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Fossil Ace, from East Asia 

Tertiary records of Ace, were first described in Japan by Nathorst (1883), in 
Sakhalin by Heer ( 1871), in Kamchatka by Kryshtofovich (1934), in Ussuri by Heer 
(l878a), in Sikhote-Alin by Kryshtofovich (1921), in Korea by Huzioka (1943), and in 
China by Hu and Chaney (1938); thereafter a number of specific names have been 
established or proposed by many authors. However, some authors have erected new 
species on characteristics of little systematic value, while other authors, who did not 
compare cautiously with the original specimen, have assigned materials of widely dif­
ferent morphology to the same species . Thus, the taxonomy of Tertiary ",aples in East 
Asia has been greatly confused. It is due partly to the facts that the foliages among dif­
ferent species of maples are sometimes similar in the gross features, that leaves of even 
a single species are sometimes variable in shape and marginal characters, and that 
samaras have only a few distinct features to distinguish the specific character. Accord­
ingly, the previously described maple fossils which were based merely on gross features 
or picture-matching characters, are now in need of re-examination on their generic 
assignments and the relationships with the extant species. 

Leaf Remains 

Most of Ace, leaves are represented by impressions, and in some case by thin com­
pressions which are difficult to detect cellular details because of ill-preservation . 
However, even in the impression with no anatomical detail , well-preserved venation , 
especially fine-veinlet patterns, can provide effective indications of the likely relation-
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Other characters are usually well defined in fossil samara, and they well correspond 
with those of the extan t telated species. The divergent angles of two wings are deter­
mined by making double the angles, which are mesured between the contact sca r and 
the outer margin of wing, because a detached samara occur solely in most case of 
fossils . 

Species of Acer in the Tertiary of East Asia 

Examination of previously described and some undescribed specimens of Acer 
from the East Asian Tertiary reveals that 35 species including five new species are 
designated with certain modern relationships and are classified into 17 sections as 
shown in Table I. Most of these species are represented by both fol iage and samara, 
and some are only ei ther foliage or samara. Though these 35 species are described or 
discussed in the systematics, the keys for the identi fication are presented shown in 

Table 1. Tertiary Acer from East Asia 

Section Macranlha Pax 
Acer koreanicum Endo 
A. palaeonifinerve Tanai et Onoe 
A. uemurae Tanai et Ozaki 

Section Distyla Ogata 
Acer protodistylum Endo 

Section Spicata Pax 
Acer arcticum Heer 
A. oishi; Tanai 
A. subukurunduense N. Suzuki 

Section Palmata Pax 
Acer nordenskioeldi Nathorst 
A. protojaponicum Tanai et Onoe 
A. proloma/sumurae Tanai 

Sect ion Arguta Rehder 
Acer IOl/oriense Tanai et Ozaki 

Section Negundo (Boehm.) Maxim. 
Acer prolonegundo Tanai 

Section Cissifolia Koidzumi 
Acer endoonum Huzioka 

Section Trilobata Pojarkova 
Acer subginna/a Guo 

Section Rubra Pax 
Acer ezoanum Oishi et Huzioka 
A. ishikariense Tanai 
A. tricuspidatum Bronn 

Section Plalanoidea Pax 
Acer chihoroe Huzioka et Nishida 
A. huziokae Tanai 
A. paJaeoplotanoides Endo 
A. rolulldo/wlI Huzioka 
A. shanwangense Tanai 

Section Campestria Pax 
Acer kushiroanum Tanai 
Acer proromiyabe; Endo 

Section Saccharina Pax 
Acer pseudoginnala Tanai et Onoe 
A. yamanae Tanai et Ozaki 

Section Oblonga (Hu et Cheng) Delendic k 
Acer profOlrijidium Tanai 

Section Trifoliata Pax 
Acer subnikoense Tanai et Ozaki 
A. Irijolialum Geng 

Section Lithocarpa Pax 
Acer miojranchetii Hu et Chaney 
A. palaeodiaboficum Endo 

Section Macrophylla (Pojark.) Momotani 
Acer jOlsiaejofium Huzioka 
A. grahamense Knowlton et Cockerell 
A. honshuense Tanai el Ozaki 

Section Indivisa Pax 
Acer subcarpinijolium Tanai 
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Table 2 and 3, because or the past conrusion in the nomenclatu re and systematics or 
Tertiary maples from East Asia. 

Excl udi ng Macrophylla, Negu ndo and Saccharina which are now endemic to North 
America, a ll other 14 sections are still native with luxuriant growth in East Asia. Of 
these 14 sections, Spicata and Rubra a re East Asian-North American, Plata noidea and 
Campestria are East Asian-European, and Trilobata is East Asian-West Asian in their 
modern distribution; Palmata and Macrantha are mainly East Asian with specific 
diversity, but contain one li ving species respectively in North America; other 7 sections 
are confined to East Asia in their extant species. 

Beside the 35 well-defined species, six doubtful species are lack ing in the systemati­
ca lly exact indications because of the ill-preservation. In addition, there are many 
specimens which are too incomplete to assign their modern relat ionships, a lthough they 
seem doubtlessly referable to the genus Acer. All these species and specimens of li tt le 
systematic value are excluded from my consideration of phylogentic and dist ributional 
history. 

Table 2. A key fo r the Identificat ion of Acer Leaves from the Tertiary of East Asia 

I. Leaf foliated. 
I. Ultimate veinlets branching usually more then twice within the areoles. Lateral leaOets 

mostly simple, irregularly coarse-serrate at the margin, sometimes with large, irregu lar 
dents. 
A. Areoles irregu lar in shape, generall y large in size ................ A. el/doanum 
B. Areoles four- or ri ve-sided, small to medium in size ... .. .. ... ... . .. A. protonegundo 

2. Ult imate veinlets mostly single or lacking in the areoles. Each lea net elliptica l or ovate in 
shape. 
A. Margin undulatety dentale wit h obtuse teeth excepting the lower or basal part . 

.. .... .......... .......... . ... .... . .................. .. A. subnikoense 
B. Margin serrate with inconspicuous, acute teeth excepting the lower part 

....... ...... .. ..... . .. . ....... ............ ...... .. A. trijoliatul1l 
II. Leaf simple. 

Secondary vei n pinnate, more than 12 pairs; margin double serrate with acute teeth . .. 
............. ................. .. .. ....... .. .. A. subcarpinijoliulII 

III. Leaf palmately lobed. 
I . Each lobe separated by medium or deep, narrow sinus. 

A. Ultimate vein lets branching usually more than twice within the areoles. 
a. Cemrallobe larger than the laterals; margin incisedly serrate with acute teeth, in 

which the secondary veins end . 

b. 

(I) Large principal teeth accompanied by one or two subsidiary teeth 
...... .. .. .... ............ .. ........................................... A. lottoriellse 

(2) Large pri ncipal teeth doub le serrate wit h sma ller, concave-convex teeth 
.......... . ......... ........... ... .... ............ .... . .. ......... .. ..... A. uelnurae 

Central lobe nearl y similar in size and shape to the laterals of the uppermost 
pairs, which are larger than other laterial s. 
( I ) Margin coarsely double-serrate; lobes mostly 9 to II 

....................... ..... .. . .. ..... .. . .. .............. A. prolojaoonicum 
(2) Margin finely serrale or finely double-serrate; lobes mostly 5 to 7, with 

prolonged caudate tips ..... ...... .. ....... ............. .. .... A. nordellskioeldi 
(3) Margin coarsely double-serrate; lobes 7. with caud ate tips .... 

