIIMHCTBO HCCIIEIOBA-
Tenel MO0 PErHCTPUPOBAIH YKHCIO 0COOCH, MojI-
JIETEBIIHX K aKYCTHYECKOMY HU3JTy4aTeli0 B IIEPHOLT
crumyisinuu (AnacoB u ap., 1986),5m60 npoBoau-
JIA TIOJCYET KOMapOB, MOMABIIHNX B JIOBYIIKY, pac-

HOJIOKEHHYIO psifoM ¢ mamydarenem (Ogawa, Sato,

1993; Hirabayashi, Nakamoto, 200Dju MeTos!
MO3BOJIAJIM OCHUTDH CTCIICHb ATTPAKTAHTHOCTU TCX
HJIM UHBIX CTUMYJIOB, HO C HMX IMOMOINBIKO HCJIb351
6]:1)10 OMPCACIUTD UX PCICIINICHTHOCTD.

B nameii pabore HabmoaTenu BU3yallbHO M C
MIOMOIIBIO BHJICO3aMICH (DUKCUPOBATIM BCE BBI3BAH-
HbIC CTUMYJIILIMEN BapHallMd B XapakTepe IoJieTa
POSIIMXCS HACEKOMBIX MPU YCIOBUHM MAacCCOBOCTH
oco0el, 3aTpOHYTHIX TaKUMHU H3MEHEHUsMH. Me-
Hee (OopMaTM30BaHHBIN MOJX0J] MO3BOIMI BBIICIUTH
yeTblpe (OpMBbI MOBEJCHUECKUX PEAKIM CaMIOB
Cladotanytarsusp. Ha 3ByK: MOJIOXKHTEIBHBIA U OT-
pHULIaTeNbHBIA (POHOTAKCHC, COTJIACOBaHHOE CMeIlle-
HHE POSIILIMXCSI HACEKOMBIX B MPOCTPAHCTBE U 3aME/I-
JIEHWE UX 1oJeTa. B 3Toil CBs3M Mpu MHTEpIIpETaln
JTAHHBIX CJIeyeT YYUTHIBaTh, UTO YCIIOBHE HaOIro-
JA€MOW OIHOTHUITHOCTH PEAKIUi OOJIBIIIOro Yucia
0co0eil B poe HEM30ESKHO MPUBOANT K 3aBBIIICHUIO
OLIEHKH MOBEIEHYECKUX MTOPOTOB.

B mporiecce akycTHUeCKOro TECTUPOBAHUS POEB
HaM He yJaJoCh TO0OUTHCA Mepexoaa OT OTpHUlla-

TEeTBHOTO (POHOTAKCUCA K TOJIOKUTEIBHOMY Y-
TE€M BapbHUPOBAHUS TOJBKO aMIUTUTYABI CTUMYJIOB.
DTO 00CTOATENBCTBO YKA3bIBACT HA CIIOCOOHOCTH
XUPOHOMUJ] PA3INYaTh CHUTHAIBI MO CIEKTPalib-
HOMY cocTaBy. (DU3HOJOTHYECKHE MPEINTOCHUIKI
BO3MOKHOCTH TaKOTO aHalHu3a paHee oOHapyxKe-
uel y npeacrasurencii Chironomidaes Culicidae.
B skcnepuMeHTax co CTUMYJISIIIMENH MOJOMBITHBIX
HACEKOMBIX aKyCTUYECKUMH CUTHAJIaMU B KOHTYpe
MOJIOKUTEIILHON 0OpaTHOM CBsI3W OBUIO MOKa3aHo,
YTO MHOTOYHCIIEHHBIE PELENTOPhl HKOHCTOHOBBIX
OpraHoOB ATHX HACEKOMBIX HACTPOEHBI Ha pa3HbIE
gacrotel (Jlammmu, 2013; Lapshin, Vorontsov,
2013).B 3Toii cBSI3M €CTECTBEHHO MPEIIOIOKHUTD,
YTO CHUTHAJBI C PA3HBIM CHEKTPATHHBIM COCTABOM
MOMUMO TIOJIOXKHUTENHHOTO (OHOTAKCHCA MOTYT
BBI3BIBATH Y CaMIIOB KOMapOB WHBIE ()OPMBI IO-
BEJICHUCCKUX OTBETOB (HampuMmep, MO aHAJOTHH
C M3yYCHHBIM HaMU BUJIOM, pEaKIMK N30eraHus).

