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Phenotypic plasticity of Alternanthera philoxeroides in response to ssmulated
daily warming: Introduced vs. native populations
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ABSTRACT

Aims: The evolution of increased phenotypic plasticity hypothesis predicts that populations in the introduced range of
an invasive species have evolved greater plasticity than populations in the native range. Studies of this hypothesis
mostly focused on the plastic evolution of invasive plants to light, water, nutrients, neighboring plants, and natural
enemies. However, there are relatively few studies focusing on the evolution of plasticity in plant growth and functional
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traits in response to warming. The few existing studies are concentrated in temperate regions and focus on
growth-related traits, but relatively little attention has been paid to tropical regions and herbivory-related traits. To
address this gap, we conducted an experiment with Alternanthera philoxeroides to study whether introduced and native
populations of invasive plants differ in biomass, important functional traits and herbivory resistance in response to daily
warming. Specifically, we addressed the following questions. (1) How do biomass, functiona traits and herbivory
damage of A. philoxeroides respond to simulated daily warming? (2) Do these responses differ between introduced and
native populations of A. philoxeroides?

Methods: We conducted a field experiment in Zengcheng District (113.87° E, 23.33° N), Guangzhou City, Guangdong
Province in which we grew eight populations of the invasive plant A. philoxeroides collected from both the introduced
range (China) and the native range (Argentina) under ambient temperature and a condition of simulated daily warming
of 2°C. After eight weeks of growth, we harvested all plants and measured the following variables: (1) biomass (i.e.
total biomass and storage root biomass), (2) functional traits (i.e. branching intensity, specific stem length, root-to-shoot
ratio and specific leaf area, and (3) herbivory damage (i.e. relative feeding area and stem-tip feeding proportion).
Results: Simulated daily warming of A. philoxeroides significantly reduced total biomass (—7.8%), storage root biomass
(-12.8%), branching intensity (-11.6%) and stem-tip feeding proportion (—34.4%). The reduction in total biomass
caused by the daily warming was greater in the introduced than in the native populations. Simulated daily warming
reduced specific stem length and stem-tip feeding proportion of the introduced populations, while the native popul ations
showed the opposite pattern. Regardless of simulated daily warming or not, storage root biomass (+31.5%), branch
strength (+38.5%), specific stem length (+30.2%), root-to-shoot ratio (+24.5%) and specific leaf area (+20.0%) of the
introduced populations were higher than those of the native populations, athough stem-tip feeding proportion was
lower (—35.8%).

Conclusion: These results indicate that ssimulated daily warming of 2°C in tropical regionsis a stressor for the invasive
plant A. philoxeroides. Biomass of the introduced populations has stronger plasticity in response to simulated daily
warming of 2 than that of the native populations. In response to simulated daily warm ing, plasticity of plant
shape-related traits (specific stem length) and herbivory-related traits (stem-tip feeding proportion) of the introduced
popul ations shows the opposite direction to that of the native populations. Given that the reduction in biomass reduction
and increase in herbivory increase were greater in the introduced than the native populations, future temperature
increases due to global climate change may not be beneficial to the abundance of invasive plant A. philoxeroides in the
tropics.

Key words warming; phenotypic plasticity; plant invasion; evolution
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E1l ERETFESIAM(PE)MEFTRE) B EN S RIGRNME . REZERTBN N EFERXE, tRREXRIERL
B5REMINZEEASEE.
Fig. 1 Responses of introduced (China) and native (Argentina) populations of Alternanthera philoxeroides to smulated daily
warming. Error bars indicate 95% confidence intervals, and { indicate marginally significant differences in responses between
introduced and native populations.

Fx1 EREFESIAM(PE)E~METRE)MEERFLEARIGR. £XRIER2C)TEYE(REYE. EIREYE
MEKERE), REPR(OREE . EEEK RELFMEMHER)MERMERAMENNEERMIEWMER)NER . FHME
TR BE(P <0.05), MBERAFERRFEZEP <0.10),

Table1l Effectsof origin (i.e. introduced vs. native) and simulated daily warming (i.e. control vs. warming) and their interaction on
fitness traits (total biomass, storage root biomass (STB)), functional traits (branching intensity (Bl), specific stem length (SSL), root
to shoot ratio (RSR) and specific leaf area (SLA)) and herbivorous effect (relative feeding area (RFA) and stem-tip feeding
proportion (SFP)) of Alternanthera philoxeroides. Significant effects are marked in bold and marginally significant effects are
marked in italics and bold.