.. ..... .. .... . . A. protomatSll.murae 



296 T . Tanai 

B. Ult imate veinlets mostly single or Jacking in the areoles. 
a. Margin serrate wi th irregu larly sized teeth , although the teeth are mostly small . 

...... ........ A. kushiroanum 
c. Margi n variably dentate, accompanied by several small or minute subsidiary 

teeth ..... ........ ... .. . . ...... ... .. A. eZOallWI1 
2. Each lobe separated by widely opened sinus. 

A. Ultimate veinlets branching usually more than twice within large areoles. 
a. Ma rgin fine ly double·serrate wit h blunt ly pointed teeth; lobes deltoid in shape .. 

...... A. palaeorujunerve 

b. Margin coarsely serrate; teet h somet imes accompanied by a small subs idiary 
teeth. 
( I ) Marginal teeth acute to slight ly acuminate; mostly five- lobed. . ........... . 

.............. A. sllbukllrlmduense 
(2) Ma rginal teeth obtuse; usually tr ilobed ...... ... ....... .. A. oishii 

c. Margin coarsely dentate or wavy with rounded, retuse·tipped teeth; lobation 
sometimes inconspicuous or non-lobed.. . ...................... . A. arClicm 

B. Ultimate veinlets branching more than twice within small areolcs, but their branches 
very thin. 
a. Dentate teeth and lobe apex longly acuminate with caudate tip .... A. honshuellse 
b. Dentate teet h rat her small and acute at the apex .. .. . .. .......... A. jalsiaejolium 

C. Ultimate veinJets mostly single or lack ing in the areolcs. 
a. Margin entire or remotely serrate with minute, obtuse teeth. 

( I) Margin entire or slight ly undulate; 5 to 7 lobed; areolation medium in size 
................. . .............. A. rOlllndaflull 

(2) Margin entire; 3 lobed; areolation medium in size .. ..... A. huziokae 
(3) Margin remotely serrate; 5 to 7 lobed; areolation med ium in size 

......................... . . .............................. A. chiharae 
(4) Margin ent ire to remotely serrate; fim brial vein conspicuous along the 

margin; areolation small in size .............................. A. prototrijidium 
b. Margin irregularly double·serrate, somet imes with large dents .. A. lricuspidalum 
c. Margin irregularly dentate. 

( I ) Dentation conspicuous with large, straiglu ·concave denl s . . A . prolomiyabei 
(2) Dentat ion inconspicuous wit h obtuse tips; somet imes undulate at the 

margin . ... .. ........... . ........ ... ... . ....... ..... ..... .. A. yamanae 
(2) Dentation conspicuous with obtuse tipped teeth; tert iary veins among the 

imersecondary spaces well developed, percurrent ...... A. palaeodiabolicllni 

Table 3. A key for the Identification for Acer Samaras fro m the Tert iary of East Asia. 

I. Seed part bu lged outwardly from the margin of wing. 
I . Seed very thick, considerably bulged outwardly. 

A. Samara usually large; seed globose to ellipsoidal ; divergent angles of two wi ngs 100° 
to 1400 

.• . ••••••••••••• •••••••••••••••••••••••• • •••••• A. grahamellse 
B. Samara medium-sized; seed orbicular; d ivergent angles of twO wings 180° (0 2200 

•••••• 

... ... ..... .. .. . .. ... ...... ... . ................... A. pr%llliyabei 
C. Samara large in size; seed orbicular; divergent angles of wings abou t 160° 

................ . .............................................. A. kusiliroallull1 
2. Seed part thick, slight ly bulged outwardly; seed globose. 

A. Samara med ium in size; seed large; divergent angles of two wings 600 to 90° .... 
. .... ... ......... .............. ...................... . ........... A. yalnalloe 

B. Samara small to medium in size; seed small, globose. 
a. wing oblanceolate, constricted at the lower part; divergent angles of (wo wi ngs 

about 140° ... .. ... .. .. ........... . ........... A. koreanicUlII 
b. wing oblong, and its inner margin reaching the contact sca r; divergent angles of 

two wings 1200 to 1800 
••••••••••••• • ••• A. Ilordellskioeldi 
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II. Seed pari not bulged from the outer margin of wing, and being kept within the wing width. 
I . Divergent angles of two wings less than 100°. 

A. Contact scar short, compared with seed size. 
a. Seed thick; 2 or 3 longitud inal ridges exist ing on seed su rface. 

(1) Seed oblong to narrow oblong; divergent angles of two wings 40° to 60° 
.............................................. .... .................. A. proloneglllldo 

(2) Seed wide-elliptic; divergent angles of two wings 20° to 40° ... A. endoamull 
b. Seed thick, covered by anastomosing veins. 

(1) seed el1ipsoidailo obovoid; inner margin of wing ending in the uppermost 
pan of seed . .. ..................... ... .................... ... . A. isilikoriellse 

(2) Seed ellipsoidal; inner margi n of wing reaching ncar the contact sca r ........ . 
......... ........... ....... ................. ....... A. IriclIspidarum 

c. Seed thick, spindle-shaped; samara usuall y large; divergent angles of two wings 
less than 20° ............................ .... A. ezoanlltn 

d. Seed thin, narrow ovate; divergent angles of two wings 60° to 80° 
................... ....... ............................... A. slIbcorpinijolillll1 

B. Contact scar long, compared with seed size; seed thick. 
a. Wing more than 4 times long as seed. 

( I ) Wing narrow oblanceo!ate, and its inner margin nea rly straight; divergent 
angles of two wings 50° to 60°. 
i) Samara large, seed semicircu lar ... A. jOlsiaejolillm 
ii) Samara medium in size. seed ovoid .... ............. .. . A. honshuellse 

(2) Wing narrow obovale, and its inner margin markedly convex; seed ovoid; 
di vergent angles of IWO wings abollt 50° ..................... A. prolodislylum 

b. Seed surface irregu larly wrinkled; divergenl angles of two wings less than 35°; 
samara medium in size. 
( I) Seed subglobose; longitudinal axis of seed nearly perpendicular to the outer 

margin ... ........... ...... ..... ... A. miojranchelii 
(2) Seed ovoid to subglobose; longitudinal axis of seed ob lique to the outer 

margin of wing....... . ................... A. palaeodiaboliCilm 
c. Seed subglobose to wide-ovate; divergent angles of two wings 20° to 45°; samara 

medium in size........ ............... ........... ...... .. ..... A. pseudoginnala 
d. Seed ellipsoidal or oblong; di vergent angles of two wings 20° 1040°; samara 

medium in size ............... . . . A. subgillllala 
e. Seed ovate; divergent angles of two wings 60° to 90°; samara small 

................. ...................... . .............. A. prololrijidiulll 
C. Contact scar long, compared with seed size; seed thin, Oattened; divergent angles of 

two wi ngs 600 to 90°; samara medium to large in size ......... A. rotlit/datum 
2. Di vergent angles of two wi ngs more than 100°. 

