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Archaic nature of seed plants from the Shennongjia
World Natural Heritage Site, China
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Zhao Chang-Ming, Xu Wen-Ting, Zhou You-Bing, Xie Zong-Qiang "

( Key Laboratory of Vegetation and Environmental Change, Institute of Botany, Chinese Academy of Sciences, Beijing 100093, China)

Abstract. To study the floristic and origin characteristics of seed plants from the Shennongjia
World Natural Heritage Site (SNJWNH), a time tree was established based on Phylomatic.
Furthermore, the temporal characteristics of the origin of the genera in this area were
discussed based on multidisciplinary evidence. Results showed rich gymnosperm diversity in
SNJUWNH, accounting for 67% and 74% of the total genera and species from the diverse
mountainous regions in Central China. The proportion of basal families of angiosperms in
SNJWNH was also high, reaching 85% of the total basal families in China. Monotypic families
(containing only one genus and one species) in SNJWNH accounted for 42% of the total
monotypic families in China. Furthermore, SNJWNH also possessed 56 genera endemic to
China, accounting for 23% of the total endemic genera in China. The genera belonging to the
East Asian and North American disjunctive distribution pattern in SNJWNH accounted for more
than 50% of the total number of that floristic type in China. These results show that the seed
plants of SNJWNH exhibit characteristics of ancient origin, and have continuous lineages
lasting for a long evolutionary history. In conclusion, the seed plants of SNJWNH are critical to
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its value, and are of considerable importance to plant systematic and phylogenetic studies.
Key words: APG I system; Gymnosperm genera; Primitive families; Mono/oligo type;

Disjunctive distribution
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INORVERERE ), HA YA B SR8 - A (R
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quoia glyptostroboides Hu & W. C. Cheng) . #t
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MR FREER SR TR (E 1), fifk
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Phylogenetic tree of 175 angiosperm families native to the Shennongjia World Natural Heritage Site (based on the APGII system)
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Table 1 Chinese ancient gymnosperm genera, origin time, fossil evidence, and species number
within genera from the Shennongjia World Natural Heritage Site
. R/, \
J& % HLIR ] (MYA) A LA EE A ol B iy B Al g #i
Genus Origin time Fossil evidence World/China/Shennongjia Note
species number
WA Ginkgo 173.3~2800%2] =54 Triassic 1/1/1
W AZJE Abies 130~27008)  #h3r 1tk Eocene 79/25/2
2B Keteleeria 130~27012) Wi ¥4l Late Cretaceous 4/4/1
=& Picea 130~2701%%) Wi ¥ {t Late Cretaceous 52/23/3
W& Pinus 130~270[23) R Early Cretaceous 155/28/5
y (23] WP &= ot R -AL MW 57 Disjunct
HZIR Pseudotsuga 130~270 Oligocene-Pliocene 774/ between East Asia and North America
: RIALZER W44 Disjunct between
Ik _ [23] O3
BRI Tsuga 130~270 i ik Eocene 137574 East Asia and North America
¥AJ® Cunninghamia 168 ~259124) KL I Early Cretaceous 2/2/1
JKAZJE Metasequoia * 168 ~2591241  FL ¥4 Early Cretaceous 1/1/1 FEH MY Famous relic plant
HIAKJE Cupressus 168 ~259[241  rhik% # Middle Jurassic 25/6/2
HIFIJE Juniperus * 168 ~259'241 iy F il Paleocene 85/22/5
7 R ~IL MW, FAR
fAHJE Platycladus * 168 ~259[241  NA 1/1/1 Disjunct between East Asia and
North America, Endemic genus
=M JE Cephalotaxus™  138~23112%1 il Middle Miocene 13/9/3
ML B Amentotaxus 138~231[2%1 1 F (i Late Cretaceous 7/4/1
LG K Taxus 138~2311%%1 ik Middle Jurassic 12/5/2
] JA = NI "
HER & Torreya 138~231[2%1  dafk % Middle Jurassic 8/3/1 AR LR B3 A Disjunct

between East Asia and North America

Heox, RRRGHERDEANR A RS IE TR R A MRS » | BRGNS RERIFALTERIY, x, %8
FEME G/ cp /P S 43 AR AR, SR o [ 6 2 A RO R VR TR AE R EF R0 MYA, BEA T JTAR; NA, R BA

Hodli .

Notes: #* , Taxodiaceae was merged into Cupressaceae by Christenhusr,z“tﬂ ; A, Fossil evidence sources are from Ying & Chen(3! ;
Y, Cephalotaxaceae was merged into Taxaceae by Christenhusz'™®; %, Genus distribution data of World / China are from

Ying & Chen!®); MYA, Million years ago; NA, No data.

