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Omnoporeopenne Horoxsoctok (Collembola)

Jlump BO BTOPOH TNOJIOBHHE HAIIErQ BeKa ObLIO MOKA3aHO, 4TO Y Hije-
HucTOGproxHx HoroxsocTok Collembola-Arthropleona umeer mecto THIDHY-
HOE «HADYIKHO-BHYTpeHHee» (B Pa3BUTOM MHOIO IIOHHMAaHHH) OCeMeHeHHe,
npoucxoasiuiee 0e3 BCAKOTO cnapubaHusd *. CaMUbl uepes ONnpeneJeHHble HH-
TepPBAJIE BPEMEHH OTKJAILIBAIOT MHOTOUHC/IEHHBIE KATEJbKH CEMEHHOH KHI-
KOCTH Ha cTebenpkax, HOZ0oOHO TOMY, Kak 3T0 HAOAIOLaeTcs Vv OpuUbaTHA H
cumbun. ¥ Orchesella villosa omun caMen MoxKeT 0OTJa0xHTb o 300 Ta-
KHX TPUMHTHBHBIX crnepmaTtotdopos (Schaller, 1952, 1953) ** — noBepxHOCTh
cyberpara (NMOYBHI MM CTEHKH HOJOCTH IIOUBBI) MOXKET OBITL yCedHa HMH.
AKTHBHOe 3axBaThiBaHHe ciepMaTohopoB caMKaMmu (puc. 87, /) MOKeT Ipo-
HCXOIHTH W B OTCYTCTBHe camiuoB. CaMIpl e, XOTS OTK/IalbIBAIOT B
[IPUCYTCTBHH CAMKH HECKOJBbKO OoJblle crnepMaTtodopos, peryiaspHO OTK/Ia-
OBIBAIOT HX W 6e3 caMOK, T. €. Yy HOTOXBOCTOK 3TOH TPYNIBl SBHO BHIPA-
JKeHHOe HellpSMOe HapYKHO-BHYTPEHHEe OMJIOLOTBOPEHHE.

3axBaTHBag [OJOBEIM OTBepcTHeM crepmMarTodop, camMKka BbAeldseMoi U3
IOJOBOTO OTBEPCTHS KHAKOCTBIO, BEPOSITHO, PACTBOPAET €ro O0O00JMOUKY.
Camku He BHIOHDPAIOT cnepMaTodOpPOB, ONJIOLOTBOPEeHHE OOeCcleyHBaeTcs
O0JIbIIHM KOIHUeCTBOM cnepMatodopoB, BeTpeuaeMBIX caMKaMmu IpH Gecro-
PANOYHOM [ABHKEHHH [0 cyGerpary. TeHOeHNIHsS HOTOXBOCTOK K MacCOBBIM
CKOILICHUAM B MEPHOJ| PA3MHOMKEHHS YBEJHUHBAeT BepPOATHOCTH TAKOTO He-
TNPAMOTO BHYTPEHHErO OIIOLOTBOPEHHUS.

B orHomennu cxpuroxuBymux Onychiuridae mmeeTcss yxasanwe, uT0 ¥
HuX cmepmatodopel HecreGenruaTele (Mayer, 1956), Ho, no-BHZHMOMY
(Schliwa, 1965), creGesek y HHX eCTh, TOJALKO CHJIBHO YKOPOUEHHBIH.

Y OKHBYWIMX Ha BOJHON INIOBEPXHOCTH HPYLOB (HA IJICHKE [OBEPXHOCT-
Horo Harsxenus) Podura aquatica caMibl OTKIaJbIBAIOT HAa TOBEPXHOCTH
BOIB cTefesabuaTsie ciepmMatodOpbl Ha «IOMIABKAX», NPeIBAPHTENBHO OILY-
Nap caMKy, 4 3aTeM TOJKAT CaMKy Ha OTJ0MKEeHHble crnepMaTodopbl, Kak
noxkaszano Ha pue. 87, 2 (Schliwa u. Schaller, 1963; Schliwa, 1965).
Takoe moseneHue He CBONCTBEHHO UYJAeHHCTOGPIOXHM HOTOXBOCTKAM (4TO

* BeICKa3HBABIIHECs paHEe HPENNONOXKEHHS O BHYTPEHHEM OINIONOTBOPEHHH HOPOXBO-
ctok (Willem, 1925; Strebel, 1932) u no sroro nomeepraiuchk coMmuennio (Stefani, 1953, u
ﬂp_), TaK KaK y 3THX HACEKOMEIX HET HHKaKHX KONYJIATHBHBIX OpFaHOB.