Orpuuarensasiii hoHorakcuc Cladotanytarsusp.
TPETIONIOKUTEIIFHO SBISIETCS SJIEMEHTOM WX 3allT-
HOT'O TIOBEJICHUSI TIPU HANaJICHUH XUIIHUKOB. BBIOOD
KOHKPETHOTO YaCTOTHOTO JHara3oHa pearupoBaHMUSI
OTIPEIENSAeTCs, CKOpee BCEro, HE CTOJIBKO CIIEKTPalb-
HBIM COCTaBOM IllyMa MOJeTa MpUOIIKAIOIIErocs
KPYITHOTO HACEKOMOT'0, CKOJIbKO OIpaHUYeHHBIMU BO3-
MO>KHOCTSIMH @HTEHHOTO KOMILJIEKCa MEJIKMX HACeKO-
MBIX BOCIIPUHMMATh HU3KOYACTOTHBIE BOJIHBI Ha (poHe
€CTECTBEHHBIX 1TyMOB (pHc. 4).

Haubomnee mpocTbIM MaHEBPOM KEPTBBI, CHHU-
JKAIOUIUM BEPOSITHOCTh €€ TMOenu, SBIsSeTCs JBU-
JKeHHe BOOK OT IpearoyiaraéMoil TpaeKTOpHUH Io-
Jeta xuiHMKa. HampaBneHue, ¢ KOTOpOro McXo-
JUT OIMAaCHOCTh, MOXKHO OIPEAETIHUTD, JIOKAINU3YS B
MIPOCTPAHCTBE MCTOYHUK HHU3KOYACTOTHOIO MIyMa,
COTMPOBOXKIAIOMIETO MANIYIIHA TMOJIET KPYIMTHOTO
o0bekTa. MaccoBbIi pa3ieT XUPOHOMHU]T OT 30HBI

Yporens, 1b Y3]]

300 400 500 600
Yacrora, '

Puc. 4. HacToTHBIE COOTHOIICHHS MEXKIY MHMOBEACHUECCKOM
aynuorpammoii (puc. 3), criekTpoM aTMOC(HEPHBIX IIYMOB
W IEpBOM TapMOHMKOH 3Byka mosiera camioB Cladota
nytarsussp:1 — ycpenHeHHast 4aCTOTHO-[IOPOroBast KPHBasi,
2 — obmacth OTpHUIATENBFHOIO (HOHOTAKCHCA, 3 — 00JACTh
MOJIOKUTEHHOTO (OHOTAKCHCA, 4 — CIIEKTp aTMOC(HEpPHBIX
LIYMOB, 5 — CIEKTp MepBOil rApMOHKUKHU 3BYKa TIOJIETA.
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HanOOJbIIe TPOMKOCTH BHEIIHE JOJDKEH BBITJIS-
JIeTh KaK paclIMpeHre YacTd posi (pasayBaHUE post
3BYKOM). OTOT 3(pekT AelCTBUTEIHLHO HaOIIO1a-
Csl B HAIIIUX OTBITAX.

B sddexre cormacoBaHHOr0 cMeNIeHUsS XHPO-
HOMHJ] B OTBET HAa TPOMKYIO aKyCTHUECKYIO CTH-
MyJsiEio (puc. 2) IposiBHIACh CIIOCOOHOCTH Hace-
KOMBIX B pO€ JIBUTAThCSI C YUETOM OJTHOBPEMECHHO
JBYX OPHEHTHPOB (COJHIIE M MCTOYHHK aKyCTHYe-
CKOro curHasia). Bo3aMoXHO, 4TO cTpaTerus BbIOO-
pa HalpaBIICHHs IBUKCHUS B YCIOBUAX OOKOBOTO
MOJICBETa COJTHEUHBIMHU JIy4aMH OOJIerdaeT Koma-
paM cTaOWIM3alKI0 posi KaK €IMHOTO LEIOoro 3a
CUET BU3YAIBHBIX CBS3EH MEXIy OTICIBHBIMH OCO-
O0sMu. B 1ienom, B peakiusax 3THX HACEKOMBIX Ha
aKyCTHYECKHE CHTHAJbl HaOJII0JaJoCh HEKOTOPOe
CXOJICTBO CO CTaifHBIM TOBEJCHUEM pHIO MpH Ha-
nafgennu xumHukoB (Pamaxos, 1972).K srtoii xe
rpymnIe sSBJICHUA MOKHO OTHECTH AP (PEKT CHIKE-
HUs ckopoctu posinmxcs Cladotanytarsussp. na
(oHE aKyCTUYECKON CTHMYJISILIMH. B YCIIOBUSX OMO-
JIOTMYECKON HEOINPENeIICHHOCTH MPEIbIBISEMbIX
CHTHAJIOB HACEKOMBIE, TeM HE MEHEe, HaXOIUIIUCh
B COCTOSIHUY TIOBBIIICHHOW T'OTOBHOCTH K aKTHBHO-
My MaHEBPHPOBAHHUIO.

