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Роllеп in Gпts ot' Possil Insects 
as Evidel1ce for Соеvоlпtiоп 

V. А. Krussi lllv , V. V. Z llel'ikllil1, und А. Р. l{asl1itsYI1 
f'1"C S~ lltc,1 hy !\t:",k'l11i c i,1Il H"S" S"k()I,)v !\ргil 2<) , I 'i')6 

It has IOllg Ьееl1 аSSllПlеd tl1al inlerJClioll hetweel1 
il1sects at1lJ plal11s is (\п irЩJOгtаllt (actor о," theil" evolll­
tiоп, Н()\,уеуег, ollly recellt I'aleontological eviclel1ce 
h<t s j1lovided factual (Ial<l [()г the stlllly 01' COCVOllltioll , 
\УС (k\'clopC(J а 111('thщl (() оhtаiп I'lilпt Н: I11;liпs I 'ГОI11 

glltS о," fo ss il iпsесls thrl)Ugl1 tлuсегаtiОl1 ot" tl1Cir COI1­
1(11t, сll1l1 Sllh sечuепt eX;lIllil1<lti()n lJl1der Jl1 еkсtП)l1 

l11icгoscore , РIШ1t ()hjects oh!Ji'1e(1 пу tllis П1еthlкl, 

e"g" 'еа!' Cl1ticks <111(1 pollen grail1s, <.IIC ,SOll1ctit11es 
(Ol11rktely il1tact, \vhicl1 allo\vs LIS (о Stll(ly l11iCl'OstГllc­
tшаl cl1araClct"ist ics 111at с аl1lюt Ье stlllli('(1 l) у otl1CI" 
111CllHJlIs Tl1C (Iat" ()blaiI1C(1 сап Ьс llsс (II'()II "СС()11sIПIС­

li o l1 01' tl1 e IltI1Ctiol1;11 ,stlТlсlшс 01' (eosYSlL'lllS 111;lt 
l' x islc(J il1 pasl gcoll)gical CPOCIIS, а", wcII ;1,\ kc(Jil1l:! 
РJIIСП1S <111<1 рlапt COl1SllJl1pliol1 ill cc: rtail1 t:'"()lIp"' ()'" 
~x til1C1 iI1 ~c ctS " Tllcs~ (Iata all ,)\v tlH~ C Ic/l1C/lt~ 01" Illc 
"p<tlial ~IПlсllI/"С 01" p!al1t соr111Щll1itiсs 10 1)( ICL'Oll­

~tlllL'tCll" 

Тl1C cxperilllcl11ul l11alcl"ial Wil"S Oblail1Cl! Г/"(т1 tllL' 
lal"l:!c culle(liol1 01' althropoli's а! 111e Il1stitlllC 01' Pal eoll ­
tology, I~llssiап ACJllcmy 01" Sсiспсes, \\' llicI1 СОIl1­

