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Abstract

Fossils have always been an intriguing and spectacular source of information for naturalists who discuss how life and diversity 
FDPH�DERXW��,Q�SODQWV��LW�LV�GLI¿FXOW�WR�¿QG�LQ�WKH�IRVVLO�UHFRUG�DOO�RUJDQV�RU�SODQW�SDUWV�LQ�FRQQHFWLRQ�WR�HDFK�RWKHU��7KXV��PDQ\�DQ-
JLRVSHUPV�DUH�VNHWFKHG�DV�XQGH¿QHG�HQWLWLHV�WKDW�VRPHKRZ�UHVHPEOH�DQ�H[WDQW�UHODWLYH��1HYHUWKHOHVV��VHYHUDO�H[DPSOHV�RI�ZKROH�SODQW�
UHFRQVWUXFWLRQV�EDVHG�RQ�H[WHQVLYH�FROOHFWLRQ�RI�IRVVLO�SDUWV�KDYH�EHHQ�SXEOLVKHG�WKURXJK�WKH�\HDUV��7ZR�PHWKRGV�KDYH�EHHQ�XVHG�WR�
UHFRQVWUXFW�IRVVLO�SODQWV�����7KURXJK�RUJDQLF�FRQQHFWLRQV�DPRQJ�WKH�GLIIHUHQW�RUJDQV��DQG����FRQFXUUHQW�ORFDWLRQ�RI�IRVVLO�SDUWV��VHHG��
OHDYHV��ÀRZHUV��HWF���LQ�WKH�VDPH�ORFDOLW\�DQG�DFURVV�ORFDOLWLHV��,Q�WKH�ODWWHU�FDVH��WKH�DUJXPHQW�FDQ�EH�VWUHQJWKHQHG�E\�VLPLODULWLHV�RI�
HSLGHUPDO�DQDWRP\��7KH�DVVRFLDWLRQ�RI�RUJDQV�JLYHV�D�PRUH�FRPSOHWH�SLFWXUH�RI�IRVVLOV�SODQWV�DQG�LW�FDQ�KHOS�WR�PDNH�EHWWHU�WD[RQRPLF�
LQIHUHQFHV��DV�WKH\�SURYLGH�D�PRUSKRORJLFDO�WRRO�DERXW�SODQWV�WKDW�JUHZ�LQ�WKH�SDVW��7KLV�LQIRUPDWLRQ�PD\�DV�ZHOO�EH�XVHG�LQ�RWKHU�DUHDV��
such as biogeography or phylogenetics.
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Resumen

Los fósiles han sido siempre una fuente de información fascinante y espectacular para los naturalistas que hablan de cómo se 
produjo la vida y la diversidad. En el registro fósil de plantas es difícil encontrar todos sus partes u órganos relacionados entre sí, 
SRU�OR�TXH�PXFKDV�DQJLRVSHUPDV�VH�HVER]DQ�FRPR�HQWLGDGHV�QR�GH¿QLGDV�TXH�GH�DOJXQD�PDQHUD�DVHPHMDQ�D�XQ�SDULHQWH�DFWXDO��6LQ�
embargo, existen numerosos ejemplos de reconstrucción de plantas publicados a través de los años y que se han basado en una amplia 
colección de piezas fósiles. Existen dos métodos para reconstruir a las plantas: 1) Mediante la conexión orgánica entre los diferentes 
órganos, y 2) la concurrencia de partes fósiles (semilla, fósiles, hojas, etc.) en la misma localidad y entre localidades. En este último 
caso, el argumento puede ser reforzado por las similitudes en la anatomía de la epidermis. La asociación de órganos permite crear 
imágenes de plantas fósiles más completas y puede ayudar a realizar mejores inferencias taxonómicas, ya que proporcionan una 
herramienta morfológica acerca de las plantas que crecieron en el pasado. Esto puede aportar información en otras áreas como la 
ELRJHRJUDItD�R�OD�¿ORJHQLD�

Palabras clave: Plantas fósiles, conexión orgánica, reconstrucción, herramienta morfológica, asociación.
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���,QWURGXFWLRQ

Fossils have always been an intriguing and spectacular 
VRXUFH�RI�LQIRUPDWLRQ��IRU�QDWXUDOLVWV�ZKR�GLVFXVV�KRZ�OLIH�
and diversity came about, for literacies who write fantastic 
histories on giants and lost worlds, and even for artists who 
depict spectacular scenes of past life in painting canvas, 
GLRUDPDV�LQ�PXVHXPV��QHZVSDSHUV�RU�79�FDUWRRQV��:KLOH�
LQ�JHQHUDO�WKH�LPDJH�RI�D�ORQJ�H[WLQFW�DQLPDO�LV�SRUWUD\HG�
ZLWK�JUHDW�GHWDLO��SODQWV��KRZHYHU��DUH�VNHWFKHG�DV�XQGH¿QHG�
HQWLWLHV�WKDW�VRPHKRZ�UHVHPEOH�DQ�H[WDQW�UHODWLYH��7KLV�
difference in the representation of the organisms may 
EH�H[SODLQHG�ZLWK�WKH�XQGHUVWDQGLQJ�RI�WKHLU�OLIH�KLVWRU\��
$QLPDOV�WKURXJKRXW�WKHLU�OLYHV�KDYH�WKHLU�SDUWV�DVVHPEOHG�
DV�D�ZKROH�7KDW�LV��WKH\�GR�QRW�ORVH�DQ�DUP�LQ�ZLQWHU��RU�
their eyes during the summer, and when they die their 
SDUWV�XVXDOO\�UHPDLQ�WRJHWKHU��XQOHVV�VFDYHQJHG�E\�RWKHU�
DQLPDOV���,Q�FRQWUDVW��PDQ\�DQJLRVSHUPV��IRU�H[DPSOH��
SURGXFH�OHDYHV�DQG�ÀRZHUV�LQ�WKH�VSULQJ��ÀRZHUV�PDWXUH�
into fruits in the summer, and leaves and other organs tend 
WR�DEVFLVH�DQQXDOO\��7KXV��LW�LV�GLI¿FXOW�WR�¿QG�LQ�WKH�IRVVLO�
record all organs or plant parts in connection to each other. 
7KLV�LV�WKH�UHDVRQ�ZK\�PRVW�SDOHRERWDQLVWV�FROOHFW�RQO\�
LVRODWHG�SLHFHV��ZLWK�FHUWDLQ�H[FHSWLRQV�WR�WKLV�JHQHUDO�
LGHD��,W�LV�SRVVLEOH�WR�¿QG�GLVDUWLFXODWHG�ERQHV�RU�H[XYLDH�
RI�LQYHUWHEUDWHV��EXW�LW�LV�PRVW�OLNHO\�WR�¿QG�DUWLFXODWHG�
specimens close to the isolated remains that help generate 
a more complete idea on the phenotype of the organism. 
:KLOH�LQ�DQLPDOV�WKHUH�LV�XVXDOO\�D�VL]H�FRUUHODWLRQ�EHWZHHQ�
organ and animal, so much that the rule is used to estimate 
ERG\�VL]HV�DQG�FUHDWH�UHFRQVWUXFWLRQV�RI�H[WLQFW�DQLPDOV��
VXFK�FRUUHODWLRQ�GRHV�QRW�H[LVW�LQ�SODQWV��1HYHUWKHOHVV��
QXPHURXV�H[DPSOHV�RI�ZKROH�SODQW�UHFRQVWUXFWLRQ�EDVHG�
RQ�H[WHQVLYH�FROOHFWLRQ�RI�IRVVLO�SDUWV�KDYH�EHHQ�SXEOLVKHG�
WKURXJKRXW�WKH�\HDUV��DQG�WKH�SLFWXUH�RI�SDVW�SODQWV�KDV�
become more complete and appropriate for other areas, 
such as biogeography or phylogenetics.

1.1. Methods to reconstruct plants

7ZR�PHWKRGV�KDYH�EHHQ�XVHG�WR�UHFRQVWUXFW�SODQWV�����
7KURXJK�RUJDQLF�FRQQHFWLRQV�DPRQJ�WKH�GLIIHUHQW�RUJDQV��
this is the most spectacular and it is widely accepted, and 
���FRPPRQ�RFFXUUHQFH�RI�RUJDQV�LQ�PRUH�WKDQ�RQH�ORFDOLW\�
where a single plant organ of a particular group is present, 
suggesting that the particular organs belong together. In the 
latter case the argument can be strengthened by similarities 
of epidermal anatomy.

7ZR�RI� WKH�PRVW� VLJQLILFDQW� H[DPSOHV� RI� SODQW�
reconstruction lead to the recognition of Pteridosperms 
DQG�3URJ\PQRVSHUPV��ERWK�IURP�WKH�8SSHU�3DOHR]RLF��
7KH�DEXQGDQFH�RI�IHUQ�DQG�IHUQ�OLNH�OHDYHV�LQ�'HYRQLDQ�
and Carboniferous rocks suggested that Pteridophytes 
ZHUH�H[WUHPHO\�LPSRUWDQW�DW�WKDW�WLPH��EXW�WKH�GLVFRYHU\�RI�
organs in organic connection demonstrated the presence of 

plant groups that were not even hypothesized at that time. 
7KHLU�UHFRJQLWLRQ�FKDQJHG�GUDPDWLFDOO\�RXU�XQGHUVWDQGLQJ�
of diversity, plant evolution, and the relationships among 
SODQW�JURXSV��:KLOH�3WHULGRVSHUPV�ZHUH�SODQWV�WKDW�KDG�
stems with eusteles, naked seeds like the maidenhair tree 
�Ginkgo biloba), secondary growth, and frond-like leaves 
like ferns, Progymnosperms reproduced through spores like 
ferns, but their wood was more similar to that of conifers. 

