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Introduction

Trochodendroides BERRY is the most widespread and
abundant leaf genus in the Late Cretaceous and Paleogene
of northern Asia and North America evidently representing
an ecologically dominant plant of the lowland arboreal veg-
etation. It comprises polymorphous long-petiolate ovate,
obovate or cordate leaves with palmate acrodromous vena-
tion that before recognition of the extinct genus, were fre-
quently misassigned to Populus, Cocculus, Zizyphus, Cer-
cidiphyllum and other extant genera of similar leaf mor-
phology (reviewed in Krassilov 1976). Variation in leaf
shapes and venation might have been partly related to
dimorphism of long and short leafy shoots. Reproductive
structures repeatedly found in association with Trochoden-
droides are compound infructescences with racemose para-
cladia bearing free or paired many-seeded follicles, des-
cribed under Cercidiphyllum SIEBOLD et ZUCCARINI, Nyssid-
ium HEER, Trochodendrocarpus KRYSHTOFOVICH, and Joff-
rea CRANE et STOCKEY (Brown 1939, Kryshtofovich and
Baikovskaya 1966, Krassilov 1976, Crane 1984, Crane and
Stockey 1985). Their taxonomic affinities were sought with
the Cercidiphyllaceae (Brown 1939, Crane and Stockey 1985)
or the Hamamelidaceae (Krassilov 1976, Krassilov and Fo-
tyanova 1995). 

Inflorescences of spirally arranged bracts subtending
staminate flowers have been found in association with Tro-
chodendroides in a number of Cretaceous and Paleogene
localities of northern Asia, but remained misunderstood
until their revision by Golovneva (2006), who erected an
inflorescence morphogenus Alasia for them. Similar struc-
tures seem to have been collected together with Joffrea
from the Paleocene of North America (Crane and Stockey
1985).

Regular associations, often with Trochodendroides
leaves alone, makes it fairly probable that Alasia represents
staminate inflorescences of the Trochodendroides plant.
However their interpretation remained ambiguous and no
pollen grains have been so far extracted. We report in situ
pollen grains and discuss staminate morphology of Alasia
in relation to its taxonomic affinities. Hopefully, this study
will assist in recognition of dispersed pollen grains of the
Trochodendroides plant. 

Material and methods
Material described in this paper came from the Pale-

ocene coal-bearing Kivda deposits (age assignments after
Krassilov 1976, Akhmetiev et al. 2002) of the Pioneer
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Quarry, Raichikhinsk Coal Field in the Amur Province of
the Russian Far East (Text-fig. 1), including: 

(1) A detached bract with exserted stamens, collected by
Lina Golovneva and deposited in the Botanical Institute, St.
Petersburg, collection BIN No. 1537, specimen and coun-
terpart No. 44, figured in Golovneva (2006, pl.2, fig. 1) and
re-figured here in Pl. 1, figs 1-3;

(2) A disintegrated bracteate inflorescence showing
partly exserted anthers collected by Tatiana Kodrul and
deposited in the Geological Institute, Moscow, collection
GIN No. 4867, specimen No. PN4-81 (Pl. 1, figs 5, 6);

(3) Detached stamens similar to those of Alasia sp., here
designated as cf. Alasia sp. from Kodrul’s collection GIN
No. 4867, specimen No. PN4-5 (Pl. 1, fig. 4). 

All the specimens were borrowed and re-described by
Krassilov and Kodrul in the Laboratory of Paleobotany,
Paleontological Institute, Moscow and the Institute of Evo-
lution, University of Haifa. Photographs were obtained with
a digital camera Leica 420. 

The plant remains are preserved as slightly ferruginous
impressions with patches of compressed material that can
be macerated. Small fragments of anthers were transferred
to varnish film by dissolving the rock matrix in hydrofluo-
ric acid, cleared in nitric acid and studied under SEM. Both
specimens of intact flowers had dehisced anthers yielding
unshed pollen stuck to the locules. The best preserved pol-
len grains, both scattered and in small clumps, were ob-
tained from Kodrul’s specimen 4867-PN4-81 (Pl. 2, figs 
1-6; Pl. 3, figs 1-6; Pl. 4, figs 4-6). The grains are of the
same morphological type, whereas the noticeable variations
in size and ornamentation are ascribed to developmental, as
well as preservational differences. 