AR 5 R HAYE WEAR A IR NS HR7e b ELIH- i AR FEXTHCE THIAR 2R fr A
Source of Total biomass STB Bl SSL RSR SLA RFA SFP
variation $ P i P N P $ P 1 P 1 P N P N P
iR 5165 0023 3207 0.073 4.239 0.040 0.761 0383 0.343 0558 0.021 0.884 0.083 0.773 10.552 0.001
Warming (W)

SR Ug 1523 0.217 8756 0.003 8023 0.005 8092 0.004 5758 0016 4.665 0.031 1837 0.175 3.680 0.055
Origin (O)

Wx O 2986 0.084 0.244 0621 1077 0299 3453 0.063 0913 0339 0365 0546 3.682 0.055 1.772 0.183
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RN, 25 B R (=35.8%, x° = 3.680, P =
0.055 )& & F#MK (X1, K1b. c. d. e. f. h).

31 EREFEAEYE. M RANEREATSE
RIER AN B

KHFFRI, B FE TR X (M
ML RIEIR2°C &M T B E. R A
B PRK. 52, S48 (Solanum tuberosum)
(1 7= B AE 4 R34 C 2 AF T 2 2 B K (-30.3%)
(Kim & Lee, 2019). 48 SEEYE T 4R G2 H
TR N RGZH . GG AE 2 BRI
(Prange et al, 1990), & Al GEH TG SRS E
FEAIG 2 3222 in 4% 5 [F] (Prange et al, 1990). {H
WA LR BRI RRE, o EER
(Bromus tectorum) 2E 4 & F1 B ¥ 72 & 7R B8 R
(A5°C/3°C, A K/® M)~ 3 In200% LA I
(Blumenthal et al, 2016). ttok, —IHEA M 5T
9, 2 T 15 IR A48 [t b A 47 2B ) R T 3 3 0 (+12.3%)
(Linetal, 2010). {EA3RFEMZ, Jerl it 7 K&
BEFREARTERMBLACEKETEVETLE
FHA(R R, 2020), XK W [F—PRPTEAS [F) A A%
DX 15 i A 3 2t A R 7 5

BRI, B IR A Kt s ] A AR )
SEROTREE DL N R . T, HYUR SIS n R Gt
W EIA FHEY R AT RE R, BT R R R
A HiAFE(Luo, 2007). ik, S[R3 6w 5 A =0
(O % 8 3k BN G ok 18 3L ) 14 5% 1 ] e A [ (Peng) et
a, 2013). =, H4iE ] LU IS 0w 38K o) AR
BRG] R R R s A R AR K (Lin et al,
2010). Flth, 7E4 )5 2% TR B8 I 0 SV (1 S B0
FH, R4 EAE IR A D RE R A SRR
FERISFE . DA 38 o0 - 33080 P RN 97 43 vl )
1) )22 280 55 TR 3R R 3 5T

B T X AR RIS, FRATTIIAI FOE R IR, AU
AR I S R 5 B e R R 2 i
PR, 2 HGIR P REHE = A A B Pt B 52 14
5 gk B, 7l (Solanum lycopersicum)fE 4 K
IR A.5°C Z A T i B 447 Joid JR 2 1 Tl D 1) ) A
M- % i 1) 2 2 3 v (Paudel et al, 2020). {EffsE
(Brassica oleracea) ¥ 1l & = 7E G IR & 14 T (4
HEZH: 18°C/12°C, 22°C/15°C; SE364H: 30°C/15°C;

IR ) i 2 42 v (Pereira et al, 2002). tHf7—4%
S HATZE FARE, Wk Bg(Carduus nutans) ]
I o) 25 P AE 3R 2% A O R BRI S SRat 2.
#478.0.58°C) T & 3% FH{K(Zhang et al, 2012), X L4k
FEFRH, AN [FIRE 0 PP R 52 1 X 448 5 v . ]
AEARFl(Lemoine et al, 2013). [, #F FeAE4 i
SPROGT 38 5k 11 e S8 7 = R A 470 I 40 5 s (A 5 5 e 1k
BRI 52 M) A EL G ) 28 (0 L Ak B sz A B )
(1474 72 (Paudel et al, 2020) .
32 EREFEAEYE. M RMEREAE
K8 N N A S IR b E £ R

KEFFORIL, B FETREAEYE. KA
X HCA T RRURT AL 4 R 398 U P o) 82 7E 51 N b A iR
77 i ) £ 7E 22 5(0.05 < P < 0.1) . 5 AN FPFELE R A1)
AR AR B R (0 A2 T B L AT R P R
(A7 4, 3X 2B 5N Hb R A ) B0 1 iR 1) o 1 58
5%, H7F A “master-of-some” [ 78 3 (Richards et d,
2006), HPAETE ARG Fid & e s . ERA1H)
W, R A& T2 R TR E AR
FOPREE, T4 K IR 2°C X FL 2 il PR . L=k
KM GHRF R — N H B bR, K
B, FEPII AR, RIS 7R o 1 AR R
fik(Pan et al, 2013) . AW FL 45 LR HH, 5] NHUPPHE)
bl 25K o A 400 4 R 448 U 14 R 8 K J 7 R
IX — &5 B S Fp R A ] 9 M 1 s AL U (Richards et
al, 2006).

