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Liquidambar L. FROM THE CENOZOIC OF
EASTERN ASIA

N. P. Maslova

Paleontological Institute, Russian Academy of Sciences, Moscow

Abstract. Cenozoic Far East records of Liquidambar are reviewed. In Sakhalin and Kamchatka
this genus ranges from the Late Paleocene to Miocene. Most fossil leaf species fall in the range
of morphological variation of two species: L. miosinica Hu et Chaney and L. pachyphylla
Knowlton.

IpuBesen o630p MecroHaxoxaeHuH Liquidambar B MaTepukoBoi yactd JarsHero Bocroka
1 Ha SnoHCKKX ocTpoBax. PaccMOTPEHO HCTOPHYECKOE Pa3BUTHE POAA B TEYEHHSA NAAEOTEHA
1 HeoreHa. OnNHCAHHBIE B AHTEPATYPE BHABI YKAAABIBAIOTCA B MNPEAEABl ABYX MAPAAACABHO
PasBUBABLIMXCA TPYIIIl, PA3AHYHMBIX 110 MOPPOAOTHH H STTHAECPMAABHOMY CTPOECHHIO AUCTHEB.

Introduction

Liquidambar is one of the most common components of the Cenozoic floras of the
northern hemisphere. It could be a widespread genus of the broadleaved warm-temperature
deciduous forests. The disjunct extant ranges demonstrate the great antiquity of this genus. In
the Russian Far East Liguidambar occurred continuously from the latest Paleocene to the Middle
Miocene.

The species composition of extant Liquidambar is disputable. According to G. Depape
[11], Liquidambar is monotypic with the single species L. styraciflua L. The variable morphology
of its leaves depends mainly on environmental conditions and developmental stages. Other
authors recognize three or even more species[31]. The three most commonly recognized species
are L. styraciflua, L. orientalis Mill, and L. formosana Hance, occurring locally in North America,
Asia Minor, Taiwan, and mainland China.

The main reason for the taxonomic controversy on the fossils of the genus is the extremely
variable leaf morphology. According to Z. I. Makarova [23], none of the generally used
characters—number, size and shape of lobes, base and apex configurations, marginal
serrations—appear to be species specific. Therefore, I conclude that most of the fossil species
of Liquidambar are not valid.
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Cenozoic records of the genus Ligquidambar are leaves and, rarely, reproductive organs, and
a few epidermal structures [1].

Review of Macrofossil Records

T. Tanai and N. Suzuki [29] systematized Liquidambar records from Japan. They have
combined under L. miosinica several species described by Hu and Chaney [16] from the Miocene
Shanwang flora of China. They considered this species as closely related to the extant L.
formosana. L. miosinica is similar to the extinct species L. californicum Lesq. and L. pachyphylla
[16]. Subsequent research has enlarged the morphological characteristics of L. miosinica [25, 26,
29, et al.]. L. mioformosana Tanai [27] from the Middle Miocene Kamigo Formation was later
included in L. miosinica [29]. The assignment of the Miocene Liguidambar from Japan to the
extant L. formosana [13, 24, et al.] was questioned by Tanai and Suzuki [29], who regarded these
fossils as L. miosinica.

L. protopalmata (K. Suzuki) Uemura from the Late Miocene Takamine Formation of
northeast Honshu, Japan [31], is very similar to L. pachyphylia, first described from Van Horn’s
locality, the Mascall beds in Oregon [20]. L. yabei (Morita) Huzioka from the Middle Miocene
Daibo Flora, Japan [18], has the same morphology.

Liquidambar is more common and diverse in Japan than in the adjacent continental eastern
and northeastern Asia (fig. 1), ranging from the Middle Eocene to Pliocene [28]. Incidentally,
L. protoformosana Endo var. eocenica Endo from the Middle Eocene Woodwardia beds [12] is
very similar to L. cordata (K. Suzuki) Uemura [31] from the Late Miocene Takamine Formation.

L. miosinica is most common in the Daijima-type floras. It is known from the Middle
Miocene Shimonoseki Formation, southwest Honshu, and the Middle Miocene Daibo Flora,
western Honshu.

