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CTPATErnn 3BONNIOLIUOHHOIO
YCNEXA HACEKOMbIX

A.T1. PacHuupiH, Nnpod., 4. 6. H.
ManeoHTonornyeckuin MHCTUTYT UM. A. A. Bopucsaka PAH, r. Mocksa

Hacexomble — camast ycrienHas Tpymiia >KHBbIX OPTaHU3MOB: HX ONHCAHO
Oosiee MIJUTMOHA BUAOB — 4/5 BCeX WICHUCTOHOTUX U 2/3 BceX KUBOTHBIX. [pu-
YHHBI 3TOT0 HEOUEBHIHBI U 3aCIY)KUBAIOT 00CYXKIICHHUSI.

[lepBudHOGECKPHLIBIE HACEKOMBIE HE O0Jiee pa3HOOOPa3HBI M YCIEITHEI, YeM
MOKpHIIBL. DTO 3HAYHT, YTO JIEJI0 B KpbUIbsX. KoHeuHO, He ToJbko Pterygota ymeror
JIeTaTb, HO OHU TIOTIANIM B CaMyIo OaronpusTHYIO pasMepHyto Humry. CyOMmummeT-
poBbIe (POPMBI CKOpEE IJIABAIOT B BO3/LyXE, YEM JICTAIOT, @ T€, YTO BECST JAJIEKO 32 KH-
JIOTpaMM, IPUOIIIKAIOTCS K BEPXHEMY TTOpPOTry 3(h(h)eKTHUBHOCTH MAIIyIIEro Imojera.
Pa3Hble rpynibl KppIIaThIX HACEKOMBIX OBUIH YCIEIIHBI B OY€Hb Pa3HON CTEIICHH,

W HaM Ba)KHO 3HATh rouyemMy. Ha Mo# B3IIs1, 1e710 B TOM, 4TO OOpeTeHHe MoeTa
HE TOJIBKO J1aBajio OOJBIINE MPEUMYIIECTBA, HO M CO3/1JI0 HACEKOMBIM CBOH IIPO-
6rnembl. KTo 1 kak ux perai — 310 1 Obu1 BEIOOp cTpareruu ycrexa. Mnm Heycnexa.

HawubGomneIrero ycnexa JOCTUIIN YETHIPE OTPsAa HACEKOMBIX C TIOJHBIM
npespaiieHueM: xkyku (392415 Bunos), 6abouku (158 570 Bum0B), NIBYKpbLIbIE
(160591 Bun) u nepenonyarokpsuisie (155517 Bunos). [Ipubmmxarorcst K HUIM
BCETO /IBa OTPsI/Ia HACEKOMBIX C HETIOJIHBIM IIPEBPAIIEHUEM: NTOIY>KECTKOKPBLIbIE
n paBHOKpbLIbIe (104 165 BuoB) n npsiMmokpsLibie (24481 Bun).

Yenex HaCeKOMBIX € TTOJHBIM IIPEBPAIEHIEM yKa3bIBa€eT, 4TO CII0CO0 pa3BH-
TSI 0COOEHHO BayKEH JIJIs DBOJIFOLIMOHHOTO yCIexa, II0TOMY 4TO IpolJieMa, BCTaBIIast
Triepesi HACEKOMBIMU C TTOSIBIICHUEM KPBUIBEB, — HEOOXOIMMOCTh OIITHMH3ALINN
oHTOreHe3a. Kpbuiarsie 1 6€CKpPBIIbIE CTaJUU KUBYT B COBEPIIEHHO Pa3HbIX yCIOBHU-
SIX ¥ TIOATOMY JJOJDKHBI IMETh Pa3HbIe aJanTaiyn. A nepecTpoiKa ¢ OHOH CHCTEMBI
aZianTauii Ha Jpyryro — AEJI0 OYEHb 3aTpatHoe. MOKHO COKOHOMUTD Ha MEPECTpOi-
ke (Meramop¢o3e), MoTepsB Ha MPUCTIOCOOIEHHOCTH OECKPBUIBIX CTAANI, HO 3TO
MPOXOJIUT C YCIIEXOM TOJBKO ITPU UX CKPBITOM 00pa3e KU3HHU (TapaKaHbl, TEPMHUTBHI
U T.11.). YCIieX Ha 3TOM IIyTH BO3MOXKEH TaKXKe C MPUOOPETEHUEM CHelHalbHBIX
CII0CcO0OB 3alINTHI, aKTYaJIbHBIX JUIS BCEX CTaJui (IIPHDKOK Y MPSMOKPBUIBIX U IH-
KaJI0K, ITaxy4He >kese3bl y KIonoB). [loMoraer u yxos B mapa3uTH3M, B TOM YHCIIE
W Ha PacTEHHUSIX, — OCOOEHHO €CIIH eIle U T10]] 3aIUTy MypaBbeB (y Tiiei). MoxHO
PaIvKaILHO C3KOHOMUTD HA METaMop(o3e, OTKA3aBILIKCh OT IIOJIETA M KPBUILEB: 3TO
JieTIajli MHOTHE, HO YCIieX ObLT OrpaHH4YEeHHBIM.

