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Abstract- Structurally preserved pistillate heads from the Upper Cretaceous of Eastern Siberia are described 
and assigned to a new genus Lindacarpa N. Maslova gen. nov. (Hamamelidaceae). The question of the mor
phological divergence of platanoid and hamamelioid pistillate structures is addressed. The implications of the 
new discovery for the evolutionary morphology of hamamelids are explored. 

INTRODUCTION 

The order Hamamelidales Wettstein maintains a key 
position in modem phylogenetic systems (Takhtajan, 
1966, 1987; Cronquist, 1981 ). As a link between ances
tral lineages and the re latively advanced amentiferous 
orders, the hamamelids show a combination of primi
tive and supposedly advanced morphological charac
ters . Palaeobotanical data on hamamelids, in particular 
on their reproductive structures, are important in this 
context. 

The most representative of the Hamamelidales is the 
family Hamamelidaceae R. Br. that includes, according 
to various authors, from 24 to 30 genera (Skvortsova, 
1975; Bogle, 1970; Endress, 1989). The genera Altin
gia Nor., Liquidambar L. and Semiliquidambar Chang 
are sometimes placed in a separate family the Altingi
aceae Lindi. (Skvortsova, 1960; Melikian, 1973; Rao, 
1974: Takhtajan, 1966, 1989). However, some recent 
studies are in favor of demoting this group to a subfam
ily of the Hamamelidaceae (Cronquist, 1981; Wis
niewski and Bogle, 1982; Bogle, l 986; Endress, 1987). 
Traditionally thi s subfamily has been named Liquidam
baroideaea as proposed by Harms ( 1930). However, the 
name Altingioideae is valid under the principle of pri
ority (Reinsch, 1890). This subfamily differs from the 
rest of the Hamamelidaceae principally by the typically 
capitate inflorescences. 

Representatives of the Altingioideae are si milar to 
Platanus L. (Platanaceae Dumortier, Hamamelidales) 
in the gross morphology of the leaves and fructifica
tions. The geological history of Platanaceae is rela
tively well studied. The earliest records come from the 
Early Cretaceous (Hickey and Doyle, 1977). The Pla
tanaceae were an abundant and highly polymorphic 
group of angiosperms over the Late Cretaceous and 
Paleogene, but declined in the Neogene, with a single 
extant genus Platanus persisting to the present. Mor
phologically the Platanaceae are perhaps the most thor
oughly studied group of angiosperms. In addition to the 

numerous records of dispersed leaves and fruiting 
heads there are a few whole plant reconstructions based 
on various organs (Butek et al., 1967; Kvacek, 1970; 
Manchester, 1986; Crane et al., 1988; Pigg and Stockey, 
199l ; Maslova, 1997). 

Much less is known of the fossil Hamamelidaceae, 
in particular of the Altingioideae. Only Liquidambar 
with its easily recognizable leaves has a representative 
Cenozoic record, though its species content is contro
versial (Harms, 1930; Makarova, 1957; Uemura, 1983; 
Bogle, 1986; Maslova, 1995). Most fossil species of 
this genus are based on leaf remains alone. A few records 
of reproductive structures are based on macromorpho
logical descriptions. We noted already (Maslova, 1997; 
Maslova and Krassilov, 1997) that macromorphology is 
not enough for precise generic assignment of foss il Pia-

. tanaceae and Altingioideae. Though similar in their 
general aspect, the capitate fructifications of these 
groups differ markedly in microstructural characters 
which are, therefore, critical for their taxonomical 
assignments. 

Most micromorphologically studied fructification s 
of fossil hamamelids resemble those of the extant 
Hamamelidoideae (Endress and Friis, 1991; Manches
ter, 1994; Magallon-Puebla et al., 1996), while next to 
nothing is known of the progenitorial Altingioideae. 
The fructifications Steinhauera Pres!. from the Maas
trichtian to Palaeocene deposits (Mai, 1968; Krassi lov, 
1976; Friis and Crane, 1989) are related to Liquidam
bar or Altingia (Tiffney, 1986; Krassilov, 1989; Fergus
son, 1989; Krassi lov, 1997). Typically altingioid char
acters are found in Evacarpa polysperma Maslova et 
Krassilov from the Late Paleocene of Western Kam
chatka (Maslova and Krassilov, 1997). A new genus 
Lindacarpa from the Late Cretaceous of Eastern Sibe
ria, described later in this paper, adds to the known 
diversity of reproductive structures in early hama
melids and is of certain interest for their phylogeny and 
systematics. 
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MATERIALS AND METHODS 