** CxolHad OTKJalka crnepMatodopoB onucana jaisa Jomocerus vulgaris (Schaller,
1953), mna Orchesella cincta (Poggendorf, 1956) u npyrux BEnoB.
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OnnopoTtBopeHune HoroxBocTok (Collembola)

JIMwb BO BTOPOI NOMOBUHE HALLEro Beka ObIfio NokasaHo, YTo Y Yiie- HUICTOOPHOXMX HOFOXBOCTOK
Collembola-Arthropleona nmeeT MecTo TUNMY- HOE «HApPYXHO-BHYTPEHHEE» (B Pa3BUTOM MHOK NMOHUMAHUN)
oceMeHeHue, npovcxoasilee 6e3 Bcskoro cnapusarms *. CamMubl Yepes onpeaenieHHble NH- TepBaribl BpeMeHu
OTKMaablBatT MHOMOYMUCIIEHHBIE Kanesrlbkv CEMEHHOM Xna- KOCTU Ha cTebenbkax, NoAgo6HO ToMy, Kak 3T
Habnopaetcs y opubatng n cumcbun. Y Orchesella villosa oguH camen, moxeT otnoxutb o 300 Ta- Knx
npuMUTKBHBIX cnepmatodopoB (Schaller, 1952, 1953) ** noBepxHOCTb cybcTpaTa (MOYBbI UMW CTEHKM MOMOCTH
no4Bbl) MOXET ObITb ycesiHa MU, AKTUBHOE 3axBaTblBaHWe crnepmatodopoB camkamu (puc. 87,

Fertilization of the springtail (Collembola)

Only in the second half of our century was it shown that in the arthropod-bellied springtails

|II

Collembola-Arthropleona, a typical “external-internal” (in the understanding ‘ developed)’ insemination
takes place, occurring without any mateing *. Males deposit numerous droplets of
seminal fluid on the stalks at certain intervals, similar to what is observed in oribatids and symphyla. In

Orchesella villosa, one male can lay up to 300 such primitive spermatophores (Schaller, 1952, 1953) **



the surface of the substrate (soil or the wall of a soil cavity) can be dotted with them. Active

capture of spermatophores by females (Fig. 87)

1) moxeT npo- U B otcyTcTBue camuoB. Camubl e, XOTS OTKNaAbiBaloT NPUCYTCTBMU CaMKN HECKONBbKO OonbLue
crnepmaTtodopoB, perynsapHoO oTkna- AblBatoT UX 1 6e3 camok, T. €. Y HOFOXBOCTOK 3TOW rpynnbl ABHO Bblpa- XeHHOe
HenpsiMoe Hapy»XHO-BHYTPEHHee OMroA0TBOPEHNE.

Ucxonuts

1) may be due to the absence of males. Males, although they lay slightly more spermatophores in the
presence of a female, regularly lay them without females, i.e., springtails of this group have clearly

expressed indirect external-internal fertilization.

B

3axBaTbiBasi MOMOBLIM OTBEPCTMEM CMEPMaTodop, CamKa BblAeNnsieMOoin U3 NOMOBOr0 OTBEPCTUS XKUAKOCTbIO,
BEPOSATHO, pacTBopsieT ero 060504Ky. Camku He BbiIGMpatoT criepMaTodopoB, ONoA0TBOpeHne obecneyrBaeTcs
GOorbLIMM KONMUYECTBOM CriepMaToopoB, BCTpeYaeMbIx camMmkaMu npu 6ecrno- psaodHOM OBMKEHUN Mo cyGeTpary.
TeHaeHUMA HOrOXBOCTOK K MacCOBbLIM CKOMMEHUSIM B NEPUOL Pa3MHOXEHUS yBEeNMUYNBaET BEPOSATHOCTb Takoro He-
MPSIMOro BHYTPEHHEro OrMnoA0TBOPEHMSI.

B

By capturing a spermatophore with the genital opening, the female probably dissolves its membrane with the liquid
secreted from the genital opening. Females do not choose spermatophores; fertilization is ensured by a large number
of spermatophores encountered by females during random movement along the substrate. The tendency of
springtails to congregate en masse during the breeding season increases the likelihood of such indirect internal
fertilization.

