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AnSTRACT. The gut contents ОГ [\уо sрссiшеп s о Г fossi l il1sects Сгот the Uppcr Jura ssic оГ the K aratau R a nge, 
K azakhstan include clumps оС Classopollis po llen grai ns. T he in sccts аге аssigпеd (о d ifferent species оС ,; hoilus 
(H agIoidea , Еп sifега , Orthoptera) resembling the large l" ехtапt " rasshoppers. T he pollen grains shu\v the 
conventional Classopollis externa I fea tures. co lumella te- regul a te infrastructure and exinal filaments оС tl i(; 
proxi mal Y-mark as well as microporous тетЬгапе оГ the dista l pore-like structure. Pollinivory тау е.' ; plain 
excessive C/assopollis poIlen prod uction. wblle the in trica te 11a rmomegaLhic s tгuсlшеs аге compatible wilh the 
pollen transfer being Ьу large, short dis ta nc(; Iliers . 

P O LLE N in the guts of fossi1 insects was first reported Ьу K rassilov and RаSl1 i tsуп (1982). ТЬеу 
described well-preserved bisacca te а пd топоsассаtе gгаiпs extracted Сгот t\VO early Сгеtасеоus 
Xye!idae species found iп the fossi1 plal1t-insect 10caJ ity Baisa, Vitim River Уа!!еу, T rans-Baika! 
Rеgiоп. Later, а third species [гот the ате !ocali ty yielded а dift гепt typ of bissacate gга iп . 
SuЬsеquепt!у , we scanned а псЬ collection оС fossi1 insects deposited in the Pala опtоlоgiса ! 
Institute of the Russian Academy of Science, Moscow, in search оГ appropriately preserv d 
materia!. ОШ recent fi ndi ngs include striate pollel1 graills obtailled Сгот tlHee species оГ Permian 
Hypoper!idae and Gryllob1atidae (Кгаssi10 V апd Rаsпi tsуп 1997), апd Classopo//is [гот two species 
of Jurassic hag!oids (Hag10ideG), а semi-extinct slIperfami1y of oгthopterid iпsесts related to extal1t 
grasshoppers al1d katydids (Теttigопоidеа). ТЬе latter fiпdiпg is of iпtегеs t поt о п1у Сог the 
reconstrllction ofinsect feed il1g habits but a1so [ог ра1упо1оgу and р1апt ра1а oecology . Classopo//is 
is а characteristic ty pc of Mesozoic pollel1 showillg оше al1giospermoid (aIthollgl1 not песеssагilу 
related to апgiоsрегт а l1сеs t гу) char<lcters (Н ughes 1994) and havi ng sош ра1аеосliшаtоlоgiсаJ 
significance (Vakhrameev 198 J : Alvin 1982 : Fгапсis 1983: Pocock еl а/. 1990). 

M AT ERIALS А D METHODS 

ТЬе ша tегi аl саше Сгош the La te Jurassic 1aclls trine шагls оГ Mikhailovka in the Karatall Ral1ge, 
SOllthern Kazakhstan. Trle Mikhailovka loca!ity is well-kllown [ог its except..io l1 ally rich flora al1d 
[аипа, the latter iпсJudiпg insects, fi sh and рtегоsа urs. Its stratigraphy al1d palaeoeco logy аге 
described Ьу Hecker (1948) in his monographic study of [Ье Jurassic Karalau Lake. ТЬе fl ora 
сопsists о Г diverse fегпs, belll1ett ites a l1d сопifе гs (Doludel1ko апd Or10vskaya 1976) апсl а few 
pecll liar, achene-like diaspores with pappus (Krassilov 1973). The il1sec t [аипа illclLldes abul1dant 
огthорtегапs, of which ( Ье genlls Aboi/u-l' Магtупоv (Propha langopsida ,Hag1oidea, El1sifera ) \vith 
12 described , al1d add itiol1al unnamed, species forms а conspicuoltS е!ешеl1t. Тflese large i пsесts аге 
preserved as ligl1t Ьгоwп to yel10wish fеПllgiпоu s impressions \.\Iith а species-specific pattern оГ 
darker band s апd spots оп (Ье wiпgs, апd with the gu ts ofte l1 filled \\I ith а coaly organic шаНег . 

The gllt contents were sampled оп severa1 occasio l1s. Small pieces of огgапiс шаttег were 
detach d wi th entomologica1 needles. Cle<llled stJccessively in 11уdroсh!огiс and hyd rofluoric acids, 
and processed tlHough tl1e Schtllze's lll i х tше алd potassiulll hydroxide (strong ох id аt i о л was fo und 
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necessa ry for separating the p ollen grains from the amorphous organic matter; тоге gentle 
treatment gave less satisfacto у results). Ро1lеп clumps апd other resistent residues were then 
mountcd Сог SEM examination. 

