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        Koelreuteria  Laxm. of the soapberry family (Sapindaceae 
Juss.) comprises four extant deciduous tree species, disjunctly 
distributed in eastern Asia (China, Korea, and Japan) and on the 
Fiji Islands in the South Pacifi c ( Smith, 1985 ;  Wu et al., 2007 ; 
 Acevedo-Rodríguez et al., 2011 ;  Ying and Chen, 2011 ) ( Table 1 ).  
In eastern Asia, distributions of  K. paniculata  Laxm. to the 
north and  K. bipinnata  Franch. to the south converge at approx-
imately 32 °  north latitude ( Xia and Luo, 1995 ). In the Pacifi c, 
two species  K. elegans  A. C. Sm. ( Smith, 1951 ,  1952 ,  1955 , 
 1985 ) and  K. henryi  Dümmer (=  K. formosana  Hayata) ( Dümmer, 
1912 ;  Hayata, 1913 ;  Kanehira, 1936 ;  Li, 1963 ,  1977 ;  Chen, 
1993 ;  Ying and Chen, 2011 ) are distributed in Taiwan (China) 
and Fiji, respectively, with a discontinuity of ca. 7000 km. Alterna-
tively, they are treated as two subspecies,  K. elegans  subsp. 
 formosana  (Hayata) F. G. Mey. and  K. elegans  subsp.  elegans  
A. C. Sm. ( Meyer, 1976 ;  Luo and Chen, 1985 ;  Xia and Luo, 
1995 ;  Xia and Gadek, 2007 ). Considering their morphological 
variation (e.g., pollen and petiolules, see  Table 1 ) and long-
distance disjunct distributions, we here did not adopt such sub-
specifi c ranks of  K. elegans . 

  Koelreuteria  has been used as an offi cial memorial tree culti-
vated on the tombs of scholars since the Chou Dynasty (1122–
240 BC) and was introduced into Europe in 1763 ( Li, 1996 ; 
 Dosmann et al., 2006 ). Based upon the cultivated tree at St. 
Petersburg, Finnish naturalist Erik  Laxmann (1772)  named 
 Koelreuteria  after a German botanist Joseph Gottlieb Kölreuter 
(1733–1806) at Karlsruhe, with the type species  K. paniculata  
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  •  Premise of the study:   Koelreuteria  (Sapindaceae) has four extant deciduous tree species, disjunctly distributed in eastern Asia 
and the Fiji Islands. While  K. paniculata  is widely cultivated, the biogeographic origin and evolutionary history of  Koelreuteria  
remain unclear. 

 •  Methods:  Fruits, pollen, wood, and leaves of closely related extant taxa were examined in comparison with fossil remains to 
evaluate the fossil record and biogeographic history of  Koelreuteria . 

 •  Key results:  Overall, characters of capsular fruits are more diagnostic than other organs for this genus. We describe two new 
species of fruit remains from the Eocene,  K. taoana  sp. nov. (northeastern China and far eastern Russia) and  K. dilcheri  sp. nov. 
(western United States), and give emended descriptions of three species:  K. allenii  (Lesq.) W. N. Edwards (early–late Eocene 
of the United States),  K. macroptera  (Kováts) W. N. Edwards (late Oligocene–early Pliocene of Europe), and  K. miointegrifo-
liola  Hu et R. W. Chaney (Miocene of eastern Asia). 

 •  Conclusions:  Reliable fossil records of capsules and ring-porous wood indicate that  Koelreuteria  may have originated in North 
Pacifi c-Rim area of the northern hemisphere by the early Eocene, representing an early temperate lineage in Sapindaceae 
adapted for wind dispersal. The fossils herein place a minimum age (ca. 52 Ma) for the divergence of  Koelreuteria  from tropi-
cal genera that appear more basal in the molecular phylogeny of Sapindaceae. Regional extinctions after the Eocene in North 
America and the Pliocene in Europe, reduced the range of  Koelreuteria  to eastern Asia, where three species occur today. The 
present distribution of another species in the Southern Pacifi c may be explained by long-distance dispersal.  
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of Natural History, Smithsonian Institution, Washington, D.C., USA), UCM 
(University of Colorado Museum of Natural History, Boulder, CO, USA), UCMP 
(University of California Museum of Paleontology, Berkeley, CA, USA), FMNH 
(Field Museum, Chicago, IL, USA), and YPM (Peabody Museum of Natural His-
tory, Yale University, New Haven, CT, USA). The geological age of these Green 
River Formation localities is early Eocene (ca. 52 Ma) to middle Eocene on the 
basis of radiometric dating as well as mammalian biostratigraphy ( Smith et al., 
2008 ). (2) Republic, Washington, USA. A few capsular valves were collected 
from Republic, Washington, northwestern USA. The specimens (prefi xed 
“UWBM”) are deposited at the Burke Museum of Natural History, the University 
of Washington, Seattle. The age of the Republic fl ora is early–middle Eocene 
( Wolfe et al., 1998 ;  Greenwood et al., 2005 ;  DeVore and Pigg, 2010 ). (3) Inde-
pendence Hill, California, USA. One capsular valve was collected from Indepen-
dence Hill near Colfax, California and deposited at USNM. The geological age of 
the Chalk Bluffs fl ora of Independence Hill is early–middle Eocene ( Brown, 
1946 ;  Edwards, 2004 ). (4) Huadian, Jilin Province, China. One capsular valve 
(part and counterpart) was collected from siltstone beds of the Huadian Formation 
at the Gonglangtou Mine No. 3, Huadian County, Jilin Province in northeastern 
China (42 ° 59 ′ 54 ″ N, 126 ° 51 ′ 58 ″ E). The specimens (prefi xed “PE”) are deposited 
at the Chinese National Herbarium, Institute of Botany, Chinese Academy of 
Sciences, Beijing. The geological age of the Huadian fl ora has been accepted as 
middle Eocene on the basis of co-occurring vertebrate fossils ( Smith et al., 2011 ). 
(5) Teater Road, Oregon, USA. Capsular valves were collected from the John Day 
Formation of Teater Road, Oregon and deposited at UF (Florida Museum of 
Natural History, Gainesville). The geological age of this John Day Formation 
locality is late Eocene ( Manchester and McIntosh, 2007 ). (6) Florissant, Colo-
rado, USA. Numerous capsular valves were collected from the Florissant lake 
beds of Florissant, Colorado. The specimens are deposited at YPM and USNM. 
The geological age of the Florissant fl ora is latest Eocene on the basis of radio-
metric dating and mammal correlations ( Meyer and Smith, 2008 ). (7) Randecker 
Maar, Germany. Ten capsular valves were observed from Randecker Maar in col-
lections at the Staatliche Museum für Naturkunde (Stuttgart) (specimens prefi xed 
“SMNS”) and the Nature Museum Augsburg (prefi xed NMA). The age of the 
Randecker Maar fl ora is early Miocene ( Gregor, 1982 ;  Krautter and Schweigert, 
1991 ). (8) Shanwang, Shandong Province, China. Twelve capsular ovules were 
collected from Shanwang (36 ° 54 ′ N, 118 ° 20 ′ E) at Linqu County, Shandong Prov-
ince, eastern China. The specimens are deposited at UF, PE, and Nanjing Institute 
of Geology and Palaeontology, Chinese Academy of Sciences, Nanjing (prefi xed 
“PB”). The geological age for plant-bearing diatomaceous shales of the Shanwang 
Formation is Middle Miocene ( Li, 1981 ;  Tao et al., 1999 ;  Wang et al., 2010 ) or 
late Early Miocene to early Middle Miocene ( Liu and Leopold, 1992 ;  Deng, 
2006 ;  Wang, 2012 ). (9) Tállya, Hungary. One capsular valve was examined from 
Gomboska of Tállya, Hungary. The specimen (prefi xed “BP”) is deposited at the 
Hungarian Natural History Museum, Budapest. The age of the Tállya fl ora is 
Middle Miocene ( Hably, 2006 ). (10) Abaújszántó, Hungary. One capsular valve 
was collected from Abaújszántó, Hungary, which is deposited at BP. The age of 
the Abaújszántó fl ora is Middle Miocene ( Hably, 2006 ). (11) Bavaria, Germany. 
Capsular valves were collected from Derching, Burtenbach, Derndorf, and Gei-
senhausen, sediments of the Upper Freshwater Molasse of Bavaria, southern Ger-
many. The specimens are deposited at NMA. The ages of these Bavarian fl oras 
are from the Lower Middle Miocene of Burtenbach to the middle part of the 
Middle Miocene of Derching as well as to the Middle–Upper Miocene of Geisen-
hausen and Derndorf ( Gregor, 1982 ;  Gregor et al., 1992 ;  Seehuber, 2009 ). 

 Herbaria —   The extant voucher specimens examined for this study (see 
Appendix 1) are housed at the following herbaria: Chinese National Herbarium 
(PE), Missouri Botanical Garden Herbarium (MO), and Arnold Arboretum 
Herbarium, Harvard University (A). Capsules and leaves of  K. paniculata , 
 K. bipinnata  and  K. henryi  cultivated at the Institute of Botany, Chinese Academy 
of Sciences (Beijing), Yunnan Academy of Forestry (Kunming), and the University 
of Florida (Gainesville) were collected to compare with the fossils presented here. 

 Cleared leafl ets and capsular valves of  Koelreuteria  were made by soaking 
fresh samples in 40% sodium hydroxide (NaOH) solution for about 3 d, then 
neutralizing in running water, and mounting with Canada balsam in glass 
slides. Data regarding fossil and extant capsules, pollen, leafl ets, and wood of 
 Koelreuteria  were tabulated ( Tables 1, 2 ), and comparisons of  Koelreuteria  
with other taxa bearing similar fruits were made ( Table 3 ). Terminology used 
in the specimen descriptions for seeds, pollen, fruits, and leaves follows  Corner 
(1976) ,  Müller and Leenhouts (1976) , and  Ellis et al. (2009) . The author cita-
tion of plant names is applied by  Brummitt and Powell (1992) . 