A. Samara small ; wing mostly slender, narrow oblanceolate. 
a. Seed oblong, th ick; divergent angles oflwo wings more than 130° 

.................... .................... . ............ A. palaeOrllfillerve 
b. Seed globose, thick; inner margin of wing reaching the contact scar; divergent 

angles of two wings 110° to 180° ......... . ... A. protojaponicu11l 
B. Samara medium in size; wing oblanceolatc to oblong. 

a. Seed thin, Oattened, obovate; divergent angles of two wings 11 0° to 180° .. 
.. ................. ...... ... ... ...... .. ... ... .. ............. A. palaeoplafolloides 

b. Seed thin, ovate; divergent angles of two wings 90° to 120° ... A. uemllrae 

Stra tigraphic and Areal Distribution 

297 

Compared with the Tertiary continenta l deposits of Asian mainland, those of 
Japan and Sakhalin are mostly associated with the marine deposits, and well dated in 
connection with marine faunas whose biostratigraphy has been recently advanced. 
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Although the stratigraphic correlation of Tertiary plant-bearing deposits have not yet 
been accomplished in whole areas of East Asia, the recent development of the paleo­
botanical studies has made possible to correlate Tertiary floras of Japan wit h those of 
Asian mainland. Especially, the Oligocene to Miocene floras of SikhOle-Alin (Ablaev, 
1978; Akhmetjev, 1973), Ussuri (Baikovskaya, 1974) and Kamchatka (Chelebaeva, 
1968, 1978) show close similarity to those of Japanese islands with a number of similar 
components excepting for minor difference of composition. Accordingly the strati­
graphic ranges of Tertiary plants are now soundly discussed. 

No Cretaceous fossils of East Asia are definitely referable to A cer up to the present. 
The Paleocene continental deposits with plant fossils have been sometimes reported by 
Russian workers (Shilo, 1979) in Sakhalin, Kamchatka and Asian mainland, but their 
age-assignments have not yet been proved. Thus, nearly all the records of Acer have 
been known from the Early Eocene and onwards in East Asia. Thirty-five well-defined 
species of Acer are summarized in their stratigraphic ranges as shown in Text-figures 2 
and 3. Except for five species confined to the Paleogene, most of the species appeared 
since Late Oligocene or Early Miocene time. Considering the fossil occurrence, maples 
of East Asia were few in number of specimens during the Paleogene, whi le they became 
rapidly dominant during the Miocene. Such occurrence is consistent with that of other 
temperate genera during the Tertiary of East Asia. 

Offive older maplesA. arclicum, A. oishii, A. ishikariense and A. kushiroanum are 
of long range, from the Eocene through the Oligocene. The oldest species, A. arclicllln, 
may go back to the Paleocene, if the plant-bearing deposits of Bureja (Heer, 1978; 
Konstantow , 1914) are correct in the age assignment . A. prolodislyluln is uncertain in 
its exact range, because it was known only from one locality. Somewhat longer ranging 

are five Neogen species : A. palaeorufinerve, A. nordenskioeldi, A. prolojaponiculI1, 
A. ezoanum and A. rOfundatum which are from Earliest Miocene to Pliocene times. 
All other Neogene species show shorter or limited ranges. 

The investigation of the fine veinlet pattern of the extant leaves revealed that all the 
sections of Acer are classified into two maj or groups (Tanai, 1978) : the first group is 
generally characterized by complicated vein lets which are ramified usually more than 
twice but rarely once branching; while the second group is by the veinlets which are 
mostly single to once branching or almost lacking. Although various systems of clas­
sification of Acer have been proposed by many authors, I follow Ogata's system (1967) 
which is nearly consistent with the venation characters of leaves. The foss il species. as 
far as determined, are well consistent in the fine venat ion with their related extant 
species which were judged from the other morphological characters. The above twO 
groups by veinlet pattern are also distinguishable in the fossil foliage, and the phylo­
genetic relationships seem to be preserved party in the foliage venation. Of 17 sections 
confirmed by fossils, 9 sections belong to the first group (Text-fig . 2), and 8 sections to 
the second group (Text-fig . 3). 

Four older sections in East Asia are Spicata of the first group, and Rubra, Distyla 
and Campestria of the second group . Excluding Distyla of a limited occurrence, all the 
species of three older sections overlap in their stratigraphic ranges during the Eocene, 
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and they are quite different in the morphological characters of the foliage and fruit. It 
is presumed that the phyletic lines of these 3 sections had diverged from the ancestor by 
or during Paleocene time. Judging from the fossil occurrence, other 13 Tertiary sec­
tions probably derived from these 3 stocks or were brought in East Asia from other 
continents by migration. 

The First Group (Text-fig. 2) 

The section Spicata contains three distinguishable species; the oldest species, A. 
arcticum which was originally described from the "Paleocene" of Spitzbergen, was 
widely distributed in the Eocene and Lower Oligocene of North Japan and Asian 
mainland. A. oishii seems to have diverged from A. arclicum in Hokkaido; it shows 
closer resemblance to the extant species of Spicata and is more limited in distribution. 
Though this section is older in its appearace, it is now unsolved why its Neogene species 
(A. subukurunduense) is rather limited to the younger Neogene of North Japan and 
Kamchatka without any Early Miocene occurrence. 

The section Macrantha, although its antiquity was suggested by Ogata (I976), has 
not any older Paleogene occurrence. It appeared first since Late Oligocene time in 
Japan, Korea and Kamchatka, and contains two species during the Miocene, though 
not common in specimens excepting for A. palaeorufinerve. Considering the fossil 
occurrence together with considerable diversity of the modern species in East Asia, 
Macrantha evolved recently to diversify rapidly from a primitive stock of the Spicata. 

The section Palmata also lacks its Paleogene record, but two species, A. norden­
skioeldi and A. prolojaponicum, appeared with common occurrence since Early 
Miocene time in Japan, Korea, China and Sikhote-Alin. The fine venation characters 
of leaves suggest that Palmata probably derived from the Spicata stock. No fossil 
record of Palmata has been known in North America, though one species is living in 
the western region . On the other hand, Palmata is most diversified with more than 30 
species in East Asia amongst the extent Acer. Compared with three Neogene species in 
East Asia, such diversification of Palmata shows a recent history . 

Noticeable is the fact that North American Negundo and Macrophylla are doubtless­
ly confirmed by fossil foliage and fruit in East Asia. Macrophylla is represented by 
three species from Japan , Sakhalin , Korea and Sikhote-Alin: the oldest A. falsiae­
folium ranging from the Upper Oligocene to the Middle Miocene, is more akin to the 
extantA . macrophyllum of western North America than the othertwo. An Alaskan Ter­
tiary species, A. grahamense, is recorded from the Miocene of North Japan and Kam­
chatka, and its derivative, A. honshuense, is found in the Upper Miocene of western 
Japan. Fossils of the section Negundo are sparsely known in Japan and North Korea , 
limited to the Lower and Middle Miocene. On the other hand , fossils of Macrophylla 
and Negundo are the maples which are most common and extensively distributed in 
western North America from the Eocene through the Pliocene. The comparison of 
such fossil occurrence between East Asia and western North America indicates that the 
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Negundo and Macrophylla probably entered East Asia from western North America 
via the Beringia by the end of Oligocene time. 