T he m a terial is deposited in the P a!aeontologica! Institute. R ussian Academy of Sciences. 

1 S E C TS 

Polle n was ex tracted from two female specimens of Aboilus, evidently belonging to different species. 
'П lhe K ara tatl materia! Ja rge insects аге represented mostly Ьу isolated wings, but there is also а fe\v 
Intact specimens with (Ьс intestines well preserved and conspicuous Ьу their coaly infilling. 

Si псе the [ахоп оту of fossil H agloidea is based mainly оп male stridulatory organs (G orochov 
1995), ( Ье ге аге som e problems in the taxo no mic assignment of females at the specific and еуеп 
generic !evel. H o wever, Aboilus from the Mikllai!ovka locality often show \уе1l preserved species­
spec ifi c p a tterns of dark spots and transverse bands оп the forewings, that allow conspecific fel11 a!e 
al1d та lе specimel1s [о Ье recognized. 

Sресiтсп N o 2997/317 ( Р ! . 1, fig. 1) сап Ье assigned provisionally to А. amplus Gorochov, опе 
of thc largest representatives of the genus, оп the basis of its dimensions (forewing about 75 тт 
long) a nd tlle p resence оГ six irregularly arched moderately broad and occasionally interruptcd 
lra n verse ba nds. as well as the fairly large add itional spots along both costal and апаl margins 
оГ [Ье fo rew ings. T he field between the radial and the median yeins пеаг the point of the a n terior 
med ia n vein second branch departure is narrowed, as is also characteristic of А. amplus (G orochov 
1995). 
ТЬе second specimen, No 2904/1675 (PI. 1, fig. 2) is similar to А. dilutus Gorochov in the forewing 

раНеrn , with only three incomplete dark Ьапds in the apical half of the wing пеаг the costal mагgiп 
a tld numerous irregular spots behind the radial anterior vein. However, our specimen is much larger 
lhап the type and опlу kпоwп specimens of А. dilutus (with forewing length 65 тт against 48·5 тт 
in [Ье !atter ) and тау represent а new species. А тоге precise assignment has to await the discovery 
оГ а m ale specimen with а similar wing pattern. 

1n both specimens the organic infilling of the guts сопtаiпеd abundant Classopollis grains in large 
c! umps (PI. 1, fig. 5). No other types of pollen ог апу other distinctive plant remains were found. 

POLL E GRA IN S 

Ро llеп grains found in the iпtеstiпеs of Aboilus amplus and А. cf. dilutus do поt show апу consistent 
d ilferences and аге assumed to Ьеlопg in а single species of Classopollis. The gгаiпs аге disc-shaped 
with а cel1tral body bordered Ьу ап аппulаг equatorial girdle distally marked off with subequatorial 
groovc, ог rimu!a (PI . 1, figs 3-4) апd showing the proximal Y-mark and the distal pore-like 
dep ressioIl (pseudopore in Reyre 1970 ; cryptopore in Taylor and Alvin 1984) typical of the genus 
(see Соирег 1958; BoItenhagen 1968; Reyre 1970; Traverse е! al. 1975; Pocock е! al. 1990 for а 
discussion of the diagnostic features aIld related Ilomenclatural problems). 

EXPLANAТlON OF PLATE 1 

Fig. 1. Aboi!us атр!и", Goroeho\'; PI R AN 2997 jЗ17; inseet eompression with organieally preserved gut 
content(arrow); xl. 

Fig. 2. Aboi!us ef. di!UIUs G oroeho\'; РI RA N 2904/1675; inseet eompression with organieally preserved gut 
content (arrow); х 1. 

Fig. 3. C!assopo!!is grain Сгот gut of А. атр!и", (fig. 1); distal vie\v (SEM); х 3000. 
Figs 4-5. C/assopo!!is grains Сгот gut of А. ef. dilutus (fig. 2); SEMs. 4, distal view; х 3000. 5, elumped grains; 