 Online databases were consulted including those of (1) National Museum of 
Natural History, Smithsonian Institution, Washington, D.C. (http://collections.
nmnh.si.edu/search/paleo/), (2) University of California Museum of Paleontology, 

being better known as the golden-rain tree.  Koelreuteria henryi , 
native in Taiwan, was introduced to the United States in 1915 
and Australia around 2000, and subsequently became natural-
ized in southern Florida and Hawaii in the United States ( Meyer, 
1976 ;  Frohlich and Lau, 2010 ) and in New South Wales ( Hosking 
et al., 2003 ). The wood of  Koelreuteria  can be used for making 
furniture.  Koelreuteria  is popularly cultivated as an ornamental 
around the world because of the aesthetic appeal of its spreading 
canopy, imparipinnate and bipinnate leaves, large yellow thyrses, 
and colorful, membranous, infl ated capsules. However, the early 
evolution and biogeographic spread of  Koelreuteria  through the 
geological ages remain unclear. 

  Koelreuteria , along with  Stocksia  Benth. in Afghanistan, Iran, 
and Pakistan ( Abdulia, 1973 ) and  Erythrophysa  E. Mey. ex Arn. 
from Ethiopia, South Africa, and Madagascar ( Verdcourt, 1962 ; 
 Capuron, 1969 ;  Palmer and Pitman, 1972 ), were traditionally 
classifi ed into the tribe Koelreuterieae of the subfamily Dodonae-
oideae in Sapindaceae on the basis of their imparipinnate leaves, 
convolute cotyledons, zygomorphic fl owers and infl ated capsules 
( Radlkofer, 1931 ) ( Figs. 1–7, 9–12 ), and simply structured tricol-
porate pollen (i.e., type-A pollen, sensu  Muller and Leenhouts, 
1976 ) ( Fig. 8 ). Koelreuterieae was thought to be derived from the 
most basal sapindaceous tribe Dodonaeeae, represented by 
 Dodonaea  L. mainly from Australia and New Caledonia ( Xia and 
Gadek, 2007 ;  Harrington, 2008 ;  Acevedo-Rodríguez et al., 2011 ). 
Recent molecular phylogenetic studies have suggested that  Koel-
reuteria  is closely related to some subtropical and tropical genera 
from Asia, Australasia, and Africa, e.g.,  Stadmania  Lam. (fruits 
not membranous),  Allophylus  L. (fruits not capsular),  Smelophyl-
lum  Radlk. (fruits chartaceous or fl eshy),  Cupaniopsis  Radlk. 
(fruits fl eshy), and  Harpullia  Roxb. (fruits chartaceous to woody) 
( Harrington et al., 2005 ;  Muellner et al., 2007 ;  Buerki et al., 2009 , 
 2010 ). Hence, the evolutionary origin and phylogenetic relation-
ships of  Koelreuteria  are likely to be rooted in subtropical and 
tropical lineages. The fossil record of  Koelreuteria  may provide 
temporal and paleogeographic data relevant to the evolutionary 
and biogeographic history of these genera. 

 The main objectives of this paper are to (1) review the mor-
phology and taxonomy of living  Koelreuteria  with particular 
reference to fruit morphology and some subsidiary references to 
pollen, leaf, and wood anatomical characters, all of which can be 
used to identify the fossil remains of the genus; (2) reinvestigate 
the previously reported fossil species in  Koelreuteria  and pro-
vide a reliable fruit fossil record of the genus; and (3) consider 
their ecological, evolutionary, and biogeographic implications. 

 MATERIALS AND METHODS 

 Nomenclature —   Fossils of  Koelreuteria  are preserved as isolated parts (e.g., 
dispersed leafy shoots, leaves, leafl ets, wood, capsules, capsular valves, seeds, 
and pollen). Some of the previously reported fossil species were established on 
the basis of the hypothesized combination of both leaves and capsular valves 
occurring together at the same localities, but there was no direct proof in the 
form of organic connections (e.g.,  Massalongo, 1852 ;  Hu and Chaney, 1938 ; 
 Brown, 1946 ;  Becker, 1961 ). Such taxonomic practice may be problematic be-
cause two or more unrelated elements were prone to be involved in the original 
description. On the basis of reliable fruit remains, we here reconsider the no-
menclature and taxonomy of fossil  Koelreuteria . 

 Macrofossils —   The macrofossils used in this study (see Appendix 1) were 
collected from the following localities in approximate order according to geologi-
cal age. (1) Green River Formation, USA. Capsules from the Green River Forma-
tion of Colorado, Utah, and Wyoming are deposited at USNM (National Museum 
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 Comparisons have been made between  Koelreuteria  and other 
genera of the Sapindaceae including  Arfeuillea  Pierre ex Radlk., 
 Boniodendron  Gagnep. (=  Sinoradlkofera  F. G. Mey.),  Stocksia  
Benth.,  Erythrophysa  E. Mey. ex Arn. ( Meyer, 1977 ;  Bůžek et al., 
1989 ;  Manchester, 1999 ;  Buijsen et al., 2003 ;  Manchester and 
O’Leary, 2010 ).  Koelreuteria  fruits also superfi cially resemble 
genera with membranous or papery fruits in several other fami-
lies, including tilioid Malvaceae Juss. [ Craigia  A. C. Sm. et W. E. 
Evans (=  Pteleaecarpum  Weyland)], Rutaceae Juss. ( Ptelea  L.), 
and the Nyctaginaceae Juss. ( Abronia  Juss.) ( Kvaček et al., 1991 , 
 2005 ;  Manchester and O’Leary, 2010 ) ( Table 3 ).  However,  Koel-
reuteria  is distinguished from these other genera by several char-
acters: incomplete septum with two seeds at a single level within 
each ovate, elliptic to suborbicular, polygonally elongated reticu-
late, membranous valve that is greater than 2 cm long (ca. 4 cm 
long on average). Occasionally, a nearly complete septum occurs 
in  K. bipinnata  when the placental suture appears straight, in 
which case the distinction of  Koelreuteria  from other genera may 
be less secure. 

 The morphology of capsular valves is helpful in distinguish-
ing taxa. Some small-sized (around 2 cm long) valve fossils 
with a “central body” (i.e., locular area) formerly attributed to 
 Koelreuteria  belong to either a living tilioid malvaceous genus 
 Craigia  or probably another extant sapindaceous genus  Bonio-
dendron  ( Kvaček et al., 1991 ,  2005 ;  Manchester et al., 2009 ) 
( Table 2 ). These misidentifi ed species should be excluded from 
the fossil record of  Koelreuteria , including  K .  eointegrifolia  
S. Endô,  K .  eocenica  S. Endô,  K. oregonensis  C. A. Arnold, and 
 K .  microcarpa  H. M. Li ( Endô, 1942 ,  1968 ;  Arnold, 1952 ; 
 WGCPC, 1978 ;  Zhang, 1980 ). Fossils belonging to  Craigia  
usually have serial seed attachments and/or complete septa 
within the valves, forming a fusiform or elliptical central body. 
The small capsular valves called  Koelreuteria arnoldii  H. F. 
Becker from the early middle Eocene to Oligocene of the United 
States and Canada ( Becker, 1961 ,  1969 ;  Wolfe and Wehr, 1987 ; 
 Dillhoff et al., 2005 ) may represent  Boniodendron , whose cap-
sules are about half the size of those in living  Koelreuteria  
( Manchester et al., 2009 ) ( Table 3 ). Furthermore, pedicels of 
 Boniodendron , when preserved at the base of such smaller 
valves, have no persistent sepals ( Table 3 );  K .  annosa  Brown 
was described for the capsular valve and leafl et from the Paleo-
cene of the United States ( Brown, 1956 ,  1962 ), but its valve 
appears to bear an elongated, central locular area and a long 
pedicel. Numerous specimens of this species in the UF collec-
tions all lack seeds, so the placentation remains unclear. Hence, 
this species is also rejected from  Koelreuteria . 

 Although the trilocular capsules with incomplete septa are 
also produced sporadically in two other living sapindaceous 
species  Euphorianthus euneurus  (Miq.) Leenh. (velvety and 
fl eshy capsules), possibly  Erythrophysa paniculata  Capuron 
(pilose and membranous-papery capsules) and the fossil species 
 Sapindaceacarpum koelreuterioides  Vaudois-Miéja et Lejal-Nicol 
(glabrous and membranous capsules), their capsular valves are 
not reticulate ( Capuron, 1969 ;  Vaudois-Miéja and Lejal-Nicol, 
1988 ;  Acevedo-Rodríguez et al., 2011 ) ( Table 3 ). Hence, well-
preserved capsular valves are easily recognizable in the fossil 
record and can provide a reliable proxy for deciphering the bio-
geographic history of  Koelreuteria . 

 Pollen, leaves, and woods of  Koelreuteria  —    Pollen grains 
of extant  Koelreuteria  are primarily spheroidal, oblate-spheroidal 
or rarely prolate-spheroidal, 20–28.2  ×  21–33.8  μ m in size 
( Table 1 ). The polar amb is triangular and the grains are tricolporate. 