The material was collected by L.B. Golovneva on 
the Linda River, a left tributary of the Lena River (East
ern Siberia), about 35 km from the mouth (Fig. I) . The 
locality is an outcrop of lenticular clayey deposits inter
bedding with alluvial sandstones. In the basin of the 
Linda River the Upper Cretaceous deposits are subdi
vided into the Agrafenovskaya and Chirimyjskaya for
mations (Vakhrameev, 1958; Reshenia .. ., 1981 ). They 
mostly consist of light-gray, locally ferruginous soft 
sandstones and clays of alluvial origin, containing 
abundant plant remains. The infructesce nce is pre
served as a compression in the Chirimyjskaya Forma
tion, which also yields diverse remains of ferns, coni
fers and angiosperms. Thi s assemblage is preliminarily 
dated as Coniacian. 

The inflorescence was cleared from the rock matrix 
under Cytoval disecting microscope and photographed. 
A few fruits were removed from the heads, cleared in 
flu oric acid and mounted for SEM. For cuticular studies 
fragments of compressed fruits were macerated in 
Shultze's solution and alkali. Microphotographs are 
obtained with Carnscan SEM . 

The collection is deposited in the Botanical Institute, 
Russian Academy of Sciences (BIN RAN) St. Peters
burg, no. I 196. 

SYSTEMATIC PALEONTOLOGY 

Family Hamamelidaceae R. Brown, 1818 

Genus Lindacarpa N. Maslova, gen. nov. 

Et y mo Io g y. From the Linda River and Latin 
carpus (fruit). 

Type spec ies. Lindacarpa pubescens, sp. nov. 
D i a g nos i s. Pis ti II ate head s of many radial florets 

of different developmental stages. Florets cuneate, with 
protruding conical ovary base. Perianth attached above 
the ovary base. Outer tepals thick, connate, with tabloid 
epidermal cells. Inner tepals thin, with larger irregular 
epidermal cells. Gynoecium pubescent, encased in peri
anth tube, consisting of two carpels, proximally syncar
pous, di stally diverging. 

Compos i ti on. Type species. 

Comparison. Thi s genus differs from the mac
romorphologically similar capitate inflorescences of 
P/atanus and fossi I platanoids in the gynoecial struc
ture of the two carpels that form a syncarpous semi
inferior ovary. It differs from altingioid fructifications 
in having a better developed perianth. In particular, in 
the recently described more typically altingioid Eva
cmpa (Maslova and Krassilov, 1997) the perianth is 
lacking, while the interfloral phyllomes and staminodia 
are re latively well preserved . The capitate inflores
cences from the Turonian (Raritan Formation) ofNew 
Jersey (Crepet et al., 1992) are much smaller (male 
heads 1-2 mm, female heads up to 2. 7 mm) and the 
perianth is relatively poorly developed. 
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Fig. 1. Locality of Li11daca17w pubescens sp. nov. (no. 20) 
on the river Linda in the Lena River Basin. 

U11dacarpa p11besce11s N. Maslova, sp. nov. 

Plate 12. figs. 1- 6 

Et y mo Io g y. From Latin pubescent (hairy). 

Ho Io type. BIN RAN, no. 1196-20-62; Linda 
River, Eastern Siberia; Chirimyjskaya Formation, the 
Coniacian, Upper Cretaceous . 

D i a g n o s i s. As for the genus. 

De s c rip ti on (Fig. 2). A pi stillate head is pre
served as an impression with fragmentary compression. 
The head is 19 mm in diameter, with a massive recep
tacle 5.5 mm in diameter bearing crowded, radially dis
posed floral units at different developmental stages, 
some perhaps at the fruiting stage, with pers istent peri
anths (Pl. 12, fig. I). Boundaries between individua l 
flowers were only occasionally di stinct under the dis
secting microscope. The total number of flowers was 
approximately thirty. Shed flowers leave rounded scars 
on the receptacle. The microstructure was studied using 
SEM. 