8QGHUVWDQGLQJ�RWKHU�0HVR]RLF�JURXSV�KDV�EHHQ�
HTXDOO\�FKDOOHQJLQJ��+RZHYHU��WKH�SURFHVV�RI�DVVHPEOLQJ�
different plant organs also allowed the recognition 
of several distinct groups sometimes included in the 
FRQFHSW�RI�0HVR]RLF�3WHULGRVSHUPV��7KLV�LV�WKH�FDVH�RI�
WKH�*ORVVRSWHULGDOHV��&D\WRQLDOHV��&RU\VWRVSHUPDOHV��
3HOWDVSHUPDOHV��%HQQHWLWDOHV�RU�3HQWR[\ODOHV��$OO�WKHVH�
JURXSV�IXUWKHU�FRQWULEXWHG�WR�H[SDQG�RXU�XQGHUVWDQGLQJ�RI�
past plant diversity and have been widely used to propose 
different relationships among group of plants, including 
angiosperms.

,Q�PRUH�UHFHQW�GHFDGHV��EXLOGLQJ�XS�D�FRQFHSW�RI�WKH�¿UVW�
ÀRZHULQJ�SODQW�KDV�UHPDLQHG�D�FKDOOHQJH��DQG�WKH�H[FKDQJH�
RI�LGHDV�LV�VWLOO�D�G\QDPLF�SDUW�RI�WKH�GLVFXVVLRQ�RI�WKH�¿UVW�
DQJLRVSHUPV��7KH�UHODWLYHO\�UHFHQW�UHFRYHU\�RI�SODQWV�ZLWK�
many organs connected has animated this discussion, where 
the same specimens representing a whole plant inspired 
contrasting ideas or hypothesis.

,Q�WKH�QH[W�SDJHV�ZH�ZLOO�H[SRVH�VRPH�H[DPSOHV�RI�
organs that have been reconstructed into a single plant, and 
H[SODLQ�VRPH�DVSHFWV�RI�SODQW�ELRORJ\�WKDW�KLJKOLJKW�WKH�
importance of assembling whole plants to further understand 
different aspects of plant systematics. 

7KH�SUHVHQW�FRQWULEXWLRQ�H[SDQGV�RQ�D�OHFWXUH�GHOLYHUHG�
by SRM during the IOPC-Bonn based on wide bibliographic 
UHYLHZ�DQG�RQJRLQJ�UHVHDUFK��7KH�H[DPSOHV�WR�GLVFXVV�
include Aesculus hickeyi sp. nov., 6\]\JRLGHV�DPHULFDQD 
�/HVT���0DQFKHVWHU��'LOFKHU�HW�:LQJ��0DQFKHVWHU�et al., 
1998), Ulmus okanogensis�'HQN�	�'LOOKRII��Populus 
tidwellii sp. nov., Pseudosalix handleyi Boucher, Manchester 
et Judd, Polemoniaceous plant, Fagopsis longifolia 
�/HVT���+ROOLFN��Cedrelospermum Saporta, Florissantia 
quilchenensis�0DQFKHVWHU��Limnobiophyllum scutatum 
6WRFNH\��+RIIPDQ�	�5RWKZHOO��Archaefructus liaoningensis 
6XQ��'LOFKHU��=KHHQJ�HW�=KRX�DQG�A. sinensis sp. nov., 
Archaeanthus�'LOFKHU�	�&UDQH��Polypteramanningii Manch. 
HW�'LOFKHU��Juglandiphyllites glabra� �%URZQ�H[�:DWW��
0DQFK��HW�'LOFKHU��Nordenskioeldia�+HHU��Beringiaphyllum 
cupanioides� �1HZE���0DQFK���&UDQH�	�*RORYQHYD��
Amersinia obtrullata�0DQFK���&UDQH�HW�*RORYQHYD��Davidia 
antiqua��1HZEHUU\��0DQFK��DQG�Camptotheca, Macginitiea, 
Macginicarpa�0DQFKHVWHU��:H�LQFOXGH�VRPH�FRPPHQWV�RQ�
the co-occurrence of vegetative and reproductive organs in 
VRPH�0H[LFDQ�ORFDOLWLHV�WKDW�PD\�UHSUHVHQW�D�VLQJOH�SODQW��
and whose recognition would have important biogeographic 
consequences.
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���'LVFXVVLRQ

�����/HDYHV

2QH�RI�WKH�PRVW�GLI¿FXOW�DVSHFWV�RI�SODQW�WD[RQRPLF�
determinations based on leaf characters is determining if 
WKH�IRVVLO�UHSUHVHQWV�D�OHDI�RU�D�OHDÀHW��([DPSOHV�RI�LVRODWHG�
IRVVLO�OHDI�OHDÀHWV�WKDW�KDYH�EHHQ�VXJJHVWHG�WR�UHSUHVHQW�
GLIIHUHQW�WD[D�DUH�ZHOO�NQRZQ��EXW�ZH�ZLOO�H[HPSOLI\�WKLV�
VLWXDWLRQ�ZLWK�D�FRXSOH�RI�H[WLQFW�SODQWV��&ROOHFWLQJ�OHDYHV�
ZLWK�P\UWDFHRXV�FKDUDFWHUV�LQ�&HQR]RLF�VHGLPHQWV�LQ�1RUWK�
$PHULFD�LV�FRPPRQ��EXW�GHPRQVWUDWLQJ�WKDW�WKH\�DFWXDOO\�
EHORQJ�WR�WKLV�IDPLO\�LV�D�GLI¿FXOW�WDVN��/HVTXHUHX[��������
������0DF*LQLWLH��������3LJJ�et al����������,Q�3DOHRJHQH�
VHGLPHQWV�RI�1RUWK�$PHULFD��OHDYHV�ZLWK�OHDI�DUFKLWHFWXUH�
resembling that of Myrtaceae have been compared with 
leaves of Eucalyptus, Eugenia, Calyptranthes, Myrcia and 
even 6\]\JLXP��+RZHYHU��GXH�WR�FRQYHUJHQW�HYROXWLRQ�LQ�
leaf architecture among different clades of the family, their 
H[DFW�WD[RQRPLF�SRVLWLRQ�UHPDLQV�XQFHUWDLQ�XQOHVV�RWKHU�
organs are present. Samples with fossil material housed 
DW� WKH�%XIIDOR�0XVHXP�RI�6FLHQFH��1HZ�<RUN��%06���
&RUQHOO�8QLYHUVLW\��,WKDFD��&83&���8QLYHUVLW\�RI�&RORUDGR�
0XVHXP��8&0���WKH�8�6��1DWLRQDO�0XVHXP��:DVKLQJWRQ��
'�&���8610���DQG�WKH�'HQYHU�0XVHXP�RI�1DWXUDO�+LVWRU\�
�'01+��ZHUH�H[DPLQHG�E\�0DQFKHVWHU�HW�DO�����������DORQJ�
with specimens including branches with attached leaves and 
IUXLWV�SUHVHUYHG�LQ�WKH�VKDOHV�RI�WKH�*UHHQ�5LYHU�)RUPDWLRQ�
IURP�ORFDOLWLHV�QHDU�'RXJODV�3DVV��&RORUDGR��)LJXUH�����
7KH\�FRQILUPHG�WKH�P\UWDFHRXV�DIILQLW\�RI�WKH�LVRODWHG�
OHDYHV��DQG�QRWHG�D�FORVHU�DI¿QLW\�RI�WKH�IRVVLO�OHDYHV�ZLWK�
those of 6\]\JLXP. Because at least one sample had fruits 
attached to a twig with 6\]\JLXP-like leaves, they were 
able to demonstrate that the reproductive structures were 
GLIIHUHQW�IURP�WKRVH�H[SHFWHG�IRU�Eucalyptus��WR�ZKLFK�
WKH�VSHFLHV�KDG�¿UVW�EHHQ�DVVLJQHG��DQG�IRU�6\]\JLXP, and 
thus, the assignment of the fossil material to this genus 
ZDV�LQFRUUHFW��7KH�SUHVHQFH�RI�DQ�H[WLQFW�WD[RQ�ZDV�WKHQ�
recognized, highlighting the need to refrain from including 
LVRODWHG�OHDYHV�ZLWK�P\UWDFHRXV�DI¿QLW\�WR�WKLV�IDPLO\�LI�
reproductive structures cannot be associated.