Berkeley (http://bscit.berkeley.edu/cgi/ucmp/), (3) Peabody Museum of Natu-
ral History, Yale University, New Haven (http://peabody.yale.edu/collections/
paleobotany), (4) Museum of Natural History, the University of Colorado, 
Boulder (http://cumuseum.colorado.edu/Exhibits/StoneLace/specimens2.html), 
(5) Burke Museum of Natural History and Culture, the University of Wash-
ington (http://www.burkemuseum.org/paleontology/collections), (6) The 
Staatliche Museum für Naturkunde (Stuttgart) (http://www.dbsmns.naturkunde-
museum–bw.de/), (7) The Inside Wood (http://insidewood.lib.ncsu.edu/search), 
and (8) eFloras (http://www.efl oras.org). 

 Figures —   Photographs of hand specimens were taken with digital cam-
eras (Panasonic DMC-FZ30, Nikon D90, CoolPix S230, and Canon Power-
Shot A630). Images of capsular valve and leafl et clearings were made on a 
fl atbed scanner (Epson Perfection 2580 Photo). Micrographs of pollen grains 
were taken with a Scanning Electron Microscope (SEM) (Hitachi S-4800). 
Line drawings of previously published fi gures of fossil  Koelreuteria  were 
drawn when the original specimens were not available for photography. 
The International Stratigraphic Chart ( Gradstein et al., 2004 ) was used for 
time calibration. Figures were prepared with Adobe Photoshop 6.0 (San Jose, 
California, USA) and CorelDRAW 10.0 (Corel, Ottawa, Ontario, Canada) 
programs. 

 RESULTS 

 The taxonomy of living  Koelreuteria  is primarily based upon 
growth habit, vegetative shoot, leaf, infl orescence, fl ower, fruit, 
seed and seedling, pollen, and chromosome characters ( Meyer, 
1976 ;  Xia and Gadek, 2007 ) ( Table 1 ), but paleobotanists usu-
ally have to identify  Koelreuteria  fossils in the light of dis-
persed leaves, leafl ets, wood, capsules, capsular valves, seeds, 
and pollen ( Table 2 ).  

 Fruits of extant  Koelreuteria  —    Fruits of  Koelreuteria  are 
three-valved, loculicidal capsules, which open completely along 
the three dorsal sutures; each valve consists of two halves of ad-
joining carpels ( Figs. 1–7 ).  Overall, the capsules of  Koelreuteria  
are trigonous-conoidal, ellipsoidal, ovoidal-globose or subglobose 
and measure 2.2–7.2 cm long by 2–5 cm wide ( Table 1 ); the car-
pels are membranous and bladder-like, and each valve bears two 
seeds oppositely or suboppositely along the two sides of the lower 
or middle part of the placental suture ( Fig. 2 ); the seed is globose, 
about 5–9 mm in diameter, with sclerenchymatous testa, and con-
tains a large embryo, with two coiled or convoluted cotyledons and 
a radicle that protrudes into a pocket of the seed coat ( Corner, 
1976 ); the placentation (or axile partition) above the suture where 
seeds are attached is usually incomplete, or occasionally complete 
when the placental suture is straight, forming a septum accounting 
for 1/3 to all of the valve length from the base ( Figs. 5, 6 ). The 
distally incomplete septum is developed from the septal slits occur-
ring within the style ( Ronse Decraene et al., 2000 ). Although 
 K. bipinnata  occasionally has a nearly complete septum in cap-
sules, the distal, slim septal slits above the seed-bearing placental 
suture are still visible. 

 The capsules of  Koelreuteria  can be easily subdivided into 
two types:  K. paniculata -type ( Fig. 1 ) and  K. bipinnata- type 
( Figs. 3, 4 ).  Koelreuteria paniculata -type represented only by 
the type-species  K. paniculata  bears ovate capsular valves with 
an acute apex and a basal septum approximately 1/3 of the valve 
length ( Figs. 2, 5 ). In contrast,  K. bipinnata- type, including the 
other three species  K. bipinnata ,  K. henryi , and  K. elegans,  
typically possesses elliptical, ovate-elliptical or suborbicular 
capsular valves with an obtuse apex and a longer septum ac-
counting for more than 1/3 to all of the valve length. Overall, 
the capsular valves of  K. bipinnata  are the most variable, rang-
ing from elliptic, ovate-elliptic to suborbicular. 
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431February 2013] WANG ET AL.— KOELREUTERIA  FRUITS FROM THE CENOZOIC

 Figs. 1–12. Morphology of extant species in  Koelreuteria  Laxm.  1.  Capsule and  2.  capsular valve of  K. paniculata  Laxm. from cultivated tree at the 
Institute of Botany, Chinese Academy of Sciences, Beijing.  3.  Capsule of  K. bipinnata  Franch. from cultivated tree at Yunnan Academy of Forestry, Kun-
ming.  4.  Capsule of  K. elegans  (Seem.) A. C. Sm. from Tailevu, Viti Levu of Fiji. Voucher: A 1213, B. E. Parham.  5.  Cleared capsular valve of  K. paniculata , 
showing a basal septum equivalent to ca.1/3 of valve length.  6.  Cleared capsular valve of  K. bipinnata , showing a straight placental suture.  7.  Cleared 
capsular valve of  K. henryi  Dümmer from cultivated tree at the University of Florida, Gainesville, showing polygonal, transversely elongated nets. UF Slide 
no.: 20100203.  8.  Polar view of pollen grain of  K. paniculata  under SEM, showing a type of longitudinally striated ektexine.  9, 10.  Partial leaf and cleared 
leafl et of  K. paniculata , showing deeply lobed margins.  11, 12.  Partial leaf and cleared leafl et of  K. bipinnata , showing almost entire margins. Bars = 2 cm, 
except in  Fig. 8 , which is 10 µm.   
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semiring porosity in Sapindaceae is known only in three 
genera,  Sapindus  L.,  Xanthoceras , and  Koelreuteria  (including 
 K. elegans  in Fiji as well as the temperate species, see  Li et al., 
1995 ;  Klaassen, 1999 ), whereas the usual condition is diffuse, 
or semiring porous. Hence, the paleogeographic pattern of 
sapindaceous wood fossils is helpful to correlate with that of 
 Koelreuteria  fruit fossils. 

 Systematics of capsular fossils in  Koelreuteria  —    About 30 
fossil species under the name  Koelreuteria  have been docu-
mented from the Late Cretaceous to the Cenozoic of Eurasia and 
North America ( Table 2 ). Overall, the fruit capsule and capsular 
valves are more reliably diagnostic than the pollen, leafl et, and 
wood for secure identifi cation of the genus. The fruit taxa can be 
distinguished by the following taxonomic key: 

 Key to species —   
 1. Capsular valves obovate or obovoid-elliptic, with a cune-

ate or decurrent base…………………………………
………………………… K. allenii  (Lesq.) 

W. N. Edwards 
 1. Capsular valves ovate, elliptic, oblong, ovoid-elliptic, ob-

long-elliptic, or suborbicular, without a cuneate or de-
current base………………………………………

……………………………….. 2 
 2. Capsular valves elliptic, oblong, ovoid-elliptic, oblong-

elliptic, with a rounded or slightly truncate base and a 
rounded apex………………………………

………………………………………3 
 2. Capsular valves ovate, oblong-ovate, oblong, elliptic or 

sub orbicular, with a rounded or slightly cordate base 
and a convex, acute, short acuminate, or slightly 

emarginated apex………………4 
 3. Capsular valves smaller, 2.4–2.5 cm long………………

………………… K. taoana  sp. nov. 
 3. Capsular valves larger, 3.5–5.8 cm long…………………

……………… K. dilcheri  sp. nov. 
 4. Capsular valves ovate, or oblong-ovate, with a septum ac-

counting for approximately 1/3 or slightly more than 1/3 
of the valve length from the base…………………….

 K. macroptera  (Kováts) W. N. Edwards 
 4. Capsular valves ovate, oblong, elliptic or suborbicular, with 

a septum accounting for approximately half of the valve 
length from the base……………………………

 K. miointegrifoliola  Hu et R. W. Chaney 

 SYSTEMATIC PALEOBOTANY 

 Family—  
  Sapindaceae Juss. 

 Subfamily—  
  Dodonaeoideae Hook. 

 Tribe—  
  Koelreuterieae Radlk. 

 Genus—  
   Koelreuteria  Laxm. 

 Species—    Koelreuteria taoana  Qi Wang, Manchester, H.-J. 
Gregor, S. Shen et Z. Y. Li, sp. nov. ( Figs. 13–16 ). 

The exine is about 1.5–2.4  μ m thick, and the ornamentation of 
the extexine is, more or less, longitudinally striate, fi nely striate, 
or irregularly striate-reticulate ( Wang and Chien, 1956 ;  Meyer, 
1976 ;  Acevedo-Rodríguez et al., 2011 ) ( Fig. 8 ). On the basis of 
the ectoaperture and pollen grain shape,  Muller and Leenhouts 
(1976)  recognized 12 pollen types in Sapindaceae and placed 
 Koelreuteria  in their type A, characterized by colporate spheroi-
dal pollen grains of the kind found in most genera of the family, 
which they considered to be basic ( Buerki et al., 2009 ) and pos-
sibly plesiomorphic. Pollen fossil records, such as the recently 
reported  Talisiipites megorites  Z. C. Song et M. Y. Li,  Senipites 
striatus  Z. C. Song ( Song and Li, 1982 ;  Song et al., 1999 ,  2004 ; 
 Li et al., 2008 ), and  Koelreuteria  sp. ( Leopold and Clay-Poole, 
2001 ;  Leopold et al., 2008 ) closely resemble this extant genus 
and date from the Late Cretaceous to the Eocene of southern 
China and western United States. The paleogeographic pattern of 
sapindaceous pollen may be important for correlation with the 
 Koelreuteria  fruit fossils. 

