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Abstract- Th · e inal ull ras tructun:s or pollen grains ex tra ·1ed from . porangia of Loricanthus resin if er Kra ·si­
lo ct Bugclat:va and Baisiant/111.1· ra111os11s Krass il cl Bugdac a from lhc Early rctaccous Bai a locality 
(cast rn Transhaikali a) wer · examined. The poll ·n grains arc ·mall , with a broad furrow and a granular (Bai­
sianrhus) or granular-columellar (Lorica11th11s) infra tcctum . In 1he apcnural region, both a th in fool layer and 
cndexine arc revealed. The faller is homogeneou · and irregular ly thi ' kcncd in Baisia11thus and lamellate and 
unifonn in thick ness in Loricanthus. The pre encc of both granular and columella-l ike clements in the infrate­
·tum and the relati ve dcvd opmcnt or the foot layer and cndcx inc dis1inguish the pollen grains under tudy from 
those in the majoril y or Mesozoic gymnosperm . The ultrastructural . porodcrm charac1cr. in the investi gated 
sp ·cic. agree with the proangiospcrmous evolutionar grade. 

Key 11'01-d.<o: pal nology. Cretaceous, proangiosperms, sporoderm ultrastructure. 

I TRODU TJON 

In r c nt y ars, considerable ad ance in the prob­
lem o f the o ri g in of flowering plant w r achieved 
mainly due to paleob tani a l r cord of the earliest 
angio perms and proangiosperms, which cornbin 
gymnospennou s and angi spermous characte r · 
(Kra silo, 1989, 1997). The latter group of ex tinc t 
plant : appear to hold the o-reatest promi e for develop­
ment of angio. perrnous characte rs in hypothetica l 
ancestral forms and de erves detailed morph logical 
tudy. In Late Mesozoic fl oras, proangi sperm occur 
poradically, conce ntrating in a few lo alitie , hi h 
upposedly yie ld re mains o f plant communities harac-

teri zed by high-rat evolution toward angio ·p rmiza­
tion . This i the case of the Baisa locality (Tran ·baika­
lia , wh re at lea ·t 15 proangiosp rms showing paralle l 
development of rnac rorn rph logical feature, have 
already been found ( Kras. ilo , 1986, 1997 ; Kra s ilov 
and Bugdae a, 1982, 1999, 2000). Some of them con ­
tain p II n grains in the p rangia or th micropyles of 
ovule . Palyn logical data (primarily, the fine rnorpholoo-y 
of the sporodem1) have recently acquir d gr at imp rtan e 
in elucidation of angi perm evolution. There fore, thee i­
nal ultrastructura l in proangiospe rms meritc; clo e exami­
nation. In particular, pollen grain of gymno: perrns and 
angiospem1s differ in ultra! tructurn l characters, which 
may allow recognition of tran ·itional fonns. 

MATERI LS AND M THOD 

The mate rial con i. ls f p lien g rains extra ted 
from porangia of arty retaceous proangiosperms 
from the Bai sa loca lity, upper reaches of the Vi tim 
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Ri er, a. tern Transbaikalia. The plant-bearing bed of 
th Ba isa locality ar a. signed to the Zaza onnation, 
composed f black shale and cyclically a ll mating 
s ilrst n s. c lays, and marls. Th latl r conta in abundant 
remain of te rr strial plants and lacustrine fauna. 
Proang iospenns come from the upp ' r part of the fom1a­
tion. According to rnacroflori ·tic and di ·persed p II n 
data, the locality i dated a , the Barremi an- ptian 
(Vakhrarn ~ev ·md Kotova, 1977) . However, the ostra­
code assemblages studied by koblo ( koblo and 
Lyamina, 19 6) indicate a sli ghtly o lder ag (Haute ri v­
i·rn- Barremian). 