Jsolated flowers are broadly obcuniate, 7 mm long, 
di stally up to 2 mm broad, with a conspicuous obconi
cal base. They are enveloped by perianth members that 
are attached about 0.8 mm above the base (Pl. 12, 
figs. 2-4). The outer perianth members are connate 
almost over their entire length forming a distally lobed 
floral tube. The inner tepals can be seen inside the tube 
(Pl. 12, fig. 6). They differ from the outer ones in their 
epidermal structure (see below) . The ovary is seen in 
gaps of split perianths and in transverse ly cut flowers. 
Jn lateral view (Pl. 12, fig. 2) the carpels diverge about 
I. 7 mm above the base. The ovary is thus syncarpus 
over I /4 of its length . Free parts of carpels are ad nate 
for some di stance and are spread funnel-shaped near 
the apex. An ovary tran sversely cut near the base 
(Pl. 12, fig. 5) shows two locules that are elongate-rhom
boid or elliptical, and of unequal width. Stylodes are 
lacking, perhaps having been shed before fossilization. 
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Explanation of Plate 12 
Figs. 1-6. Lindacmpa pubescens sp. nov., holotype no. 11 96-20-62: ( I) general aspect. x4: (2) fl ower wit h a longi tudinall y split 
fl oral tube exposing the ovary (arrow). SEM , x22; (3) several fl owers with ovaries basall y protruding from fl oral tubes (arrow). SEM , 
x33: (4) ovary base with tepals attached. prox imal view, SEM. x 143: (5) transversly cut gynoecium of two carpels (arrow) surround
ed by tepals. SEM. x75; (6) part of perianth showi ng inner tepals (arrow). SEM , x33. 

The ex ternal cuticle of the carpel s shows irregularly 
arranged isodiametric cells of irregular shapes, about 
I 0-15 µ m wide. At the contact point of the carpels the 
epidermal cell walls are folded. The hair bases are 
irregularly scattered all over the surface, occasionally 
forming fascicles of three hairs (Fig. 2a). 

The abaxial cuticle of the outer perianth members 
shows the squarish tabloid cells I 0- 15 µm wide, with 
pitted periclinal wall, di sposed in distinct longitudina l 
rows (Fig. 2b). The abaxial cuticle of the inner tepa ls 
shows itTegular-polygonal cells 20-30 µm long, I 0-
15 µm wide, not forming distinct rows (Fig. 2d). Their 

Fig. 2. Li11daca111a pubescens sp. nov .. holotype no. 1196-20-62. epidermal structures. SEM: (a) ovary, externa l cuticle with hairs. 
x2 l 0: (b) floral tube. ex ternal cuticle, x300; (c) inner tepal. adax ial cuticle, x470; (d) inner tepal, abaxial cuticle, x330. 
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abaxial epidermis consists of larger polygonal cells of 
variable dimensions, 40-80 µm long, 5-30 µm wide. 
Occasional small rounded-elliptical cells might have 
been hair bases (Fig. 2c). 

M ate r i a I. Holotype. 

DISCUSSION 

Capitate fructifications, found in many Cretaceous 
and Paleogene localities of the Northern Hemisphere, 
are the most common structurally preserved reproduc
tive structures of early angiosperms. Most of them are 
similar to either staminate or pistillate heads of extant 
Platanus and are thereby assigned to the Platanaceae 
(Krassilov, 1973; Manchester, 1986; Crane, 1987; 
Crane et al., 1988; Friis et al., 1988; Pigg and Stockey, 
1991; Manchester, 1994; Krassilov and Shilin, L995; 
Magallon-Puebla et al., 1997; Maslova, 1997). They 
are also similar to some hamamelidaceous heads, in 
particular those of the Altingioideae. Such similarities 
might sometimes result in ambiguous taxonomic situa
tions that can be resolved on the basis of microstruc
tural studies alone. 

The reproductive structures of both the extant Pla
nus (Boothroyd, 1930; Baas, 1969) and altingioid gen
era (Flint, 1959; Schmitt, 1965; Wisniewski and Bogle, 
1982; Bogle, 1..986) are thoroughly studied. The large 
number of flowers per head (up to 300) and their simul
taneous development, is similar to modern Platanus. 
The perianth is either lacking or strongly reduced. The 
number of floral parts is variable (5-9), even in a single 
head. The ovary is inferior, apocarpous, with a solitary 
ovule, developing into a pubescent achene. The fossil 
platanoids (Platanocarpus Friis, Crane et Pedersen, 
Macginicarpa Manchester) have smaller heads, with 
fewer flowers (60-100), a constant number of floral 
parts (commonly five), well developed perianth and 
glabrous fruits. 