Aesculus hickey�0DQFKHVWHU� �6DSLQGDFHDH��)LJXUH�
���IXUWKHU�H[HPSOLILHV�WKH�SUREOHPV�HQFRXQWHUHG�ZKHQ�
LGHQWLI\LQJ�LVRODWHG�OHDI�OHDÀHWV��:KLOH�WKLV�VSHFLHV�KDG�
been frequently reported from Cenozoic deposits of the 
1RUWKHUQ�+HPLVSKHUH��%URZQ��������+LFNH\���������OHDYHV�
with similar leaf architecture were suggested to represent 
members of Carya��-XJODQGDFHDH���1HZEHUU\��������������
%URZQ��������+LFNH\���������0DWHULDO�IURP�WKH�)RUW�8QLRQ�
)RUPDWLRQ��1RUWK�'DNRWD�� LQFOXGLQJ�OHDIOHWV��FRPSOHWH�
compound leaves, and fruits demonstrated that a plant with 
SDOPDWHO\�FRPSRXQG�OHDYHV�ZLWK�����SHWLRODWHG�OHDÀHWV�DQG�
non-glandular teeth, as well as trivalved globular capsules 
ZLWK�H[WHUQDO�VSLQHV��DFWXDOO\�UHSUHVHQWV�D�PHPEHU�RI�
Aesculus��7KH�FRQ¿UPDWLRQ�WKDW�WKHVH�RUJDQV�EHORQJ�WR�D�

VLQJOH�SODQW�W\SH�¿QDOO\�FRQ¿UPHG�WKH�SUHVHQFH�RI�WKLV�JHQXV�
LQ�1RUWK�$PHULFD�GXULQJ�WKH�3DOHRJHQH��$W�WKH�VDPH�WLPH��LW�
highlighted the importance to be cautious if juglandaceous 
material is found in the same locality, since other material 
referred to Carya seems to actually represent a member of 
WKLV�IDPLO\��WKRXJK�QRW�QHFHVVDULO\�WKLV�JHQXV��7KH�SUHVHQFH�
RI�WKHVH�WZR�WD[D�LQ�WKH�3DOHRJHQH�LV�IXUWKHU�VXSSRUWHG�
by the presence in sediments of pollen grains referred to 
Aesculus-like pollen and Momipites��7KH\�ERWK�GRFXPHQW�
WKH�SUHVHQFH�RI�H[WLQFW�WD[D�WKDW�ZHUH�RWKHUZLVH�WKRXJKW�
WR�EH�PRUH�FORVHO\�UHODWHG�WR�GLIIHUHQW�H[WDQW�WD[D��WKHLU�
recognition added important data to discuss their systematic 
SRVLWLRQ�DQG�JHRJUDSKLF�RULJLQ��0DQFKHVWHU��������

Relatively recent studies on Ulmus described a common 
VLWXDWLRQ�IRXQG�LQ�SODQW�V\VWHPDWLFV��7KH�WD[RQRPLF�SRVLWLRQ�
RI�8OPDFHDH�ZDV�WKRXJKW�WR�EH�FORVHU�WR�8UWLFDOHV��EXW�QRZ�
LW�LV�SODFHG�ZLWKLQ�5RVDOHV��7KH�IRVVLO�UHFRUG�RI�Ulmus in 
ZHVWHUQ�1RUWK�$PHULFD�EDVHG�RQ�OHDYHV�DQG�IUXLWV�KHOSHG�
WR�XQGHUVWDQG�SDUW�RI�WKH�XQFHUWDLQWLHV�ZKHQ�GH¿QLQJ�WKLV�
JURXS��0DF*LQLWLH��������%XUQKDP��������0DQFKHVWHU��
����D������E��'HQN�DQG�'LOOKRII���������7ZLJV�ZLWK�
attached and well-preserved leaves, flowers,fruits and 
LVRODWHG�RUJDQV�IURP�WKH�(DUO\�DQG�0LGGOH�(RFHQH�RI�
:DVKLQJWRQ�DQG�%ULWLVK�&ROXPELD��DOORZHG�WKH�UHFRJQLWLRQ�
of Ulmus okanaganensis�'HQN�DQG�'LOOKRII��)LJXUH����'HQN�
DQG�'LOOKRII���������7KH�SK\VLFDO�DWWDFKPHQWV�JDYH�YLWDO�
proof of interconnection between foliage and reproductive 
VWUXFWXUHV��SURYLGLQJ�WKH�KLJKHVW�OHYHO�RI�FRQ¿GHQFH�RQ�WKH�
construction of a single plant. In addition, as in the case 
RI�RWKHU�VLPLODU�GLVFRYHULHV��LW�DOVR�UHYHDOHG�XQH[SHFWHG�
FKDUDFWHU�FRPELQDWLRQV��6LPLODU�WR�SUHYLRXV�H[DPSOHV��WKH�
UHFRQVWUXFWHG�SODQW�WXUQHG�RXW�WR�UHSUHVHQW�DQ�H[WLQFW�WD[RQ�
ZLWK�D�XQLTXH�PRVDLF�RI�FKDUDFWHUV��H[SDQGLQJ�RXU�LGHD�RI�
WKH�GLYHUVLW\�RI�WKLV�JHQXV��7KH�OHDI�GLPRUSKLVP�IRXQG�LQ�U. 
okanagansis�LV�VLPLODU�WR�WKDW�VHHQ�LQ�H[WDQW�U. pumila, while 
reproductive structures comprise a mosaic of characters 
found in the subgenera Oreoptelea or Ulmus. Older and 
younger leaves similar to those of U. okanagansis have been 
UHSRUWHG�IURP�RWKHU�ORFDOLWLHV�LQ�(XURSH�DQG�1RUWK�$PHULFD�
�e.g���$EODHY�DQG�,OMLQVNDMD��������0DQFKHVWHU������D��
����E��.YDþHN�et al���������0F,YHU�DQG�%DVLQJHU��������
Feng et al����������EXW�LQ�DEVHQFH�RI�UHSURGXFWLYH�PDWHULDO��
HVSHFLDOO\�IUXLWV��LW�LV�GLI¿FXOW�WR�GHWHUPLQH�FRUUHFWO\�WKHLU�
WD[RQRPLF�SRVLWLRQ��7KH�UHFRQVWUXFWLRQ�RI�WKLV�IRVVLO�SODQW�
highlights the importance of whole plant concepts that can 
IXUWKHU�FRQWULEXWH�WR�WD[RQRP\�DQG�ELRJHRJUDSK\�

�����2WKHU�LVRODWHG�RUJDQV

$V�ZLWK�PRVW�SODQW�IDPLOLHV��WKHUH�DUH�PRUH�H[DPSOHV�
RI�LVRODWHG�RUJDQV�LQ�WKH�IRVVLO�UHFRUG�RI�8OPDFHDH�ZKHUH�
VDPSOHV�ZLWK�GLIIHUHQW�RUJDQV�DWWDFKHG�WR�WKH�VDPH�D[HV�
complements our understanding of the fossil material as 
D�ELRORJLFDO�HQWLW\��7KH�VWXG\�RI�WKH�SDUWV�LV�LPSRUWDQW�WR�
demonstrate the presence of past life, but reconstructing 
the organisms allows a better understanding of different 



Manchester et al.����

aspects of their biology.
7KH�Cedrelospermum case illustrates this situation. 

3ULRU�WR�ILQGLQJ�VDPSOHV�LQ�WKH�*UHHQ�5LYHU�)RUPDWLRQ�
VKRZLQJ�OHDI�DQG�IUXLWV�DWWDFKHG�WR�WKH�VDPH�WZLJ��)LJXUH�
8), isolated leaves were referred to as Myrcia��0\UWDFHDH���
6DOL[��6DOLFDFHDH��DQG�Zelkova��8OPDFHDH����%URZQ��������
0DF*LQLWLH��������������������%XUQKDP���������7DQDL�DQG�
:ROIH��������ZHUH�WKH�¿UVW�DXWKRUV�WR�WUHDW�WKHP�DV�8OPDFHDH��
and noted that these leaves were not similar to those of the 
H[WDQW�SODQWV��/DWHU��%XUQKDP��������FRPSDUHG�WKLV�IRVVLO�
material to Zelkova, but also mentioned that it represented a 
GLIIHUHQW�PRUSKRW\SH�ZLWKLQ�WKLV�JHQXV��0DQFKHVWHU������D��
1989b) was able to demonstrate which flowers, fruits, 
leaves, and pollen grains were part of Cedrelospermum, 
DQG�UHDVVHPEOHG�D�QHZ�SODQW�WKDW�KH�UHODWHG�WR�8OPRLGHDH��
+H�IXUWKHU�VXJJHVWHG�WKDW�Cedrelospermum� �WKH�JHQXV�
erected by Saporta based on the same kind of fruits from 
the Cenozoic of France) differentiated during the same 
radiation process that gave rise to Ulmus and Zelkova. 
$SSDUHQWO\�Cedrelospermum had a widespread distribution 
GXULQJ�WKH�3DOHRJHQH�LQ�WKH�1RUWKHUQ�+HPLVSKHUH��,WV�
presence is associated with localities where ash accumulated 
in lacustrine conditions, suggesting that it represents an 
early colonizer of disturbed areas, a condition that may be 
comparable with the ecological tolerance of some members 
of Celtidoideae, Trema and Parasponia��6RHSDGPR��������

3RSODUV��Populus��DQG�ZLOORZV��6DOL[) are other important 
FRPSRQHQWV�RI� WKH�3DOHRJHQH�IORUDV�RI�1RUWKZHVWHUQ�
1RUWK�$PHULFD��XQGHUVWDQGLQJ�WKHLU�KLVWRU\�LV�UHOHYDQW�
to further understand the inclusion of some of the former 
ÀDFRXUWLDFHRXV�WD[D�LQ�WKLV�JURXS��&KDVH�et al���������-XGG�
et al���������%RXFKHU�et al���������6ROWLV�et al����������
Representatives of both genera have been recognized 
for a long time, but their organs were always isolated 
�.QRZOWRQ��������&RFNHUHOO��������%URZQ��������������
0DF*LQLWLH���������,W�ZDV�QRW�XQWLO�UHPDUNDEOH�PDWHULDOV�
with leaves and reproductive structures were recently 
collected, allowing a better interpretation of the fossil 
SODQWV��)LJXUHV���DQG����%RXFKHU�et al���������0DQFKHVWHU�
et al����������7KH�UHFHQW�GLVFRYHU\�RI�ODQFHRODWH�IRVVLO�
leaves similar to those of P. cinnamomoides attached to 
a twig bearing fruits morphologically distinct from those 
of P. wilmattae proves that there were at least two distinct 
VSHFLHV��P.tidwellii and P. wilmattae) in this geographic 
area, and encouraged a broader investigation of Populus 
VSHFLHV�UHSUHVHQWHG�LQ�WKH�(RFHQH�RI�ZHVWHUQ�1RUWK�$PHULFD�
�0DQFKHVWHU�et al����������)URP�D�SK\ORJHQHWLF�SHUVSHFWLYH��
P. tidwellii must either be a member of the Populus clade 
or, like Pseudosalix, an early divergent member of the clade 
containing Populus and 6DOL[ that is characterized by the 
Populus�W\SH�FDSVXOH��%RXFKHU�et al���������0DQFKHVWHU�
et al����������7KHVH�LQYHVWLJDWLRQV�IRUHZDUQ�RI�HYDOXDWLQJ�
fossil leaves that are not clearly associated with informative 
LQÀRUHVFHQFHV�RU�LQIUXFWHVFHQFHV��7KH�UHFRJQLWLRQ�RI�WKHVH�
WD[D�LV�DOVR�ELRJHRJUDSKLFDOO\�LPSRUWDQW�VLQFH�LW�VXSSRUWV�
WKH�SRVVLELOLW\�WKDW�6DOLFDFHDH�KDG�D�1RUWK�$PHULFDQ�RULJLQ�

VLQFH�LWV�RXWJURXSV��Itoa, Poliothyrsis, Carriera and Idesia) 
KDYH�WRGD\�DQ�$VLDWLF�GLVWULEXWLRQ��%RXFKHU�et al����������

�����%LRJHRJUDSK\�DQG�SK\ORJHQHWLF

$Q�LQWHUHVWLQJ�SODQW�NQRZQ�IURP�FRPSOHWH�VSHFLPHQV�
material including vegetative and reproductive parts–the 
taproot, basal and cauline pinnatifid leaves, primary 
peduncular leaves, secondary peduncular bracts, pedicel 
EUDFWV��IUXLWV�LQ�JURXSV�RI�WKUHH��DQG�SHUVLVWHQW�FDO\[±DOORZHG�
the documentation of a herb that grew during the Middle 
(RFHQH�LQ�8WDK�DQG�ZDV�SUHVHUYHG�LQ�WKH�VHGLPHQWV�RI�
WKH�*UHHQ�5LYHU�)RUPDWLRQ��/RWW�et al����������7KRXJK�
fossilization of an entire plant is rare, the preservation 
TXDOLW\�RI�VRPH�FKDUDFWHUV�OLNH�WKH�SUHVHQFH�RI�D�FDO\[�ZLWK�
membranous tissues between the ribs, the pollen and the 
trichomes, prevented its inclusion in Gilia��3ROHPRQLDFHDH��
$V�D�UHVXOW��D�QHZ�WD[RQ±Gilisenium huberi Lott, Manchester 
DQG�'LOFKHU��/RWW�et al����������)LJXUH���±ZDV�HUHFWHG��
Polemoniaceae has a relatively poor fossil record and the 
documentation of a plant that is undisputedly a member 
RI�WKH�IDPLO\�H[SDQGHG�LWV�GLVWULEXWLRQ�LQ�WLPH�DQG�VSDFH��
)XUWKHUPRUH��LWV�HDUO\�DSSHDUDQFH�LQ�1RUWK�$PHULFD�DQG�
close morphological similarity to Gilia could suggest that 
the tribe originated in this area and only later moved to 
6RXWK�$PHULFD��/RWW�et al���������

Samples of plant organs displaying alternately 
arranged simple leaves with pinnate craspedodromous 
venation, prominent simple teeth, stout peduncle topped 
with a staminate globose infloresences, tricolporate 
pollen contained in anthers, ovoid heads of pistillated 
LQÀRUHVFHQFHV�ZLWK�FRPSDFW�KHOLFDOO\�DUUDQJHG�WULPHURXV�
ÀRZHUV��DQG�VPDOO�LQIUXFWHVFHQFHV�VXEWHQGHG�E\�D�SHUVLVWHQW�
bract and with wedge-shaped cupules, each containing three 
tiny fruits, have all been linked to a single plant: Fagopsis 
longifolia� �/HVT���+ROOLFN� �)LJXUH����:KLOH�DOO� WKHVH�
characters support the assignment of the plant to Fagaceae, 
WKH�PRVDLF�RI�FKDUDFWHUV�LV�QRW�IRXQG�LQ�DQ\�H[WDQW�WD[RQ��
supporting again the recognition of a new one. Furthermore, 
GLIIHUHQFHV�EHWZHHQ�H[WDQW�DQG�H[WLQFW�SODQWV�JR�EH\RQG�WKH�
PRUSKRORJ\�RI�WKH�SODQW��WKH�IUXLWV�RI�WKH�IRVVLO�SODQW�VHHP�
WR�EH�DGDSWHG�IRU�ZLQG�GLVSHUVLRQ��ZKLOH�H[WDQW�PHPEHUV�RI�
WKH�IDPLO\�GLVSHUVH�IUXLWV�WKURXJK�DQLPDO�LQWHUDFWLRQ��7KH�
evident difference in fruit morphology somehow supports 
the change in dispersal method, a situation that may be 
SDUDOOHO�LI�H[WLQFW�DQG�H[WDQW�-XJODQGDFHDH�DQG�%HWXODFHDH�
WD[D�DUH�FRPSDUHG��+ROOLFN��������0DQFKHVWHU�DQG�&UDQH��
1983).

�����&R�RFXUUHQFH

Organs of aquatic plants have been recognized in 
the fossil record for a long time and some of them 
KDYH�EHHQ� UHFRQVWUXFWHG�DV�ZKROH�SODQWV��+RZHYHU��
these reconstructions have not always been widely 
DFFHSWHG��0F,YHU�DQG�%DVLQJHU��������.YDþHN���������
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Figure 1) 6\]\JLRLGHV�DPHULFDQD�/HVT��[��0DQFKHVWHU��'LOFKHU�HW�:LQJ�����Aesculushickeyi Manchester. 3) Ulmus okanogensis�'HQN�	�'LOOKRII��
���Populus tidwellii�0DQFKHVWHU��-XGG��	�+DQGOH\�����Pseudosalix handleyi�%RXFKHU��0DQFKHVWHU�	�-XGG�����Gilisenium huberi Lott, Manchester and 
'LOFKHU�����)DJRSVLV�ORQJLIROLD��/HVT���+ROOLFN�����Cedrelospermus nervosum��1HZEHUU\��0DQFKHVWHU�����5HFRQVWUXFWLRQ�RI�Limnobiophyllum scutatum 
�'DZVRQ��.UDVVLORY��6FDOH�����FP������Juglandiphyllitesglabra��%URZQ�H[�:DWW��0DQFKHVWHU�HW�'LOFKHU������Polypteramanningii�0DQFKHVWHU�HW�'LOFKHU��
����Archaeanthus�'LOFKHU�	�&UDQH������&UHWDFHRXV�RI�.DQVDV��ÀRZHU������Archaeanthus�'LOFKHU�	�&UDQH������&UHWDFHRXV�RI�.DQVDV��LQIUXWHVFHQFH�



Manchester et al.5858

Limnobiophyllum scutatum��'DZVRQ��.UDVVLORY��IURP�WKH�
3DVNDSRR�)RUPDWLRQ�QHDU�5HG�'HHU��-RIUHH�%ULGJH���$OEHUWD��
&DQDGD��)LJXUH����� LV�D�ZHOO�NQRZQ�IORDWLQJ�IORZHULQJ�
plant whose detailed description allowed its inclusion in 
numerical analyses that suggested that Lemnaceae and 
Pistia�ZHUH�PRQRSK\OHWLF�ZLWKLQ�$UDFHDH��6WRFNH\�et al., 
�������7KH�HQYLURQPHQW�ZKHUH�WKLV�SODQW�JUHZ�LV�FRPSDUHG�
ZLWK�WKRVH�ZKHUH�H[WDQW�/HPQDFHDH�JURZ��6WRFNH\�et al., 
�������DVVRFLDWHG�ZLWK�RWKHU�DTXDWLF�SODQWV�OLNH�Riccia and 
Azolla �/DQGROW���������+RIIPDQQ��������GHVFULEHG�IURP�
these same sediments a thallus of a Riccia-like plant living 
DV�VKH�GHVFULEHG�LQ�DQ�R[ERZ�ODNH�

7KH�FR�RFFXUUHQFH�RI�RUJDQV� WKDW�FRXOG� UHSUHVHQW�
WKH�VDPH�WD[RQ�LV�IUHTXHQWO\�XVHG�WR�SURSRVH�WKDW�WKH\�
actually correspond with a single plant type, especially 
if there are no other organs to which they could be 
attributed. Polypteramanningii�0DQFK��HW�'LOFKHU�DQG�
Juglandiphyllitesglabra��%URZQ�H[�:DWW��0DQFK��HW�'LOFKHU�
DUH�JRRG�H[DPSOHV�RI�WKLV�FRQGLWLRQ��)LJXUHV���������%RWK�RI�
them can be compared with fruits or leaves of Juglandaceae, 
DQG�QR�RWKHU�SODQW�RUJDQ��LQIUXFWHVFHQFHV��IUXLWV��VWDPLQDWH�
catkins, pollen, compound leaves) with Juglandaceae 
DI¿QLW\�LV�NQRZQ�LQ�WKH�ORFDOLWLHV�ZKHUH�WKH\�FR�RFFXU��
7KHLU�FR�RFFXUUHQFH�LQ�DW�OHDVW����ORFDOLWLHV�RI�WKH�3DOHRFHQH�
)RUW�8QLRQ�)RUPDWLRQ��:\RPLQJ��LV�D�XVHIXO�FULWHULRQ�WR�
SURSRVH�WKHLU�DVVRFLDWLRQ��+RZHYHU��WKH�WD[RQRPLF�DI¿QLW\�
�+LFRULHDH�DQG�-XJODQGHDH��VXJJHVWHG�IRU�WKH�GLIIHUHQW�
organs was also important to support their binding into a 
VLQJOH�SODQW��7KLV�UHFRQVWUXFWHG�SODQW�UHSUHVHQWV�WKH�ROGHVW�
XQHTXLYRFDO�UHFRUG�RI�-XJODQGDFHDH��7KH�XVH�RI�IRVVLO�SODQWV�
in phylogenetic analysis has been discussed both in favor 
DQG�DJDLQVW��0DQRV�et al����������,Q�D�SK\ORJHQHWLF�VWXG\�
RI�-XJODQGDFHDH�WKH�SRVLWLRQV�RI�H[WDQW�WD[D�UHODWLYH�WR�
each other was not radically changed when the fossils were 
LQFOXGHG��0DQRV�et al����������$IWHU�D�FRPELQHG�PROHFXODU�
and morphological analysis, Manos et al���������FRQFOXGHG�
that “the inclusion of morphological characters, scored 
IRU�ERWK�H[WDQW�DQG�IRVVLO�WD[D��PD\�LPSURYH�WKH�UHVXOWV�
of both morphological and combined morphomolecular 
investigations, particularly if this increases the number 
of synapomorphies. In general, reproductive characters 
proved more informative than vegetative characters for 
-XJODQGDFHDH��+RZHYHU��WKH�JUHDWHVW�UHVROXWLRQ�FDPH�IURP�
WD[D�NQRZQ�IURP�FRPELQHG�YHJHWDWLYH�DQG�UHSURGXFWLYH�
RUJDQV��DUJXLQJ�LQ�IDYRU�RI�DVVHPEOLQJ�H[WLQFW�WD[D�WKURXJK�
PXOWLSOH�RUJDQ�UHFRQVWUXFWLRQV�LQ�RUGHU�WR�PD[LPL]H�WKH�
number of characters included in the matrices.”

7KH�UHFRJQLWLRQ�RI�Archaeanthus linnenbergeri�'LOFKHU�
DQG�&UDQH�LQ�������)LJXUHV���������EDVHG�RQ�WKH�SUHVHQFH�
of distinctive resin bodies and co-occurrence of organs in 
various localities, represents one of the earliest angiosperms 
subject to the assemblage of its parts. Its isolated parts 
were known previously as Archaepetala beekeri�'LOFKHU�
and Crane and Archaepetala obscura�'LOFKHU�DQG�&UDQH�
�SHULDQWK�SDUWV���Kalymmanthus walkeri 'LOFKHU�DQG�&UDQH�

�EXG�VFDOHV���DQG�Liriophyllum kansense�'LOFKHU�DQG�&UDQH�
�OHDYHV���7KLV�ZKROH�SODQW�DVVHPEODJH�LV�EDVHG�RQ�WKUHH�PDLQ�
sources of evidence: co-occurrence, anatomical similarities, 
DQG�WD[RQRPLF�DI¿QLWLHV�

$QRWKHU�H[DPSOH�RI�ZKROH�SODQW�UHFRQVWUXFWLRQ�LV�WKH�
³1RUGHQVNLROGLD�SODQW´�EDVHG�RQ�WKH�FR�RFFXUUHQFH�RI�
Nordenskioldia borealis�+HHU�HPHQG��&UDQH��0DQFKHVWHU�
DQG�'LOFKHU��DQG�=L]\SKRLGHV��ÀDEHOOD��1HZEHUU\��&UDQH��
0DQFKHVWHU��DQG�'LOFKHU��&UDQH�et al���������)LJXUHV����
�����7KH�LVRODWHG�RUJDQV�RI�WKHVH�SODQWV�ZHUH�FROOHFWHG�IRU�
PDQ\�\HDUV�LQ�DW�OHDVW���ORFDOLWLHV��7KHLU�DVVRFLDWLRQ�YDULHV�
IURP�UDUH�WR�DEXQGDQW�DQG�FRPPRQ��7KH�FRPSDULVRQ�RI�WKH�
ÀRUDV�DW�$OPRQW��0HOYLOOH��DQG�0RQDUFK�ZLWK�WKRVH�DW�RWKHU�
3DOHRJHQH�ORFDOLWLHV�LQ�$VLD��(XURSH��DQG�1RUWK�$PHULFD�
provides evidence of associations supporting earlier 
conclusions that the Nordenskioeldia plant bore simple, 
entire- to crenate- margined leaves with actinodromous 
YHQDWLRQ��7KH�PRUSKRORJLFDO�DQG�DQDWRPLFDO�FKDUDFWHUV�
available supported the placement of the new plant within 
7URFKRGHQGUDOHV�DV�DQ�H[WLQFW�JHQXV�FORVH�WR�Trochodendron 
�&UDQH�et al., 1991). Nordenskioldia is defined by the 
presence of virtually entire-margined leaves with long 
petioles, single-seeded dehiscent fruitlets, seeds with an 
elliptical outline, infructescence structure, and several 
DQDWRPLFDO�GHWDLOV�RI� LQIUXFWHVFHQFH�D[HV�DQG�VKRRWV��
FKDUDFWHUV�QRW�IRXQG�LQ�RWKHU�PHPEHUV�RI�7URFKRGHQGUDOHV��
�&UDQH�et al����������7KHVH�GLIIHUHQFHV�KLJKOLJKW� WKH�
importance of comparative biology in systematics. Other 
differences suggest the possibility that insect pollination 
was less specialized in Nordenskioeldia� WKDQ�LQ�H[WDQW�
Trochodendron��(QGUHVV���������HYHQ�WKH�SRVVLELOLW\�RI�ZLQG�
SROOLQDWLRQ�FDQQRW�EH�H[FOXGHG��DV�VXJJHVWHG�E\�WKH�DEVHQFH�
of nectary scars on Nordenskioeldia fruitlets.