The remaining sections of the first group, Arguta, Cissifolia, Trilobata and In­
divisa, are limited in their fossil occurrence or stratigraphic range. Cissifolia is akin to 

Negundo in the foliar and fruit characters; these two were sometimes included in a sec­
tion or subgeous (Rehder, 1940; Momotani, 1962), while they are mostly considered an 
indivisual section respectively. Cissifolia is distinguishable from Negundo in the size of 
areoles, fine veinlets and seed shape. Despite of few occurence, A. endoanum of Cissi­
folia is recorded through the Miocene of Japan and Korea; it probably evolved from 
Negundo by Earliest Miocene time. 

Indivisa has an unique foliar shape which resembles some leaves of the Belulaceae, 
and it also shows a peculiar feature of the fine vein lets and elongate areoles differing 
from those of other maple leaves. A. subcarpinijolium of Indivisa is largely confined 10 
the Middle and Upper Miocene of northern Hokkaido, and it is associated with A. 
subukurunduense whose record is also limited of northern Japan. Indivisa is suggested 
to have evolved from the Spicata stock. Arguta and Trilobata are scarcely known in 
their fossil records up to the present, represented by one species respectively; though 
their phylogenetic history is now uncertain , these two seem to have recently adapted to 
the cooler climate or mountain environments, considering foss il occurrence together 
with their recent distribution. 

The Second Group (Text-fig. 3) 

The oldest phyletic line in the second group is the section Campestria represented by 
two species, A. kushiroanum and A. protomiyabei: the latter shows a more modern 
aspect similar to the extant A. miyabei than the former. Although A. kushiroanum has 
a long range, its occurrence has been sparsely known only from Hokkaido. However, 
its descendant, A. prolomiyabei, is widely distributed over the whole area of East Asia 
during Early Miocene time, and further extends into Alaska and southward (Wolfe and 
Tanai, 1980) in late-Early Miocene time. A rapid expansion of the descendant species 
may suggest that A. kushiroanum is expected to be found in the Paleogene of other 
regions of East Asia. As the fossil remains of Campestria are limited to the Miocene in 
western North America and to the Pliocene in Europe, the section Campestria is pro­
bably East Asian in origin. 

Another old section Rubra contains three species, of which Ihe oldest A. 
ishikariense is represented only by fruit from the Middle Eocene to the Oligocene; its 
samara is closely similar to the extant A. rubrum and A. saccharinum, especially to the 
latter although further smaller than the latter. A. ishikariense was replaced by A. 
Iricuspidalum (ser. Rubra) and A. ezoanum (ser. Eriocarpa) since the Early Miocene; 
the former species has a wide distribution in the whole region of East Asian continental 
margin, further extending into the interior area such as the Aldan river, while the latter 
is rather dominant in North Japan to Kamchatka and Sikhote-Alin. Considering such 
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occurrence together with North American fossil occurrence of ser. Eriocarpa, A. 
ezoanum appears to have not derived directly from A. ishikariense but to have come 
from North America to East Asia via long-distance dispersal. 

A . ishikariense· appeared somewhat late behind A. kushiroanum of Campestria 
during the Eocene in Hokkaido. The section Rubra appeared first in the Middle Eocene 
in western North America (Tanai, 1978; Wolfe, 1981) and in the Upper Oligocene in 
Europe (Walther, 1972), and thereafter the species of this section were widely distri­
buted in the both continents with conspicuously abundant specimens as well as in East 
Asia. The comparison of fossil occurrence may show Rubra originated in North 
America and then entered East Asia. The section Rubra was grouped together with 
Spicata, Macrantha, Palmata and other five sections of the first group in phylogenetic 
re lationships by Ogata (1967). However, considering the fossil occurrence together 
with the fine venation character, Rubra represents another old phyletic line of the 
maple history. 

The section Platanoidea is one of the most common maples through the Neogene of 
East Asia. Fossils of Platanoidea are very variable in foliar shape and the divergent 
angles of wings, as in the extantA. mono. Distinguishable are five species, of which A. 
rotundatum represented by both leaf and fruit was widely distributed in all the regions 
of East Asia, ranging from the Lower Miocene to the Pliocene. A. palaeoplatanoides 
represented by only fruit, is closely akin to A. rotundatum, and shows nearly similar 
stratigraphic range and areal distribution . Other three species of Platanoidea have 
rather limited in fossil occurrence or stratigraphic range. A. chiharae with weakly­
toothed leaves ranged from the Upper Oligocene to the Miocene, although uncommon 
in specimens. It is somewhat questionable to be an independent species, but it is known 
from Kamchatka, Japan and China. Because the extant A . mono has sometimes a 
similarly toothed leaves, especially in the juvenile shoots, A. chiharae may be one of 
the prototypes of Platanoidea. 

Fossils of Platanoidea are known from the Neogene of Europe with abundant 
occurrence, while few in western North America. On the one hand, the extant species 
of Platanoidea are widely distributed now from East Asia through West Asia to 
Europe. I once considered that Platanoidea evolved from the stock of Campestria 
(Tanai, 1978b: fig. 6); however, no Paleogene record of Campestria is known in 
Europe (Walther, 1972). Such fossil occurrence and modern distribution may suggest 
that Platanoidea evolved from the stock of Rubra in both East Asia and Europe 
separately during Late Oligocene time. However, Platanoidea and Campestria are 
closely related, having many common characters as pointed out by many taxonomists; 
the phyletic line from which Platanoidea originated, shou ld be further investigated. 

It is noteworthy for phytogeographic history of Acer that two species of North 
American Saccharina are confirmed in the Miocene of East Asia, and that they are 
widely known from Japan , Korea, China and Sikhote-Alin although uncommon. A. 
pseudoginna/a appearing first in the Lower Miocene, is closely similar to the extant A. 
saccharum, while its probable derivative, A. yamanae, resembles the extant A. nigrum. 
Fossils of Saccharina are commonly known in the Miocene and Pliocene of Oregon and 
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California. The fact that fossil record of Saccharin a is lacking in the Neogene of Kam­
chatka, Sakhalin and Alaska, may suggest that Saccharina independently originated 
from the stock of Rubra in East Asia and western North America. Because the Rubra 
already had its wide occupation in the both regions during the Eocene and Oligocene. 

Other three sections, Oblonga, Trifoliata and Lithocarpa, are rather limited in their 
stratigraphic ranges or fossil occurrences. These sections are probably East Asiatic in 
origin, because they have no fossil records in Europe and North America. A. proto­
trifidium of Oblonga is known from Japan, China and Korea at late-Early Miocene 
time when the climate was warmer. If a fruit from Dembi of Primorye (Akhmetjev & 
Schmidt, 1976: pi. 10, fig. 10) is certainly referable to this species, Oblonga may be 
traceable back to the Upper Oligocene in East Asia. 

The section Trifoliata contains two Neogene species; however, these two species are 
known from only one locality respectively, and Trifoliata is uncertain in its history. 
The section Lithocarpa has also two Neogene species: A. pa/aeodiabolicum is recorded 
widely from the Middle and Upper Miocene of Japan, and sparsely from the Miocene 
of Korea; while A. miojranchelii is known from the Miocene of China. Such fossil 
occurrence shows that the diversification of Lithocarpa may be in recent history. 
Lithocarpa was considered to be related with Macrophylla of the first group by Pojar­
kova (1933) and Ogata (1967); in actual, these two sections are common in many 
characters such as the imbricated bud-scales, leaf shape and stiff-hairy seed. The fine 
venation character, however, shows that Lithocarpa is rather femote from the phyletic 
line of Macrophylla. 