L. miosinica was recorded from the Middle Miocene of Korea on the continent [2, 3, 17].
Liquidambar first appears in the Late Eocene Bolotnaya Flora [22] in the Primor’ye
Region of Russia. L. miosinica is common in the Nadezhdinskaya Formation of the Rechnoy

Peninsula [21], and also is from the Miocene of the Abramovka River and Kraskino [1, 3].

L. europeae Al. Br. was reported from the Eocene Konglomeratnaya Formation on the
Onor River [8] in Sakhalin. It is, however, indistinguishable from L. miosinica.

KEY TO PLATE 1
Figs. 1, 2. Liquidambar pachyphylla Knowlton. 1 - Coll. 4129, No. 4/84-209, leaf

impression, eastern Sakhalin, Bogataya River; 2 - Coll. 4129, No. 4/84-78, leaf impression, eastern
Sakhalin, Bogataya River.
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I studied L. miosinica from a number of Middle Miocene localities in western Sakhalin:
Kama, Snezhinka, Aralskaya, Krasnoyarka and Naiba rivers, and from a single locality on the
Korallovka River. L. pachyphylla was collected from a single locality in eastern Sakhalin—the
Bogataya River, which was preliminarily assigned to the upper Middle to Upper Eocene (fig. 2).

A new species, L. kamchatica Cheleb., was described from the Middle Eocene of the
Snatol River [10] in Kamchatka. In this species the leaf lobes are basally constricted while the
marginal teeth are irregular and widely spaced. These features are rather atypical for
Liquidambar, and suggests araliaceous or sterculiaceous affinities of the Snatol leaves.

I studied numerous leaves of L. miosinica from the Upper Eocene Irgirni Formation,
Podkagernaya Bay, western Kamchatka. A single specimen of L. miosinica from the terminal
Paleocene-Lower Eocene Tkaprovayamskaya Formation of Chemurnaut Bay, western Kam-
chatka, is the oldest record of Liguidambar in the Russian Far East (fig. 2).

This review indicates that the Far East Liquidambar leaves fall into two distinct groups:
The first is the "L. miosinica group," including L. miosinica, L. mioformosana, L. mioformosana
var. cordata, and L. cordata. The second, "L. pachyphylla group," consists of L. pachyphylla, L.
protopalmata and L. yabei. They differ mostly in the shape of the leaf lobes (short, triangular,
typically broad at the base in L. miosinica, narrow oblong in L. pachyphylla), the number of
secondaries (about 6-8 pairs in L. miosinica, 8-10 pairs in L. pachyphylla), and the marginal
serration (larger acuminate teeth in L. pachyphylla). 1t is possible that these groups correspond
to two extinct species of Liquidambar.

Family Altingiaceae Lindley
Genus Liquidambar 1.
Liquidambar miosinica Hu et Chaney
(PL 11, figs. 1-9; fig. 2: 1-6, 8-10, 12)

Holotype. No. 205, Nat. Geol. Surv. of China; almost complete leaf impression; China,
Shantung Province, Upper Miocene; Hu et Chaney, 1940, p. 46, pl. 23, fig. 2.

KEY TO PLATE II

Figs. 1-9. Liquidambar miosinica Hu et Chaney. 1 - Coll. 4253, No. 1/84-22a, leaf
impression, western Sakhalin, Naiba River; 2 - Coll. 3736, No. 3736/6A/2, leaf impression, western
Kamchatka, Chemurnaut Bay; 3 - Coll. 3736, No. 3736/6A-2, the teeth, (X10), western
Kamchatka, Chemurnaut Bay; 4 - Coll. 4252, No. 15H/74-1, the lateral lobe, (X3), western
Sakhalin, Krasnoyarka River; S - Coll. 4252, No. 15H/74-1, leaf impression, western Sakhalin,
Krasnoyarka River; 6 - Coll. 3862a, No. 4/85-4, leaf impression, western Kamchatka,
Podkagernaya Bay; 7 - Coll. 3862a, No. 1b/3-79, leaf impression, western Kamchatka,
Podkagernaya Bay; 8 - Coll. 3862a, No. 1b/3-79, leaf impression, (X2), western Kamchatka,
Podkagernaya Bay; 9 - Coll. 4448, No. 3/90-227a, leaf impression, western Sakhalin, Kama River.
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Material. Twenty-eight leaf impressions from western Kamchatka (Chemurnaut and
* Podkagernaya bays) and western Sakhalin (Kama, Snezhinka, Aralskaya, Krasnoyarka, Naiba, and
Korallovka rivers).