Transfers from the counterpart of Golovneva’s speci-
men 1537-44 exposed a few recognizable grains and
clumps of crumpled grains (Pl. 4, figs 1-3). In the detached
stamens cf. Alasia sp., specimen 4867-PN4-5, the anthers
had locules filled with masses of coalescent pollen grains
that proved difficult to separate (Text-fig. 2A-D). 

Description

Golovneva (2006) described Alasia pojarkovae (KRAS-
SILOV) GOLOVNEVA, the holotype of which came from an
outcrop of the lowermost Paleocene conglomerates with
lenticular shales on the Belaya Gora (White Mountain), 
12 km upstream from the mouth of the Bureya River. All the
material in the protologue of this species (Krassilov 1976,
re-figured in Golovneva 2006) is sterile, showing neither
exserted stamens, nor even impressions of anthers on
bracts, which regularly occur in Alasia. Attribution to Ala-
sia was based on Golovneva’s specimen 1537-44 of a bra-
cteate flower from the Pioneer Quarry, Raichikhinsk Coal
Field, found in a stratigraphically higher coal-bearing hori-
zon. Although undoubtedly representative of Alasia, this
specimen has been figured without being described and the
characters of the flower did not enter the diagnosis of Ala-
sia pojarkovae based on Krassilov (1976). The sterile mate-
rial from Belaya Gora and fertile material from Pioneer
Quarry differ not only in age and geography, but also in
their shapes and dimensions, which makes their attribution
to one and the same morphotaxon highly problematic. We
therefore designate the Pioneer Quarry specimens as Alasia
sp. and the detached stamens from the same locality as cf.
Alasia sp. 

Staminate flowers
Pl. 1, figs 1-6

Specimen GIN 4867- PN4-81 is a disinte-
grated spike of imbricate bracts, which are
ovate, shortly pointed, broadly rounded at the
base (Pl. 1, fig. 5). All the bracts are pre-
served with their convex abaxial face
upwards showing a smooth surface with faint
epidermal cell pattern, apparently lacking
stomata. The subtended stamens were imbed-
ded in the rock matrix, but in a few scales it
was possible to uncover anthers basally pro-
truding from under the adaxial impression
(Pl. 1, fig. 6). The anthers are linear-elongate,
curved away from the bedding plane, about
1.4 mm long, imprinted parallel to each other
as they were adpressed to the bract before
exsertion. Since the anthers are dehiscent, it
is suggested that they were not or only slight-
ly exserted at anthesis.

Specimen GIN 4867- PN4-5 (Pl. 1, fig. 4)
represents two bithecate anthers and a theca
of one more, about 1.4 mm long, imprinted
nearly parallel to each other and somewhat
curved, as in the intact flowers. A poorly pre-
served laminar impression above the anthers

Text-fig. 1. Map of the study area showing the Pioneer Quarry locality
(49º39’53.9“ N, 129º34’00.1“ E).
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suggest, that they were also overlapped by a bract, as in the
specimen 4867- PN4-81, and the dimensions are nearly the
same. However, the thecae are preserved as solid bodies
filled with pollen grains, perhaps being mechanically
detached shortly before anthesis. 

Specimen BIN 1537-44 is a solitary inflorescence bract
with an exserted fascicle of about 20 stamens. The bract is
preserved with its concave adaxial face upwards, with
infolded margins, showing imprints of adpressed anthers
marked by a series of parallel ridges (Pl. 1, fig. 1). The
exserted stamens are irregularly spread without any evi-
dence of differentiation within the fascicle. They are all
equally developed, about 4 mm long, consisting of a short
(1/4 of stamen length) stout filament and a massive anther.
The anthers are elongate, slightly curved, having a connec-
tive with a short point and two large spindle-shaped thecae
pointed at both ends. An enlarged stamen figure (Pl. 1, fig.
2) shows its anther being dorsally attached to the filament
(dorsifixed), with a well marked dehiscence suture on the
slightly concave ventral side (introrse). Because the anthers
are larger than in specimen 4867-PN4-81, it is suggested
that they represent a later developmental stage of an open
inflorescence with the bracts separated and the flowers
exserted before being shed from the axis. 