Conclusion 

Thirty-five species of Acer which are redesignated from the Tertiary of East Asia, 
are classified into 17 sections on the basis of the modern relationships of foliar and 
fruit characters. All these sections excluding Macrophylla, Negundo and Saccharina 
which are now endemic to North America, are still native with lax uri ant growth in East 
Asia. It is noteworthy for the history of Acer that no fossils from the East Asian Ter­
tiary are referable to three sections of Acer, Goniocarpa and Monspessulana whose liv­
ing species are now confined to Europe and West Asia. 

Fossil occurrence shows the East Asian maples have four old lineages during the 
Lower Tertiary: the section Spicata, Distyla, Rubra and Campestria. Judging from the 
combination of stratigraphic range and geographic distribution, Spicata and 
Campestria seem to be East Asian in origin, while Rubra is presumed to have entered 
from North America by the Middle Eocene. Although Distyla appeared in Late Eocene 
time, its history is now uncertain, due to the limited fossil occurrence. The other 13 sec­
tions are rather younger in their history; most of them are suggested to have diverged 
from the above old phyletic lines. Macrantha and Palmata derived from the Spicata 
stock, and Platanoidea and Oblonga from Campestria or Rubra stocks in Latest Oligo­
cene or Earliest Miocene time. On the one hand, the comparison of. fossil occurrences 
between East Asia and western North America indicates that Negundo and Macro-
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phylla probably entered East Asia from North America via the Beringia by the end of 
the Oligocene, and that Saccharina evolved from Rubra which was already distributed 
in East Asia during the Paleogene. 

Paleogene floristic composition shows that Eocene maples were mixed with tropical 
or substropical trees in the forests. Since the Late Oligocene or Early Miocene 15 
species of Acer rapidly diversified with predominant occurrence. The terminal Eocene 
Event and subsequenr cooling could have resuhed in the diversification which lead 
many sections. Again, the late-Early Miocene warming and subsequent cooling toward 
the Pleistocene also resulted in appearance of further new sections or new species since 
the Middle Miocene. The complexity of the history of a genus such as Acer is the result 
of a number of factors, including Cenozoic climate history and changing tolerance of 
individual lineages. 

Systematic Descriptions 

Terms of leaf architecture used in the description are mostly based on those of 
Hickey (1979), wh ile those of the external morphology of samara are shown in Text­
fig. I. For the occurrences of each species, I have cited, where possible, museum cata­
logue numbers pertaining to individual specimens. The fo llowing abbreviations have 
been used: 

AKMG: Institute of Mining Geology, Akita University, Akita. 
DBGI-AN: Dalinebostochiy Geologicheskiy Institute, Akademia Nauk, Vladi-

vostok . 
GIN-AN: Geolgicheskiy Institute, Akademia Nauk, Moscow. 
GSJ: Museum of the Geological Survey of Japan, Tsukuba. 
GYNU-CMP: Geological Institute, Yokohama National University, Yokohama. 
HUMP: Museum of Palaeontology, Hokkaido University, Sapporo. 
IAGI: Institute of Applied Geology, Iwata University, Morioka. 
IGF: Institute of Geology, Fukushima University, Fukushima. 
IGPS: Institute of Geology and Palaeontology, Tohoku University, Sendai. 
IV-AN: Institute Vulkanogii, Akademia Nauk, Petropavlovsk, Kamchatka. 
JCSS: Palaeobotanical Collection from Cenozoic Strata of Japan in the Depart-

ment of Geology and Mineralogy, Kyoto University, Kyoto. 
NIGP-PB: Palaeobotany Collection, Nanking Institute of Geology and Palaeon-

tology, Nanking. 
NSM-PP: Plant Fossil Collection, National Science Museum, Tokyo. 
PI-AN: Palaeontological Museum, Akademia Nauk, Moscow. 
SLG DAW: Museum fOr Naturkunde der Humboldt-Universitat Berlin, East 

Berlin . 
SMNH: Palaeobotany Collection, Swedish Museum of Natural History, Stock­

holm. 
TPM : Paleontology Collection, Tottori Prefectural Museum, Tottori. 
RSG: Research Institute of Science Education of Gunma Prefecture, Maebashi. 
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Section Macrantha Pax 
Acer koreanicum Endo 

(pI. 17, fig. 2) 

Acer koreanicllm Endo. 1950. Shon Papers IGPS. ( 1) : 15. pI. 3. f. 13. 
Huzioka. 1972. J. Min. Coil., Akita Univ. [A). 5 (I): 64 . pI. 8. f. 19. , 19a. 

Type: Holotype, JGPS-60996; "Engethardia" Beds (Late Oligocene); Kogeonweon, 
Yongpukdong, North Korea. 
Discussion: This species was based on a single samara from North Korea (Endo, 1950), 
although its modern relationship was once unknown. This specimen is characterized by 
the following features: the thick, globular seed is somewhat bulged outwardly; the con­
tact scar is distinct and long in comparison with a rather small samara; angle between 
the contact scar and outer margin of wing is about 70°. Huzioka (1972) suggested that 
A. koreanicum may be similar to the extant A. capillipes Maxim. of southern Japan, 
but this specimen is different from samara of the modern species in thick seed. The 
above-noted characters show that A. koreanicum is rather related to the extant A. ;n­
sutare Makino of southern Japan. However, this modern relationship needs to be fur­
ther investigated by collecting more speci mens of leaves and samaras. 
Occurrence and collections: Kogeonweon (IGPS-60996), North Korea. 

Acer pataeorufinerve Tanai et Onoe 
(pI. J, fig. II : pI. 4, fig. J; pI. 5, fig. 10) 

Acer palaeoruJinerve Tanai et Onoe. 1961. Geol. Surv. Jap . Rept. ( 187): 49. pI. 16. f. 2, 3. 
Tanai & N. Suzuki. 1960. J. Fac. Sci. , Hokkaido Univ . [4 ). 11 (4): 688. pI. 3. f. 5. 
Tanai & N. Suzuki. 1963. Teniary floras Japans. p. 140. 
Hu zioka. 1972. J. Min. Coil., Ak ita Univ. [AJ. 5 ( I): 65. 
Huzioka & Uemura . 1973. Bull. Nat l. Sci. Mus. 16 (4): 719. pI. 13. f. 5-7. 
Akhmetijev & Schmidt. 1976. Geol. Palaeon!. Rept. Far Easl. p. 92. pI. 10. f. 13; text-f. 1-11. 
Tanai & Ozaki. 1977. J. Fac. Sci., Hokkaido Univ. [4), 17 (4): 578. pI. 5. f. 10; text-f. 6-B. 
Chelebaeva. 1978. Miocene floras east-Kamchatka. p. 83. pI. 20. f. I ; text-f. 31-1. 

Acer rufinerve auct. non Sieb. et Zucco Miki. 1937 . Jap. J. Bol. 8: 322. f. 8-0. 
Okutsu. 1940. Saito Ho-on Kai Mus. Res . Bull. ( 19): 164. pI. 7. f. 1,2. 
Endo. 1951. Shon Papers IGPS. (3): 53. pI. 8. f. 4, 5. 