H 7 2T A SR A 9 38E A B AN Ty e R0 3 R
BRI N2 AE 5N HURD 5 = b 2 ) & AR 2 5, BA K
U SR AFAE 22 502 15 4 6 3R 20 0] 9 1k kA 09 sl
FAERKFUW . B, AUFFRITI A 7 Hh
YR KM MER(E R BIES L 1
KA A X IE (F RRAH: 10°C/5°C; SEIR 4
30°C/20°C; H R/ M) I mT I R A R E
(Griffith et al, 2014). H.k, AWM, 1AM
R J5L 77 e o R A K PR A G PR X 1 I ) g R T 1)
AN UnE L (Halophila stipulacea) 51 A\ A =5
K AN AE K R B IR (PR AL 26°C; SREG 4:
29°C. 32°C) MR, TR /ING B IR TR S, 1
Ji 7 b b A 2R ) 1Y R SR I 47 B (Nguyen et
a, 2020), JnEEK—H##E1E(Solidago canadensis)3]
N HBF B 1) ol 7 R 2 TR 6 338 3 (o R4 IR BRI
B SEEGZH: HGUR2°C)Tom B, 1 7 R A AR 1
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AP T A7 R ZE I (A 2 FE AT, 5] N MR AR
RGFRIEIGR A B PR, 7=t F e ) 5 2
H(Zhou & He, 2020). #£=, 5| NHuAIJE b
T 1) A2 4 B R0 A R D MR TR 3 R 2% 1 T Y2 35 3
IN(X 5 AR T 45 RARR) - ERLE I R, SINHFhEE
LA N Rl L & L 1 R
(Ceratophyllum demersum) 5| A HhFf 3 A5 X A= K Gl
RAEAAE IR HRZH12°C; sE3G4H: 18°C.
25°C. 35°C)Mym M KT 5 #Fl B (Hyldgaard &
Brix, 2012); HNEEK—H g6 5] A MR T4 i
0 38 1 PT E  OK T D R (Zhou &  He,
2020); P4 yEE L (Achillea millefolium) 3| A M b
TR ARG (R AL 8°CIAC, HRIKM; S
B654H: 20°C/10°C, 32°C/20°C, [ R/AHE) A Al ¥k
KT FE A (Beckmann et al, 2011); 4T 1L
% (Hieracium pilosella) 5| NHuFhFEFR A 2F 2607 14
RO IR 4L 8°C/4°C; SER4H: 20°C/10°C; HRIBKHE)
B AT A P KT SR 7 R (Beckmann et al, 2011) . AH
S, 5N HREE R N SR R R ) R B
WOINEE K — BT AL 51 N HUF 3 43 A3 BOR T A2 B 1]
Xof MR Oof HRZH: PASEIR L, Segn i GIR2°C) ]
IAPE/NTJE P A BE(Peng et dl, 2019). BJm, FIA
bR JER = b A A (1 A= 4 R R A KA O R 4 i
M) 7 351 2% R ek /0 L 51 N b A 3 4 g )92 /s JiR
HoFPRE . B 25 2% 45 %5 (Centaurea maculosa) 51 A
Tt 1) A 7 e M TR O R IRBEIRL R, SR
194 1.5-2.5°C ) 1y e B /s - Ji 7= B A B (He et dl,
2012).

Rk, H TS T AR AIE & A Th g Rt
U 1D I LT 51N bR M 2 ] S AR 2 5
DA G0 SRAFAE 22 57 2 05 4 6 0 B m] 98 14 3 5 4k
BULIERAE — ML, FERATERANIT .