rli~c\ sevcrul th()lI sa l1us 01' specil11cl1S I'ГOlII (!cposils 
lJ,lteJ back lu tl1 e Сш"hО11ifeГОllS Pel"iod tlll'Olrgll thc 
Plcisloc e rH:~, We werc Ihe hr.sl (о dСl1юпslгаlе 111at palli­
l1opl1i:1gia wus CI1,1/",IClerislic о!' "е\' сгаl g l"Olll'S 01' cxtil1ct 
insccts Ihat lived il1 111e РС IП1i<1П :tl1d carly ClctaccOIIS 
I>uiods, Wc i so latc(1saccatc (ПЮSllу PIOIOS<lcC<lle) pol­
1t:11 fl "om gllts оС early Crel<lceous Xyclidae Ihat li ved il1 
111C Тr"ап ,s-Uuikа! п:g iоп [71" Thc l11ail1 Гl)()(J 01" 111I"l'e 
i,1SCCI species fOllllll ill РеrЛ1iаl1 (lerosils in Cl1Ckartla 
(l11c Сi~-UrJI rcgiol1) wus tl1t~ stliillc(J j10llCI1 01' Glo,s­
sopteli(I<llcs, РсltзsrеПllаks , З11l! primitivc cOl1if"crs 
L'llal<lctcrislic 01' Ре Пlliаl1 alН! Triassic Jcposils , 011 111C 
1);lsis О( Ill c"se u;lta, we 11YPolhcsize thal Ihe СОl1vсгgСl1t 
I "ОП11;11 iOl1 a11(J 111C parallellkvc lorl11et1t о " sll " iаIСlllllШ­
1)llOt ypC "S 01' I;nge pro{()saCcale poll c l1 :1 1кl tllC COITC­
SPOIHlill1:! CII<1I1t,;C.s ill tl1C 1l:111,llc I"C I)l"OlIIICli\f(' .sy.sICll1 01' 
~У"IIЮSРСI"l1lS iп Slll)aI1gal"alaI1U al1l1 C,()J1(I\vallalaIHI 
\\'CI"C I"CI ;ltcd 10 (!cvclopl11cl1t 01' il1sccl ]1oll il1atiol1, 

e (//em ll% ,!iiclI//IISlilllle, 1<II,I""\ill ll !I(,(/{/I'II/\' njSc/l'II("es, 
I)!(J/\"О\ " II~ЩI\'(/ 11/" 23, M(J\('(I\\', 117{J..f 7 RII :ISill 

\ус Slll lJic(j I'ossil illsccts 1"1"l)J11 MikI1aill)\'ka (/ш!iс, 
Illc Kal"atall Ral1gc, SЩllllСtл Kaz"akI1st ;II1), аl1 ,lIса i 11 
\V11i c 11 11l1l11еГЩIS eX <J1111'1es ot" llpper Jlll"<I",sic I]ol"a <l11\J 
(,1l111a 11<,,'е hct' n 1"0l 111\1 [~, ()j " 1\) lkI1 01" C!USS1'/J(ll/is 
wa.\ l 'lНl11U il1 t 11С 1:',lIl.\ 01" OI"lllOplel",IIIS I"t"l)111 t \\0 i\/JoiIIlS 
spccics . (;CI1[I.\ ,л,ll()i/II ,\ \'1<1 ,\ а pliI11ili\'l' l"l'!'("l'"'l'l1lati\(' 
01" '";1I11ily P'-l)рI1аlа'1)2.(Jр~i,'"с lf ': 11 Si kl", OtlllOplt'l ,l ) 
an(1 was \\fickspl"l:'alJ ill tl1C Kal"a t;1l1 ()lуСlосеlю~is, 1'l) 
(Ыс, 12 srecit's f"rlHll 111is gCllllS 11<1\' С h('l'11 I"Oll/ltl ;11 
KilIalall at1U l ksuihell[.\[, Tl1ey ,lillcl" clmsi,!er"bly il1 
tl1C SII"lICllII"C Ol' I11C l11all' slt-iLll,lаtiоll appaIallJs: l'el1bllcs 
C<III 'К' t' ,I"sily cla.\sificJ ill'COILlil1g Il) 111(' Si/l' <111,1 pat­
1\'l"I1ill)2. 01" l"lJI"L' \villl:!"' " Тl1C cxalllil1l'll SI'l'l'iI11l'IIS, 
2LJ04/1()7S ,111(1 ~l)l) 7(1 17, \УI'IС \vcll- Р I 'БСI' \'с(lr "СI11аiI1S 
о, " t'cIШlcs" Olll' 01" tl1C/lI (IP, 110 " :()(Ц/I (51)) \\;I., l'1;1'­
"ilic,1 <l;; k 11111/1/1//1"\" Gо["()сlю\' , Тl1C l)111l'f 
(IP, 110" 2')(Ц/l()7S) Icsl' l1lhkll А. l/i//lIII"\ ( i l)J"()clllJ\' 
\vi111 I"(' spcel Il) "Sl HllL' сll<lI "<lсlсгiSliсs 01' Illl' \\ill~ (111I"c(, 
iI1C()lIlplctc, ll,llk , tl""11 "'VC'"SC [), l/l(ls il1 1i1c \Ii.slal Illil,1 
ат! 1I1аllУ "tllall .spots 1llI"Oll)2.lllJllt 111e I"ct1blillil1g раГI ,)t" 
tl1C willg); howcvcI, 111C wii1gs (blkl'('(1 1'10111 IllOs(' 01' 
k I/illllll.l" il1 ,ОlnС ,Ielails of" tll e раll('ПI ;111U \\'с г(' l'OII­
.\ilJcrably IOllgC'" (1111:: '"ol"c\vit1g \\' <I~ БS 111111 1(11 )2., \'l'I "S ll", 
48,.'. 111111 ill 1\, l/i/IflIlS). T11i,S gClIllS l)cIOI1&\ 1\) а '"""lil y 
(11<1! \vas аhlll1dаПllllll'il1g tl1C lalc M eSOZl)i c t:1"<I <111l111;1S 
11cel1 1'1"l~'sc l"v c( IIO ,Iate Оl11у а", а l"eli(1 t'ЛJlljJ COll1lJ1"isil1g 
kw spcci c's, Slrh(;lIl1ily Аlюilil1ас, \\' llicl l \\;IS <1IЧIl1\I,1I11 
(Illгil1g 111C Mi(I,lk~ Jllr<lssic tt1l0l11:!11 111(' t:;Illy C '('!;I­
CCOll,S Epods ill t:Llга 's i" "1'0111 c('llI ("iI 1t:l""OPC t()J;lP<lll, is 
cOlllplclcly cxlil1CI " Ahoilit1aC \VCI"C al1Cl' sIOI", 01' 111()(1­
1:'1"11 gl "аsslюрреt"s (Тсttig(юii,I;ll') ;I11l1 ICSl'111!'!cl! IllClll 
in ul'pe;If'<lll(C [4], Jlldgit1g !'I()fI1 tl1('il Ila[)illIS, 111c'Y 
арраГСllllу livl'\1 il1 S111ll[1S <111,1 \у' щ)(I, [t\]" 