Acer franche/ii auct. non Pax. Okutsu. 1940. Saito-Ho-on Kai Mus. Res. Bull. (19): 162. pI. 7. f. 4. 
Acer /rilobatwn (Sternb.) AI. Br. var. fricuspidalllm auct. non Heer. Endo. 195 1. Shon Papers IGPS (3): 

56. pI. 8. f. I. 
Acer nomurai auct. non Okutsu. Murai. 1957. Tech. Rept., Iwate Univ. (10): 43. pI. I. f. 3. 

Murai. 1963. dino . 16 ( I ): 109. pI. 12. f. 8. 
Acer proforufinerve Endo. 1963. Trans. Proc. Palaeont. Soc. Japan N.S. (5): 67. pI. 10. f. 3. 
Acer pseudocarpinifolium auc!. non Endo. Onoe. 1974. Geol. Surv. Jap. Rep!. (253): 5 1. pI. II. f. 10, 11. 

Type: Holotype, GSJ no. 4182. Mitoku Formation (Late Miocene). Mitoku, Misasa­
machi , Tottori Prefecture. 
Discussion: This species is based on both leaves and samaras, which are common ly 
known from the Neogene of East Asia. The fossil leaves are mostly three and rarely 
five in palmate lobation with broadly opened sinus, and are double serrate with bluntly 
pointed teeth. The ultimate vein lets are mostly once to twice branching, and rarely 
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single within the quadrangular or pentagonal areoles. The winged seeds of A. palaeo­
rufinerve are small to medium in size, thick in oblong seed part, and more than 1300 

in the divergent angles of two wings. These characters of both fossil leaves and samaras 
are closely similar to those of the extant species of the section Macrantha such as A. 
rllfinerve Sieb. et Zucco of Japan and A. pennsylvaniclIIn Linn. of eastern North 
America. Leaves of the extant A. peclinalllm Wall. of Himalaya and A. capillipes 
Maxim. of southern Japan are also similar in general appearance to A. palaeo­
rufinerve, but are distinguishable in smaller areolation and long petiole. 

All the specimens listed in the above synonymy are included in A. palaeorllfinerve. 
It is noteworthy that the fossi l leaves are generally somewhat conspicuous in subsidiary 
teeth of the marginal principal teeth than in leaves of the extant analogues . A single 
leaves of A. nomllrai from the Late Miocene near Sendai (Okutsu, 1940) is probably 
identical to A . palaeorllfinerve, although the lateral lobes are somewhat more con­
spicuous than in other fossi l leaves of A. palaeorllfinerve. If this reference is valid, the 
epithet of "nomurai" has a priority for the fossil leaves resembling the extant A. 
rufinerve. However, the original specimen of A. nomurai was unfortunately lost in the 
Saito Ho-on Kai Museum of Sendai, and we cannot reinvestigate its detailed character. 
Thus, J prefer to retain A. palaeorufinerve in order to avoid a future confusion. 
Occurrence and Colleclions: Kaminokuni (HUMP no. 25034), Yoshioka, Rubeshibe 
(HUMP no. 25901) , Shanabuchi and Pen kenai (HUMP nos. 26200, 26201) , Hok­
kaido; Miyata (AKMG-7I09, 7248, 7249, 7406), Akita Pref.; Gosho (IAG I No. 
61090), lwate Pref.; Nenoshiroishi (IGPS-60501, 60570, 60596, 60981), Miyagi Pref.; 
Oguni (GSJ nos . 4589, 4590), Yamagata Pref.; Kabutoiwa (RSG nos. 1221, 1222), 
Gunma Pref.; Omi, Nagano Pref. ; Akashi, Hyogo Pref.; Mitoku (GSJ nos. 4182, 
4183) and Tatsumitoge (NSM-PP-16052; GSJ no. 4779), Tottori Pref.; Hamjindong 
(IGPS-59755), North Korea; Korf Bay (IV-AN no . 511126), Kamchatka. 

Acer uemurae Tanai et Ozaki 
(pI. 5, fig. 11) 

A cer uemurae Tanai et Ozaki. 1977. J. Fac. Sci. , Hokkaido Univ. [4]. 17 (4) : 579. pI. 5. f. 3, 4, 9; text· f. 
2-B.O. 

Type: Holotype, TPM-293; Tatsumitoge Formation (Late Miocene); Tatsumitoge, 
Saj i-mura, Tottori Pref. 
Discussion: This species represented only by leaves, is uncommon in the Neogene of 
Japan. These five-lobed leaves are characterized by the following features: each lobe is 
acuminate at apex, with a long tip; margin is compound ly double-serrate with large, 
obtuse principal teeth which are clef ted by angular sinus; the ultimate veinlets are thin 
but well-developed, and are ramified 3 or 4 times within four- to five-sided areoles. As 
already discussed in detail, A. uemurae is closely related to the extant A. micranlhum 
S. et Z. and A. Ichonoskii Maxim. of Japan, especially to the former. 
Occurrence and Colleclions: Tatsumitoge (TPM-293, -484; NSM-PP-16067), TOllori 
Pref. 
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Text-rig. 4. The Details of Venation Characters of Fossil Acer - ( I ) all figures x i S. 
A. Acer palaeorujillerve Tanai el Once. HUMP no. 26201 (pI. 5, f. 10) 
O. Acer arclicum Heer, SMNH collection (Heer, 1876: pI. 22, f. I ). 
C. Acer orc/jewn Heer. SMNH collect ion , Lectotype (Heer , 1876 : pI. 22, f. 7). 
D. Acer arc/ieuln Heer , HUMP no. 26205 (pI. 2. f. 3). 
E. Acer liemurae Tanai et Ozaki. Holotype TPM-293 (pI. 5, f. I I), 
F. Acer oishii Tanai. HUMP no. 26206 (pI. 4, f. 7), 
C. Acer oishii Tanai. Holotype HUMP no. 25986 (pI. 2, f. 6) 
H. Acer subukurlinduense N. Suzuki. Holotype HUMP no. 259 18 (pI. 4, f. 2) 
I. Acer lIordenskioeldi Nathorst. SMNH collection, Lectotype (Nathorsl , 1883: pI. 11 , f. 4) 
J. Acer lIordenskioeldi Nathorst. NSM-PP 16065 (Tanai & Ozaki, 1977: pI. I, r. 2) 
K. Acer prolomatswnurae Tanai. Ho]otype GSJ no. 4777 (pI. 3, r. 5) 
L. Acer protojaponicum Tanai et Onoe. HUMP no. 25037 (Tanai & N. Suzuki, 1960: pI. 5, r. 6) 
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to the following five types by Heer, based on fo liar shape and lobation characters: (I) 
leaves wider than the length, tri lobed with distinct lateral lobes, and deeply cordate at 
the base, (2) leaves longer than the width, trilobed but indistinct in lateral lobation, 
deeply cordate at the base, (3) leaves longer than the width, nearly rounded at the base, 
(4) leaves longer than the width, unlobed, and dentate with big teeth on the margin, (5) 
leaves coarsely wavy on the margin. My collection includes also these five leaf types, 
while many intermed iate forms indicate that there is an intergradation in the mor­
phological characters defined by Heef. 

So far as investigated in detail by me, all the Heer's original specimens stored at 
Stockholm, both illustrated and unillustrated, show the similar venation and marginal 
characters, although variable in size, shape and lobation. A . arclicum is characterized 
by the features that the margin is coarsely dentate with round , retusely-tipped teeth, 
and that the freely-ending veinlets are ramified more than twice within the quad­
rangular or pentagonal areoles. Japanese fossil leaves correspond well with Spitzbergen 
specimens in all morphological characters, including the venation. 