AU HEAH B, RE4DL4s R 3G TR 2% 1 T R0 A AE XS
YA T AR AE 51 N 3 (+24.5%) A1 77 1 (—22.5%) 2 B
HOAE R S, REERI A RIS %4 T, 9IA
b AR B F AU ARG, 1 S M R R A T
PERG N o I n] B S . ) 0 B AT 5 Tl A
) ZRRE I SR Al 2 TR T 9 e 8 R S0 A A (B SR
AT I T ] — S L0 B R /INMFAE 22 5 ) BT Rk (1
R A5, 2020). #EATFTA, KTIGEZ T AR
T B R FRAE 51O\ iR 7 2 1) 22 53 (O F 7
v A WLARE -

LRGSR R, SIEM R EEAR L, $H X
ARMEM S R ETFHEIAMFAEMERE T
B, EEVER RN, RUTERKAEBRSRAZIE
T 50T, #y DX FE T s T Re AR T oM £
FERsE . AR REY, 5 5EE TR AHLA
JE = by R R AR A ) R0 B B Th g MR B R 2
o an iG] NHOPHE IR I BORR A2 ) B 2 o T A
FREE, FrA Dhae iR s e T s = A i, ZKomi &
FRART P AL . DL B S FA ] 2 wir i 1) 5 )
I REAMFAWAARFZ L. B0, A # I
TR IS N B S A B B T R P H A
BRI T7%, 2017, T RIEm5E, 2020), — Wit 7o & 30
G HFR A ) AR T = M F R (Portela et al
2020), {HAHA P U 70 AR ) B TG 722 (5K R T 4,
2015; Liu et a, 2018). Ub4h, BRI KN E FET
B N Hi R X 2 A R T 2 R T R
FREE, AR L A0 R B I 52 14 DA S 2 A0 R B 75
SHEFEE T R R EE(Liu et al, 2020). _LiARHF
T 5] N HOFPIE A DS Dh RE PR K T S = 1. i
Tl 38 23 1 R R AS — B0 T B8 2 Pl T S B A ) R S
06 5% 1 25 i B, I ASHIE T Ad 1) 8 R T S
N HOFPEER B A ], T DA R A R )
N EE YR S o IR AR 4 TR 22 S T R
S B AR 28 L B B A SRR R A K. [
5 AF 0 A it 0 PR AR B35 2 S, AT BEXT ARG
BT ANE IR . He AN, SEEGAE A AL . AT
() R g 1, 250350 W] REHAEL A PR BN [ 520
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Appendix 1 Sampling sites of Alternanthera philoxeroides from native (Argentina) introduced (China) range

KA i Sampling site i Latitude 2% Longitude 4E3 Habitat HEHJR Annul mean temperature (°C)
R AR A (J5 7 ) 25°8'S 58°14'W i 22.66
Argentina (Native) 27°25'S 58°50' W i 21.07
28°28'S 59°0' W iisul 20.61
30°2'S 59°31' W P 19.64
31°33'S 59°12' W SVl 18.42
33°27'S 58°48' W i 17.63
35°56'S 58°59' W i3vi] 15.61
37°49'S 58°13'W iSvi] 13.89
HhE (51 Hh) 22°58'N 113°13'E ik ] 22.25
China (Introduced) 24°0'N 114°48' E A< H 21.26
25°54'N 115°2'E 4R H 19.19
28°33'N 115°56' E 4R H 17.90
30°42' N 116°49' E 4R 16.73
32°39'N 116°37'E 301 15.58
34°22'N 117°14'E Spvil 14.73

35°26'N 116°38' E A% H 14.15
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Composition, time of introduction and spatial-temporal distribution of
naturalized plantsin East China

Jing Yan, Xiaoling Yan, Huiru Li, Cheng Du, Jinshuang Ma

Shanghai Chenshan Plant Science Research Center, Chinese Academy of Science/ Shanghai Chenshan Botanical Garden, Shanghai
201602

ABSTRACT

Background: Naturalization is the pre-invasion stage. Detailed research on naturalized plantsis a fundamental first step
for scientific management of alien species. This research is necessary for predicting and hence preventing such invasion
caused by alien plants. Regional studies of naturalized plants are important for local governments to manage and control
of such plants. As an important area for foreign exchanges, East China is facing pressures from imported alien
plants being naturalized and then invading. This study aims to enrich the basic information about naturalized
plants of East China, discussed the current deficiencies in the study of naturalized plants, and summarized the
direction of future research.

Methods: We conducted a comprehensive survey of naturalized plants in East China (Anhui, Fujian, Jiangsu, Jiangxi,
Shandong, Shanghai and Zhejiang provinces) from 2014 to 2019 using literature reports, specimen information, and

Weka H #: 2020-08-19; £23% H 1 2020-11-14
FEBIH 5K AR 42 (31872645) Fl - T AL AN 17 25 B R BHIF I H (G182419)
* J@iIfE# Author for correspondence. E-mail: jinshuangma@gmail.com
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taxonomic research. We analyzed the species composition and distribution pattern of naturalized plants in East China
and conducted a comprehensive analysis of their first detected locations, introduced route, and the time when species
were discovered.