 Leaves of  Koelreuteria  are alternate, imparipinnate, bipin-
nate, and estipulate ( Figs. 9–12 ;  Table 1 ). The leafl ets are ses-
sile or shortly petiolulate. The blades are ovate, obliquely ovate, 
wide ovate to oblong-ovate or ovate-lanceolate. The bases are 
slightly or extremely oblique, wide cuneate, rounded or sub-
truncate. The apxes are obtuse, acute, short or long acuminate 
to caudate. The margins vary among different species, from en-
tire (e.g.,  K. bipinnata , see  Figs. 11, 12 ) to variously lobed, with 
irregularly obtuse or incurved serrations (e.g.,  K. paniculata , 
see  Figs. 9, 10 ), belonging to the rosoid tooth type (sensu 
 Hickey and Wolfe, 1975 ). The rosoid tooth type is thought to 
stem from the base of core eudicots ( Doyle, 2007 ), but appears 
to be apomorphic in  Koelreuteria  and closely related taxa.  Koel-
reuteria  bears polygonal leaf epidermal cells and anomocytic 
stomatal apparatus, both of which also occur in other sapinda-
ceous genera such as  Allophylus  L.,  Boniodendron  Gagnep., 
 Erioglossum  Blume,  Delavaya  Franch.,  Eurycorymbus  Hand.-
Mazz.,  Handeliodendron  Rehder,  Paranephelium  Miq., and 
 Xanthoceras  Bunge ( Cao and Xia, 2008 ). The bipinnate leaves 
bearing the leafl ets with rosoid teeth assigned to  Koelreuteria 
allenii  (Lesq.) W. N. Edwards from the late Eocene Florissant 
Formation of Colorado (see  MacGinitie, 1953 : pl. 55, fi gs. 1–4; 
pl. 75, fi g. 1) appear to be a reliable fossil representative of  Koel-
reuteria . The name  K. allenii  is originally based on fruits; the 
hypothesis that associated leaves may represent the same species 
is reasonable, but not proven by specimens showing these organs 
in attachment. Overall, the leafl et morphology of  Koelreuteria  
shows considerable similarities to that of other sapindalean gen-
era, which often places fossil investigators in a predicament. The 
majority of species of the previously published leaf and leafl et 
fossils of  Koelreuteria  are questionable ( Table 2 ) because they 
present suites of characters that are not unique to extant  Koelreu-
teria . Some of them are too poorly preserved to be amenable to 
investigation of higher order venation and epidermal anatomy. 

 The woods of  Koelreuteria  have distinct growth rings, marked 
by radial fl attened latewood fi bers and much larger vessels in the 
earlywood and marginal parenchyma ( Li et al., 1995 ;  Klaassen, 
1999 ). The wood is ring porous. Vessels in the earlywood are 
mainly solitary ( K. bipinnata  and  K. elegans ) or in irregular clus-
ters of 2 or 3 ( K. paniculata ). More anatomical details of  Koelreu-
teria  are available (http://insidewood.lib.ncsu.edu/search). Fossil 
woods of  Koelreuteria  have been described from the latest Eocene 
Florissant Formation of Colorado, western United States ( Wheeler, 
2001 ) and the Pliocene Lower Yuanmou Formation of Yunnan, 
southwestern China ( Cheng et al., 2012 ). Remarkably, ring to 
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 Etymology —   The specifi c epithet is dedicated to Prof. David 
Dilcher (Indiana University), who has made important contri-
butions to Cenozoic paleobotany. 

 Holotype —   USNM P42363 ( Figs. 17, 18 ) (designated here; Inde-
pendence Hill near Colfax, California, United States, middle Eocene 
Chalk Bluffs fl ora; fi rst illustrated by  Brown [1946 : fi g. 1]). 

 Paratypes —    UWBM PB94575 ( Fig. 19 ), 1695 and 1696 
( Figs. 20, 21 ) (part and counterpart specimens; Republic, Wash-
ington, United States, early to middle Eocene Republic fl ora). 

 Description —   Fossils are preserved as individual capsular 
valve impressions. Capsular valves are entire-margined, elliptic 
( Figs. 17, 18 ), oblong or oblong-elliptic ( Figs. 19–21 ), 3.5–5.8 
cm long and 2.8–3.6 cm wide. Both apex and base are rounded. 
A longitudinal, middle carpellary suture is prominent and thicker 
in the lower half-part than the upper one ( Fig. 19 ), implying an 
incomplete septum in the valves. Seeds are not preserved. On 
both sides of the carpellary suture, lateral veins diverge at 30 ° –
110 °  and arrive at the margin. Between lateral veins, thinner veins 
anastomose, forming a polygonal reticulum with areoles that are 
mostly irregular and transversely elongated in outline ( Figs. 18, 
20–21 ). The texture of valves is membranous. 

 Comments —    Brown (1946)  fi rst described this capsular valve 
and associated leafl et fossils under the name  Koelreuteria mixta  
from middle Eocene Chalk Bluffs fl ora of Independence Hill near 
Colfax, California, but its basionym  Rhus mixta  Lesq. ( Lesquereux, 
1878a ) was only used for leafl et fossils. Hence, we separate the 
capsular valve fossil from  K. mixta  and reclassify it into  K. dilcheri  
sp. nov. This new species is very similar to the above described  K. 
taoana  from northeastern Asia, but these two species show a cer-
tain degree of discontinuity in valve size.  Koelreuteria dilcheri  was 
distributed along the North-East Pacifi c-Rim areas in the early to 
middle Eocene of western United States ( Fig. 48 ). 

 Species —     Koelreuteria allenii  (Lesq.) W. N. Edwards ( Figs. 
22–29 ). 

  Koelreuteria alleni  (Lesq.) W. N.  Edwards (1927) , 110; 
 MacGinitie (1953) , pro parte, 145, pl. 55, fi g. 7 (non pl. 55, fi gs. 
1–4 nec pl. 75, fi g. 1). 

 Basionym —    Ophioglossum alleni  Lesq.,  Lesquereux (1873)  
in  Lignitic Formation and Fossil Flora , 371. 

 Synonym —    Salvinia alleni  (Lesq.) Lesq.,  Lesquereux (1878b) , 
65, pl. 5, fi g. 11;  Lesquereux (1883) , 136, pl. 21, fi gs. 10–11; 
 Tmesipteris alleni  (Lesq.)  Hollick (1894) , 256, pl. 205, fi g. 12; 
 Carpolithes alleni  (Lesq.)  Cockerell (1913) , 500;  Hollick 
(1923) , 211, pl. 10, fi gs.   1–3, 6–11, pl. 11, fi gs. 1–3;  Phyllites 
alleni  (Lesq.)  Florin (1919) , 254;  Staphylea viridifl uminis  
 Hollick (1929) , 96, pl. 2, fi g. 3;  Koelreuteria viridifl uminis  
(Hollick) R. W. Br., 62, pl. 10, fi g. 10. 1934;  K. nigricans  
(Lesq.) R. W. Br. in  Manchester (1999) , 493, fi g. 11A. 

 Holotype —   USNM P1617 (Florissant, Colorado, United 
States; latest Eocene Florissant Formation; collected by Mr. S. A. 
Allen and fi rst illustrated by  Lesquereux [1878b : pl. 5, fi g. 11]). 

 Other specimens examined —   USNM P36692 ( Fig. 22 ),  
P36691 ( Fig. 23 ), P36695 ( Fig. 24 ), P36688, P36689, P36690, 
P36693, P36694, and P36695a (Florissant Formation, Florissant, 

 Synonym —    Koelreuteria  cf.  miointegrifolia  Hu et R. W. 
Chaney in  Ablaev (1978) , 187, pl. 10, fi g. 5;  Koelreuteria  sp. in 
 Ablaev (2000) , 53, pl. 15, fi gs. 6, 7 ( Fig. 16  herein);  Koelreute-
ria  sp. in  Manchester et al. (2005) , 10, pl. 4, fi gs. 8–10 ( Figs. 
13–15  herein). 

 Diagnosis —   Capsular valves, entire-margined, elliptic or 
ovoid-elliptic with a longitudinal, middle carpellary suture, 
over 2 cm long. Apex rounded. Base rounded or slightly trun-
cate. Septum present along the lower part of the carpellary su-
ture. Lateral veins on both sides of the suture sinuous, reaching 
margin. Thinner veins between lateral veins consisting of ir-
regular, transversely elongated reticulum. 

 Etymology —   The specifi c epithet is dedicated to Prof. Tao 
Junrong (Institute of Botany, CAS, Beijing) for her important 
contributions to Cenozoic paleobotany. 

 Holotype —   PE 054018a, b, c ( Figs. 13, 14 )  (part and counter-
part specimens, designated here; Huadian County, Jilin Prov-
ince, Middle Eocene Huadian Formation of northeastern China; 
fi rst illustrated by  Manchester et al. (2005 : pl. 4, fi gs. 8–10]). 

 Description —   Fossils are preserved as individual capsular 
valve impressions. Capsular valves are entire-margined, 
elliptic ( Figs. 13–15 ) or ovoid-elliptic ( Fig. 16 ), 2.4–2.5 cm 
long and 1.6–1.7 cm wide. The valve apex is rounded, and the 
base is rounded or slightly truncate. A longitudinal, middle 
carpellary suture is prominent and thicker in the lower part 
than the upper one. Along the lower part of the carpellary 
suture, the valve is involutely fused, forming a septum ( Figs. 
14, 15 ). The septum extends approximately half of the valve 
length from the base and is about 3 mm high, terminating in a 
prominent placental suture. Seeds are not preserved. On both 
sides of the carpellary suture, lateral veins diverge at 30 ° –90 °  
(or even 120 °  at the base) and arrive at the margin. Numerous 
thinner veins between lateral veins anastomose, forming a po-
lygonal reticulum with areoles that are mostly irregular and 
transversely elongated in outline ( Figs. 15, 16 ). The texture of 
valves is membranous. 

