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Fig. 1 Fossil sites in this study. ( a) Map showing Jinggu County in Yunnan Province; (b) Map showing three fossil localities in Jinggu County
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2 ( Pterospermum shuangxingii) ( Pterospermum cf. yunnanense)
(a~c e~j) ( P. shuangxingii) (¢ ¢ (b () (g :(d) P. of. yunnanense
© (a)  JGOXHZ0070( ) (b)  JGTHZ0021( ) (d) JGTHZ0022 (f~g)  JGTHZ0020( )
(i~j)  JGTHZ0023( ) (a~b d) (e) : 1 em

Fig.2 Specimens of Pterospermum shuangxingii and Pterospermum cf. yunnanense.( a~c e~ ]) P.shuangxingii; (¢ e) shows the
detail of (b); ( h) shows the detail of (g); (d) P. cf. yunnanense. Specimen numbers: ( a) JGOXHZ0070 ( paratype)
('b) JGTHZ0021( holotype) ( d) JGTHZ0022 ( f~g) JGTHZ0020( paratype) (i~ j) JGTHZ0023( paratype) (a~b d) arrows show

the leaf apex and ( e) arrow shows the leaf base. Scale bars=1 cm
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3 Pterospermum shuangxingii Pterospermum cf. yunnanense  Pterospermum sp.
(a~b d g ( P. shuangxingii) ; (c i) P. cf. yunnanense; ( e) Pterospermum sp.;
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© (&) JGOXHZ0070; ( b) JGTHZ0021 (c) JGTHZ0022 ( d) JGTHZ0020 (e) JGYLZ0062 (g) JGTHZ0023 (i) JGYLZO0OG6;
1 em
Fig.3 Line drawings of Pterospermum shuangxingii — Pterospermum cf. yunnanense and Pterospermum sp. (a ~b d g)
P. shuangxingii; (¢ i) P. cf. yunnanense; ( e) Pterospermum sp.; ( f) shows the detail of ( e); ('h) shows the detail of (i) . Specimen
numbers: ( a) JGOXHZ0070; ( b) JGTHZ0021; ( ¢) JGTHZ0022; ( d) JGTHZ0020; ( e) JGYLZ0062; ( g) JGTHZO0023;
(1) JGYLZ0066. Scale bars=1 cm
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(a) ( Pterospermum truncatolobatum) ( PE) : 01610230; (b)

( P. yunnanense) v () (b) ;(d) ( P. grandiflorum)

Naturalis Biodiversity Center . 1A4152242; (e) P. diversifolium Naturalis Biodiversity Center » L3969591; (f)

( P. acerifolium) Royal Botanic Gardens Kew : K001112296; ( g) (
) (‘https: // www.nparks. gov.sg/ florafaunaweb / flora/8/ 1/8134) ; ( h)

1 cm
Fig. 4 Leaves of adult trees in living Pierospermum species. ( a) P. truncatolobatum specimen from Chinese International Herbarium( PE)
specimen number: 01610230; (b) P. yunnanense; ( c) one leaf of (b) ; (d) P. grandiflorum Naturalis Biodiversity Center specimen number:
1A4152242; ( e) P. diversifolium Naturalis Biodiversity Center specimen number: 1.3969591; ( f) P. acerifolium Royal Botanic Gardens Kew
specimen number: K001112296; ( g) one branch of P. grandiflorum ( Singapore Government Agency Website https: // www. nparks. gov.
sg/ florafaunaweb/ flora/8/ 1/8134) ; ( h) the morphological variation of leaves in P. truncatolobatum. Scale bars=1 cm

(4 - 4

(  5i) 35° ~45°
P. diversifolium o P. diversifolium P. grandiflorum 1
( 6a)
( 6b). } ( 6b).
~ ( )
o Prterospermum grandiflorum~ P. yunnanense
( 6b)

o P. javanicum



890 s w4 B % 2023 4

F1 BFRNELGMENEMIFRE L

Table 1  Leaf morphological comparison among fossil species and selected extant species in Prerospermum

i FEFLHRAL A E A7 o TAHE HFiE Koem) 3 em) W GRAEK)