A. arcticum has been frequently misused by many authors for cordate to penta­
gonal leaves with tri- or five-pl inervation which occurred from the Paleogene of the 
Northern Hemisphere; some of these leaves are probably referable to Populus and 
some genera of the Vitaceae, whose leaves are easily distinguishable from A. arcticum 
in glandular margin and veinlet characters. 

There are no leaves of any extant maple which well match with A. arclicul11 in all 
characters. Considering the foliar shape, well-defined tertiary veins, ultimate veinlets 
and large-toothed margin, A. arclicul11 probably to the section Spicata, whose extant 
species are living in East Asia and eastern North America. Of three extant species of 
this section North American A . spicatum Lam. is most similar to A . arcticum in 
general appearance. Despite of abundant occurrence of leaves referable to A . arclicll l11 , 
no fossil winged seed corresponding to this species has been unfortunately found in the 
Paleogene of Hokkaido. Regarding the winged seeds of A. arclicum it is necessary to 
note that the original specimens (Heer, 1876: pI. 22, fig. 2b , 2c.) were invalidly illus­
trated . So far as exami ned by me, these samaras are hidden by rocks at its lower part, 
and are not clear in the contact scar of seed. 
Occurrence and Collections: Shimizusawa (HUMP nos. 9355 , 9356; NSM 10458), 
Bibai (HUMP nos. 9352-9354, 26202-26204), Reisui-zan (HUMP no . 26205) , Kamui , 
Danma-nosawa (OSJ no. 4299), Harutori (HUMP nos. 25984, 25985), Tokomuro and 
Shiranuka, Hokkaido; Uchigo, Ibaraki Pref.; Shinminato (HUMP nos. 25259, 
25260), Sasebo, Nagasaki Pref.; Fushun , China; Breja, Ussuri. 

Acer oishii Tanai 
(pI. 2, figs. 2, 5, 6; pI. 4. fig. 7) 

Acer oishii Tanai. 1970. J. Fac. Sic ., Hokkaido Uni ... . [4), 14(4) : 490. pI. 14. r. 1, 4,5 ; pI. 20. f.4. 
A cer sp. Oishi & Huzioka. 1943. ditto. 7: 97. pI. 14. r. I. 

Type: H olotype, HUMP no. 25986; Harutori Formation (Early Oligocene); Harutori 
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coal mine, Kushiro, Hokkaido. 
Discussion: This species was originally described by many, medium to large leaves and 
a poorly-preserved samara from the Oligocene of eastern Hokkaido. The well­
preserved leaves referable to this species are also found from the Eocene and Oligocene 
of the Ishikari coal field. All of these leaves are characterized by 3-lobed shape with 
deep sinus, coarsely serrate margin with large, acute or acuminate teeth which are 
accompanied by one or two smaller subsidiary teeth, and irregularly percurrent but 
well-defined tertiary veins. The ultimate veinlets of these foliage specimens including 
the holotype, are more than thrice ramified within the comparatively large areoles. 

A. oishii was first compared with the extant A. rubrum Linne of North America by 
the superficial resemblance (Tanai 1970). However , the above-noted characters, espe­
cially of the venation, indicate that A. oishii is not related to the section Rubra but to 
the section Spicata. Of three extant species of the section Spicata, leaves of the East 
Asian A . ukurunduense Trauv. et Mey. are usually 5-lobed, rarely 7-lobed, while those 
of the North American A. spicatum Lam. and the Himalayan A. caudatum Wall. are 
usually 3-lobed or sometimes slightly 5-lobed . It is very interesting that A. oishii is 
more closely related A. spicatum rather than other two Asiatic species, considering the 
lobalion together with the marginal character. Leaves referable to A . oishii are 
somewhat variable in shape, but some leaves closely resemble those of A . alaskanum 
Tanai & Wolfe which was recently established from the Paleocene of Alaska (Tanai & 
Wolfe, MS). A. oishii may be a descendant of A. alaskanum, which appears to have 
migrated to East Asia across the Beringia. 
Occurrence and Collections: Harutori (HUMP nos. 9357, 25986), Reishui-zan 
(HUMP no. 26206) and Shimizusawa (AKMG-6309), Hokkaido. 

Acer subukurunduense N. Suzuki 
(pI. 4, fig. 2) 

Acer subukurunduense N. Suzuki , 1963. J. Fac. Sci., Hokkaido Univ. (4], II (4) : 690. pI. l. f. l. 
Huzioka & Uemura. 1974. Bull . Natl. Sci. Mus. 17 (4): 354. pI. 8. f. 4-6. 
Chclcbaeva. 1978. Miocene floras of E. Kamchatka. p. 82. pI. 18. f. 6; text-f. 30-2. 

Acer sp. N. Suzuki. 1963. J. Fac . Sci., Hokkaido Univ. [4), 11 (4): 692. pI. 2. f. 4. 

Type: Holotype, HUMP no. 25918; Komatsuzawa Formation (Early Pliocene); 
Yongosen, Rubeshibe-machi, Hokkaido. 
Discussion: This species is represented by comparatively large leaves, which are 
double-serrate with acute, well-defined teeth at the margin, irregularly-spaced second­
ary veins on each lobe and deeply cordate at the base. The reinvestigation of the holo­
type specimen reveals that the ultimate veinlets are ramified somewhat irregularly and 
usually more than three times within the large, four-sided areoles. So far as observable, 
the holotype specimen is pubescent on the undersurface as well as is in the extant A. 
ukurunduense Traut. et Mey., which is closely related analogue of A. subukurun­
duense. 

Leaves of the extant A. ukurunduense are generally five to seven lobed, while those 
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nordenskioeldi includes various forms in lobation, lobe shape and marginal serration 
as similarly displayed by the extant "A. palmalum" group. 

As already discussed (Tanai, 1976; Tanai & Ozaki, 1977), the original specimens 
are 7-1obed with acute sinus and are rather coarsely serrate on the margin; each tooth in 
which the secondary veins end, is often accompanied by one or two subsidiary minute 
teeth on its b,!sal side. 

As far as reinvestigated, all the leaf specimens listed in the above synonymy are 5 or 
7 lobed and are finely to coarsely serrate at the margin. These leaves are roughly 
grouped into the following two types by the marginal characters, although they are 
highly variable in lobe shape, and depth and angles of sinus. 

(I) margin is serrate with fine teeth, accompanied by one or two subsidiary teeth; 
main teeth are densely arranged. 
(2) margin is serrate with fine to coarse teeth, accompanied by one or two sub­
sidiary teeth; main teeth are remotely arranged. 

These two types of the serration often include many intermediate forms, and also do 
not show any special stratigraphic distribution. Generally speaking, the 7-lobed leaves 
with remotely serrate teeth are common in the Lower Miocene, while the 5-or 7-lobed 
leaves with densely serrate teeth are common since the Middle or Late Miocene. 
Because the above two types of leaves have no strict base for separation by foliar 
characters and venation, all the specimens listed above are included in A. norden­
skioeldi. 