Description. Leaf blade is medium-sized, symmetrical, palmately 3-5-lobed; lobes are
triangular at base, their apex is acuminate. Central lobe is larger than the others. Sinuses
between lobes are acute or rectangular. Base of lamina is broadly rounded, slightly cordate.
Venation is marginal actinodromous. Midrib is straight, basal veins are mainly recurved.
Secondary veins are thin, 6 pairs or more, forming series of loops near margin. Margin is finely
serrate throughout, teeth are short and stout, glandular.

Discussion. This species has extremely variable leaves. Hu and Chaney described 3-lobed
leaves, but later 5-lobed leaves have been also assigned to L. miosinica. The typical morphotype
is similar to extant L. formosana. One impression of L. miosinica from Chemurnaut Bay (western
Kamchatka) is very unusual, having straight basal veins and angular loops. Notably, this is the
oldest record of the genus in the Far East.

Occurrence. Uppermost Paleocene:  western Kamchatka, Chemurnaut Bay,
Tkaprovayamskaya Formation. Middle Eocene: western Sakhalin, Kama, Snezhinka, and
Aralskaya rivers, Snezhinkaskaya Formation; Krasnoyarka, Naiba River, Lower Due Formation.
Upper Eocene: Kamchatka, Podkagernaya Bay, Irgirni Formation. Upper Lower-lower Middle
Miocene: western Sakhalin, Korallovka River, Upper Due Formation.

Liquidambar pachyphylla Knowlton
(PL. 1, figs. 1, 2; fig. 2: 7, 11)
Lectotype. No. 8534; National Museum, Washington, D.C., USA; 5-lobed leaf without
central lobe; Oregon, John Day Basin, Mascall beds, Middle Miocene; Knowlton, 1902; pl. 9, fig.
1.

Material. Two almost complete impressions and 7 leaf fragments from Bogataya River,
eastern Sakhalin.

Description. Leaves are variable in size, symmetrical, typically palmately S-lobed. Lobes
are ovate, ovate-lanceolate, oblong. Lobe margins are parallel, distally tapering to a pointed
apex. Sinuses between lobes are acute. Base of lamina is rounded, slightly cordate. Venation

KEY TO PLATE III

Liquidambar pachyphylla Knowlton, epidermal structures seen on leaf impression: 1 -
stomata and a hair base (arrow); lower stoma showing guard cells, those above it showing
stomatal pits surrounded by narrow circle of subsidiary cells; SEM, x1000; 2 - two adjacent
stomata, SEM, x1700.
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Fig. 1. Localities of fossil Liquidambar in eastern and northeastern

Asia: 1-6 - localities where original material was collected; 1, 2 -

western Kamchatka: 1 - Chemurnaut Bay; 2 - Podkagernaya Bay;

3 - eastern Sakhalin, Bogataya River; 4-6 - western Sakhalin: 4 -

Naiba River; 5 - Kama, Snezhinka, Aralskaya rivers; 6 - Krasnoy-
arka River. @- leaf impressions; & - pollen grains.

is marginal actinodromous. Primary vein is straight, basal veins diverge from one point of base,
are of equal thickness. There are about 8-10 pairs of secondary veins, thin, forming large loops

near margin. Margin is regularly serrate throughout, teeth are large.

Discussion. This species is characterized by 5-lobed leaves with narrow oblong lobes. The
marginal teeth are larger than in L. miosinica. L. pachyphylla closely resembles L. protopalmata §
and L. yabei. Among modern species, L. pachyphylla is comparable with L. styraciflua.

Occurrence. Upper Middle Eocene? - Upper Eocene. Eastern Sakhalin, Bogataya River,

Lukamenskaya Formation.
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Epidermal Structures and Pollen

A few fragments of the leaf impression of L. pachyphylla show stomata and hair bases (pl.
II). The stomata pit is rounded-elliptical, 14.0 mm long, exposing most of the guard cells with
broad lateral thickenings, which are surrounded by a circle of subsidiary cells smaller than the
ordinary epidermal cells, occasionally showing transverse striation.

