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ABSTRACT

Aims: Ranunculaceae, one of the basal clades in eudicots of angiosperms, has a variety of medicinal plants and is of
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high conservation value. However, large-scale patterns in species richness and phylogenetic diversity of Ranunculaceae
based on high-resolution distribution data and their environmental determinants remain poorly understood. We aims to:
(1) establish a Ranunculaceae distribution database in eastern Eurasia, estimate the species diversity and phylogenetic
diversity pattern of different life forms, and explore the formation mechanism of the pattern; (2) analysis the
relationship between species diversity and phylogenetic diversity of Ranunculaceae, and determine the diversity hot
spots to provide basis for Ranunculaceae conservation planning.

Methods: Here, we established the first species distribution database for 1,688 Ranunculaceae species across eastern
Eurasia by compiling distribution data from regional and local floral records from across China, Kazakhstan,
Kyrgyzstan, Tajikistan, Turkmenistan, Uzbekistan, Mongolia, and Russia at a spatial resolution of 100 km x 100 km.
Using this database, we mapped large-scale patterns in species richness and phylogenetic diversity for species with
different life forms and explored the mechanisms underlying these patterns. We also quantified the relationship between
species richness and phylogenetic diversity and identified hotspots of Ranunculaceae phylogenetic diversity.

Results: We found a latitudinal gradient in both species richness and phylogenetic diversity and revealed that
Ranunculaceae in eastern Eurasia have particularly high levels of species and phylogenetic diversity in mountainous
areas. Contemporary climate, habitat heterogeneity, and climate changes since the Last Glacial Maximum (LGM) all
influenced spatial patterns in species richness and phylogenetic diversity, but their relative contributions varied across
life forms. Phylogenetic diversity at mid and high latitudes was higher than expected when controlling for species
richness, which suggests that these latitudes may represent a paleo-biodiversity hotspot of Ranunculaceae.

Conclusion: Consequently, these regions should be considered a key conservation priority for this important family.
Key words: herbaceous plants; woody plants; biodiversity hotspots; conservation; species distribution; spatial database
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AR RV 2 AR ANE R 2R R I
F T, TERRUKIH DR SEAZ RN X 2
FEMER R, XEH AN RS RBE R 8K
(Lopez-Pujol et al, 2011b; Antonelli et al, 2018;
Muellner-Riehl et al, 2019). S5ACZER—, X
Y H X AR A Y BRIRFR(Liu et al, 2019) LK BRI FF
A(Svenning & Skov, 2007)FIHF BRI, KKK
WILOR ISR B 5o T Fh Z A R . 28
VUL LUK UK AN DK 0 [ S22 85, e ol & R IR UK
WILLRA M R A4k, A 73 A BRAR 2 Hh X 0 A
I3 R AE B (Wang SY et al, 2017; Li et al, 2019;
ERIEAEE, 2020). BFFCER, P08 4R 2 R RuK
I DLSR A A AR A0 A /0 B b DX (At B0 B i o O
X)) AP PE 4 T Bk, A KE NS
BRI LAORAT, NI 2 iy % e b [X 3 R 22 K 1
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Fig. 3 The relationship between the richness of all Ranunculaceae species, woody species, and herbaceous species; and the
phylogenetic diversity of all Ranunculaceae species and herbaceous species in East Eurasia and contemporary climate, elevation
range, past climate change evaluated by generalized linear models, the value in bold indicates the maximum value of R* in a row.
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Fig. 4 The effects of contemporary climate, elevation range
and past climate change on species richness and phylogenetic
diversity of all Ranunculaceae species, woody specie,
herbaceous species in East Eurasia. The figure shows the
results of hierarchical partitioning between species richness and
each selected dominant factor. Different charts respectively
represent five different explanatory factors, namely, water (a),
energy (b), temperature seasonality (c), elevation range (d) and
temperature velocity since the Last Glacial Maximum (LGM)
(e). The dark color means independent effect, light color means
joint effects.

(Dupont-Nivet et al, 2007; Aratjo & Rahbek, 2008;
Lopez-Pujol et al, 2011a; Sandel et al, 2011). #H)x,
FE 2 D28 SR DB BRI HLIX, WA 3 A Jmy 1K
#a; R, ORI AR DY 228 Ak 3l mT et A4S 58
RREHEACICER, NI 5E 5 JE A A 4 BR S S K
B 43 3 (Wedr et al, 2007); 1% AN 74 AT e 44 4
19 55 VU 20 A AR A R 2000 X ) 1% 3R 2 ARG X
FE—EREE EMRRE T B EERE DA S A S (R
Fr K, Skov & Svenning, 2004; R H5 A ANE4T5h 4,
Aratjo et al, 2008)¥) 2 FE % 5 R UK LKk %
A ) S 2 AR R B

2021, 29 (5): 561-574

BeAh, DIAEBFFE R B, SRR R AR KAt
0 1) T~ E A AH R A B, B A3 AR S ALY
W Z AR SFPE(Li et al, 2020). AR A T4 55 2
KERBOE A AL AHAL R P b 77 126 13F N R i HE T,
A 15 S5 AR A 50K L X (0 A 7 B K
(i R 2 e, XA R AT R 2 A 5 ORIRIK
DU A5 AR A 1) 2 2 38 AR DG . FE TR KT
iy )5 Fy ST R RUBE, 538 At mT e sd ik 52 e ) ol
() o A T AR S e P ek 2 AR PR SRy o B, i AT
FiR, HoEH DR AR AR A, KR TR i
VLRI A BRYEAR A . BT W (2t 158t
Bl AR (Alnus)FE PSS B A A5 70 A7 (17 PR 43
fk.(Zhang et al, 2014; Xu et al, 2016), HEMHEE T &
P s A s AR AT A 22 A

AT, EVFhZAEPERE R 2PV )R
(5 (R F-Hp, R RN K A E AN .3, 1X 5 BA
R R RAARR. e, EhE, RAEH
T A2 5 W0 R AKE M)W M 22 FE M PR AR =) 1) S A
% (Sakai & Malla, 1981; Wang et al, 2012), X %
FE A EARAE Y X Z & 5 2 1 #iy fE
A AEYI X 2 K4 (Fang & Yoda, 1988, 1989), iMiiX
LU W) AR FE U (Feldmane et al, 2016),
A2 LI T PR ] AR D B PR e JE 9 BT
TERE T A HT I 2 FE %A% S5 (Wang et al, 2011). F40,
K3 PR 70 5 v [ 35 R R P (R 1 i 22 R A SR
WEABERIIEN . FEHAT B IR T R iR A1 b
X, TG TR B AR S AR S A A,
X FEVA I 52 PR s, R T & 2R IR T LA 2 4
PERCM LSS, SR, Ko X 35 f R b
22 PR (1) 52 MR OO (A AR 255, 2019) TN B E
BRGKEWHE R ER, BERHRIE TR, JF7E
b 2 BRI A FEJE A X T2 4 A (Ziman &
Keener, 1989; Tamura, 1995; Anderson et al, 2005),
X AR AT R B A BB & R, X AR
o fERE T A A SRR AP 35 B K B
BHF 2 FEE RIS 2R 2 R ROVE 3355
32 FEEFEREYMEZHMEELNEFHNES

WP K i R 308 6 B AR AR A R 2 A A 400 1) 42 o
ZREERG RANE: RAEY F L8 MR
X, TR AKE A E Nz A A X,
FAEY IR 2 R S TARARED(E b, ¢). K
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A E AR YY) 2 FEVEARS R B 22 7 ] R 2
B HH P S AR Y AN [ R A 3 SR SR R PR
P 5] #L ) (Ferreira Ribeiro& Tabarelli, 2002). — >k
U, FEAKEYI AR S R A R, BRI A fi
AR [P EBUBANE LU AR A A )5 (Francis & Currie, 1998;
Smith & Beaulieu, 2009; Song et al, 2019).

AR VKT LK B =A% B A 0 AR A A ) %2
FEE (052 M0 55 1 O B AR ) W) b 22 BRI R
IX R PRy B AR ) 1) AT T B R AR
Ysa L, AT AT RE AR A B ) E AL T3 (Smith &
Donoghue, 2008; Qi et al, 2014), 17X M AH 3 FANE
YA SR A A AESE B (Hof et al, 2011; Liu et al,
2019), A5 ek B o 2 A fig AR A 1R i I I Ta) 4
7 (Smith & Donoghue, 2008; Smith & Beaulieu,
2009). HIFHARY) LN B0, AR AT LAR
T IE B H PR 5 (Albuquerque et al, 2011; Liu et al,
2019), Rl AR+ U, sAh, BT
B RBIRAAEY) T Z AL P g AL, MiX—
DX 32k 72 575 DU 20 A 38 3 v — L2 PR DR AF 1) JRE A
I, T AT BE AR AR UK I AR 1) SR AR 0 AR A
YIRS 55 T F AR VI IR R 22—

b Jr oA e A A A AR R A R ) £ 5 e S
R L XHUE 5 A A SR AR R s, B
AEAEEIRR 7 Ot it B 2 A AL 22 A, T L
AR 3 IR Y SR AE A BRI AE, R
P R (Xing & Ree, 2017). {E7E P AL % 2],
MU 53 5T 0 AR A ) W b 22 R R 1 56 1 ik T O
X R AAE YN FN Z2 AE VRS2, X AT eSS BT TR
S JO A SR T AR A A A P B A ) £ 5 W) A7 AR R
RS (Hurlbert & Jetz, 2007) . B AFEY) TS
%, KT MiE2, 5523 TR E. SR
AR T A B R 2R s e, JF B 5 3P is fa b
T NET P A B & % U1 A 5 (Martinez,
2003; Saul-Tcherkas & Steinberger, 2011; Song et al,
2011)o SRR I PR 5 FE 500N f0 25 18] RUBE Hh X P
ZREVE BB R, R BE A A A ROBE ) 38,
Tk T B - B0 A FH 328 3 A2 55 B 2 40 AR R 1~ 1 1
MR

TR T ARAEY)IE R HEAEY), GLMs4: 3
R, R B E R 2 R R A RO
TER . ERETATER X, PR —FN

AL ZU(Liu et al, 2019; AR IESE, 2019), XHEY)
A B ) R A A B TR, AT R A AR A R
YyFhZ FEPE (Jacquemyn et al, 2001; Roscher et al,
2009; Hettenbergerova et al, 2013).

ABHTCRR, AT HEB SRR SIS
X Z B XL XOR BB 2 R &
LR . XEEEURGY], BRAKZ R

IR 7T 45 B — 3 (Wang QG et al, 2017; Antonelli et
al, 2018; Muellner-Riehl et al, 2019). X AJfE/2HT
X et X BRI AR B e T A S 80 Lk B 2
SRIX et X AR B AR IR R Z R A8, N EE
FHEY W A SR LT N 2 FE A AR EE, AT 2590
B2 (R L AE(Lopez-Pujol et al, 2011b; Antonelli
et al, 2018; ZBARELE, 2019). [AN, B4 S5
(I3 1o R ) P 43 A0 T 6 AT R A A 2 L IX T BB
BHEDZ FEMERGT R Z —.

DAAE R TSR B, PRl 2 R 1 R 2 REPER
A Hb DX AT B8 R I R A [ 1) 2 18] 43 A 47 AiF (Tucker
& Cadotte, 2013). FEffE RIREXE, AT R
L ZFEVEAR R 4ERE, AN R % EYF 2 P,
B B R £ RE M (Kareiva & Marvier, 2003;
Zhang et al, 2015). HR4E 5 R ZHEMEAS R DL IR 2
FEMERITE R Z R C R IR Z R T A, T B EFR
EIPIFE, R X PR R 2R A,
FRZEWEE, U X i R 2R T EA
AHFEI AR B A X o X AT REAE — e FEFE LB,
X et X IR AT T B R R R ORE (9 3 4k D sk
(Kareiva & Marvier, 2003), — HLIX$e3040 7 5 2K,
W 2218 AR LT S RV R, TR 2 FEELR
7 T B K35 2k (Faith, 1992). t647 F143 11 22 47F
FeioN, BEFBHEIE T A 2L X (Tamura,
1995; Ziman & Keener, 1989), & 7ERK I K 2= 58
RS A ORIAY Vi -6 AR VRSV 8 R o S 1) B P
Uk, BT Kty m s 48 i b X T 2 T R oy s
HilX (Cai et al, 2021), iX—3H X [1]E BRI N AE
ZBHIIFR LR R 1 B A

XF T BTN &, KA FE X 3l & 22 R
Bm, REME S, X5 2R R BN
Bho BRI H, BAMEYINE R Z MmN 25
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TR X . FEMT T se AR A, Bk BER R R
Feth TR T IR 2 R AR BEAN, SEAREE T YR s
I BAR T VA YR 2H B (Chaieb et al, 2019), M
RO = 0E R 2R

KO KB AR5 B EAHE IR 2 A 1B R 2
FEPEY) BRI R R )R, g ) db iz BRI,
X BEBERZ . BERAMEYYR R R
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AR FEA, AR [R5 0 PR B AR X E R AE D
FE 2 22 1 1 2 TR) DA R AE AN [R] AR 36 B 2 (A 22 7 3
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G X AR AR ) 3 A (I REMA K T S A . HUE 572 )
PEXTAS R A 5 T A 22 R 3 AT B R . JRAT
R, ER @A EX, EEREREZAEET
HA A FE A H A X, PR S X R AT T
EERIREE T . IR B ERNR
P52, X EeHh X AE 1R PR BRI R A5 3 E A

ORCID

Mk 4 @ https://orcid.org/0000-0001-5835-8249
Denis Sandanov https://orcid.org/0000-0002-8504-3485
BE https://orcid.org/0000-0002-5925-0608
# &M © https://orcid.org/0000-0003-0093-077X
XN =M @ https://orcid.org/0000-0001-6188-3511
ERNI @ https://orcid.org/0000-0002-3975-1560
Viktor Chepinoga https://orcid.org/0000-0003-3809-7453
Sergey Dudov https://orcid.org/0000-0003-1512-0956
T @ https://orcid.org/0000-0001-6901-6375

HE https://orcid.org/0000-0003-0808-7780

SE K

Affenzeller M, Kadereit JW, Comes HP (2018) Parallel bursts
of recent and rapid radiation in the Mediterranean and
Eritreo-Arabian biodiversity hotspots as revealed by
Globularia and Campylanthus (Plantaginaceae). Journal of
Biogeography, 45, 552-566.

Albuquerque FS, Olalla-Tarraga MA, Montoya D, Rodriguez
MA (2011) Environmental determinants of woody and herb
plant species richness patterns in Great Britain. Ecoscience,
18, 394-401.

Anderson CL, Bremer K, Friis EM (2005) Dating
phylogenetically basal eudicots using rbcL sequences and
multiple fossil reference points. American Journal of
Botany, 92, 1737-1748.

Antonelli A, Kissling WD, Flantua SGA, Bermudez MA,
Mulch A, Muellner-Riehl AN, Kreft H, Linder HP, Badgley

2021, 29 (5): 561-574

C, Fjeldsa J, Fritz SA, Rahbek C, Herman F, Hooghiemstra
H, Hoorn C (2018) Geological and climatic influences on
mountain biodiversity. Nature Geoscience, 11, 718-725.

Araujo MB, Nogués-Bravo D, Diniz-Filho JAF, Haywood AM,
Valdes PJ, Rahbek C (2008) Quaternary climate changes
explain  diversity amphibians.
Ecography, 31, 8-15.

Bao JH, Hong Y, Li XX, Jia JY, Yang HS, Ao WLJ (2018)
Wild Mongolian medicine resources and utilization of

among reptiles and

Ranunculaceae in Horqin sandy land. Lishizhen Medicine
and Materia Medica Research, 29, 699-701. (in Chinese)
(EeAE, 4, FuH, HRE, wiEd, B-575%
(2018) FL/RUD YD 1 B BEFHEF A 52 251 W B IR R SR .
W2 E & E 2, 29, 699-701.]

Cai HY, Lyu LS, Shrestha N, Tang ZY, Su XY, Xu XT,
Dimitrov D, Wang ZH (2021) Geographical patterns in
phylogenetic diversity of Chinese woody plants and its
application for conservation planning. Diversity and
Distributions, 27, 179-194.

Cavender-Bares J, Cortes P, Rambal S, Joffre R, Miles B,
Rocheteau A (2005) Summer and winter sensitivity of
leaves and xylem to minimum freezing temperatures: A
comparison of co-occurring Mediterranean oaks that differ
in leaf lifespan. New Phytologist, 168, 597—612.

Chaboureau AC, Sepulchre P, Donnadieu Y, Franc A (2014)
Tectonic-driven climate change and the diversification of
angiosperms. Proceedings of the National Academy of
Sciences, USA, 111, 14066-14070.

Chanderbali AS, Berger BA, Howarth DG, Soltis PS, Soltis DE
(2016) Evolving ideas on the origin and evolution of
flowers: New perspectives in the genomic era. Genetics,
202, 1255-1265.

Chaieb G, Abdelly C, Michalet R (2019) Interactive effects of
climate and topography on soil salinity and vegetation
zonation in North African continental saline depressions.
Journal of Vegetation Science, 30, 312-321.

Chen ZD, Li DZ (2018) Phylogenetic diversity and biodiversity
conservation. Kexue, 70, 22-25. (in Chinese) [ ¥, Z¢
Wk (2018) RGRE LRMEREN L R, B,
70, 22-25.]

Clifford P, Richardson S, Hémon D (1989) Assessing the
significance of the correlation between two spatial
processes. Biometrics, 45, 123—134.

Colwell RK, Lees DC (2000) The mid-domain -effect:
Geometric constraints on the geography of species richness.
Trends in Ecology and Evolution, 15, 70-76.

Coiffard C, Gomez B, Daviero-Gomez V, Dilcher DL (2012)
Rise to dominance of angiosperm pioneers in European
Cretaceous environments. Proceedings of the National
Academy of Sciences, USA, 109, 20955-20959.

Currie DJ (2001) Projected effects of climate change on
patterns of vertebrate and tree species richness in the
conterminous United States. Ecosystems, 4, 216-225.

https://www .biodiversity-science.net



4

Dupont-Nivet G, Krijgsman W, Langereis CG, Abels HA, Dai
S, Fang X (2007) Tibetan Plateau aridification linked to
global cooling at the Eocene-Oligocene transition. Nature,
445, 635-638.

Faith DP (1992) Systematics and conservation: On predicting
the feature diversity of subsets of taxa. Cladistics, 8,
361-373.

Faith DP (1994) Phylogenetic pattern and the quantification of
organismal biodiversity. Philosophical Transactions of the
Royal Society of London Series B, Biological Sciences, 345,
45-58.

Faith DP (2013) Biodiversity and evolutionary history: Useful
extensions of the PD phylogenetic diversity assessment
framework. Annals of the New York Academy of Sciences,
1289, 69-89.

Faith DP (2016) The PD phylogenetic diversity framework:
Linking evolutionary history to feature diversity for
biodiversity conservation. In: Biodiversity Conservation and
Phylogenetic Systematics (eds Pellens R, Grandcolas P).
Springer, Cham.

Fang JY, Yoda K (1988) Climate and vegetation in China (I).
Changes in the altitudinal lapse rate of temperature and
distribution of sea level temperature. Ecological Research, 3,
37-51.

Fang JY, Yoda K (1989) Climate and vegetation in China (II).
Distribution of main vegetation types and thermal climate.
Ecological Research, 4, 71-83.

Feldmane D, Ruisa S, Rubauskis E, Kaufmane E (2016) Winter
hardiness of sour cherries influenced by cultivar and soil
moisture treatment. Acta Horticulturae, 1130, 111-116.

Ferreira Ribeiro L, Tabarelli M (2002) A structural gradient in
Cerrado vegetation of Brazil: Changes in woody plant
density, species richness, life history and plant composition.
Journal of Tropical Ecology, 18, 775-794.

Fleishman E, Fay JP, Murphy DD (2000) Upsides and
downsides: Contrasting topographic gradients in species
richness and associated scenarios for climate change.
Journal of Biogeography, 27, 1209-1219.

Francis AP, Currie DJ (1998) Global patterns of tree species
richness in moist forests: Another look. Oikos, 81, 598-602.

Fritz SA, Rahbek C (2012) Global patterns of amphibian
phylogenetic diversity. Journal of Biogeography, 39,
1373-1382.

Gebrehiwot K, Demissew S, Woldu Z, Fekadu M, Desalegn T,
Teferi E (2019) Elevational changes in vascular plants
richness, diversity, and distribution pattern in Abune Yosef
Mountain range, Northern Ethiopia. Plant Diversity, 41,
220-228.

Hettenbergerova E, Hajek M, Zeleny D, Jirouskova J,
Mikulaskova E (2013) Changes in species richness and
species composition of vascular plants and bryophytes along
a moisture gradient. Preslia, 85, 369-388.

Hof C, Levinsky I, Araujo MB, Rahbek C (2011) Rethinking

TRARAE: BRI KRS AR BB EAHE 2 A 1A R e BT 571

species ability to cope with rapid climate change. Global
Change Biology, 17, 2987-2990.

Huang J, Yang LQ, Yu Y, Liu YM, Xie DF, Li J, He XJ, Zhou
SD (2018) Molecular phylogenetics
biogeography of the tribe Lilieae (Liliaceae): Bi-directional

and historical

dispersal between biodiversity hotspots in Eurasia. Annals
of Botany, 122, 1245-1262.

Huang YJ, Jacques FMB, Su T, Ferguson DK, Tang H, Chen
WY, Zhou ZK (2015) Distribution of Cenozoic plant relicts
in China explained by drought in dry season. Scientific
Reports, 5, 14212.

Hurlbert AH, Jetz W (2007) Species richness, hotspots, and the
scale dependence of range maps in ecology and
conservation. Proceedings of the National Academy of
Sciences, USA, 104, 13384-13389.

Jacquemyn H, Butaye J, Hermy M (2001) Forest plant species
richness in small, fragmented mixed deciduous forest
patches: The role of area, time and dispersal limitation.
Journal of Biogeography, 28, 801-812.

Jetz W, Thomas GH, Joy JB, Hartmann K, Mooers AO (2012)
The global diversity of birds in space and time. Nature, 491,
444-448.

Jones HP, Barber NA, Gibson DJ (2019) Is phylogenetic and
functional trait diversity a driver or a consequence of
grassland community assembly? Journal of Ecology, 107,
2027-2032.

Kareiva P, Marvier M (2003) Conserving biodiversity
coldspots: Recent calls to direct conservation funding to the
world biodiversity hotspots may be bad investment advice.
American Scientist, 91, 344-351.

Kerr JT (2001) Butterfly species richness patterns in Canada:
Energy, heterogeneity, and the potential consequences of
climate change. Ecology and Society, 5, art10.

Kinlock NL, Prowant L, Herstoff EM, Foley CM, Akin-Fajiye
M, Bender N, Umarani M, Ryu HY, Sen B, Gurevitch J
(2018) Explaining global variation in the latitudinal
diversity gradient: Meta-analysis confirms known patterns
and uncovers new ones. Global Ecology and Biogeography,
27, 125-141.

Kong HH, Zhang Y, Hong Y, Barker MS (2017) Multilocus
phylogenetic
relationships  of

reconstruction polyploid

Aconitum Lycoctonum
(Ranunculaceae) in China. Plant Systematics and Evolution,
303, 727-744.

Li FR, Peng SL, Chen BM, Hou YP (2010) A meta-analysis of
the responses of woody and herbaceous plants to elevated
ultraviolet-B radiation. Acta Oecologica, 36, 1-9.

Li M, He J, Zhao Z, Lyu R, Yao M, Cheng J, Xie L (2020)
Predictive modelling of the distribution of Clematis sect.
Fruticella s. str. under climate change reveals a range
expansion during the Last Glacial Maximum. Peer], 8, 8729.

Li MY, Zhang SR, Xu QH, Xiao JL, Wen RL (2019) Spatial
patterns of vegetation and climate in the North China Plain

informing
subgenus

https://www .biodiversity-science.net



572 A4 W £ K PE Biodiversity Science

during the Last Glacial Maximum and Holocene climatic
optimum. Science China Earth Sciences, 62, 1279-1287.

Liu QF, Liu Y, Sun XL, Zhang XF, Kang SRL, Ding Y, Zhang
Q, Niu JM (2015) The explanation of climatic hypotheses to
community species diversity patterns in Inner Mongolia
grasslands. Biodiversity Science, 23, 463-470. (in Chinese
with English abstract) [XIJKAE, XU, FhIEE, skEIE, B
BRI, T, KK, FEH] (2015) AURARGEXT A Sl
HRBEVE R 2 A TEAR R I RRE . AR 2 AR, 23,
463-470. ]

Liu YP, Su XY, Shrestha N, Xu XT, Wang SY, Li YQ, Wang
QG, Sandanov D, Wang ZH (2019) Effects of contemporary
environment and Quaternary climate change on drylands
plant diversity differ between growth forms. Ecography, 42,
334-345.

Loarie SR, Duffy PB, Hamilton H, Asner GP, Field CB,
Ackerly DD (2009) The velocity of climate change. Nature,
462, 1052-1055.

Lépez-Pujol J, Zhang FM, Sun HQ, Ying TS, Ge S (2011a)
Centres of plant endemism in China: Places for survival or
for speciation? Journal of Biogeography, 38, 1267-1280.

Lopez-Pujol J, Zhang FM, Sun HQ, Ying TS, Ge S (2011b)
Mountains of Southern China as “plant museums” and
“plant cradles”: Evolutionary and conservation insights.
Mountain Research and Development, 31, 261-269.

Lu LM, Mao LF, Yang T, Ye JF, Liu B, Li HL, Sun M, Miller
JT, Mathews S, Hu HH, Niu YT, Peng DX, Chen YH, Smith
SA, Chen M, Xiang KL, Le CT, Dang VC, Lu AM, Soltis
PS, Soltis DE, Li JH, Chen ZD (2018) Evolutionary history
of the angiosperm flora of China. Nature, 554, 234-238.

Mac Nally R (2000) Regression and model-building in
conservation biology, biogeography and ecology: The
distinction between and reconciliation of ‘predictive’ and
‘explanatory’ models. Biodiversity and Conservation, 9,
655-671.

Manafzadeh S, Staedler YM, Conti E (2017) Visions of the
past and dreams of the future in the Orient: The
Irano-Turanian region from classical botany to evolutionary
studies. Biological Reviews, 92, 1365-1388.

Manish K, Pandit MK, Telwala Y, Nautiyal DC, Koh LP,
Tiwari S (2017) Elevational plant species richness patterns
and their drivers across non-endemics, endemics and growth
forms in the Eastern Himalaya. Journal of Plant Research,
130, 829-844.

Martinez ML (2003) Facilitation of seedling establishment by
an endemic shrub in tropical coastal sand dunes. Plant
Ecology, 168, 333-345.

Massad TJ (2013) Ontogenetic differences of herbivory on
woody and herbaceous plants:
demonstrating unique effects of herbivory on the young and
the old, the slow and the fast. Oecologia, 172, 1-10.

Miller JT, Jolley-Rogers G, Mishler BD, Thornhill AH (2018)
Phylogenetic diversity is a better measure of biodiversity

A meta-analysis

2021, 29 (5): 561-574

than taxon counting. Journal of Systematics and Evolution,
56, 663-667.

Mishler BD, Guralnick R, Soltis PS, Smith SA, Soltis DE,
Barve N, Allen JM, Laffan SW (2020) Spatial phylogenetics
of the North American flora. Journal of Systematics and
Evolution, 58, 393—-405.

Morales CG, Pino MT, del Pozo A (2013) Phenological and
physiological responses to drought stress and subsequent
rehydration cycles in two raspberry cultivars. Scientia
Horticulturae, 162, 234-241.

Muellner-Riehl AN, Schnitzler J, Kissling WD, Mosbrugger V,
Rijsdijk KF, Seijmonsbergen AC, Versteegh H, Favre A
(2019) Origins of global mountain plant biodiversity:
Testing the ‘mountain-geobiodiversity hypothesis’. Journal
of Biogeography, 46, 2826-2838.

O’Brien EM (1993) Climatic gradients in woody plant species
richness: Towards an explanation based on an analysis of
southern Africa’s woody flora. Journal of Biogeography, 20,
181-198.

Pretzsch H (2002) A unified law of spatial allometry for woody
and herbaceous plants. Plant Biology, 4, 159-166.

Qi W, Bu HY, Liu K, Li WJ, Knops JMH, Wang JH, Li WL,
Du GZ (2014) Biological traits are correlated with
elevational distribution range of eastern Tibetan herbaceous
species. Plant Ecology, 215, 1187-1198.

Qian H (2002) A comparison of the taxonomic richness of
temperate plants in East Asia and North America. American
Journal of Botany, 89, 1818-1825.

Qian H, Jin Y, Ricklefs RE (2017) Phylogenetic diversity
anomaly in angiosperms between eastern Asia and eastern
North America. Proceedings of the National Academy of
Sciences, USA, 114, 11452-11457.

Qian H, Ricklefs RE (2000) Large-scale processes and the
Asian bias in species diversity of temperate plants. Nature,
407, 180-182.

Qiu HJ, Sun JJ, Xu D, Jiao JJ, Xue M, Yuan WG, Shen AH,
Jiang B, Li S (2020) The distribution dynamics of Ormosia
mangrove under different climate change scenarios since the
Last Glacial Maximum. Acta Ecologica Sinica, 40,
3016-3026. (in Chinese with English abstract) [ER#EAS, )
A, RIS, FRUlE, BEEL RALe, TR, LU, P
(2020) AR IKAEVKI LR AL R AEAN R SURARAG TS 5T 1Y)
SIAANAS. DT, 40,3016-3026.]

Rabosky DL (2020) Speciation rate and the diversity of fishes
in freshwaters and the oceans. Journal of Biogeography, 47,
1207-1217.

Rodrigues ASL, Gaston KJ (2002) Maximising phylogenetic
diversity in the selection of networks of conservation areas.
Biological Conservation, 105, 103—111.

Roscher C, BeBler H, Oelmann Y, Engels C, Wilcke W,
Schulze ED (2009) Resources, recruitment limitation and
invader species identity determine pattern of spontaneous
invasion in experimental grasslands. Journal of Ecology, 97,

https://www .biodiversity-science.net



4

32-47.

Sakai A, Malla SB (1981) Winter hardiness of tree species at
high altitudes in the east Himalaya, Nepal. Ecology, 62,
1288-1298.

Salinas MJ, Casas JJ (2007) Riparian vegetation of two
semi-arid Mediterranean rivers: Basin-scale responses of
woody and herbaceous plants to environmental gradents.
Wetlands, 27, 831-845.

Sandel B, Arge L, Dalsgaard B, Davies RG, Gaston KJ,
Sutherland WJ, Svenning JC (2011) The influence of late
quaternary climate-change velocity on species endemism.
Science, 334, 660—664.

Saul-Tcherkas V, Steinberger Y (2011) Soil microbial diversity
in the vicinity of a Negev desert shrub—Reaumuria
negevensis. Microbial Ecology, 61, 64-81.

Schipper J, Chanson JS, Chiozza F, Cox NA, Hoffmann M,
Katariya V, Lamoreux J, Rodrigues ASL, Stuart SN, Temple
HI, Baillie J, Boitani L, and other 117 authors (2008) The
status of the world’s land and marine mammals: Diversity,
threat, and knowledge. Science. 322, 225-230.

Skov F, Svenning JC (2004) Potential Impact of Climatic
Change on the Distribution of Forest Herbs in Europe.
Echography, 27, 366-380.

Slezak M, Axmanova I (2016) Patterns of plant species
richness and composition in deciduous oak forests in
relation to environmental drivers. Community Ecology, 17,
61-70.

Smith SA, Beaulieu JM (2009) Life history influences rates of
climatic niche evolution in flowering plants. Proceedings of
the Royal Society B: Biological Sciences, 276, 4345-4352.

Smith SA, Donoghue MJ (2008) Rates of molecular evolution
are linked to life history in flowering plants. Science, 322,
86-89.

Song B, Sun L, Lev-Yadun S, Moles AT, Zhang S, Jiang XL,
Gao YQ, Xu Q, Sun H (2019) Plants are more likely to be
spiny at mid-elevations in the Qinghai-Tibetan Plateau,
south-western  China.
250-260.

Song YY, Zhou CB, Zhang WH (2011) Vegetation coverage,
species richness, and dune stability in the southern part of
Gurbantiingguet Desert. Ecological Research, 26, 79-86.

Sramko6 G, Laczkd L, Volkova PA, Bateman RM, Mlinarec J
(2019) Evolutionary history of the Pasgue-flowers
(Pulsatilla, Ranunculaceae): phylogenetics,
systematics and rDNA evolution. Molecular Phylogenetics
and Evolution, 135, 45-61.

Stein A, Kreft H (2015) Terminology and quantification of
environmental heterogeneity in species-richness research.
Biological Reviews, 90, 815-836.

Steinberg SL, van Bavel CHM, McFarland MJ (1990)
Improved sap flow gauge for woody and herbaceous plants.
Agronomy Journal, 82, 851-854.

Stuart-Smith RD, Bates AE, Lefcheck JS, Duffy JE, Baker SC,

Journal of Biogeography, 47,

Molecular

TRARAE: BRME KRS AR BB RARMEY) Z AR RS R e E ST 573

Thomson RJ, Stuart-Smith JF, Hill NA, Kininmonth SJ,
Airoldi L, Becerro MA, Campbell SJ, Dawson TP,
Navarrete SA, Soler GA, Strain EMA, Willis TJ, Edgar GJ
(2013) Integrating abundance and functional traits reveals
new global hotspots of fish diversity. Nature, 501, 539-542.

Svenning JC, Skov F (2007) Ice age legacies in the
geographical distribution of tree species richness in Europe.
Global Ecology and Biogeography, 16, 234-245.

Tang CQ, Matsui T, Ohashi H, Dong YF, Momohara A,
Herrando-Moraira S, Qian SH, Yang YC, Ohsawa M, Luu
HT, Grote PJ, Krestov PV, LePage B, Werger M, Robertson
K, Hobohm C, Wang CY, Peng MC, Chen X, Wang HC, Su
WH, Zhou R, Li SF, He LY, Yan K, Zhu MY, Hu J, Yang
RH, Li WJ, Tomita M, Wu ZL, Yan HZ, Zhang GF, He H,
Yi SR, Gong HD, Song K, Song D, Li XS, Zhang ZY, Han
PB, Shen LQ, Huang DS, Luo K, Lépez-Pujol J (2018)
Identifying long-term stable refugia for relict plant species
in East Asia. Nature Communications, 9, 4488.

Tamura M (1995) Angiospermae : Ordnung Ranunculales Fam.
Ranunculaceae, Die Natiirlichen. Pflanzenfamilien, 17,
89-105.

Tsirogiannis C, Sandel B (2016) PhyloMeasures: A package for
computing phylogenetic biodiversity measures and their
statistical moments. Ecography, 39, 709-714.

Tucker CM, Cadotte MW (2013) Unifying measures of
biodiversity: Understanding when richness and phylogenetic
diversity should be congruent. Diversity and Distributions,
19, 845-854.

Villéger S, Maire E, Leprieur F, Vila M (2017) On the risks of
using dendrograms to measure functional diversity and
multidimensional spaces to measure phylogenetic diversity:
A comment on Sobral et al. (2016). Ecology Letters, 20,
554-557.

Wang QG, Su XY, Shrestha N, Liu YP, Wang SY, Xu XT,
Wang ZH (2017) Historical factors shaped species diversity
and composition of SaliX in eastern Asia. Scientific Reports,
7,42038.

Wang SY, Xu XT, Shrestha N, Zimmermann NE, Tang ZY,
Wang ZH (2017) Response of spatial vegetation distribution
in China to climate changes since the Last Glacial
Maximum (LGM). PLoS ONE, 12, e0175742.

Wang W, Lin L, Xiang XG, Ortiz R del C, Liu Y, Xiang KL,
Yu SX, Xing YW, Chen ZD (2016) The rise of
angiosperm-dominated herbaceous floras: Insights from
Ranunculaceae. Scientific Reports, 6, 27259.