P. shuangxingii Y. S. Zhao, T, 23w,

e ; I” % B I
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1
cm cm
P. semisagittatum Buch.-
11.6~19.1 2.9~4.9
Ham. ex Roxb.
P. stapfianum Ridl. 6.4~16.0 3.2~9.5
P. subrifolium L. Raeusch. 4.3~9.5 3.0~4.3
P. subpeltatum C. B.Rob. 14.7~18.5 6.5~7.4
P. sumatranum Miq. 3.4~14.5 2.0~6.5
. 3~5
P. truncatolobatum Gagnep. 8.0~16.0 3.5~11.0
P. xylocarpum Gaertn. Oken 1~6 7.1~17.3 4.2~7.4
P. yunnanense H. H.Hsue 5.0~8.7 2.0~5.2
P. zollingerianum S. K. Ganesan 9.7~13.0 4.0~5.5
* Ellis " 2 6~7 22~24
5 Pterospermum cf. yunnanense Pterospermum sp.
(a~c e) ( P. cf. yunnanense) (¢ e (b (f~g) P. sp.;
(d h~i) (g o (9)
:(a~b)  JGYLZ0066 (f~g) JGYLZ0062; ( h) 2 mm 1 cm
Fig. 5 Specimens of Pterospermum cf. yunnanense and Pterospermum sp.( a~c e) P. cf. yunnanense; (¢ e) Show the

detail of (b); (f~g) P. sp.;

(a~b) JGYLZ0066; ( f~g) JGYLZ0062; Scale bars: ( h) 2 mm and others 1 cm

( P. niveum)

(d h~i) Shows the detail of (g); (i) Arrows show the top of leaf. Specimen numbers:
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(a)

Fig. 6 Leaf shape diversity in Pierospermum. ( a) Leaves of mature trees in selected extant Pterospermum species;

('b) Morphological comparison for leaves of seedlings and mature trees

Pterospermum  acerifolium-
P. diverifolium

( P. heterophyllum) . P.javanicum- P. niveum

P. grandiflorum-

P. xylocarpum o

4.2

( 7o), (
» BN (

( Functional Feeding Group FFG)
9 ( Damage Type
DT) . 3 ( Surface Feeding
FFG1) : DT29( 7e)
DT JG( Ja Tc~Te
. 16 ). DT201
( 7g~7h  7Tm~7n ); 2
( Margin Feeding FFG2): DT12. DT13
(  3i 7i~7j); 3 ( Hole Feeding
FFG3) : DT2. DT3. DT5( 4e Ta
)1 ( Galling FFG4) ( 4e
7k G Galling DTs)

( Curculionidae Latreille) ( Desmidophorus

Dejean)
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7
(a) JGYLZ0066 DT JG DT3; (b d) ( Prerospermum proteus) DT JG
DT3; (¢) JGYLZ0062 DT JG; (e) JGYLZ0066 DT29; (1)
( P. truncatolobatum) DT30; (g) JGYLZ0062 DT201; ( h) ( P. acerifolium)
DT201; (1) JGYLZ0066 DT12; (j) ( P. proteus) DT12; (k) P. obtusifolium
Naturalis Biodiversity Center 1 L0405707; (1) ( Desmidophorus) ( P. acerifolium)
; (m) JGYLZ0062 DT201; ( n) ( P. acerifolium) DT201; ( o) P. menglunense

;(a~b. e~k) 2mm (c~ds 1~n) 5 mm
Fig. 7 Morphology of insect feeding on fossil leaves of Pterospermum. ( a) Hole feeding( DT3) and trichome removal surface feeding
( DT JG) on fossil specimen JGYLZ0066; (b d) Hole feeding and trichome removal surface feeding on extant P. proteus; ( c¢) Trichome
removal surface feeding on fossil specimen JGYLZ0062; ( e) Surface feeding( DT29) on fossil specimen JGYLZ0066; ( f) Surface
feeding( DT30) on extant P. truncatolobatum; ( g) Leaf vein surface feeding( resemble to DT201 but not always on midrib) ; ( h) Leaf
vein surface feeding( DT201) on extant P. acerifelium; (i) Margin feeding( DT12) on fossil specimen JGYLZ0066; ( j) Margin feeding
( DT12) on extant P. proteus; ( k) Galling( not assigned DT) on extant P. obtusifolium( 10405707 Naturalis Biodiversity Center) ;
(1) A weevil( Desmidophorus) is removing trichomes on the lower( abaxial) epidermis of P. acerifolium for surface feeding; ( m) Leaf
vein surface feeding( DT201) on fossil specimen JGYLZ0062; ( n) Leaf vein surface feeding( DT201) on P. acerifolium; ( o) Different
plant-insect interactions on one branch of P. menglunense. All extant samples were collected in Xishuangbanna Tropical Botanical