х 1700. 
A ll speeimens Сгот Mikhailovka, Karatau range, Kazakhstan; Uррег Jurassie. 
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The fulJy developed grains аге of а rather uniform size, with the 10ng equatorial axis ranging [гот 
22 f1ill to 25·5 рт (30 specimens). T he smaller grains, 15-20 f1ill, with а !ess distinct rimu la and dista! 
рО!"е, аге considered im ma t-ure. The equa torial outline is iгregu ! a r-elliptica!, with опе end of the 
ellipse broader than the other. occasionally a lmost triangular. The girdle is ofuniform widt l1, about 
3· S/lm . Endostriation погтаllу does not show ир оп the surface but is occasionallyvisible in the 
part!y d igested grains. The proximal triradiate mark is а triangular агеа of varia ble width, 
5- 9'5 f1 m . As а ги l е , а plexus of intercol1necting exinaJ fila ments ог tl1eir remnants p rotrudes [гот 
Фе Y-mark (Р l. 2, fi g. 2). H owever, il1 а [е\" specimens tlle triangular агеа shows ап apparently 
delicate тетЬгапе with sma ll scattered granules (Рl. 2, fig. 3). The rimula is а narгow, occasiona ll y 
gapillg, slit betwee ll the сеп tга l body and equatorial girdle . T he distal pore-like structure is а 
somewhal irreg111ar ellipso idal dергеs siоп a bout 4--5 f1ill wide, occasiollally shоwiпg а porous 
тетЬгапе perfo rated Ьу the del1se hехаgопаl microtubes ог micropores еРl. 2, fig. 1). T he grain 
surface is sпюоth о г miпu tе !у sсаЬга tе , оссаsiопаl1у shоwiпg а rugulate-verrucate ранеrn, here 
i п tсгрге tеd as а гсftесtiоп o f iпfгаstгuсtu ге. 

T he iп fгаstгuсturе , as seen iп fractures of the tectum, сопsists of сопiсаl ог clavate columelJae. 
abo ut 1Jlm high , distiпсt ог fused апd fo rming а rugulate раttеrп ePI . 2, fig. 5). 1п the gra ills eroded 
Ьу in testinal exudates опе сап see transitions [гот fuJ ly exposed iпfгаstгuсturе to iпfгаstгuсturаl 
еlеmеп ts рго tгudiпg tЬ гоugh the WОrп-оut tcctum. T he iпfгаstгuсturе is uпifогтlу developed оуег 
t l1e сепtга l body апd tЬе gird le, vапishiпg iп the rimula. 1пfгаstгuсturе of the girdJe is traversed Ьу 
subparalle! ridges sееп iп fractured gгаiпs (Рl . 2, fig. 4). 

СОММЕ TS ON ТНЕ PO LL E GRAIN OR PH OL OGY 

In ош material . i пfrаstruсturе is essentially the same as se n i п sectioned Classopollis grains (Р tt itt 
and hаl0 пег 1964; Меdш 1977; Тауlог and A! vin 1984; Rowley and Srivastava 1986) showing 
gradations from distinct co!umellae to а irregular rugulate pa ltern. Ex inal filaments prot Гllding 
[гот the proxi ma! У-mагk аге а сопstап t feature re!ated to dispersal of iпtасt tetrads ог d iads 
(Тгеvisаl1 1973; ScJ1curing 1976 : C ourt il1a l 1980). H owever, пеitl1ег of these aggregate strucllHes 
а ге preserved in the gu ts. The g гапulаг У-шаl-k тетЬгапе is а feature поt Jlitherto reporled iп 
C fassopofl is. 'д'hегеаs the шiсгорогаtе шешЬ гапе of the dist<l l роге favours its il1terpreta tion as а 
g I"miI1 З ! apel'ture . 

l n СОп1 rast Wilh the d iverse vegeta live morphology of Clаssороllis-ргоduсiпg рlап t (W atson 
1982 ; CI ment-Wes!erhof a nd V <l П копij l1еп ы lг g-vапп Cittert 1991 ; Sгiпivаsап 1995 ; Zhou 1995), 
the роНеп morphology itself is fairly соп s tа пt, the vагiаtiопs in the рготiпепсе of rimula . d istal 
роге <l l1d striation of [Ье gird!e being related to the maturity of the gгаiпs. Reyre (1970) used surface 
ornamentation [ог distil1gu ishiпg species о[ dispersed Classopollis gгаiпs. defining thгее major 
slruс!u га l !ypes as Гllgu l а!с - vеГПlсаlе , sp in tl la te (есhiпulаtе) and mixed. А сотрагisоп of ош 
sрес i шепs \vhich show iп fга st гuсturе with Reyre's exampks of rugulate-verrucate ЗJld mixed 
scu lptures suggests that [Ье lall r might actually reflect infrastructu re protruding through the 
tectllm. Оиг species is сошрагаЬ!е to С. сlюtеаuпоvii Reyre. С. bussonii Reyre and С. noeli Reyre 
as we!l as the polleH grains [гот the сопеs associated with Cupressinocladus valdensis (Seward) 
Se\vard (Francis 1983). 