Results: We found that 299 species belonging to 181 genera and 62 families were naturalized in East China. The four
most dominant families were Compositae (49 species), Leguminosae (35 species), Gramineae (28 species) and
Amaranthaceae (25 species). The four most dominant genera were Amaranthus (16 species), Euphorbia (10 species),
Ipomoea (9 species) and Solanum (9 species). There was a large diversity in species identified as naturalized, with a
high proportion of plants coming from the Americas, and concentration in introduction routes. The Americas are the
primary geographical origin of naturalized alien plant species, with more species originating from North America rather
than South America. The route of introduction analysis revealed that 143 naturalized plant species were introduced
unintentionally due to human activity and 156 species were introduced intentionally. Ninety-five frequencies were
introduced as ornamental plants, which take up 55.2% of all the frequencies introduced intentionally. This suggests that
introductions of plants for the purpose of ornamental use is the most common way for species naturalization to occur. A
comparative study of the first detected locations show that the largest number of naturalized species were firstly
introduced to South China (84 species) which mostly went to the Guangdong Province (33 species) and Hong Kong
District (33 species). This was followed by East China (74 species), the Taiwan Province (72 species), Southwest China
(19 species, mainly from Yunnan), Northeast China (15 species, mainly from Liaoning), Northwest China (14 species,
mainly from Xinjiang) and North China (14 species, mainly from Beijing). There were only two naturalized species
found in Central China. Jiangsu, Fujian and Zhejiang provinces were the main importing areas for East China. This may
be due to many factors such as international communication, population density, climate similarity, disturbance levels,
biological characteristics unique to species and investigation degree. Spatialy, the species diversity of the Fujian
Province (236 species) is significantly higher than that of other provinces, but little difference has been detected among
other provinces. There are 57 species that are only distributed in Fujian (19.1%), which is the most when compared with
other provinces. The amount of foreign exchange and climate similarity between native habitat and naturalized place
may be the primary driver of current diversity and distribution pattern. Historically, the naturalized plants in East China
showed an exponential growth trend after 1850. The growth rate is 1.5 species per year, and is currently in a period of
rapid growth. In the 21st century, more than 80% of naturalized plants have been unintentionally introduced. Therefore,
special attention should be placed on preventing the introduction of unintentional species.

Proposal: Constructing an effective risk assessment system of alien plants based on an accurate and complete
database of naturalized plantsis one effective way to eliminate the risk of invasions from alien plant species.

Key words: naturalized plants; distribution pattern; biological invasion; time of introduction; East China
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Fig. 1 The frequency of native habitat of naturalized plantsin
East China. AF, Africa; AS, Asia; EU, Europe; NA, North
America; OA, Oceania; SA, South America.
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Tablel Major generaand its species number of naturalized plantsin East China

J& Genera % No. of species | J& Genera %0 No. of species | J& Genera %0 No. of species
WiJ& Amaranthus 16 YEHEINJE Veronica 4 Z[ePJE Datura 3
K#k )& Euphorbia 10 HELE Lolium 4 B2 3% )& Physalis 3
#HEJE Ipomoea © MATHEIE Lepidium 4 HEFHE Bidens 3
#ij@ Solanum 9 filr\%J& Opuntia 3 £75%i )& Coreopsis 3
HAW%JE Oenothera 6 ¥R JE Crotalaria 3 KHRHJE Tradescantia 3
W JE Senna 5 7R Mimosa 3 JFHJE Cyperus 3
WZJ® Erigeron 5 FEK E & Oxalis 3 YETHJE Alternanthera 3
£ JE Paspalum 5 M TRERE Phyllanthus 3 EEWE Acacia 3
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Fig. 2 Number of species and their first detected locations of naturalized plants in East China

WEINHA L R A 108, BigRIA8H, 4T W
Fii by DX (AT P R 22 O A, 43 ) IR A 3R 254
R T 22 BTN B4y 3l R Sk B S (Croton
capitatus) (20184F & I T M) Fl 57 4 1€ (Triodanis
perfoliata subsp. biflora) (19814 K I T %K)

BRI %0, AR M X A A A (1) 5] N i 4% DA
NNBEZESINNE, £156%, BRGNS LR
WNEIE 1430 . A &I ANR56M AL 5|
BAARILT L7200, Hor AR I E AR 5N IR
B, IKOBHIIK, ri55.2%, Ik N ERH (2540
W) 25 HEP(2H0IK) G AE(1245R) A6 FAE )
(AU5K), VLA S aEAR F4EE TN
T
25 BfE) ST TR4HIE