Garden Chinese Academy of Sciences Mengla.(a~b e~k) scale bar=2 mm and (¢~d 1~n) scale bar=5 mm

(7 JGYLZ0066(  3a) . DT (DT JG).
JGYLZ0062(  3f~3g) DT
( 7a Te)o JG
. Prerospermum acerifolium~ P. kingtungense~ P. menglunense-
P. proteus
. ( ( ) (@ htps: // www. gbif. org/zh/
» ( ) occurrence /2598671886 P. xylocarpum)

DT ( 7g~T7h)
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N Prerospermoxylon bengalensis
Prerospermoxylon kutchensis > . Nguyen
P Y guy
) 28
( Desmidophorus Schonherr) o
S ( Hibiscus L.) N
DT201, 2.
30
P. acerifolium P. kingtungense. P. proteus I
JGTHZ0022(  2d) . JGYLZ0066(  5b)
o ( 8-
4.3 ’
( 14.7Ma) *
( 2 8) 35
Pterospermumocarpon o
kalviwadiensis ° 36~37
Prerospermum mioacerifolium ° \ P. palaeoheyneanum * o
P. siwalicum * ; B »
Prerospermoxylon  suratensis > Pterospermoxylon 0

kutchensis =

2

Table 2 Macrofossil records of the genus Pterospermum

Pterospermoxylon kutchensis Awasthi P. rubiginosum B. Heyne ex G. Sineh %
Guleria & Lakhanpal Don P. reticulatum Wight & Am. e

P. acerifolium  ( L.)  Willd.
Pterospermoxylon suratensis n. sp. P. reticulatum  Wight & Am. Singh

P. javanicum Jungh.

P. shuangxingii Y. S. Zhao ].

Huang et T. Su P. grandiflorum Craib

P. cf. yunnanense H. H.Hsue P. yunnanense H. H.Hsue
P. sp. P. diversifolium Blume
P. palaeoheyneanum Antal & Awasthi  P. xylocarpum( Gaertn.) Oken Antal  Awasthi 2

P. semisagittatum Buch.—Ham. ex

P. siwalicum Antal & Prasad Antal  Prasad **

Roxb.

Pterospermumocarpon  kalviwadiensis
R Srivast. R K Saxena & Gaurav  P. subrifolium ( L.) Raeusch. Srivastava
Srivast.
P. rr.zwace'nfolzum Prasad Khare P. acerifolium ( L.) Willd. Prasad ¢’
Panjawani & Alok ’
Prterospermoxylon bengalensis Roy & %
Mukhopadhyay Roy  Mukhopadhyay
Pterospermum sp. Nguyen %
Pteros, don kutchensis Awasthi

Srospermoxyron HUrGRensis Awast P. reticulatum Wight & Arn. Awasthi %

Guleria & Lakhanpal
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2. ( https: // powo.science.kew.org/taxon /urn: lsid: ipni.org: names: 331888-2)  APWeb
( http: //www.mobot.org/MOBOT/Research/ APweb /welcome. himl)
Fig. 8 Macrofossil records of Pterospermum and its modern distribution. Data from: Table 2 https: // powo.science.kew.org/

taxon/urn: lIsid: ipni.org: names: 331888—2 and http: // www.mobot.org/ MOBOT/Research/APweb/welcome.html

. Pterospermum kingtungense P. menglunense. o
P. proteus o
P. yunnanense o (2) 3
6000

41~45

( Simaroubaceae) ( Ailanthus Desf.)
46 .

( Dipterocarpaceae) (3)
7 4 9 .
( Phyllanthaceae) ( Bridelia Willd.) .
( Anonaceae) ( Alphonsea Hook. f. &
Thomson) ( Anacardiaceae) .