Wang ZH, Fang JY, Tang ZY, Lin X (2011) Patterns,
determinants and models of woody plant diversity in China.
Proceedings of the Royal Society B: Biological Sciences,
278, 2122-2132.

Wang ZH, Fang JY, Tang ZY, Lin X (2012) Relative role of
contemporary environment versus history in shaping
diversity patterns of China’s woody plants. Ecography, 35,
1124-1133.

https://www .biodiversity-science.net



574 4 ¥ £ K PE Biodiversity Science

Wang ZH, Tang ZY, Fang JY (2009) The species-energy
hypothesis as a mechanism for species richness patterns.
Biodiversity Science, 17, 613—-624. (in Chinese with English
abstract) [EEE, FEFR, TRz (2009) PIFh A
B R R R B E L, 17, 613-624.]

Watanabe S, Hajima T, Sudo K, Nagashima T, Takemura T,
Okajima H, Nozawa T, Kawase H, Abe M, Yokohata T, Ise
T, Sato H, Kato E, Takata K, Emori S, Kawamiya M (2011)
MIROC-ESM 2010: Model description and basic results of
CMIPs-20c3m  experiments. Model
Development, 4, 845-872.

Weiser MD, Enquist BJ, Boyle B, Killeen TJ, Jorgensen PM,
Fonseca G, Jennings MD, Kerkhoff AJ, Lacher TE,
Monteagudo A, Vargas MPN, Phillips OL, Swenson NG
(2007) Latitudinal patterns of range size and species
richness of New World woody plants. Global Ecology and
Biogeography, 16, 679-688.

Xing YW, Ree RH (2017) Uplift-driven diversification in the
Hengduan Mountains, a temperate biodiversity hotspot.
Proceedings of the National Academy of Sciences, USA,
114, E3444-E3451.

Xu J, Jiang XL, Deng M, Westwood M, Song YG, Zheng SS
(2016) Conservation genetics of rare trees restricted to
subtropical montane cloud forests in southern China: A case
study from Quercus arbutifolia (Fagaceae). Tree Genetics
and Genomes, 12, 90.

Zhang ZJ, He JS, Li JS, Tang ZY (2015) Distribution and
conservation of threatened plants in China. Biological
Conservation, 192, 454-460.

Zhang ZS, Ramstein G, Schuster M, Li C, Contoux C, Yan Q
(2014) Aridification of the Sahara Desert caused by Tethys
Sea shrinkage during the Late Miocene. Nature, 513,
401-404.

Zhou NF, Zhang JP, Liu H, Zha WW, Pei D (2018) New
protocols for paraffin sections of heterogeneous tissues of

Geoscientific

2021, 29 (5): 561-574

woody plants. Chinese Bulletin of Botany, 53, 653—660. (in
Chinese with English abstract) [Ji )&, k&M, X%, 7
AL, IR (2018) AAHEY AR B H SV BE ) Fr i
fEJ7ik. FEY2ER, 53, 653-660. ]

Zhu GL, Li J, Wei XH, He NP (2017) Longitudinal patterns of
productivity and plant diversity in Tibetan alpine grasslands.
Journal of Natural Resources, 32, 210-222. (in Chinese with
English abstract) [#FENH, 257, BH2%40, fI&M8 (2017)
T 96 e FE FE B A P ) S 2RI AR, B
SRR R, 32, 210-222.]

Zhu H (2017) A biogeographical study on tropical flora of
Southern China. Ecology and Evolution, 7, 10398—10408.
Zhu H, Cao M, Hu HB (2006) Geological history, flora, and
vegetation of Xishuangbanna, southern Yunnan, China.

Biotropica, 38, 310-317.

Zhu ZX, Nizamani MM, Sahu SK, Kunasingam A, Wang HF
(2019) Tree abundance, richness, and phylogenetic diversity
along an elevation gradient in the tropical forest of Diaoluo
Mountain in Hainan, China. Acta Oecologica, 101, 103481.

Ziman SN, Keener CS (1989) A geographical analysis of the
family Ranunculaceae. Annals of the Missouri Botanical
Garden, 76, 1012-1049.

Zou DT, Wang QG, Luo A, Wang ZH (2019) Species richness
patterns and resource plant conservation assessments of
Rosaceae in China. Chinese Journal of Plant Ecology, 43,
1-15. (in Chinese with English abstract) [48Z<%E, RN,
PR, THEE (2019) FEEEREHEY 2 R R & H
FHEH YR PUIR. MR R, 43, 1-15.]

Zu KL, Luo A, Shrestha N, Liu B, Wang ZH, Zhu XY (2019)
Altitudinal biodiversity patterns of seed plants along
Gongga Mountain in the southeastern Qinghai-Tibetan
Plateau. Ecology and Evolution, 9, 9586-9596.

GiiEgmZe: B SUEHME: L)

M Supplementary Material

MRl Mo ic REIERIE

Appendix 1  Data sources of species distribution records
http://www.biodiversity-science.net/fileup/PDF/2020246-1.pdf

https://www .biodiversity-science.net



44 4% ¥ 2021, 29 (5): 575-585

Biodiversity Science doi: 10.17520/biods.2020450
BTk e

R SE B FAEI T AL Mk 5 2 LA K /N 3 B

RO, FRH, FR, TXED, BUAC, AL, Rt

L DN A R B, ARSI S R A SR A F L e SR, AR 610065; 2. ERURSAASHI O O, LRI 53827 B,
KRR SHA B T E KIS, JEaT 100871

E: SRR NMEYC TP 2 RAF AR B IAZ SR, 5 R0 A R 2356 T A7 R4 D RE PR 15 R TR ALK/ B 5% AR
ZH AR AHE TR T 0245F12,226 )8 112 1SRk B SE IR AR NS, R0 T AR AR SRR R T B R Bk
bk B AR WA AN DI REEIR S AR N Z A SC R . SRR, TR i KR b e BE AR 7 SRS 2 N 21
KRNI R R AE AR AE ) A7 A5 25 22 5% o AR bR 2 S BE N AL N R R AN, (Hbh 7 B S L 5
BRI R . AT R L5 2R N R E M, ERFERESHCRARE  KAEYH TR EES
FENA AR/ R B35 IEAS, (EILAb A SR M A 2 B e S SN /NI T R ARG . AB FOR W A h e
W5 H ALK IS EAE A R AT Y (A7 AR 22 52, SXONIR NI FORE ) 22 b Dy B M DR AT ) A 37 R 55 86 PR A K/ U 5
RAEAAYE AN A AT N 1R R PR A T B 2R

KHRIA: SN/, IR W e i MRS R Y IhRENER, B E R KRR

kAR, 2, PR, EEME, B, XId4e, mueks (2021) ARG THEDIREIIR SR EHRNRRER. ML, 29, 575-585. doi:
10.17520/biods.2020450.

Shao C, Li YQ, Luo A, Wang ZH, Xi ZX, Liu JQ, Xu XT (2021) Relationship between functional traits and genome size variation of angiosperm with different
life forms. Biodiversity Science, 29, 575-585. doi: 10.17520/biods.2020450.

Relationship between functional traits and genome size variation of angiosper ms
with different lifeforms

Chen Shao”", Yaoqi Li*“?, Ao Luo?, Zhiheng Wang"“?, Zhenxiang Xi'~"', Jianquan Liu', Xiaoting Xu"*""

1 Key Laboratory for Bio-resources and Eco-environment of Ministry of Education, College of Life Sciences, Sichuan University,
Chengdu 610065

2 Institute of Ecology and Key Laboratory for Earth Surface Processes of the Ministry of Education, College of Urban and
Environmental Sciences, Peking University, Beijing 100871

ABSTRACT

Aims. The genome size between species, especially in angiosperms, can be extremely diverse. Here, we compiled
genome size data for 11,215 angiosperm species from 2,226 genera and 245 families to explore the relationships
between four functional traits (i.e. seed mass, maximum plant height, leaf nitrogen and phosphorus concentrations) with
genome size in angiosperms from different life forms (i.e. annual herbs, perennial herbs, and woody plants).

Method: We used the 1C-value of DNA content as a measurement for genome size. Genome sizes were obtained from
the latest version of Kew Plant DNA C-values Database and Genome Size in Asteraceae Database (GSAD). We also
complemented our taxon sampling with data from the literature over the past 10 years. We obtained life form and
functional trait from Flora of China, Flora of North America and the Seed Information Database (SID). We used the
most recent updated time-calibrated phylogeny published by Smith and Brown in 2018, and pruned it to the 6,612
species from our species list. We used two indices (i.e. Blomberg’s K and Pagel’s 1) to test for the prescence of a
phylogenetic signal for the evolution of angiosperm genome size. We performed a standardized major axes (SMA)
Model II and focused on the relationships between genome size and the four functional traits. We also conducted a
principal components analysis (PCA) to explore trade-offs between functional traits and genome size in angiosperms
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with different life forms.

Results: The genome size for most angiosperms was small and few species had large genomes. The median value of
angiosperm genome size was 1.58 pg with perennial herbs having the largest median genome size (2.5 pg), followed by
annual herbs (1.55 pg), and then woody species (1.14 pg). Variation of the genome size was greatest in perennial herbs
distributed over a wider range than woody species and then annual herbs. Tests for phylogenetic signals with genome
size indicated that evolution was non-random. The value for Blomberg’s K was 0.031 (P < 0.001) and the value for
Pagel’s 4 was 0.943 (P < 0.001. There was also a significant difference between functional traits and genome size
among the three different life forms. Our results from the standardized major axes regression found that there was a
significant relationship between seed mass with genome size in herbs but not woody plants. However, the relationship
of maximum plant height was significant with genome size in woody plants but not herbs. There were no significant
correlations between leaf nitrogen or phosphorus concentration with genome size except for leaf nitrogen concentration
in woody plants. When looking at the relationship between four functional traits with genome size, we fund a negative
correlation between seed mass and maximum plant height with genome size, and saw no significant correlation with
leaf nitrogen or phosphorus concentration which is consistent with the SMA results.

Conclusion: Our study highlights that the correlation between functional traits and genome size vary between
herbaceous and woody species and suggests that trade-offs between genome size, life forms and functional traits might
play an essential role in ecological adaptation and evolution of angiosperms.

Key words genome size; life forms; leaf nitrogen concentrations; leaf phosphorus concentrations; plant functional

traits; seed mass; plant height
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Engemann %5 (2016) % B ¥ 57 2K Fifi A8 47 A 0 204 Hic 48
JE, WK — AR AR AR RN (PR AR A R
I HE N HEIDNA CEBE ;e R o B2 i dfs
[H i 2% T Wang®:(2019) A JF IR 1« Wb () il
¥ B R ok B B B A5 S 8 R (Seed Infor-
mation Database, SID, release 7.1, http://data.kew.org
/sid)). MR BEEEEERE TR AR
FR- B R HE PR (Tian et al, 2019), Z80E L
Wtk 13,2278l TR R BT ER 9 11,3545%
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e N R L EE A E A SRS QI L A e &7 )
VAL AL I ey
1.3 Zitoh
131 AREEFRYFMHERELEK/NAIELER

9 BCASEAN () A2 3% B (1) ) 2k DR AR /N | 22
AT TS A [F] R B WP o3 Sl 2 1) T A2 B B
FEUFE T SR K /N 93 A1 1 4 FE (skewness) - [RIEL
W BE R 2H K /INAS I M IEZS 0 A, AT 90 8 SR
Kruskal-Wallis £ 36 bt #5 A~ [7] Az 3 B4 47) o 1) 25 (5] 40
KANZ AR BAEREEER, )5 KHDun%
R 0 LU AT B 4 A v Y A 2 ) R 2H K
()25, F£K FiBenjaminifllHochberg (1995)# tH )
hochberg J7 14 %} P18 i3k 417 £ IF (adjusted-P), LA jk b
Z BRI T A R RS R R o R DR 2H R/ o3 A )
M2 DRI ZH /N (R A 28 43 A BRI B2 JR AR AH G ME &
By E FAREA: T fimean R 2. histek L Fcorrif
AT . AE ] vioplot £ £l (Adler & Kelly,
2020)H KJvioplot ik £ 2z il /N2 5E K]« Kruskal-Wallis
For 56 A1 Dunn 2 B4 56 {5 FH FSAFE /7761 56 i (Ogle et
al, 2020). KX H G 2B 7ER 3.53 (R
Development Core Team, 2019)7 5€ i
132 RGAEBEWMS5RZLEES

NIFEY FREYERNARKNNIRGERERES,
RS2 BT RA T Y & 50K B HESL(Smith
& Brown, 20184 % | —HRE A 6,612 M Fh (KA
YIR1,7734, EAYIF4818 M ARG K B W,
i = 7 7% 249 Bl 1,738 J& . R H Blomberg® K
(Blomberg et al, 2003)f1Pagel’s 1 (Pagel, 1999)f% 56
EEHARNDMIEEERFERAKEES . RAK
B FE R FH phytoolsF2 J7 81 H i) keep.tip B 2 58
Hi(Revell, 2012), Blomberg® K#lPagel’s At HF]
F R 3K 1 picante #2 J7° 0 ) phylosignal B8 %§ 58 %
(Kembel et al, 2010),
133 EImEREERBXPRXE

At R F A AL 32 5l72: (standardized  major
axes, SMA, Model II regression)fli i+ [F] TN GE MR
R H KN Z KRR B S Sk 2 At 28
PRI o R AR SR H AR A E . AR R
FINE LA 1 —Fh 7%, Z 7 TR RE RS AR B AR
B E AL PERL S ¢ R (Warton & Weber, 2002). N
ECIAS [R) A= v B4 W b Tl e 1A 4K 5 28 TR 2K /N 1) %
R, KT AR TEYM . RKAEY), — AR
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KM Z FAEERED D REMAR S R H RN
8] () 58 R HEAT T SMAZSHT, I LB T SMARR AL 7E
B _F )22 5(Warton et al, 2006). SMAZM TR
WA smatr F2 F7 A ) sma bR 52 7% (Warton et al,
2012)c AT HEYIART DY R R 5 2R BRI R
M BLAHG 5< &2, AW 78 R HT 32 B 23 23 #T (principal
components analysis, PCA) /3270 1K HS14M %
HI2 1SRN OS AN AR FR, 1200 FEAR D F) 147
DhREVEIR 5 2 R H KN Z TR AU R B o O 98
AR FIRER A 1 (¥ preomp bR 2 56 B«

2 #R

21 AREERE FEMERELEKX/)

AW AU S R B T8 T 24551 2,226 8
11,215 B B DR 20 /Nt rh BEAHE 48,048 Ff,
RAFEDN3,101Ff, G66F ETTRIAE R, HAH
Yy B — A A 9220, I A 2 EA A
5,266, A 1,860FH (1) 4= 7% AR WL Id R . &3R4
T P RE I FE R RN DA/ R O 3, R
DA/, B AR B S A R 43 A (B 1as by ©)o B
TFHREYERH RN A A 1.58 pg, H 24 R
KHEYEKR, N2.5 pg, HRZ—FARAEY, N
1.55 pg; RAMYIE/D, 1.14 pg. Kruskal-Wallis
6% 565 2 PR AN [) A 3 284 2 [ F 366 R H K /N A7 AE B
FHFEF(P < 0.001), DunnZ® BRI LE R R L HF4E
B AR W) B R K IR R 3 R T — R AR R R )
(adjusted-P < 0.001), 1M — 44 AR Y 1) FE K 21
KR ZE R T ARAEY)(E1d). HiEERH KA
FICHETE, Z2FEEERED RN, HIRARARE
W, —HAERARHEY B NEED.

BT 6,612 TRV RG K B M HS
B EE R H KN AR R K B {5 5 Blomberg’s K
°~0.031 (P < 0.001), Pagel’s 240.943 (P < 0.001),
KA FREMERARDNEAGREENRAKRE
5, BB TR R R 2K/ 2 AEBE LR 1
Blomberg’s K < 1, WS LIIFEM L, S5
IR AT PRI o L DR 2 K /IS o
22 MFEESERBKXRNPMHXR

HT3,909 4 1A A P b 1)k DR 2H K/ AR
T EEHHRMSMAG T R, FhFEESREEAKR
N AR O M AR AN R AR S B TR AE AR B E R
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#1 WFENAREFREMMHAOERERNRIGEERER
Table 1 Quantitative information of genome size and functional traits among angiosperms with different life forms
HEiE A B AR JEREA VIR A ¥iE wME BRKE
Life form Family number ~ Genus number Species number Mean Min. Max.
ESiSE AN BB All species 245 2,226 11,215 474 0.07 15222
Genome size (pg) ARAMY) Woody species 155 486 3,101 233 0.17 83.60
FIRHEY) Herbs 151 1,531 8,048 5.76 0.07 152.20
—HEAET AR Annual herbs 46 299 922 2.94 0.12 23.62
ZAEA R ANEY) Perennial herbs 136 1,101 5,266 6.64 0.07 152.20
iy HE= FrEYFh All species 189 1,243 3,909 68.37  0.001 25,406
Seed mass (g) ARAMY) Woody species 118 442 1,061 216.76  0.009 25,406
FIARHEY) Herbs 114 866 2,840 1252 0.001 9,238.6
—4EAETARY) Annual herbs 46 250 597 1377 0.003 393.5
ZAEAHANY) Perennial herbs 107 728 2,225 12.19  0.001 9,238.6
T KB o FTE Y All species 142 733 1,737 3.55 0.001 60
Maximum plant KA Woody species 94 277 554 9.34 0.15 60
height (m) AN Herbs 79 494 1,183 084 0001 25
—AEABAIY) Annual herbs 35 145 268 0.77 0.01 8
ZHEEFARIEY) Perennial herbs 75 410 915 0.87 0.001 25
e FTE Y All species 74 256 437 22.02  3.69 66.80
Leaf nitrogen KA Woody species 51 118 209 20.85 493 66.80
concentration (mg/g) AKIY Herbs 33 141 227 23.10 3.69 53.70
—4EABURIEY) Annual herbs 9 36 42 2576  10.11 53.70
ZAEA R ANY) Perennial herbs 31 116 185 2249  3.69 49.11
L AR e BB M All species 74 256 437 1.83 0.21 7.30
Leaf phosphorus KA Woody species 51 118 209 159 021 5.20
concentration (Mg/8) ik 4] Herbs 33 141 227 205 032 730
—AEABRMY) Annual herbs 9 36 42 2,51 0.80 5.09
LA ANY) Perennial herbs 31 116 185 1.94 0.32 7.30
g 10000(-a ) FTE ) All species g (%zf;{ &{2;
:g 8000 (= 11,213 E 500 —tp 1500 SUELEE
EE £E 400 A brks 3000 Peremin et
RE 6000 R:E 300 2000
e Ee 2"“ 2
gg 4000 E_fég ‘°: _ Ei |
5 2000+ % © 7 Emaxhommess 0 e e
=~ . ) ) ) ) ) ) 59 —— ) ) ) ) ) )
070 20 20 60 80 100 120 140 160 20 40 60 80 100 120 140 160
N K/ Genome size FHEH K/ Genome size
()
£ \;’kzlz S 150f
= 00 Q a
g ("=3’1‘¥’6) g 100}
KRB 3
e < °
K g _jé 50 .
] NI i S S
30 60 o = B RAR VS —ARE R
R K/ Genome size Perennial herbs ~ Woody  Annual herbs
(n=5266) (n=3,116) (n=922)

Bl #WFEYERELXD(po)ERREEREMNRES . (QFBHFIEY, (0)EAREY; (©)RAEY; (d)EEHXNKS
WOMREE), Hiay by cRIRAEEFRYMPER AR N ZEFEEEMHER (adjusted-P<0.01), B RRR&EFE
MR EE B KRN PE,

Fig. 1 Distribution of genome size (pg) for angiosperms with different life forms. (a) All angiosperms; (b) Herbaceous species; (c)
Woody species; (d) Violin plot of genome size, in which letter a, b and ¢ indicate significant differences in genome size for species
with different life form, and circular dots represent the median values of genome size.
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(adjusted-P < 0.001). 4k b, Frf # TR HIFh
g 5EFH KN MFERERIEHEKE R0 =
3,909, slope = 1.962, P < 0.05), BI#FHEMIHIFIT
Mok, Rtk (K2a). RIS EER S, —4EE
5 2 05 B Rl ) Rl 7 R R R KN 22 )
BIAELERN R 2 IEAH GG R (— 4 n = 597, slope =
2231, P<0.001; Z44: n=2,25,slope = 1.559, P
< 0.001), 5 HED YA — 2 (&2,
o). SR, ARAEYF T HEHIEFH KN HH
FKANEE @M = 1,061, slope = —2.774, P > 0.1) (K
2d).
23 EHEESERAXNIXR

SMA 7 #r 45 W], s R #k i J2 5 5 R A
KANHIAH R A A AE VG RN B ER
(adjusted-P < 0.001). %4k &, FrA YV
PR i 55 6 ERT ALK /N [ % 3R A7 A A 8 3 1R 7R O
K Z(n=1,737, slope = —1.246, P < 0.001) (El3a). Xf

@ g2~ 0,001, P = 0.044, slope = 1.962
108
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A7 E R Seed mass

0.0 05 10 50 50.0
©  g2=0.028, P <0.001, slope = 1.559

10¢
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102 .'..,'"-, b
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1 Ly | ) | ) '| - | . .| 1
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FHLH K/ Genome size
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FEAS [FAE VG R TR R B, A AR AR (1 K
RELAR 1 55 25 DR 2K /N 2 ) A Y 3 Bk 5 (n = 554,
slope = —1.526, P < 0.001), T HAAE W) e RAEAE
o FE S R R KN TG B 3 A G R (— 4R n = 268,
slope = 0.872, P > 0.1; Z54: n = 915, slope =
—0.749, P> 0.1) (K3b. ¢). BT ¥ R IR
o 5 5 8 TR A K/ () R O T B R AR ) 2 B
AR P
24 MR&E. BEaE5EERAXRNMIXR
SMAZHTEE R K, MR ASEEERAX
IR KRR F A G P AENR RS ER
(adjusted-P < 0.001)o X FAN [ A2 7% 2R g 7 HE 42 B,
M E S S R A RNERR Y R EE R
HFESE £ (n = 209, slope = —0.487, P < 0.05), {HAE—
TR AR BRAE AN 2 AR BAKEY) I TR B A
YRk 30 BB A R R(FTA Y n = 437, slope
=-0.371, P> 0.1; —4*E: n =42, slope = -0.41, P

® R*=10.068, P <0.001, slope = 2.231

10° -
100 F -

10

1 1 1 I' 1
02 05 1.0 20 50 100 20.0

@ g2 =0.0001, P =0.7, slope = ~2.774
107 s

105 F 5 g

10° - o

0.2 0.51.02.05.0 20.050.0
FEFZH K/ Genome size

E2 AEEFREFEFEYHFES (R o) SEEEXNEIgER)EXME. QMBREFIEY; (b)—FE£EXEY; ()

ZEEEREY; (d)AREEY,

Fig. 2 Correlations between seed mass (lg scale) and genome size (Ig scale) for all angiosperms (a), annual herbs (b), perennial

herbs (c), and (d) woody species.

https://www .biodiversity-science.net



RRAEAR
Maximum plant height

AR E
Maximum plant height

AR =

(& R2=0.055, P <0.001, slope = —1.246

oo,

[y
(=
T

—
T
-

107 -

1072

1()73_I T T T
0.1 05 1.0 50

©) g2 =g 46¢— 05, P=0.781, slope = — 0.749

10 -
1
107
10*2 -
10—3 _| ) ) . ) )
0.1 05 1.0 5.0 50.0
R 4H K/ Genome size

AR T EYIIREIEIR SRR AR R 581

(b) R2=0.006, P =0.189, slope = 0.872

5.00 -

0.50F &L

0.05

001 0 1 L L 1 1 1
00 05 1.0 2.0 5.0 10.0 20.0

(@
100.0

R?=0.044, P <0.001, slope =—1.526

2000 N

501
20r

0.5}
021

1 1 1 1 1 1
0205102050 20.0 50.0
FEFLH K/ Genome size

3 *Ei;ﬁﬁ%&%*ﬁ%%k*ﬁ*ﬂe%rg(gélgg{‘gﬁ),—ﬁggﬂj{/]\(g?ﬂg!{;gﬁ)ﬂ’g*ﬁ;éll‘io (a)ﬁﬁ-ﬁ%&¥*ﬁw, (b)_ﬂzl—:tizt*ﬁm,
(OZFEEEXREY; (d)AREED.

Fig. 3 Correlations between maximum plant height (lg scale) and genome size (lg scale)of different life form angiosperms. (a) All

angiosperms; (b) Annual herbs; (c) Perennial herbs; (d) Woody species.
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Fig. 4 Correlations between leaf nitrogen concentration (Ig scale)and genome size (g scale) of different life form angiosperms. (a)
All angiosperms; (b) Annual herbs; (c) Perennial herbs; (d) Woody species.
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Fig. 5 Trade-offs between functional traits and genome size
among angiosperms with different life forms

> 0.1; 2445 n = 185, slope = 0.334, P > 0.1) (&
4a. b, ©)o FEFTA BT Y AR A iE R F, i
Jr i & & 5 BN 20 K/ N8 TG B B AH R R (i 52)
25 IneeMtKSEEBEXNIREXFR

K B SRS M A A HE A7) A1 120 B A HE A7) 14
470 Ty Re PR L 2 PR 4H K /N B AT O 2R 3R B (JE15),
b B & % f KB 15 B2 55 26 DR A K/ B A A %
KA, Mt B R /NG 235 A0 56
PE o AR Pt i A AR bk v e HLFR B RK,
HEEDRI RN, BRI 5 22 AH S o
3 1ig
31 #HFEUHFEESERBRPIHXR

AW TR I Y M EE SRR AR
/INTE] PRI 25 TEAH R 08 RANAE — E AR AN 248 4
FATYPARAE, MR AR R 445
R LTI P EESERNARNEIE
IR A HIHEN (Moles et al, 2005; Beaulieu et al,
2007) . FAAE V)RR A NG Y) b 2 55 R K 2H /)
KHRMW 25 0] G 5 A R AR 5 B R R 4K /N
KN Z IR RAANF A %o EdwardsflIEndrizzi
FAE1975 5 5 3 T 36 RN AL K /N5 48 i K/ 22 1A 1Y
TEAH OG0 R HEDN H M+ B 2 5 B R 4H K/ 2 TR AH
KK Z(Edwards & Endrizzi, 1975). Beaulieu®5(2008)
XTAVFRELAAE )« 26 B HEAR A 34T TR A I EL LT 72
RIR, TRARFEEAR I 2 B2 40 RS S AR 7
0 B 240 S8 2 N TR AR, TR R R 4

2021, 29 (5): 575-585

J5 R TR S R BRI ZH /N G RAN S o AR AR
AR P A0 R /N (A Ve AT RE Sz T LR R4 K
NIRRSEPE, AT T 0P S BRI 2 KN 2 ]
BHBERFIKR. A0, BeaulieuF:(2008) 1
FR P KB MEE GIR, KT AREY R K
2 i K /)N 5 2 R ZH R /I | 0% R 0 7 B R [ 1)
HUREA RESGAE . DRk, ASHIF 70 2 U A 22 Ak 4
(R KNy I 3R R 40 i /N e o B g A 7
&, DS I M 50 48 O /N RO R E R S R R 2K
ANIPE

ARG U AL R ZERTREA LT L
MREE . (DA EE 2, ERe ik
R TR T E R SRR NI R. W
Beaulieu (2007) tHAff 7T 1 4 7 F 7 K /N 2
KNS R, (HIZHE 78 HA#E A T 1,087 R+
HY) . AL EIEY T RY3,909%, I H B
i Beaulieu¥(2007) 1315 (2 1). (2) LALE HIHH FLi
R EAR, AR GFER— AR, AHAK
SrAETERL, UWLeishman (1999)if 58 T < [E 7547 1116
FhE I, Maranonf1Grubb (1993)H 7% 1 it
X 19Ff—4FAE B Y), KnightFlAckerly (2002)
WEFC T 148 B o R 48 J8 M2 Hb X 5 A 00 90 Fh
Thompson (1990)HfF 5T 1 131 F ¢ [F 73 A (1) # 144
Y. B& T Leishman (1999)4F, VIAFE KER /i HAKE
VIR T35 R I, T~ KN 5 BRI A R/ B TR A G
KFR. REHRARRYFHEYFF KNS HEF AR
/N R B FE AN b, BRI TSR B TR AT
KNG BRI KN R R0 REZ BIARAAEY) . —4F
AR B2 A AR B A HE W R URE (R 22 I 520 o (3)FhT
HEZZMERES], B, T8EsRuEM
O ECTE SRS SR R RS SS AN R Rk ) (R
(22 5o A A o0, o] e 45 i A P R AR &
Je B 9 5 BRI 2H R/ b B B s, IXOF B T 48
71N 25 PR 2H /N6 7 E R ST 5
32 #WTFEVEXENSESERAXNMIXR

A HE W) RN A ASHE W 1 B R A A o A7 AE
EER(ERD), XMEF I RERYIFN R K S
FRBA RN = MR AZAERER 2 — . KA
BT 1,737F0 8 T i 98 45 R 5 Knight%5(2005)
BT 324M Y I 5 AL PRl B K i S R
RN R EF R FAIIE R, (AEERIZH /NP
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K AR R, B &B YRR &
Bl MRIpATER S, RAARREYHEE S ES
BN EIEZFR A KRR, FFARHIN
Knight5(2005) K I H = ALK FR . (B, EARMEY)
EPN =Ly NEN R B S HE NNV EERTE A ) EP ST
X AT R A BT R IR A T SR A5 B R G S
TR, BEYERRR R E KA, HEh TRy &
HAANI (niche). Uk, ARAFEYIREE & 5 5 A
R/ R 35 A DR 8 R AT RERE R K A )
BE DR 2L /N B P B T 0 R B AR R R R T BE
e
33 HFHEYHAER. BeE5EFEAXRPMIXR

K TERIN, AURAEYH F RS &5
BRI KN R AAHRC R, TEEAMEAEH & S &
H5ERHARNFEEARERR, XS XEFT
Hessen%5(2010) 4 H 11 A2 K & 5 BE R 4H K/ 8 R
[ 77 70 R IR AR U o ASHIT 72 ) 45 3 AT BEAZ LA T [A]
IR (D)IFEEE B /. — AR
VIR ECE AL 424, ZAEA T ARYFAL 1854 (3R 1),
AT BEAN 2 DA e — 4 AR B AAH ) RN 22 4 AR AR
WERHAK NG IR EEAIRR QAT
FARIE B 280 B S AR 2 B DU VR /PRI LN
F, X T EOS PR CRE 2 43 A T ORI R
HUREAN A, P38 R & At T IR 22
Q) FIPFPT S B 0 2R R B T R B B e Ik
Y% 2R W02 REFRES (Han et al, 2013;
Yuan & Chen, 2015; FRI#4E, 2019; He et al, 2020).
AR SRM 7Ty I A B T 3R R E RSO
B, A HTYIRE R NS R BT R BRI
RO % Z DS U M 56 0F A K 38 5 3 R 40 K/
KAMEFTRTRRENES . (AT FAH 437
TR R E R B AN S AR SR
I, BURE R R /D, tH2R 5 K AEJEREHLEURE,
XEER R AT AE SEH H & B R SERNA KN
RIAE M. Bk, X#FHED A, S E
LRI R /N 28 R S AEAS [R] AR 35 B ) 22 T8 1Y)
7 S Ryt — P IRIIE

g5 b, TR TR DR AR S L R 4H
KR REANF S 2 A ERERER. K
A L ) e R AL A v B R I 2R 1 TR 4 R
BIRBENAMIKKR, FhrHEESERHAKRNK
AARE., —FAMZFARAEYNMHTERES

FERZH RN 2 B3 W IEAHOGOG R, S K R e AN
A S ES R DMIKRAEE . A
FEH S — AR R ) A S BN 9224, [
W EARKGEE, MrEEAFE. BSENY
P D, B — AR LAY YA D) RE PR
R RN AR RIEA 15— B RAE .

550 BRI 7T 45 B — F(Puttick et al, 2015), AHF
FAWKIEER AR PNHEEA N ER RERKEE
5 o Beaulieu5(2008) % 4 K 2 K /N5 Fh 7 3 8 1Y) 3
Z MUST M 43 #T (phylogenetic  independent  contrast,
PIC) K I, #T MR R KNI A8 e 5 Fh 1 B &
(AR S AFAE 2 35 IEAH O, SRR K/N 57
BIERGKE LATREAFAE—E I M. BIRAHT
FW DRI 2, (BERGKEW LS
AL, RILART R B R R G R E RRT
SO PRI, AERSRIGAIEFE 38 2 B 4K/
FHRPRIRTE RGO ERRAEEE, 45615 R
ISR E RGE K E T kD ZRE
(phylogenetic generalized least squares, PGLS)[?] 473
Trogik, et EEUERMLIT TE Y Dh REVEIR B R R 41
KNHIR 5 VA SR 5 B DR 20 /NG R AL . 59
Hh, RGURE PRAT VAN PR 3R A0 4] 3 [R] 52 0 4= ]
ANV i NSE - Y E NG NP ER i R & SR i)
AR — BT .
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Characterization of complete chloroplast genome in Firmiana kwangsiensis and
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ABSTRACT

Aims. Firmiana kwangsiensis and F. danxiaensis are endemic plant species with narrow distribution and small
population in southern China, which have important ecological and economic value. However, our knowledge of the
chloroplast genome level of F. kwangsiensis and F. danxiaensis are still limited. Also, the phylogenetic relationships
among the Firmiana genus remain unclear.

Methods: The genome skimming sequencing data of F. kwangsiensis and F. danxiaensis were obtained by using the
high-throughput sequencing, and the complete chloroplast genomes were assembled and then the structures were
analyzed by bioinformatics methods.

Results. The results revealed that complete chloroplast genomes of the F. kwangsiensis and F. danxiaensis show a
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typical quadripartite structure of 160,836 bp and161,253 bp in length, consisting of a large single copy region (89,700
bp and 90,142 bp) and a small single copy region (19,970 bp and20,067 bp) that were separated by a pair of inverted
repeat regions (25,583 bp and 25,522 bp each). The annotation results showed that chloroplast genomes of both species
contain 131 genes, including 86 protein-coding, 37 transfer RNA (tRNA), and eight ribosomal RNA (rRNA) genes. In
F. kwangsiensis, 26 forward repeats, two reverse repeats, 21 palindromic repeats, 23 tandem repeats, and 98 simple
sequence repeats were found, and 23 forward repeats, five reverse repeats, 21 palindromic repeats, 30 tandem repeats,
and 107 simple sequence repeats were found in F. danxiaensis. Phylogenetic analyses revealed that five Firmiana
species were clustered into two branches with strong supports. Firmiana kwangsiensis, F. pulcherrima and F. colorata
formed a branch, and the F. kwangsiensis was a sister relationship to F. pulcherrima in this branch, the other branch was
F. danxiaensisand F. major.

Conclusion: The structures, gene arrangement and repeat sequences in F. kwangsiensis and F. danxiaensis chloroplast
genome were high similar. Phylogenetic analyses revealed that five Firmiana species were clustered into two clades, F.
kwangsiensis was closely related to F. pulcherrima, and F. danxiaensis was closely related to F. major. In addition, the
SSRs in this study will provides important genetic information for phylogenetic, evolution for Firmiana species.