Henp3st Takke UCKIIIOYHTH, YTO PEAKIUHU H30e-
TaHWs BO3HUKAIIN Y XUPOHOMUJI BCIICCTBHE aKTH-

Ballid MEXaHW3Ma PENPOIYKTHBHOW W3OJALUH C
cUMITaTpuIeckumMu Buamu. OHAKO JTaHHBIE O CIIeK-
TPAJTBHBIX TTApaMeTpax 3BYKOB MOJIETa MPEACTaBUTE-
JIel IpyruX HACEKOMBIX, POSIIIXCST OJJHOBPEMEHHO C
Cladotanytarsusp.,moka OTCyTCTBYIOT.

Takum 00pa3oM, Ha OCHOBAaHHMH PE3YJIHTATOB
akyctuueckoro tecrupoBanus Cladotanytarsussp.
MOJKHO C/IeJIaTh TP OCHOBHBIX BBIBOJIA:

1) camier Cladotanytarsusp.crnocoOHbI BOC-
MPUHUMATh HU3KOYaCTOTHBIC aKYCTHYECKUE CHT-
HaJIbl; MUHUMAJIbHBIE TIOPOTH PEAKLIMI CaMIIOB HA
3BYK (B cpenreM 45 b V3]1) 3apeructprpoBaHbl B
nmuara3zone gyactor 280-320w;

2) npu UIBSMCHCHUU YaCTOTHI 3alIOJTHCHUA TO-
HaJIbHBIX cTUMYJ0B 0T 14010 3201 3HaK oHO-
TaKCHCa y CaMIIOB MCHACTCA OT OTPULATCIIBHOIO K
HOJIO)KI/ITCHBHOMY;

3) YacTOTHYI OOYCIIOBJICHHOCThH IOBEICHYE-
ckux peakiuii Cladotanytarsusp. MoxxHo 00b-
SICHUTBH CIIOCOOHOCTBIO 3THX HACEKOMBIX K CIEK-
TPajlbHOMY aHAJIU3Y aKYyCTHYECKUX CUTHAJIOB.

ABTOpBI BbIpa)kaeT 0J1arofapHOCTh KaHA. OHOIL.
nayk Enene Jlykamesuy ([TaseoHTOMOrHYCCKUi HH-
crutyt PAH) u noxropy Bukropy bapanoy (Leibniz
Institute for Freshwater Ecology and Inland
Fisheries)sa onpeneneHre TakCOHOMHUYECKOM TPH-
HAJUTC)KHOCTH 00BEKTOB MCCIICIOBAHUS.
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BEHAVIORAL RESPONSES OF SWARMING CHIRONOMIDS
CLADOTANYTARSUS SP. (CHIRONOMIDAE, DIPTERA) TO ACOUSTIC
STIMULATION

M.B.AdaeV}, VD. Grinchenkd, G.A. Gruzde¥, D.N. Lapshirf

The responses of small swarming midg#adotanytarsus sgChironomidae, Diptera) to
acoustic stimulation were investigated in natualditions. Behavioural phonotactic thresholds
were established as a function of carrier frequémdkie range 100-600 Hz. Sounds of 260-320 Hz
caused the shift of the swarm to the source ofuddition (positive phonotaxis) while at 140-200 Hz
the sign of phonotaxis was negative. Minimal thodd$ (45 dB SPL on average) were recorded at
280-320 Hz. Frequency selectivity of chironomid dgbral responses can be explained by the
ability to analyse the spectrum of sounds.

Key words. Chironomidae Cladotanytarsusmidges, intraspeciffic communication, frequency
tuning.
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