Prev iously, the sp roderm ultrastructu res f fi ve 
proangi spermous spec ies we re examined in p II n 
grains extracted from th sporang ia of mal , fructifica­
tions and from the gut o f pollen-eating insects (Kras i­
lov and Rasnitsy n I 982; Kra s ilo and Bugdaeva, 
1999, 2000; Kra s ilov et al., 2002; M yer-Me li kian and 
Tckleva, 2002; Tekleva, 2002) . The materia l inc luded 
poll n g rains with both granular and alve late infra-
tru ture. Th present paper i concerned with the ultra­

structure o r two pecie with g ranular infratectum, Lor­
icantlws resin~fer Kras ilov and Bugda va and Bai­
sianthus ramosus Kras. ilov et Bugdaeva. 

The monotypic genus Loricanthm ith the ·peeies 
L. resinifer was described on the basi · of po llen organs, 
i.e ., large strobili with pe ltate sporangiophores, which 
arc d nsely spaced at early ontogeneli . tages and 
become loo ·e with maturation (Krass ilov and 
Bugda a, 1999). The peltate pan of sporangiophore 
is covered b a thick cutic le and contains numerous 
re in ca ities. The sporangia are free, pendent, arranged 
in tufts on the adaxial s ide or the porangiophores. The 
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Fig. 1. lumps of pollen grai ns extracted from sporangia f (a) Lorirn111/ius resinifer Krassilov ct Bugda'va and (b) Baisia111/111s 
ramosm Krnssi lo et Bugda a. SEM. photo · provided by KrJssi lov and Bu >dae a ( 1999, 2000). 

·porang ia yie ld numer u up to ' cral hundred in 
mature sporangia) small (ab ut 17.0- 19.5 µmin diam­
eter) pollen grain . 

Th genu Baisianthus with the single species 
8 . ramosus was describ d on the basi of pollen organ · 
constructed as . lend r articulate bracteate hoots, 
repeat dly branching and bearing whorl s of sporang io­
phor . Th sporangiophore were nclo ed in cupule 
protruding at maturity (Kras ilov and Bugdaeva, 2000). 
The lat ral and termina l branche of th p rang io­
phor bore synangia, which compri ed two to four 
·porangia fused throughout the ir I no-th . Each ·po­
rangium c ntain d ab ut 28 tetrah dral tetrad ', all at 
the ame d ve lopmental tag . 

The macroremain were pre e r ed partially a com­
pre i ns, which were macerated with chulz 's solu­
tion (potassium chloral and cone ntrated nitric acid) 
and then treated with alkali. 

In preparation for tran mi sion electron micro ·copy 
(TEM), th poll n grains w re stain d with 0 0 4 and 
emb dded u ing a tandard technique (Telnova and 
Meyer-Melikian, 2002). The ections were stained after 
Reynolds (Gaier, 1974). 

loricanthu resinifer i housed at the Paleontologi­
cal lnstitut of the Rus. ian Academy of ciences, Mo -

ow PIN), olle lion no. 4745; Baisia111hus ramosus i · 
hous d at the Institute of Biology and oil Sci nee of 
the ar East Divi ion of the Russian Academy f Sci ­
enc s, Vladivost k (IB S), c llecti n no. 3 1-309. 

D SCRlPTION OF TH ULTRA TRUCTUR 

enus u1rica11tlms Krassilov et Bugdaeva, 1999 
Lorica11tlws resi11ifer Krassilov ct Bugdacvu, 1999 

Plntc 10. fig . 1-3 

Lorican1/111s resin(fer: Krru sil v and Bugdaeva. 1999. p. 11 5. 
pl. 2. fi gs. 1- 8. pl. 3. ligs. 1- 5. 

The pollen grains of loricanthus are llip oidal, 
almo t pherical , and slio'htJy flattened on th apertural 
ide. The a a ilable mate rial la k intact tetrad . one­

the less, in the opinion of the author of the genu . the 
arrangem nt of pollen gra ins in the sporangia occa ion­
ally r eaJe a tetrahedral tetrad, which indicate a 
proximal po ition of th apcrtural regi n. When 
observ d with a scanning electron micro cope (SEM), 
thi · region appears as an irregularly e lliptical area with 
a thin co e r, which i occasionally er s ·ed by a longi­
tudinal fold. In th latter case, it looks as though there 
were two parallel furrows (Fio. la). 