lJ 111 i 1 II1c P,"e.s1:'111. gl "аssIЮI)Р('t"~ 11<1\'С 11(11 1),'(,\1 
as,siglll:'LI (о роllil1ivшcs, all110llgl1 C(' llaill stllLlics [~I 

("с \'са!сс] tl1al pollclI COI1~lillIIC(1 1О I() 1OO~( ot 111(' "(J()U 
C011t;lil1Cll in сгор ;; <1I1d illleslil1CS о," ~O Olll о!' ! 00 illlli­
vi\lшl" '"("(Нll (lifТCI"L'111 ~ llhl 'all1ilil'S" 1'111' ' "асl tl1al pollill­
i\fШ)' is \ "vi\\c~PI "C"ll ,lll:!)2.L",tS tl1,II it i's ;111 ,)ftl, pl'illliti\ 'l' 
Iгopl1i c ,Iuaptatiol1 it1 gl"assll(J ppCI"S Ош \Ial<l СОI1'iПll 
tlli s sщ~gс,stiОI1, 

А111ю.s1 tll l:' L'lIlil"C cOl1lel1t , о!' Illc glltS ()1"IЮI11 t'o ~, il 
i I1Scct., COllsistClJ 01 C/llsso/)()//is ]10111:'11 (figlll"(' ) ag1:2TC­
g<llClJ ii110 1<II"gc IlIIIIP,\ " Pollctl &,""ill", \\'CI"l' ПаIl С I1с',I, 
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24() КI~ЛSS IL()V et а/. 