 Comments —   In comparison with the length range observed 
in extant  Koelreuteria  capsules (2.2–7.2 cm long; see  Table 1 ), 
the valves of this fossil species are relatively small. The small 
number of fossil capsular valves from the localities may limit 
our knowledge of the full range of variation, and larger capsular 
valves might be found from these Asian localities in the future. 
 K. taoana  was distributed along the North-West Pacifi c-Rim 
areas in the middle Eocene of northeastern China and far east-
ern Russia ( Fig. 48 ). 

 Species —     Koelreuteria dilcheri  Qi Wang, Manchester, H.-J. 
Gregor, S. Shen et Z. Y. Li, sp. nov. ( Figs. 17–21 ). 

 Synonym —    Koelreuteria mixta  (Lesq.) R. W. Br.,  Brown 
(1946) , pro parte, 351, fi g. 1 (non fi g. 2) ( Figs. 17, 18  herein). 

 Diagnosis —   Capsular valves, entire-margined, oblong or 
oblong-elliptic with a longitudinal, middle carpellary suture, 
more than 3 cm long. Apex rounded. Base rounded. Septum 
ocurring along the lower part of the carpellary suture. Lateral 
veins on both sides of the suture sinuous, reaching the 
margin. 
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Colorado); UF 256-20740 ( Fig. 25 ), 256-20745 ( Fig. 26 ) (John 
Day Formation, Teater Road, Oregon); FMNH PP55094 ( Fig. 
27 ) (Green River Formation, Wyoming); YPM PB158849 ( Fig. 
28 ) (Florissant Formation, Florissant, Colorado) and PB020681 
( Fig. 29 ) (Green River Formation, De Beque, Colorado). 

 Emended description —   Fossils are preserved as individual 
( Figs. 22–26 ), two connected capsular valves ( Fig. 28 ), or com-
plete capsules ( Figs. 27, 29 ), about 3–5.5 cm long and 1.8–2.4 
cm wide. Capsules appear to be infl ated in contour, with a short 
pedicel and an acuminate style (fused when the capsule is inde-
hiscent) ( Fig. 29 ). Pedicels are ca. 3–4 mm long and bear peri-
anth scars ( Figs. 27–29 ), implying that the fl ower of its parent 
plant is hypogynous. Placentation is axile, with 2–4 seeds at a 
single level of placental sutures in each capsule ( Figs. 27, 29 ). 
Seeds are globose ( Figs. 23–25, 27–29 ), ca. 4–6 mm in diame-
ter. The seed surface appears to be smooth ( Fig. 25 ), irregularly 
furrowed or ridged ( Figs. 23, 24, 27–29 ). Capsules are three-
valved and loculicidal, with a septum in the proximal position 
of each valve ( Fig. 29 ). The septum extends approximately half 
or slightly more than 1/2 of the valve length from the base, 
about 3 mm high ( Figs. 22, 29 ). Individual capsular valves are 

slightly asymmetrical, obovate or obovoid-elliptic, with a 
prominent, entire margin. The apex is rounded or slightly emar-
ginate, or mucronate, representing a partial style. The base is 
narrowly cuneate or decurrent, and slightly asymmetrical ( Figs. 
22–26 ). A longitudinal, middle carpellary suture is prominent 
and appears to be thicker in the lower part than the upper one 
( Fig. 28 ). Lateral veins are sinuous and diverge at about 30 ° –
90 °  and extend directly to join a fi mbrial vein at the margin. 
The veins are branched and connected into polygonal areoles 
that are irregular and transversely elongated in outline ( Figs. 
22, 23, 25, 26, 28, 29 ). The texture of valves is membranous. 

 Comments —    Koelreuteria allenii  was originally instituted 
for an isolated capsular valve fossil under the name  Ophioglos-
sum alleni  by  Lesquereux (1873)  from the latest Eocene Floris-
sant Formation, Colorado, but was subsequently used for 
detached leafy shoots, leaves, leafl ets, and capsular valves 
( MacGinitie, 1953 ). These leafy shoot fossils are preserved 
fairly well, which may allow us to make a detailed comparison 
with those of living  K. paniculata , both of which bear extremely 
similar odd-pinnate leaves and dissected leafl ets. However, 
these leaves and capsular valves do not show any organic 

 Figs. 13–21.  Koelreuteria taoana  sp. nov. and  K. dilcheri  sp. nov. from the Eocene of far eastern Russia, northeastern China, and western United 
States.  Figs. 13–16 .  K. taoana .  13–15.  An elliptic capsular valve from the middle Eocene Huadian Formation of Jilin Province in northeastern China. Ar-
rows refer to a septum only in the lower part. The line drawing shows irregularly polygonal and transversely elongated nets. Arrow indicates a proximal 
septum. Holotype: PE 054018a, b, c.  16.  Line drawing of ovoid-elliptic capsular valve from the middle Eocene Uglovskaya Formation of South Primorye, 
Russia (based on  Ablaev, 1978 : pl. 10, fi g. 5).  Figs. 17–21 .  K. dilcheri .  17–18.  Elliptic capsular valve (and its line drawing, based on  Brown, 1946 : fi g. 1 
and republished with permission of the Washington Academy of Sciences) from the middle Eocene of Independence Hill near Colfax, California. Holotype: 
USNM P42363.  19–21.  Larger, oblong capsular valves from the early to middle Eocene of Republic, Washington. UWBM PB94575, PB1695, and PB1696. 
Arrow refers to a lower, thicker carpellary suture. Bars = 2 cm.   
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 Figs. 22–29.  Koelreuteria allenii  (Lesq.) W. N. Edwards from the Eocene of western USA.  22–24.  Obovoid-elliptic capsular valves from the late 
Eocene Florissant Formation of Colorado. Black arrow in  Fig. 22  refers to a lower-half septum. White arrows in  Fig. 24  refer to two globose seeds, showing 
some irregular ridges on the surface. USNM P36692, P36691 and P36695.  25–26.  Obovoid-elliptic capsular valves from late Eocene John Day Formation 
of Teater Road, Oregon. UF 256-20740 and 256-20745.  27.  Complete capsule from early Eocene Fossil Butte Member of the Green River Formation of 
Wyoming. FMNH PP55094.  28.  Two united capsular valves from the late Eocene Florissant Formation of Colorado. YPM PB158849.  29.  Complete capsule 
from the middle Eocene Green River Formation near De Beque, Colorado. Arrows refer to proximal septa. YPM PB020681. Bars = 2 cm.   
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connections, so we here use  K .  allenii  only for reliable fruit re-
mains. Associated leaves and leafl ets may require another name, 
perhaps using the epithet  hilliae  from  Lesquereux (1883)  who 
described the foliage as  Rhus hilliae  Lesq.  Koelreuteria allenii  
occurred in the Rocky Mountain region, ranging from the Early 
Eocene (ca. 52 Ma) of the Fossil Butte Member, through the 
Middle Eocene Parachute Creek Member of the Green River 
Formation, Utah and Colorado, to the latest Eocene (ca. 34 Ma) 
Florissant Formation, Colorado. It was also discovered in the 
late Eocene John Day Formation of Teater Road, Oregon. Over-
all,  K. allenii  appears to have existed during an interval of about 
18 Ma in the Eocene of western USA ( Fig. 48 ). 

 Species —     Koelreuteria macroptera  (Kováts) W. N. Edwards 
( Figs. 30–38 ). 

  Koelreuteria macroptera  (Kováts) W. N.  Edwards (1927) , 
112;  Kirchheimer (1943) , 404, text-fi g. 11;  Kirchheimer (1957) , 
206, pl. 33, fi g. 143a, b;  Rásky (1958) , 184, pl. 17, fi gs. 10, 11; 
 Rüffl e (1963) , 237, pl. 12, fi gs. 28–31, pl. 13, fi gs. 1–5, pl. 27, 
fi g. 9;  Schmidt (1976) , 54;  Schmidt (1980) , 15;  Shvareva 
(1983) , 135, pl. 79, fi g. 6, text-fi g. 33.3;  Csaki and Urlichs 
(1985) , 31;  Gregor (1982) , 113, pl. 7, fi g. 14;  Gregor (1986) , 
11;  Gregor et al. (1992) , 21, pl. 3, fi g. 2;  Seehuber (2009) , 239. 

 Basionym —    Ptelea macroptera   Kováts (1856)  in Arbeiten 
der Geologischen Gesellschaft für Ungarn 1: 51, pl. 1, fi g. 2. 

 Synonym —    Dalbergia reticulata  Ettingsh.,  Ettingshausen 
(1854) , pro parte, 813, pl. 4, fi g. 5 (non fi g. 6);  Salvinia reticu-
lata  (Ettingsh.)  Heer (1857) , 156, pl. 145, fi g. 16;  Brabenec 
(1904) , 2, fi g.1, a–b;  Phyllites reticulata  (Ettingsh.)  Florin 
(1919) , 255;  Koelreuteria  ?  reticulata  (Ettingsh.) W. N. Edwards 
in  Edwards and Wonnacott (1928) , 39;  Abronia bronni  (Unger) 
L. Laurent in  Weyland (1937) , pro parte, 88, pl. 11, fi g. 2, text-
fi g. 17 (non fi g. 3, text-fi gs. 18, 19);  K. reticulata  (Ettingsh.) 
R. W. Br.,  Brown (1946)  350;  Koelreuteria  sp. in  Weyland (1948) , 
133, pl. 21, fi g. 6;  Kirchheimer (1957) , 206;  Sapondaceacarpum 
lunulatum   Andreánszky (1959) , 156, pl. 47, fi g. 5, text-fi g. 183; 
 K. reticulata  (Ettingsh.) W. N. Edwards in  Rásky (1958) , 184, 
pl. 17, fi g. 9;  Bůžek (1971) , 84, pl. 31, fi gs. 22, 23;  Teodoridis 
(2002) , 122, pl. 7, fi g. 9;  Kvaček et al. (2004b) , 94, fi gs. d, e 
(non fi gs. b, c);  Winterscheid (2006) , 159, pl. 16, fi g. 4;  Koel-
reuteria sp.  aff.  K. integrifolia  Franch. in  Givulescu (1961) , 103, 
fi g. 8;  Givulescu (1962) , 160, pl. 37, fi g. 263. 