The hair bases are small, rounded, and surrounded by radially disposed cells with slightly
concave radial walls. The hair bases are adjacent to the stomata.

Among extant species, L. styraciflua has moderately dense stomata (almost twice as dense
as in L. orientalis, but much less dense than L. formosana); whereas occasional adjacent stomata
share a subsidiary cell, contiguous stomata regularly occur in L. formosana. The stomata are
described as paracytic but the lateral subsidiary cells in most cases are not distinct from other
radially oriented peristomatal cells [23].

My species is similar to L. styraciflua in the frequency of stomata and of stomata sharing
a subsidiary cell. Stomata are more numerous than in Miocene species L. europea [23].

An occasional pollen grain sticking to the leaf surface (fig. 3) is elliptical in equatorial
outline, 18.0 mm long, 14.6 mm broad, showing pores as inconspicuous pits along the periphery.

Palynological Record

Ligquidambar pollen first appears in the Lower Eocene Tastakhskaya Formation [S]. The
Eocene range of the genus embraced the territories between the Yana and Omoloy rivers [5] as
well as northern Chukotka [4]. The most northern record in northeastern Asia is from the
Anzuskaya Formation, Faddeyevskiy Island [15].

To the south, Ligquidambar pollen occurred in Kamchatka (Snatolskaya Formation, Middle
Eocene, and Cape Tons Formation, Upper Eocene) and Sakhalin (Krasnopol’yevskayaFormation,
Middle Eocene, and Takaradaiskaya Formation, Middle-Upper Eocene) [9].

The largest amount (12%) of Liquidambar pollen is in the Eocene coal measures of Lower
Bikinskaya Depression in northern Primor’ye [22].

Note: On Figure 2, see pp. 154-155.

Fig. 2. Liquidambar miosinica Hu et Chaney. 1 - Coll. 3736, No. 3736/6A-2, x0.5; 2 - Coll. 4252,

No. 29/75-3, x0.5; 3 - Coll. 4252, No. 15H/74-1, x0.5; 4 - Coll. 4253, No. 1/84-22a, x0.5; 5 - Coll.

4448, No. 6/90-1, x0.5; 6 - Coll. 4448, No. 3/90-227a, x0.5; 7 - Liquidambar pachyphylla Knowl-

ton, Coll. 4129, No. 4/84-209, x0.25; 8-10 - Liquidambar miosinica Hu et Chaney: 8 - Coll. 3862a,

No. 1b/16-79, x0.5; 9 - Coll. 3862a, No. 4/85-4, x0.5; 10 - Coll. 3782, No. 2b/70-1, x0.5; 11 -

Ligquidambar pachyphylla Knowlton, No. 8534, lectotype, X0.5; 12 - Liquidambar miosinica Hu et
Chaney, No. 205, holotype, x0.3.
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Fig. 3. Pollen grain on leaf impression of L. pachphylla Knowlton, SEM,
x3000.

The Oligocene pollen assemblages show a sharp decrease of Liquidambar. Some of the
supposed Oligocene records [7] might actually came from Eocene deposits. Occasional grains
have been reported from the Amaninskaya and the lower part of Utkholokskaya formations in
western Kamchatka [9].

A brief recovery in the Miocene is evidenced by the pollen records from the northern coast
of Chukotka [4], the northern coast of the Okhotsk Sea, Sakhalin [14], and Primor’ye [6].

Historical Sketch

Leaves of Liquidambar first appeared in the terminal Paleocene/Early Eocene in
Kamchatka. They are absent in the Middle Eocene floras, but rather common in the Late
Eocene, which is their last appearance in this area.

Liquidambar was widely distributed in the Middle to Late Eocene of Sakhalin. It is absent
in the Oligocene and Early Miocene floras of this area. Its transient recurrence is associated with
the Middle Miocene climatic optimum, perhaps by migration from a more southerly location in
Japan, where this genus had reached its optimal development.

Subsequently Liquidambar history is that of drastic reduction of its ranges. Critical to its
survival in northeastern Asia have been two cooling events: at the Eocene-Oligocene boundary,
and in the Late Miocene. A distinctive feature of the genus is that it never achieved great
taxonomic diversity. In this respect Liquidambar resembles Nyssa L., another widespread genus
represented by a limited member of species.
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