¥ Bl ( Saururaceae) Y Bk ¥ & ( Houttuynia,
40.2 MYA) ; HEH§ R} ( Calycanthaceae) i # &
( Chimonanthus) ; 3%+ (Nelumbonaceae) W&
(Nelumbo, 74.3 MYA) ; AEEHY SRR ; /)
B Bl ( Berberidaceae) B ¥ Fl J& ( Dysosma,
35.5 MYA) ; 2238F} ( Papaveraceae) 1 Ifil 7K 5 J&
(Eomecon, 71.1 MYA); 4 Z8##} ( Hamameli-
daceae) WK & W )& ( Liquidambar, 38.7 MYA) ;
Wk Bk BE ( Actinidiaceae ) Y Bk % Bk )& ( Acti-
nidia, 46.4 MYA) #k th ¥l J& ( Clematoclethra,
23.2 MYA) ; # 7% Fl (Rosaceae) HJ/N k25 K&
( Stephanandra, 91.6 MYA) . #3168 ( Kerria,
27.5 MYA) FI3% ik J& ( Rhodotypos, 41.2 MYA) ;
Fm AL (Araliaceae ) ) i it A J& ( Tetrapanax,
26.0 MYA) ; &8 5 R ( Phrymaceae) )15 5 5 &
( Phryma, 48.7 MYA) %,

3 itit
3.1 MREMFEARES MM FEYRBEZME

HAEL L, RPIRESRMBI RS, fEh
FRIE o Ao FHE L B S, i APG I 4328 &
4% 1 DNA FFE9 2 2 5 22, ] LUA S £ 15
BRI HERE R KB RR LB KR LA,
DO MR f B s F A X R AR
B, AXEES APG IR S8 b A5 SCRik, Mk
THYE IR 2N BT YR 2 F
PR, PR A SRR E 2N R AEY
{14 T T 4 A Ja 25 JLA O T X A e 2R B 1 4Rt i
Fhy-HFHE 0t BT T 2T,

AR, HEABRFHEY) 10 £ 45 J& 260
P (4tit R 12 B} 84 J& 2 800 Fh)® 00 AR
SRR RM, PEA 6 MY Z R,
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Table 2 Diversity of basal families of angiosperms from the Shennongjia World Natural Heritage Site, China

%535 %

Famil (MYA) Number of Number of Note
Y Origin time genera species

MR, AW —JLEMKT A Liriodendron is disjunct

A 2%} Magnoliaceae 84.5 15/11/5 246/100/14 between East Asia and North America
J\fF} lliciaceae” 61.5 1/1/1 42/28/3
g . JEIR 78, RI—JL3EM WA Schisandra is disjunct
TR ’
FLkF B} Schisandraceae 1225 2/2/2 50/30/7 between East Asia and North America
KT Tetracentraceae 61.5 1/1/1 1/1/1
A AF Eupteleaceae 165.9 1/1/1 2/1/1
#FMEL Cercidiphyllaceae 55.8 1/1/1 2/1/1
s BEATE , IWTARUR , 7R —JL2EMMisr 4 Sassafras and
Fi#t Lauraceas 604 a5/22/9 30007420739 Lindera are disjunct between East Asia and North America
EHEF} Ranunculaceae 711 59/41/21 2500/720/101
S F} Circaeasteraceae 88.9 1/1/1 1/1/1
438} Ceratophyllaceae 1451 1/1/1 6/5/1
3%} Nelumbonaceae 148.6 1/1/1 2/1/1
EEFRF Nymphaeaceae 125.4 5/3/1 60/11/1
/NEERL Berberidaceae 711 17/11/7 650/320/36
FOREEE, MEYEAE, AR 63 WA

KiEF} Lardizabalaceae 88.9 9/6/6 50/40/12 Sinofranchetia, an endemic genus of China, is disjunct

between East Asia and North America
B & FF Menispermaceae 94.8 71/19/6 450/83/9
o, R} Aristolochiaceae 805 7/5/3 475/15/9 DA R Z A RIS, 2RI Saruma is the primitive
el : genus of the family, originated in central China
ARl Piperaceae 80.5 8/4/1 3000/70/1
— e IR~ 3% [H] W7 43 A
—H Rt Saururaceae 805 432 6r4s2 Disjunct between East Asia and North America
43 2%} Chloranthaceae 135.8 4/3/1 70/15/4
PA5ERl Papaveraceae ** 142.2 23/11/10 200/62/37
#4pEl Eucommiaceae 108.0 1/1/1 2/1/1

— Gl B4

i 4i5F} Calycanthaceae 120.7 3/2/1 7/4/1 AR LSR5 A3

Disjunct between East Asia and North America

TE: e APGIDEfT @A PHRIOR ABSER); #: BA, FECR A/ h /SRR R B, MG A APGIILE A ARDIE A LR T
B, Smith!20) Fle i KUtk BH APG T AL B ] g 110 ~185.7 MYA, Anderson et al.'?") ) 5| A9 T-HiM) 2 G B3R me | T S AF &5
2200 ) R R HAIA , %R AT 3 8% 100 AFh, PEA 2 /% 50 A, MRZMLIXA 2 % 11 A, MR SEHLIX & b E AR
20%VA I,