Hanexxnee okazanoch cOBCEM HE SKOHOMUTB: yCIIEX ITPUHECIIO TTOJTHOE
IpeBpalleHne — HE3aBUCHMAs afanTalusl CTaJui pa3BUTHSA, TyCTh JaKe [IEHOH
MX MaKCUMaJIbHON TUBEPIeHIIUH U, COOTBETCTBEHHO, MAKCUMAJILHBIX 3aTpaT Ha Me-
Tamopo3. YermemHsl B 3ToM O0butH He Bce Holometabola, ycnex npuimen He cpasy,
Y IOCTUTHYTbH €ro TI03BOJIMJIM OY€Hb Pa3HbIe KOMIUIEKCHI afganTauuii. Uto ynanoch
HE BCEM, 3TO OYEBUIHO: U3 11 COBPEMEHHBIX OTPSOB HACEKOMBIX C ITOJHBIM
MpeBpalleHUEM YEThIpe cynepruranta — 370 80% BceX HaCEKOMBIX, a OCTAIILHBIC
ceMb — TosbKO 20%. A 4TO ycrex NpHIes He cpasy, BUIHO 110 H3MEHEHHIO POJIH
YEeThIPEX HBIHEITHNX CYNEPrUraHTOB BO BPEMEHH: B epMH uX 2%, B 1ope yxe 77 %,
a ceifuac mourtH cToisbko ke (81%), HO ¢ mepepacnpenesieHHeM polieii: mepernonya-
TOKPBUTBIE YCTYITHIIN TaBICHUIO 0a00veK.

Tak 4TO ke MO3BONIIIO KyKaM, 0aboukam, IBYKPBUIBIM U TIEPEOHYATO-
KPBUIBIM CTaTh cynepruranramu? [IpuduHa S5BOMIOIMOHHOTO yCIeXa IByKPBUIBIX,
KOMIICHCHPOBABILIAsl 3aTPaTHOCTh OHTOT€HE3a, — (PaHTACTHIECKOE COBEPIIEHCTBO
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TIOJIETa C TPEAENFHOM OIMroMepu3alel ero MexaHu3Ma 1 puoopeTeHueM
Ky KKaJlell — COBEPIIEHHOTO CTa0mim3aTopa mojera. M koHedHO, ClIoCOOHOCTh
UX JTHYUHOK JKUTH T7I€ YTOAHO, XOTh B HE(TH, M IUTATHCS 4eM Ioraio. babouku
OKa3aJIUCh YANBUTEIBHO 3(D(EKTUBHBIMU B POJIH TPBIBYIIMX (HLIOharos —
CHavaja Ha TIOKPBITOCEMEHHBIX, a 3aTeM W Ha XBOWHBIX PACTCHILIX. YCIEX UM
JTOTIOJTHUTEIBHO 00CCIICUHIT YTy HUaThIi TOKPOB — TEPMOU3O0JISTOP, 00JIervaro-
it OBICTPBIN Pa30TPEB U B3IIET, M IOBEPXHOCTH, TOMOTAIOMIAs YITH OT CaMbIX pa3-
HbIX XUITHUKOB U OT IMPUJIHUIIAHNA, B TOM YHCJIC K TAyTUHE. J4! KOHCYHO, KaMy(I)J'[fDK.
JKyxu nonuti Ha KOMIPOMHUCC ¥ 003aBEIHCh HAJIKPBUIBSIMH: OHU 3aTPYIHSIOT TIOJIET,
HO TIO3BOJISIIOT, HE TePsis €T0, YHTH B CyOCTpaT M KUTh BMECTE C IMYMHKAMH, JTAKE
CTaTh Ha HUX HEMHOTO TIOXOKMMH M TEM YMEHBIIUTH 00beM MeTamopdo3sa.
[epenoHYaTOKPBUIBIE TOXKE YMEHBIIIH 006eM MeTaMop(o3a,
HO PaJIMKaJIbHO M COBCEM MHAaue, YeM JIpyriue HaCEKOMbIC: OHU CAEJIaIH JINYNHKY
ITOXOKEeH Ha SMOPHOH, IS YeTO MM MPHIILIOCH CTaTh Mapa3uTaMu. 31ech mpsMast
AQHAJIOTHUS C MIIEKOTIUTAIOIINMHE, ¥ KOTOPBIX, IPaBAa, MIIAJACHEI] Tapa3suTupyeT
Ha cOOCTBEHHOW MaTepH. M 1yt 3TOro nmepenoH4YaToKphLIbIM HPUIUIOCH CTATh
MTOYTH TAKUMH K€ YMHBIMHU, KK MJICKOTIUTAIONIHE. A B KOHEYHOM HTOTE Y OHOTO
13 MeJTRYalMX Hae3MHUKOB (Prestwichia aquatica Lubbock, 1864, Mymaridae)
pa3BUTHE CTAIIO MPSIMBIM, 0e3 Bcakoro Meramopgo3a. [Togemy 310 He cTano Kirto-
YOM K HOBOMY I'paHIMO3HOMY IPOPBIBY — MOXKET, IPOCTO BPEMEHH HE XBaTHUIIO?
He o0s13arensHO 1e510 IMEHHO B O4€Hb MEJIKUX pa3Mepax IMPEeCTBUYUH: 10 OTPHI-
BOYHBIM JTaHHBIM, MEIOHOCHAS ITYelia TOXKE ITOIIUIA TI0 3TOMY ITyTH, XOTS U HE TaK
nanexo. Ho anmumosnoru 3aHsaThl IpyrMMU BaKHBIMH JieflaMid — J10 MeTaMopdo3a
ITYETIBl Y HUX PYKH HE TOXOIST.