$�IRXUWK�H[DPSOH�RI�D�SODQW� UHDVVHPEOHG�IURP�LWV�
GLVSHUVHG�SDUWV�LV�D�WD[RQ�ZLWKLQ�&RUQHDOHV��'LVSHUVHG�
organs of this plant have been collected in middle and 
KLJK�ODWLWXGHV�RI�WKH�1RUWKHUQ�+HPLVSKHUH��WKH�3DOHRFHQH�
RI�:\RPLQJ��0RQWDQD�DQG�1RUWK�'DNRWD��86$��$OEHUWD��
&DQDGD��+HLORQJMLDQJ��&KLQD��DQG�.DPFKDWND�DQG�.RU\DN��
Russia. Infrutescences, fruits, and leaves co-occur in these 
DUHDV�DQG�ZHUH�SUHYLRXVO\�LGHQWL¿HG�DV�VLPLODU�WR�H[WDQW�
Camptotheca, genus distinguished by having fruits with 
only one or two locules and not presenting infructescence 
EUDFWV��7KH�IRVVLO� OHDYHV�ZHUH� LQLWLDOO\� UHIHUUHG� WR�DV�
“Viburnum” cupanioides��1HZEHUU\��%URZQ��Viburnum 
kingiensis Chelebaeva, and Viburnum pseudoantiquum 
*RORYQHYD��EXW�ODWHU�ZHUH�UHDVVLJQHG�WR�DQ�H[WLQFW�IROLDJH�
genus, Beringiaphyllum��7KH�UHFRQVWUXFWHG�SODQW�ZDV�QDPHG�
Amersinia obtrullata�0DQFKHVWHU��&UDQH�DQG�*RORYQHD�
based on shared cornalean characters and co-occurrence at 
QXPHURXV�VLWHV�PHQWLRQHG�DERYH��)LJXUHV���������+RZHYHU��
while leaves share more characters with Davidia, the fruits 
are more similar to Camptotheca��7KH�QHZ�SODQW�DV�LQ�WKH�
SUHYLRXV�H[DPSOHV�LV�D�GH¿QHG�H[WLQFW�WD[RQ�DQG�QRW�MXVW�
DQ�HDUOLHU�UHODWLYH�RI�DQ�H[WDQW�WD[RQ�
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�����3ODQWV�SUHVHUYHG�DV�ZKROH�RUJDQLVPV

7KH�SUHVHQFH�RI�SODQWV�SUHVHUYHG�DV�ZKROH�RUJDQLVPV�
with roots, stems, leaves and reproductive structures, all in 
RUJDQLF�FRQQHFWLRQ�LQ�WKH�IRVVLO�UHFRUG�LV�UDUH��)LJXUH������
Archaefructus�LV�D�JRRG�H[DPSOH�LQ�ZKLFK�QRW�RQO\�RQH�
plant type, but at least three different species have been 
GHVFULEHG��7KHVH�HDUO\�DQJLRVSHUPV�KDYH�EHHQ�LQWHUSUHWHG�
as representing an ancestral group to modern angiosperms, 
D�GHULYHG�HXGLFRW��RU�HYHQ�D�SODQW�UHODWHG�WR�1\PSKDHDOHV��
7KLV�GHPRQVWUDWHV�WKDW�HYHQ�NQRZLQJ�ZKROH�SODQWV�LW�LV�
GLI¿FXOW�WR�DFKLHYH�XQDPELJXRXV�DQVZHUV��Archeofructus 
has been compared to other Mesozoic plants like Caytonia 
�=KRX�et al����������Dirhopalostachys��.UDVVLORY��������
and 6FKZHLW]HULD��Irania���6FKZHLW]HU��������6KLSXQRY�
DQG�6RNRORII���������7KHUH�DUH�RWKHU�LQWHUHVWLQJ�UHSRUWV�RI�
very complete plants from Cretaceous sediments that have 
added important information to the history of angiosperms 
�VHH�)ULLV�et al����������EXW�QRQH�RI�WKHVH�KDV�VROYHG�PDQ\�
questions regarding angiosperm origin and its early 
GLYHUVL¿FDWLRQ�

Probably one of the groups with an overwhelming fossil 
record of complete plants assembled from their dispersed 
RUJDQV�LV�3ODWDQDFHDH��e.g���0DQFKHVWHU��������3LJJ�DQG�
6WRFNH\���������7KH�LVRODWHG�RUJDQV�KDYH�EHHQ�FROOHFWHG�
IURP�GLIIHUHQW�ORFDOLWLHV�LQ�WKH�1RUWKHUQ�+HPLVSKHUH��WKH\�
LQFOXGH�OHDYHV��e.g, Platanites���VWDPLQDWH�LQÀRUHVFHQFHV�
�e.g., Platanathus, Aquia, Bogutchanthus?), pistilate 
LQÀRUHVFHQFHV��e.g., Macginicarpa, Platanocarpus), wood 
�e.g., Plataninium, Platanoxylon, 6SLURSODWDQR[\ORQ), 
DQG�SROOHQ�WD[D��e.g., Friis et al���������3HGUHVHQ�et al., 
������0DJDOOyQ�3XHEOD�et al���������0DQFKHVWHU��������
3LJJ�DQG�6WRFNH\��������.YDþHN�et al���������.YDþHN�DQG�
0DQFKHVWHU��������0LQGHOO�et al���������*RORYQHYD���������
5HFHQWO\��0DVORYD��������PDGH�D�UHYLHZ�RI�WKH�DVVRFLDWLRQ�
RI�OHDYHV�DQG�UHSURGXFWLYH�VWUXFWXUHV�ZLWK�SODWDQRLG�DI¿QLW\��
and discussed their possible phylogenetic implications. 
Morphological observations of vegetative and reproductive 
organs of Cretaceous age suggest that the platanoid pattern 
ZDV�ZLGHO\�GLVWULEXWHG��7KLV�FDQ�EH�H[SODLQHG�E\�HLWKHU�D�
high diversity of platanoid plants or the presence of different 
OLQDJHV�ZLWK�SODWDQRLG�OLNH�FKDUDFWHUV��0DVORYD���������)RU�
H[DPSOH��WKH�$QJLRVSHUP�3K\ORJHQ\�*URXS���������SODFHV�
platanoid plants in Proteales and hamamelidoid plants in 
6D[LIUDJDOHV�DQG�WKH\�ERWK�SUHVHQW�SODWDQRLG�FKDUDFWHUV��
+RZHYHU��PRVW�DXWKRUV�DJUHH�RQ�WKH�KLJK�GLYHUVLW\�RI�
SODWDQRLG�SODQWV�GXULQJ�WKH�&UHWDFHRXV��)LJXUHV���������
7KH�UHFRJQLWLRQ�RI�D�VLJQL¿FDQW�QXPEHU�RI�SODWDQRLG�SODQWV�
GXULQJ�WKH�&HQR]RLF�IXUWKHU�FRUURERUDWHV�WKH�H[WHQW�RI�WKH�
diversity that this family achieved in the past, and how it 
later diminished to the point that today it is represented 
RQO\�E\�D�FRXSOH�RI�VSHFLHV��7KH�GHOLPLWDWLRQ�RI�WKH�IRVVLO�
DQG�H[WDQW�VSHFLHV�LV�VWLOO�D�PDWWHU�RI�LQWHUHVWLQJ�GLVFXVVLRQ��
but as a whole the Platanaceae represents a group that 
highlights the importance of reassembling isolated organs 

LQWR�RUJDQLVPV��7KLV�HPSKDVL]HV�KRZ�GLVFXVVLRQ�RQ�WD[D�
limits becomes relevant and equivalent to the information 
SURGXFHG�WKURXJK�WKH�VWXG\�RI�H[WDQW�SODQWV��0DQFKHVWHU��
������)ULLV�et al���������&UDQH�et al���������������3LJJ�DQG�
6WRFNH\��������0DJDOOyQ�3XHEOD�et al���������

.YDþHN��������UHFHQWO\�FRPPHQWHG�RQ�ZKROH�SODQW�
reconstructions of fossil angiosperms using some of the 
H[DPSOHV�ZH�PHQWLRQHG�DERYH��EXW�KH�DOVR�DGGHG�RWKHU�
LPSRUWDQW�H[DPSOHV��+LV�GLVFXVVLRQ�RI�0DOYDFHDH��IRU�
H[DPSOH��VWUHVVHV�KRZ�IRVVLO�DQG�H[WDQW�SODQWV�RI�WKLV�IDPLO\�
are equally variable in leaf characters, but are more constant 
LQ�IUXLW�PRUSKRORJ\��+H�IXUWKHU�HPSKDVL]HV�WKH�LPSRUWDQFH�
of connection between organs, since in the localities where 
these organs co-occur, malvaceous wood types are more 
GLYHUVH��7KLV�VXJJHVWV�WKDW�DW�OHDVW�DQRWKHU�PDOYDFHRXV�SODQW�
may be present, and thus more work is needed to complete 
WKHVH�SODQW�UHFRQVWUXFWLRQV��$�VHFRQG�H[DPSOH�FLWHG�E\�
.YDþHN��������LV�Nyssa, in particular N. bilinica��8QJ���
.YDþHN��6KDGH�DQG�VXQ�OHDYHV�DVVRFLDWHG�ZLWK�ÀHVK\�IUXLWV�
and isolated stones have been documented for this plant. 
7KH�OHDYHV�DUH�VLPLODU�WR�WKH�N. japonica�FRPSOH[�ZKLOH�
the fruits resemble the N. sylvatica-N. sinensis�FRPSOH[��
7KH�LQÀRUHVFHQFHV�FROOHFWHG�LQ�WKH�VDPH�VHGLPHQWV�KDYH�
FKDUDFWHULVWLFV�RI�ERWK�FRPSOH[HV��7KHUHIRUH��WKH�Nyssa 
UHPDLQV�RI�WKH�%LOLQD�0LQH��&HQWUDO�(XURSH��UHSUHVHQW�DQ�
H[WLQFW�WD[RQ�ZLWK�D�PRVDLF�RI�FKDUDFWHUV�IRXQG�WRGD\�LQ�
GLIIHUHQW�WD[D��

$�¿QDO�H[DPSOH�LV�WKH�GRFXPHQWDWLRQ�RI�Trichosanthes 
�&XFXUELWDFHDH��LQ�WKH�3OLRFHQH�ÀRUD�RI�$OVDFH��)UDQFH��+HUH��
OHDYHV�PRUSKRORJLFDOO\�VLPLODU�WR�$FHU�ZHUH�GHPRQVWUDWHG�
to have stomatal apparatuses, glands, and pubescence that do 
QRW�FRUUHVSRQG�ZLWK�WKLV�JHQXV��$PRQJ�WKH�IUXLWV�FROOHFWHG�
in this locality is a type assigned to Trichosanthes fragilis 
(�0��5HLG��&XFXUELWDFHDH��WKDW�KDV�SDOPDWHO\�OREHG�OHDYHV��
7KH�DQDWRPLFDO�DQG�PRUSKRORJLFDO�FKDUDFWHUV�ZHUH�XVHG�WR�
support the similarity of this leaf type to this genus, which 
JURZV�QDWXUDOO\�WRGD\�LQ�$VLD�DQG�$XVWUDOLD��+RZHYHU��WKH�
presence of seeds assigned to Cucurbitaceae, yet distinct to 
those of Trichosanthes, prevents the inclusion of the fossil 
in this genus.