B oTHOLWweHuK ckpbiToxmByLwmnx Onychiuridae nmeeTcs ykasaHue, 4To y HUX cnepmatodopbl Hectebenbyateie (Mayer,
1956), Ho, no-Bugumomy (Schliwa, 1965), ctebenek y H1X eCTb, TONbKO CUITbHO YKOPOYEHHbIN.

Y KUBYLLMX HA BOOHOW NOBEPXHOCTM NPYAOB (Ha NMeHKe MOBEPXHOCT- HOrO HaTskeHus) Podura aquatica camupl
OTKNaablBalT Ha NOBEPXHOCTU BOAbl cTebenbyaTblie crnepMaTodopbl Ha «MonaBkaxy, NpeaBapuTENbHO OLLy- NaB
CaMKy, a 3aTeM TOJKalT CaMKy Ha OTNOXEHHbIe crnepMaTtodopsbl, Kak nokasaHo Ha puc. 87, 2 (Schliwa u. Schaller,
1963; Schliwa, 1965). Takoe noBegeHe He CBOMCTBEHHO YINIEHUCTOOPIOXMM HOrOXBOCTKaM (4TO noaTBepXaaeT
BbIBOAbI MHOTUX CCTEMAaTUKOB 06 060cobrneHHOM nonoxeHunu p. Podura B cucteme konnembor), HO HanoMuHaeT
noBefeHne CIIMTHODOPH-XMX HOTOXBOCTOK.

Regarding the secretive Onychiuridae, there is an indication that their spermatophores are not stalked (Mayer, 1956),
but, apparently (Schliwa, 1965), they have a stalk, only a very shortened one.

In Podura aquatica living on the water surface of ponds (on a surface tension film), males lay stalk-shaped
spermatophores on “floats” on the surface of the water, having first felt the female, and then push the female onto the
deposited spermatophores, as shown in Fig. 87, 2 (Schliwa and Schaller, 1963; Schliwa, 1965). This behavior is not
characteristic of arthroplasty springtails (which confirms the conclusions of many taxonomists about the isolated
position of the river dwelling Podura in the springtail system), but resembles the behavior of a fused belly giggle (?)
springtail.



Fig 87

Puc. 87. QOcemenenne KosemGou

T — Orchesella sp.; a — camel OTKJIaZBIBAET CIEPMATOMOD, 6 — camka noxbupaer cmepmarodop; 2 — To-

BefeHne Podura aguatica mpwm oTKiajke ciuepmatodhopoe (cn.); § — camen, HoroxsocTku Sminthurides

aquaticus, CXBATHB 4HTEHHAMH CaMKY, OTKJagblBaeT cnepmarodop (/ — u3 Tuaspopa, 1958; 2 — mo
Schiiwa, 1965; 3 — no Schaller, 1962)

MOATBEPIKNAET BbIBOALI MHOTHMX CHCTEMATHKOB 006 060COBJEHHOM M0JIOKEHHH
p. Podura B cucreMe KOIIEMGOM), HO HANOMHHAET MOBENCHHE CIUTHOBPIO-
XHX HOTOXBOCTOK.

Y CauTHOGDIOXHX HOTOXBOCTOK (Collembola-Symphypleona) na6momna-
€TCsl cnapuBaHHe; Aas ceMm. Sminthuridae xapaxrepen paxe mosoBoi
AUMOP(H3M, Y CaMUOB, Hampumep p. Sminihurus, passBuThl xBaTaTeJbHBIE
AHTEHHBI, KOTOPHIMH, KaK 3T0 OBLIO LaBHO H3BECTHO, CaMel XBATAET 34 AHTeH-
Hbl CTOJINYIO HANPOTHB caMKy (puc. 87, 3). Ommako 1O TIOC/AeAHEro Bpe-
MEHH caMblii MpoLecc OMIoA0oTBOpeHHs Sminthuridae 6611 HensBecTeH U JuIb
HEJaBHO BBIACHUIIOCH, YTO M y HHX cliepmMaToopHoe ommogorsopenue. Crep-
MaToQOpsl y CMUHTYDHA, HANPUMep y Sminthurus fuscus, HECYT He TOJIyIO
Kammo cmepmel, kak y Arthropleona, a sampmennyio 06010uKoi, 4TO NOHAT-
HO B CBfA3H ¢ §oJiee OTKPHITLIM 00pasoM KH3HH.