Key words: Firmiana kwangsiensis; Firmiana danxiaensis; chloroplast genome; high-throughput sequencing; repeat

sequence; phylogenetic analysis

I S A 2 R ) 240 S P 3R AT A [ o AN il 3
FREENH MY 23 (Ivanova et al, 2017), &
BA—En e g EEHIMEE RS, nwmiD5k
GAERAHCIEE . Bl AR R (o SRR (R 2H 3=
TR ORI, IR — A 107-218 kb FRR
DNAZ; T, B3E 1A KB DX (large single copy,
LSC). 14~/NE$E DL[X (small single copy, SSC) 4
H A4y B I 24 ) ) & [X (inverted repeat, IR)
(Daniell et al, 2016; Zf&4%, 2020). S5#ZFEE AL,
2R AR R R 20 B AT B 2 R IK . AR I AR A e S5
F(Birky, 1995; T 545, 2019). K, WF 5044k
K HE A B THm M REKEL R 2RI,
1 AFE IR FE R, T ade 338 10 s 2k TR AL A o 5 R i R
B HARAGA U5 B wD, KPRt % &0
SR T — @ sema . Bl PR 3Tt
AR ) T B, R S A B R LR AT vk R 50
RAERRZCHANAUFB. e kIR H(E B
248 AUA B T Wb % 58 A1 43 1 5 PP &5 7 TH (1) T
F, AN EEZFEY. HEMMN R 2
FEEYIR B Rt T2 Ah(Nie et al, 2012).

FE A J& (Firmiana) s J& T 8 25 RHE A AL, £
£ 12—18F0(Chen et al, 2015), 1 E 445 7R, 435
RAER(F simplex) i F #E A (F. hainanensis). FHES
FEA (F. danxiaensis). =z F #E Al (F. major). KA
(F. colorata). 7 K Afil(F. kwangsiensis) 13 [ K Al
(F. pulcherrima), F&H 5 FE A PR 385 11 2 A 82 4k,
HAROF L2 eI 70 A F(Wang et al, 2018; Ya et al,
2018; HUEEEE, 2018). BEE W HAEYYIM KT

S0, R e S P A R A0 S AR TR AN (1 7
TR ) R o AW FT R IR AR & R 3R L)
AEA B B R F B 16 25 #AE
(Ajaib et al, 2014; Woo et al, 2015; Lim et al, 2017),
W BA R 2 RGO IV H (Kim et al, 2015;
Lim et al, 2017). H#j, MHEHEHIRGERERRD
AAHHRIE, FLIRAE2011)FI FHITS Fr BO A5 A J& 1)
RGURAEKZHAT 7L, Abdullah%(2019)%E Tk
Rl 2 T R A A 5 T KO P P S 4 i PR 2 04T T
RGRERZIINT 9T EHERR AT 1 AR

AR GER AR AR, I 25 22 WA B G 2 (AL A
5

I VG KA A PH 55 AT A 38 9 A A Je P B )
W AR, AR AR A, TP RLE D, B8
N S 2 EE AR B AR R (S Ol R AR
i, 1999) L K (R EYF Lt H D) Wi a5
FhCAERAFIfR AR, 2004), FEREBIN (A RN FHEEET
AEFEPIPRRARST TRERRI(2011-20154F)) 5. H
T KRN A3 A5 T G R A R I A AR A
X, FHEAEM oA T RFHE L ERRYX,
SEFHEE LRFIE Al B PH S MO SR AT Pl o 3K W A A A2
TEARZE  AEEHETN, AE MR BN E . R, X
X P R 0 (1 R DG F 9 32 B b T R RO A A
T IE(F% SCHESE, 2010; BRIERSE, 2018). RIS fE
73HT(Chen et al, 2014; 3% A5, 2015; HAEKSE,
2018) 55 77 THI, i A & LA FH e 2 A 4 356 PR 4145 R,
XoF T G KA R P B A AR 1) 2R Gt kA= AT T A K A
KARIE o DRI, ASSCUAT VG AR RO P B AR AR i
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NBIEFEARE, R i I R ORISR
M2k A RE R A BEAT A28, JF X A MR HEAT 7
B, Ay AT BT BRAE PG MR AP B AR AR (4 R S
R, NIREIT A% 2 PR R OR3P AR R
ST IR M TARAEE .

1 #rRFEE

1.1 EYIM R DNARZEL

I S R RE ST 20184F6 F KA T AR MR
YbE N (25°04" N, 110°17" E), F-{fi FRE i T 452 4
1o FHEREMIH FFE T T20194E7 A RE T HEMAE
Wb 40T, IZ S 2017467 H 31 AT AP E
i HAREEPX(25°02" N, 113°43" E), , HAFEMNE
FHEfE N TR AT« R R CTABIA(Doyle, 1987)
FEHU PG KRS A AR ) DNA. Bt 5, I
Bt IR AR 5t 2 H Yk FINanoDrop2000 (3 [E FEEk K H /R
RBHE A BR A 5 VR £ I 4IDNA R R 2 KR E, K
56 AR IS ZHDNA T SC R 22
12 MEREERBNF. AREEETRE

T 78 KR 5 P 5K A SR A R0 5 B 1) A
— 5, FHEBEARFEARPFZE, FHlumina
HiseqillJ7F & (132 FH AW R 2R A BR A 7))
XV AR SR AR AT VR B SR R A, 1 PR AT
Hi P26 44 JU) F1) Fl Tllumina NovaSeq ™ & (8 il SE B &
AR A R A &)EAT R E I F AT . AN
Folt 1) 32 2 i N BE 299350 bp i A, MR i
PE150.

R v I R R B TR 4 JE S 2H s K o B I T
P, {5 FH fastp® {4 (Chen et al, 2018)%HlF# FHLJE 1
JRUGHAR AT IS8, B G BRreads P 1IN 7 H23k K
S\, I LBRAK Ereads CPEIFREMQ < 5,
RIVBIBHEEN > 5). 1535 i 5 A B R 240 7
0 # (clean data) S5, H] Bowtie2 v2.2.4 % 1
(Langmead et al, 2012)@F47 ok, ader Eoxt b il
FF AR AR S IR I 5 . Bt S, DA
1A EC AR (Gossypium  thurberi) - £ 44 4= 3L [X 41 (NCBI
x5 GU907100) N Z % Jr %, 18 1L SPAdes
v3.10.1 (Bankevich et al, 2012)2H.5 ) 75 JHia #1185
A P 5 i A R TR 2

NP SRR I R L R R P, B AT
DA R b 5 3558 T 1 KA AR 54 A ) P A ik
N HEATIERE: (1)f# Ffprodigal v2.6.3 (Hyatt et al,
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2010). hmmer v3.1b2 (Wu et al, 2011)#Flaragorn
v1.2.38% M (Laslett & Canbick, 2004)43 5 244
LR 2H 1) 5 A gmbd [X (coding sequences, CDS). %l
ARNA (rRNA)FI#£IERNA ((RNA)BHAT1ERE . (2)#2
W25 B AL 3L R 7 1, {8 FHNCBIf#blast v2.6
BAFLEXT AR T 51, IRAFEE RS . AR JE xS
PR R IR AT X b, ZeBRAR R B TUAR IR R,
e 2R F I A, TSRS i 4 i S AR L [
TR I FHOGDRAW T H. £2: ] - 32 DR 4 45 g ]
(Lohse et al, 2013).
1.3 EEFIISSSRAH

FIFHIREPuter (Kurtz et al, 2001)%CH T k25
EEERHNWBHEE G T, HSHREN: &b
HE T30 bp, R (Hamming distance) &
E N3 (Liang et al, 2019)., HFBCELFHEITAEL
Tandem Repeats Finder T. B i 47 4 #it (Benson,
1999). FIHMISA#F(Beier et al, 2017) Tl H-&i 44
JE [R 41 ) 1] 51 B & JF ¥ (simple  sequence repeats,
SSR)FI4r A, ZHREW R KT TF101 1%
HIRELZTH;, KTEETSA R HRES T,
KFEEFAN =B ERELTH;, KFE%EF3AN
VURZE IR I LA B R IR H ) 41(Zhao et al, 2019).
14 REEREDH

MNCBIF #1245 25 H AE I i 2 4k 4 2 ]
HFFF, LI5S = FE A (NC 037242) LN
KA (NC 036395) KA (BK 010724), 4R )&
(Heritiera) K AR HRH-#4 (H. angustata, NC 037784).
H. fomes (NC 043924). 4R M (H. littoralis NC
043923). WA (H. parvifolia, NC 038057), -
J& (Pterospermum) i) 5 75 ¥ ¥~ #% (P. kingtungense,
NC 042885), A J& (Tilia) 1L A8 (T. amurensis, MH
169579)F11/b Bk #(T. paucicostata, KT 894775), # /&
(Gossypium)[#JG. harknessii (NC 033333)F1 5757 %k Jik
H3(G Klotzschianum, NC 033394), AR5t g
VG P B A AR 1) SR AR S R AN 5 #r, B+
F A6 R Braya humilis (NC 035515) 94 258E . i
RAXML (Stamatakis, 2014) # & & K L 28 2
(maximum likelihood, ML) R Gt K LM, L F 4
BAGEPEGTRAG, HALSEOE IR E, S
3 SR ATAE 3 Fbootstrap i HEL & 1,0004K
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21 MRAEEFEAERSEREE

X I Ji G B 1 4 Sk P 2 AT o B I 4
WL UENG, AT 08 KA AP ERAE A [ clean data’)
MLIR5.16 GRIS.91 Go Bl Ja X - ZRARSE R A 24T
ke, 3 nlZRAF 7T T O A PE B A ) et Ak 4
£ 4H (NCBL 5 % 5 73 Jjll N MN786867 .
MN480318) . L5 L Y 45 4 Wy - 2t A 26 DR 4H AL B,
T V8 RN P 72 A A PR - S A 5k DR 26 3 Oy P 3
ARVY AR ZER, A5 LSC. SSCAMAMIRIX (K1), F
H 4= K435 160,836 bpAl161,253 bp, HALSCX
K FE 7351 °489,700 bpA190,142 bp, SSCIX K 235l
H19,970 bpA120,067 bp, IRIX K437 425,583 bp
F125,522 bpo )P KA 5 P EEAE AR ) - AR L R 2
GCH &4 N37.04%. 36.87%, HFi# HIIRIXGC
B (42.93%- 42.97%) ¥ T LSC (34.92%- 34.68%)
FISSCIX(31.46%- 31.24%) (1),

AHEFEHA, T 0E KA 5 P E A AR ) P A R ]
HVERE RN AL B3 A 1314, G861 4
9751 37MRNAZE K I8N RNAZE K . Hdf517
MNERAEAE A DL, B dE6A 5 I gwhd T 51 (rpsT .

®1 T EAKAE BRI R E AL

Table 1 Comparison of chloroplast genome characteristics of
Firmiana kwangsiensis and F. danxiaensis

BRI HRFAE T4 KA FIEREA
Genome characteristics F. kwangsiensis F. danxiaensis
#5141 Genome size (bp) 160,836 161,253
LSCIX K/ LSC length (bp) 89,700 90,142
SSCIX K% SSC length (bp) 19,970 20,067
IRIXKJE IR length (bp) 25,583 25,522
GCH & GC content (%) 37.04 36.87
LSCIXGCi#% & GC content of LSC ~ 34.92 34.68

0

(S/SOEJIZGC%\% GC content of SSC  31.46 31.24

0

gg&GCﬁ% GC content of IR (%) 42.93 42.97
AR LG A base content (%) 30.98 31.13
THEEE H EE T base content (%) 31.98 31.99
CTgi%E 5t C base content (%) 18.87 18.61
Gi%E 5L G base content (%) 18.17 18.26
FER L Total genes 131 131
g E AL HEEL No. of protein 86 86

coding sequences
tRNA 37 37
rRNA 8 8

rpl2. rpl23. ndhB. ycf2. ycfl5). 7 4> tRNA F[H
(trnA-UGC . trnl-CAU . trnl-GAU . trnL-CAA .
trnN-GUU. trnR-ACG. trnV-GAC)F1 4 /4> rRNA
BHl(rrn16. rrn23. rrnd.5. rrnS) (F¥sk 1). 75k
AR P EE A A () S A B R ZH 38 R T 17 AN FE D
THENGT, Kb 4 ANEREE 1LANE T, B
8 MK M 4 i %: K] (rpsl6. atpF. rpoCl. petB. petD.
rpl2. ndhB. ndhA)F1 6 4~ tRNA Z [ (trnK-UUU,
trnG-UCC . trnL-UAA . trnV-UAC . trnl-GAU .
trnA-UGC); A 3 MEREHR 2 NN F(rpsl2.
ycf3. clpP). matK HF A7 T trnK-UUU I &7 L.
T4, rpsl2 e B REEE, H 5T LSC X,
Ifi 33T IR X
22 SSR4T#R

FIFHMISA B A X T 18 KA 1 - & 4 5k DT 26
145 98/ SSRAL s, 4556/ FA% H IR T 42 K Y
(FEUASTHIEESE hE, AA3INNCHIEEER),
INEER . 2 =FER. I ER. 51
HEERAN TR A RRAES, W fE ST AE AR
SRUREE R GRIEAS B1074NSSRA 1, Hheda Ry
ABTA S AL IR R R, 11N IZH IR 1
MEBHR ONURERR . I T ERA3ANE
EIREETRRBY(EI2A) o |78 KON ER A AR () -4
A5 R ZH SSRA. 1 T2 # 73 A1 T LSCIX (7373 7041
824), HUCNSSCIX (73 A1 918H1154), IRIX 2b
(F5104) (EI2B); F341k, SSRAT i K 40 43 Aii 14
RFERIZH R gm 5 X |, H PR A B X (IGS) 73 41
R Z (A 65744, HUCHFER N & 1 X (1941
174), AR SR B 4 i X A /b (14 A0161) (K12C,
i
23 EERFIISH

I REPuter B R ™ 7 O AP R AR AR £
SRARFE R AT P9 o3 Mo A2 V8 KON (R 2%
AL R A L5 H49 N HE 741, 5261 1) H
& (forward repeats). 21~ /x [7] # & (reverse repeats)Fll
214N [A] 3L E K (palindromic repeats); 1E £+ 82 FE AR
H PRI 58 A9 E R P 41, R34 IE
MEE . SN EZ M2 ESCER (E3A). T
KA R0 P B A A P St i R 2 A3 e 41K R T
43 MITE30-65 bpA130-60 bp [a], HEEHAT
3045 bp2 [AI(E3C, t53). EHAMMFHFyct2,
psaBAllycf1gmts X b3 EE 7510, Hycf2
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Fig. 1 Gene map of the Firmiana kwangsiensis and F. danxiaensis chloroplast genome
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Fig. 2 SSR analysis of the chloroplast genomes of Firmiana kwangsiensis and F. danxiaensis. (A) Number of SSRs in different
types; (B) Number of SSRs in the LSC (large single copy), SSC (small single copy), and IR (inverted repeat region); (C) Number of
SSRs in the intergenic regions (IGS), protein-coding gene (CDS) and introns.
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Fig. 3 Repeat sequences analysis of Firmiana kwangsiensis and F. danxiaensis chloroplast genome. (A) Number of different types
of repeats; (B) Size of tandem repeats in specific range; (C) Size of forward, reverse and palindromic repeats in specific range.
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Fig. 4 Phylogenetic tree of 15 species based on chloroplast genome using maximum likelihood (ML) method

Firpl2) N &7 b, HR A0 T2 5 R X (1GS)
(P34,
24 RBEREDH

FL 15/ I i 3 4k A B R 2H T 9 R S 1
R G LR (1 4): H7 8 (Gossypium) 4R -4
(Heritiera) #E Hi J& (Firmiana) A JE (Tilia) i B &

PEAS 258 2 SCRF G R EI79100%), 5403744 (P.

kingtungense) 5 1B 4 J& F2 Al Gk A, FE15 2] 100% 52
S, LRI AR B JE FIAB A JE 2SI AR ik, S
FFEEN9T% . (EAGA JE A, T EE AR 2= re A A
PR3, FER3F(T PG I SETN T F KA
J— 3¢, FoAr T KON R SE T KR A AR R
3 g

AT 5T AR e 3 M e AR X A A i P
Wi S W /N TR AR A ) UG O R0 P B A Al R 1 %
S SER AT A28 5 R . AR SRR S R 41
5RZHu T AEY I S RIS R H S5 AL, R
I PY 43R 2025 ) (Cheng et al, 2020; Tan et al,
2020), HAE 23 7°9160,83641161,253 bp. &Y
H- S A IR A 8 i 131N ], 35 864N 2 1 4
551, 37 MRNAFISMIRNAFE R . BEAk, |76k
AP 5 RE AR (1 - SRR S [RIZH 2540 . JE R0 R 2R
B, GCEESFS5CAMMMAENEMEY(Ya et al,
2018). I K Aiil(Wang et al, 2018)F1 Kk Hfil(Abdullah
et al, 2019)1) SRR IE R A AR L, R BHAEAR & P AH

SR ) e £ A 5 IR 2 45 M AR RO F

BRI SRR A EH ke THEE
7 51 if) # & (Haberle et al, 2008; Gao etal, 2009;
Somaratne et al, 2019). Kk, BHEFHINFEFHEHE
HERE 3R T RS B . A, BARES T
AR P B2 A (1 T 4 Ak S TR 4 R 3 5 v 49
HEpH, BEEREEA R ELZNHE LG
M2 S, FEHAAEN JEAEY) 0 = AR . BT K
A A1 A % LA B % (Abdullah et al, 2019). X
B 5 4 7 A A AE AR JE R G — B IRAE A
PROL T EEKYE . LhAh, BATEKRIE BRE S T
R MK EER AR P AR R, PHEEAER
SRR SE R ZH K T15 bplh BRI R BRE B 51
LT VAN, H TR T AR E BT S R IR
I AE A, FTAE SDNAE A, A8 S AR P A i A
J(Chen et al, 2019).

IH- 453 358 DR 2 1) SSRs & — ot 2 1 T A it
5 MRS 22 B 22 S 78 1) v bR e T E (Du et
al, 2012; Chmielewski et al, 2015). AH#F5h, 7]
T AR R PF 75 A8 A ) S 3 TR 2 A 43 31 3R 1598
ANFI107SSRA A5, X EESSRA. 4 AT LI Wi f 4B A
JEAEL Y IR 3BEAE 22 1% R 0 LR 37 1824 2 S5 AT S 3R it %
Vi S T O BN 72 & = 1 L 5 N Y B
SSRAV mi 73 Afi A LA (Abdullah et al, 2019; Fr7KHI4E,
2019; FKEHIEEE, 2020), AL AN YDFH 1) Sp A dk
PRI ZH SSRA pit = L4347 TLSCIX, H 2= 2 LLA/TH
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FAIE. BEAh, AEGRAS X AGSFIN & F)HISSRAT A4
H IR $ R I 2 T 9w iY X (CDS), X 7] g 5 4 it [X
(PR 53 1 = T AR gmAS X A7 SR (TR K W4, 2019).
TS AR 3 PR 20 7 F1 (AnmatK .- psbA-trnH
trnL-trnF. ndhFAlycf1%5) % # F T YR I R4 K 4R
KAV FLEIEE, 2020) . (EXF T HE AR AL 25— L 5
FHKHE, AIRMDNAF BAS BHA R RS R R
Gi ok B (Wilkie et al, 2006), 75 E LM 115
Bo AT TSR SR NAME RGE LKA RR,
¥ 140 40 25 B BRI A R 2 NS L (LFER
100%), F o 55 22 BLAT & 5 F8 A 2R R 40 R B
A SR A A 5 BRI EON AH R, R X
PN JE 56 2 0% R B, EIAIE T Wilkie %5 (2006) [
ghit . MhAh, AEARJE N A AN 3, HoA )T
KM KA SE R KA SR — 3, FHEEAGHAF = 7
FEM R R — 32, 5 FLsREF(2011)FE T-ITS Jv B B AE el
BHNARGRBERAM AL RS HHRTZE TR
A IVl P JE Atk 40 A ) e A DR 1 R T A AT
MARREAREMH RG R KRR RUFFIRE N
P KA A 5 AT A (1 1 5t A i TR 4 AR AE 4 A S8
TIZAEAE R R G R A AN RI 8 A% 55
WFFIRpt T EE B LS R .

SE K

Abdullah, Shahzadi I, Mehmood F, Ali Z, Malik MS, Waseem
S, Mirza B, Ahmed I, Waheed MT (2019) Comparative
analyses of chloroplast genomes among three Firmiana
species:  Identification of mutational hotspots and
phylogenetic relationship with other species of Malvaceae.
Plant Gene, 19, 100199.

Ajaib M, Wahla SQ, Khan KM (2014) Firmiana simplex: A
potential source of antimicrobials. Journal of the Chemical
Society of Pakistan, 36, 744—753.

Bankevich A, Nurk S, Antipov D, Gurevich AA, Dvorkin M,
Kulikov AS, Lesin VM, Nikolenko SI, Pham S, Prjibelski
AD, Pyshkin AV, Sirotkin AV, Vyahhi N, Tesler G,
Alekseyev MA, Pevzner PA (2012) SPAdes: A new genome
assembly algorithm and its applications to single-cell
sequencing. Journal of Computational Biology, 19,
455-477.

Beier S, Thiel T, Miinch T, Scholz U, Mascher M (2017)
MISA-web: A web server for microsatellite prediction.
Bioinformatics, 33, 2583-2585.

Benson G (1999) Tandem repeats finder: A program to analyze
DNA sequences. Nucleic Acids Research, 27, 573-580.

Birky CW (1995) Uniparental inheritance of mitochondrial and

chloroplast genes: Mechanisms and evolution. Proceedings
of the National Academy of Sciences, USA, 92,
11331-11338.

Chen L, Zhou H, Wang MQ, Wu XT, Lin XY, Zhang Y, Wen
YF (2018) Community characteristics comparison of
Firmiana danxiaensis species. Chinese Wild Plant
Resources, 37(2), 46—49. (in Chinese with English abstract)
(BB, 7%, EHOK, REN, WE%, kE, g
(2018) FHEAENIEEERAAE LU 78, [H BF A A ) R,
37(2), 46-49.]

Chen Q, Wu XB, Zhang DQ (2019) Phylogenetic analysis of
Fritillaria cirrhosa D. Don and its closely related species
based on complete chloroplast genomes. PeerJ, 7, €7480.

Chen SF, Li MW, Hou RF, Liao WB, Zhou RC, Fan Q (2014)
Low genetic diversity and weak population differentiation in
Firmiana danxiaensis, a tree species endemic to Danxia
landform in northern Guangdong, China. Biochemical
Systematics and Ecology, 55, 66-72.

Chen SF, Zhou YQ, Chen YR, Gu J (2018) Fastp: An ultra-fast
all-in-one
1884—1890.

Chen SF, Li MW, Jing HJ, Zhou RC, Yang GL, Wu W, Fan Q,
Liao WB (2015) De novo transcriptome assembly in
Firmiana danxiaensis, a tree species endemic to the Danxia
landform. PLoS ONE, 10, ¢0139373.

Cheng Y, Zhang LM, Qi JM, Zhang LW (2020) Complete
chloroplast genome sequence of Hibiscus cannabinus and

FASTQ preprocessor. Bioinformatics, 34,

comparative analysis of the Malvaceae family. Frontiers in
Genetics, 11, 227.

Chmielewski M, Meyza K, Chybicki 1J, Dzialuk A, Litkowiec
M, Burczyk J (2015) Chloroplast microsatellites as a tool for
phylogeographic studies: The case of white oaks in Poland.
iForest, 8, 765-771.

Daniell H, Lin CS, Yu M, Chang WJ (2016) Chloroplast
genomes: Diversity, evolution, and applications in genetic
engineering. Genome Biology, 17, 134.

Doyle JJ (1987) A rapid DNA isolation procedure for small
quantities of fresh leaf tissue. Phytochemical Bulletin, 19,
11-15.

Du QZ, Wang BW, Wei ZZ, Zhang DQ, Li BL (2012) Genetic
diversity and population structure of Chinese white poplar
(Populus tomentosa) revealed by SSR markers. Journal of
Heredity, 103, 853-862.

Fan Q, Guo W, Chen SF, Liao WB (2011) Phylogeny of
Firmiana (Sterculiaceae) based on ntDNA ITS analysis. In:
The 10th Youth Academic Seminar of National System and
Evolutionary Botany (ed. Botanic Society of Yunnan), p. 68.
Kunming. (in Chinese with English abstract) [ L3k, FFH,
WRzT5, B0 (2011) #:FnrDNA ITS/F FUHR S HE A &
MRGKRE. W 201 1EEE RS SHUED 2 EH 1 s
FHAEAARI 28 (= MY 2 9), 6811, B

Gao L, Yi X, Yang YX, Su YJ, Wang T (2009) Complete
chloroplast genome sequence of a tree fern Alsophila

https://www.biodiversity-science.net



594 4= W) £ K PE Biodiversity Science

spinulosa: Insights into evolutionary changes in fern
chloroplast genomes. BMC Evolutionary Biology, 9, 130.

Haberle RC, Fourcade HM, Boore JL, Jansen RK (2008)
Extensive rearrangements in the chloroplast genome of
Trachelium caeruleum are associated with repeats and tRNA
genes. Journal of Molecular Evolution, 66, 350-361.

Hyatt D, Chen GL, Locascio PF, Land ML, Larimer FW,
Hauser LJ (2010) Prodigal: Prokaryotic gene recognition
and translation initiation site identification. BMC
Bioinformatics, 11, 119.

Ivanova Z, Sablok G, Daskalova E, Zahmanova G, Apostolova
E, Yahubyan G, Baev V (2017) Chloroplast genome
analysis of resurrection tertiary relict Haberlea rhodopensis
highlights genes important for desiccation stress response.
Frontiers in Plant Science, 8, 204.

Jiang M, Wang JF, Ying MH, Yang RM, Ma JY (2020)
Assembly and sequence analysis of Tetrastigma
hemsleyanum chloroplast genome. Chinese Traditional and
Herbal Drugs, 51, 461-468. (in Chinese with English
abstract) [# 8, TFWE, NAZ, Uik, DHEE (2020)
=R R i SR BE R A I L3 5 T A A a. g,
51,461-468.]

Kim JW, Yang H, Cho N, Kim B, Kim YC, Sung SH (2015)
Hepatoprotective constituents of Firmiana simplex stem
bark against ethanol insult to primary rat hepatocytes.
Pharmacognosy Magazine, 11(41), 55-60.

Kurtz S, Choudhuri JV, Ohlebusch E, Schleiermacher C, Stoye
J, Giegerich R (2001) REPuter: The manifold applications
of repeat analysis on a genomic scale. Nucleic Acids
Research, 29, 4633-4642.

Langmead B, Salzberg SL (2012) Fast gapped-read alignment
with Bowtie 2. Nature Methods, 9, 357-359.

Laslett D, Canback B (2004) ARAGORN, a program to detect
tRNA genes and tmRNA genes in nucleotide sequences.
Nucleic Acids Research, 32, 11-16.

Li Q, Guo QQ, Gao C, Li HE (2020) Characterization of
complete chloroplast genome of Camellia weiningensis in
Weining, Guizhou Province. Acta Horticulturae Sinica, 47,
779-787. (in Chinese with English abstract) [Z5fF, FRILH,
e, AR (2020) M BT L AL T R B I g A R R
HAFAE AT, [E 24, 47, 779-787.]

Liang CL, Wang L, Lei J, Duan BZ, Ma WS, Xiao SM, Qi HJ,
Wang Z, Liu YQ, Shen XF, Guo S, Hu HY, Xu J, Chen SL
(2019) A comparative analysis of the chloroplast genomes
of four Salvia medicinal plants. Engineering, 5, 907-915.

Lim SY, Subedi L, Shin D, Kim CS, Lee KR, Kim SY (2017)
A new neolignan derivative, balanophonin isolated from
Firmiana simplex delays the progress of neuronal cell death
by inhibiting microglial activation.
Therapeutics, 25, 519-527.

Luo WH, Mao SZ, Ding L, Huang Y'S, Deng T (2010) Study on
community characteristics of endangered species Erythropsis
kwangsiensis. Journal of Fujian Forestry Science and

Biomolecules &

2021, 29 (5): 586595

Technology, 37(4), 6-10. (in Chinese with English abstract)
(B3, |G, TH, Ak, X% (2010) HEHY
P KRS RFAERT T, AR AR, 37(4), 6-10.]

Luo WH, Dai WJ, Liu J, Hu XH, Li XJ, Huang SX (2015)
Comparison of genetic diversity of natural and ex-situ
conservation populations of Erythropsis kwangsiensis.
Journal of Central South University of Forestry &
Technology, 35(2), 66-71. (in Chinese with English
abstract) [J&3C4E, fR3CUE, X%, SHMAE, 2%, Ei
Yl (2015) T G KA SR AL M CR AP R0 B (Y 0t 22
FEPEELEL. AR MOl R K 22224k, 35(2), 66-71.]

Lohse M, Drechsel O, Kahlau S, Bock R (2013)
OrganellarGenomeDRAW—A suite of tools for generating
physical maps of plastid and mitochondrial genomes and
visualizing expression data sets. Nucleic Acids Research,
41, W575-W581.

National Forestry Administration, Ministry of Agriculture
(1999) List of Key State Protected Wild Plants (The first
bacth). Plant Journal, (5), 4-11. [E XML, &M
(1999) [H 5% & s R BF AL ) 44 3 (B —1lb). R,
(5),4-11.]

Nie XJ, Lii SZ, Zhang YX, Du XH, Wang L, Biradar SS, Tan
XF, Wan FH, Song WN (2012) Complete chloroplast
genome sequence of a major invasive species, crofton weed
(Ageratina adenophora). PLoS ONE, 7, ¢36869.

Qiao YG, He JX, Wang YF, Cao YP, Jia MJ, Zhang XR, Liang
JP, Song Y (2019) Analysis of chloroplast genome and its
characteristics of medicinal plant Sophora flavescens. Acta
Pharmaceutica Sinica, 54, 2106-2112. (in Chinese with
English abstract) [777kK NI, #E3Efk, FH K, HEMH, Wik
A, dKERHG, REM, RE (2019) ZREYTE S KM 4
PRI R T HAFAE AT, 24525244, 54, 2106-2112.]

Somaratne Y, Guan DL, Wang WQ, Zhao L, Xu SQ (2019)
Complete chloroplast genome sequence of Xanthium
sibiricum provides useful DNA barcodes for future species
identification and phylogeny. Plant Systematics and
Evolution, 305, 949-960.

Stamatakis A (2014) RAxML version 8: A tool for
phylogenetic and post-analysis of large
phylogenies. Bioinformatics, 30, 1312—-1313.

Tan W, Gao H, Zhang HY, Yu XL, Tian XX, Jiang WL, Zhou
K (2020) The complete chloroplast genome of Chinese

(Psoralea  corylifolia): structures,
barcoding and phylogenetic analysis. Plant Gene, 21, 100216.

Wang JH, Cai YC, Zhao KK, Zhu ZX, Zhou RC, Wang
HF (2018) Characterization of the complete chloroplast
genome sequence of Firmiana pulcherrima (Malvaceae).
Conservation Genetics Resources, 10, 445-448.

Wang S, Xie Y (2004) China Species Red List (Vol. 1). Higher
Education Press, Beijing. (in Chinese) [YEF, fil##% (2004)
HEF L O FEE ). @ERE HRE, Jba]

Wilkie P, Clark A, Pennington RT, Cheek M, Bayer C,
Wilcock CC (2006) Phylogenetic relationships within the

analysis

medicine Molecular

https://www.biodiversity-science.net



Ffir R4 B/ NRREEUG I PE KA T EEAE AR B SRR SE I AR 595

subfamily Sterculioideac (Malvaceae/Sterculiaceae-Sterculicac)
using the chloroplast gene ndhF. Systematic Botany, 31,
160-170.

Woo KW, Choi SU, Kim KH, Lee KR (2015) Ursane saponins
from the stems of Firmiana simplex and their cytotoxic
activity. Journal of the Brazilian Chemical Society, 26,
1450-1456.

Wu ST, Zhu ZW, Fu LM, Niu BF, Li WZ (2011) WebMGA: A
customizable web server for fast metagenomic sequence
analysis. BMC Genomics, 12, 444.

Wu XT, Chen L, Wang MQ, Zhang Y, Lin XY, Li XY, Zhou
H, Wen YF (2018) Population structure and genetic
divergence in Firmiana danxiaensis. Biodiversity Science,
26, 1168-1179. (in Chinese with English abstract) [V ¥,
MRigs, E8OK, ®IE, WE=E, 2%, HE, XL
(2018) FREEHE MR RE A B A% 450 S St AR A, B He
P, 26, 1168-1179.]

Ya JD, Yu ZX, Yang YQ, Zhang SD, Zhang ZR, Cai J, Yang
JB, Yu WB (2018) Complete chloroplast genome of
Firmiana major (Malvaceae), acritically endangered
species endemic to southwest China. Conservation Genetics

Resources, 10, 713-715.

Yu T, Zhang YY, Gao J, Ke L, Ma WB, Li JQ (2019)
Complete chloroplast genome sequence of Betula halophila,
a plant species with extremely small populations. Scientia
Silvae Sinicae, 55(2), 41-49. (in Chinese with English
abstract) [T, KT, mfE, M, SXFE, FRIE
(2019) AR /INFofr F I 15 L 400 6 T 4 s D] 2H R 0E 70 A
Mol R, 55(2), 41-49.]

Zhang MY, Wang XF, Gao J, Liu AP, Yan YG, Yang XJ,
Zhang G (2020) Complete chloroplast genome of Paeonia
mairei H. Lév.: Characterization and phylogeny. Acta
Pharmaceutica Sinica, 55, 168-176. (in Chinese with
English abstract) [FKBI3E, EFTY, @ik, xI7HE, Bk
NI, 7S, Gk (2020) S&NHAT 25 - SAA 4 5L DR 4 fige by
MEGRE5HT. 45, 55, 168-176.]

Zhao XQ, Yan M, Ding Y, Huo Y, Yuan ZH (2019)
Characterization and comparative analysis of the complete
chloroplast genome sequence from Prunus avium ‘Summit’.
Peer], 7, 8210.

GiERZ: H¥E  TUERE: NED)

M Supplementary Material

MRl I EAERAEEROM REERATRER
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Contrasting biodiversity of invasive herbs inside and outside nature reserves in
Guizhou
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Institue of Ecology, Chinese Research Academy of Environmental Sciences, Beijing 100012

ABSTRACT

Aims: Nature reserves are important barriers against invasive species. Human activities, however, can increase the risk
of species invasions in these reserves and beyond. Comparative studies on the biodiversity and distribution patterns of
invasive plant species within and outside nature reserves, as well as differences among nature reserves, may help
elucidate the level of resistance among nature reserves and reveal the factors driving these differences.

Methods: We surveyed the invasive herbs from 380 plots of four national nature reserves (Chishui Alsophila, Xishui,
Fanjingshan, and Mayanghe), in Guizhou Province. We contrasted the diversity of invasive herbs inside and outside the
four nature reserves using a two-way analysis of variance, and explored differences in species composition with
non-metric multidimensional scaling. Redundancy analysis was used to evaluate the key anthropogenic factors to
explain these differences.

Results: A total of 46 invasive herbs were recorded and classified into 37 genera and 18 families. At each of the four
reserves, between 7 and 20 invasive herb species were identified inside the reserve and between 10 and 24 invasive
species were observed outside the reserve. The richness, Shannon-Wiener diversity index, and Simpson dominance
index of invasive herbs outside Chishui and Fanjingshan nature reserves were significantly higher than those inside

WSk F39: 2020-07-21; 352 H I 2021-02-24
FEE A2 AR RS 55 H (2019HI2096001006) A1 E 5% H AT & 11812016 YFC1201100)
* JEI/EH Author for correspondence. E-mail: zhaocy@craes.org.cn

https://www.biodiversity-science.net



T SN B R RY XN IMR MR AR LR 597

nature reserves, while there were no significant differences between invasive herbs inside and outside Xishui and
Mayanghe nature reserves. Pielou’s evenness index inside Fanjingshan Nature Reserve was significantly higher than
that outside the reserve, but no differences in evenness were found in the other nature reserves. In terms of invasive herb
species composition, no significant differences inside and outside the four nature reserves were discovered. Redundancy
analysis results showed that the residents and the length of roads were the key anthropogenic factors underlying the

distribution pattern of invasive herbs.

Conclusions: Our results suggest that different reserves have different resistance to plant invasion, which results from
differences in anthropogenic activity. We recommend that restriction of human activities in and around nature reserves

can help to prevent the spread of invasive plant species.