Pollen grains
Pl. 2, figs 1-6; Pl. 3, figs 1-6; Pl. 4, figs 1-6; Text-fig. 2A-D; 4A

Pollen grains transferred from specimen 4867- PN4-81
(Pl. 2, figs 1-6; Pl. 3, figs 1-6; Pl. 4, figs 4-6) are the most
representative of the species, showing a range of variation
in dimensions and sculpture. They can be
divided into groups of distinct and vague
ornamentation, although the differences are
gradational and at least partly developmen-
tal. Grains with distinct ornamentation (Pl.
2, figs 1-6; Pl. 3, figs 1-6) are typically elon-
gate elliptical, polar axis 25–26 µm, equatori-
al axis 20.5–21 µm (ten measurements). The
equatorial amb is somewhat irregularly
curved, infolded at one or both poles. An
obliquely compressed grain shows a nearly
rounded equatorio-polar aspect with broadly
convex mesocolpia and shallowly invaginate
colpi converging towards the pole (Pl. 2, fig.
4). The colpi are long, mostly infolded,
occasionally open, gaping in the middle to a
width of 5 µm, covered with a coarsely gran-
ular membrane (Pl. 3, fig. 1). 

The sculptural pattern of mesocolpia is
crochet-like, ranging from the microreticu-
late of dense rounded pits and broad cristate
muri (Pl. 3, figs 3, 4) to the canaliculate of
scattered pits and intricately ramified fur-
rows cut between the verrucate-scabrate
patches of positive relief (Pl. 3, figs 5, 6).
Ornamentation tends to smooth out in the
vicinity of colpi bordered by continuous
stripes of verrucate-scabrate surface. Minute
electronically reflective orbicules are scat-
tered over the mesocolpia and on the borders
of colpi.

The ratio of microreticulate and verrucate-scabrate areas
varies both over the surface of a single grain and between
the grains. In a somewhat larger than average, 29 x 28 µm,
almost spherical grain (Pl. 3, figs 2, 5), about 2/3 of the sur-
face is continuously verrucate-scabrate, with relatively
small densely pitted areas. Such sculpture variants are tran-
sitional to the vague ornamentation of smaller grains, about
22.5 × 17. 5 µm, with long, but less prominent slit-like colpi
and low patchily obliterated verrucate-scabrate ornamenta-
tion (Pl. 4, figs 4-6). Some show distinct differentiation of
scabrate and smooth areas (Pl. 4, fig. 6). Orbicules are more
abundant than in the distinctly ornamented grains, locally
aggregated in dense masses. 

An open anther transferred from the counterpart of BIN
1537-44 contains a few unshed pollen clumps and solitary
grains struck to the wall (Pl. 4, figs 1-3). The pollen grains
are compressed and somewhat crumpled, perhaps by desic-
cation before burial. The better preserved grains are broad-
ly elliptical in equatorial aspect, polar axis 25–29 µm, short
axis 24–26 µm (five measurements). The amb is smoothly
rounded, often truncate at the poles. The colpi are infolded
over their whole length. The apocolpia are marked by
prominent, nearly straight or somewhat undulate, smooth or
indistinctly verrucate ridges. The mesocolpia are about 12 µm
wide, canaliculate, with irregularly lobed or digitate patch-
es 2–3 µm wide, divided by narrow sinuous furrows. Orna-
mentation of the patches is verrucate-scabrate with hemi-
spherical verrucae about 0.5–0.6 µm wide and globular
scabrae about 0.2 µm in diameter. The irregularly scattered
orbicules are spherical, of nearly the same size as the verru-
cae or occasionally larger, about 1–1.5 µm in diameter. 