Th nonap rtura l ex ine is more or le uniform in 
thickn ( 1.25-1.4 µm ; Pl. I 0, fi g. I) and includ four 
discernible tructural laye rs: 

( I) The oute r layer is e lectronically den ·e, homoge­
neous, about 0.2 µm thick, and ontain wide ly spaced 
thin p rforation . It i · pre ent throughout the nonaper­
tural r gion, abmptly tap r toward the apertural area, 
and di appear at it boundary. The surface is uneven, 
fine! ermcate abrat ) or, in place , w akly undu­
late. Tapetal re main .· varying in e lectronic density are 

cca i nally pre e rved (Pl. JO, fi g. 2). 

(2) The econd is the tmctural layer formed by col­
ume lla- like elements about 0.4-0.5 µm long and 0.2-
0.3 µm thick, attached to the outer layer ( I) and pend­
ing or resting on the inner layer. L · commonly, the 
econd laye r is formed by larg granules about 0.2 µm 

in diameter. Thi · layer disappear toward the apertural 
r oion (Pl. I 0, fi g. 2). 

(3) The inner layer is thin, about 0.04- 0.07 µm , in 
place., up to 0.17 µm , homogeneous, and uniformly 
thin in the ap rtura1 and nonap rtural r gions. ln places, 
it i di tinctly eparated from the inne rmo t layer and 
appear a · an indi vidual curving lame lla connected to 
th ba e of the columella-like e lements of the true-
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Pla te 10 

Explanation of Plat e 10 
Figs. 1-3. Loricanthus resin((er Krassilov et Bugdaeva, TEM: ( l ) section of two pollen grains transverse to the long ax is, x2700; 
(2) fragment of the same section enlarged to show the differentiat ion of tectum, infratectum , foot layer, and nonapertural endex ine, 
x I 0700; and (3) wedging out of ectexinal layers near the apertural region (oblique secti on), x8500. 
Figs. 4-6. Baisianthus ramosus Krassilov et Bugdaeva. TEM: (4) sporoderm section transverse to the long axis of a pollen grain , 
showing expansion of the outer exinal layers in the region of folds , x2700; and (5, 6) exi nal differentiation in the apertu ral and non­
apertura l regions and the region of fo lds, x5300. 
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tural layer. ln places, it ti ghtly adjoins the innermost 
layer, being slightly thicker and electronically denser 
than the lamellae of th ' latt r. Th' electronic density of 
the inner layer is nearly identi cal to that of the outer ( 1) 
and structural (2) layers (Pl. 10, fi gs. 2, 3). 

(4) 1 he innermost layer is uniforml y thick 
(0 .17 µm ) throughout the pollen grain perimeter, 
including the apertural region. The layer is slightly le 
e lectronically dense than the overl ying layer (l;ctex­
ine) and lamellate. It compri ses five lamellae, each 
0.034 µm thick, separated from each other by slirlik ' 
gaps (Pl. I 0, fi gs. 2, 3). 

Genus Baisianthus Krassilov ct Bugdaeva, 2000 
Baisia11tl111s ra11111rns Krassilov cl Hugdacva. 2000 

Place 10. fi g . 4-{, 

Baisia111/111s ro1110.rns: Krassi lov am.I Bugdaeva. 2000, p. 14 1. 
pis. 1- 5. h:x l-li g. I. 