MR A SCHR T2 RE A s A i i ok 46 7R th [X A A e
WD I NI R (B8 R SR B TR] ) AT 25 E I,
e a16ttad, R X A Z it Fp2sk

£FYEAEY) Fibrous|s1
FLEHF Castanopsis o 1
FixAEY) Firewood [s 1
EEMAF Afforestation |3
FFiBEM Avenue trees (83
e i) Hedgerow @4
#HEAEY) Slope protection @4
A kY Edible jmm 11
£RXAEAEY) Green manure | 12
25 MY Medicinal |mmm 12
TARHBEL Forge grass | 25
LB AEY) Ornamental | ou—————— O 5
R A Unintentional |a— 43

0 20 40 60 80 100 120 140

E3 fERMXIFWEMNSINIEE S
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Table2 Species number and introduction of naturalized plants
in different historical period

R T R B FREIIN
Year No. of Cumulative Unintentional (%) Intentional (%)
species no. of species

~1491 14 14 7 (50.0) 7 (50.0)
1492-1839 25 39 7(28.0) 18 (72.0)
1840-1948 166 205 72 (43.6) 93 (56.4)
19491977 36 241 16 (43.2) 21 (56.8)
1978-1999 37 278 24(64.9) 13(35.1)
2000-2020 21 299 17 (81.0) 4(19.0)
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Fig. 5 Distribution pattern of naturalized plantsin East China. A, B, C, D, E, F, G represent the no. of species distributed in 1, 2, 3,
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R3 FUEMERER LR ERSIA S SIANMB(RAISTE )
Table3 First detected locations and no. of naturalized plants in different historical period (Show top five provinces)

F0 Year B RGN B N R A (RT54) (M 5 /R %) First detection locations & no. of species (Top 5) (location/No.)

~1491 98 Xinjiang 6 [ Shaanxi 3 I~ % Guangdong 2 P Tibet 1 A3 Unknown 1
1492-1839 B Taiwan 6 J” %% Guangdong 4 & Fujian 3 WriT Zhejiang 3 A3 Unknown 3
1840-1948 B Taiwan 37 ¥ Hong Kong 30 J"% Guangdong22  VL#% Jiangsu 10 #&E Fujian 10
1949-1977 £ Taiwan 10 ]~ % Guangdong 4 #Fg Hainan 4 Jt3X Beijing 3 iT7 Jiangsu 3
1978-1999 B Tawan 12 EE Fujian4 YL Jiangsu 4 Jt3X Bejing 3 I Shandong 3
2000-2020 B Tawan7 WL Zhejiang 5 Z# Anhui 1 J” % Guangdong 1 VL7 Jiangsu 1

B HEE IRl H 2 A8 i NEAR,
HAEFEHIX 5 NRINR 29 S KL LA X, R
A HeR AR X, 4R 1% % (Parthenium
hysterophorus) 4 882 L A B IR I A2 2] £ 75
TR 2 s, B E pRacim . N OB B SRt
RS ZTIRREL . WP AW E AR DA S & b F i
BIRSE, XREBEWLEEZWA N I, Xt
R G AN AR e Y2 (Huang et
a, 2012). W3 %N, 1640 2 /i 2 v A R 51N,
HUAPEAE X 93, W H TR 5 AR 2F03 5= T
R 2 R P X, B RALATE (Impatiens bal samina)
Fvk 2% (Basella alba). 16t 402 f5 K 4 H Wi
WX GIN, DLEE. FHBATRAE, XS H
KA 58 IR Py s AR N i R R A R
Ko BUEIFIRLAG, BAMRE. WL, LI HIIA
R ] S 2, 1 W 3R E 4 T 32 B AR R A )
(152 e, HG AR A 2R R A R W b X BT 7 ) T )
=N

PG NI HEAT 2 AT A 0, A = gl A B
TR, A IR DO N H 1)
Wi, HUCNERMLE. S8, & &2 Y
o XS NKRRERE R, HIENERE, 5

N TP E A A . R 2T R, BEAE N R B HERS,

TR NG SR 2 EA s, W &SI
EE A5 DU BH S B A% . 20004F 224 5] N 1) 2180 H AL A 4
HE A L7RP A TE R NI, 1T 19784F LART I LA R
SINAE. XA LER: R 5 R E
BME AR, (B0 5] N B Rh sk = B30 1 A
SEGIA YPGB IERNR, TER
FE 0K 51 e B0 () [ sl b fin o 1 55 51 3R b
B, b GRS S A EA