E X PL ANAТION OF PLATE 2 

F igs 1-5. C/assopo//is grains [гот gut of А. amplus (Рl. 1, fig. 1); SEMs ; Mikhailovka, K aratau Range, 
K azak11stdn : Uppc l" Jurassic. 1, l11icгoporous тетЬгапе of dista! роге; х 3700. 2, exina! fi!aments in the 
proximal У -l11ark аГе'а; х 3300. 3, proxima! view showing У-mark тетЬгапе \\Iith granules; х 3000. 4, 
fracll1red grain showillg endostriation of girdle: х 4000. 5, fractured grain showing infrastructure; х 5300. 
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DIS SSlON 

Оиг fi.pd ings cast some ligh t оп the trophic adaptations оС AboilllS, thc !уре genus оС {Ье extinct 
subfamiIy Aboilinae which was widespread [п tJ1e Jurassic and early CretaceOllS. АЬоiliпае is 
considered as ancestral to grassl1Oppers, with сЬе Tettigonioidea (Gorochov 1995) first appearing in 
the early Cretaceous Ьи! remai ning гаге until the Paleogene. Aboilus is imilar to the larger extant 
grassl10ppers оС tlle sublamily Cyphoderтin<lc li ving in trees ог shrub . Н wever, representat ives ог 
[Ье latter аге mostly 11 [итаl whilst Aboi/lIs shows а variega ted wing pat tern тоге typical ог 
species active in tl1e dayligh t. Grinfeld (1 962), in hi extensive studies of il1sect feeding habits. (ound 
!hat iп grasshoppcr poJli l1ivory is fairly СОl11тОI1 . Не suggested [ Ьа! pollil1ivorou ' adaptations аге 
рП l11 агу Сог lЬС family , already aprearing in ancestral forms, ancf tlla t Ensif'cr<l , rathcr [Ьап bcet lcs. 
could Ьауе Ьееп the шоst ancient uпsресiаlizеd poll in to rs. These suggestion, are now receiving 
some factual support . 

That Lhese large insects fed exclllsively оп С/П sopoltis pollen сап ье taken as e\:idence оГ 
С/assоzю/!/s- ргоduсiпg pla nts being if по ! the опlу (Ьеп lhe !11ost abundarll pollen sOtIГce IЛ their 
hablLats. Тl1eгe is littJe doubt t!1at the е habita ts were c!ose to the site о Г deposit ion, Сог in ects 01' 
th.is size сап hardly Ье transported il1tacl оуег а сопsidегаЫ distance, either Ьу \viпd о г Ьу ,vater. 
There is amr1e evidcnce (discussed inFrancis J983) of C/assopollis producers growing in littora l 
environments . We suggest (Ьа! the xeromorpl1ic vegetative c}1aracters of ( Ье Classopollis-producing 
plants are due [о littoral adap!ations ratller than 10 ан arid regi па! climate. Clаssпрullis OCCllГS il1 

both finely lamil1ated шагl у sedimel1ts with gypsum, ind icative of seasonal droughts, and coal­
bearing polymictic deposits typical of а humid climate (e.g. in the paralic соа ! basins оГ F'a!" East 
Rнs ia al1d the adjacel1t Sea of Japan Basin. \vl1ere these роНеп grains constituLe ир to 80 рег cent . 
оС (Ье Lower Cretaceous spore-pollen аssешblаgеs) . The equatorial girdle al1d ri lnllla ha\lc Ьееl1 
iлtегргеtеd as hаrmошеgаthiс slructures developed in ал arid сliшаtе (Pocock с [ а/. 1990). 
Alternatively they тау have mitigated the effects оГ /ong ехр sure о Г the poJlen \vhen being 
transferred in larger шаssеs Ьу the low short (1j tal1ce ftiers • UCll as Aboilus. 

A1thoLlgh роJljniУОГУ does nol necessarily associate wi th enton1Ophily, оиг evidence mау 
strengthen (Ье idea of ап animal роllеп vector. wllich has Ьееп suggested previotlsly because of the 
distinctive Classopollis morphology (e.g. Pocock с ! al. 1990). АЬuпdапсе of dispersed Cla.l'sopolIis 
grains тау seem тоге сопsiStеЛl \vith апешорhilу tlшп епtОП10рl1 i l у (Taylor зпd Alvin J984) 
However. el1tomophilous plants pollinated Ьу pollini orous i пsесts аге kЛОWI1 to produce extra 
роllеп [ог at traction (Faegri and van der Pijl 1966). The same factor might Сауош the iпсlо~ще ос 

ovules and extraovular gerrninati on о с роllеп grains (Krassilov J982) . 

Acknol!'lnlgemell /s. We ackn \vledge support Ьу the Rнs ia ll Foul1d atioll of B<lsic Research, gral1ts 096-04­
/1 10: a lld 96-04- J 1863. 
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