The pollen grains deve loped in tetrahedral tetrads; 
they are distally monosulcate, elliptical in outline, 
about 27.0-30.0 x 20.0 µm , with a thick readily folding 
outer layer and a broad sulcus. The apertural membrane 
i granular. The ex inal layers are loosely connected, 
with a cavity between them di tinct under SEM 
( ig. I b). The central body of the pollen grain , whi ch is 
covered by the inner lay r, is easily separable from the 
outer exinal layers and is visible through their ruptures. 

uch central bodies are occasiona ll y preserved epa­
rately. They are narrowly elliptical in outline, about 
25.0 x I 1.0 µm in size. 

The xin ub tantiall y varies in thi ckness over a 
pollen grain , supposed ly due to fo lding and a loo e 
ali gnm nt of the layer . The mean thickness of th ect­
ex ine is 0.6-0.87 µ.m; at the folds, it is 1.27- 3.0 µm 
thick (Pl. I 0, fig . 4). 

The fo llowing four strucn1ral layers are di scernible 
in the nonapertural region : 

( I ) The outer layer is electronically dense, homoge­
neous, thick, about 0 .3 µm , and with a more or less 
smooth surface. Perforations arc very rare. At the 
boundary between the apertural and nonapertural 
regions, thi s layer abruptly narrows and wedges out 
(Pl. I 0, fi gs. 5, 6). 

(2) The structural layer con -ists of 2:ranule 0 .066-
0.133 µm in diameter. As a rule, lhe larger loo ely 
arranged granules occur at the ba e of the layer. They 
are di sposed singly or in groups of two or three gran­
ules. The upper parl of the layer i dominated by small 
granules, which closely adjoin each other and are 
locall y auached to the outer layer ( I ). The granular 
layer on the nonapertural side is about 1.5 times as thi ck 
as that on the apern1ral side. At the boundary of the 
apert.u ra l and nonapertura l regions, the granular layer i 
lost, and the outer lay r rests directly on the inner layer 
(3) (Pl. 10, figs. 6). 

(3) The inner layer is thin, at most 0.03 .04 µm 
thi ck, electronicall y dense, homogeneous, and varyi ng 
in thickness; it adjoins the innermost layer (4) through­
out the pollen grain perimeter. It i·.- also in contact wi th 
the granules of the infrateclum, except for the r gion of 
fo lds where a cav ity between layers ( I , 2) and (3, 4) 
app ar, . Ty picall y, ther ar two conspicuous fo lds per 
a sec ti on of a pollen grain (Pl. 10 , fi gs. 4-6). 

(4) The innermost layer is homogeneous, much less 
electroni cally dense than the upper layers. It varie in 
thickne s from 0.27 to 0 .6 µmin different region of the 
ex inc, increas ing in the apertural region. Jn general, thi 
layer irregularly varies in thickness; thickened areas 
may occur in the nonapertural region as well (Pl. 10, 
fi 2s. 5, 6) . 

lNTERPR ETATIO 
OF ULTR STRUCTU RAL DATA 

Each spec ies has four ex inal layers. The layer (I) 
and (2), which constitute most of the ectex ine, ar inter­
preted with confidence as the tectum and infratectum, 
respecti vely. The interpretation of inner layers (3 and 4) 
is controver ial , since in many fossi l gymnosperms, a 
sin gle inner layer is discernible and int rpreted a either 
the fool layer or cndex ine. ln our case, il is rea onably 
safe to suggest that th two inner layers arc pre ent 
throughout the pollen perimeter, although for the mo t 
part they clo ely adjoin each other. We ass ign layer (3) 
to the ectex ine as its inner e lement (fool layer) on the 
basi s of its structural position, uni form di stribution, and 
a hi gh electronic density. Lay r (4) is lc -s electroni ca lly 
dense and, in Lori anrhus resin~fer, demonstrates a 
characteri stic endex inous lamination. In this species, it 
is equall y thick in apertural and nonapertural regions, 
whereas in BaisianJ/ws ramosus, it is homog neous 
and irregularly thi ckened in both aperlural and nonap­
ertural regions. 