. SUMMARY

STRATEGIES OF INSECT EVOLUTIONARY SUCCESS

A.P. Rasnitsyn, Prof., D. Sc. (Bio)
Borisiak Paleontological Institute of RAS, Moscow, Russia

Insects are the most diverse group of living organisms: more than
a million species are described which accounts for 4/5 of all arthropods and 2/3
of animals. The reasons for their success are not obvious and deserve discussion.
Apterygota, primary wingless insects, are no more diverse and successful
than woodlice. Therefore, the success is all about wings. Of course, not only
Pterygota can fly, but they have occupied the most favorable dimensional niche.
Animals of sub-millimeter size are floating in the air rather than flying, and those
weighing far above a kilo are approaching the upper threshold of the flapping flight
efficiency. Different groups of winged insects have been successful to varying
degrees, and it is of importance to understand the underlying reasons. In my opinion,
the ability to fly not only presented great advantages, but also created problems for
insects. Solving them differently, they created the strategies of success. Or failure.
Four orders with complete metamorphosis are the most successful among
insects: the beetles with their 392 415 species, butterflies (158 570 species),
dipterans (160 591 species) and hymenopterans (155 517 species). Only two
orders with incomplete metamorphosis approach them: Hemiptera (104 165
species) and Orthoptera (24 481 species).
The success of Holometabola indicates that the form of ontogenesis
is particularly important for evolutionary success, because it was the very emergence
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of wings that forced the insects to optimize the ontogenesis. Winged and wingless
stages live in substantially different environments and therefore need different
adaptations, while the transformation from one system of adaptations into another

is very costly. They could save on transformation (metamorphosis) by decreasing
the fitness of wingless stage, but this only suited a cryptic lifestyle (cockroaches,
termites, etc.). This strategy can also be successful with the acquisition of protection
methods that are relevant for all stages (jumping in Orthoptera and Homoptera
Cicadina (Auchenorrhyncha), scent glands in Heteroptera). Transition to plant
parasitism also helps, especially if accompanied by the protection of ants (in aphids).
Losing wings and flight allows to significantly save on metamorphosis: many insects
tried this strategy, but with limited success.

However, the most successful strategy was not to save at all: complete
metamorphosis demands maximal cost but it allows independent adaptation
of ontogenesis stages and their maximal divergence.

Not all Holometabola gained success on this way, and very different
sets of adaptations allowed to reach it. It is obvious that not every group was
successful: out of 11 living orders of Holometabola, four super-giants include
80% of all insects, and the remaining seven are only 2%. The success did not
come immediately, which can be seen from the change in the proportion of the
four current super-giants over time: in the Permian they are 2%, in the Jurassic
already 77%. It is almost the same now (81%), but with some changes in order:
Hymenoptera have yielded to butterflies.

So what allowed Coleoptera, Lepidoptera, Diptera and Hymenoptera
to become super-giants? The reason for the evolutionary success of dipterans,
compensating for the cost of ontogenesis, is the fantastic perfection of their flight
with the ultimate oligomerization of its mechanism and the acquisition of halteres,
the perfect stabilizers of flight. And, in addition, the ability of their larvae to live
anywhere, even in oil, and to eat whatever available. Butterflies were surprisingly
effective in the role of chewing phyllophagous animals — first on angiosperms, and
then on conifers. Their success was additionally enchanced by a scaly cover —

a thermal insulator that facilitates quick warm-up and take-off, a surface that helps
to get away from a variety of predators and from sticking to anything, including
the spider web, and a camouflage, of course. The beetles made a compromise and
acquired elytra: they complicate flying, but allow, without losing wings, to go into
the substrate and live there next to their larvae, even to acquire to some degree
similar phenotype and to reduce the amount of metamorphosis.

Hymenoptera also reduced the amount of metamorphosis, but radically
and in a very different way than other insects: they made their larva look like an
embryo, and for this they had to become parasites. Here is a direct analogy with
mammals, in which the baby is parasitic, but on its own mother. Hymenoptera
had to become almost as smart as mammals. And in the end, in one of the tiniest
species of Parasitica (Prestwichia aquatica Lubbock, 1864, Mymaridae),
the development became direct, without any metamorphosis. Why didn’t this
become the key to a new great breakthrough — maybe there simply wasn’t enough
time? The very small size of the Prestwichia is, most probable, not so important:
according to fragmentary data, the honey bee also chose this way, although has not
go so far. But apidologists are busy with other important things, and unfortunately
do not pay much attention to the studies of the bee’s metamorphosis.

. ACKNOWLEDGEMENTS

Author thanks to Dmitry Vorontsov (Moscow) for correction of English.
192