�����5HFRQVWUXFWLRQ�RI�IRVVLO�SODQWV�RI�0H[LFR

Finally, the presence of at least two different organs 
RI�WKH�VDPH�WD[RQ�LQ�VRPH�ORFDOLWLHV�LQ�0H[LFR�FDQ�EH�
XVHG�WR�VXJJHVW�WKDW�H[WLQFW�VSHFLHV�RI�VRPH�JHQHUD�ZHUH�
present in this geographic area since at least the Middle 
(RFHQH��&HUWDLQO\�PRUH�GDWD�DUH�QHHGHG�WR�IXUWKHU�VXSSRUW�
these determinations, but evidence so far seems strong 
WR�DQWLFLSDWH� WKH�SUHVHQFH�RI� WD[D�WKDW�RWKHUZLVH�ZHUH�
H[SHFWHG�WR�DUULYH�WR�WKH�DUHD��DV�WKH�VR�FDOOHG�³1HRWURSLFDO�
ÀRUD´�H[SDQGHG�WR�0H[LFR��,Q�IDFW��WKH�SUHVHQFH�RI�WKHVH�
³1HRWURSLFDO�WD[D´�VXJJHVWV�WKDW�WKH�KLVWRU\�RI�WKLV�ÀRUD�
PD\�EH�PRUH�FRPSOH[�WKDQ�SUHYLRXVO\�H[SHFWHG��$Q�HDUOLHU�
ZKROH�SODQW�GRFXPHQWHG�IURP�6RQRUD��0H[LFR��LQFOXGHV�DQ�
8SSHU�&UHWDFHRXV�+DORUDJDFHDH�GHVFULEHG�E\�+HUQiQGH]�
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)LJXUH�����Nordenskioeldia borealis�+HHU��IUXLWV�DWWDFKHG�WR�DQ�D[HV������Nordenskioeldia borealis�+HHU��FURVV�VHFWLRQ�RI�D�IUXLW������³1RUGHQVNLRHOGLD�
SODQW´�UHFRQVWUXFWLRQ������Amersinia obtrullata�0DQFKHVWHU��&UDQH�HW�*RORYQHYD��IUXLWV�IURP�%LJ�)ODW�'UDZ��:\RPLQJ��86$������Amersinia obtrullata 
0DQFKHVWHU��&UDQH�HW�*RORYQHYD��IUXLW�IURP�-RIIUH��$OEHUWD��&DQDGD������Amersinia obtrullata�0DQFKHVWHU��&UDQH�HW�*RORYQHYD��UHFRQVWUXFWLRQ�E\�&ODUD�
6LPSVRQ������Archaefructus Sun et al.��UHFRQVWUXFWLRQ������Macginicarpa��LQIUXFWHVHQFHV�RI�WKH�&ODUQR�3ODQH������3ODWDQDFHRXV�PDWHULDO�IURP�WKH�*UHHQ�
5LYHU�)RUPDWLRQ��8WDK��FRXUWHV\�RI�WKH�%UXFH�+DQGOH\�FROO���8&03������+DORUDJDFHDH�IUXLW�IURP�WKH�7DUDKXPDUD�)RUPDWLRQ��&DPSDQLDQ�RI�6RQRUD��0H[LFR��
����+DORUDJDFHDH�VWHP�ZLWK�DWWDFKHG�OHDYHV�IURP�WKH�7DUDKXPDUD�)RUPDWLRQ��&DPSDQLDQ�RI�6RQRUD��0H[LFR������Pithecellobium leaf from the Oligocene 
&RDW]LQJR�)RUPDWLRQ��3XHEOD��0H[LFR������6WU\SKQRGHQGURQ�OHDI�IURP�WKH�2OLJRFHQH�&RDW]LQJR�)RUPDWLRQ��3XHEOD��0H[LFR������6WU\SKQRGHQGURQ fruit 
IURP�WKH�2OLJRFHQH�&RDW]LQJR�)RUPDWLRQ��3XHEOD��0H[LFR������Pithecellobium�IUXLW�IURP�WKH�2OLJRFHQH�&RDW]LQJR�)RUPDWLRQ��3XHEOD��0H[LFR�
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&DVWLOOR�DQG�&HYDOORV�)HUUL]���������ZKLFK�LV�PRVW�VLPLODU�
WR�SODQWV�JURZLQJ�QDWXUDOO\�LQ�1HZ�=HDODQG�WRGD\��)LJXUHV�
��������$PRQJ�WKH�&HQR]RLF�SODQWV�NQRZQ�IURP�WKH�DUHD��
the legume family is turning out to have an interesting 
IRVVLO�UHFRUG��&DOYLOOR�&DQDGHOO�DQG�&HYDOORV�)HUUL]���������
3ODQWV�WKDW�ZHUH�H[SHFWHG�WR�DSSHDU�LQ�WKH�IRVVLO�UHFRUG�
only in relatively later times have been demonstrated to 
be present much earlier, based on the association of leaves 
DQG�IUXLWV��)RU�H[DPSOH��Inga is well documented from 
WKH�(RFHQH�/D�&DUUR]D�)RUPDWLRQ��1XHYR�/HyQ��DQG�WKH�
2OLJRFHQH�&RDW]LQJR�)RUPDWLRQ��3XHEOD��Pithecellobium 
and 6WU\SKQRGHQGURQ are also known from the Coatzingo 
)RUPDWLRQ��)LJXUHV���������EXW�UHFHQW�VWXGLHV�DOVR�IRXQG�
OHDÀHWV�RI�Pithecellobium in Miocene sediments of San 
(VWHEDQ�7L]DWOiQ��7OD[FDOD��FRQ¿UPLQJ�WKH�SUHVHQFH�RI�WKH�
IRUPHU�LQ�&HQWUDO�0H[LFR�DW�OHDVW�VRPH����P\D��&DOYLOOR�
&DQDGHOO�DQG�&HYDOORV�)HUUL]���������7KH�SUHVHQFH�RI�
vegetative and reproductive organs of Hymenaea in the 
0LRFHQH�DPEHU�RI�6LPRMRYHO�GH�$OOHQGH��&KLDSDV��LV�DQRWKHU�
H[DPSOH�RI�WKH�ZLGH�GLVWULEXWLRQ�DWWDLQHG�E\�/HJXPLQRVDH��
DQG�RI�LWV�SDVW�GLYHUVLW\�GXULQJ�&HQR]RLF�WLPHV�LQ�0H[LFR�
�&DOYLOOR�&DQDGHOO�DQG�&HYDOORV�)HUUL]��������

�����)LQDO�UHPDUNV

Fossils represent an alternative to understand life, both 
SUHVHQW�DQG�SDVW��7KH�RUJDQLVPV�WKDW�ZH�ILQG�WRGD\�DV�
IRVVLOV�OLYHG�RQ�(DUWK�SULRU�WR�WKH�DSSHDUDQFH�RI�PDQNLQG��
as men keep discovering them, the interpretations of what 
WKH\�UHSUHVHQW�FKDQJHV�HQRUPRXVO\��7KLV�LQ�WXUQ�VWLPXODWHV�
the imagination and encourages the production of more 
knowledge and the advancement of science. 

In the last few decades, the interpretation of fossils 
– not only in plants – has become a challenge since their 
discussion goes beyond the idea of representing evidence 
RI�SDVW�OLIH��7KH\�DUH�WKH�RQO\�GLUHFW�VRXUFH�RI�LQIRUPDWLRQ�
WR�LQWHUSUHW�KRZ�SDVW�OLIH�H[LVWHG�DQG�LQWHUDFWHG��DQG�DUH�
the greatest model to compare life historical moments, 
LQFOXGLQJ�WKH�WKRURXJKO\�VWXGLHG�H[WDQW�OLIH�3DOHRERWDQLFDO�
studies demonstrated that plants indeed changed through 
WLPH��7KH�GH¿QLWLRQ�RI�QHZ�JURXSV�DQG�WKH�XQGHUVWDQGLQJ�
of their parts and organs produced impressive changes in 
plant concepts, as well as in the relationships among them, 
with other organisms, and with the environment.