 Holotype —   BP 58.2.1 ( Fig. 30 )  (Gomboska of Tállya, Hun-
gary; middle Miocene; part and counterpart specimens fi rst il-
lustrated by  Kováts [1856 : pl. 1, fi g. 2] and  Rásky [1958 : pl. 17, 
fi g. 11], respectively). 

 Other specimens examined —   BP 60.815.1 ( Fig. 31 ) 
(Abaújszántó, Hungary); SMNS P1224/509 ( Fig. 32 ), P1224/506 
( Fig. 33 ), P1224/511 ( Fig. 34 ), P1224/515 ( Fig. 35 ), P1224/508 
( Fig. 36 ), P1224/507, P1224/510 and P1224/512 (Randecker 
Maar, Germany); NMA 92-15/413, 92-17/413 ( Fig. 37 ) 
(Randecker Maar, Germany), 91-2048/800 (Burtenbach, 
Germany), and 91-2518/403 (Geisenhausen, Germany). 

 Emended description —   Fossils are preserved as individual 
capsular valve impressions. Capsular valves are entire-mar-
gined, oblong-ovate ( Figs. 30, 31, 33 ), wide or narrow ovate 
( Figs. 32, 34–38 ), about 3.4–5 cm long and 2.5–4 cm wide. The 
base is rounded, slightly truncate, cordate or concave-convex 

( Figs. 33–37 ). The apex is rounded, acute, slightly emarginate, 
or mucronate, representing a partial style. A longitudinal, mid-
dle carpellary suture is prominent, with a septum in the proxi-
mal position of valves ( Figs. 32, 34, 36 ). The septum extends 
approximately 1/3 or slightly more than 1/3 of the valve length 
from the base, about 5 mm high. There are two seeds attached 
at a single level near the upper part of the placental suture on the 
septum ( Figs. 30, 31, 33 ). The seeds are globose, ca. 5–7 mm in 
diameter. The seed surface appears to have some irregular fur-
rows ( Fig. 30 ). Lateral veins are straight or sinuous and diverge 
at about 30 ° –90 °  (or even 110 °  at the base) and arrive at the 
margin. The veins are branched and connected into polygonal 
areoles that are irregular and transversely elongated in outline 
( Figs. 36, 38 ). The texture of valves is membranous. 

 Comments —   Some of the specimens presented here from 
Central Europe were previously described as  Koelreuteria re-
ticulata  (Ettingsh.) W. N. Edwards ( Rásky, 1958 ;  Bůžek, 1971 ; 
 Teodoridis, 2002 ;  Kvaček et al., 2004b ), but its basionym  Dal-
bergia reticulata  Ettingsh. ( Ettingshausen, 1854 ) was based on 
two heterogeneous specimens. One was actually a legume fruit 
fossil ( Kováts, 1856 ;  Bůžek, 1971 ), and the other was a capsu-
lar valve fossil, both of which are missing. Also,  Dalbergia 
reticulata  Ettingsh. is a senior homonym of an extant legume 
species name  Dalbergia reticulata  Merr. ( Merrill, 1915 ), so 
 D. reticulata  Merr., unless conserved, is illegitimate ( McNeill 
et al., 2012 ;  Wang, 2013 ). Considering similar characters (in 
illustrations and specimens) and geographic distribution, we here 
treat the name  K. reticulata , previously used for those isolated 
capsular valves, as a synonym of  K. macroptera  (Kováts) W. N. 
Edwards. Moreover, we exclude one specimen formerly placed 
under the name  Phyllites  sp. ( Kasumova, 1966 : pl. 12, fi g. 5) 
from the middle Oligocene of Indžačaj River, Azarbajdžan, 
which was assigned to  Koelreuteria  by  Bůžek (1971)  because 
of its larger size (ca. 8–10 cm long) and brochidodromous vena-
tion, which are inconsistent with  Koelreuteria . Overall,  K. 
macroptera  was distributed in the late Oligocene to early Plio-
cene of Germany, Hungary, the Czech Republic, Romania, and 
Ukraine ( Fig. 48 ). 

 Species —     Koelreuteria miointegrifoliola  Hu et R. W. Chaney 
emend. ( Figs. 39–47 ). 

  Koelreuteria miointegrifoliola  Hu et R. W. Chaney,  Hu and 
Chaney (1938) , pro parte, 64, pl. 38, fi g. 1 (non pl. 38, fi g. 3 nec 
pl. 39, fi g. 3) (the epithet ‘ miointegrifolia ’ corrected by Hu and 
Chaney, who suggested this fossil species similar to a living spe-
cies  K. integrifoliola  Merr., 1922);  Huzioka and Takahashi (1973) , 
141, pl. 4, fi gs. 2, 3;  Onoe (1974) , 52, pl. 12, fi g. 2 (non fi g. 4);  Hayashi 
(1975) , 26, pl. 21,  fi  g. 3, pl. 22, fi gs. 2, 4 (non pl. 22, fi gs. 6, 8); 
 WGCPC (1978) , 131, pl. 116, fi gs. 5, 6 (non pl. 117. fi g. 2); 
 Ozaki (1980) , 24, pl. 4, fi g. 1 (non pl. 4, fi gs. 2, 7);  Tao et al. 
(1999) , 46, 76, non pl. 35, fi g. 1 nec pl. 43, fi g. 3. 

 Synonym —    Koelreuteria sp . in  Sze (1954) , 80, pl. 68, fi g. 5;  K. 
macrocarpa  J. R. Tao in  Tao et al. (1999) , 46, 75, pl. 43, fi g. 2. 

 Lectotype —   PB No. 58 (H) ( Figs. 45, 46 ) [designated here; 
Shanwang, Shandong Province, the Miocene Shanwang For-
mation of eastern China; fi rst illustrated by  Hu and Chaney 
(1938 : pl. 38, fi g. 1)]. 

 Other specimens examined —   UF 15839-56774, 15839-
56774  ′   (part and counterpart specimens,  Figs. 39–42 ), and 
15839-56775 ( Fig. 44 ) (Shanwang, China); PE 50384 ( Fig. 43 ), 



439February 2013] WANG ET AL.— KOELREUTERIA  FRUITS FROM THE CENOZOIC

 Figs. 30–38.  Koelreuteria macroptera  (Kováts) W. N. Edwards from the Oligocene–Miocene of Hungary and Germany.  30.  Incomplete capsule valve 
from the Miocene of Gomboska at Tállya, Hungary. Arrows indicate two seeds attached on either side of the suture at a single level. Holotype: BP 58.2.1. 
 31.  Ovate capsular valve from the Miocene of Abaújszántó, Hungary. Arrows indicate two seeds, with some irregular furrows on the surface. BP 60.815.1. 
 32.  Ovate capsular valve from the Miocene of Randecker Maar, Germany. Arrow refers to a proximal septum. SMNS P1224/509.  33.  Wide ovate capsular 
valve from the Miocene of Randecker Maar, showing two globose seeds. SMNS P1224/506.  34–37.  Ovate capsular valves from the Miocene of Randecker 
Maar, showing a proximal septum (arrows). SMNS P1224/511, P1224/515, P1224/508 and NMA 92-17/413.  38.  Line drawing of ovate capsular valve from 
the late Oligocene of Rott, Germany (based on  Weyland, 1937 : pl. 11, fi g. 2). Bars = 2 cm.   
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50567, 52440, 50455 ( Fig. 47 ), 20111117, 20111118A, B, and 
20080916 (Shanwang, China). 

 Emended description —   Fossils are preserved as individual 
capsular valve impressions. Capsular valves are entire-mar-
gined, wide ovate, oblong, elliptic or suborbicular ( Figs. 39, 40, 
43–47 ),  3.2–5.2 cm long and 3.0–4.2 cm wide. The base is 
rounded, slightly truncate or cordate, with a short pedicel 
( Figs. 39, 43 ), about 2–3 mm long. The apex is rounded, slightly 
emarginated, or mucronate, representing a partial style. A lon-
gitudinal, middle carpellary suture is prominent and appears to 
be thicker in the lower part than in the upper part. The septum 
is proximal and incomplete above the placental suture attached 
seeds, extending from the base to approximately half of the 
valve length, about 4 mm high ( Figs. 39–42 ). Two seeds are 
suboppositely attached at a single level on both sides of ap-
proximately the middle part of the longitudinal central placen-
tal suture in each valve. Seeds are grossly globose, ca. 4–9 mm 
in diameter, with a short funiculus ( Fig. 41 ), ca. 2 mm long. The 
seed surface appears to have some irregular furrows ( Figs. 41, 
44 ). The placental suture is curved slightly and diverges into 
numerous, lateral sinuous veins at 30 ° –150 °  through the carpel-
lary suture, arriving at the margin ( Figs. 42–47 ). The lateral 
veins are branched and connected into polygonal areoles, which 
are irregular and transversely elongated in outline. Areoles are 
moderately developed, with branched freely ending veinlets 
( Fig. 42 ). The texture of valves is membranous. 