Key words. nature reserve; invasive alien plant; plant diversity; human disturbance

BE & A ERAE T — . BRI E, &
Hu R 7 R NAZAE W) & 235 16 11 (Van Kleunen et al,
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Fig. 1 Diversity index of invasive herbs inside and outside the four national nature reserves in Guizhou (mean + SE). Different

lowercase letters represent significant differences (P < 0.05).
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Table 1
in Guizhou on the diversity of invasive herbs

Two-way ANOVA results of the effects of inside and outside the four national nature reserves and different nature reserves

37X Reserves (R)

FEHLLZ B Plot location (P)  fAF'X x FRHUAIE R xP

F P F P F P
of 3, 372) (1, 372) (3, 372)
YIFhFEE Species richness 2.572 0.054 46.38 <0.001 461 0.004
Shannon-Wienerfg#{ Shannon-Wiener index 436 0.005 39.06 <0.001 4.99 0.002
Simpsonft %  #5%L Simpson dominance index 4.83 0.003 32.28 <0.001 4.86 0.003
Pielou’) =] FE 4841 Pielou evenness index 0.82 0.484 10.07 0.002 1.56 0.200
T (H2). 3 iR

24 ANEFEFEFIHRIPRAIIRNZERED
vaKirl: 0l

RDAHFF AR R, 5 —RA s —flxr iy X
A SR N AR B AR R 40 93 AT R 85 DR 1A DG 1 1) 2R
THFRE R N68.1% (K13), PRI IX NI JE R EFITE R
KRR R LRI X P S0 SR N AR B A ) 43 A5 1 32
TR T (P < 0.05), 3 /AR T 45.3%A1
44.8%; HAMEFZMonte Carlof % WA T2 (P >
0.05), AREMALAREREIRY X N PR NAZ FEAFEAI I
Iy A2 S . =M P4 H (Bidens pilosa). /)N i
(Erigeron canadensis) . #F T 7 (Crassocephalum
crepidioides). —#3%(Erigeron annuus)%: 5 J& & Al
TEPRKE R IEAHDE, 3 X ey s a4 B 2 .

TRIKRSAD FRE 5 1L AR AP XA R AR SR NAR B AR
FARMEY)FE E . Shannon-Wiener 2 # P 45 2 A
Simpsont # FEFRH R F LT IR XL, 5 DUELR
FIX AN R NAZ ) & A7 A 22 7 I B 9T 46
F—F(Pysek et al, 2002), KLY X 3T 7 RN
PiFh B — e A RE 71, BAAMAY X N L HAR A
B W AN 5 % BN AR (Usher, 1986; XIFEYLEE, 2012),
FH R B B AR XN BN s i N % B
S H K T £ 97 [X 446 (Brambilla & Ronchi, 2016;
Moustakas et al, 2018), AHF 7 [F £ KB IR KRS F
R LN NN TR AR TR X 4, R 1X
ANE AR N AR BT ) B AR 77 TR XA

Stress : 0.111 #7K Chishui Stress : 0.097 7k Xishui
P:0.025 P:0.884
Stress : 0.097  F&¥+1Ll Fanjingshan Stress : 0.145  #RFHIA Mayanghe
P:0.002 P:0.002

{47 X P4 Inside reserve AR X Ah Outside reserve

E2 SMNANEZRRBERFRIFEASMMSRNREREMERIEE 8 ZHARE D HT(NMDS)LER

Fig. 2 Non-metric multidimensional scaling analysis (nMDS) ordination for composition of invasive alien herbs inside and outside

the four national nature reserves in Guizhou
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Fig. 3 Redundancy analysis (RDA) of influencing factors on invasive alien plants inside the four national nature reserves in

Guizhou
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A FEFREEZE & T ARk ARl . AR
X 1E BRI . N TIPS A2 5,
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The distribution pattern and biodiversity conservation of freshwater crabs in
Hainan Island
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ABSTRACT

Aims: The biodiversity of tropical islandsis a popular topic in global biodiversity conservation research. Hainan Island
is the largest tropical island in China. Freshwater crabs are a keystone species for freshwater ecosystems in Hainan
Island. The aims of this study were thus to identify the distribution pattern and assess the threat status of freshwater
crabsin Hainan Island.

Methods: In this study, we used field surveys and conducted a literature review to investigate the species diversity and
conservation status for freshwater crabs in Hainan.

Results: Our results indicate that the diversity hotspots for freshwater crab species on Hainan Island are located in the
south-central mountainous area (especially Bawangling, Yinggeling, Mihouling, Wuzhi Mountain, Diaoluo Mountain
and Jianfengling). Freshwater crab diversity is higher in the central and southern mountains and lower in the plains.
According to the IUCN Red List Categories and Criteria, 16.7% of freshwater crab species on Hainan Island are
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threatened. Diversity conservation effectiveness analyses demonstrate that the Hainan Tropical Rainforest National Park
system as leading part of Hainan's protected area system is better than the previous system (which was several
fragmented nature reserves) for covering the potential distribution areas of freshwater crabs. Overall, conservation
status for freshwater crabs in Hainan Island is favorable, but some species are threatened.

Conclusion: The establishment of the national park system is expected to provide unprecedented opportunities for the
conservation of freshwater crab species diversity in Hainan Island. Monitoring freshwater biological diversity based on
the distribution pattern of species diversity will promote the long-term protection and sustainable development for

freshwater ecosystems on Hainan Island.

Key words: Hainan Island; freshwater crabs; spatial distribution pattern; IUCN Red List; species distribution prediction;

Hainan Tropical Rainforest National Park
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T e A bR A AT L X, iR R R AT
o BR2019RAEMIEL /bR A4, H R AR AT
TR RITYE K A B S B AR 2 RS )
FARE SR =,
12 HIESH
121 Y#SEMEES BRI

HEHE Y AP A SR A 10 SR AR SCRR D7 S e 3R
(226 P H R, 4w VAT 7 2 T K T R o A7 B A
£, AR &R A FR ) o A AL, S % v K
RAEH /B EE AT IX; KA0.2° x 0.2°[ M A%
K43, FIHHELE B & 4t (Geographical Information
Systems, GIS) )i W Th g A1 2% (8] K BE 4 BT ThRE, i

RS X IR A 3= ' (Species richness, SR),

Gy M B K BERYIA B TERE R

KB KA MaxEnt (v3.4.1) (Phillips
et al, 2006)% g &y ik K BRI A AR X REAT AR
A #A% (ecological niche modeling, ENM). % [ 5|
MaxEntA 8 45 H B O A 1) 45 R 75 E A Bl 2
BN ANE I AFRE, A SOR6 fUE AR A5
A I R B (AR T o S 73 A B I 64 (B 61N 1 11
b 7K B8 2 1) 3 A0 A X AT AR 3 o R B AU 7
T, RIS 7 R oK B RIS AE W) Bl =F & & (potential
speciesrichness, PSR). 1 #%224BE 1 [ L T2 5 <,
TERFAE PR AD B (1) o A 194 S ik 24 A5 ik
i) 4% & (Biol-Biol19) >k H - Worldclim 2.0% 4}
(www.worldclim.org) (Stephen & Hijmans, 2017);
P (altitude) . 3% (slope) 3 [71] (aspect) 3L AL &
KJ5F SRTM (Shuttle Radar Topography Mission)

A RS R S K BRI R 5 Z R IRY 607

(https://eospso.gsfc.nasa.gov) . i rg 53 5 E ¥ KI5
T [ RE A B RO B B R H o O (hetpe//
www.resdc.cn). TR FAv T AR E 5K 2 bl 2R TE T
CELRIY (K5 35S(2019)1295), %K Zil it
ArcGISEUTAL G R AL o 4 T P85 38 B 1R A
BT FE BR300, AT R AL A o

PR @A, E S A F MaxEnti 47 4] 28
AR LR IE AR TR K TR &, AR)E, il
IR 4.0.0 (http://www.r-project.org) # ) ENMTools
BAF L (Warren et al, 2019)%f R 5145 B 1 L4 Mk
AT, 3T 79 15 Pearsonf ¢ R B0k T0.91 48 &,
A I B B o R R A FRRAIASE R ) S e
2, BEMIFR B 3-8 I B AR B AT B A A
v B BEHLI R ) H 2 b v 25%, f# FHMaxEnt i
A1) H 25 # & (bootstrap) U fig 7= A 10 F A 8L, i
10 TR AE ARG T 5 B P 3B AR R %
VI R AR . TR X, A
e R R B8 AR S P (maximum  test sensitivity
plus specificity)fF A X 7 B 4347 X 5 JE & B 2 A
DX 11 0 R, ¥ 40 b o3 AT M 26 ] A A0 R O/ L — B 73 Al
Bl o e RN R R IR S P 2 R FH T4 73
AR B R, ] DA R A/ D I B3 AN 1
X (1 (Pearce & Ferrier, 2000; Manel et a, 2001;
Liuetal, 2011), S4B fE A8 3213 TARRRAE
2% (receiver operating characteristic curve, ROCHH £&)
T F{E——AUC/H (area under curve, AUC){E
9B AU 45 AR R R ) o #) (Fielding & Bell,
1997). AW LA, 8 F MaxEnt g 155 1) 45 S 4 56 5L
AUCHE, Jir il i 114> P F Y AUCHH 33 K T-0.75
(Pft=x2), 1o B AR e F0000 i ) R A

X oy Al sk s N EUN T 64N E,
F HydroSHEDS 4> 3Kk 7K °C # #% % (Lehner & Girill
2013) 71 11 F i 45k (sub-basin) 1 X 444 F )3 B
MR B AR . ZEERE S — RN Z U E
=, CAERRRVGE N LA E iR E R 7 A2 AN
Fonl (1-1220) ik 7, B Z M TR
B AT K SRR 5 R KK AR LE W I AR A T 5
(Heiner et a, 2011; Tognelli et al, 2019). A A 5
1240 7K =, DA 2 i R B /N L b AR
—HB RIS AR R KRR IR S A
RURE RGP B /N A1 38 AL 45 22 1 T (minimum convex
polygon, MCP) 5t X\ HydroSHEDSH] 28 1248 - it
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s, DL A9 B ) IR A A Nz A I 1 Ay
i X o X T RA AN e s s, DA S
[¥JHydroSHED SE % 5 1) 55 1221 1 s A 9 Hood i
AT X o Rz E AT X E R R A N0 AR o Al
K. &, $155hi R Bk R P — A6 /3 A
K7 ArcGI SH 3 F Mt 2 In Dh RE1EAT 0 A X 1) &
it &, BRENEEYFFEEERZE. rE 5mX
il S 7EAreGIS 10.271 58 i

MR AR —AE 7 A0 B B R LR IE B A A X IRE T
=N NI (3T S /b i o (1 P NRANY I AR A
(6,585) 4 1 B &y V4% 7K B8 SIS 73 s o3 A bR 8
Aiffi(Chen et al, 2019).
122 HFZEKR A

MRAE CTUCNADFh 2L 8 42 SRl fes S5 R B 11 (3.1
fiR)) (IUCN, 2001, 20124, b i ik /K B2 (152
R EE AT PEAY o IUCNK I FR IR S50 5 48K
(Extinct, EX). H}4h4 K (Extinct in the Wild, EW).
% f& (Critically Endangered, CR). #ift (Endangered,
EN). % f&(Vulnerable, VU). i1 f&(Near Threatened,
NT). & f&(Least Concern, LC). ¥4 &k = (Data
Deficient, DD)F1K T iFff(Not Evaluated, NE)%5:94~
. HrR, CR. ENFIVU=/NEEZ45 51 N 52 o
(Threatened) 552K . R 1B, N H &4 M 5 A
[X (extend of occurance, EOQO)Al /545 [ # (area of
occupancy, AOO), 254 P AN BT 3R13 I A 2 AT
BURFNAE B AR E OL, 5F &-0F 1 32 W 35 9047 VT
Ak o X B 23 o3 AT DB AE I /NPRBED R, 2548 AR HEB
BEAT VPAl T 2 AN v G B2 s FL 2 I S5 4. Ol Tk
S X F i i, 1% 18 Guidelines for Using the IUCN
Red List Categories and Criteria (IUCN Standards and
Petitions Committee, 2019), i 5 Fi{E FlbrvED2
AT VAL« ARiED22 @ 5 A T AR (AOO) B 73 A7 sl
i, [FN S5 S AR 54 T ReE S A AT
R TSE(CR) H 2 4 K (EX) RS AT A -

Guidelines for Using the IUCN Red List
Categories and Criteria® #fj ¥ & (IUCN Standards
and Petitions Committee, 2019), XK T4t 7K T (K]
I3 R TT(WO AR FREE)BEAT PG A, 75 20 B
IR AT VR PR . % T R ATIUCNX i R A1
J% 1% (Apotamonautes hainanensis) (1 14 £ 5 A 4
Bz, WA ST g 0 B A O — kAT
i, AN A Ao 0 PPl o DR, AR SCPPA ()

2021, 29 (5): 605616

G B K R A L 12
2 #£R

21 HEERKEXNIMSHEEESSH

IR EWRKERIRATOOR S, %€, #E
T2RI5JE 15F0 (S W FF) (K1), 7 5545 ki (1)
TR o W rE K R LU R N, BAE AR #
J& (Apotamonautes) . i 14 1% # J& (Hainanpotamon) .
BN R JE (Neotiwaripotamon) 1 & & # )&
(Calcipotamon) $£ 4@ 115 (S M FH), o 4= 540 4L
[1173%; Foth B R A A % 8 & (Somanni athel phusa)
Vgar, H527%. Brifs 1% 58 e R I g 2 4, 3
RINBBINEGEE BREA R . IR A 15 (K&
MERR) IR 7K B 2R i e SRR (3R L)

ST A SR AN A 1 S I RR AR AR (AT
1244), &I SCHRICEE P SeRE i, SRS i R
SR K BE IS0 A B 5. 16440, T A AR R 4545 19
AT E 164N, FE s 1R A R K B Sy
A XA, DA A B0 A2 1R A VR K BE S 11 [X 3
(FI1A). ELACS B IR /K BE ARG B 5 1 2 A [X
(KI1B-E), w0 pAmde) W2 R R g, ot By
A it S e S L b | P R T AN R S, )
JEE AR P N AR R, R 15T Y
Bo(ELE), ZEYM EES A T REHEE, 5
WO E L B B R F. A
BT AR IR R (B 1B) Al B R R (K 1D),
PR ) o3 A X 32 B h T g L M, I e A S e
REFIETL NI R . AR5 B B YR 2 ALY
TIRA S TR KBS, 245 L RR I LA SR 1)
TS KIS o B I A [X 7] 2R ] A A 22 7 SR V]
NUER) R AR AP R, 1R %
Ja& (P b G R B A 2T LR AT S W B
T, i T R AP SRR T, 2t A
TR ARHB R BRI H, TRVRAS 2D em. R
B J& (1) oA Xl A3 TR, ALK R, G
ORI o AT R b AR DRSS BN R AN T =2
T 1 Hb AR 58 iR R TR A L mak, HLUEE T 2% 4R,
R E, AR B AR S RR K . B R
g 50 RBE X, diE LA T
H L (EILC), Ja 7 LT 81 0% R 0 L A) 2
BN R S E R B Y T 8 T S A I L
AR ZE AR AR AR, 35 T ICHRY, e T R Ak
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Tablel A checklist of the freshwater crabsin Hainan Island, China

i Classification

YFf 4 Species name

BEEBRl Potamidae
AR B JE  Apotamonautes

G FIE R Hainanpotamon

N2 JE Neotiwaripotamon*

HEE R Calcipotamon*
HHER] Gecarcinucidae
B J® Somanniathel phusa

HERFARTR P K L F Apotamonautes hainanensis banshuiensis*
R AROTR B8 F U4 WA Apotamonautes hainanensis bawanglingensis*
R AETIR 45 42 WA Apotamonautes hainanensis hainanensis*
IR AR B F AR T AT Apotamonautes hainanensis nanlinensis*
¥ R H2 Hainanpotamon daiae*

JiF I IR 8 Hainanpotamon fuchengense*

AR HEF 2 Hainanpotamon helenser

777 R I2 #% Hainanpotamon orientale*

G N2 2 Neotiwari potamon whiteheadi*

QU337 4 % Neotiwari potamon jianfengense*

e AR B Calcipotamon puglabrum*

W FHE#  Somanniathel phusa bawangensis*
HFF R Somanniathel phusa hainanensis*

I 1L R Somanniathel phusa giongshanensis*
JEA R #  Somanniathel phusa tongzhaensis*

*GF S5 )8 Endemic to Hainan Island, China

A
B
WEPR Altitude
- High: 1762
- Low: 1
40 80 km
A e E— C
N | E%i Legend
o WRIKIERII N
Distribution sites of freshwater crabs
A FENE
Main mountains in Hainan Island
— FER
Main rivers in Hainan Island
[ TER
D E 0 40 80km County boundaries of Hainan Island

El SEEIRKBEEARXBYMMEIBXE. A: RKEXIHS; B FHRERYMSHR, C. IRNRERSEZER
Mo mEX,; D: SBEEERYMAIMK, E: RIEERIMSMX.

Fig. 1 Distribution area of different genera of freshwater crabsin Hainan Island. A, Distribution sites of freshwater crabs; B,
Apotamonautes species distribution area; C, Newtiwaripotamon and Calcipotamon species distribution area; D, Hainanpotamon
species distribution area; E, Somanniathephusa species distribution area.
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FNZE R AR K R B A Sk G2 R
22 RIKEBEYMEEEHIEE
221 #HF0.2° x 0.2°MIZHMMEEEIRF
FT0.2° x 0.2° M XTI BEAS = 1 A
BN, MR S VR KB SRAE 2 R o0 A LSRR 2
FEPE > A b0 (B12: ae), Wl & B vh g s i [X
o XS L (1) 8 IR BRI SR04 %2
FEMEH O (B2 @), BFEH T8 BRI RIS K
N TN I o s I o | oy i I Y
BBRMHE R Lt A S, 1% IR KBS
VIR 3L i8R (B 2RI5E). (QTiBIL-mP L2 At
PO (B2 b), BFETHR . B DL R L e R
Bl R GHb. ZHOymh S E B IE B 7R (82
BlaJg). (RGNS ZREME O (B2 ©), WHiRIENS
L R R R ) . B, iR R R
FISFhGRIE2RI)E) . 7SN PFR 2 FEPE 0 43 )
BT T SRR YL NI R . & HUORIAT v AR
FIR(E2: d, €). RN E JE A E] T 50, R
JE2FI3E .

109° E 110°E 111°E
| T T
A
Z / “\\ g\ .
N \
N A\
¢
4
4
&
o
Z -
S | ] Legend
A FZE|||I% Main mountains in Hainan Island
—— EEA ¥ Main rivers in Hainan Island
YyFhFE B Species richness 0 40 80 km
L e—
0 1 2-3 4-5 7-8

El2 LLO.2°MAE IR IE R TR BRI B K BE XTI EEE
E. ae: PMZHMTHEFL,

Fig.2 The species richness pattern of freshwater crabs of
Hainan Island based on 0.2° grids. a—, Diversity hotspots.

2021, 29 (5): 605-616

222 BEPMEEERESHIEE

H T MaxEnt T ()7 7 & 148 7K B8 S8 18 72 A Fh
FEE RN, BEYRFE AT X S 7E R
i, vl 3R Z A0 (B3 ac) . H
— N TSGR —FREIE Hh 0 (B30 @), 1L
B 672 m, XN E1,528 mm, fA H &K
oN12.0C, XK KEERY P2 FEvE s, 3t
TH2RISJE 7R, o Fude th—Fi fe g i 2 (B3
b), %O FEIHERET9 m, FEH [ E1,544 mm,
A H B ARIE N12.8°C, X484 3% K B8 25 3k 28] 4
JETH; B8 = UG I K L 30 (1L ) Fe B AN 65
(K3 ), ZH L% 685 m, F1MKE N =
1,436 mm, % H mAKIE812.9°C, XN IR K
FRALiT 2Rl AJE6F . teAt, 5 S LmEAR K 28 B 3
. Gl DUS R YL AR Do X )R 7K
FKYFhZ R, 2 AR T 28 3@ AR A1 2%}
@S EAMKE, MR B IR KEE YT 2 R 1)
2 (8] 3 RIS s ALK, PR B A
FHEE R LR ) AR B ORI V1 A A
PRI S o

XSGR 7 (PP 7 A g — 20 B, i

109°E 110°E 111°E
T T T
A
20°N -
19° N
A YR85 EE 111 Main Mountains in Hainan Island
18°N 41— R 5 FZI W Main Rivers in Hainan Island
C iRy E R A R
Hainan Tropical Rainforest National Park
03
et seeis s 0 40  80km
-
01 2 3 45 6 7

E3 BRBAKBEXBEVYMFEER. ac: BENYHS
S Ful.

Fig. 3 Potential speciesrichness of freshwater crabsin Hainan
Island. a—c, Potential diversity hotspots.
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Table2 Threatened categories of freshwater crabs in Hainan Island

A RS R S K BRI R 5 2 R RY 611

Fh4 Speciesname Z 52 Threatened categories FTHcHE AR #E IUCN Redlist Criteria
1P R I2 8 Apotamonautes hainanensis LC

W ICHEFI % 8 Hainanpotamon daiae LC

JFARERI IR Hainanpotamon fuchengense vu Baab(i, ii, iii) + 2ab(i, ii, iii)
FRIFIIZ 8 Hainanpotamon helense LC

ARITHE R B Hainanpotamon orientale vu Blah(iii) + 2ab(iii)

[ K5 A% Neotiwaripotamon whiteheadi NT

U7 A% Neotiwaripotamon jianfengense LC

51 4HR 8 Calcipotamon puglabrum NT

I F % Somanniathel phusa bawangensis LC

HFEHERE Somanniathel phusa hainanensis LC

Bl B Somanniathel phusa giongshanensis LC

JEAH B Somanniathel phusa tongzhaensis LC

Bk KB R A i) FEAR B R B RB Y
E.(Bio8). i E T AR (Biod). R F/KE
(Biol18)5 i [ (aspect) (Ff3%3)-
2.3 B BRKE LI G FRITE

XoF i R I 120 ik 7K S A 5 % 1 VT Ak 45 2R
R (R 2), K77 MR SR EMEIRE
(Hainanpotamon fuchengense) 1) % 2% A % f& (VU),
HARL0F B NIE fEINT) S fE(LC) . Z R
kL 916.7%.
3 g
31 BREBRKBLALSHMEDIMIEF

A FiAE 2008-20194F Hi 1], R AL R 150 (K
AR RS B iRK B, R E AR K B SR
SO 4.5%; o5 b E R0 K B S R s R
26%. TE4x [ 254 1 K B 2 53 A (148t (B4 B
. BIRXFRHIATEUX ), i 8 R K B 2R
Z R S LA

AT FUHE T WA )R 3 B A 18] 4 A b SR
S M7 5 J T A A A R )3 40 A X TR0 43 A S
SRR S P E B (R AR AL TR
M IR K A 2 RE BN, YR SOt 14
Fi(&AER) (RIE2FI5E), &iilgr & CiciR (&
LAY FRI93%, 2 &y A VR 7K BE VA 22 A 40 A1 R R
X3 o IXEERPE F A A0 T DA TS| RIS
T LS LR LR P . R A R 34N 43 A
O, BIEH FIEE RS RIS, TR i—-m &,

DYSEN LN R U I Al e =)
BTV TR UK RS B i [ R 55 2 R R R I ~F- T 1=y
FEE 00 A A S5AE JE A PR AR 5 R A i AR (K
Az, 2012). HELE B UK A ) R A R], kIR A
(1) 9 T 5% R R S L g R K R I S AR 5 0 9 K
A B E IR TR . VKR S, — R
KRS R L X R AR L R R R
B, PR R ZE KGR A 5 88 )T R AR SR
BRI . BRI, ¥R S R v A L DX
IR PP Z B AR . S — 07T,
A &% R 0 L b A B T R ARG T AR R
bR L AR i 5 B P R MRRE AT 2 3 2t il i 2= bR
(XIBA Y, 2010), X NEIRHE IR K 2R B AL 1 ft i
il Sk, IR =k E, R SR
Hh FAHT I AR 5 2 W AR AR 7S R SR N 284 Bl 48 £
RART HAME A HAE I A A R, eSS
T RSP IR P R SR X (B2 S5E, 2018), i&
B IR BE S5 iz B X VR K B S (W R B AT 2
FEPERTHRFEE A R AR A | B R

A SCAE F MaxEntf 73 A1 s A5 2 3 2 1 105
(S ) I T I 9 7K 8 218 RS 0 A X R AT 1 T
TR o 73 AT (S ) PR B 42 1) 2 AT R s b, AR
KK SCAEZS S 1 T VB v e R A B 7E &
A DX BB . B AR TR LR K AR 4 oy
A X P HOEAE B b b Oz 452, (BARECT St
R P A AT X A, 25 RA IR —
FERE AR et . DRk, A 0 BOE T J5 22 e 7
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HMRAESRAT 2 — TR AT 8 s, i s A
T3 T IR K BE R 73 A AR IR B AL
32 BRABRKEZHEMRPIRK

AT 8T 5 1A SC R T 28 D R K B S A A R R
BEAT 7R A, DN S M IR . R
SERRIL, SCHRIC R 1) 14T iR 7K 8 2578 BT 4h S b i
B P OCK IR IFId SR, X IR R B4 K 2 4L
BOK &R0 1) A A7 RO R 4F o (BT = 22,
20084, F:T I SCHRBERIIC L, AR TT R
B IUCN # F 40 5 4 5% VF A 8 B & (EN)
(Cumberlidge et al, 2009) . Esser#1Cumberlidge (2008)
P, AR KL H 19794 J5 R B R I, Wl
I RS PR 7K B SR W 1) 3 B PR 2R R B IR AR
FRMOE BRI S HOBAR . RSO AR I (R], 6 2R 5
FA R R R R IOIR AT T A 2 b By A A . 25 R
N, SMRKEERTZ AT AR BILE, it
BRI B B, bR A WGR IR sk e AN (LT
A45L58), KRB (BT SR EEHIN) L33
Fo YEILIA N, 20084 IUCNST 2R 7 s B iR B 1A 15
H UG S5 PR AR 2P ORI AR AN 5235 L R
ZIRNBF A SLH R A IS L A5 I, AR AEE—
SE JRIBR T o AR E T PEAL E R RO T K E A
W, PRIG T I T IRUEARA KT 11 52 00 A0 2
WAL R I, AP 5040 X T 8 UL
il 5 L e 2, DA R BB L A R ) R S
i, e, 5 0 R O D A R A A7 B AR
B, MR A AR TR BRI . W By 5 1994
A AAMORIRIRELK, & N ARMIE 5 2B 4 BT,
20104E BN ARMAES RAE H 2B AEE RGN
CiA63.72% (MRUE IS k4848, 2000; 4% HR 55,
2013). TARAER, &P L AR B 7 55 % B KT
T, KR MR IR S S it T R4 2% A%
HE CIUCN R 2 8 44 Wi fe S ANBRAE) X
T2 WSS SRR RN, 25 A ST AR A BT
oA 5 S IR B S R, Mz AT
HEFUPL, SRR IER BB G RER S G, &
H T 1 3 2 O 2 N 2R3 3l P 3 B0 R
BAEGER . HanfERe BRI E A HLIX, X AT
i, MEAE S EINBEYOR . R AR T
B MAEEE R E N LR AR A S S
(B4 IR BT G, Sz P B A7 S8 R AN R 5200 o

WAL, ASCHEE TR RIS AR A HUE, X H AR

2021, 29 (5): 605616

R B OK BT T M At A S E AL . A
VAN o, RFIRIE e VR B B S 2 RN 5 S
I EC 5T A 12 % (Neotiwaripotamon whiteheadi) H $iE
B = O IT G % O6 5 R B (Calcipotamon
puglabrum) Pl ik f; ¥ me A 47 5 B S5 8 i 2L
Pk Z WA AT . W/ RRKERZ AL
2, S EON16.7%. By e R S e VR A
TR TR AR 5, A S T R
T BRI R . RRYE A SCSE BRI A A, %
WFP ) AT 5B o0 A R A 0 AR B A A 2 2
A, SRk, k. AW R ™
#, HiZXE2&ErE s AN D& ERKMXE, AR
TE B RIS BT RO REA o

TEFEEMNZ, ARKHNERESSEREN
S L AR SRR KR, YA TR e L
Ll ) 2 1 X 4o R AR IR R AN T 23 A R BB D,
FE 2 RO B o A e B AR O A, (HZR G BT 4b
SCH SR FERE L, 1% Fh IR K B H AT AT A A 35 4 i
A 5 R RO S AR R AR R AR X 3k, 4T E U4
F 2 E SRR X 5 il R #vrs IR E KA [ 1 JEE 4
W, D2 BN RIES) T X R R BT
g, BLRE i B U8 E T 5 R,
R FAE I FE B AR 2 AR I A%, 1961-2004
SR DY -1 A3 4R TA) 8 AR 3 AV KRR ) e T
(ATHEFESE, 2006). HFAMAE KB, T2, W
DTN 281 VAP N N 1 Y @ ST € Y P 4 |
CRAL B EE T A T DA B (% =, 1999). %
J A A ST el R T BRI 703 K 1R K A
DY EE AU R o N O O M S5 R 2 DGR T SE 2
BB RA 2R, AR T B — PG 2R
5o BT zfh T B R I, X AR A )
FEMANTEL), T EE R 5 B A S b R A Rt
A AR

DR, A 0 p S AL b X I i /K B 2R
2 mE PV AR U AR ST DR ) 52 R K B SR AT
FREEI BT AN 5 W, S iR H 2 AR .
33 BREBRKEBEBLASHMERIPERINTINE
ST

¥ 79 5 19604F i L 5 — AN AR R X ——2R
WU [ R % AR R IX, B AR 201540 K, L4749
B A RRY X DL R B AR 22 1 W AR AR A [
S E AR b, SERIME TR B2 R A
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TR UK F o 721 B AT RO MK R 5K 2 bl i 57 DA,
T A BRI X [l Y T P9 R 25 4 B AR DR
DXAARAR A FE 194, HL A A (5 [ 54 bl e i
FAH155.51%. {EH&MEEALHI RS AN EISS 1 i
P & FA AR R AR A A S e, AR OR3P PR
AR BT (R PR b 2 TR ORI AE
—ERERE IR T AR SRR AR B AR S A ORGP i
JRIANRIFE I, BT T8 AL Sh ) (K R 3 ARO[
Ao R A AR R A B oL, el 7
BUA I HAR SR ORI 3, M 10T A DA 52 bl D
TR B AR RI AR R, A3 R 5 R B DR ML
BURZ Y e, SOUSRRR Z FEPESE N, ek 1 1L
AL R Fe b & HUR L (] G b 5, Ko 0
PR SRR R, smAL T s AR R AR
PR SERE, N ESII AR T L s T,
NS ORI SS P h 98 1 A MIE . AN HIGIS
FRIHIE A 2 0 2 BT D e, KT B 3 S e A AR X
O el I Ji A R DR 47 XA R 0 ¥ P B 9 K B SR
A X B R RERE, DAL TR Vil DA 5K 2 el
FARH ORI A R OK BE SR B ORI R (3£.3) - 7]
PUREL, fEIEA MRk RS, CAENERES
M7 A AR XX X 5k P9 25 T ik K B S L 0 AT
DX 7 P A H A PR (P T-30%), 1 P47 o B A

A RS g S K BRI R 5 2 R RY 613

10.83%. M E K AFEAGR T, WAKBERE H X
(V)52 78 A5 P2 FE R IE e T, ~P3978 76 21X 5130.39%.
025 A XA ) R T 7 5% v R 0 1L R g 35
Iy BRI AT BOK B, WEE R A
WR B IE B N IR # (Neotiwaripotamon
jianfengense) 1 Z< J7 5 i 12 %, Hood B 40 AT X 2 R
I X 78 o PR R 40%., T DATHAL, T g ARG R
PR 5K 2 el 1 32 SR A ) T i B R K B SR b
ZRPERIRE, AR TR DR IRKER L FEE
R

TR 2, 1R BA0A iR KB
Y& HL A0 X AR 32 B E 5K e B AR S X ) RGeS
F A 32 J P b —— R Ik e R R A A TR
J6 R PR AR P AR S5 S A S R A X
UHT, AR SRR XL A R A AR E K A
e 1) A HPREAE S AT XL BRI E o RN AR e v
% (Hainanpotamon helense) . B 1l W fE &
(Somanniathelphusa giongshanensis) % i B4 o % (S
hainanensis) £ i 17 fili R FE L1 (44 K2 A N
L L PR 8 2 43 AT XA %% G DR A X RN T Ry
PR ] 5% 2 (7 7 26 1 B 81 280 A 5 2% PRI, R
TL R0 T2 R B iR K R o B S
L

R3 BEATHEMERAEASRFIPFXSEEATRERER AR SRS R KEXBEEETHXNESREE

Table3 The coverage of nature reserves and Hainan Tropical Rainforest National Park on the distribution of Hainan freshwater

crab species

Fh4 Species name SAXAGE NRsEHFG o NRsEZLLE NPEFEMEICE  NPE =G
Pixel of presence Pixel of presence  Coverage of Pixel of presence  Coverage of NP

coveredby NRs  NRs (%) covered by NP (%)

AR A% Calcipotamon puglabrum® 203 55 27.09 203 100.00

HEI G RGIE %  Hainanpotamon fuchengense* 1,125 0 0.00 0 0.00

[ BB P2 B Neotiwari potamon whiteheadi* 2,233 328 14.69 1,312 58.76

AR HEFG IR % Hainanpotamon helense* 3,752 0 0.00 0 0.00

ZRIEHT N % Neotiwaripotamon jianfengense* 5,729 1,534 26.78 3,354 58.54

A7 RE B Hainanpotamon orientale 6,317 1,338 21.18 2,694 42,65

LR E# Somanniathel phusa giongshanensis 6,853 0 0.00 0 0.00

R W B#E Somanniathel phusa hainanensis 7,023 0 0.00 0 0.00

WL HEEE Somanniathelphusa bawangensis 7,872 65 0.83 441 5.60

JEA R Somanniathel phusa tongzhaensis 12,175 1,254 10.30 3,190 26.20

HFEFIETIR 8  Apotamonautes hainanensis 12,323 1,835 14.89 4,621 37.50

R ICIHFFE 8 Hainanpotamon daiae 14,331 2,044 14.26 5,073 35.40

¥J){H Average 6,661.33 704 10.83 1,741 30.39

*BRIF A AR, NP: IR S I AR K A [ NRs: V75 FAHS R AR 5% 2 18 90 B P9 1R B AR DR X
* Narrowly distributed species, NP, Hainan Tropical Rainforest National Park; NRs, Nature reserves.
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34 RIPEIM

g e 28 AL R PV R R S 6 S X AR
PIXHE AR, Rk, GHZH X R K B 2R B K
L AR A= 1998 K 7K I B A K AR S BR 8 f AR
N T LLVE, MITA R AMZ X IR E S R £
FEHE ORI 23 o

1, A IE— AN B AR GRY XRS5 o [l g
KB HINFLAR N B o 1R K 2B AE A3k 7K A
KETCEHES R B DI Be P, TEIRKAES R
GBE RSN VRGN A RS i B N
FEHIVE T - N4 (2015b) % S5 s Rs A AR f& gk 7K
f#% Johora singaporensi st B AN A &I, T IRERAL
AR S P 2B 1 4 £ A0 5 G AR 1T B 2 3 B0 R
FEFL R AE NG S SR B SR IR o FERE VA AR IR
J&i, ZWRR N IS AR R, NgZERE R R
HiblE T — 0 S F e R . =N E e
()2 T RS S . TEORPT BN SLHEfG, did ok
BEXZY MR AN S R, RKILT ZYRTE
Ji 5 7 TG LR AP XN — 3BT 1 i S 1 P (L
et al, 2015; Ng et al, 20153, b), E 4R H BTZYFl A&
It B AR FE 2, AR FR BB ARG AT Bl 9 1% P Fil
FIAF AR T BT R R M. X2 H ATLEARS X P&
AN TG HE S M) T e OR 747 B0 (1) AR B 2 4] (K awvai
& Cumberlidge, 2016). [E 5/ [ 4 ¥ 75 2 ocyF A4
RAKEESRRENTIBENPATNAREESRAN )
BETEREME . B IR KAEZS RGN R 2 #s AR AE
BRGRY F I EE IR, MEFRTR KRR K
AR SN RBE R R AKAES RBRY B HE
HREB Ay DRI 5 B Gy TR ZK R SR A5 1R AR
VBRI AEAPIR DL ke [ 5 28 [l Y T P 32 i 5
I fEPIFh (AR T iR B . SO IR ) S A
i A= 25 Y IR K SR N [ KA [l BB AR P Fh 44
S, EPXHETT AR SR IS S AR TAE . HarE
W EE SRR K BE R AH SR AT B AL T2 EDIRES, T
AR T 1 5K [l B Ve B i R TR K R R
FI LRI SR AL BT AL -

ST R K KR HiLAIE 26 DR AP X B 5% 1) 8 7K K
A= PR i T 1R K K AR Bl AR ) S vk K
RO M EER . BT SIEFR S &
X AN TR, HAZHb X o) 4 5 1 G0 R it
MRIE, RTIGEIRE. WRAEUNRE. Bl R
B RN EE . @ AT O 1% B (Somanniathel phusa
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tongzhaensis) &5 2 Fhyk /K B 2, I A RT3k it e 1
FUZR 7 g P B B 9 2 WP, DRI b X 3R 7K 2 7
HARFAREZ R EM. AR X RGN %
HENLAE 5 X328 % 2 e A B A A SRt (G B WA,
1997), # [EF i e & b3 X IR 58 5 257 KRR
B, FE G H A T AR X nT AT VRN . (H R ]
DL 3o 2 S v AK K I b A S PR 4 DX BRORE 5% 1 9 7K
IKEE BN AR b DA 56 38 3 R 8 b 30 Xt B OR 4
1A o WIFGEVTIIEOK AT, AR I N Bt
BOKHERL HKEHEZETRE. nRFGIXLLAHAL 5118
(7K TR S /K YR R4 X 3, el 7 50 BEAH i 08
(R IKIK AR SRS 1, 5035 2 5 AR PR BSUREL A3 B
ez B EE M, DUIE BNk K B8 28 0% KK A4
IR RIS . KR PR SR AR A UK, IF
AR AR AR BE B BT 24 457 1) = 45 7K 52 (Cumberlidge et
a, 2009), [FUbARA i 7K 88 24 0 B2y o i A bkt
RS RIS, 38 75 B AT 52 R AS 1 9% 7K 8 2
HEATR I, DR AT 58 HL R R A 2 W Fh 76 BT A0 B
2R B, DAE S BT AR R A R B AT 3
WX 0 AR 75 A 0 LU b 3R o 3T S e, T e
W A AL AP IR DL T 2 5 VP4l A

Bugh Al Ao WAk B —SBaEAF R S
T E o R A AR A e A R AR T B
FERIMEHRR . EhFEREIEHFHI.
RBHRFLETIFAREEAE LT LTI
FAHB, TR ETRELLELEELSRA,
EEBAERLS R NTINAE T, —IERGH
P!
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ABSTRACT

Aims:. Nature reserves (NRs) play an important role in ensuring ecosystem services such as water retention, which are
of great significance for the sustainable use of regional water resources. However, the main factors influencing the

Wk 1 41: 2020-07-07; 432 [1341: 2020-11-04
FETH: K E SHER T RI(2016YFC0503304)
* JEI/EH Author for correspondence. E-mail: wang.wei@craes.org.cn

https://www.biodiversity-science.net



618 4 W £ # ¥ Biodiversity Science 2021, 29 (5): 617-628

effectiveness of water retention in NRs are still unclear, which is not conducive to the effective management of NRs and
the achievement of regional sustainable development goals. Therefore, the aims of this research are to explore: (1) the
overall situation of water retention services in Qinling Mountains; (2) the conservation effectiveness of water retention
services in NRs; and (3) the key influencing factors of the conservation effectiveness of water retention services in NRs.
Methods: Here, we used the InVEST model to calculate the water retention between 2010 and 2015 in Qinling
Mountains related to 19 national nature reserves. Based on the propensity score matching approach, we assessed the
conservation effectiveness of these nature reserves in ensuring the ecosystem service of water retention. We then used
the random forest regression model to identify the factors that mainly affect the conservation effectiveness.