Text-fig. 2. Cf. Alasia sp. A - C, pollen masses from anthers, GIN No. 4867-
PN4-81 (Pl. 1, fig. 4); D, surface features, with sculptured layer degraded
to granular aggregates with tapetal spherules.
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In cf. Alasia sp., specimen 4867- PN4-5 (Text-fig. 2A-D),
the thecae of detached anthers are filled with masses of sev-
eral hundred coalescent pollen grains, some in discernible
tetrade configurations. Individual grains are elliptical,
broadly rounded or truncate and shallowly invaginate at
both ends, or else ovate, with one end broadly rounded, the
other narrowly rounded, polar axis 18.2–19 µm, equatorial
axis 10.5–12 µm, mesocolpia 6–6.2 µm wide. The colpi
nearly reach to the poles, are straight or gently curved. The
mesocolpia are covered with granular aggregates with dis-
tinct orbicules. Exposed areas of exine are smooth with
sparse pits, minutely dotted with punctuate prominences at
the ends of infratectal rods. 

The grains are smaller than those found in dehiscent
anthers, obviously immature. They are comparable to the
vaguely sculptured grains from dehiscent anthers (Pl. 3, figs
4-6), which are also considered to be underdeveloped.
However, the distinctions in the surface features can be due
not only to developmental differences, but also to a post-
depositional degradation of surface material resulting in
obliteration of sculpture and aggregation of structureless
tapetal deposits. 

As a result of this study, the diagnosis of Alasia GOLOV-
NEVA has to be emended by exclusion of species based on
sterile material alone, such as “Alasia” pojarkovae, and by
additional taxonomically important characters of stamens
and pollen grains described above.

Alasia GOLOVNEVA, 2006 emend. nov.
T y p e : Alasia jacutensis (SVESHNIKOVA) GOLOVNEVA

(first described as Araucarites jacutensis SVESHNIKOVA,
1967), Golovneva 2006, p. 1901.

E m e n d e d  d i a g n o s i s : Inflorescences long spi-
cate of imbricate deciduous bracts subtending axillary fas-
cicles of numerous stamens. Bracts ovate with stamens
appressed upon their concave adaxial face, shortly exserted
at anthesis. Stamens free, simultaneously developing, with
a short (1/4 of stamen length) stout filament and a massive
dorsifixed bithecate anther, dehiscence introrse. Pollen
grains tricolpate with long colpi, ornamentation microretic-
ulate or canaliculate, on the positive elements additionally
verrucate-scabrate, in immature grains vaguely developed,
with abundant orbicules. 

Discussion
In Alasia GOLOVNEVA, 2006, interpretation of the axil-

lary staminate structures as pseudanthial inflorescences is
based on an alleged analogy to Cercidiphyllum (in which
such interpretation is also problematic) and is scarcely war-
ranted by the material at hand. In extant Cercidiphyllum,
staminate clusters develop from inflorescence buds that
also produce a solitary leaf in the axil of a bud-scale (cata-
phyll). Before anthesis, staminate clusters are enclosed in
the leaf stipules (unpublished observation by Krassilov).
Association with the leaf is maintained until the appearance
of a morphologically distinct growth point of a sympodial-
ly branching inflorescence and is a peculiar feature of Cer-
cidiphyllum finding no analogy in Alasia, in which the sta-
mens instead associate with large inflorescence bracts shed
with their subtended flowers. There are also differences in
the stamen morphology. Alasia has short filaments and
massive anthers that, unlike those of extant Cercidiphyllum,

Text-fig. 3. Cercidiphyllum japonicum SIEB. et ZUC.,
Botanical Garden, Moscow: pollen grains from anthers.

Text-fig. 4. A – Alasia sp., pollen ornamentation, com-
pared with B – extant Quercus castaneifolia C.A. Mey
(courtesy of Natalia Naryshkina, Institute of Biology
and Soil Science, Vladivostok), with similar verrucate –
scabrate elements. Scale bar 1 µm.
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are dorsifixed rather than basifixed, introrse rather than
latrorse (Endress 1993) and lack a distinctly protruding con-
nective.

A more productive comparison can be made with
hamamelids (sensu Cronquist 1981, Takhtajan 1987), typi-
cal of which are the catkin-like male spikes with solitary
flowers or partial pseudanthial inflorescences, perianthless
in the Myricaceae (Macdonald 1978), and sporadically in
other families (Takhtajan 1987). The morphology of Alasia
suggests that such simple androecial structures are of con-
siderable antiquity.