48~50

( Semecarpus L. f.) 0

Torsten Wappler
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FOSSIL LEAVES OF PTEROSPERMUM( MALVACEAE) FROM THE EARLY
MIOCENE OF JINGGU YUNNAN PROVINCE WITH ITS PALEOECOLOGICAL
AND PHYTOGEOGRAPHICAL IMPLICATIONS

ZHAO Yishan' SONG Ai'*® DENG Weiyudong® HUANG Jian'® SU Tao'’

(1. CAS Key Laboratory of Tropical Forest Ecology Xishuangbanna Tropical Botanical Garden Chinese Academy of Sciences Mengla 666303 Yunnan;
2. Institute of Palaeontology Yunnan University Kunming 650500 Yunnan; 3. University of Chinese Academy of Sciences Beijing 100049 Yunnan,
4. Rheinische Friedrich-Wilhelms Universitit Bonn Bonn 53115 Germany)

Abstract

Pterospermum Schreb.( Malvaceae Juss.) is mainly distributed in tropical regions of Asia and only has a few
fossil records in India. This study reported fossil leaves of Prerospermum from the Lower Miocene Sanhaogou
Formation in the Jinggu basin( 23°31°N 100°42°E)  Yunnan Province China. The Jinggu basin is a Cenozoic
coal and oil-bearing basin with Sanhaogou Formation in the lower part and Huihuan Formation in the upper part.
Three Pterospermum species were classified based on the detailed morphological comparison with both fossil and
living species i.e. P. shuangxingii Y. S. Zhao J. Huang et T. Su sp. nov. P. cf. yunnanense H. H. Hsue and
P. sp. P. shuangxingii sp. nov. is characterized by obovate leaf shape untoothed margin trilobed on the top of the
leaf cordate and asymmetrical leaf base which is similar to the living species P. grandiflorum Craib from Southeast
Asia. P. cf. yunnanense H. H. Hsue is represented by unlobed leaf with relatively small leaf size and P. sp. has
two simple tooth at the top of leaf blade. The discovery of Pterospermum from the Jinggu basin indicates an Early
Miocene diversification of this genus in southwestern China. Together with previous molecular analyses and fossil
records we proposed that Pterospermum may originate by the Early Eocene in India and disperse to Southeast Asia
during the Neogene. Besides this study observed quite similar insect damage patterns on both fossil and modern
Pterospermun leaves among them some were caused by weevil( Brachyceridae: Desmidophorus) . It suggests that
the modern plant-insect interaction in this genus could be dated back to the Early Miocene.

SYSTEMATIC PALEONTOLOGY
Order Malvales Berchtold & J. Presl
Family Malvaceae Jussieu

Subfamily Dombeyoideae Beilschmied
Genus Pterospermum Schreber

Species Pierospermum shuangxingii Y. S. Zhao J. Huang et T. Su sp. nov.

Etymology The specific name ‘shuangxing’ is in honor of Professor Shuangxing Guo a distinguished
palaeobotanist in with focus on Cenozoic floras in China.

Holotype JGTHZ0021 designated here.

Paratypes JGTHZ0020; JGTHZ0023; JGTHZ0070.

Diagnosis  Blade notophyll obovate petiole marginal or peltate excentric attached. Basal width and
extension asymmetrical base shape cordate. Apex shape truncate laminar shallow trilobed on the top.

Description Leaf petiolate petiole 1.0~ 1.4 cm long. Blade marginal or pelate excentric attached. Blade
size notophyll 7.6 c¢m long 3.5~4.5cm wide L W ratio of 1.7 ~2.3 1. Margin untoothed blade shape
obovate medially asymmetrical. Laminar shallow trilobed on the top apex truncate angle obtuse with acuminate
shape. Base cordate extension asymmetrical. Primary vein pinnate 5 ~ 6 pairs variation of major secondaries
angle to midvein inconsistent about 35° ~45°. Interscondaries absent. Compound agrophic veins present. Minor
secondaries veins brochidodromous. Intercostal tertiaries opposite percurrent with convex or sinuous course.
Quaternary veins alternate percurrent.

Repository Palaeobotanical Collections of the Qinghai-Tibetan Plateau Xishuangbanna Tropical Botanical
Garden Chinese Academy of Sciences.

Type locality Jinggu County Yunnan Province China.

Type horizon  Sanhaogou Formation.

Age Early Miocene.

Key words: Pierospermum; Malvaceae; Miocene; Yunnan; insect feeding; plant diversity