EARE R B, TSR R TG A N1 5 801k
(RFp R B BN, X 7B g R RE OGE, JUHELE

EPRRRE R 5 TRiatin . N RS 77 T e
frIe R I . A, WA E R 5 Ca N
LA REMBEANNEERR, AEET
2010-20164F 7 H [F 2243 F1 3 1 7540 HE L
W B 4075 AR, Hrh R ZHORBEEEE, 1
B E KT AN AL BB 43 0 )1 23 b 2 A1 Sk A8 47 3k
NI v RS X35, (R R AEA A 57 5 sk A2 82 o i
W 5% P (Yu et al, 2020).
33 FESME/EREFIMETF

IR X AR ) I B B o A SR B 2 I
AR ETR D S, Hhted g sz, HWE
A (B, B, (B MR R
e AELAN A (BELESTIT) A 20 A 1 34 R Y 47 83
Fho 77 ALK 43 A7 A% 5y B JiR DRI DA 2500 (1) A 3
550 &M4E, KITUIR X R4 5 2, S %
() IX 38022 R, RS e B My, & T AN AR U
() Z PR e B, AN 2 85, SR ECh B —,
R VA A B AR X 2 o DLAR ], AMXE
A B FhE i % (236F1), AN 53 A T M I Fh 50 th
Z (57F), Hrb g T #ear 2 G280, JE~=T
PO AR B 128 (M35 1) o X2 i T 1) 45 R v it
X & B AT, 525 SR AR BRI, 3 Ry Y 1)
VIPAEHEZR MO X I 2 A A B Tt A oA T 10 2R
(1) 14F0 A AE 0 25 J 7 T e 2P ki s B X, Horbo
A s T A PN (B3 1) o 3X 158 B A ARBUE X 4k
T AT G B BRI . X E SRR D)
(IR SR B, 1B /A% B B R B R B K 2 e
HoA 18] 43 A A R 1 32 AR IR 1 ([ W &%
2017). QM X HMZ IR BERT, R AL R e v
g, B PR SN mAE, AN RAE Y
SREIENSEAE TR, T At v i b DX LA R0 A AL
WA AR, B 2RI 2L, X 5t 5 25
T AR BRI B T H A X . HAE
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AL AR, AR Vit X ) A i 2 A B B
K.

B — M S PR AEAE ALY R B G i 2
B 22 J7 T PR 25 B2, 32 B HE ) P 4 S ()
B PR R T 2 A48 I IR R (A R 7 A IR S
JER 7 40 2% IE (0] TE A M (A A bR 4 VR SR A
T 73 2550 s AN ) AN [ DX 3 2 52 A )
oAb, VSR B A AN 2 ) ) S A
(I RR, 5 AL T R R AS R 4 4 31k
YR, tnib A2 (Taxodium ascendens). 25 A #
(Cannaiindica)2 2. A HLAE VA4 Ah L 25 J2 A KA i
NN S PPAk 7 T 75 5 A T T RN A AL, R
FEER Ay R T P H IR S (PR S, 2017),
DAASEAAF 01X 338 A U A A %) P B 2 0
34 PUENR

AR RN YD T T4, At AR
AT IR B, VA A 16 N R BT AR RS . 1R
i (R EASRNEZEY ) (540U 2 B,
2018), AR M X VAL AE S (299F 1) HR A 186FH Ak A
2HEY. (e EAR R ER(UCN) AT (Ahk
VIFMNR FECR MG R 5 5 H T 1000
152 1 dpe iR 1) A0 SR AE W) pp (3L TR B T AR Y 35 F1)
(Lowe et al, 2000; Courchamp, 2013), 4 HIX 459
T, AEMELE R PR ORGP RN A R} 27 e A AT
Xof ] AR ) 22 R RN AR S PR B I ™ S A E
KT 5 (1 40Fh NARAEAY) i (F X PA 85 5 R A
B RL 2 BE, 2003; PhaOR4m AN B R 2B, 2010
2014, 2017), HEARHLIX A 20F (s 1), s
I HERTEE AR X IE i T N R fa

baE K =M — AR BARIIEASL, SRR HIX
VRSB DT A A2 i i B X, FE BT Ja A RAE N
18 75 THI THI e 5 SUEE SR J7 . — fE AP SR AW i B N T
71o BAKAASE(2016) FEVL 7544 Ik PR B RS Sk
T R PE . IB I S S5 X I B R A RAE )
14274, Forpep ERE 0 AR A 210 . 20204 7E L
TIARIE T 255 E (Urospermum picroides) it 3 Aii ¥
sk, HATZR AT 2 M Be (M B 2R 55, 2020).
LR 0, BE A PR A8 AR 5 (g — RN, 4b
KM RN —MER ZEIREY
A FEIE N fEE IR T SR M X Ak )
B HIN A E SR N AEYD IR R (5 62.2%, Btz
Ab, E G T — B () ) A B E R A, K