F'ollen isol"tcd Сгот the glJt оС" fossil insect. (а) А [Ю;/1I5 ПlllfllllllS Goгochov Сгот u[)[)er Jurassic (Ie[)osits in K"rat"u (1Р. s[)ccimcn 
по. 2997/317) \'\'ith [)ollen il1 the gul (х 1): (Ь) а lurn[) оС [)ollcl1 grail1s оС C/asso{'olli.s (SC31111i I1g Iпiсrosсо[)е. х 17(1)): (с-е) il1dividuaJ 
[)оllсп grJil1s а! thc rroхiгпаl alld distal [Jositions (scallllillg micгnscoj)C.x)()()O). 

c llipsoi(I<1I. <1 11l1OSt clisk-sh<lpe(l. <lml were <tt difТerent enc ircle(1 the Ьос!у of gr<lin as а circul<lr sac and was 

stages о Г гiреllБS, Matllre grains wcrc 22-241-1111 (11[' to se['aratct! fгоПf it with <t гiПfIII<l. The ргохiПfаl tetrad 

25.5 рт) l о пg. ant! ifl1 l l1 аtшс опеs . 15-! R 1-1111 IOllg а! Пlагk was tгi<lпglllаг <lncJ. iп S()ПlС роllеп gmiпs. с()у­

IIIc 1~1fIg l'r ax.is. ЛII СЧII ;t I О l'iа l gi пJ k..1.5 р llI witlc. crcll willl а 11ICllйJГallC cOlllaillillg srпаll gгапulсs scal­
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!L'юl ОУСГ ;t , Th;s p()/,tiol1 01' t( 1'liп ,~till ,IЮ"VСll (X ;ll( li J­
;tII1t:lltS, \\11'1;(11 k~pt the gгаill,~ toge tllel' ;11 111L' kll'atl, 
ТlI( \liSlal pore-like slПJClllге hau а 111L'1111'm\I1e Р(I1С­
Iral(J Ьу lil1e Пliиоrогes, The соvе гil1g 'а уе г 0/' tll( 
olllL' I' \\Iall of' gга;п \уа;; cli slllI'bL'll ;11 рl<lСб Шltll'еVСillсtl 

(111 ;I1II 'аslПlсlllге cons;sl;ng of ' clllb- allu cO ll e- s llаре(j rods 
111<11 fll'l'tllogClllCI' 10 ГОI'П1 iпеgLllаl' се llllles, T hc slПJCtl1lС 
ol' tllCSCglai11s \уа, lyp iC,11 гО/' C/USl'o{Jo//is [IUI; lю\усvе г, 

111( Р(Н11;; l11еl1lы'alеe оГ tlle uiSIJI аРСl1ше illllltllC gl',II11II,II' 
1l\t' llllx,me оГ the tеt Г;J U mLII'k wel'e ohsel'ved ,'ог 111C fil 'st 
lII11С , Wc ,,1,0 tlеllюrlstl'аtеtI tllilt clerl1erllS llsllally 
"""i~l1l'lllO tllC gl'aill SС lllrtшс were ,Ktllall y L'iL'll1el1ts of ' 
~1"il1 illfl'а ,~tГllсtllJ'е, \\111ich was locatetl 11l1ller а tlliп kc­
111111 <I"J оЬ,егуаЫе witll <111 elcc troll microscope, Tl1ese 
\Ы" suggest that uеtепrliпаtiоп of species of gc r1lJ s с!ш­
.I(lf!o//is slЮlllu Ье re\;~cd, The POllL'11 grail1s (!"От gllls of 
,.\/)<Ii /IIS l'еSС ПlЫеd Ille disper'seu gгаirlS о( С !mssollii 
Ксу гс ,1I1J С lIoe/ii Reyre [9], 

Тlle i mрогtапсе of 111is fi пd i ng is rr i mar'i Iy relateJ [О 
IIH:~ ,'ис! tllat С!ШSОjJо//is, tlle pollc!1-gl'ain J 1ЮI'рhоl у ре 
\vitll апgiоsреГI11 fеаlшеs <1hUПUШll Ullгil1 1:!. 111\~ МБО­
шiс f::f<1, has ЬеСОl11е аl1 object о" rhуtоst гаli gгарhiс, 
paleoc l i l1la( ic, and J111уlоgепеtiс sllllJies [ 11 . Tlll~ POllCl1 
()f· С/II ,ISОlю//is \уа;; tlle fil'~ 1 pollcll [о ha vc tlH~ РШ"С аl1l1 