It was certainly important to uncover that during the 
Carboniferous, ferns were not as diverse or abundant as 
suggested by the large amount of fronds and pinna present in 
WKH�VHGLPHQWV��(YHQ�WRGD\�LW�ZRXOG�EH�GLI¿FXOW�WR�UHFRQVWUXFW�
a progymnopserm or a pteridosperm based only on the 
VWXG\�RI�H[WDQW�SODQWV��HYHQ�QXPHULFDO�DQDO\VHV�ZKLFK�PD\�
suggest the presence of these groups have been so far unable 
WR�DVVHPEOH�RQH��7KH�UHLQWHUSUHWDWLRQ�RI�WKH�IRVVLO�UHFRUG�RI�
that time allowed a better understanding in different aspects 
of the reproductive biology of those plants and their impact 
in other plants that followed them.

Comparative plant biology uses similarity between 

isolated angiosperm fossil plant organs and those of their 
H[WDQW�UHODWLYHV��KRZHYHU��WKLV�PD\�OHDYH�GRXEWV�RQ�WKH�
LGHQWLW\�RI�H[WLQFW�SODQWV��+RZ�GLIIHUHQW�RU�VLPLODU�FRXOG�
the whole plant be? Or could it be that the lineage had 
a large history with no or little changes? Reassembling 
ÀRZHULQJ�SODQWV�LV�SURGXFLQJ�VSHFWDFXODU�UHVXOWV��VLPLODU�WR�
those attained through the study of Paleozoic and Mesozoic 
fossils. It has also allowed new ways to see the fossil 
plants, and continue to prove that they are the only source 
to give robust answers to biological inquires of past life. 
7KH�SUHVHQFH�RI�H[WLQFW�DQJLRVSHUP�WD[D��ZKLOH�H[SHFWHG�
from the interpretation of some of the isolated organs, is 
WRGD\�ZHOO�GHPRQVWUDWHG�DV�QHZ�WD[D�DUH�EHLQJ�UHFRJQL]HG�
IURP�WKH�YDULRXV�SODQW�UHPDLQV�SUHVHUYHG�DV�IRVVLOV��(DUO\�
Cretaceous fossils of reproductive organs with few and 
numerous parts and attached to small herbaceous vegetative 
RUJDQV�KDYH�EHHQ�UHFRQVWUXFWHG�DV�ZKROH�SODQWV�� WKHLU�
VPDOO�VL]H�PD\�H[SODLQ�LQ�SDUW�WKH�SDXFLW\�RI�WUHHV�GXULQJ�
this time, which became more common during the middle 
&UHWDFHRXV��8QWLO�WKH�GLVFRYHU\�RI�WKHVH�HDUO\�&UHWDFLF�
SODQWV��SURSRVLWLRQV�RI�WKH�SKHQRW\SH�RI�WKH�HDUOLHU�ÀRZHULQJ�
SODQWV�ZHUH�GLI¿FXOW�WR�VXSSRUW��%\�WKH�PLGGOH�&UHWDFHRXV��
isolated woods and leaves suggested the presence of plants 
UHODWHG�WR�3ODWDQDFHDH�RU�7URFKRGHQGUDFHDH��EXW�LW�ZDV�QRW�
until recently that reconstructions of whole plants enriched 
our understating of the plant biology of these groups during 
WKDW�WLPH��:LWK�WKLV�IRVVLO�UHFRUG�LW�FRXOG�EH�SRVVLEOH�WR�
FRQ¿UP�WKH�SUHVHQFH�RI�WUHHV�LQ�WKH�SDVW��DQG�QRZ��WKURXJK�
whole plant concepts generated after assembling the parts, 
it is clear that diversity change over time, as suggested by 
Platanaceae being more important during the Cretaceous 
and Paleogene than in more recent times. 

'LIIHUHQFHV�LQ�UHSURGXFWLYH�ELRORJ\�IURP�&UHWDFHRXV�
to more recent times have also been supported through 
plant reconstructions. Certainly Platanaceae is a great 
H[DPSOH�RI�WKH�HYROXWLRQ�RI�SURFHVVHV�UHODWHG�WR�GLIIHUHQW�
DVSHFWV�RI�UHSURGXFWLRQ��)RU�H[DPSOH��GLIIHUHQFHV�EHWZHHQ�
WKH�&ODUQR�3ODQH��(RFHQH��DQG�H[WDQW�Platanus include 
perianth development, fruit indumentum, and pollen size, 
suggesting that the modern genus is more specialized for 
ZLQG�GLVSHUVDO�RI�IUXLWV�DQG�SROOHQ�FRPSDUHG�WR�WKH�(RFHQH�
SODQW��0DQFKHVWHU���������6LPLODU�FKDQJHV�LQ�SROOLQDWLRQ�
syndrome have been postulated between Nordenskioldia 
and Trochodendron��(QGUHVV���������ZKHUH�WKH�DEVHQFH�RI�
nectary scars in the fossil fruitlets suggests wind pollination 
in the earlier plants.

7KH�XVH�RI�UHDVVHPEOHG�IRVVLO�SODQWV�LQ�SK\ORJHQHWLF�DQG�
HYROXWLRQDU\�VWXGLHV�KDV�JUHDWHU�LQÀXHQFH�LQ�WKH�UHVXOWV�WKDQ�
XVLQJ�WKHLU�LVRODWHG�SDUWV��7KH�OLWHUDWXUH�LV�QRZ�RYHUORDGHG�
RI�H[DPSOHV�LQ�ZKLFK�IRVVLOV�DUH�LPSRUWDQW�WR�SURSRVH�
K\SRWKHVLV�RQ�WKH�RULJLQ�DQG�UHODWLRQVKLS�RI�GLIIHUHQW�WD[D��
7KHLU�XVH�GHSHQGV�RQ�WKH�UHVHDUFKHUV�DQG�WKHLU�GLVFXVVLRQ�
depends on how people interpret their presence in the fossil 
UHFRUG��6LPSOH��EXW�VHOI�H[SODQDWRU\�H[DPSOHV�DUH�SUHVHQWHG�
E\�7LIIQH\�DQG�0DQFKHVWHU���������DQG�0DQFKHVWHU�DQG�
7LIIQH\��������ZKLFK�VXJJHVWHG�RYHU�D�GHFDGH�DJR�WKDW�WKH�



Manchester et al.����

FRPELQDWLRQ�RI�GDWD�SURFHHGLQJ�IURP�H[WDQW�DQG�H[WLQFW�
WD[D�ZRXOG�UHVROYH�EHWWHU�DQ\�V\VWHPDWLF�TXHVWLRQ��,Q�
WKHLU�GLVFXVVLRQ�RI�8OPDFHDH��ELRJHRJUDSKLF�UHODWLRQVKLSV�
FRPSDULQJ�D�FODGRJUDP�EDVHG�RQO\�RQ�H[WDQW�WD[D�DQG�D�
VHFRQG�RQH�FRQWDLQLQJ�DQ�H[WLQFW�RQH��Cedrelospermum, 
proofs that resolution improves when fossils are included.

Furthermore, whole plants are important to generate 
VWURQJHU�K\SRWKHVLV�RQ�WKH�XVH�RI�UHVRXUFHV��)RU�H[DPSOH��
movement of water through the plant involves participation 
of several organs-like roots, stem or wood, and leaves. If 
ZH�GRFXPHQW�SODQWV�WKDW�DUH�VLPLODU�WR�H[WDQW�RQHV�EXW�GLIIHU�
in some aspects of their anatomy and/or morphology, their 
safe use of water is most likely different between closely 
UHODWHG�WD[D��,I�LW�LV�DV�WKH�H[DPSOHV�GLVFXVVHG�HDUOLHU�VXJJHVW��
3DOHRJHQH�SODQWV�DUH�UHSUHVHQWHG�E\�PDQ\�H[WLQFW�JHQHUD�
DQG�1HRJHQH�SODQWV�FRUUHVSRQG�FORVHU�WR�H[WDQW�JHQHUD��
thus, it can be hypothesized that resources were utilized 
GLIIHUHQWO\��7KH�SDXFLW\�RI�JURZWK�ULQJV�LQ�&UHWDFHRXV�
DQG�HDUO\�3DOHRJHQH�ZRRGV�FRPSDUHG�ZLWK�1HRJHQH�RQHV�
VXJJHVWV�WKLV�FKDQJH��$V�WKH�UHDVVHPEO\�RI�SODQWV�FRQWLQXHV��
physiological data will produce stronger hypothesis to 
H[SODLQ�SODQW�HQYLURQPHQW�UHODWLRQVKLSV�

���&RQFOXVLRQ

In conclusion, the association of organs can help to 
PDNH�EHWWHU�WD[RQRPLF�LQIHUHQFHV�EHFDXVH�WKH\�SURYLGH�D�
morphological tool about plants that grew in the past, and 
this improves the interpretation of evolutionary patterns 
RI�GLVWULEXWLRQ�DQG�GLYHUVL¿FDWLRQ�DV�D�VRXUFH�RI�KLVWRULFDO�
information, directly through which may raise several 
questions that could be resolved with paleobotanical studies.
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