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Abstract: China has the richest flora of gymnosperm in the world, which is crucial for understanding the
change of global distribution and phylogeny of gymnosperm. We mapped the geographical range of 202 na-
tive gymnosperm species in China with records of altitudinal range and horizontal distribution at the county
level, and explored the spatial distribution characteristics of Chinese gymnosperm at the family, genus and
species levels. The uniqueness and similarity among the richness centers were analyzed with respect to their
gymnosperm family and genus composition, and the endemism. Generally, Chinese gymnosperm shows a
decreasing trend of richness from south to north. The richness is high in mountainous areas and low in large
plains and on large plateaus. From the species, genus to family levels, the area with high gymnosperm rich-
ness increases, and the center with high richness shifts southward. About 85% of all Chinese gymnosperm
species are harbored in just 5% of Chinese land area. We classified these regions into six richness centers: (1)
Eastern Himalaya-Hengduan Mountains-Qinling Mountains; (2) joint area of Yunnan-Guizhou-Guangxi and
the South Mountain Ranges; (3) central China mountains; (4) Huangshan-Wuyi Mountains; (5) southern
mountains of Hainan Island; and (6) central part of Changbai Mountains. The floristic relationship of gym-
nosperm among the centers is obviously related with their geographic location, and the effect of isolation by
distance. Among the six centers, Hengduan Mountains is a major variation center of gymnosperm in China.
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Fig. 1 Richness patterns of the Chinese gymnosperm. a), b), c), and e) are the richness patterns of overall species, genera, families
and endemic species, respectively. d) is the pattern of the ratios of gymnosperm species over families.
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Table 1 The overlap ratios of the richness regions defined by percentage of gymnosperm species over those defined by percentage

of land area
BRI RS E /> e Percentage of gymnosperm species
70% 75% 80% 85% 90% 95%
E e T EAYER =4 1% 0.304 () 0.276 (-) 0.255 (-) 0.193 () 0.143 () 0.122 ()
Percentage of land area 5% 0.658 0.724 0.786 0.964 (1) 0.713 () 0.612 (1)
10% 0.329 0.362 0.393 0.519 0.702 0.817
55 IR R I AR Kl 3 1) = RE X B TR LA B o LR 3B = BEIX BRI TR [ 2 IR
The minus sigh “~” in the brackets indicates that the area of the richness regions defined by percentage of gymnosperm species is smaller than the
area of those defined by percentage of land area, and vice versa.
2 PEEMEFENZ ML YFRE K
Table 2 Species composition of the six gymnospermous diversity centers of China
YR %L Number of species
EHHQ DQGN Hz HSWY HNIs CBMt 4x[# China
=R¥2%} Cephalotaxaceae 7 6 4 3 2 0 8
H1%} Cupressaceae 24 10 12 7 1 5 39
JEF} Cycadaceae 1 11 0 2 3 0 17
¥ %l Ephedraceae 6 0 0 0 0 0 12
WA FL Gingkoaceae 0 0 1 0 0 1
SIRREEFRL Gnetaceae 2 6 4 2 0 7
FA%E Pinaceae 54 19 22 9 2 10 93
BFARL Podocarpaceae 2 6 3 7 0 12
LI AZFL Taxaceae 6 5 5 0 13
At Total 102 63 47 34 17 16 202
EHHQ: 7R Sy fE—Rilr il ik—Z2 0%, DQGN: JHESH:— ik, HZ: by, HSWY: 35 i—iXER L ik; HNIs: i3 rg B R, CBME K
P Ll (e LB RT) o

EHHQ, Eastern Himalaya—Hengduan Mountains—Qinling Mountains; DQGN, The joint area of Yunnan—-Guizhou-Guangxi and the South Mountain
Ranges; HZ, Central China Mountains; HSWY, Huangshan Mountain-Wuyi Mountains; HNIs, Mountains in southern Hainan Island; CBMt, central
part of Changbai Mountains.
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Fig. 2 Diversity centers of gymnosperm in China (containing 85% of overall gymnosperm of China, and covering 5% of land area

of China). The codes for the six diversity centers follow Table 2.
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=3 6 ZHER LR K BISerensoniB E(SI)
Table 3 The similarity matrix of the six diversity centers ac-
cording to Sgrenson index (SI)

ZREPEF L The diversity centers

DQGN HZ HSWY HNIs CBMt
EHHQ 0.303 0.362 0.191 0.067 0.033
DQGN 0.436 0.515 0.325 0.000
HZ 0.519 0.063 0.127
HSWY 0.157 0.000
HNIs 0.000

6/ S S R 2. The codes for the six diversity centers follow
Fig. 2.
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Family Genus Species

Cephalotaxaceae Cephalotaxus Cephalotaxus fortunei
Cephalotaxus fortunei var. alpina
Cephalotaxus hainanensis
Cephalotaxus lanceolata
Cephalotaxus latifolia
Cephalotaxus mannii
Cephalotaxus oliveri
Cephalotaxus sinensis

Cupressaceae Calocedrus Calocedrus macrolepis
Chamaecyparis Chamaecyparis formosensis
Chamaecyparis obtusa var. formosana
Cupressus Cupressus chengiana

Cupressus chengiana var. jiangensis
Cupressus duclouxiana
Cupressus funebris
Cupressus gigantea
Cupressus torulosa

Fokienia Fokienia hodginsii

Juniperus Juniperus chinensis var. chinensis
Juniperus chinensis var. sargentii
Juniperus communis var. saxatilis
Juniperus convallium var. convallium
Juniperus convallium var. microsperma
Juniperus formosana
Juniperus indica
Juniperus komarovii
Juniperus pingii var. pingii
Juniperus pingii var. wilsonii
Juniperus przewalskii
Juniperus pseudosabina
Juniperus recurva
Juniperus rigida
Juniperus sabina var. davurica
Juniperus sabina var. sabina
Juniperus saltuaria
Juniperus semiglobosa
Juniperus squamata
Juniperus tibetica