A recent revision of the Hamamelidae as a coherent
morphological group is based on the molecular phylogenet-
ic reconstructions (Fishbein and Soltis 2004, Soltis 2005)
assigning the Hamamelidaceae and Cercidiphyllaceae to
the Saxifragales. This supposedly new phylogenetic
arrangement actually corresponds to the views widely held
in the XIX century (critically reviewed in Baillon 1871),
but abandoned with further advances in morphological clas-
sification. The controversies can only be resolved by simul-
taneous revisions of both morphology and molecular data.
However fossil evidence (e.g., Maslova et al. 2005) sug-
gests an earlier appearance and diversification of the
Hamamelidaceae as a probable stem group, rather than a
sister group, of the Saxifragaceae and their morphological
allies. 

Pollen grains of Alasia are tricolpate with long colpi,
whereas in all varieties (some separated as distinct species)
of Cercidiphyllum japonicum the apertural type, although
conventionally described as tricolpate with short colpi, is
far more typically triporate (Text-fig. 4). A configuration of
long colpi found in Alasia is fairly common in the
Hamamelidaceae and Fagaceae, some members of which
also show significant similarities in ornamentation. Irregu-
lar canaliculate furrows are a characteristic feature of pollen
ornamentation in the Hamamelidaceae (Zavada and Dilcher
1986), whereas a similar association of scabrae and verru-
cae on the ripples of positive relief bounded by distinct or
vague furrows is typical of many species of oaks (Van Ben-
them et al. 1984, Wang and Chang 1991) and the details
may nearly coincide (Text-fig. 4). These features appear to
be of certain phylogenetic significance and are potentially
useful for detecting Trochodendroides plant pollen grains in
paleopalynological assemblages. Our material shows that
pollen grains could have been partly dispersed in an imma-
ture state, with ornamentation underdeveloped and prone to
post-depositional obliteration. This possibility has to be
taken into account in taxonomic assignment of dispersed
pollen grains through the Late Cretaceous and Paleogene.

Acknowledgements
The authors thank Lina Golovneva for courteously pro-

viding a specimen of Alasia BIN 1537-44 for additional
study and maceration. V.A. Krassilov acknowledges sup-
port from the German – Israeli Foundation for Science
Research and Development, Grant No. 1-888-159.8/2005.
T.M Kodrul is supported by grants from the Russian Lead-
ing Scientific Schools, No. 4185.2008.5, RFBR 06-05-
64618, and Program 18 of Basic Research, Presidium of the
Russian Academy of Sciences.

References
Akhmetiev, M.A., Kezina, T.V., Kodrul, T.M. and Manches-

ter, S.R. (2002): Stratigraphy and flora of the Creta-
ceous-Paleogene boundary layers in the southeast part
of the Zeya-Bureya sedimentary basin. – In: Akhmetiev,
M.A., Doludenko, M.P., Herman, A.B., Ignatiev, I.A.
(eds): Special volume dedicated to the memory of
Vsevolod Andreevich Vakhrameev. GEOS, Moscow,
pp. 275-315 (in Russian).

Brown, R.W. (1939): Fossil leaves, fruits and seeds of Cer-
cidiphyllum. – J. Paleontol., 13: 485-499.

Crane, P.R., Stockey, R.A. (1985): Growth and reproductive
biology of Joffrea speirsii gen. et sp. nov., a Cercidi-
phyllum-like plant from the Late Paleocene of Alberta,
Canada. – Can. J. Bot., 63 (2): 340-364.

Cronquist, A. (1981): An integrated system of classification
of flowering plants. Columbia Univ. Press, New York,
1262 pp.

Endress, P. K. (1993): Cercidiphyllaceae. – In: Kubitzki, K.
(ed.): The families and genera of vascular plants, Vol. 2.
Berlin, Springer, pp. 250-252. 

Golovneva, L.B. (2006): Alasia, gen. nov. – male inflores-
cences associated with Trochodendroides leaves (Cer-
cidiphyllaceae). – Bot. J., 91 (12): 1898-1906. 