Xots1 caMibl CMUHTYPHI H OTK/IafBBAIOT Ha CYGCTpaT cnepmaTtodopsl B
OTCYTCTBHE CAMOK, HX IO/IOBAA MPOAYKUHMS TIPH HAJMYHH CAMOK De3Ko
BO3pacraer; oOBIYHO HAGMIOLAETCS OIIYNBIBAHHE CAMKH CAMIOM IEpel OT-
KTalKoH HM cTeBenbuaToro cmepmMatodopa B TEpHO pasmHoxenusa (L
cyrtoming, Sminthurus, Allacma u gp.). Y HeKOTODHIX BHIOB (Sminthu-
rides aquaticus) mepefada crepMatoopa IPOTEKAET CXOAHO C TAKOEOIl y
CKOPIHOHOB U JoxHOcKopmuoHos (H. Mayer, 1956, 1957); y camuos ecTsb
[PUCIOCOGICHHE K YePKHBAHHIO AHTEHHAMH YCHKOB caMKH (puc. 87, 3).

Taxiy o6pasoM, B NMpefesax CHCTEMATHYECKH XOPOIIO 0o4epuHBaeMoil
rpynnet Collembola ficHo mpoc/eKuBAETCS NEPEXOL OT HeH3GHPATEbHOTO
HapyKHO-BHYTPEHHETO OMIOJOTBOPEHHS C pacceHBaHHEM cnepmaTohopor
cy6eTpaTy B OTCYTCTBHE CaMOK (y TECHEe CBSI3AHHBIX ¢ MOYBOM
K HapYHHO-BHYTPERHEMY H3OADITEAbHOMY OHTOXOTBOD:

HUH (V BBIXOAAUIHX H3 IOYBE (0pMm). BECHOPIAOYHOE paccenBanme cnep-
MaTo(OpPOB, XapakTepHoe A7 GOJBLUIAHCTBA HOTOXBOCTOK, BO3MOMKHO TOJb-
KO B Cpele, BO3AyX B KOTODOH HacCbillleH BOAAHEIMH NapaMu (IOYEBa, THH-
J1as JPEBECHHA U [PYrHe CXOAHbIE [0 (M3HYECKHM YCIOBHAM CyGCTpPATH).
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1 - Orchesella sp.; a - the male lays a spermatophore, b - the female picks up the spermatophore; 2 - behavior of
Podura aquatica during the laying of spermatophores (sp.); 3 - the male springtail Sminthurides aquaticus, having
grabbed the female with his antennae, lays a spermatophore (1 - from Gilyarov, 1958; 2 - according to Schliwa, 1965;

3 - according to Schaller, 1962)



Y cnutHoGproxux HoroxBocTok (Collembola-Symphypleona) Habntoga- eTcsa cnapuaHue; ans cem. Sminthuridae
XapakTepeH gaxe nonosou AuMopdur3m, y caMLuoB, Hanpumep p. Sminthurus, pa3BuTbl xBaTaTernbHble aHTEHHbI,
KOTOPbIMU, KaK 3TO 6bINo AaBHO N3BECTHO, CaMeL, XBaTaeT 3a aHTEeH- Hbl CTOSALLYI0 HAanpoTuB camky (puc. 87, 3).
OpHako [0 nocnegHero Bpe- MEHU camblii NpoLecc onnogoTeopeHus Sminthuridae Gbin HEM3BECTEH 1 NULLb
HEe[aBHO BbISICHUMOCH, YTO U Y HUX criepMaTodOopHoe onnogoTBopeHne. Cnep- Matodopbl y CMUHTYpUA, Hanpumep y
Sminthurus fuscus, HecyT He ronyto kannto cnepmel, kak y Arthropleona, a 3awWwuiLeHHy0 000MO4KON, YTO MOHSIT- HO B
cBsi3u ¢ 6onee OTKPbITbIM 06Pa3oM >KM3HW.

Mating is observed in the springtails (Collembola-Symphypleona); for family Sminthuridae is even characterized by
sexual dimorphism; in males, for example, r. Sminthurus, grasping antennae are developed, with which, as has long
been known, the male grabs the female standing opposite by the antennae (Fig. 87, 3). However, until recently, the
very process of fertilization in Sminthuridae was unknown, and only recently it became clear that they also have
spermatophore fertilization. Spermatophores in sminthurids, for example in Sminthurus fuscus, do not carry a naked
drop of sperm, as in Arthropleona, but protected by a membrane, which is understandable in connection with a more
open lifestyle.