Results: The results showed that the water retention ecosystem service in Qinling Mountains generally reduced
between 2010 and 2015. Compared with the matched samples outside the NRs, most reserves (63.16%) showed
significant positive effects on water retention (N = 12, P < 0.05), while some reserves (26.32%) showed significant
negative effects (N = 5, P < 0.05). There were also two reserves (10.52%) that had no significant effects on water
retention (N = 2, P > 0.05). In addition, the conservation effectiveness of reserves in ensuring water retention was
mainly affected by changes in precipitation and funding investment.

Conclusions: (1) Between 2010 and 2015, the water retention rate was reduced remarkably in Qinling Mountains, but
the NRs had achieved positive effectiveness in mitigating the reduction of water retention in general; (2) Changes in
precipitation play a dominant role in sustaining the ecosystem service of water retention; and (3) The management
factors also affect the conservation effectiveness to certain extent, in which the amount of investment is the most
important. Therefore, we suggest increasing capital investment in the future to improve the conservation effectiveness
of water retention service of NRs.

Key words: conservation effectiveness assessment; propensity score matching; ecosystem services; random forest
model; funding investment

BRGNS D ETFR A
IRINEGIEA, B DAk Lok, 2IRTEEN Y Z
FEVEANWTE 2, A3 RGIRSS 6e 71 tAE AT T B
(Briggs, 2016). 1, /KIFRFE LSRR M —F
5 i %% (Finlayson et al, 2005), &fEEERSR
WY SRR . AR . RIS B
J7 RRFF K B Re 1 Hid AR, XK EIA . B
KR OHE . KBRS B EEZ LY. K
PSR IR BE 0 B SR A5 AE — E AR L LT S RS [X 3
A RGUROL. EAL B ARERYHLZ H AT AWK R
PEMZ FEVE MR A R G BE R BROA T B
(Dudley, 2008; Li et al, 2020). [ SR {R I HIA K] 45
€ KRR SR RAPER], WAESRGURS 4E
Frth A 2 U (Xu et al, 2017). #ERIR ARG 5
SRARAP b 0T 7K YRR 5 I 55 B0 DR 3P BRI S 5 i R
R, NEARRPHK KSR EHAAEESR
X

N T HRZQHTH B R RAP HE FERTT R, BT
FN R RAED RGN B IR GRS 5 B AN
TR DL S I DX 33 AT 45 52 A ) RV R R Y R
(Bridgewater & Babin, 2017; Schirpke et al, 2017). 4

O A& (2017) £T InVEST BB FE VLI RAE & R G0 K 5
WRARSS ShEERF L. W20 S, [P IHTE2RE, T TatERK.

BRGNS TR B SRR Hh AR 1) 2 B IR
AR RGE BRI T 47 A3 F7 (Ingram et
al, 2012). #FXER RS MR AU 2 o9 T
IR B R R LR AR RS, TSR
G W IR LI 2 B B A O BB (LN 55,
2020), HAHInVESTHLARL AL 78 B FH B ) 72 (3
ML, 2013). B4 RGARSS W T H 25 A,
INIPIR FESENPNEE S Sk b K O S N i
FWH9E, A ZHO ST T RS H PP AL B AR RS Hy
EEREMS hRE AN E (S 3F, 2015, BERE,
2017) Je HAE A [ B 18] 7 %) B A2 A Ol (& R
2008; FAHEE, 2019), Wxf T HARGRY HNTAER R
GRS IR RO B AL b . AR E IR E A
SRR U AR A RS S BARAE ORI RO - i,
T 1 S5 2016) ¥ ¥ R B B AR R IX N AE
1988-20084F- [ L LR FF h e BEAT T Lhe, RILLR
1 X0 AR R DD RE I OR PP RO B TR X
Abo TEKIFIRFEIRSS 7T, K2 HARE— X
R EAL SRR TR IR %5 (TVE SR, 2014, TRV,
2016%), PR3 K Y5 77 AR 55 I 25 40 A 0 2 (7 I
MEE, 2020), HAE X3 E SR ORA Hb % 7K 5T 77 IR 55

@ JBBL (2016) FE T3S AR AR D SRR X AR Ak - 18I 7 K IR
REWF7E. 220003, 2RI, S
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WSS JLT InVEST -S540 1) PF 73 VL RO AR PPt 2R 0 (R 5K % 1 AR PR XK U 77 I 55 DR 97 AL 619

B PR A R 308 S 3 52 el K] 36 55 7 T (R T L LT o
He.

ZFUG R EH A SRR AL LR, BAE
AL R 4 DX EE LKA PR (X, 2 S 2 T
(7RI o ZR 04 [X 358 g B o U ey B 2 1) A 25 B
b, 2R E AR R RER X —, HHE
K E SRR X R D) 2 R RGeS
RGNS %0 X3k DRI 23 0 X 3k [ 2 2 48
PR3 DX AKURR 7 IR 55 B DR B RIGEEAT HE R . B 1)
WA RA T BEMNE . BEl, 08 XIB/KIER
TR A — & MR (5 A, 2015; JE 774,
2017, TAEIMEE, 2020), {HZ 4T XK 57
R BB EE TR, BP0 B AR X XS 7K Y5
TGS ORA BRI REAR 2 o i, ARSCRARIG X
WO E R H AR OB A &, il i E
SRR X PN 48201020154 7K Y5 77 B AR A 1700,
T A Wi PR BC LU R . BEALARAR 1350 BT 55 75
%, DUIERTT BN Al (1) ZR 0 DXk I 77 IR 55
PRI LN ]; (2) B SR RS XX /K YRR 77 IR 45 1
RPN (3) AR TR X KRR 77 AR 5 AR 4 A&
B B R ZE 4 . DA RSk H AR X
KA BRI,

1 REX#ER

Z W 1L ik A B R iz il vt AN I Ay R T, R
I & Ay 28 RS, A3 R Y R A
B BGESR TS ARG, EE R, bR, M
Wrsg, RIGXERGAZ, £ ErdtER, Dz
W EH RoKIE, miE TRITmE, Jbs T35
TR . Zei X i E 3SANE M 2 B AR AL
X3k 2 —, S F B E AL SR R R s P Ag it
PEdh A F oy A, A A B K — R AR SR RESE
(Ailuropoda melanoleuca). 114 £2%(Rhinopithecus
roxellana). 4 4-(Budorcas taxicolor). 4<%%(Nipponia
nippon) =MW G . AR SR FE I 2R 08 X ek 3=
BUNZRIG AW Z R OR Y O0 28 X (BB A2 55, 2016)
YOl Rt 2 . RIS S LIS T 50 B
BATEUX (E1). BE2019EE, ZX @y EH K
g [ ARRA X 254, Horb 184Nl A B AR shAE A A0 #x
WAES RS HRET X, AR H AR X,
6N KA R A B AR IRI X o AT ELL18MR
Pl AR P A S RIS RGN E LA

105°E 107°E 109°E 111°E 113°E
T T T T T T T T T
35°N -
34°N 4
33°N -
N T i Legend )
31°N F [ ] HEx%49"X National nature reserves
—— ZIB XA Qinling Mountains boundary
30°N 0 110 220 km 4
I
290N =1 1 1 1 1 1 1 1 1 |

Ell ZRIAXEHERKBRRIPXSTHE

Fig.1 Distribution map of national nature reserves in Qinling
Mountains

{547 M 5 18 25 1) 1 SRR X R TR 51
2 WRAE

21 HUEKIR

AL LATK YRR 77 B SR RAE KRR TR IR 55 RN
JK VB 77 B T H R F InVESTA Y | 465 70 22 50 K
P RE IR o X SRE I iR 46 5 AT R B, AN )
Iy RS B AT R AR 30 may HEER, T4
—H.
2.2 FIAXIKIEE TR S ITE

InVESTHLAY /2 th HrdHAR K% K B AR RI P2
(The Nature Conservancy, TNC)FI{H 5 5 RF 42>
(World Wildlife Fund, WWF)E & K A RSk
S IhRe VAR AR o ZA RS F T A R3S Bl i v
B AR RG RS ThREMIVTAY, B s vr
FH P S NI O X A DG H O, AT T s dd . #R4E
RIG FHEPERR. S A R A A BR A MR A RE
D1, TEEWNAN 2 N TS RGNS DEE
Pt (R4, 2015). B EIZRIR X194 H AR
X 3% T+ B K H SRR IR B TR 2752006 4E 12 A 2
A RN 22010201 SRS LR3I & T 4 [ A=
DRGSR B & 5P I H , B kIR T &,
R, FRATTLA20104E/E A LU ITAG B2 L 48, 5t
2010-20154FZe U X3 8 SR ORFP XK Y IR 77 IR 55
MARCREAT T 4007, DAVEAS & B SR TR X E /K YR
F MRS 75 T AR B

AR SCARHE InVES T Y 1) 77 K A B 3R A5 7= 7K &,
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FREE AR TR G K SR 2 H0u
IKE BT B IEIRAF /K IR TR B (B 1O AE, 2016). F
(SCRFRIIE

. . 249
Retention = min| I, ————— |x
Velocity

Drainage Area

Tl =Ig ©)

SoilDepth X Percent31Ope
A H:  Drainage Area /KX SR, TLEN;
Soil pepey A IR (mm);  Percentgy,,. 9115 b
WP

min(l,mjxmin(l, Ksatijield (1)
3 300

InKsat =20.62 — 0.96Inclay —
Insand — 0.46InOM —8.43p 3)

A Retention /K YR (mm); Velocity MU . clayJy L3RR & B sand W RORI & & OMA
ARG TONMIEREE, TEN, HNQ)THE,; Ksath HHUR & p AR,

TIEMI AN FIKZ (cm/d), K Vereeckent& Y (B2 4E

=]

W FIEA X RS TR A e B g

5, 20123 RIBJLEF, 2013), HARGYIE Yield W™ i e R 76 44 7k A 1R I 7 1172010
K&, HInVESTHEL A = /K Bk 11 5 (Sharp et al, HEFN20154E 77 7K 5 BOHE 30 1F InVES TAS 7 - 42 1y 7=

2015).

®1 BIERECRESSHITE

Table I Data sources® and parameters

IKE .

HEAETY Data type

SRR3R ¥ Data sources

+ R B35 (2010, 20154F)
Land use data (2010, 2015)

B e PR A A

Digital elevation model (DEM) data

FiEdE Sub-watersheds data

Precipitation data

Evapotranspiration

L

Soil data

YA KR

Plant available water capacity (PAWC)

R
Root depth

Zhang R %
Zhang coefficient

W REL Velocity coefficient
HFFEEL Terrain index

LIRS /K # Soil saturated hydraulic conductivity

HAR PR XU Nature reserves’ boundaries

B RO DO SR B KA

Management data of nature reserves

% RIEHE Roads data

2010201544 [H A ARG B B & 5 1P T

2010-2015 Remote Sensing Investigation and Assessment Project of Ecological Status
Change in China

Hh 3 73 [/ 547 = GDEM V2 HHR (30 m4y )

GDEMV?2 data from Geospatial data cloud with 30 m resolution

MR B AR B B 134T K SCHREX. Hydrological information extraction based on
DEM data

BRI T BRI B0 =7 & (47 H5 % 1 km)

Precipitation data with 1 km resolution obtained from the website of www.resdc.cn

i R T B A ER B 7 &, MOD16A2 (500 m43 #2R)

Data were extracted from the MOD16A2 products (500 m resolution), which were obtained
from the Google Earth Engine.

BOEAIE T2 R, KT R AR R O (E E A A, 2013)
Data were obtained from the second soil census of National Tibetan Plateau Data Center
(Shangguan & Dai, 2013)

R4 L 19 5 i SR P 39 T M S AT U A B

The data were calculated from the soil texture data based on the soil census.
BRI A IR R, S X SCEIRER IEAF B (AR U, 1983; IAAIAAE, 2009;
L ERAIEK A, 2013)

Adjusted from the soil profile in the second soil census combined with related literature in
the study area (Liu, 1983; You et al, 2009; Shangguan & Dai, 2013)

R H AR R T, AT X TG T, 20177, SR, 2018%) R T K413
), MAHHUE 435

According to the repeated calculation of natural runoff, combined with repeated verification
of the literature in the study area”, the estimated value was 4.35.

A AR I SCHR(BL T AE, 2016) Extracted from related literature (Bao et al, 2016)

RIEH T S AR AR T Calculated from DEM

FR4fE Vereeckent® B 1| 57 (Vereecken et al, 1992) Calculated according to Vereecken model
(Vereecken et al, 1992)

HEZSIRIEER Ministry of Ecology and Environment of the People’s Republic of China
DIniRE, EEBE

On-site investigation and archives searching

Open Street Map (www.openstreetmap.org)

@ BT (2017) ZebALiE B AL RGUKIEMTE SRR LI REVPA. W30, PR, 762,
@ BEW (2018) FET InVEST KL ARIE L Mg K IRIRFE I REWE 70, Wi A0S0, g IMERE, 17,
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WSS JLT InVEST S48 PF 73 VL BC AT PP Al ZR U (B 5K 0 1 AR PR DR YRR 7R I 55 ORI AL 621

23 Gitoh
231 ERFBERRIPEXAINKIEETFRS I
e, BRIBXIER N km x 1 kmF R,
AR XN IR AE RIS EA . T i X
() RRERZ R, AL E SCE SRR X #R0-10 km
T B AR DX 38 Ay g HE KOS [X 35 (Zhao et al, 2019), BA
T 0N X 355 DA ) 2R 0 X33 X A8 A A i BB AR
AR F A 1) 9 4 HC B ASE TR T B AR DR AP XA 4
WA ARG 7 22 5, il B AR IR T X N AMEAS S
TEAR R 2 AE T AT RS, WU VF 2 T LU B 2R 2 4 7
SRE SFAET, BEFUN G o3 e 2156 2H BT B2 1Y
Z A% (Rosenbaum, 1989), 3% H T 56 4H iy
A R NG AT AR, XA & R R AT I
BEALAL 1) 35 7 Ak B (R 7 515, 2017) i 7] 953 ic b
2 OGS R ZH e B a6 4H T 6 m) 7 23 A (] SRR
T (RO AT O NT, DTS 2HL 8] £ P A 3K 3] 355
(K525, 2012; BRF 5%, 2017). AXUARFE. B
B Sy, BSR4 R AR &, A
P L P 73 B OR AP X P A 9 A 34T — X — UL AL,
REME(5)BEN0.02 (Austin & Mamdani, 2006; Chiu
etal, 2016), 7ER 3.5.31% & MatchItfl i 58 it A3 A
KR iR 77 B A A R Ratio /E A LR Fa b, AR
wr:

Retention; 5, 5) — Retention; )

Ratio; =
' Retention, 5,

A e Ratiog AT AN A% 7K U5 iR 37 B A AL %
Retention; o) /92015 4F 55 > 9 k% 1 7K 5 I 77 &,
Retention 210,420 104F 25 i W A% 1) /K J5ER 77 2

TH 58 BCRE AN TE X A K Y5 TR 77 AR R
J&i, K FH Wilcoxon £ 5 Bk 56 73 Mt £R 47 X P 4R 7K 5
PR R A RIS AR B M2 %, 7ESPSS 26.0
HHSE e B3 S P AR DX DA A BC R A 7K YRR 77
BRI 2 P IMEPR R ORT X ORI B,
HEEWF:

Z:\:‘Jl (insideRatio, —outsideRatio;, )

N;

o WRIR AR XKV 77 IR 45 TR AL,
insideRatio; e 7 55 AN PR A X P4 514N I A% 7K U5 IR 77
AL, outsideRatio; KN 5] MR X AP i H%
IR () LR AE AR KPR IR TR BRI R, NGRS MRS

M=

X (R X A B =
232 ERREARFRPRKIERTRSRIPHEI
ppAL[ESES

A E AT BE S W ORI AR BRI R &R,
NERRRAEERREHR. HRREFKERARY X
SR BRI AR B AN R 3 R R A
ORI X7 5 A B N e . B A
BTN E. R XEBERERAN. RPXE
SERTR L RAPIX P B I B (2015 £ ) . R IX
TERFFIESEON R 2 o oA TAE N 5140 A\ 3L
HQOISFELIE) EERNQOITHELIE) Ry X &
S (E PRI XA A A £220154F) . R i dE ok
H3AT2019F6-11 H H BRI 194 AR R Y X
SR A, FRIE G A B A AR X P SR SR R
P43 HT2017E190 B AR RS X b B & 3 AN
GitECNF A, RSN 20174505 . Ak,
BT AR L E R B AR X 9 A 2 A B
FIX, &R XEBEPMR R TRHE A G —, 1T
i T BB B R R . R X BT AR AR R
F S AR P AR AR 2L R on (ZE A 5k 4 T,
2010).

SRIG, FGZR I8 AR XK IR IR 77 IR 55 IR L
S5 ETER . B H 2 R 2 31T Spearman A 2 7
#r, 7ESPSS 26.01 58 /. Hefa, ARt FEHLARM
[ VA A5E 28 7 3 HE O B AR DR 3 XK IR TR % I 55 DR A
RO = A 2 (R R 2R, 0 DBk e [R) 3% 1Y) B AR T
(Grémping, 2009), 7ER 3.5.31% & randomForestfd
FE o
3 &

31 FIRXFEEREBRFRIFXKIEERTTRS
BIAESHIER

BT BR VG A8 /K TR A 5 R T R 4 Rk
FERE ORI, F& 201055 F1201 55 /077 /K &
431 J968.4142m> F131.0842m’, T A SCAE AL T i 55
(120104 120154 78 4% 117 77 /K B 43 1) 4 68.3012m’
30.3512m°, 5 ARG 77 K B2 18] (1R 22 43
FN0.1%F12.4%, SAAKS BERE TR .

FETHAEL R, RIRXIH20104E520154
IR FE B AE 2 () 0 A R KRR IR B
IR X3 B AR L X, T E A6 RH 7R e 3 Tl
DX IR PR IR R, B A 200 3 A 4%
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JRI(2). HEEANZRIG X 35201 545 /KPR IR F7 2 AR T
20104 BT B4

ZUWG X194 E R B AR RY X 1, FE AR
2010%E(2,171.67 m*/ha)F120154E(1,429.55 m’/ha)fs
N VKRR 77 B e, LR K A g T B T R
KR TR = AR M PR R A B E X R H
SRARF X, 20104F A 312.49 m’/ha, 2015410 N

@

>z

L
i 7K PRIt Water retention (mm)

-581.55
-0

0 55 110

[ ERY ARHEP X National nature reserve

B2 FIEXEUKFEFETESHE. (a) 20104; (b) 20155
Fig.2 The spatial distribution map of water retention in Qinling Mountains. (a) 2010; (b) 2015.
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110.43 m*/ha (&13). 7201020154454 X K YR 75

TR SR, A R PR B A A B K

H AR TR 37 X A 2 BT /K 5 R 7% & ek D i B K

(64.7%), FH AR 111(62.1%) F1 5 K 2 (59.3%),

J 22 /b LA B 21N (24.0%) (13)

32 BARFRIPXKIREETRSHRIFERI
MARRE, 2010-20155 KI5 7% & AR R AE

(b)

I3

7K Ui 5% & Water retention (mm)
- 371.52
-0

220 km

2500 - - 10
2010 v KEERBMSLH
i 1 2015 Water retention reduction ratio |
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=
2000 || T ~ 08 g
g 2
] L
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Fig.3 Water retention of 19 national nature reserves in Qinling Mountains (m’/ha)
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WSS JLT InVEST -S540 PF o3 VT BC AT PP A% 22U (R 2K 20 1 AR TR DOK IR R I 55 ORI R 623

R2  FUL194L B ARIF X 2010-20155 /KR HE 7+ 8 T W R ASMECXT Wil coxonTF S k1036
Table 2 Paired Wilcoxon sign rank tests for the change rate of water retention of 19 national nature reserves in Qinling region
between 2010 and 2015

AR X WELGR NP AR X S H 4 N P
Nature reserve Comparison Nature reserve Comparison results (E)
results (E)
JAZ Zhouzhi + 358 0.000** | K1l Taibaishan + 185 0.006**
WP BY Hanzhong Crested Ibis 349 0.000%* | KAl Tianhuashan + 170 0.000%**
WM& 1 Guanyinshan + 97 0.000** || /NBfztl Xiaolongshan — 199 0.000**
#3F Foping + 223 0.000** | #4111 Zibaishan - 110 0.009%*
YR Huangbaiyuan + 108  0.000** | %K% Baotianman - 53 0.000**
% B, Laoxiancheng + 67  0.020% | fk4F1 Funiushan - 471 0.000%**
K7 Changqing + 178 0.000%* | &g pH 2L A A BE - 650 0.000%*
Nanyang Dinosaur Egg Fossil

242752 Niubeiliang + 81 0.000** | &K% Motianling A2 Nonsignificant 49 0.689
% Pingheliang + 140 0.000** || /NZ&l4 Xiaoqinling AN Nonsignificant 132 0.213
21 Sangyuan + 82 0.000** | &k Overall + 3,721  0.018**

EJ9 PR3 DR YRR FRAL A0 A8 P SNEC R R A0 P 2R +3R7m (R X P /R UG TR i D R PEAR T OR3P [X AR, 3R PRA X P KR 7 B ek T 2
BT IR XA, AR RN B RO X WA B3 22 R N FEAA . * P <0.05; %% P<0.01.

E is the paired comparison of the change rate of water retention inside and outside nature reserves. + indicates the changes of water retention within
the reserve are better than that outside the reserve; — indicates the changes of water retention within the reserve are worse than that outside the reserve;
and “nonsignificant” indicates that there is no significant difference in the changes of water retention inside and outside the reserves. N is the number
of matched samples. * P <0.05; ** P <0.01.

B 25%—75%

Lo T L5fEPRETEE 1.5 IQR range
* — F{H Average line

i % F¥{H Outliers

g
4
g
g
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g
Q
£
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Eag }5(
RE o5 T 5 X x X
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8 -1.0-
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SEEZEZEFEEE T EEEEERELS
ggggow::mﬁ-sﬁﬁ-gﬁ)mg = § .8
NEts2L5 5288885225 ¢ 558 ¢
@ EEERSES P REENC S SHYS ¢
Eofisgzips IS FitaEs
55 wRRBIZLTEZHSRIZE
S EY TOEERgwmp RxEEn ¥
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&K 8
B 4
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El4 RIRERZBAFRIFEASMKFEFELUREZEDHE. AARTEARRIFEAKEETERCEERTBERRP
X4, BEEFRTBRAFRIFXAKFERFERDIEESTRIFXIN, CARTBRFRIFRAMNKREREULEZER .

Fig. 4 Difference of changes in water retention inside and outside nature reserves in Qinling Mountains. Group A shows that the
changes of water retention inside the nature reserves are better than that outside nature reserves; Group B shows that the changes of
water retention inside the nature reserves are worse than that outside nature reserves; Group C shows that there is no significant
difference in the changes of water retention inside and outside the nature reserves.
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R _20.7

Precipitation change rate

TR —g 14

Average elevation

®H2EA .17
Funding investment

FEAR TS 463
Landscape shape index

P I I R R
0 5 10 15 20 25
%IncMSE

E5 FIEXBEREBARRIPX KRR IRSRIF
FEFMET. %IncMSEB AR REMBEHBK.
Fig. 5 The main factors influencing the conservation
effectiveness of national nature reserves in ensuring water
retention in Qinling Mountains. The greater the %IncMSE is,
the more important the factor is.

LRI X N AMELE 35 1 22 7 (P < 0.05), HARIX N
KRR TR 9D (R T AR X AMIK (3R 2) o A )
SrHC LS O FEAR AT 4 R B, E19NE X
H AR ORI X AT 174N OR3P XK U5 577 AR AL R A
PRI X A AMELE B35 1 22 7 (P < 0.05), A Bt BE
RIE 5 /NI 2 4 B AR PR X ISP > 0.05).
VN FEREEZ RN EXEARRT X T, 5
TR X AMAEEST FEAF EL, 12337 XK IR 77 5
WO FEART BRI XANP < 0.05), & IR IX A
B 11163.16%; 154 Bl KX 9 H AR X K YR 77
IO T BART XINP < 0.05), HRIX
SR 26.32% (R2).

R E R PRI X K Y50 77 PR R R (W) 45 1 52
N, AR KB SR RAP DX KU 7 R 25 TR 47 AL
Ry, HRED AR, W, KEd, R~y
R ZE W AR A 105 R B A e B A A A E R K
HAR RS X (& 4).

3.3 [EZREBRRIPXIKIEE RS R R
ALES

BT Spearmantl S 7 46 LW, HARLRIIX
KU TR 77 IR 55 OR3P BRI S OR3P XN L B K AR AL
Z A A PR TR(P < 0.01), SR X RSN
W52 B3 AP < 0.05); H5RPXEFmEE
LHRFR KRR LZEP > 0.05), 5 TR
NG AL N DL DR X S
K BB, R XTRIE B E R R R R/ W
ANEEP > 0.05) (83).

2021, 29 (5): 617-628

R3  RIK194L B AR X KRR F R AF RS 2 00 E FEHY
Spearman# % 1% 53 47

Table 3 Spearman correlation coefficients between the
influencing factors and the conservation effectiveness of water
retention in 19 nature reserves in Qinling Mountains

AN Spearmanif] 3¢ R % P

Influencing factor Spearman correlation
coefficient

R AR AR AR 0.926 0.000**

Precipitation change rate

47 FE Average elevation 0.235 0.363

JEIR$E%L Landscape shape index —0.260 0314

P&\ Funding investment 0.542 0.025*

%% % Road density 0.047 0.859

LRI AR AR -0.056 0.83

Number of staff per km?

B AT N SR Number —0.105 0.687

of patrolling personnel per km?

R4 X @SR Period from the —0.203 0.430

establishment of nature reserves
* P <0.05; ** P<0.01.

BT BEMLAR AR BB [ 4> AT R 0, B 2
FE AL AR N G180 . S AR S N A3
B R XL A R AR [ R R R Oy £,
F X AP R Z0T B AR TR XK R IR 57 IR 55 R 3 ik
RO FE B 7EIBR FIRAAN R R Z S5, FENLAR
PRI AR Y fR R 5 58.42%, 45w, fRITIX K
TRIR TR IR S5 OR3P B £ 252 HAR IR R g, g
Wi 5 K ()2 B /K AR A2, LGRS 38 A, 1T B
Rl 2t — s, i Bt SN RN R S 2%
Fmig K, HURART XIIRIEE(ES).

4 g

AT 58 5 6 17 DT 3 B b v AR BE AL AR AR [ 1
BRI RS T H AR PR X K IR 77 IR 25 BR 3 1 3k B
LR R 2R VPl vk, RN RIS X 1940 El 5K
2 B SRR DX 7K R 7% IR 45 () AR 3 G AT T
B IPfl . ESe B InVES TR Y 1 50 1 Z2 0 [X 35
2010-20154F /K Yk 77 &, I DAR ¥ i A, Bk
P K GRS RBAR BEAT T 0L, SR g R
T AHEFE 5 K InVESTA B 45 & I Fa % ik
REESHOT EKIRIR TR 2 (RIS, 2016; Y61
T, 2017) 80K A /K &SP T R K PR R IR B (R
FREE, 2015) R LS5 B M . SRR E, Z=I%
DX IF KV T AR 4 B L X i AL s AR
WX, LA . b kriass, HEAiZk

https://www .biodiversity-science.net



WSS I InVEST S0 PF 73 VL B PP Al ZR 0 B 5 0 8 AR PR X R PSR IR IR 55 PR 97 AL 625

U IX 45520115 47 7K YR 77 I 55 AH 0 T-2010 4 4 T [
Ko

SRR T 6 DT BE LR T v AR R
X 9 4182010-201 54 7K IR 77 2= AR B AT 75 EE
Iy, R T IR SRR R P E S, A
B AT B SRR X P A 0 B 1R 5 v B D 4 T
(Joppa & Pfaff, 2011). AHFFE &I, EIR2010-2015
FEZR I XS KU R 7 B ek D O B, (ER S X R
PR KIS R B A ) TIREER, X5 T
JEE(2016) TEHT B & H AR ORGP X 3R LR 47 DI BE ) A2
e AT g5 AR . D BRI AT e E AR DR X N I A
BRGERA X M T I T, RIENESRSE
A% B infs E (Kandziora et al, 2013). 76 #. /MR X
JOURE b, TR 2 i B AT X R AR 23 BT 45 SRR
B, K (R4 X (63.16%) R 1 %5 4 /K Y536 57
PRAP R, (B R XA, 2R
P IX A BRI TR B AR AR X b H R A
AR A R IX Z (8 ) H AR R SR AR AE 22 57, TR,
R IX [ H 98 B b AN — E(Amin et al, 2019;
Pearson & Dare, 2019).

WHFEER I, ZRU8 X 35 H SRR XK TR 7= (R 4
B R TR X B AR 2R, He g2 d K
e PR AR 2R, IX 5 /KRR TR I 55 32 52 [ K &5
SARAAL PR ZR R0 (A FE 2518 —3(Su & Fu, 2013;
Xiao & Ouyang, 2019). 5 &2 BRARE LS R G H T
AR AN R 2206 BRI T . AN A7 S5 A A i
AN FE R, R X NEBCN BRI Z .
HE SRR E AR AR e S T KR A
TR T, AT AR K SRR ™= A B v, DTG 45 £
1 X AE 5 7K 9302 (1) A7 X6k K U5 TER 77 AR 45 1D Dk /b
BT IWEMR MR K, 2002; F5R5E,
2018). MEAh, AHEFTIE KBRS X [ F 24 i A ot
IR TR IR 5 B AR 3 R G B 3 AR, i
P R Y X L B SR AES KRG, 23
(T AR X #5020 (Wang et al, 2013), X 5
(R RAFT DX AR ) 22 5 1 R S 208 B8 2 11%) 45 1 A R
(Hansen & Rotella, 2002).
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ABSTRACT

Background & Aims: Molecular dating methods have been applied widely in recent years and provide an
indispensable and detailed evolutionary timescale for macroevolutionary researches, particularly for studies on the
evolutionary history of biodiversity patterns. Bayesian methods and Markov chain Monte Carlo methods can
accommodate multi-dimensional and various type of data and parameter settings, which have helped the node-dating
methods implemented in softwares such as BEAST, PAML-MCMCTree to become the most widely used molecular
dating methods. One of the advantages of Bayesian frameworks is that they can employ complex models to consider a
variety of uncertainty factors to make more accurate estimations of evolutionary divergence times.

Progress: We review the principles and main types of Bayesian molecular dating methods and use Bayesian
node-dating methods as an example to discuss potential errors in molecular clock models, selection and placement of
fossil calibrating points, frequency of sampling, and setting a prior distribution for node calibrations based on fossils.
We further describe advantages associated with different Bayesian time tree reconstruction software packages, the
discussing principle of node age, and the comparison method of time tree under different models. We also provide
suggestions for overcoming the challenges of overestimation and underestimation bias of node ages. Integration of the
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output of various Bayesian methods and models and selection of the best among them often improve the reliability of

molecular dating results.

Prospect: Researchers should explicitly assess the relationship between model output of time tree construction and
model parameter settings, which increases transparency and provides documentation and reference for future
researches. We recommend that future research simultaneously focus on updating fossil records and improving

molecular dating methods.