The reproductive structures of extant Liquidambar, 
Altingia and the interfertile and probably hybridogenic 
Semiliquidambar are coaxial capitate inflorescences 
(infructescences), several per axis, with 6-25 (Altingia) 
to 40 (Liquidambar) flowers per head. Typical of altin
gioid flowers are gynoecia with paired carpels, proxi
mally syncarpous, but to a different extent apocarpous 
above. Fruit maturation is diachronous, with flowers 
and ripe fruits occurring in the same head. Perianths are 
lacking. The ovary is semi-inferior, with staminodes 
and sterile interfloral phyllomes surrounding the apo
carpous distal part and, in Altingia, with deciduous sty
lodes. The ovules are numerous. 

The genus Lindacarpa, gen. nov. is similar to Altin
gia and Liquidambar in the number of flowers per head 
(which are much more numerous in the Platanaceae) 
and their variable dimensions indicating diachronous 
maturation. The gynoecium consists of two carpels 
forming a semi-inferior ovule, with perianth members 

attached above the base. These characters are typical of 
hamamelids. 

At the same time, Lindacarpa resembles extant Pla
tanus in having pubescent gynoecia and is similar to the 
fossil Platanaceae in the well developed perianth. Nota
bly, the gynoecia are glabrous in the Cretaceous Platan
aceae as distinct from Platanus in which pubescent 
fruits had already appeared in the Paleocene (Maslova, 
1997) and are retained by all extant species. In contrast, 
the Altingioideae (with the sole exception of Altingia 
excelsa Norr.), lack gynoecial hairs (Bogle, 1986). 
However, the hairy gynoecia of Lindocarpa indicate 
that this character appeared in early altingioids but was 
lost by their descendants. The paired carpels of Linda
carpa are fully enveloped by a tube of connate tepals of 
a possible bracteate origin. The inner tepals are differ
ent from the outer ones. Their epidermal characters are 
consistent with both petaloid and bracteate origin. 
More material is needed to elucidate their morphology. 
The presence of interfloral phyllomes also remains 
uncertain. However, even in the extant genera their 
interpretation is the subject of debate (see Schmitt, 
1965; Chang, 1962; 1973; Endress, 1977; Wisniewski 
and Bogle, 1982; Bogle, 1986). 

Flowers of extant Liquidambar are interpreted as 
naked. Even developmental studies in L. styraciflua L. 
failed to reveal a primordial perianth (Wisniewski and 
Bogle, 1982). However Bogle ( 1986) has admitted the 
possibility of chlamideous flowers in some extinct 
members of the family, with a later transformation of 
the perianth into a sclerotic tissue between the flowers. 
Dichlamideous flowers, as well as flowers with vari
ously reduced perianths, occur in other hamamelid sub
families. For example, Mytilaria Leconte, in the Exbuck
landioideae has well developed sepals, while in 
Exbucklandia R.W. Br. the sepals are distinct only in 
the early developmental stages. In Chunia Chang the 
flowers are naked, while in Rhodolea Champ. ex Hook, 
the Rhodoleioideae, they are dichlamideous with 
strongly reduced sepals (Bogle, 1986). Among the 
Hamamelidoideae the perianths are sometimes reduced 
or lost completely (Bogle, J 970). Our material shows 
well developed perianths in an early hamamelids, with 
a tendency toward reduction mirrored in several other 
lineages of the family. Therefore, naked flowers of 
extant Liquidambar and Altingia can be interpreted as 
derived rather than primitive. 

CONCLUSIONS 

( l) The key reproductive characters of the Altingio
ideae (the diachronous fruit maturation, paired carpels, 
semi-inferior ovary) had already appeared by the Late 
Cretaceous. 

(2) The pistillate flowers of early altingioides had 
well developed perianths forming floral tubes, as well 
as densely pubescent ovaries and fruits. Lack of these 
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characte rs in extant representatives of these lineages is 
therefore a derived condition. 

(3) The morphological s imilarity of the modern Pla
tanaceae and Hamamelidaceae appears to be conver
gent. The di sparities in the ir reproductive morphologies 
were already been apparent in the Late Cretaceous 
(Coniacian). 
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