Krassilov, V.A. (1976): Tsagayan flora of Amur Province.
Nauka, Moscow, 92 pp. (in Russian).

Krassilov, V.A., Fotyanova, L.I. (1995): New hamamelid
fructification from the Paleocene of Kamchatka, with
comments on Trochodendrocarpus and Nordenskioldia.
– Paleontol. J., 29(A): 87-95.

Kryshtofovich, A.N., Baikovskaya, T.N. (1966): Upper
Cretaceous Tsagayan flora of Amur Province. – In:
Kryshtofovich, A.N. Selected works, Vol. 3. Nauka,
Moscow-Leningrad, pp. 184-320 (in Russian). 

Macdonald, A.D. (1978): Organogenesis of the male inflo-
rescence and flowers of Myrica esculenta. – Can. J.
Bot., 56: 2415-2423.

Takhtajan,A.L. (1987): Systema Magnoliophytorum. Len-
ingrad, Nauka, 438 pp. (in Russian).

Van Benthem F., Clarke G.C.S., Punt W. (1984): The North-
west European pollen flora, 33. – Rev. Palaeobot. Paly-
nol., 42: 87-110.

Wang P-L., Chang K-T. (1991): The pollen morphology in
relation to the taxonomy and phylogeny of Fagaceae. 
– Acta Phytotaxonomica Sinica, 29 (1): 60-66.

Zavada, M.S., Dilcher, D.L. (1986): Comparative floral
morphology and its relationship to phylogeny in
Hamamelidae. – Ann. Mo. Bot. Gard., 73 (2): 259 – 264.

Explanation to the plates

PLATE 1

Alasia sp. from the Kivda Beds, Paleocene of Pioneer Quar-
ry, Raichikhinsk Coal Field, Amur Province. 

1, 2. Detached staminate flower with a persistent inflores-
cence bract, BIN No. 1537-44.
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3. Counterpart from which pollen grains were transferred,
BIN No. 1537-44.

4. Detached stamens cf. Alasia sp., GIN No. 4867-PN4-5.
5, 6. Disintegrated bracteate inflorescence with stamens

partly exserted, GIN No. 4867- PN4-81.

PLATE 2

Alasia sp., distinctly ornamented microreticulate – canalic-
ulate pollen grains transferred from anthers, GIN No. 4867-
PN4-5 (Pl. 1, figs 5, 6).

1. pollen clump.
2, 3. equatorial aspect, infolded at one pole and with invagi-

nated colpi. 
4. oblique equatorio – polar aspect. 
5. ectexine hollow inside, showing inner surface.
6. example of transitional microreticulate – verrucate orna-

mentation.

PLATE 3

Alasia sp., pollen grains transferred from anthers, GIN No.
4867- PN4-81 (Pl. 1, figs 5, 6), distinctly ornamented
microreticulate – canaliculate and transitional canaliculate
verrucate – scabrate grains. 

1. with open colpi showing a coarsely granular membrane.
2. with invaginate, partly open colpi. 
3. Canaliculate, patchily verrucate – scabrate ornamenta-

tion of grain shown in Pl. 2, fig. 3.
4. Mainly microreticulate ornamentation of grain shown in

Pl. 2, fig. 2.
5, 6. transitional, mainly verrucate – scabrate ornamentation

of grains shown in this Plate, fig. 2 and Pl. 2, fig. 5. 

PLATE 4

Alasia sp., pollen grains transferred from anthers. 

1 – 3. From counterpart of BIN No. 1537-44 (Pl. 1, fig. 3): 
1. Clumped grains. 
2, 3. A larger grain with canaliculate patchily verrucate-

scabrate ornamentation. 
4, 5. From GIN No. 4867- PN4-81 (Pl. 1, figs 5, 6), vague-

ly ornamented with abundant spherules. 
6. Transitional verrucate-scabrate (vs) to smooth with

spherules (sm) ornamentation of grain shown in this Pl.,
fig. 5. 
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PLATE 1
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PLATE 2
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PLATE 3
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PLATE 4