Compared with common occurrence of leaves, samaras referable to A. norden­
skioeldi have been uncommon. They are closely similar to samaras of A. prolo­
japonicum, but are distinguishable by somewhat outwardly bulged seed and smaller size. 
Occurrence and Collections: Miyata (AKMG-711I ), Akita Pref.; Kamigo, Obayashi 
and Takamine, Yamagata Pref.; Shiotsubo, Fukushima Pref.; Hiramaki, Mizunami 
and Tokitsu, Gifu Pref.; Seto, Aichi Pref.; Omi, Nagano Pref.; Ningyotoge, Mitoku 
(GSJ no . 4173) and Tatsumitoge (TPM-471; NSM -PP 16020, 16021, 16025, 16027, 
16040; GSJ no. 4783a), Tottori Pref.; Akashi, Hyogo Pref.; Shimonoseki, Yamaguchi 
Pref.; Mogi (GSJ nos. 4728a-4730), Oya and Chojabaru (HUMP no. 26207), 
Nagasaki Pref.; Amakusa, Kumamoto Pref.; Yeonil, South Korea; Tongcheon and 
Hamjindong (IGPS-92370), North Korea; Shanwang, China; Udugou, Rettikhovska, 
Nagaeva, Nexhino and Uglovoe (DBGI-AN no. 70054), Primorye. 

Acer prolojaponicum Tanai et Onoe 
(pI. 3, [;gs. B- IO) 

Acer protojaponicllm Tanai CI Once. 1959. Geo!. Surv. Jap. Rept. 10 (4): 21. pI. 6. f. 5, 7, 8. 
Tanai & N. Suzuki. 1960. J. Fac. Sci. , Hokkaido Univ. (4). 10 (3): 565. pI. 5. f. 6; pI. 9. f. 18, 19. 
Tana;. 1961. D;1I0. II (2): 362. pI. 26. f. 4; pI. 27. f. B. 
Tanai & N. Suzuki. 1963. Tertiary floras of Japan. p. 141. 
Suzuki, N. 1963. J. Fac. Sci., Hokkaido Univ. (4] , II (4): 688. pI. 4. f. 5; pI. 5. f. 4. 
Huzioka. 1964. J. Min. Coil., Akila Univ. [A) , 3 (4): 92. pI. 15. f. 6. 
Ishida. 1970. Mem. Fac. Sci., Kyoto Univ. [geo!. & Min.). 37 (1): 96. pI. 15. f. 16. 
Tanai & N. Suzuki. 1972. J. Fac. Sci. H okkaido Univ. (4), 15 (1-2): 336. 
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Huzioka. 1972. J. Min. Coil. , Akita Uni v. [A J, 5 ( I): 65. 
H ojo. 1973. Mem. Fae. Sci., Kyushu Univ. [DJ, 22 (2): 31. pI. 9. r. 13. 
Hayashi . 1975. Fossils from Iki 151. p. 26. pI. 21. f. 7, 8. 
Tanai & Ozaki. J. Fae. Sci., H okkaido Univ. (4] . 17 (4): 58 1. pI. 2. f. 2; pI. 5. f. 1, 2. 

Acer pox; aueL non Franch. Nathorst. 1888 . Palaeonl. Abhandl. 4 (3): 26. pI. II. f. 13. 
Acer japolliclllfI auc!. non Thunb. Huzioka. 1943. J. Fac. Sci., H okkaido Univ. [4 ).7 ( I) : 134. pI. 24. f. 7. 

Murai. 1963. RepL Tech., I walc Univ. 17 (1): 104. pI. 17. f. 2. 
Acer miojapollicum Huzioka e l Nishida. 1960. Sado Mus. Pub!. (3): 19. pI. 5. r. 5. 
Acer ;waii K. Suzuki. 1961. Sci. Rept., Fukushima Univ. (10): 8 1. pI. 18. r. 5. 
Acer prolosiebotdiaflllf1l Tanai et Once. 1961. Geo!. Surv. Jap. Rept. ( 187): 50. pI. 15. f. 5. 

Tanai. 1961. J. Fae. Sci., Hokkaido Univ. (4]. II (2): 363. 
Acer pseudocorpifl ijolium auel. non Endo. N. SUZUki. 1963 (part). ditto. II (4): 698. pI. 3. f. 2. 
Acersubpicrum aucL non Saporta. N. Suzuki. 1963 (part). ditto. II (4) : 690. pI. 5. f. 1,2. 

Onoe. 1974. Geol. Surv. Jap. Repl. (253 ): 51. pI. II. r. 8. 
Acerezooflum aueL non Oishi el Huzoka. Huzioka et Uemura. 1973 (part). Bull. Nail. Sci. Mus. 16 (4): 7 18. 

pI. 14. r. 7. 
Acer sp. Oishi et Huzioka. 1943. J. Fac. Sci. , H ok kaido U niv. (4]. 7 (I ): 98. pI. 14. f. 5. 

Type: Holotype, GSJ no. 4038 ; Sh ichiku Formation (Early Miocene); Shichiku , 
Yotsukura-machi , Iwaki, Fukushima Prefecture. 
Discussion: This species was first established on the basis of well-preserved samaras 
and a single fragmentary leaf (Tanai & Onoe, 1959), and was laler supplemented by 
nearly complete leaves (Tanai & N. Suzuki , 1960; Tanai, 1961 ). These leaves are 
somewhat variable in shape and size: they are 9to II lobed, deeply cordate a t the base, 
and are of medium to large size. Each lobe is shallowly dissected with acute sinus, and 
is double serrate with acute teeth at the margin. The areolar vena tion is composed of 
irregu lar-sized, four- to six-sided areoles, in which the fine veinlcts branch more than 
three times. These venation characters well match those of the extant Acer japonicum 
Thunb. living in Japan. The fossil samaras are characterized by a compara tively small­
sized , thick and globose seed, and angles of 55 ° to 90° between the outer margin of 
wing and contact scar of seeds. Both lower margins of wing reach the base of seed or 
the contact scar ; the seed is kept within the wing width. 

So far as reinvestigated, all the lea f and samara specimens listed in the above 
synonymy are included in A. protojaponicum. Although they were based on well­
preserved leaves or samaras similar to A. japonicum, A. miojaponicum and A. iwaii 
are the later synonyms to A. protojaponicum. A single complete leaf described as A. 
protosieboldianum from the Pliocene of western Honshu (Tanai & Onoe, 1961 ) is 
unseparable from A. protojaponicum. The samaras of A. protojaponicum and A. 
nordenskioeldi are generally similar in the sense of small size, globular seed and 
divergent angles of wings; however, the latter is smaller on the average, and is charac­
terized by outwardly bulged seed. 
Occurrence and Collections: Yoshioka (HUMP nos. 25037, 25039), Abura (HUMP 
nos. 9346, 25038), Wakamatsu, Kudo, Kaminokuni (HUMP no. 25259) , Shanabuchi 
(HUMP nos. 25262, 25763 , 25765), Rubeshibe (HUMP nos. 25902, 25912, 259 13) and 
Bifuka (HUMP no . 26208), Hokkaido; Gomyoji n (IAGI-61022) , Iwate Pref.; Miyata 
(AKMG-7257), Akita Pref.; Oguni (GSJ no. 4591), Yamagata Pref.; Shichiku (GSJ 
nos . 4038, 4039; IGPS-78 142-78 144; AKMG-5078), Fukushima Pref.; Sek i 
(AKMG-3309, 33 10), Niigata Pref.; Noroshi (J C 88-490), Ishikawa Pref.; Hiyoshi, 


























































































































