 Comments —    Koelreuteria miointegrifoliola  Hu et R. W. 
Chaney, as a sapindaceous fossil, was originally based on three 
specimens, which  Hu and Chaney (1938)  designated as “co-
types” (i.e., syntypes) (PB No. 58 [H] and No. 56 [H], referring 
to a capsular valve and a leafl et, respectively) and the “para-
type” (PB No. 57 [H], referring to a leafl et), from the Miocene 
Shanwang Formation of Shandong Province, eastern China. 
The two leafl ets were subsequently reidentifi ed as the species of 
 Juglans  L. in the Juglandaceae A. Rich. ex Kunth ( Brown, 1946 ; 
 Sze, 1951 ;  Rüffl e, 1963 ;  WGCPC, 1978 ). Although additional 
leafl ets from Shanwang and some Japanese localities ( Table 2 ) 
continued to be described as  K. miointegrifoliola  ( Onoe, 1974 ; 
 Hayashi, 1975 ;  WGCPC, 1978 ;  Ozaki, 1980 ,  1991 ) or  K. mac-
rocarpa  J. R. Tao ( Tao et al., 1999 ), there is no evidence of an 
organic connection between leafl ets and capsular valves, nor is 
there a detailed leaf architectural analysis to reliably assign the 
leafl ets to  Koelreuteria . Thus, we here use  K. miointegrifoliola  
only for the sapindaceous capsular valves, which were distrib-
uted in the Miocene of eastern China and Japan ( Fig. 48 ). 

 DISCUSSION 

 Hypotheses on the origins of the Sapindaceae —    The Sapin-
daceae is a pantropical angiosperm family of trees, shrubs, lianas, 
and rarely herbaceous climbers comprising 142 genera and ca. 
1900 species ( Buerki et al., 2009 ,  2010 ;  Acevedo-Rodríguez 
et al., 2011 ). This family, as currently defi ned by molecular sys-
tematics, encompasses both Aceraceae Juss. and Hippocastan-
aceae Rich. and is widely distributed in tropical and subtropical 
regions and is especially well represented in tropical Southeast 
Asia, but a few genera (e.g.,  Acer  L.,  Dodonaea , and  Koelreuteria ) 
have species adapted to temperate regions ( Xia and Luo, 1995 ; 
 Harrington et al., 2005 ;  Xia and Gadek, 2007 ;  Buerki et al., 
2009 ,  2010 ). 

 Recent biogeographic analysis inferred that Sapindaceae 
originated in Eurasia around the Early Cretaceous ( Buerki 
et al., 2011 ). However, paleopalynological evidence seems to 
support that Sapindaceae made their debut in the Late Creta-
ceous (Coniacian–Santonian) of the paleotropics (i.e., an African–
Indian origin, see  Muller, 1981 ;  Taylor, 1990 ;  Song et al., 1999 , 
 2004 ). The earliest fossils bearing fi nely wrinkled or longitudi-
nally striated extexine ornamentations similar to the simply 
structured tricolporate pollen (i.e., type-A pollen, sensu  Muller 
and Leenhouts 1976 ) ( Fig. 8 ) of extant  Koelreuteria  have been 
reported from the Late Cretaceous to the Eocene of southern 
Laurasian margin (Tibet) ( Song and Li, 1982 ;  Li et al., 2008 ), 
South China ( Song et al., 1999 ,  2004 ) ( Table 2 ;  Fig. 48 ).  There-
fore, microfossil evidence seems to support a southern Laurasian 
origin for  Koelreuteria . 

 Early differentiation of sapindaceous wood with ring 
porosity —    The wood anatomical literature indicates that the 
earliest fossil record of Sapindaceae as  Sapindoxylon  Kräusel is 
reported from the Late Cretaceous Deccan Intertrappean Beds, 
India ( Dayal, 1965 ;  Chitaley and Shallom, 1969 ;  Friis et al., 
2011 ).  Sapindoxylon  lacks growth rings and has been reported 
from numerous tropical localities in the Tertiary of Africa, In-
dia, and Southeast Asia ( Kräusel, 1922 ;  Bande and Prakash, 
1986 ;  Dupéron-Laudoueneix and Dupéron, 1995 ) ( Fig. 48 ) and 
in the Eocene of southern England ( Wilkinson, 1988 ) and western 
United States ( Wheeler and Manchester, 2002 ). By the latest 
Eocene, ring porous woods of  Koelreuteria  have been described 
from the Florissant Formation of Colorado, western United 
States ( Wheeler, 2001 ). Ring porosity in woody angiosperms is 
a derived character in response to the climatic conditions char-
acteristic of the North Temperate Zone ( Gilbert, 1940 ) and may 
be considered a reliable ecological marker after the early Ter-
tiary ( Wheeler and Baas, 1993 ;  Baas et al., 2003 ). Hence, anato-
mical evidence supports the suggestion that the sapindaceous 
plants bearing  Koelreuteria -type wood with ring porosity ap-
pear to have begun to differentiate in the northern hemisphere 
since the latest Eocene. 

 Ecological implications for the fruits and seeds of  Koelreute-
ria  —    Many sapindaceous genera bear schizocarpous, winged 
fruits such as  Acer  and  Dipteronia  Oliv., which are ecological 
adaptations for wind dispersal in the North Temperate Zone 
( Manchester and O’Leary, 2010 ), and are thus functionally 
similar to the bladder-like capsules of  Koelreuteria .  Acer  and 
 Dipteronia  have been reported from North America since the 
Paleocene ( Manchester, 1999 ;  McClain and Manchester, 2001 ), 
refl ecting ecologically adaptive radiations and deep phylogenetic 
splits between the temperate (e.g., mixed mesophytic forest) and 
tropical (e.g., evergreen broad-leaved forest) biomes or lineages 
that occupy temperate or tropical regions. In contrast with the 
more ovoid seeds found in some of the other sapindaceous genera 
( Table 3 ), the perfectly globose seeds of  Koelreuteria  are blown 
from the high trees and still contained in their light, membranous, 
bladder-like capsules, so they are dispersed by wind or some-
times by water. Furthermore, such small, shiny, nutrition-rich 
seeds of  Koelreuteria  have attracted animal dispersants including 
birds ( Lin et al., 2011 ). Hence, birds may also play a key role in 
long-distance seed dispersal of  Koelreuteria . 

 Evolutionary and biogeographic implications for the fruits 
of  Koelreuteria  —    The reliable fossil distribution of  Koelreuteria  
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 Figs. 39–47.  Koelreuteria miointegrifoliola  Hu et R. W. Chaney from the Miocene of Shanwang, Shandong Province, eastern China.  39, 40.  An oblong cap-
sular valve (part and counterpart), showing a detached seed (a), a placental suture (b) and a carpellary suture (c). UF 15839-56774 and 15839-56774 ′ .  41, 42.  Partial 
enlargements of specimens in  Figs. 39  and  40 , indicating a detached globose seed, with some irregular ridges on the surface (a), two short funiculi (b and c).  43.  A 
suborbicular capsular valve. PE 50384.  44.  Wide ovate capsular valve. Arrow indicates a detached seed with some irregular ridges or furrows on the surface. UF 
15839-56775.  45–46.  Elliptic capsular valve and its line drawing. Lectotype: PB No. 58 (H).  47.  Elliptic capsular valve. PE 50455. Bars = 2 cm.   
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   Fig. 48. Map and stratigraphic chart showing the diversity and distribution of  Koelreuteria  Laxm., with references to  Tables 1 and 2 . Red dots refer to 
 Sapindoxylon -type wood fossil localities ( Kräusel, 1922 ;  Dayal, 1965 ;  Chitaley and Shallom, 1969 ;  Bande and Prakash, 1986 ;  Wilkinson, 1988 ;  Poole and 
Wilkinson, 1992 ;  Dupéron-Laudoueneix and Dupéron, 1995 ;  Wheeler and Manchester, 2002 ). Orange dots refer to  Koelreuteria -type wood fossil localities 
( Wheeler, 2001 ;  Cheng et al., 2012 ). Pink dots refer to  Koelreuteria -like pollen fossil localities ( Song and Li, 1982 ;  Song et al., 1999 ;  Leopold and Clay-
Poole, 2001 ;  Li et al., 2008 ).   
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capsules shows three areas of concentration: eastern Asia, Cen-
tral Europe, and western North America ( Fig. 48 ). The oldest 
known specimen of a capsular valve of  Koelreuteria  is 
 K. allenii  from the early Eocene Fossil Butte Member of the 
Green River Formation, Wyoming, which places a minimum 
age (ca. 52 Ma) for the divergence of  Koelreuteria  from pre-
sumably tropical genera that occupy more basal positions in 
molecular phylogenetic trees of Sapindaceae.  Koelreuteria al-
lenii  persisted from the middle Eocene Parachute Creek Mem-
ber of Green River Formation, Utah and Colorado to the late 
Eocene (ca. 34 Ma) Florissant Formation, Colorado in the 
Rocky Mountain region and the John Day Formation of Teater 
Road, Oregon. 