Key words: molecular clock; molecular dating; Bayesian node-dating; phylogeny; evolutionary timescale; divergence

age
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BB e —— 70 T B R v 7 ] DASE ) 22 20 thE 42 o
M. 19624, PaulingfllZuckerkandl#& H 7311 15
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R AP EA) AT AR, e TR0 B3R
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22 ) 18] R PR E 17 3 T BB AL A% 0 Ji 3
Fer AE—E N IS A, 45 2B R 71 1 Fe BIAE
AN TR R R ) (0 22 5 5 L 24 J5 48 13 A I ) 2 3 4Bk
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IRTESE R 2R, AL SRAEAS [F) R o AR s R R 52K
AMIE. S5k b, 2HAEMRBRA IS, ol
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DA K HoAh 2 %, v LS B % 2 500 5 58 o A
(posterior distribution) & ¥MH, AH T EWLK 5%
MBHAREZE S . EHUREA RN T, F%H%
03T AR IR R AN, e AR R A
WO N, B B E W B S (Wasserman,
2004). SR, HHT AP0 0 R PR, B E
4 5 DR 2 0080 A A A DS S B o0 AT i S 3 e —
FAH, BFesaAmikERR S 0EE, LHE
TEHHE =B/ 43T (Yang & Rannala, 2006).

FE 57 TR AL A DU B db AT v R, 7R
% B 7 5 B HE (sequence data) « BF b R Y
(evolutionary model) FI#% 7 456 (prior; Bromham et
al, 2018). tfb 15 7Yt i% R (85 11 1) & 4 A 7Y
(substitution model) A7 (tree model)Z k%, P
RS S 53 ) 5 BEEAT AR 2 e e LA AT IR E
B Wi AP Ko 1) 2 B0 B 1) B 4 TR (rate of
transition between bases) . fi & il % (base
frequencies). AN A7 58] ¥ #it i %2 (rate across sites)
(1) 73 A A R 2 B DL e ASAZ A7 i (invariant - sites) [ Eb
1 o ALY H B 1 48 Fh (topology) Fl1 32 K (branch
lengths) P4 #8 4> 44 /i, 3K X 73 3 K (branch
durations) 14y 37 4k 3 # (branch rates) 3 [F] HL € .
Horb, AR ZH0nT DUt N A [5] () 26 56 53 A1, T X0
TH A — RIS S K S HOL T DU — P I E
#A 2556 (hyperprior; Friston et al, 2013), FTf5iX 1%
BT — N, B R, &2, d
AR N H TR, AT MCMCHI AR Se 1
Gy, A5 TR A S S B0 J5 5 2 A TS X
[A](credible intervals).

FEAE 5> FHAR AT KRG K BRI, ]
BT AV BB I RS AR = R G K B W 1
fif ARS8 (dos Reis et al, 2012; Warnock et al,

2017), (B H A% ER(H i) B s R AEAN [F] A0 70
Y (evolutionary lineages)[H] [\ 22 57 « AN (7] 357 B 3 oty
BRI 2 T B L E R 1A [F] (Harwood et al, 2007,
Laws, 2010). AR 8] % 5 (Thomas et al, 2010)%% Al
R, NSRBI RS K G W I LA 50 24k
I8, 170 JCi245 2135 2 8] 1 2656 0 Ao A s ), R
D RIVTE 8 PR P AR S (A% R B ) 1T AN e 4 0k
XK. K H SR (tree prion) FUR HE(E B
(calibration, 57T fifric(node calibration) ¥ £
brid(tip calibration)) & [F¥sE, 7E3E&A A IS5
PR UEAS B, UK EEN L5045 B AHNTHF 6 2 2%
PERAK. DRI, £ UL HE 22 T 45 30 AR 0T 73 A0
[F)J5, HE— DA B 4E %5 o3 A 8], et 1 7V 2
HEATAC A1 b5 %2 (fossil calibration; Barba-Montoya et al,
2017)0 TERAFIEA KRR A LIRS, HinT e
TEREXT A0 A (A HEZE () Ba ity RS A A aE e, 75 H
HEALET TR, AT 75 R b A1 i
a6} 3 AR 7] S P E X T]

78 DU W HE 28 R 8 A A A bR J7 ik sy
RUAR I8 % (node-dating) « 4= iIE 4 7% (total-evidence
method; Ronquist et al, 2012) A f b4 2E Kt FeEvk
(fossilized birth-death process; Heath et al, 2014)%%.
AR A A R R E RAKEN L

bRtk (tip-dating), LA MAE RGLK B W1k
o SCHAT IR, e P T ACA RBERIERS
FRAE, AR T8 & FAFREIE . =RE8H
FHE(Grimm et al, 2015): 5 mbRicik BAAFEIE T
() &8 K AL A AR IC AN 58 P (uncertainty), {HXT4L
A S SR e (1 D I TR g 56 ) 1 v B AT AT X
(Sauquet, 2013), R B HEREZ WA, BA
B RGBT DB, SurdEikiET
RGEKBRFZBATAENL, FINZFHEE A
AIRAF IR € 48, 7 EAMOMA A R INAFRAE
JE 75 6 B (morphological matrix), 1X—2&{t-4H i) #E
DL 2, BLAEAT 75 A6 2 K & I (A G IAE M i T
B AT S (Guillerme & Cooper, 2016); 14
AR RRE R s - T A 1A 268, JEHAR
BORRYHENE, (HRAFER R K E WA
WA TR AT E . RIEHAF R RE, DL E=
P E A TACAIE R Z FI2RRE . TS HIR
F 8 R, DA DT E 2R (Grimm et
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B Bt S i O
= . Uni Uni niform E: ti 6 i
g Hyperpriors Pty e e e | S J5 5 Posterior
& M
B B KRIEES M Ao W ponent e o :
Gamma s Dirchet  Uniform Untorn, PR ey MERA T, W, @, p (inv)
distribution  distribution  distribution distribution Tree prior INodalcalibraton Lognormal distribution
A, Wiy Ui, ©
©
kS
B E %REA
# g‘ —> Taxon A
e~ 8 KB
H .g Taxon B
@ Poton
Bt g e
Substitution model T Tree model
- 2K%¥ A (Taxon A) GAATCCGATGCCCACCGCAGATCTATCACGTTAGATGCATACTCATTCCA —'I?fxﬁ%
@ B 258 B (Taxon B) GGTCATGATGTGACGTGCTAGTCGATCACTACGGGGGCATCATCATCAC
B = JF C (Taxon C) GAATCCGATGTCCACCGCAGATCTATCACGTTGGATGCATACTCATTCCA
% S 268 D (Taxon D)GAACCCGATGTCAACCGCTGATCTATCACGTCGGATGCATGCTCATTCCA KREE
%#¥ E (Taxon E) GGTCCCGATGTGAACTGCTAATCTATCACCCCGGATGCATCCTCATTTCA Taxon E
El1l  DIAHERERT E 4058 13 12 /R =B (2 B Bromham et al, 2018). #HUERNSHITE ZNHELER G4 BRMEN X

HIR, ABRRBMMERAR . BRI T RHA T RER(BARHEERER, FEENELSE) . EERILSE(sites)
FRBAAr ) AR A B S B EE flp(iny) . RHRBLRT U AL S KB NMAS . SHEBREIRRE, B ERNIE
REERE, GMMERED). PHRERu)FEEEREP=NSH. £ FLE D, SHEFLIKBE TR
ANe IKHAPXHKERRSHHEIRE. PXHK—FEZRERNZN, Z—HESTHRERTICETEX, BXS
WA FHIRE, RETHAURZERRX LS HIRE. HBEESHUEDXEITESIZSHNRE R ER

Fig. 1 Schematic diagram of Bayesian time tree construction (modified from: Bromham et al, 2018). The parameter setting of
evolutionary models is the key step of constructing phylogenetic tree based on Bayesian method, which is composed of substitution
model and tree model. The substitution model includes base substitution model (including base conversion rate r;; and base frequency
7; as parameters), site heterogeneity of rate (such as I' distribution) and proportion of invariant sites p(inv). The tree model can be
decomposed into two components: structure and branch lengths. The structure is determined by tree priors (in this case the birth and
death process model), which includes three parameters: species generation rate (4), species extinction rate (x,) and sampling
frequency (p). In the “two-step” method, the structure can also come from the input of the tree file. The branch length is determined
by the branch duration and the rate distribution across branches. The branch duration is influenced by tree priors and node age
calibration. The rate distribution is recognized as clock models, which determine the distribution pattern of evolution rate on different
branches. The data set is applied to the evolutionary model to generate posteriors of each parameter and the time tree.

al, 2015). REFERLLIENL T, T SbRIdiEFF AR &
77 :(Ronquist et al, 2012), 1B /T H BT £ $2%
TR A IC BN Z . T2 2R A Y i R 5 )
R SR ICEAT SR H RS P S e T
WHPRE . WAk, BT HATEA TS50
) R 48R B W4T ) OB T AR R A I o Ty
2, SR G, HEEN TN R
UEFNEE— 2 it (dos Reis et al, 2015). Kk, 7E T3¢
H AT 32 BT IR RS Y s AR 1E VA HE R (accuracy)
L5 K 14 5 (precision) (1 R & DL W] 32 & 40 Fh 43 4k
I [8] 43 58 A [ n] FEPE

2 DIME S RfRE B AN ERIRERIR

F DU SRR R R AR E SRR A 3
ANTFIH: (1) i K 45 7 (substitution rates models)

RS B W45 (tree topology) 5| AR Z; (2)7)
TP (molecular clock models) 5| A% ZE; (3) 711
RAERbRIE 77 X (calibrations) 5] A H R Z .
2.1 BMERFRERMAZ LA EREHSIANIRE
ENEES Sty N S Vik= g St & o NE e
HEHAKE . DNABBENLGIAFSE), [Fl—9FrA
[F A7 i R B i A AN A, X ORI S E R B )
TP AR Y N R [ I 2 RS 2 A o I A A B i
oA . R, 78 LCBLY AN 2 8] 2 DR g B [X
MR T A2, B—A0. 38 A% R AR R
LA B A R L&, 1028 = A %61 R AR
R T — HEET, H5ME A2k
ZePESC R . StrugnellZ(2005)F 70 &K, 5 = %051
W R AFAEMEAE 5, R\EGEFIFATEE, ke
BifE T A 2R A8 S K ) SR DL S R 5 PR
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RGBS, LB SRS = 1. A3,
20— AN 5 D] A7 i B R - A ) e R S At
FmfREZER. BERH, HX MRS
FEAEFEE R, W] LA R 25 BRAZAL AU (Ronquist et
al, 2012), A AR 25 #8 20 Hodis R HOAS [7] 9 0 41
(partitions) ¥ #t J & #& & . % 40 PartitionFinder
(Lanfear et al, 2012)55 8RR X AN R ZE A AN )25
WAL R A AT LLAL, BN S AT AN R 1 %
G Su T RINNTIES s ae ik s iy EITIN S S
AJ LA E 42 M H T BEAST . MrBayes®% ¥ i U174
Pt

734, DNAFFF A [F] — A7 s i 4R i 2 8] F)
Bl IR, I T V2 A8 A 1) B i
B H AT &R A S B A 2 general time-
reversiblef I %, W H5IC694E Y (Jukes & Cantor,
1969). HKYS85t5 % (Hasegawa et al, 1985). K80t
Y (Kimura, 1980). F81#% % (Felsenstein, 1981) !
GTRALHY (Tavaré, 1986)%%, H A GTRER N & Ik,
B RV P2 IR B A A ) Bl . 12K
T G AR AL 1) DX ) E T A [F) A% IR ) 17 35 ook 32 A
2 /b AR [R] IR (] dn JCAR AR e BT A 5 4 T R S 72
FHIEY); Jukes & Cantor, 1969). 437 s [] 57 i 1 (site
heterogeneity) 7] CL & B S5 il & 7> 47 (Gamma
distribution, T, {15 07 s [H] B 4 2 K5 5 0 5 70
i)~ 15 %€ 3 F (invariable, 1, B BEAL 0] &5 ik 0
S BAEE ) DAL + TR S AN [A] (RER 40 5 AT DA
A N WIC69+T . HKYS8S+T HMIGTRATHZEf5 X
A 2 AN B e % AR 4 B0 R 0 B s B ) i
FEBEATI G, 1] tnIModel Test (Darriba et al, 2012).
Modelgenerator (Keane et al, 2006). bModelTest
(Bouckaert & Drummond, 2017)%%, Mifi45 H 4 € 21
5 5 dre MIE )l i A 2R A0 A [ 558 2 ik
TR PR IR A . Shapiro(2006)fd FH % 1}
05 75 1 7 B0 AN [R) 5 B 4R R | A7 w5 o 1 A 2
MDA AR S G AT TR, 45 R BoR,
FE 7B AL R S R R A A S AR A Y, 1T
HKY. GTR. DFITHERYAH &G G S %, 1
RULH S AEAN R SR Hh I & B2 AN ]

FETFRE 73 T LI, R G0 B BT SCR AN
SRR AR R, — R R IR AR
MRS TG ERERGRKER . AT, £F
M RGEKEN M ETTES, MHET R

(distance methods). {#] 7% (parsimony methods)FH1LL
SR (likelihood methods), DU Hiridk 56 % Il i 52 44
1Y i KRR L% T8 R G K B WA @ i AR AE S K
HVGE KL (R AN 5 11, LA S ) v A 5 R AT S
(Beerli, 2006; Yang & Rannala, 2012).

I FH DU e S A2 g Sl IS [RD RIS, %Y R 4 1 AT DA
KE SRR SCAE, AT DK JE T8 et DLt
ik A4 (WBEAST; Drummond et al, 2012)) 1545
R, FHEFEQFEMWE: —RKETHHAR
(coalescent theory), 3 — &I T ) Fl B ik B it
(speciation theory). H FiI & FH FIM Jo 0 % B 32 20
TR AL, BG4 KA (birth-death model)
FIIC/RBEAL (Yule model)55 . 7E X E M SeInmy, HT
AWML PR AR, TRl NiRZE. Filand
RGN I IR AT AE T3 8k S8 3 A4 INF [ AE 22 4 3t ik
R, ZHESRK A Z R E, EEAHT
T S 3k BT K (Condamine et al, 2015).

A R 2= B Y B 7 A& K S 5] (long
branch attraction, LBA). KW 5|72 KRG K B W
R B B 1 9] f 2 —(Susko, 2015), 7E20004E /i
Ja H R B4 R IAFAE T AR Z BB RS
KB BTt 9T HH (Reyes et al, 2000; Brinkmann et al,
2005)0 W15 —BRBE ) EC S A2 A N S SR
— NN SOERIR T, ARG 4R TS
FIPAKSCRAE — R E RIS . X —IG]
R AE ) FH ] 2992 DL R Y ek 1 1) B HLR 25 F& A7 A
B e 13 S S5 I i R B RV AR DL I 202 R £
A2 EE(Yang & Rannala, 2012). F=AEX—I %
R ER IR A, P8 Ry s 7 AR T 2 IR B e,
ot AL Bk 22, SO 51 IRt T RE K
Ao KW G HIfRRIT R — 2, REMHELA
% (full likelihood method, 35 f KSR i A Ul
Wik, R G B SRR, IR 5 B A ik SR
PRIV AL, RIS LR Z Gs H 7 B R B K E W,
HEAT A XK 56: (Susko, 2015). KN 3R 8 IF 4
iz (B B LA ¢ R A FRid RURCE 55, BT DLEEE
AT bR T SR ORI D R HERF I
22 SFHIRBISINMIRE

ANTF) 53~ AR AL A AN [R] 43 S 1) AR 26 22
(177 AN, T BE 2 i (AR F R R

7 5 PR 23 7 B RLAS tH R I TRD R b, Btk 43 3¢
B Ry 250 SR AR S I, H 2 BT A X 3K AF
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TEZE S, A MRS E R WA 2 R, K
BTN I IR R KA, &
WL 73T BB AT LA 8 7™ k& 314 (strict clock)
% K 4y T 8P (multi-rate  clock) Fl #4 5th 4 7 8
(relaxed clock; Ho & Duchéne, 2014). IEERKH T
PR AN R B i R AE AN [ L AN R SR A [ 22
S 1) 52 BRI 2 1) 50T, 8T8 I RA 5t 7
e AR G 3 A S0 0] H I AR 40 A Rt 3 1 s R
(uncorrelated lognormal relaxed clock, ULRC), K
jER 57 B ¥l (Miller & Bergsten, 2012).

PR TR AL (B2b) B E RG K B W TR IT A
B R B ol ARy —AMEE R, RN
TR, A & B A1 22 57 /N T 5% 1 )
(Yang, 2006)F17H T~ 5502 [8] (1) R G0 K B 1
RSy S 2 T ) 4 i R AR AE AR 1R 7N (Brown &
Yang, 2011; Ho & Duchéne, 2014), XFEHL T 4%
Gy B B it o 1 B S O B A

2021, 29 (5): 629-646

(Brown & Yang, 2011). {HX T~ & il AR O
B, TR S 1 PR A 1) HE T FE U AR K (Wertheim
et al, 2010). ZHEF TR RV Z T—F0, (H
DT BRI R R VOEFE T REK R H, X
ARG iG R LA A B ol R, E
TR, AR — S G A 1R B R
&k 2, FRON RS F 8 (local multi-rate clock;
Kl2c); 57— AR R A AR A ) B 7
TERRBT, FRON B L 3R 43 1B (discrete multi-rate
clock; F2d; Ho & Duchéne, 2014).

Tt 3 - B Jo VR A — AN R R URR Y
BHHR, BE T MR R
SR 25 W S50 DME X 3K H#E 47 540 (branching process
prior), XX — i e A AR KRk R AR A ([ I 2%
FEA T (1) A AR ) FIJG IR B A (AR KRR AL 1
FERRIGOL, A5 IEIFP AR )55 . IR Z 1500 A4
KIFARASEAL LR B A7 & S bRl O, JUHRAE

(c) Rk Z BRI T5h

(a) B} [A]#% Time tree (b) k%43 T4k Strict clock Local multi-rate clock
pr—— —
@
—e———
e -
(d) B E AL T4 (e) HARSCARTBATF5h (O 3 HARRAATE ST F 41

Autocorrelated relaxed clock Uncorrelated relaxed clock

=

E2 AEHSFHEEREEEE: Ho & Duchéne, 2014). EF 6T EINEBERNEN, BHT O FHEREFHA
], IKBRRXER. @QRRFMI FHERARER, LHRERTINEERM. (b)8S FHEE, REXHNRERE.
OEMEZRERESFH, AT —EENEREFE, FRBHINMBLBARERE, F—AXFHEHHEEHEMNEE. 1)SH
SEESTH, RIF—EEMREFE, FEEAINREBANRE. (BHEXRMDFH, AFEZFTIHNERRFE,
BABEZHEEMER. OHIEEERMIS T, RETANEENHE. HHEENIRE, ExEMNEHMNERRE.

Fig. 2 Schematic diagram of different molecular clock models (modified from Ho & Duchéne, 2014). The six time trees in this figure
have the same structure, but the branch length varies greatly due to different selection of molecular clock models. (a) The time tree
without applying molecular clock model. The scale bar indicates one time unit. (b) In strict molecular clock model, all branches have
the same rate. (c) Local multi-rate molecular clock allows a certain amount of rate and sets the rate according to the clustering situation
of topology. The related branches have the same or similar rate. (d) Discrete multi-rate molecular clock, which also allows a certain
amount of rate, does not consider the topological clustering. (¢) The autocorrelated relaxed molecular clock allows the existence of a
rate at most equal to the number of branches, and the rate dependence of adjacent branches. (f) The uncorrelated relaxed molecular
clock, without any restrictions on the number and distribution pattern of rates, is the most relaxed and free model setting.

Discrete multi-rate clock

_g_—i?"_—

—
—iF

0.01

2
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WrizESE: RIS T80 E SF IR R B, IRZERIEAE I 635

W oK 4 R 35w 1 25 B (Condamine et al, 2015),
It HALHH 5 15 2007 AR R A AT e LU AT R
(Wang & Mao, 2016). 7 DU HIHESL TR, 5 UL RA St
gy T BB SCRT UL 3 9 B R O% A st gy T B
(autocorrelated relaxed clock, &2e; Thorne et al,
1998) A1 E 5 #H 2 A4 5t 73 1 8 (uncorrelated relaxed
clock, M FRMALIEZE T4, E2f; Drummond et al,
2006) Pyl EAH AR, FHAR T R 2 (A ) B 4
BRI OCIER, RIL Tl R R AR R T
Ak EAH AR AR AR 2 S T R 35 3 2 R 2
S, BE N G B O PR T IR A AT A A A A B
TR BISZIA o HAHOCHA it 7 T8 A 2 Pk 2 73 A af
DL, & WA XNEIES M. S omsE, &
AN SRR R ERR B T A, H AR A
I [E] R IE B, DTt ) AH AR it 3 B e % A T 4
PR B FE o & RIS 2 — 75 T 0 B s 3
()78 A 70 Rl A PR, R s 26 mT e o s i) AN Wy
e NTHBRX—ARREIRE, TN ET
RevBayes (Hohna et al, 2016)5#04F HH 1) 58 i &2 2
] Ornstein-Uhlenbeck & ! (Cooper et al, 2016;
Halliday & Goswami, 2016)F1Cox-Ingersoll-Rosst
T(Lepage et al, 2006; Ho & Duchéne, 2014)%5 . dEH
V1SS L M0 Al Y OBV 8 LBV Y B RV Y
3. 5 AR TR R, Hor s 20
(R ZE A ST, A B AN Rk AR E AR
P A 2R B i TR A PR g A S A X A A
Mgem, JEERE 7 REKERRSHAIRLHA
12 1:(Smith et al, 2010). FAHSSHEAY IR 5 AHOE
TR A, LE 2R SRV IS B0 AT 23 il 4 FH
IR I R G R BN, TR 2 7, B3R
s,

TET RN R, FRSEBERRAIRSZ 57,
W& HiEH S A F(Lee, 2016), 7 2lid 5k
B, FIHZ M2 H (o DU 7 R )47 BB e T =
bvivk = N - S wb e SR Aw IR BT ST o R R K S
W Aric 77 AU 0 R G K B W IR @ A B R
Wi, T SRR AR G T N E A G B B R E M
GBS Tl SR = AR R 2
23 TRERFREHNSIANIRE

YRR BRI R T RS TV B (AR AL )
BUDBR, X0 [AE B RIR F 25 (DI ars
it (fossil calibration); (2) — X #& it (secondary

calibration); (3)fsF A A= 4 Hb B 27 At 4 0% B AT b
(biogeographic/vicariance calibration)% .
231 {LAHRE

(WpriddbAERE. 7 THEE(E SR . DNAT
H1) I fie $ A XS R 3E Ak I TR RE B, 17 £ %60 43 AL IS
() ) A 24 SR U 2 MOAH S5 AR A v 3 B A 08 13 B
(Warnock et al, 2017). 73T & 134 hnge s $2 4t
H2EE, IMHem RS KT AR 4G 8]
HESR IR RT SEVE, B o044 It B) ik B 0) A 1t 52 IR
HEEERN AR ERE, Fbairic e
WA g3 AR 8] Ak B o By B L () 3R 5 2 — (Parham
etal, 2012),

M T AR — D AWZHE . S TR
A, PRIRCHIT 783 228 T A A BRI s 0 250 A1 /) 0o 1
i 196 AN R FH AT 5 A A e . BEE AR R R,
AN A B B A A B R A R Rbs E AR, RATTTGVE
HIE B — MM e B R R B R HLER A7 AR 1) &%
A, TR ETE SR A AR N () 2 D
BB H i A sl 2 A EEs . B,
A FH DU Ak A7 9 PR C ) IR SR 2 —, 2
ERIERPSIE i AL R (S R = A ORL i s B
(crown node)[J4# T B (minimum age constraint),
FAEEMH 2D — AN A AR E A E AR
7 5 (root node) B 422 U AR E 1) 5 5 AE R IR
(maximum age constraint), P47 [F]I/E A (]34 5E,
MNTITASE 28 58 % 8 B8 115 0 8 45 ) 8 T T A
(Marshall, 2008). 41554 e RKFRE PRI, H4 fr
TR TRV AR eh, 2500 R AR WA v il T E W]
fie M (Claramunt & Cracraft, 2015).

BRSSPIl B N R SRR
A, (BAEREE 7 TR bRic b Ay, A AR S
FEIE R F AT I R 3 . TR i
B EPIAEIR: ()HAFR 2 TR AR — R
e REERY (IR 1k, representative); (ii)FL 70 K244
IER BTG RGEKE 7 M 75 R (73 K5 7] A ik,
taxonomic solution; Sauquet et al, 2012). EAHXEKME
(R4 A 75 B BE 08 A5 12 A W I 7 A R B 5t e %
TERG B A7 BIIAE IFA5 DL A2 AR 2R A W]
TP R A A BRI R ) BT IRER A
fiT{iE(synapomorphies), Btz 4h, X FHE LB E
FoAM SR 22 AR, A R0 A T SR B AR
RGUR BB AR S b AR b
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P S BEE L mT BUOG) B B 1R R A A0 6 4 3 ] e
(Fikagek et al, 2020). Fikadek5:Q020)K¥ERAER T
T EER A A 57 32 (IRTE TR ASRHAIE RE B 2244
HIRAE A Er S —A 8, HIHAL T (b)
TER B TR &AL B, SCRFFEEAHT I
FAE— PR b T [F 4L, convergent
evolution); (c)TERHLI L HRZ &R E, F
MEZRARIRAS, RINA BT SRHEG BERRR Z
H ARG E N E PTG () FI(b) A AT R4
WL B ILL R, ARG KT I E#FATHE
T JE RO AT A 6 L, T (o) R A A M DASR A 2 HL 1
EfE R

FE 0% [7] B 33l J2 A3 18 R0 AT 23 7 14 1 AN SRR AE 1Y
e B ERAR Y, (HBHR A2 R 2 H A R Re i
JEH A — T, X R S A R el 2R
JR S (old but risky)” Fil « 4 %% {H 7] FE (young but
safe)”. “i ZAHA K B A R RS AR %K
TN B OR A wS, RIZZERE NN A0 = AR 1k
F AR BN SE Rt BE AF B IAE, SR H 7 R 22
TEAEAEAE LA & RGK B i 075 ZE (e i),
ERAH BT IR B M B eith
A1) A BEAS BV (— RO E A, LR

(AR Y R, AR AR AT S B A A A A eV
Tt AR I G 5 22 AR A ) 1 B AL 7= A R i) (], {H 2
FMR B AR 5 1) 7T 20 M v (B S2rh iaZi i ),
R ERO % EGEATE T HEW), et Eins
M RGKE W, w2 Ent. 6. R
(Sauquet et al, 2012). LEAh, XFF (b)) A, Mizk
HIREAEAFALE EHATER L, TR/ 4
TR ST,

2 EOCHER B PN FRPRANBE PR AN, S AR SR U,
FATG 7] 50 < 30 ] S Ak A AT BR A,
NHEAIRFRAKEENTE, NE5 77 EHE,
S H R D BEAR B AR BE AN SR 70 AL (8] . 4
SAEAE AR EmT S A0A B A B 2
{HA R AT AT AR, 9 SRR 2 R
¥ (Sauquet et al, 2012), {HIX—25 RIF AR
AR W A A R 2 AR, B H RS
RE RN ARERR YR AT A8 . Bk, AT hRI
ZHT, RIXTAHOR B A AT R g A, [
B REAL A (outliers), TEULIEAE 2 b, Gk by E £

2021, 29 (5): 629-646

{14k 47 (Parham et al, 2012). X T Z1HH K
A, EAEFRIC RS K B R S R
RO A, 1% B KRS FR #1] (Sauquet et al,
2012), JRZ, “SFRABVEE A E A AR RS
KB WA, I H AR A A N T Y A
LR RS o

XA A MR ) SR, Rk AT
SE AL A AT T SRR I 2 — AME AT R 5 TR
(Sanders & Lee, 2007). —fxIHHOLT, BAATTEEAN
APRC A e S E—E R E, NI OL R T Ee
2 FECAR LT S AR B B K T AR AR e
GG (H2, REFEWAIFRE S IEATTEE,
A BRAc 1 R R 3G DN A7 SR BE B8 42 1y IR TR AR )
APEENE, JUHOR AR B AR SR A AR I
HI1# L T (Duchéne et al, 2014; Nie et al, 2020). [A i,
AU E B T BN T A A ARG AU BRIE A T,
AT RS MHE, JFER RS H— B .

Q)R ie T AR DU AR S —
WA G EHLCE T RS G WA R
moECEEAL g 32 b, A H WA (intuitive
methods). fiT{iEiZ(apomorphy-based methods)fl & 4
& B % (phylogenetic methods; Sauquet et al, 2012).
BV A A 2 BT RE LI B ) BT A R AE, RS
HIWEMARRHE R S5 2 AL R EE . 207
AR 2, Hl T H AR T
T, DRbRE A R R B A . ATIEEARK G
B 5 BAE Y I 2 18] 2 & 2 — A EATAE
(synapomorphy) L K i s tH AL [ AT AR E 47 4 A B
B B [T (Renner, 2005). HA I RRTAE 44
MIAF RN — DR RBE, I DA R H
T R AR /N S PR (13) o AH R TR SE L [EIATT
TS A A Ok R BEAT R, 1% 07 iR A7 AE — SE R,
1l G 7] 38 16 (convergent evolution). fTAEEEEFF
% /DA TG UL SR B A BB 43 B (a0 437 41
= BAE A2 E, morphological matrix) (Sauquet,
2013). RAK BENTEEKB RS K E 7 E#l
FRB SR BRI KRR, ERAKE
[F) I FH AR R BEANA A R I B 4R, T LASE &
TSR, T UM 8 1) 5+ 7 51
BT AT (A UEdETR) SR T, X =R R R
PR 7V 2 @ AE AR R 2 ) 2 R Y
AFHER R b, AR TEEAR A R RG K
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B 7 B 15 E(Sauquet et al, 2012),
HoRTREEERNE, £ RARKEM L
SE— NIRRT, AR R (crown age)5 T4
W% (stem age)Z7r: AT EANKZ KB AF Vb B ilT
FLEME S RS, TG B AR Rl L [FfH o
5 IR I S LRI SR R . ARG A
T AT R 2R EB R, bRk
TATMEEIE & R G K B iEH T ATIE, T8
T RURH e T R TR A A A SR T
1) B /INEE G PR, A7 T SV 2R R e 1 A (]
(A A TE S A 9 A el 9 AU e /DN R PR A, A il
FAAY T 2R 715 S5O e 5 R 1) B A A (B T s
TG PR ) B i e Y AR A 3 BT R R A A A
(Parham et al, 2012). HAb, FNE A bRIC SR E AL
JUT- 58 MRS 2R 1iE (Fikacek et al, 2020), 1k
A 1) 5 BV A B E A A B D R, IRAT
ANGEEE | BEERE B A A TR AT e 3 BUE AL AN,
M XS5 55058 4 7= A2 il K 520 (Donoghue et al,

e A
+ Fossil A

é ﬁ%ﬁz Crown node ?@ﬁ /Z
axon
T4 15 Stem node _'_L w

L. MHAB
— O Rootm‘——

Fossil B

¥ Tip

B3 RGELXEWPRINETEE. EPET RFRK

R T ZEBHRIAHFHELESHSIEGIEBFLENT R AT
ESERB, EHhRAASEKBEANFDIEFEELRIIE,
ENE AT UMEALBAT T SR N FR RS, MEALEFA
R RRMERIRS], FERTESXBFANTRXERGH
EIfTIERHAIER, MESHIMZ. WL BBATRTREIX
. R R EERE,

Fig. 3 Schematic diagram of some terms in phylogenetic tree.
The age of the crown node in the figure represents the node of
the nearest common ancestor of all species in group A, while
the stem node represents the node of the nearest common
ancestor of the group A and its nearest related group. Taking the
apomorphy-based method as an example, fossil A in the figure
has synapomorphies with the extant species of group A, so it
can be used as the minimum age constraint for the stem node of
group A. To apply age constraint to the crown node of group A,
it is necessary to obtain fossil records sharing synapomorphies
with subgroups of group A, as indicated by the relationship of
species Z, W and fossil B in the figure. The same is true of
phylogenetic method.

1989), FESEBRERIE TR, SEINALAT ARIC S A i K A
SR8 IR RS R A A bR 1D A 2 2 A

B TE) Ak T [ AT 5 2 (Duchéne et al, 2014).

EFRRKRERF KB, RN RES
ITAEREHLE . AR M EAA BN, HAR W] RE
2 T — 7 2R B (subclade) (K1 HURE (40— A KR
— M RIES D HAAER), FEAT IR HEEA
A SRR TR T AU S SR b oy LI SR 1 5 1 AR
HE#%(Magallon & Castillo, 2009), M5 EEFERIK
IR o PRI IAT A AR AL A Y EURE AN S
ZAE 7 SCIORE R B AR T, AR el 5 AT ARl
A It HL 75 XS WV &R (sublineage)  E 34T HURE
PURIEHERA AR e . A F R, fhAa 2Rt
AN A7 A (0 BORE 7 o 2 I AT 2 5 BUIRAG 15 A
4E % (Linder et al, 2005; Sauquet et al, 2012).

BN, T R TR b Ok R A BRIl
T RHERAE BT A mz b, R —f
FrICH) 5B . Barba-Montoya%§(2017) i T = Fh 3k
B BEAT A ARIL: ()X oA 175 A BEAT AR
(o)A AT RS ERR . TR BRRARICAH SR
TAA TR (e)fEFHAWAT RUER ERR. IR
SRR T A HAB T R, R P I T R X
ETIREBE . 4R EY], TECOFIIMFER KT
77 %(b), TMi(b) KT (a). 1B HHAIKUL, XFhrid Hng
RIS P A DGR, D] I B v A SR A A AR A
Fe i 1o i A HER B AR A IR A2
232 ZURKRIE

TAIRBRIC R AR B R A D S B Z A E DL
T, HTARG K BT CRG R R RER
B M R AT RR € TV . AESERRERAE TP AR AR L
P NER AT ST bR, BBEE AT A AT
1 H R B s R AR 5. T Rl A AU B bR
ERME AL —E G, W, HE B TAEZHN
WABRI . WAFERAFR R, —Xbrics 2
TR RAEAE LA A AR AR B SRR R R, H
SEH LB R R REELERILR2EBE L
(Sauquet et al, 2012). Al RFRICA 2 B 4F BIIEFE,
TEAH R ZRBEA A 18 HIA A 0T B S8 1k 54k
AbRId. RS EA ] bR, NMIERE R
MBI R 3% B A A T A R B ) A BT TR AR
ESRIBUMH BT AR RS . S34h, BRI R
I Bl T 42 v B A N 8] T 5 4E A (Conroy &
van Tuinen, 2003; Marshall, 2008; Sauquet et al,
2012), PRIUE] L2 RER 2419 s BEAT KR E
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233 [EREYMIBEFEHFRHAITINE

ERA A ERAAPRC ST, 5 A
B A R B AR ARREAT Y bR IC R AT AT I O
R o ARAEW MOREE SRR I)E3), B R
FINY 5 37 78 22 1) 53 85 PT DAAAERE 5 L8 W ol 11 B 25 23
L F:(Martin & Dowd, 1993). W1 FATTHE K1E P
A b 3 XA A A 1) 7 B IS T, B e T A
AR, B AT RAIA A 43 0 T 1 43 A (1) — X b Ak S
ELEM T FA KA TG T A, s 2 FniE
T ZHF RS RIS R AR R TR . AT, S5k
APRCHIEL, XFOTECEE S MK IR S i
F T4 107 A 0 R B S A 7 A ) Bk ik SR A AL
IR0, PRI AR L T Pt 2 A ) 52 B I 1) 5 B
T PR AR RS, R R AR R AR L A B 2R
FER D o AR )R £ B A A FR 1 B TR) o 22 (R i)
(Sauquet et al, 2012).
234 HiTSREMBRRRNEERIE

AR AR T I S B AE T A T I RIE 4R A
B I ()T RO T B T AR A, AT )
TR RS (B AT BR ] o A BT i PR IE 3 B0 FEAEAN PR
FAARRC . IRBRICAI R R B hric . HAh %
BINEILA (V)BT B TR i i
H A EI R PR (Schaefer et al, 2009); (2)f# H &
DNA 14 W8 Ay 5 — A7 Ja AR (0 I [7] 56 46
(Korber et al, 2000); (3)f8 H 15 3 2 [0 7340 FI RS AR
DA JBL A FF AR )l 2 18] Ak ) AR RS | IR (Rector
etal, 2007)%5 . ILAb, #5480 H HARH TE1F H AR 4
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X B Mo ZEAE IR RS0, AT DA G S5 1N A S
M E . B, nrbisst b s AR AR | 1
WAL 22 i AU Bl 2, PR DA AR [a] 5k
AR H A Bk 2, (B2, B T ERF S &
41 1% (Kuo & Ochman, 2009). % & (Vijgen et al, 2005),
AR 22 B ISR I Aa xh B ol A A DL 3RS
(Sauquet, 2013),
235 TRFRBES MRS

T AL R AR RS B A A E
FHEF R (B 4), BRI A AT bRid v BT R R WS B
N AT 1) T 4 ) 77 6 WK % 4> fii (probability
distribution) ) 5655 . BEZE 540 SO VF T RIS (] A1
TEE—EMRE, WL T NEMOAE B AR E
PERIIAIR . 5 WL B 2R 7 A1 24120 73 At (uniform) |
HFHIEZS 9> #ii (lognormal) 17543 #ii (normal). FE%X
7347 (exponential ) F1lI £ 43 47 (Gamma) 55 (€15) . 716
etz b, mT LIk B B A A S PR (strict age
constraint, M FRAEIL AL, hard bound)Fl T A tE#% R
#ill (soft age constraint, M FREKIL I, soft bound; Yang
& Rannala, 2006). i FA & BRI FoVFAAAE — MU
(AT REPE(FL 5% B0 10%), 757 sl 68 T AR
BEE (45 (Yang & Rannala, 2006). M SEZFR A E H
K, NTH RS 5 — 8 5ol 24 a RN E T
Sehr Bt A AT REYE TL TN R, FEAA RIS PR
il LA S Ak 26 53 A7 il 42 0] LA B 98 N G2 8 9 B 4
T RAE I LSS R AR AR, DT Tk S B — 0 L
FE#E TR (dos Reis et al, 2016). 18 X T IEAREBTT

1 () 4E{AAT 4R Young but safe To To  wRem R
> N 8 ] ‘ Maximum age of the stratum
= ' N\ s — = n® T
B\ N £ ~" 7 ES
= =3
AN e 7 gs I =
ﬁ \ \ ﬂﬂﬂ‘ g / Ve & ‘«g
NN 35/ £i
~_ O\ HzEaRm 2 V/ N H RN T IR
ol PUt risky _ Minimum age of the stratum
MR ) A R AR R WEREB AR RIE
Age of fossils Progression in paleobiology Progression in fossil dating

E4 HAFRTHEENIFHEL. @ “FRIEFAE M “GZEGRR WAMELAELAFRTTEERNMME FNS T,
Hit XS HU AP HTREEEBRNXEF. O)FENLESNEHEZUANFRIEESEYFLIEIETEY RN, &
SHROLALFEI MU ENES . OMELAEERARNALR, HAFERIEHETEREF.