Krassilov and Bugdaeva ( 1999) noted a certain mor­
phological similarity b tween the pollen grain. of Lor­
icanthus and Eucommiidites, although Lorica111fws 
lacks the characteri stic lateral furrow and the thinned 
ex ine covers most of lh ap rtural area. Pollen grains of 
the Eucommiidites group addi tionally differ from those 
of Loricanthus in their granular ultrastructure and the 
absence of colurnella-l i kc elements (Doyle et al. , 1975; 
Trevisan , 1980; Peder en et al., 1989; Pedersen et al., 
1994; Ballen and Dutta, 1997; Osborn , 2000). Pollen 
grains with adclilional furrows like in Eucommiidites 
were ex tracted from the gut content of the extinct ins ct 
Ceroxyela dolihocera . Rasn. These pollen grains are 
much larger than the typical Eucommiidites and differ 
al so in rudimentary air bladders with an expanded alve­
olate infratcc tum (Krassil ov et al. , 2002). 

The ectex inal morphology of Loricanthus resinifer 
is similar to that of Crcuzamu /1 ivesiculi1es in the thick 
tcctum with fine perfora tions and the infratectum com-
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posed of colume lla- like lements and large granule 
(Zavada and Dilcher, 1988). Cranamullivesiculi1es is 
discinguished from Loricanthus by a v ry thick foo t 
lay r and the absence o f end xine. In addition , the 
former has numerous small saclike outgrowths, where 
a large cavity develops betv een the infratectum and 
foot lay r. 

Ultrastructurall y, Loricantlws is a l o comparable to 
lassopollis, a common Mesozoic and Early Paleogene 

pal ynotype. However, the proximal trilete scar and di ·­
tal cryptopore (characte ri . tic o f Classopol/is) are 
absent in Lorica111hus. In addition , Lorica111h11s has a 
thicke r homogeneous tectum not di id d int o sublay ­
ers, as opposed to lassopollis (Taylor and Alvin, 
1984; Ked ves, 1994; sbom and Tay lor. 1994). 

Regarding Baisiamhus ramosus, Krassil v and 
Bugdaeva (2000) noticed the loosely aligned outer and 
inner layers, resulting in a hollow between the layer . In 
thi . character, Baisianthus is more s imilar to early 
angiosperm , such as Re1i111011ocolpites perore1icula111s 
(Brenne r) Doyle. Howe ve r, the latte r has a columellate 
infratectum and the ndexine is undeve loped ( Ked ve" 
1990). 

Saclike folds re emblin !! those of Baisianthus are 
known in R11gubivesicu/i1;s. Cranamul1ivesiculites, 
Clavabi vesiculiies, and Cranabivesirnlites (Zavada 
and Di lch r, 1988). However, Rugubivesiculi1es has an 
al veolate infratectum; it endexin only slightly differs 
from ectcxine in e lectronic den ·ity. The sporode rm 
ultra trncture of Gra11abivesiculi1es is essentially dif­
ferent from that of Baisianthus. Th infratectum of CLa­
vabivesiculi1es i partly granular, resembling that of 
Baisia111hus, but the granules are substantially larger; 
locally, the porode rrn contains rod like e l ments, while 
end xine has not been revealed. Among four palyno­
typcs used for comparison, Cranahivesiculites is mo t 
imilar t Baisianthus. Like Baisicmthus, it ha a thick 

tecrum and a granular infratectum. Howeve r, this infra­
tectum include fewer tiers of granules, the foot layer is 
thicke r, and the inn rmost laye r, which could be 
referred to as the endexine , is absent. 