Juniperus Juniperus chinensis var. tsukusiensis

Platycladus Platycladus orientalis

Thuja Thuja koraiensis

Thuja sutchuenensis

Cryptomeria Cryptomeria japonica

Cunninghamia Cunninghamia lanceolata

Glyptostrobus Glyptostrobus pensilis

Metasequoia Metasequoia glyptostroboides

Taiwania Taiwania cryptomerioides
Cycadaceae Cycas Cycas balansae

Cycas changjiangensis
Cycas debaoensis
Cycas ferruginea
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Family Genus Species

Cycas hainanensis
Cycas micholitzii
Cycas taitungensis
Cycas multipinnata
Cycas panzhihuaensis
Cycas pectinata
Cycas revoluta
Cycas segmentifida
Cycas sexseminifera
Cycas simplicipinna
Cycas szechuanensis
Cycas taiwaniana
Cycas tonkinensis
Ephedraceae Ephedra Ephedra equisetina
Ephedra gerardiana
Ephedra glauca
Ephedra intermedia
Ephedra likiangensis
Ephedra minuta
Ephedra monosperma
Ephedra przewalskii
Ephedra regeliana
Ephedra rhytidosperma
Ephedra saxatilis
Ephedra sinica
Gingkoaceae Gingko Gingko biloba
Gnetaceae Gnetum Gnetum catasphaericum
Gnetum gnemon
Gnetum hainanense
Gnetum luofuense
Gnetum montanum
Gnetum parvifolium
Gnetum pendulum
Pinaceae Abies Abies beshanzuensis
Abies chensiensis
Abies chensiensis subsp. salouenensis
Abies delavayi
Abies delavayi var. motuoensis
Abies fabri
Abies fanjingshanensis
Abies fargesii
Abies fargesii var. faxoniana
Abies forrestii
Abies forrestii var. ferreana
Abies forrestii var. georgei
Abies forrestii var. smithii
Abies holophylla
Abies kawakamii
Abies nephrolepis
Abies recurvata
Abies recurvata var. ernestii
Abies sibirica
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Family Genus Species

Abies spectabilis
Abies squamata
Abies yuanbaoshanensis
Abies ziyuanensis
Cathaya Cathaya argyrophylla
Keteleeria Keteleeria davidiana
Keteleeria davidiana var. davidiana
Keteleeria davidiana var. formosana
Keteleeria evelyniana
Keteleeria fortunei
Larix Larix gmelinii
Larix gmelinii var. olgensis
Larix griffithii var. griffithii
Larix griffithii var. speciosa
Larix mastersiana
Larix potaninii
Larix potaninii var. chinensis
Larix potaninii var. macrocarpa

Larix sibirica
Nothotsuga Nothotsuga longibracteata
Picea Picea abies var. abies

Picea asperata
Picea aurantiaca
Picea brachytyla
Picea crassifolia
Picea jezoensis var. jezoensis
Picea jezonensis subsp. jezoensis var. komarovii
Picea koraiensis
Picea likiangensis
Picea likiangensis var. hirtella
Picea likiangensis var. linzhiensis
Picea likiangensis var. montigena
Picea likiangensis var. rubescens
Picea meyeri
Picea morrisonicola
Picea neoveitchii
Picea purpurea
Picea retroflexa
Picea schrenkiana
Picea spinulosa
Picea wilsonii
Pinus Pinus armandii
Pinus armandii var. dabeshanensis
Pinus armandii var. mastersiana
Pinus bungeana
Pinus densata
Pinus densiflora
Pinus fenzeliana
Pinus henryi
Pinus kesiya
Pinus koraiensis
Pinus latteri
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Family Genus

Species

Pseudolarix
Pseudotsuga

Tsuga

Podocarpaceae Dacrycarpus
Dacrydium
Nageia

Podocarpus

Taxaceae Amentotaxus

Taxus

Torreya

Pinus massoniana

Pinus pumila

Pinus sibirica

Pinus squamata

Pinus sylvestris var. mongolica

Pinus tabuliformis

Pinus taiwanensis

Pinus taiwanensis var. damingshanensis
Pinus wallichiana

Pinus wangii

Pinus yunnanensis

Pinus yunnanensis var. pygmaea
Pseudolarix amabilis

Pseudotsuga sinensis

Pseudotsuga sinensis var. brevifolia
Pseudotsuga sinensis var. gaussenii
Pseudotsuga sinensis var. sinensis
Tsuga chinensis

Tsuga chinensis var. chinensis

Tsuga chinensis var. oblongisquamata
Tsuga dumosa

Tsuga forrestii

Dacrycarpus imbricatus

Dacrydium pectinatum

Nageia fleuryi

Nageia nagi

Nageia wallichiana

Podocarpus annamiensis

Podocarpus fasciculus

Podocarpus macrophyllus
Podocarpus macrophyllus var. macrophyllus
Podocarpus macrophyllus var. piliramulus
Podocarpus neriifolius

Podocarpus pilgeri

Amentotaxus argotaenia

Amentotaxus argotaenia var. brevifolia
Amentotaxus formosana

Amentotaxus yunnanensis

Taxus chinensis var. chinensis

Taxus cuspidata

Taxus wallichiana

Taxus wallichiana

Torreya grandis

Torreya grandis var. fargesii

Torreya grandis var. jiulongshanensis
Torreya grandis var. yunnanensis
Torreya jackii