Fig. 4 Three cases of fossil age uncertainty. (a) The present of “young but safe” and “old but risky” fossils in two dimensions: age
of fossils and reliability. Most of the other fossils are distributed in the area surrounded by the two dotted lines. (b) The age of the
oldest known fossil of a certain group tends to be close to the real divergence time of the group as the paleobiological excavation
continues to expand. (¢) With the development of fossil dating technology, the accuracy of fossil age has been improved.
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(ViREF7) S S 10 A SR =11 BN

R AERRIC T SRS IR SR SR IR M 43 A S T LA
W B — AR 1) /NS BR 1 (strict. minimum age
constraint), 77 AR 6 48068 AN /N T I — AE S
BRI o P B /DN A e BIR A1) R 35 A e R A e B il (soft
maximum age constraint; Benton & Donoghue, 2007)
RWACEFREHMREAS. TEk, B 7R
KRB AN EIRCASL, 1R 2B Fi 8 b 2] /)
SR WS B 18 B 55 A4 N IR (Barba-Montoya, 2017; Nie,
2020), LA HoAth PR 3571 SR 0 5 Wi (A0 A6 A 8 SR I
W#). £ MCMCTree 58fFd, IEX. M
IIAT REUERS I AT AN E oA i AR IR AR AR AL
—ANBERA IR KRR IR (] Sc—1), AH RS> A A
FRMER A SEOT LU P RCE . ANFRESR
3 ATENS T R A R S M AT 16

AR ARAR LG, IR AR R SR VR
) R ANEA E P, RO RUAE 8 W] RE R TR TS B e,
WA/ RS . IES AL E A T 5
SER AR My b B SR HEAT ARG RS, RO AR
HATAETCVE T € B A% o AT 0 T H PR RS B 2 /e
JEZ J5 (Heads, 2005), 1E2S 7347 yix — i @ 1) fie o
AL T AR, BRI HEE T Rl

FEXERBE, MBOES AR S EH A FoE B
REBONULHELH —Fh e 56013 B (Ho & Phillips, 2009),
HAE3NSHC HME . bRk N R R 4
KI5 Ffr, W BOEZS 70 A1 FCVFT 5 B AF A 3R I
KT B A BRI\ 9B A B Dy iz 28 1
w AT BT BEVE J LT 9 % CRF 24 B A A SE B B
NERNERE BRI, X5 SEFME LM & 1. HILSE
BREJMETIR R AR TN, B E AR T, K
Wro IR RAAE S S BOES A, RN
ERWA RGBT R SR B T ER RN, 3
TREAIE P R A A 0 A g A L ) ) P e A T SR ), ATt
RERE 0T 12 FE T (1) 404 Isf 1) A5 A 2 1 T (1 A 38048
HBEAT W Slack et al, 2006). HhAk, HHFFRFE,
T FEARAF BT SRR R B RS A 1), B
IS FH X IR A 2 A N T 1 O 1 bR
10 RS 2% S AT AN E 4 1992 % (Ho & Phillips, 2009).

0 o A B 2R IR 205 0 HOE A8 4 A+ 4 AH
L, WEE3INSH: BIREH (alpha). RESH
(beta) Mg /N AF e PR | o FL 2 B0 B M FH 2% AT DA
ZHEMNBOER I - 8B A2 N S8 Y
ANERE PR o AN oA AR s A, A BT

IRZERIFEFE R 639

[ g

| A _—8'

| B | 8

® | Uniform ‘g E

h iffE] Time : A £z

RREELS 2

© ! D\ s |3

< o i Normal = £

B Time  _ _ _____. | N 2

! i1 =

@ : L T |

P 1 | Gamma = E
~ H}iE] Time !

e ! 2

1 0 1 =

@ ! L Xa‘%kft?&%ﬁ#ﬁ] o

B . 1 1 Lognormal § E

- WfE Tme : Z

® ! HHAME | B

: E;lponential T Eé @

~

N BsfjE] Time

|
|
_ |
s NG
Minimum age constraint I
® S
1
|
- e A
DA S—
HETE
Maximum age constraint

|
|
|
|
1 A é\
:(9 : #7594444 Uniform 52
HTJ‘I‘EJ Time : A %
) : SRS BRI B %§
~ ! | Soft maximum age constraint = E
fifE] Time

E5 TRFRIMESS. ETRHRRESRASENE
HRIRE, FTLLRAARENEES . Hh@@BERTRAZLE
W EREHRNFRRFRRFIBBEDT R, (b)-(DH3RIEFH
50 ERS D MBUESMEE S 7 a0 S/ NI RS,
mMEFMMMU TR RRTHEIFHPHRATERRKE
B IRBI(EL R ELIE). HID, (-(DHFELIER B
ZETREMR R AFEEERE] . B+ Hsoft maximum/minimum
constraint X #0141 R (soft bound).

Fig. 5 Probability distribution of node age. The maximum or
minimum age constraint can be set on different nodes, and
different probability distribution can be adopted. Where (a)
shows two nodes with minimum and maximum age constraint,
respectively, in phylogenetic tree; (b)—(f) emphasize the
minimum age constraints in uniform, normal, gamma,
lognormal and exponential distribution, while (g) and (h)
represent strict and relaxed maximum age constraints on
uniform distribution, respectively. In addition, the part
highlighted by the dotted box in (¢)—(f) is equivalent to the
relaxed maximum age constraint. The soft maximum/minimum
constraint in the figure is also called soft bound.
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M5 3 A A EOERS 73 A > T —ASHWiE, K
IE A S BA K TSR RSO 7EA8 FH B 57
AT, BT E A B A A LT 1R A
W K4k 47 (Ho & Phillips, 2009).

EAERNE, “FRETE M AEEEH
By A, A ISR AR A f /NS PR R R A
BRI A s /N 08 IR S AR I B b, RS IRAEAE
AR K TR A 2 8], ()BT it o0 — A B A B K A 1 PR £l
(I BOEA 73 A IR F8 20 A AN 7 A
) BE 2 S ECT AR R R o RIS, ZERR Y AUAT
DA L A% FH P2 A B0 i A S R AE RS BRI o O T B A
TS T PR R B R Re R E D RHAR AT AT
RORAER RS . AT R, ENAPRICE ok
JTEIE L, AR AR 5 K A R 1] ) /N R Bl X
ZHC A JCH R AR A R (95%
15 WA R 2 X (R S AR & Mao et al, 2012). 1
Ja, TESEBRIF R 800 mbRic iy, a2 RO 7T
N BAER SCHIAP R 5 3R S A e al . & BRI
I CAUE B AT A BN BR e 1T e £ A S
FUFR AT .

3 RENMETYRRES FHEET R
B RAVEIL

AT DU 05 sSobR 1 40 7 B R AR N T A 2 5
PV R RS, O T AR RS 1Y) DL iy
A {5 [X [A] (credible intervals)i#EATAH I8, R &
WS Y SRS SRR AT R . — R, 4
TG AP R S5 R 2 AR Z eI A, AR
SRR S FE RS B0, R EsEA TR
MBE R, R AT B, AU
B K T 18 71 AU AR RS JF AN A Jd (Wang & Mao,
2016). Crisp % (201 1) ZEdR AR 1 v] 5 X %) T4
VIR R R I B BB S B, AR — X
IR Ik A 1 40 A 72 bR T 3 — AN b 5 = 1 51 %, D)
A4S o ok R 2 A IS T 1 AT 435 X 1] 5t o =
RAERA 2 MR SAEREER. AAERE
Z 5, W LAEA Iz B, MO T FHAFAEA R
P, AR 4H %R 1% . B 15 [X[A)(confidence intervals)
FATAE X ] 2 A3 2 2R 5 DL 17 22 R % [m] — i
AN ] e e, AU b B9 R AT A3 =2 AHE () (Chen
& Shao, 1999). Hi & A Fex 2 H NEE 70 A HEAT VP
i, MifE7& AT PLo fEARARL B — (PRI, DL el {5
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DX TA) 55 8] T A e e 30 B 3R % R X 1A (highest
posterior density (HPD) intervals).

4 SFEEREERFEMERREIY

A DU A0 1 RObR AC V2 BEAT b 2 A I
G SR LAy K — R e @it 5 2 1
Tik, MEMERARIMRGERKEN, REHH
B X R 1S X A Ak AR
MultiDivTime. PAML-MCMC Tree5 & {45 FH (1) 5k
Rk, HAL S E P (Ho & Duchéne,
2014); 53 —2RJ7 95N [F] I #EAT @A AN E 4, BT
WS, (BTN RER D ZIE RGK T MR
ANt 52 P (Sauquet, 2013), BEAST. MrBayes&5 #14
FEA R R TR (BRI LN E
WU AT W22 SCiik: Ho & Duchéne, 2014). 1A kxid
& 28 e 96 N0 2 HOA e 51N AN € PR AT e 51
RGK B WL 2 5, DRI AE IS TR o 5 B s e A
R OL S, A6 RN A E SRR DT V5, T BLER
R it R G0 B S R R % (AR 201 208 el
KegaEd Zny, h T HAERN TR, TR
[7 B 2 B R 4 73 MM CRE ISR TR M o 5 2 A
e, REHERERNE R E LW R, SedM e EFEm
TIEA 2R RGKE W E 4 A2 (Ho &
Phillips, 2009), Ptk H #iF FH 42 55 R 4 /K~ £ b 14
S 1 0 A O B O S O S (1
PAML-MCMCTree% (& K3, 2019).

NI PABEAST v1.10.4%K 44 A4 4 28 [ B i
HEERPAT AL « FH P & B S fEBEAUGEK A
X HEABE A 2 47 B, FEBEAU 32 5 1 Hh 7]
IL.#|Partitions. Taxa. Tips. Traits. Sites. Clocks
Trees. States. Priors. Operators. MCMC%5 4y 7 1H],
HEMAREE N SHEA LS4 R 725
M H)AE, FEClocksy FHirh, i 18 48505 HH
I3 AR AN W] LAk R A - 2440 (model averaging),
RS X 2 A S AL BEAT P34k, IXAEXT 43 1B s
R 3 F DAY Wt B F 29 S B (Duchéne et al,
2014). {ETrees F 11 7 AT DURHR AR Y AR 56 46 14647
W, WREAIEER LB BEASTH A A 3h i H A3 H
IR AL UG (starting tree; [ ATLIZE B ) 44 8545 FH
UPGMA BRI B, AT LA 3 ANEXUSH# 20 3
SCHAE N RTIER . ZEMCMC 7y FTH R 7 AT AT &
MCMCHEERI K FZEESHL, I8 7T DLE Bl L 211U
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SRAE 11 /7% (marginal likelihood estimation), - )&
SRR LA, S, K BEAUAE B XML AR
NN 2 ABEASTHAF RIS 5 . 153 145 2R 7T
LA Tracer 8 A&, BLEE Ja 3 S HoAth % 2 20 1)
fH. WdEZE. 95%HPD%,

R T BEASTHAFAE I I 1145 B RS S SO
IR %, I i BEAST %% 4F & J7 W 2k i A ] 45 7
(Suchard et al, 2018) 4 F AR AR K25 5y 75 28R 57 W 12
& FH 9% 1 3C (http:/blog.sciencenet.cn/home.php?mod
=space&uid=460481) . # w 7 1 #t b £ Il Pt
(Workshop on Molecular Evolution, Cesky Krumlov,
Czech Republic, http://evomics.org)T-20134 & i
BEASTVEAR{E Fl i I 55 o AT 4 B N R i s &,
BARBONTRIAE, 38 v] DA 538 B8 g PR BE ST
MAENZS % . ERERRZ, I KRBEAST2
(Bouckaert et al, 2014)ffif F k)72, &2
BEASTH A IS FRAR, A2 — 3k S g B AR HAl At
A= Th REHIERAT o

B R A 5 PP BOR B RO, T4k R A
HHhs S ST (A B 5 VR IE AR 2 )2 AT, IR EDR
THREALEA BRI RE ST RS nAS 15 H
HABPRIHEEE . MCMCTree/PAML 4 (Yang,
2007)F T E AL, SBEAST— 32 FF £ Fh 4y F4f
B RS B R AR S I A AT, SCRFY bR
A R PRI B, I 2 R R
GREW, JEBTREMEEERTTIE. ZHT K
(0 45 2 T AT DLk 5 PO ST AL LD SRV (fast
approximate likelihood)X} I [ B ZEAT THEPEAY, 1%
JiE R I b RIS BN, R B
KAk R AR AT DU S b 7 A IS B A I, 7T i
KIEF e HEE . SBEAST ) AT L4k 7 A A,
MCMCTree ¥+ H i A I AL S, /s A A

PR A S A S B R P 1 EAT TH B R T
YEW] WPAMLAE 77 it B SCAF (http://abacus.gene.ucl.
ac.uk/software/paml.html).

5 AREMRE, £I8% E S 2I A9 DIH-E A a) &
LR %

DUH-37 K -F-(Bayes factor) e i 5 /™ 155 784 (] 5
TREZFRIG &, (E B U S5 18P
SETTIEF PANAS RO AL A4S H R B TR AR ENF, 32301

FO 8 77 3240 75 T 55 UL (Al ¥ (Sinsheimer et al,
1996; Suchard et al, 2001), T15A U1 T (Jeffreys,
1935):
p(Y | M)
0T (Y [My) .
Forr, DUwE 7 B 7 By A2 AR My (% FE R,
alternative hypothesis) 5 1 8 M, (% i %, null
hypothesis ] 121 £ {LL & & (marginal likelihood)Z b,
PCYIM)FIp(YIMo) 55 512 40 5 BT M, FOMo IR, B
5 Y30 Z ALk SR AR (. AR B o ) 3R W] I 2285 SR -
Good & Hardin, 2012). Fi F UL - i B8 76 SR AR 70 11
ZHUCE, AT RE T AR BT g e Bl gk
THEC A I, TR (H E T & B R I 4 € 2
K B0 22 ) AT A5 JE (credibility) /& 75 B = ? 24
Wiz T RAS LR, 45 i s SR A TS 2 o
S AT R 2
M201HZLO0FEARTFAR, X DL - S g [ 6 )
BAHEAT P I Gt IR R AT, BA IR 5
A 45 8 A1 25 45 T 5 (harmonic mean estimator,
HME; Newton & Raftery, 1994). 7xithfs 5 &N
(Akaike’s information criterion, AIC; Raftery et al,
2006) . %1% fill Ff: (path sampling, PS; Lartillot &
Philippe, 2006) A fili i (stepping-stone sampling,
SS; Xie et al, 2011). J SCEHIA Hli ¥ (generalized
stepping-stone sampling; Fan et al, 2011)%, X675
AL T B E B T R R A G RE I B R
i) @ . HMEVA 5 AICL B TR A ££ (Lartillot &
Philippe, 2006; Xie et al, 2011; Baele et al, 2012a),
FLAS R AT R BT B A, 1T VR B B S IPS . SSEE T
10 yBEAST S T3 DU B 22 48 5 & 70 B B P
Kgiz fH, AT A3 2 5 4 BT (Baele et al,
2012b).
B 7 0 DL S B AT LR DA, GE T
DA A P 30 2 AR R A1 B0 — e 3 T Al [ 7
AT BRI PP 7775 o 51 W Wagenmakers%5(2020) 42
T SCFEIX[E] (support interval) FIMES, T & K 2
U5 TE BRI 2 T A T 2 R B REHE
EZITES, TR 2 — A B E S,
FIN 7T FE A SCHR X A) S IYE K O, 207k
CL M H TbayestestR X {4 (Makowski et al, 2019). ¥
4k, Duchéne®5(2017)4& Hi T A5 ifE 22 Ul BE 59 (stand
deviation predictive distance, SDPD)>K 5 1H #ff s 17 &
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B E) 22 e A5 5 . SR, AHEC T R EL T,
TX BT L DL AR R B A 90 R — R

A B AN [5) 4) BR] (a7 K] R S 3 X))
AN T BV B (1 SRR G BT AN, R
Ber %1 . Van den Bergh5(2021)\ 0, A FBF
il S HOAE R VPl 25 SR 22 R RORR, AT
PR AR B S HO AT VP4, 1T AT DU R R T
J B 2R B A (IR AR L ZASME IR, IRIFEE A
JEIR R . TEILSE R E i, KA FL
oK, AR5 S PR AR AR S — o EARIE 100% 1°F
A, T R AE T 7 v 2 o 4t B PR 2 R
KA, AT BB 4 b 46 7~ A 1 % B8 AR A (Steel,
2005).

6 =&

DU 5 AR CIE P AT E R R AR 2,
W12 B E DD RN N SRR EA A
& FI AR (U022 SCHRSZRF) A J Dok R B 2 ) AN
Vo AR S v UL b i m] SRR 2 A

(D)XFF AR = B AR | 43T B R A S 00 %
BHOUH R A PR ICTT m R0 1 S 50 1 B ) I a8 2
TR, T4 BUBORIE DL, B 53 4% RS [ (1)
R 52 B RN S H v B S bR B AT b, R T
DL 37 TR 1 St 2 SR AT G it 43 BT RS g L,
P 5 M I A5E B RN 2 40 v B EAT A B (Ho &
Duchéne, 2014). fEIHIERE I, 0505 N7 2 T it

0 9 AH 2 ) 28 A L sk 7 32 A4 et i,
T AN W B8 v 1T AUbR I B A 1 B2 ARG % (Parham
etal, 2012). 40, FEE > FHAR =N, RS &
A58 FH B A 43 1 B B AR T S S A5 FH 7 A Ay - R A
(Ho & Duchéne, 2014). HAtRAN R HI1E I A8 54
AFRC AT S B ER G R 2, 72 IAHKS
2% 3 Hk(Wang & Mao, 2016; Sauquet et al, 2012;
Shapiro et al, 2006; Wu et al, 2013; Warnock et al,
2017).

Q)TEF I FRiC (5 B AR v 5 0 L6k B, ] LA
XK H 2 # bR id (multi-calibration) 2E 47 B[R] AS HfE
fihn, xf 2 A AT R RIS, A B A
) 57 J5ii 1%k (heterochronous) ¥ 7 #1147 (4 1 DNA B
AR HH9% #5 7 51) % (Ho & Duchéne, 2014).
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WFFER W, Sk FAERPR ORI, 1 AE
HHERf(Conroy & van Tuinen, 2003), {H AU & {RIEX
L8R 10 AF W8 A2 AH X AE 5 7T FE 1) (Ho & Duchéne,
2014).

QVIETF AL ARG, AT AUCEE FI iR 5
H AR KRB S A, VR 9 R = 2 A R 5,
152 &3 1 B A BB Ll AU BBk b, A
TR A BT AL bRD . BUFRENE 5 B
FRGFREZRENE, HEKIECAHR. T2#%E2m
WAEFRCIRN, RS, iR Ak Bk 47 250,
TARYE L& A PRI H R G K & 7775 E I AR
BRI RBEZ RN RGOR B R R, I A3
B W H B 2 AL b o B TS S AL B (Parham et al,
2012) 0 AT 5] ER I TE] Al A5 4 WL R S8 AL 4 ] A3 )
THEA B0tk Jo(PRsr)PIFE OL, FFET EL S T
NGB

(4) L3 75 B8 A A0 A5 SR (I G 2 S 1) S5
SEAEARIS), AW BB 4 E 4F 7 V5 (Parham et
al, 2012). #H KIMIA S LT R R I 780 E
EJTIEAT IR R AN —3, AR ST E S T8
SESEJTVE(WILE & Escapa, 2015), 1M N AZAN B 8 4
HORIL . W A 2 AR BB E AR e (S 5,
BEHT AR N SIS HE TS E] B4 (Parham et al, 2012; Wang &
Mao, 2016). SR A ICF R LR 2 EEDRIER
H A0 73 A st ] R i — 1 SR, (2 A il A
BR— A& E . BAR AR EE(EY),
TM4RF I TR R R 3T A A SR 43 1 B
75 HH ERSE DA, [E AR B AT I Ak R, T R
A o BRI S, RAREHE R
B 2501 ) 75 e 5 BE R, TS B A A 5 DART K
T o3 T3 H RO R 2 (el A — 2, FER
R 5 o TR E v, BINEYE N T it i
w.

(5) B T &P Je 56 F0 4 F 504 1 5 2 M FLAE T,
FETHR A 2 S oA I RIS, R & DL B ]
15 DX T) R B v i 3960 % P XU, e S 301 . BRI
Dt 17 R A X ) 0 g s i % 8 X R AR 3R T A
D37 23 - il O R R I A5 AN M, TSR
JIF/RERLS:

(6)TE FAF RV R BL R, Bk AN | R B
DU 7T AbRigid . ASIEPR R e A KRR
5 )5 BRI TR)ARS I LB A ) 7 924 HE ) B T R
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SRR o TSR AT SRR RIS 1Y s bR ic
Mg ibric, JH AW R & I AR Bl
PRI EAN, NTTAT LASR 15 hU o e F HE A B R AT A5
J% (O’Reilly et al, 2015; O’Reilly & Donoghue,
2016). i EVERRE, RN IT A PRI,
AT DLREAT P 2R 07 vk s ph s VR S A FH g b, 25k
ANFAEIFFEICR, BRI AT TN, BA S
TR EEE TR (T 5L BUE DU R 7).

S, HFH 23 b A 7 V2 Ak SR E AL IR T AE
DR B SCAE T WA € Vb S 4w i 1, AN SR
WAl 50 T REET I, TG IR #k T
FH, BIE SRR HUERAE Y 2 REME = AR AL
I (A HESE .
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ABSTRACT

Background & Aims: The species diversity of canopy trees is important for the function and service of natural forest
ecosystems. To be able to formulate reasonable biodiversity conservation strategies, it is important to understand
patterns of forest canopy diversity through time. However, the development of high-precision forest canopy diversity
monitoring at a regional scale is slow due to a limitation in diversity information collection methods. A lot of
biodiversity patterns may substantially change due to climate change and human disturbance. However, updating these
changes in biodiversity cannot be done in a timely manner. In recent years, the development of canopy hyperspectral
image collection based on unmanned aerial vehicle (UAV) and analysis technology has provided an opportunity for the
development of new tools for canopy diversity monitoring.

Progresses. Here, we propose using the hyperspectral image of forest canopy for biodiversity monitoring and
conservation, development of UAV aerial photography and spatial positioning technology, and the development of
hyperspectral image processing technology with deep learning. We use the existing literature to discuss the research
status, feasibility, advantages, and disadvantages of using UAV hyperspectral imaging for monitoring of species
diversity of forest canopy trees. We believe that canopy hyperspectral images provide indispensable and abundant
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information for forest biodiversity monitoring. The combination of UAVs and hyperspectral cameras makes it possible
to automate the collection of canopy diversity information with both high frequency (e.g., weekly) and high precision
(e.g., decimeter- or centimeter-level) at the regional scale. At the same time, the leap in image processing technology
made possible through deep learning enables the extraction of individual and species information from canopy
hyperspectral images with extremely high precision.

Prospects: Hyperspectral images have rich spectral and spatial information, which greatly improves the identification
accuracy of plant species. The combination of UAVs and hyperspectral cameras greatly reduces the difficulty and cost
for acquisition of this data. Applying deep learning methods to hyperspectral image processing can effectively collect
species diversity information contained in hyperspectral images, and accelerate the research on forest canopy diversity
monitoring on a large-scale. However, due to an insufficient sample size of hyperspectral data for species and a
limitation in common deep learning models not being fully optimized for hyperspectral images remains a challenge.
Future challenges for research include: how to build the hyperspectral species database, how to combine the

characteristics of hyperspectral data, and how to optimize the automatic species recognition algorithm.
Key words. canopy diversity; diversity monitoring; hyperspectral image; UAV remote sensing; deep learning
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IR . AT ARIX EEE B, O — RIS A A2
I TIREA RN 2 REE AV 2 B R
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[l =) e o A R RO T S S5 TR AL, B e v o A
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VA A AR K (B8 [, 2007).
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FERHRT, KE-FMAESIRAMZHEEEE  EREREZ /Uil A 2 R & 5P IR,
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X T R AR A Z A B A R & B A s B AT fE(Wildchen & Mider, 2018).
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SOEIA), LTS ERGBI G MA I  RIHA; JH 4 DA, FD AT AL
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BEHOTEET TR, 25—, BACREMA MG P B3 RS ST AT BT ARG,
AR L EIRRN Y, BERTE R R 5 &R I .

SR R TR, B i s

SR R R R S A, T s T PMSREICIRRR

SAGRT HERAEAEAE AR IO B L L (R R4, 2016), PR TR R e R S s A LA S
XS I TR E AR RO I . 25 =, RGBRGEA AR . (HE@ERGBE R A4k
B SRER 1 i R L 2R, R B3N ETEIEIE(E1A), TR EE JLE A E
SERUEDYIFPRIAARAE B —TE A tiEiE, LA EEE AR - BEBOLHIH

AR &M EOR K R R Mk Bk = xR EEE(EIB). KEBTERE MR REET
AERTERNTTRE, NETEEZRIEY SR AU E AR, wT LS RRzG R A E
WA 75 Ho, RGBSR, X MO AL E RIS RO6 S A -2 (B1C).
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RGB B8 = FH K B Scanning longtn 400 448 497 547 598 650 703 757 811 866
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RGB in);age & fonet B ¥ Wavelength (nm)

Bl #NIXREBLHRGEREAMH AR RNEERCGBHGSSHIEF G REE. (A)EBRGBFE, {XEE4L(620-760 nm).
£%(500-560 nm)« #(430-470 nm) 3ZEE, EHERGBE G SHEZNMNE R 2L FHREINSZE, HBEBERMMRIRS
BT IRAMEXE; (B)EESNIEL G ZYE R, xR KE, yHAIIMER, ZmAiEm, (CkERFmLE
RETHZR, BMARRTRK, DERRTRERHFRE, ZERETRNRR TRIAETENRFEE, AR T —FIEFE
SRR LK .

Fig. 1 RGB image and hyperspectral image of typical forest canopy of the subtropical evergreen broad-leaved forest in Tiantong,
Zhejiang Province. (A) Ordinary RGB images only contain three layers of information: red (620760 nm), green (500-560 nm) and
blue (430—470 nm). Therefore, the canopy of most evergreen tree species is almost the same green in RGB images, which makes it
very difficult to identify the canopy species; (B) Three dimensional display of canopy hyperspectral image, x-axis is the scanning
length, y-axis is the scanning width, z-axis is the spectral axis; (C) The spectral reflection curve of selected pixel, abscissa represents
the wavelength, ordinate represents the band reflectance value, the pixel shows different reflectance values in different bands,
forming a nearly continuous spectral curve.
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Fig. 2 Comparison of canopy RGB image and canopy
hyperspectral image processed by principal component analysis
(PCA). (A) The canopy RGB image shows that the canopy of
each tree species is similar in green; (B) Through PCA
processing of the first three axes of the canopy hyperspectral
image, the canopy hyperspectral image of different tree species
shows different colors, which means that the hyperspectral
images have full potential to reflect the subtle differences
between different tree species.
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Fig. 3 Individual canopy spectral characteristic curve. (A) In
the hyperspectral images of forest canopy processed by
principal component analysis (PCA), the numbers O -®&
represent different individuals; (B) Spectral reflectance curves
of five canopy individuals. Different plants show different
spectral reflectance curves because of their different chemical
properties and structures, which is the basis of spectral species
classification.
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Fig. 4 Classification model based on deep learning network.
The model includes input layer, hidden layer and output layer.
Hidden layer is used to extract image features. The higher the
number of layers is, the higher the features can be extracted by
hidden layer.
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Fig. 5 From 2000 to 2019, the statistical results of articles in
the field of ecology using unmanned aerial vehicle (UAV), deep
learning and hyperspectral, respectively
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Fig. 6 The performance of deep learning and non deep
learning algorithms in hyperspectral tree species classification.
The statistical test results show that the deep learning algorithm
has obvious advantages in species classification.
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ABSTRACT

Aim: To examine the impact of habitat fragmentation stemming from urbanization on bird diversity and distribution
patterns.

Methods: We surveyed bird assemblages on 26 fragmented woodlots with areas of 0.3-290.4 ha in Huaxi University
Town, Guizhou Province from April to August between 2017 and 2019. We surveyed birds by establishing line transects
in each woodlot, with transect length roughly proportional to the woodlot area. We surveyed each line transect 10 times
over the course of the study period, and recorded birds detected within 50 m of either side of the line transects.

Results: In total, we recorded 78 bird species belonging to 11 orders and 37 families. Species of Oriental origin,
Palaearctic origin, and widespread species accounted for 56.4%, 32.1%, and 11.5% of observations, respectively. We
observed one species endemic to China. After excluding birds detected as fly-overs (e.g., swallows and swifts),
non-forest dwelling birds (e.g., waterbirds), and birds that were only recorded once in the survey, we found that the
number of bird species in different woodlots ranged from 12 to 55 species, with an average of 23.2 + 10.5 species per

W 1 41: 2020-08-20; $5 [134: 2020-12-27
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woodlot. Linear regression analysis showed that bird species richness was significantly positively correlated with
woodlot area, with larger woodlots having higher bird richness. A metric of isolation, measured as the distance to the
nearest neighboring woodlot, had no significant effect on bird species richness. The analysis of nestedness, based on the
metric WNODF (weighted nestedness metric based on overlap and decreasing fill), conducted on the species-by-site
abundance matrix, revealed that the observed WNODF for sites of birds was significantly lower than expected from the
null model, indicating that bird assemblages were anti-nested among the woodlots.

Conclusion: Our results suggest that plant richness, food resources and breeding conditions in small woodlots may be
diminished compared to larger woodlots, making it difficult for some bird species to meet their survival needs.
However, the relatively short distance between woodlots in our study sites combined with the stronger dispersal ability
of birds may mask the biological importance of isolation. The anti-nested structure of bird communities may be the
result of larger differences in species composition between woodlots being driven by environmental filtering,
interspecific competition, or priority effects, but further research is needed to determine the likely causal mechanism of
anti-nestedness. Nevertheless, given that rapid urban expansion has caused substantial habitat fragmentation in recent
decades in our study area, we recommend that habitat integrity should be prioritized and maintained in urban planning

when possible, and that fragmented woodlots of different sizes be protected.
Key words: patch; area; isolation; nestedness; species richness; biodiversity; urbanization
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Fig. 1 Google map imagery showing location of the study site and distribution of 26 fragmented woodlots in Huaxi University

Town, Guizhou Province
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Fig. 2 Partial residuals showing the effect of woodlot area (Lg transformed, unit: ha) and distance to the nearest woodlot (Lg
transformed, unit: m) on species richness (Lg transformed) of birds recorded on 26 fragmented woodlots in Huaxi University Town,
Guizhou Province, according to the linear regression analyses. The black lines are model fits, and the grey bands represent 95%
confidence intervals.
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Table 1 Results of nestedness analyses for species-by-sites
abundance matrix of birds recorded on 26 fragmented woodlots
in Huaxi University Town, Guizhou Province
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Nestedness metric Observed Expected SD z P
EHA Null mode: rc

WNODF 45.92 51.36 1.25 —4.36 <0.001
WNODFc 46.98 48.00 1.68 -0.61 0.272
WNODFr 45.71 52.05 1.31 —4.83  <0.001
EHA Null model: aa

WNODF 45.92 51.75 1.57 -3.71  <0.001
WNODFc 46.98 49.61 1.63 -1.62  0.053
WNODFr 45.71 52.2 1.78 -3.65 <0.001
EHA Null model: ss

WNODF 45.92 53.37 5.50 -1.36  0.088
WNODFc 46.98 50.31 3.78 -0.88 0.189
WNODFr 45.71 54.01 5.90 -1.41  0.080
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Appendix 1
Huaxi University Town, Guizhou Province

https://www.biodiversity-science.net/fileup/PDF/2020336-1.pdf

MisR2 STMAERKRF 26 MR BER rh % % B2 HESRERE

Characteristics of 26 fragmented woodlots, number and length of line-transects and number of bird species recorded in

Appendix 2  Species-by-sites abundance matrix of birds recorded on 26 fragmented woodlots in Huaxi University Town, Guizhou

Province
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ABSTRACT

Aims: Bovine species are the most abundant ungulates. They are widely distributed all over the world and are an
important part of terrestrial ecosystems. According to historical records, there have 33 bovine species recorded in China.
Since the mid 20th century, however, anthropogenic activities related to human population expansion and socio-
economic development have dramatically transformed the environment, with a significant impact on the habitat of
many bovine species in China. A systematic and comprehensive evaluation of the distribution and status of bovine
species in China is still lacking, which may halt bovine biodiversity conservation.

Method: We took advantage of fast-growing records of species distribution data and systematically searched related
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papers (n = 432) published in various academic journals between 2008 and August 31, 2020. We extracted relevant data
that included study sites, species identified, and relative abundance, which allowed us to analyze and evaluate the
distribution and population status of bovine species in China. We also used IUCN species distribution data and
generated a heatmap of bovine species diversity in China.