 It is remarkable that  K. allenii ,  K. taoana , and  K. dilcheri  
have occurred in Eocene mid-latitudes (ca. 40 ° –45 ° ) of far east-
ern Russia, northeastern China, and western United States. 
Except for valve size, both  K. taoana  and  K. dilcheri  are typi-
cally elliptic and have occurred around the North Pacifi c Rim 
areas—an indication of Eocene fl oral links between eastern 
Asia and western North America via the Bering land bridge 
( Tiffney and Manchester, 2001 ;  Milne and Abbott, 2002 ) and/
or Aleutian land bridge ( Lindroth, 1963 ).  Koelreuteria , as well 
as the Aceraceae, Betulaceae Gray, Menispermaceae Juss., Vi-
taceae Juss., and Pinaceae Lindl., which are common in western 
North American Eocene localities, are noticeably absent from 
the coeval localities in southeastern North America. Such fl o-
ristic differences may have resulted from the dispersal barrier 
represented by the Cannonball Epeiric Sea, that traversed some 
parts of the Midcontinent in the Paleocene ( Leopold et al., 
2008 ) and environmental heterogeneity ( Manchester, 1999 ). 
Moreover, the Eocene biotas of East Asia show closer relation-
ships to those of North America than to Europe ( Budantsev, 
1992 ;  Manchester et al., 2005 ). On the basis of the differences 
in capsular valve morphology, either there may be an exchange 
and rapid diversifi cation into different types or there seems 
to have been no exchange between  Koelreuteria  species in 
western North America and Europe via the North Atlantic land 
bridge ( Tiffney and Manchester, 2001 ;  Milne and Abbott, 
2002 ).  Koelreuteria  may have become regionally extinct in 
western North America after the Eocene or the early Oligocene. 
The fossil record of  Koelreuteria  in the late Oligocene of 
Germany ( Weyland, 1937 ;  Kirchheimer, 1957 ;  Winterscheid, 
2006 ) ( Fig. 38 ) and the Czech Republic ( Teodoridis, 2002 ) im-
plies that populations in North America before extinctions in-
vaded Europe via the North Atlantic land bridge, while a direct 
fl oristic exchange between the northern central regions of Asia 
and Europe may have been impeded by the West Siberian Sea 
and Turgai Strait ( Akhmetiev and Beniamovski, 2009 ) during the 
early Paleogene. Alternatively, populations of  Koelreuteria  in 
northeastern Asia migrated westward into Europe with the 
closure of the Turgai Strait during the Oligocene. By the Mio-
cene,  Koelreuteria  had been restricted gradually to the middle 
latitudes of Eurasia. 

 Among the four extant species of  Koelreuteria  now re-
stricted to eastern Asia and Fiji, fruit characters and pollen mor-
phology as well as karyotype analyses ( Urdampilleta et al., 
2005 ;  Zhang and Wang, 2009 ) suggest that  K. bipinnata  and 
 K. henryi  are more closely related to each other than either is to 
 K. paniculata.  The capsular valve fossils ( K. allenii ,  K. taoana , 
 K. dilcheri ,  and K. miointegrifoliola ) from the Eocene to Miocene 
of eastern Asia and western North America appear to belong to 
the  K. bipinnata- type, which usually bears a septum extending 
1/3 to half of the valve length from the base. In contrast, the 

capsular valve fossils ( K. macroptera ) from the late Oligo-
cene to early Pliocene of Europe are the  K. paniculata -type, 
bearing a proximal septum only about 1/3 of the valve length. 
This distribution suggests that a derivative of  K. macroptera  
may have migrated eastward into eastern Asia in the Miocene, 
evolving into the extant  K. paniculata . Extant  K. bipinnata  
and  K. henryi  may stem from a vicariance event involving the 
separation of Taiwan from eastern Asian continent after the 
Miocene. Overall, the fruit fossil record of  Koelreuteria  indi-
cates that this genus may have had a biogeographic origin and 
rapid spread in the northern hemisphere and around the North 
Pacific Rim areas during the Eocene. With the regional ex-
tirpations after the Eocene in North America and the Plio-
cene in Europe,  Koelreuteria  became restricted gradually to 
eastern Asia. Therefore, eastern Asia is a living museum for 
 Koelreuteria . 

 On the basis of  Koelreuteria  shared by eastern Asia and Fiji, 
 Wu et al. (2007)  suggested that Fiji was linked with Laurasia. 
Proximal to the Australian–Pacifi c Plate boundary, the Fiji 
Platform has been active since at least the late Eocene, during 
which the oldest island-arc volcanic rocks were formed in Fiji 
( Stratford and Rodda, 2000 ;  Neall and Trewick, 2008 ) and the 
earliest populations of  Koelreuteria  were developed around the 
North Pacifi c Rim areas. So far, neither fossil nor extant wild 
populations of  Koelreuteria  have been discovered on the tropical 
islands between eastern Asia and the Fiji Islands ( Smith, 1978 , 
 1985 ;  Bande and Prakash, 1986 ). Hence, the present distribution 
of  K. elegans  in South Pacifi c Oceania might have been derived 
from an ancient chance dissemination (“waif introduction” from 
the west) as some authors have hypothesized ( Smith, 1978 ;  Heads, 
2006 ) or resulted from a historical long-distance dispersal by mi-
grating birds (e.g.,  Carlquist, 1967 ;  Proctor, 1968 ;  Higgins et al., 
2003 ) between eastern Asia and the Fiji Islands, which appears to 
have failed to succeed in dispersing to intervening land areas. 
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   APPENDIX  1.  Information on the specimens used in this study. 

Taxon Number Preservation Locality Age Repository

 Boniodendron minus  (Hemsl.) T. C. Chen 1111426, 0923579 Herbarium Ruyuan, 
 Guangdong, China

Recent PE

1000957 Herbarium Douan, Guangxi, China Recent PE

 Bridgesia incisifolia  Bertero ex Cambess. 909993 Herbarium Coqumbo, Chile Recent MO

 Craigia yunnanensis  A. C. Sm. et W. E. Evans 02157045 Herbarium Tengchong, Yunnan, China Recent PE

02145497 Herbarium Malipo, Yunnan, China Recent PE

 Dodonaea viscosa  (L.) Jacq. 1886617, 1234058 Herbarium Yongsheng, Yunnan, China Recent PE

02174471, 02174472 Herbarium Haikang, Guangdong, China Recent PE

Grierson & Long 4187 Herbarium Tongsa District, Bhutan Recent A

 K o elreuteria allenii  (Lesq.) W. N. Edwards P1617, P36692, P36691, 
  P36695, P36688, P36689, 

P36690, P36693, P36694, 
P36695a

Impression Florissant, Colorado, USA Latest Eocene USNM

256-20740, 256-20745 Impression Teater Road, Oregon, USA Late Eocene UF

PP55094 Impression Wyoming, USA Early Eocene FMNH

PB158849 Impression Florissant, Colorado, USA Latest Eocene YPM

PB020681 Impression De Beque, Colorado, USA Middle Eocene YPM

 K o elreuteria bipinnata  Franch. 0991406, 0991407 Herbarium Shangyou, Jiangxi, China Recent PE

02174429, 297889 Herbarium Hengshan, Hunan, China Recent PE

 K o elreuteria dilcheri  sp. nov. P42363 Impression Independence Hill 
  near Colfax, 

California, USA

Middle Eocene USNM

PB94575, 1695, 1696 Impression Republic, Washington, USA Early to middle 
 Eocene

UWBM

 K o elreuteria elegans  (Seem.) A. C. Sm. 1213, B. E. Parham Herbarium Tailevu, Viti Levu, Fiji Recent A
 K o elreuteria henryi  Dümmer 1516597, 1583132 Herbarium Hualian and Taoyuan, 

 Taiwan, China
Recent PE

20100203 Slide University of Florida, 
 Gainesville, USA

Recent UF

 K o elreuteria macroptera  
 (Kováts) W. N. Edwards

58.2.1 Impression Gomboska of 
 Tállya, Hungary

Middle Miocene BP

60.815.1 Impression Abaújszántó, Hungary Middle Miocene BP

P1224/509, P1224/506, 
  P1224/511, P1224/515, 

P1224/508, P1224/507, 
P1224/510, P1224/512

Impression Randecker Maar, Germany Early Miocene SMNS

92-15/413, 92-17/413 Impression Randecker Maar, Germany Early Miocene NMA

91-2048/800, 
 91-2518/403

Impression Burtenbach and 
  Geisenhausen, Bavaria, 

Germany

Middle to late 
 Miocene

NMA

 K o elreuteria miointegrifoliola  
 Hu et R. W. Chaney

No. 58 (H) Impression Shanwang, Shandong, China Early to middle 
 Miocene

PB

50384, 50567, 52440, 50455, 
  20111117, 20111118A, 

20111118B, 20080916

Impression Shanwang, Linqu, 
 Shandong, China

Early to middle 
 Miocene

PE

15839-56774, 15839-56774 ́ , 
 15839-56775

Impression Shanwang, Linqu, 
 Shandong, China

Early to middle 
 Miocene

UF

 K o elreuteria paniculata  Laxm. 0894897 Herbarium Yuxian, Henan, China Recent PE

0872783, 02234144 Herbarium Taian, Shandong, China Recent PE

 K o elreuteria taoana  sp. nov. 054018a, b, c Impression Huadian, Jilin, China Middle Eocene PE

 Urvillea chacoensis  Hunz. T. Meyer 8829 Herbarium Argentina Recent A

  Notes:  A: Arnold Arboretum Herbarium, Harvard University; BP: Hungarian Natural History Museum, Budapest; FMNH: Field Museum, Chicago; MO: 
Missouri Botanical Garden Herbarium; NMA: Nature Museum Augsburg, Augsburg; PB: Nanjing Institute of Geology and Palaeontology, Chinese 
Academy of Sciences, Nanjing; PE: Chinese National Herbarium, Beijing; SMNS: Staatliche Museum für Naturkunde, Stuttgart; UF: Florida Museum of 
Natural History, Gainesville; USNM: National Museum of Natural History, Smithsonian Institution, Washington, D.C.; UWBM: Burke Museum of Natural 
History, the University of Washington, Seattle; YPM: Peabody Museum of Natural History, Yale University, New Haven. 