DISCUSSION 

Proan o-iosperms constitute an evolutionary grade 
independently reached by seve ral lineages of seed 
plant , trending in paralle l toward the angiosperm 
grade . In particular, Baisianthus re presents an evolu­
tionary line re lated to the extant gne tophyte in the 
morphol gy of the pollen organs, the verticillate 
arrangement of late ral pranches ari s ing in axils f nodal 
bract. , the development of sporang iophores in cupules 
from which they emerge at maturity, and the character­
i tic trncture of the synan o- ia (Kra · ilov and Bugdaeva, 
2000). However, the pollen grain. of th.is extinct genus 
are rathe r unique and clearly differ from those of extant 
gn tophytes. 
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The sporoderm ultrastructure of Baisia11Th11s com­
bines gymnospermous (th fo lded ex ine and aperlllral 
~ atures) and angiosperrnous ( ndex ine morpho l g ) 
haracters. granular infratectum similar to that in 

Baisia111hus is a lso known in both gymn o perms, 
includirw th bennettit s and gn tophyte , and 
angiosp rms. for instance, retace us Plicapollis 
(Ked ves, 1990) and Le1ho11wsi1es (Ward el al., 19 9) 
and the ex tant Magnoliaceae (Gabaraeva, 1997). 

In Lorica111hus, the general morpho logical typ of 
po llen organ. does not show clear evidence of taxo­
n mic re lationships, because it is known in different 
gy mnosperm groups. Ne rthe less, trobili of thi s type 
are easy to r cogni ze due to the ir Jarg and strongly 

utinized pe ltae of mic rosporoph ll s bearing tufts of 
numerous fr e sporangia. To date, three more genera 
be longing to the same group have been described : Aegi­
nant/111s from the Middle Juras ic of st-Balej on the 
Angara Rive r (Krassilov and Bugdaeva, 19 8), £rdt­
mani1heca from the Upp r Cretaceous of th United 

ta tes (Peder ·en et al.. 1989), and Bayeri1heca from the 
eno manian of the Czech Re public (K vacek and Pa I­

t va, 200 I). The first genus is similar in cuticular char­
acters to Heerala and was found in association with , 
and v as similar in cutic ular characters to bra t and 
samaras of Heerala assign d to 0 netophytes. xlrap -
lation of gnetalean affinitie to the thre othe r genera 
re main an open question. Howeve r, thi s seems to b a 
c redible speculation , taking into account the morpho­
logical f eatur s of pollen grains, which be long to the 
Eucommiidites palynological group in two cases . 

Loricanthus resin{fer sh w a broad ap rtural region 
with a thin exine composed only of th foot layer and 
endexine. Pres ntly, the po ·ition of th apertural reo-ion 
( n the di stal or proximal ·ide of pollen grains) cannot 
be unequivocally determined. Howeve r, the pollen 
grain presumably pre erved in te trad arrangem nt suo-­
gest its proximal position . This be ing the case, the p l­
ien grains preserved an archaic pr pollen morphology 
of Paleozoic gymno ·perm . t the sam time, Lorican­
thus resinder combines a lamellate ape1tural ndcx ine 
with columella-like elements partl y re ting on the f ot 
laye r. The ultrastructural r semblance to Las ·opollis is 
ev idence in favor of phy logeneti~ re lationships with 
gnetophytes . Although plants producing thi pollen 
type (Che irole pidiaceae or Hirm re lliac ae) are tradi ­
tionally assign d to conifers (Vakhrame , 19 O; Al vin 
et al., 1994), the morphology of their female fructifi ca­
tions (Hirmerella ) re lates them to gnetophytes (Kras i­
lov, 1982). In any case, the highly peculiar poll en mor­
phology substantiates a unique position of CLassopol­
lis-producing plants amon g gymno perm linking them 
to proangiosp rms. 

Thus, the two specie under study show both macro­
rnorphological and ultra tructural similaritie to gneto­
phytes, a het rogeneous group that need. taxonomic 
revis ion . In both pecie , pollen grains have four ultra-
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structural exinal layers. Unlike in most fossil gymno­
sperms. the foot layer is separated from the endexine, 
which is either larncllate or homogeneous at this evolu­
tionary grade, and is uniformly deve loped in the aper­
tural and nonapertural regions (in Loricanthus) or irreg­
ularly thickened (in Raisianthus). 
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