Results: (1) There were 28 bovine species recorded in these papers including national levels I (n = 16) and II (n = 11)
key protected animals, involving 20 priority conservation areas. Red serow (Capricornis rubidus) is a new record in
China. (2) The bovine species diversity was found to be highest in Tibet and Gansu (n = 11), followed by Xinjiang (n =
10), Qinghai (n = 7), Sichuan (n = 6), Inner Mongolia (n = 6) and Yunnan (n = 6). (3) The most widely distributed
species at the province level is Chinese serow (Capricornis milneedwardsii, n = 16), followed by Chinese goral
(Naemorhedus griseus, n = 11) and blue sheep (Pseudois nayaur, n = 8); (4) Six bovine species that lacked distribution
and population data are mainly distributed in Qinghai, Xinjiang and Yunnan, including Altai argali (Ovis ammon),
Kazakhstan argali (Ovis collium), gayal (Bos frontalis), wild yak (Bos arnee), banteng (Bos javanicus) and Burmese
goral (Naemorhedus evansi); (5) There are new distribution records on Chinese goral, red goral (Naemorhedus baileyi),
Chinese serow, blue sheep, Siberian ibex (Capra sibirica) and wild yak (Bubalus arnee) outside the distribution range
published by IUCN, which need timely revision and updated.

Conclusion: Our analysis provides an objective evaluation of distribution and population status of bovine species in
China. Species that have been less studied or surveyed should be the priority of future conservation research. To better
evaluate species distribution status, we strongly recommend that data holders publish or share any species distribution
data obtained from recent regional surveys.

Key words: species diversity; Artiodactyla; ungulate; biodiversity monitoring; species inventory; priority protected areas

SRR ANEE H, AR, A0 X,
[ 2 AN, ORI R R, RRIE
FREEW279F0, A B R 2 RN R E
El(Castello, 2016). #Eic#, FEME44FR2006
13)733%, ZMEEH MR 2 10— R EN
55, 2017), 7ROy EREE . R E, SR
ATz, WEHEER 2R, AR, B, 5%
TR S SR BT SR 3K, I 85% 48 (B FE T
HIE ) AA T AEFRSY), HEULRE . &
FAAE - REET . ARl A7 X R RS AT B X
W TG A AT sk G B MR, 2015).

TEAE Z RV LT3 5 e s TR X 3, 4Rt
W) 7& 2 5 (Panthera uncia)&s K H £ A 3 W) 1) B
FEEYRIFEZ — (X, 2003; HRHT T 5,
2019). BT 2R RS G 2 RE J158, 2 B R (R
PSR 2008; B ORIESE, 2015). XF AT AU,
B 18 WA, DA AR Sh i & A g, G
HEERMESRG T, KRHMEE, LA LLJ
SR IR R S5 [A) ik 4 (R e {55, 2009; R M4 55,
2009). XLETVER GBI E . 2], A B AR
TEECE IR, FECET AN IR U
EARZE, 2014; MIAEAR, 2019). HIt, A LA
A Byt 20 0 5 356 Be 1 B8 R ATV AR 2 RE
KPR

BARDT S ER SR A RS R R L 4
RN 2R S (0 R B o A I AR A T AR A B R
(EZMJF, 2009), HA A DIFERER A EZ
BT FREEIE, Htn Y )1 ¥4 (Budorcas tibetanus,
BRI, 2015). ¥ K ¥ (Procapra przewal skii,
FIRRYEE, 2018). ji 4 (Panthol ops hodgsonii, George
et al, 2006). ‘& *f(Pseudois nayaur, %%, 2011)%%%
RSP, A L2258 R AR YA E 0 5 AT
FRPEECHE BN, 2004; 5 ENIZE, 2015), {HIXLEHE
BMMAX A XS D B 52 )12 SR 1 SR 6 S
WA, E0 A E R E RBP4 S5 R
AR T AR T I L AR XA PR I & . mT A, H
R v ] A= R S A RN AR BIUIR I T AR A
KAIETH2= 0], SR 8 2 ARt 3k 4T S b (7
M FISE .

H 201290 A HAL, ZLAMBNUIE N —FE
R HE A T7 T ba 9k T3 B 3 A= 3 ) e -5
FU(CEy R AN B A -] LR, 1996). 20104F 5, B
FHHLH A BB &, 2 AMELME RE$E i [F e 3
W BEA, SR T AN ML AR TE 4 [ Rl (1
R (ZFRAE, 2014). MHBCTYIMR AL ST, 40
HMEMLEL ARAE 9 — P 451495 140 5 A= 2 s MR,
LA X Z DT/ REA SR LUK Il . 4
RAGAAIT TAFE . BORME TAEM . Bl &0 5%

https://www .biodiversity-science.net



670 A= ¥ £ ¥ PE  Biodiversity Science

R, I SRR 2 R AT . PR
TR BEVPAS . BT 9 DL AT B e B0 T )
FF-B&(O’Connell et al, 2011; 2= B5%, 2014). I4F
kK, CLAMHNLEEE FIFR R DK S5 46 G & 0 2
A5, 2014; KMSEE, 2014), 1548855
K R Y AT 2 P TS e 8 o v A e S B, FeH AR
Z VAR XL SR — 1955, 2014), N FH R
A5V FRE 2 FE AR A T AR (BB 5 A,
2017).

Bl A TR RGE AR T2 RO, BT 404
MU A () 8 25 i 38 DA R A A D¢ & U 9% s 82 7
FRERMTIR SR, GIUNEEMEL. B4 M A
W T sk A A 56 R DA 8 E AR R T8 b SUCRAE )
2 S B SCHR, 3] DUVE A9 43 A5 1 224K
o A, LLAMENIRTT- P 2 B I s DU A 2
R IR TR A BN LB AT o, AR A G
TFEN AR W E(Li et al, 2010; 7KBUKEE, 2014).
FRPAEAR = IN 2SR S TR L L NITR S TN
AR, BT LA LER S P o5 A AR REDPAN $
PR RN SEE . STk, BTG T E R s
MR T &, REKNXEER, LT
2008-20204F & 3 194 Je H B 4R BB Pt 5818 3,

MR SERUCE RS R B oy A ox, JEIEATEL AT,

BB 5 v B A RSV R o> A MR 2 AR R
1 MRAE

1.1 BEEKIR

B, AE A E R (CNKI) A S 3
(https://www.cnki.net/) ', VL2 AR HHL B H 3l jK
MRS E RN EBR R AV AE R
I [H) PR € 7E2008 41 H 1 H #£20204E8 H 31 H,
ROt RIFWERE S SR ME SR
SCHik; 7EWeb of Science™ 1T 18 3 H 4 FE b LA
“camera trap (5{camera trapping)”FlI“China’}y = il
# 2, LA 2 (ecology). ZI¥)%%(zoology).
Y% FE1% R (biodiversity conservation). A IEALE
(environmental science) =¥ % (biology) . M %
(forestry). BEALAW)*~(evolutionary biology)F11T K
% (behavior) fE e & 2= R . & I 8] B E 7E
20084 2 20204F, ARGk Z IR RN SCHR
DA B SR B SRR AN R T+ R AE Ll R TFI) B
W 7T 18 SC LA S it 1 Bl il S, AN I

2021, 29 (5): 668—679

B, FARELE, RHREIEMGEIRE. N RUE4 R
RSP A e, JRATTR & A
A, LA MRT 4, DLt [E (China) fE N
PRE R 2 im], 2 IR PANERE PE v, 23 il 0 &40 Fh
PISCRRIEAT R 2R, 3 [ 2L A MBS DL &4
PR FESCER, anFR R A A B E AR YR AT
TN TE . AR 2T

ek 28 B AH ¢ SRk 3E14,800147, T Ik 5 15 2 A
RSN L FT XL [ 58 A SCER 4325 (Ff
K)o WEE ARSI ST IR BUHGE B, B
FEOCIRBR R CEAR RS EALIR D) KR Fr . STk
KIFGHT/BERL) B FEIX PR IX [ 5K 2 el R
X)) AHFTERPATEX (S EET. BEX).
BRATHUIX M FR(H L4 FL 4 h T 5 4).
[FIES, K SRR T8 A B AIF 9 S04 43 A Ao R 7 3 PR
Ko WOUARTRYE S L oM FEVREER . BT
Ao T AR T2 BB AR B S, B
AT N WEHERES N . YR 2R
LR g
1.2 ¥IMEmBSHH

WFb 1R 43 A7 O SRR T 20 A AR B T 2 DA
o FAD BT A5 B I 0 Fh 42 AR AT B 4 A4 S
(RIS o TR o3 a8t A% 22 AR 7 T BB 9T R
ER IR RE W oR AR S A B, HAaZ 2R
BRI, R AT e KA SCER B R 26,
YA A E s LB N S MTBUIX R T . SO I
VR M3 AT O 2 B TUCNY M AL 4 s i
A YRR AR o A a LA e L Bh ) 2 R K
MG ) (FENIEE, 2015), FIFArcGIS 10.2, LA
10 km x 10 kmJy %2 (8] 73 4, XA vl 4R 30
VIR IE N A An sl 7R R E R AL R 4E2015
12 30 HIAEEORA 0 R A (1) b B A 2 K 1 R
PIXAAE X IRVEFE ) (http:/www.mee.gov.cn/gkml/),
X SCHR i STtk 7 DX 3k i A A DGy FE EAT T EREL
1.3 MEENZE

Bt CLEL AR AR B A 70 T B ) & @ ik SR,
HE— PR BUENL AR H - MNLECE AR A X 2
& ¥5 % (relative abundance index, RAT)EE 4 F1 45 5L,
I LA 22 FE 48 2OV DR i 5 2 B 30 4 Fob e A X %
BIIRIR. ST A BRPERE 2 B VPN A A PR
T I RLAMANL R G A I X3, 450k
Hh T4 FH AR B0 ST A AR EICAS /2 BA30 - mincAy [A] g

https://www .biodiversity-science.net



WRESE: thE RSN A SRR T oot B 671

(E725, 2014, TEMEE, 2015, HAESE, 2017)LA K
SCHR R BT B B ok T AR X 2 FE R R B, AN
W 5 H AR SR AT R L o

HH T A [5] SRR HORE AR 22 B i B T SR T
MR, N TET SR A R b, A 7
JITASE FH B AR G 22 2 4R 0 DA 2SR 55 (2016) BT {5 HH (1) 11
AT HE. ARAE SCHR S AL R B Al S 4 P A AR
L ERBS—, BN RAL = (A RS e f
BMIAEH) x 1,000, BA7A IR LA30 min Ay fE]
K, 30 min P [F]— & AHALH B [E] — 40 id R 140
SR (EA 75 75 55, 2018).
14 DERIEFR

YT RN 53 K R G ST A E LB
Y2 etk gm B ISR, SCrb I SRR Kb T 4
2% (P EM I ZAEECGE R G BN,

®1 BHEED. BRRXFRHIEERR

2017), Wi f& 5 2 2 2% TUCN Wi f& W) Fih 40 6 44 3¢
(https://www. iucnredlist.org/)Fl {H EHEHESN P2 (5
Zc) (HENIZE, 2016), ERMAFHMSH (EHK
H AR E A 4 ) (http://www.moa.gov.cn/
xw/bmdt/ 202102/t20210205_6361296.htm).

2 %

KE, NIFRE R E SR AR S YL 5
T23INE(EFET. BIEX). 2401 E L 169N
HEEFHAT(E R AR, R, 5 E SR
il A XA, RS R HAR. 7 5.
IR, &, W], B, ERMAESIANE R
AT UK 1 o A5 IF 78 3008 7 A A= R R G o0 A 10 5%
(F1, B, SCHRETTH4325s, B4 2 WATIRAT 78336
e, OO ATk 09k, e H 3RS STk R AR B K A4

Table 1 Survey details on bovine in China
BEET. BIRX) B X 35 5 SOCHERE ZLAMEBLCHR B FPLLAER IOA=E
Provinces No. of species No. of counties No. of areas No. of publications No. of camera trapping Camera-days No. of detected
publications locations
Py Tibet 11 28 10 26 5 4,050 173
H7f Gansu 11 12 13 22 6 24,828 251
#ri% Xinjiang 10 40 26 72 4 19,418 91
Fi¢ Qinghai 7 21 17 75 5 17,532 249
W51 Inner Mongolia 6 12 8 43 6 738 130
P91l Sichuan 6 35 27 70 29 207,933 3,303
ZF Yunnan 6 22 15 35 26 167,053 1,369
T8 Ningxia 4 7 4 30 3 5,160 178
BkP Shaanxi 3 11 14 36 18 144,661 1,470
M Guizhou 2 5 3 6 4 32,180 217
H1Jt Hubei 2 2 2 2 2 11,507 89
IR Hunan 2 1 2 1 1 19,592 20
Wi{L Zhejiang 1 6 7 10 9 220,603 1,396
2 Anhui 1 8 6 3 3 7,106 163
JE3T Beijing 1 2 3 9 6 30,044 191
£ Taiwan 1 13 2 2 2 113,646 1,283
]~ 78 Guangxi 1 4 2 4 4 51,839 250
] % Guangdong 1 4 2 2 2 11,399 172
]t Hebei 1 3 2 2 2 26,860 224
#E%E Fujian 1 1 1 1 1 19,924 60
BT Heilongjiang 1 1 1 1 0 0 0
YLPY Jiangxi 1 1 1 1 1 6,720 16
1178 Shanxi 1 1 1 1 0 0 0
Mt Total 28 240 169 — — 1,142,793 11,295
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Fig. 1 Distribution of surveys reported Bovine in China

W (U&A, 2011; FKEHAH, 2013; Liu et al, 2019). 2008
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A S A4 X 2 R H 1 66.67%, B KI5 3395 X
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2.1 FESRIFER

Z400F, 4325 SCERILHAIN T 28 Fh A= Rl sh Wi
SIAR(ER2). R BRI, BRI E
AR B A S5 B O 16 R AT 1L R 7Ry b [ R
HER2). Hioh, 28 A-RishPd, L AMENLE A
FLACFBI22F0(K2) o 1E SRR I 28 A R IR I [ Y 6] Y
(20084F 5202048 H31 H), KWL r-Amidx s o
i) & BT /R 2% 4% 2F (Ovis ammon) . 5 5% 53 4% 2 (O.
collium). K#i4-(Bosfrontalis). #/K%f(B. arnee).
JIUHE 87 25 (B, javanicus). 4 45 BT ¥ (Naemorhedus
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evansi), JLeFf.

HRAETUCN W fG Y Fih 41 0. 42 5%, iX 28 Fh 4= R4
R N ECR” “WEEN” “5fEVU” “iLfE
NT F“TCSELC AR E M 1 Rl 28, 10F
VIR FI4FD, HR4E ChEEHESIMA %) |, BT
i N <Hf K HEW” “fRJECR” “WfEEN” “% &
VU” “UESENT F“TCSELC BRIP4 3 LR 7R
AFh, OFh. AFRFI2Fh, EARYIFME B HR2.

2.2 FEGHEIR T AR

g R} B ox (K 2), # % & ¥ (Capricornis
milneedwardsii) & 43 11 44 8 i 2 (4 RL W, ¥ %
16404 (EET. HIEX). 834 Bk, H e
Bt (Naemorhedus griseus), 7 M 11448 (BLAE T .
HIGX). 5684, HIREEF, WASNE(EEE
. HIAX). 85MEif. A 16FERIZh L A e
INEERET. BIRX), AP 4 (Budorcas
whitei). & 47 i B P (Capricornisthar). = 5 H7
BE ¥ (Naemorhedus goral). ZRBEF(N. baileyi). /K
£ (Hemitragus jemlahicus){X LT Ftjk; A iihs 2
(Ovisjubata). 5¢J& ¥ (Procapra gutturosa){¥ 7)1 /£
W5 ENEEF4(Bos gaurus). ot Ll ¥4 (Budorcas
taxicolor). ZI8 ¥ (Capricornis rubidus)f¥ I, Tz F;
Z 4 ¥4~ (Budor cas bedfordi){X /> A 7E B2 76, 45 R
¥4 (Capricornis swinhoe){ 7> i £ 55, MK /R4
£ (Ovis polii) K 1L1# (0. karelini ¥ W, T g, &
RIE RN AT ;w54 5 (Saiga tatarica)fl
WEF M MNTEETHXME, A 13F45E 214
AR EIACT 54, 2 RRAFHR (R, n =
2). st 4 (n=3) MM F(n=1). HKRE
F(n=3). Rii#L¥F(n=3). XEEH ¥ (Ovisdarwini,
n=4). EIEH4(n=23). B/REN=4). LEAN=
1), KJEI#(Naemorhedus caudatus, n = 2). 5 Ji
Bn=4). TREAN=4. mEAEN=1. 5§
IUCN A A A o0 A B4l A L, THAEBEFS . R
o PEERA . HE. RS (Bos mutus) Ak
(Capra ibex) 5 #1173 i id 3% (K12).

WA TUCN W) 21 €8 44 5% 23 [) o3 A i, o
4B 2 R I X 6FE T EF
380 1 5 B P S s DU ) 1|58 5 DX SR AR e X3
RILSHREEE SR, PHIbSE RAERE
RZ(K3).
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R2 hEFELRHIER
Table 2 Wild bovine species in China

WrFh SAETE T ERFE IUCNL G b EEHEsh Y I EER LAMENISCEREL 8 SCERE R /)
Species Distribution Endemic TUCN Red List 4] {4 5 National No. of camera No. of publication
records to China Red List of China’s protected trapping publications (macro/micro)
Vertebrates category
P4 J11¥ 4k Budorcastibetanus Yes Yes VU VU I 19 40(37/3)
ZIL ¥4 B. bedfordi Yes Yes vU VU I 17 35(30/5)
RFHAE B. whitel Yes No VU VU I 1 3(2/1)
T4 B. taxicolor Yes No VU VU I 3 4(4/0)
PFEZE Bos mutus Yes No VU VU I 3 19(17/2)
EIFFEF2f B. gaurus Yes No vU CR I 5 6(6/0)
KEi‘k B. frontalis No No CR 0 0
JRH:EF2E B, javanicus No No EN CR I 0 0
¥4 B. arnee No No EN EW 0 0
5% Pantholops hodgsonii ~ Yes Yes EN NT I 2 51(27/24)
Jkili% Capraibex Yes No LC NT 11 3 24(21/3)
FRBEH Naemorhedus baileyi Yes No VU EN I 1 2(1/1)
HIRHERE A N. goral Yes No NT EN I 2 32/1)
HHAEBEFS N. griseus Yes No VU VU i 54 74(65/9)
KEPLF N. caudatus Yes No vu CR I 0 2(1/1)
AP N. evans No No DD 1l 0 0
Svﬁri? Capricornis Yes Yes LC LC I 1 1(1/0)
hE & C. milneedwardsii Yes No NT VU il 88 95(93/2)
HIORHERA C.thar Yes No NT EN I 2 3(2/1)
ZIE ¥ C.rubidus Yes No NT 11 2 2(2/0)
jii;';ndfjciemi"agus Yes No NT CR I 1 1(1/0)
B Saigatatarica Yes No CR EW I 0 5(1/4)
Z%Zgaﬁnpmcapra Yes Yes EN CR I 0 24(14/10)
JER ¥ P. picticaudata Yes Yes NT NT i 4 36(31/5)
ZE¥ P, gutturosa Yes No LC CR Il 0 13(11/2)
#2F Pseudois nayaur Yes No LC LC 11 29 100(75/28)
iﬂﬁfﬁ e ves No vu vu i 6 35(25/10)
PR ALE Ovis hodgsoni Yes Yes NT NT I 4 9(8/1)
REERLE O. darwini Yes No NT CR i 2 7(6/1)
AR 2E O, jubata Yes No NT CR 1 2(1/1)
KR O. polii Yes No NT VU 1l 0 7(7/0)
K O. kardlini Yes No NT EN Il 0 6(4/2)
Bl /R Z8 45 2F O. ammon No No NT il 0 0
TR T AL 2E O. collium No No NT I 0 0

P4 )11 ¥4 4 (Budorcas tibetanus). ZE U4 4 2(B. bedfordi). AFF 25 (B. whitei). BTl 4+(B. taxicolor) (354 A, 5 B AR I (Gazella
yarkandensis). JEESL 2 (Ovis darwini). FHAifiL 3 (O. jubata). PH5#4% % (O. hodgsoni)7EIUCN Red List of Threatened Species{tj il ¥4 A 1F
SLFEAT VAL, B4, B . SRR AT VR A, ek AL I A ) G S

Sichuan takin (Budorcas tibetanus), golden takin (B. bedfordi), Bhutan takin (B. whitei), Mishmi takin (B. taxicolor), Goitred gazell (Gazella
yarkandensis), wild sheep (Ovis darwini), Gansu argali (O. jubata) and Tibetan argali (O. hodgsoni) were not assessed as an independent species by
TUCN, we therefore adopt the assessments on Takin, Gazelle and Agarli.
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Fig. 2 Distribution at county level of bovine species recorded (n > 5). Distribution data were obtained from IUCN. Gray area in
maps represent the distribution status in China, black area represents distribution records by camera traps at county level. a, Chinese
serow; b, Chinese goral; ¢, Blue sheep; d, Takin (areas with oval from left to right represent Bhutan takin, Mishmi takin, Sichuan
takin and golden takin); e, Goitred Gazelle; f, Chiru; g, Wild yak; h, Ibex; i, Himalayan serow; j, Red goral; k, Formosan serow; I,
Tibetan argali; m, Tibetan gazelle; n, Himalayan goral.

2.3 HEFREIR TR . EHRMERA . PERE. ORI, A

CLAMBNLE DU S M R B R(H%2), 22F 0t F. TR 4. BIERA AP B BURRG
ZLAMENUIA BRI AR E S AR R R R, A 15F #(Gazellayarkandensis). EVEEEFA:. BFAEEA:. T4
A DARHOE 45 R EARN 2 B R 2, r e b e E A 5E(Ovis hodgsoni). EESRL . jsi/5 4 (Procapra
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Fig. 3 China’s bovine species diversity heatmap (based on
IUCN?’s species distribution data)
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For4E 2014; Wei et al, 2016; S54RIESE, 2019; ¥
G, 2019)#8 H TIUCN A A M 43 A X, N J&
TorAisricss, @IIUCN K E#H . 225NN
idsg L R R AT e A LA R LA TH: (DHEA A
WARTH, PR EAT Q)FRIEMA ST
BEREJTE, I SRR K8 &, B AES)
V2 B 0 BURD, rAnTE BRI S A 5K (3)
BR A T IELLAMENIEY R I - BAR S, BRI AR
DR XAE WP B LD AMEPLORAE
B 25 SRR SIS AT RIS, RS S ok
2 (1) X35 BP0 b 1R 43 A A S I DL AR TR
TS N R HAE YTl PPl o 44 30 43 A i
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ABSTRACT

Aim: Zoobenthos are important components of local biodiversity, food webs, and biogeochemical circulation processes,
and are important water quality indicators. Despite their recognized importance, current research on freshwater
macrozoobenthic fauna in forested inland water bodies (reservoirs, lakes, streams) in China is lacking. To better
understand macrozoobenthic communities and their ecosystem services in these habitats, we choose a typical
subtropical forest reserve, the Chebaling National Nature Reserve for investigation.

Methods: We conducted a two-year (2019-2020) systematic field survey across nine sampling sites of different
substrates in the Chebaling National Nature Reserve, Guangdong Province. These sites encompassed experimental,
buffer, and core zones, and elevations stretched from 345 m to 751 m. The surveyed habitats included forested rivers,
mountain streams, ponds, reservoirs, paddy fields, and ditches, which contained substrates comprising rock, gravel,
sand, hardened riverbed, and silt. We applied multiple methods to survey the various habitats, including dip netting in
shallow water, brushes and tweezers to isolate attached species under rocks, and baits and shrimp cages to capture
species in deep water. During field surveys, we measured species composition and their population levels. We then
analyzed metrics of species composition, spatial distribution, environmental indicators, and ecosystem function.
Results: In total, we identified 57 species of macrobenthic fauna (belonging to 4 phylum, 6 classes, 18 orders, and 38
families) in the reserve. Eighty percent of species were arthropods, and 90% of arthropods were aquatic insects and
their nymphs. We recorded 22 species and 8 families of nymphs in Odonata (dragonflies and damselflies), which
constituted 38% of all captured species. Nymphs of EPT (Ephemeroptera, Plecoptera, and Trichoptera) species
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constituted 22% of all species. We commonly recorded Semisulcospira libertina in various flowing water bodies, along
with a considerable population of pristine water indicator species in the low-altitude experimental area.

Conclusion: Macrozoobenthic fauna in Chebaling National Nature Reserve comprised species typical of subtropical
forest freshwater ecosystems. Large proportions of species that favored flowing water conditions were recorded in sites
with various water bodies and elevations, and were even recorded in disturbed sites (i.e., in both experimental areas and
artificial water bodies). Most species were water quality indicators that reflected the major water forms and overall
quality of the reserve. The high diversity of aquatic predatory insects we recorded indicates that there is a sufficient
amount of small prey in the ecosystem. Furthermore, our results suggest that the diverse and abundant macrozoobenthos
can serve as considerable source of prey to predators in the reserve. Overall, our results provide data to inventory
zoobenthic species and perform environmental assessments, which can further be enhanced by continued long-term
monitoring of zoobenthos in the Chebaling National Nature Reserve.

Key wor ds: Chebaling; nature reserve; macrozoobenthos; biodiversity; community composition; ecosystem services
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Sampling points and drainage map of the Chebaling National Nature Reserve
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KA WL, JEEF (Macrobrachium spp.) R 7E #7)
BRI BN KA R W, KB I, fEKAE R
Harb, e E ORI E EHE Sl KA L
KHE, TERLRMITLBN KRt R I 22 1)) 3 B
Mo PRI SR ZHON R BB,
REHEZ N ETEPRFRD.

22 RIFXAXRBEEEIN I HESR

FEAG I 3 S0 X R A SR AR 3 AR 10 S5 1 K5
II(ATRE, 2980%) KB RAKZN) . KA B B FE A
KB AT B S R K AR S ] SRAE 2 . AT B
N CAEARJEE 3R (R A KT 1 IR . 43t
BT LK W AT 2 B R AR BUMG [ F D R ORI
B2 . i JiE B2 (Gyraulus compressus) . 4R [ [ i 12
(Hippeutis cantori) & /K . 25K Fhk.

MR AR EoRE, ORI X AN R4k ) A B
(AL R — 5 22 5 o ARSI RAT (< 425 m)
VIR EE R, BEARRER IR MK A B JUfh
K, BEH. BEHE MM RAEIGERIUNE L. H
HHIE60% (257K A B HAR AE A S I B SR A R
KR 345 m)>RES]. JERBFE, S
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Bz
Mollusca
14.04%

L]
Nematomorpha
1.75% e

FIESI]
Platyhelminthes
3.51%

Lt =)
28.26% R

Hith
Others
23.92%

E3 BAEMRARRENISE IR RRAR S X836 1 BURERE, 2 FE=ZARE; 3 RELESE 4 EWS
Mg, 5 =ML 6: ZHERGUE, 7. TE% 8 EREME, 9 BEKAME, 100 EXREW; 11 IRABRENIHZ
KB R EK FRfs R R EPT” (424 E Ephemeroptera. #&#HPlecoptera. E@HBTrichoptera)aitkfil.

Fig. 3 Photos of selected living specimens and species proportion of collected macrozoobenthos. 1, Semisulcospira libertina; 2,
Dugesia sinensis; 3, Longpotamon anyuanense; 4, Epeorus melli; 5, Periaeschna zhangzhouensis; 6, Planaeschna suichangensis; 7,
Aphelochelrus cantonensis; 8, Seboldius deflexus; 9, Macromia malleifera; 10, Fukienogomphus promineus; 11, Species and EPT
(Water quality indicator insects, E = Ephemeroptera, P = Plecoptera, T = Trichoptera) proportion of collected macrozoobenthos.

AR IR A E = Ak HE . A HE(Snotaia
quadrata) . Jm i€ #% . B % VA 4 (Macrobrachium
inflatum)%% . AR (425538 m)fRAE SR (4
AN, AERE R 2R D o R ) BT A (Corbicula
fluminea){X /£ #4487 miAl NI K 44 Fp B — 52 %
B, A5 (Snanodonta woodiana) MY 7E ik
450 miRTT B W 3 . RMELE AR =
(= 538 m)PIRAE AU, SRR T R K ) KISl A .

3 +1ig
FHLL LI . B S22 A AR S REVE A1
LTI AR BT AR AS RGBS RGN A Bk

KPR EE LR A AKEZEE AR, IR
WP vE LKA B U FEE M, 2012) WA
ik E, NIRRT X RS S K2 )8 T
MV FAAT FRAR ) SRS, Forh DL I B FE R
BANEE. NXRLE, WEHERET TR X R
Fh 2k . JR W4 J8 (Euphaea) . [ # i &
(Fukienogomphus). fiil i J& (Periaeschna). Ktk &
(Macromia) /y $7Y f) He g 73 AT J (TR T Ak, 2019). It
Ab, FREEECE o5 D03 10 D180t R VA i 2 iR
T A4 AR b B (LR I LR b o A 2R,
YRR, |2 KR (Caridina cantonensis). 4 )\
W R . AR E I (Vietnamella sinensis) &5 U 2
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A B R b X B3 A P, PRI T AT AR
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EI AT ] P90 2R P Bt K A SIS AV 30420 1 25 1R
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— 5 S JE A B, st K R AR R SR N
MRESiIdA . FE, BTRMsY12885 EK,
BAT BT FEAROE T ISR AR A R 2, 2
& DU — RN L i . DI, A 2 BUR
BN 2 256 T R (A sk v #k, 2012), DRI TT 76 B4R R
T LR AP AR R A

MWEB RS ThAE FRE, % T UENE H HE UM AL
AR, WU KA N BUK AR B A A,
SRR TR X R AR TR s FE, 2 U
BEIR 2 PRSI JERR R M B . A, £ E
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W E . G . B SR B R R 2R,
s HAZ RS X A N 2R B K AR 525 e e
B,

BT IRM B e R R AES R2 g DR,
TR XS R K AR &, DLoE
P VP R X A 7S R REFERE . I DUHE b S
I KR TR R B HUEPT) I AR B EL . R Bh i
FK PR IR B« PP B L P AR s I 45
AJ 2 FEARE LR =51 RGOS ISR T (HAZK
TSR MR IX SRR X . &P X, 0 X 5y
IR 2 AN IR ESAR L AR AT B e 8 A
SIEETE MR, CLERE . YA N SRIESh RIS, b
APEAZ O X W 45 SR ST IR AR E S A Q)R
BREE: ST AN [ERE O FE A S D A e 22 e, AT
2 FEVRIAR L34 R (01300 m. 400 m+ 500 m.
500 mUA_ )R FURE s AT IR, 2 30 1S DU AS [R) e
WIS & Q) /K@M "5 AR R X
BRI by . R BORBCE . &
ERMIREE, WMIAFKE. Wl JURY%&MG
TSN SRR DA, R KRS e d Bk AT
PUE A S RGPl . 7RIS AR T T, T 43
BEEEE FKAZI4-9H). FRERIKIAZI10H
BRI HMHEA Ay, BT, gk
R vr, WA A a3, 6. 9. 121
HAD AT — DY IR ZE T I

SR, 2 \UE CRAP IX 1 K 2 JE AV Sh P e v
RETE— R E b WL #41 BRRAE S RGP b
Fith, g5 SR N E N AR A B ZKAR SRS 0 25 5
BEFE S EESLORT DX R A S A0 SL I A 22 £ fHE B fil
Bkl R, BT &SRB TR A —, WA
YIS KRBT S R A, X AT RE S B Ao
H ot S S BTN 2R, 2 6k i K AR F5 s Fh
FRIAE) RS B A 36 RO 22 o (RIS, b A A oo B S ) e
WS R AT IR B VP Al B AR T B, (H2 4T
WA AR B A TR, & U8 7 00 78 25 T
MK NBEBNERECR. Iz, RE &K
(IR FEREFEAS —, 5 b X A sl 4 1 25 LA
JR TR B % 1 RS N, B R EEA —
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Work efficiency of IPBES and the effectiveness of scientific functions

Fengbin Dai, Yang Wu, Yuxue Pan, Boya Zhang, Yu Tian"
Chinese Research Academy of Environmental Sciences, Beijing 100012

ABSTRACT

Background: The first work programme of IPBES has received extensive attention from the international community,
laying down its important role as the first intergovernmental mechanism in the field of biodiversity. Since its
establishment, IPBES has successively released a series of assessment reports and summary for policymakers, which
have attracted widespread attention from the international community. Therefore, its fairness, impartiality, scientificity
and transparency have always been the focus of attention from all walks of life, and directly determine the credibility
and future development of IPBES assessment report. In order to effectively improve the scientificity and efficiency of
IPBES deliverables, IPBES conducts internal and external reviews regularly to identify problems, optimize institutional
settings, and guide future work plans.

Problems. IPBES has made significant progress in improving its organizational structure, rules and procedures,
promoting the generation of new knowledge, and the effective management of financial resources. However, there are
certain shortcomings in transparency, science and policy linkage, discipline and geographical balance, and policy
support. And there are deficiencies in stimulating the enthusiasm and capacity of member states.

Recommendations. To further exert IPBES’s special intergovernmental status and role in the future to promote
scientific functions, especially to strengthen the interaction between science and policy, it is needed for IPBES to
promote multi-stakeholder participation, to form a stable financial system, and to enhance the transparency of its
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working mechanisms. As to China, it is suggested to strengthen the domestic interpretation of the IPBES assessment
report, increase publicity, and strengthen the selection of multidisciplinary experts to fill up the domestic vacancies in

the research field.

Key words:. biodiversity; ecosystem services; reviews; functions; IPBES
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DL B A fERBRIRVT DL B UTRSE
T, AMERE A /NHWEE T ERH. 2¥RERA
RO BbRAL . RIS B RS m DL B K
2 ] E4S E(IPBES, 2017b), 4w'E | & &4k, 7£
20194 IPBES 25 LIk A4 2> 1 F 3458 it (IPBES,
2019b).
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IPBESH(OZ LK, FI A PR 1) BRI e 1 b %
MR, BT T — RAIBER, M4k T R51
PR IR S IR SR W, 51 7 B bRt )z %
VE, RIhiEsh T E PR E 2 R AE S RS
R 25 BUR A& T (% £ 545, 2020). H 5
i, IPBES{TH I & 1 2 $hik, 405 BUR A8
K. WMBOREARRE . VURIRGEE B AN A 5 &
(IPBES, 2019a).
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Brig AT, IPBEST20124F 1E 287 (S 75°F,
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T AE A H K BE
(IPBES, 2019a).
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2019a). AL, IPBESAG A I 55 515 A € JHEAT
WEE, TAETRRENRE T RIEZ MRS TT
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(2)ESFN E 7 A 543 /N B R b e e 4, BT DAE OE .

Erratum of the article from author Ruyun Zhang et al (2019)

In the December 2019 issue, Biodiversity Science 27 (12): 1279-1290, the incorrect figures appear on the paper
by Ruyun Zhang et a (“Intraspecific variation of leaf functional traits along the vertical layer in a subtropical
evergreen broad-leaved forest of Dinghushan™): (1) Fig. 6 and its results are incorrect; (2) some sub-pictures of
Fig. 5 and Fig. 7 unlabeled logarithmic transformation, and the correct pictures and results are as follows.
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Fig. 6 The relationship between intraspecific variation of leaf dry matter content (LMDC) in 16 species and vertical layer
(Mean £ SD). The different letters indicate that leaf dry matter content of the same species significantly varies along different
vertical layers at 0.05 level.
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Fig. 5 The relationship between intraspecific variation of leaf thickness (LT) in 16 species and vertical layer (Mean + SD).
The different letters indicate that leaf thickness of the same species significantly varies along different vertical layers at 0.05
level.
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Fig. 7 The relationship between intraspecific variation of leaf area (LA) in 16 species and vertical layer (Mean = SD). The
different letters indicate that leaf area of the same species significantly varies along different vertical layers at 0.05 level.
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