Notes: ## . Fumariaceae was merged into Papaveraceae by APGII ; #. Number of genera and species refers to the world / China /
Shennongjia numbers; A : llliciaceae was merged into Schisandraceae by APGII. Smith{?! did not include Sabiaceae (APGII
evolution time of 110 ~ 185.7 MYA, Anderson et al.'?’) ) in the basal taxa of angiosperms, Wu et al.'?! argued that it should be
included. There are three genera and 100 species in the world, two genera and 50 species in China, and two genera and 11
species in Shennongjia, accounting for more than 20% of the total species in China.

Horp bl H (B 4G plR BRI B R 55 b ) ey
AW THEY 6 Bl 24 J& 47 F, A& LR,
PlA SR B 7 SR8 W R4 6 L 16 J& 35 Filr,
drzH (el ) & . R 67% I 74%, 2R
FHYEZTOER X, JFH, XM TEEE
(Tsuga) . LLE KB ( Taxus) % w5, MR 5L
AR5t b o v L A S SRR R L R AR
o AR, PRACHEHE T A AR MR ERR A
Lotz —,

AR I HRAE PRI IX R AP E A R AT
HIYI R B TR W) 2R e S B A T A 2R
PR R T B AR X R B S R S
T A St B [ SR s i b 7 b A b AR
HORA) X R B EL ik 41% %8 AR
XRFARMER i, Wb Rep/ LAl gk E
(#3), APGIIXFR /AT, XL JE I & A4 T4
=R A AR, A HE A A AR e S
(=R IS R Ve ST )R | S S Ny S Ve S
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Table 3 Chinese endemic seed plant monotypic families and some ancient endemic genera
from the Shennongjia World Natural Heritage Site

R AR AEIEAF R (MYA) ot e E A (MYA)
Endemic angiosperm monotypic family Origin time Ancient endemic genera Origin time

A1 5= #} Bretschneideraceae 413 B Ginkgo 173.3~280

B 5} Circaeasteraceae 87.9 JKAZJE Metasequoia 168 ~259

HEH Rl Davidiaceae 82~89 HRIEBEIR Sinofranchetia 44.4

+14#£8+ Dipentodontaceae 69.2 A& Eucommia 108

1 257%} Ellisiophyllaceae 43.3 4R Dipteronia 41.4

HAPRL Eucommiaceae 108 W H5 J8 Chimonanthus 60.4

ARl Ginkgoaceae 173.3 L& Saruma 40.2

B RATR Nandinaceae 355 4B )8 Fortunearia 38.7

B IR Phrymaceae 48.7 HEMIE Cyclocarya 34.4

K #%ER} Sargentodoxaceae 444 HHE Pteroceltis 541

K WFL Tetracentraceae 61.5 AR J&E Sinowilsonia 38.7
XUG A& Dipelta 35.1
W& Sheareria 90
FHERE Loxocalyx 43.3
EEF3R)E Triaenophora 43.3
i) Davidia 82~89

Teow, ASCHEF R AR PR T RS0, S APGILRSE, Wb R4 11 BmEl, wR4eth 5 R
Hi i o 5 AFH(45%) o APGIDEHR SR BHE A B BRMEL ;B BB E AERMRL B0 RIE A ERTRR); i RATRHIEA/NGE

Bl B MBEREAAR R KoK EWROEARLMEL,

Notes: # , Chinese seed plant monotypic taxonomic criteria are from Wu et al./?!. Based on the APGIIl standard, there are 11 Chi-
nese endemic seed plant monotypic families, with five (45%) distributed in the Shennongjia World Natural Heritage Site. APGII
incorporated Bretschneideraceae into Akaniaceae, Davidiaceae into Nyssaceae, Ellisiophyllaceae into Plantaginaceae, Nandi-
naceae into Berberidaceae, Sargentodoxaceae into Lardizabalaceae, and Tetracentraceae into Trochodendraceae.

J& T BERS VRSB VG — 1] 75 b X (pf A BRI 1 AR 38
oA HAZ ), S B R, B JE (Davidia) |
LI A & ( Sinowilsonia) %1 . M Bh MM B 4
—JCE BB E, BRAHESE 2.5 82 2 1 X gt
&AL, CAWFFEAS B AR b 55 8] B 2 A 1 AR
MY IA 34 Bl 49 JE'®), miph A St R [ AR5
FEHLEEA 26 BE(15 77%) 34 & (15 69%) , X LEH
FEEE IR T UL A AR L B SR 3587 b ki s A 2
R B o341 b

BEAk, PR B AR 5 i A
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