/011<11 il l1CI't llre\, tl1e striatell еушtогiаl zопс, ащ! I lle col­
11111CII "IC i 111·гa ~ ! ГllсtllГС с 11i1cactui\t ic ()f' all)!. iOSI1L'I'IllS 
,1I1lI11111Cti t\l1ally rcl"t Ctl [О tl](~ 1l1cc l1alli sIll tJl' ГЧН'OlIIIС­
til'c scll '-il1СОП1раtinilitу; it elllc l'gell а! tl1\: tilllC WllCl1 
111L' siI1gle- J:'.I'lюvеll, tlist;II-t\I·ооvеllll1О1'рllОtурс сll,IПIС­

IL'I'is tic п (' ~У"1ll0'РСП11S \VLlS CO ll1plctcly 1)J·c\'alcllt. 
"/'Ili, pollcl1 \V<l S f'()lIl1ll ill .'I)()r,1I1 ~iil, \Vlli c ll tk'IlIlHI­
,1 1<lICll (/1а! C/({I',IOI)o//il' l)cll>llgCll 10 IliПlll' гсllil l' С<lС 

("C llc imlcp id; lceac"), а" ex til1C1 t\IOlIP Wllicll is ПНI­
tilll'ly c l<l "s ifiecl as <1 сопikг, HOWCVC I', tllC (1;lt<l tll<1( OIlC 
01' tlle аlltl'lОГ, obtaillell 0 11 Ille stГllctlll'e о( f'clll;lk sll'O­
hili, а.', wc ll ;" pollil1l110gical tl 'aits, allow ll~ [о c l<ls.,if'y 
tl1 еm а;; (1 sep<lratc hгапсtl 01" СiПСlорhуtа, А, а CCSll l t, 
OIIJ' vic\v оп t11t' Гvlбоzо i с \Icgetalioll Cll,1I1gcs sllf)S!;III­
tially, A/ong \\Iith cOllifel·S, GinkgophYla, allU Cyc\(lo­
phyta , scale- l е а \'С ll Gllclophyta was "Iso Olle о!' tl1e 
prevalenl gmllps, T he foss i]s ass ig llecllo tllis gГOllp ,н'е 
1l1ilSSeS of separate(j lea ves, slled S111<111 Iwigs (as ill 
erhcdra), anJ c tl p lllcs wilh wiпg-slJaрссl рпкеssсs, 
\Vllich se l·ved fof" seeu uissеП1illаtiОIl, Tlle polien арр,н"­
С Пll у gеПl1iпаtеd оп the sш l ·<1СС o t' С 11IЧll еs, witlЮlil 
pCl1ctl,,,til1g ir1to tlll' po ll Cf1 cllLllllncJ'. 

/)llгiпg the Jшаss iс Pcriocl, Hirmere llaceac wel'e anllll ­
ll,1I11 Irom (11C СЧШltОl' [о ,')()О IIШl11 lalitllul ' , \vitll vil1шllу 
1I011C 01' tllt' I11 репсtl'аtillg 10 the ZOIIC ot' P//(}('flico{J,lis 
lll'ciullOlIS I'О1б ls . Tll( СОll111ЮП поti ( )/1 that C/II,I,IO{}()/is is 
а" il1llicalOl' 01 ' ап al 'iu 01' sетiщ'iсl clilll"te llol','; lюt <lgl·CC 
\vitll tar11()ll01l1ic<llll"t,I, Тlll: p()IICIl is 1110st ,,1)1111l1,1I1t ill 
l'oast<ll (Iepl>sit s, WlllTC il cOllstitlltes as 1111ICll а, X()'k о!' 