XoTs caMIlbl CMUHTYPHJT M OTKJIaIBIBAIOT Ha CyOCTpaT criepMaToopsl B OTCYTCTBHE CaMOK, MX IIOJIOBAs TPOAYKIIMS IIPU
HAJIMYUM CAMOK PE3KO BO3PACTAeT; 0OBIYHO HAOIIONACTCS OLLYIIbIBAHIE CAMKHU CaMIIOM IIepeJl OT- KJIAJKOH UM cTe0ebaaToro
criepmarodopa B niepuox pasmuoxenus (L cyrtomina, Sminthurus, Allacra u 1p.). ¥ Hekotopsix Buios (Sminthu- rides
aquaticus) nepezada criepmarodopa NpoTeKaeT CXOAHO ¢ TAKOBOH y CKOPIIMOHOB 1 soxkHOcKoprronos (H. Mayer, 1956, 1957); y
CaMIIOB €CTh MPHUCIIOCOOICHNE K YACP)KUBAHUIO aHTEHHAMH YCUKOB caMKH (puc. 87,3).

Although males of sminthurids lay spermatophores on the substrate in the absence of females, their sexual production increases
sharply in the presence of females; Usually, the male feels the female before laying a stalked spermatophore during the breeding
season (L cyrtomina, Sminthurus, Allacta, etc.). In some species (Sminthumrides aquaticus), spermatophore transfer proceeds
similar to that in scorpions and pseudoscorpions (N. Mayer, 1956, 1957); males have an adaptation to holding the female’s
antennae with their antennae (Fig. 87.3).

Takvum obpasom, B npeenax cucremaTtuyecky XopoLuo odepynsaemoit rpynmnsl Collembola sicHo npocnexuBaetcs
nepexopn oT Hen3bupaTenbHOro Hapy>XHO-BHYTPEHHETO ONIOAOTBOPEHUS C paccenBaHMeM crnepmaTodopoB no
cybeTpaty B OTCyTCTBME CaMOK (Y TECHEE CBSI3aHHbIX C NMOYBOM POPM K HapY>KHO-BHYTPEHHEMY nsbupaTtensHomy
ONMOAOTBOPEHMIO MPK cnapuBa- HuM (y BbIXOALWMX U3 noyBbl (hopm). BecnopsagovHoe paccevBaHue cnep-
MaToopoB, XxapakTepHoe Anst 6oMbLINHCTBA HOFOXBOCTOK, BO3MOXHO TOIb- KO B CPeAe, BO3AyX B KOTOPOW HaCbILLEH
BOASAHbIMM Napamu (MoYBa, rHu- nasi ApeBecrHa 1 gpyrme cxogHble no uanyecknM ycrnoBusm cybeTparhl).

Thus, within the systematically well-defined Collembola group, a transition from non-selective external-internal
fertilization with the dispersion of spermatophores over the substrate in the absence of females (in forms closely
associated with the soil) to external-internal selective fertilization during mating (in forms emerging from the soil) is
clearly visible. Random dispersion of spermatophores, characteristic of most springtails, is possible only in an
environment in which the air is saturated with water vapor (soil, rotten wood and other substrates with similar physical
conditions).

* BpICKa3bIBABIIUECS PaHEE MPEANIOIOKEHHS O BHYTPEHHEM OILUIOJ0TBOPEHHIH HOroxBo- cTok (Willem, 1925; Strebel, 1932) u no
9TOTO MozIBepranuch comHenuro (Stefani, 1953, u 1p.), Tak KaKk y 3TUX HACEKOMBIX HET HUKAKHUX KOITYJIITHBHBIX OPTaHOB.

** CxomHas OTkJamka crnepmMarodopor onmcaHa mna Tomocerus vulgaris (Schaller, 1953), mns
Orchesella cincta (Poggendorf, 1956) um Opyrmux BMUIOB.

* Previously expressed assumptions about internal fertilization of springtails
(Willem, 1925; Strebel, 1932) were questioned before (Stefani, 1953, etc.), since
these insects do not have any copulatory organs.

** Similar spermatophore laying has been described for Tomocerus vulgaris (Schaller,
1953), for Orchesella cincta (Poggendorf, 1956) and other species.
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