раl У lюl оgi Сl1 \pcctl'a, r';iщ lil1g s of'l;lIgc illsccts willl \vclI ­
IlIБСI\lеu glJt сопlcllts iп K,II<1t,1l1 11lагls i,lllicalC tll:tl tlll' il' 
11<Initats WCI'C close 10 tlle cO<1sllille: this abi"ces \vcll \vitl1 
tllC al )1111l1,1I1CC ()f' I 'С lll<1iпs 01' НiПllС I'сlI<lСС<lС , wlюsl' 

tПlllks ,IIС oftcll f'OlIIlJ ill tl1C 'illllC ршiliОIl .~ :ts tllCY 11<1lJ 
\VI1CIl tl1e plallls \усгс ali ve. TllCSC uata iПtliС;lt с Illal 111e 

хсmlllшрllУ 0/· 11 il'll1(I'c ll<ll'l'<lC, \\'llil'll is Il sшllу atll 'iI1 ­
lltCJ 10 а огу clilll<1tc, was (Jсtшllу lJetеПll;llеll l)у (1'lcir 
nc lollgillg [О littol·<l1 L"ОIl1l111111itiб 01" sca coasts allu C<ll'­
nOllatl' lakcs cfla r<lc tel izetl nу aclaptJlil)J] [() pllysio logic 
lll·YIlCSS. Наll1Юll1сgа lllУ stПlсltllCS о,· theil' pollell \\'СГС 
rcl<lt el l to illscct pollillatio ll r<ltllcl' tll;\11 [О tllC clilllate, 

OlJr e\l idellCe tklt il1sccts ate С!(/S.IО{ю/is J1011e11 аgгес 
\vith tlle 11igll ро lleп рГOlJllсti\' iIУ оГ Hil'l11l'lcll<l(cac апu 
111C llata (оЫа i п еu '·ГО"1 !'t'ТОllstГllсt iOllS) tllat t 11СУ \\'егс а 
U()llliпаlll СOlll[Юllеl1t o f coas!al I'Оl111аti о пs. Cal'~c о111ю­
рtcГ,1I1S Ilyirlg "l1а" lli Slапсcs II ·а llskПl'(1 IlHll' ll polkl1, 
Wllicll was ill tllC ail' 1'01' а k)/lt>: tilllC, Тllis alk)\\s IIS [О 

ех р I<li 11 SllC 11 с ll<1lж' tСl ' ist ic kat IIIl'S 0/' CI(/I',IOI )o/li,1 ро/kll 
а, (Ii s регsаl ill tctl'aus alllll'elJlIct iоп 01' 111t:~ счш(огiаl "ас, 
Wllic ll \уа, tm l\s (oГlllClj il1l0 () 11illllЮll1с~аtllУ gi lllk I'Cg ll ­
l(1tillg the vоlШl1е of tfl e rOllt'11 iHaill, [11 <llltlitiоп , it \\'<JS 

necessary !о protect dcvelopi llg O\'lll es. [О ue\'elop а 
CIOSCll Cllplllar OVllk cO\lel'illg, , lIнl [О s\\'itcll to с \ tГ,1О\ · II­

lar gСП11iпаtiоп of pollcll. TllCI·t'I'OI'C, tllc с\'оlшilll1 01' 
Н iПl1С I·е llасеае J'eSllltec1 il1 lle\'cloPlllt'llt 01' (tle tt·a its o t' 
illlgiоsрспm;. This llil'cctilll1 ot' tllC pll y logcllY ol'l\ksOlOic 
plallls was а I'eslllt of' Cl)c\'ollltioll allll \\'<lS sllstaill(ll l)у 

il1lt:I'actioll witll ill sec ts, iI1\'o l\'illg llilkl'l'llt COll111l111Cl1tS 01" 
pilll1cel 'illg C\)111111l111ities, 

ТllllS, \ус tla\IC onlaillccl tlle lir'st l'ollcllISi\'c e \lille l1CC 
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