ZHEB R AN KK (PySek et al, 2008), #
EHRRE, "TREXS MRS KRR AW ZFEPER
ML A P i ™ E AR . 2R 52 (2003) 119854
R BT A6 5K 5 5 (Amar anthus pal meri )il £ 28 78
FUARFHLIX G T E N EE . HnZME e
AT A AR, AR5 T %K F R Rk
W, HARZRM X Oy HIE R X (TRIE S, 2013),
BEAURE B R 1A (I Bh 7S . BEANE U s Wi i R i
W ARG BN RAR A Y B B 5 1) Ak i,
It 2& ) o 2% (Solanum carolinense) .« 7 77 #ili (S
sisymbriifolium) .

RIE, A 17 S G oot SR AP EEAT A B, BR TN
SRONIEAGRE . U 51 B Ak A R AL 2 4,
I N 1% 5 AR P 5 T A (1)38at ™ i i 7
AN IR G S VR A HAE Y b R AR, [
IR 1 B 1 AR SRAE A el ) B2 (2)5: T
A e R H AR RO e, W — AT A RN
AMRAE RSPl A R, IR TT R AN SRl XU
PR HEA, 2 T AR AR A T B
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Taxonomic and phylogenetic diversity of plants in a Castanopsis kawakamii
natural forest

Bo Chen™?3, Lan Jiang™*3, Ziyang Xie*?®, Yangdi Li*, Jiaxuan Li*, Mengjia Li**3, Chensi Wei'**, Cong Xing“**, Jinfu
Liu**3, Zhongsheng He“**
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ABSTRACT

Aims: Environmental heterogeneity of forest gaps leads to variation in taxonomic and phylogenetic diversity of treesin
these areas. Studying tree diversity in different sizes of forest gap communities can help to reveal the mechanisms that
drive the formation and maintenance of biodiversity. This study took Castanopsis kawakamii gaps as the research
object, and aimed to reveal the relationship between the taxonomic and phylogenetic diversity of plants and its
environmental influence factors.

Methods: We examined different sizes of forest gaps in a Castanopsis kawakamii natural forest as to study the
taxonomic and phylogenetic diversity of plants, and used a generalized linear model (GLM) to explore the
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environmental factors driving the community assembly.

Results: We found that the plant species and plant abundance in large gaps (> 200 m?) were higher than those of
medium gaps ([50 m? 100 m?)), small gaps ([30 m?, 50 m?)) and non-gaps (100 m?). The phylogenetic community
structure of the large gaps tends to diverge, while that of the medium gaps, small gaps and non-gaps were affected by
the combined effect of habitat filtering and competitive exclusion. The phylogenetic community diversity index (PD)
was significantly positively correlated with species richness (SR), Margalef index and Shannon-Wiener index, which is
related to the higher species composition of sparse species than dense speciesin forest gaps. Overall, forest gap size had
a significantly positive effect on species diversity, and the soil total nitrogen content had a significantly positive effect
on community phylogenetic diversity and phylogenetic structure.

Conclusion: The formation of forest gaps increase the taxonomic and phylogenetic diversity of treesin natural forests,
with gap size and soil total nitrogen jointly driving tree diversity in these natural forest gaps.

Key words: Castanopsis kawakamii; forest gap; tree taxonomic diversity; phylogenetic diversity; environment factors

MR (forest gap) & AR MR VA PN ARG E A A A
FETCT T B 2 B, o AR AR & L /N ROBE T4
(Hubbell et al, 1999). t & 2h 45 5 E 2 FEE % VI
O, I AR R AR R R T e Ak
MRAES RGN, 1T 3 AR T V5 5 AN A7 o B
Fr(Mao et al, 2020). R E K /N @A T f HE AR I RFAE
o, ANE RN G A58 7 0 1 X R Bl 2 7
P45 5 BRI (Lohbeck et al, 2014). K& i mT LL
PRI, SN EHE 5K, 52
IR 2 RE M (DR 255, 2017). WIRh 2 AT Sk T
— AN X E R A, ORI AR T
ZDIRIAE PR B T, XA Rh ) 205 B
RAEBMRIN R RAKE ZHMEMNELEKRM
FERERE T IR IRE . G55 RAR B LR
VIR Z AR A 2 FE R SR BT LA

RGRKE LT TR RGKE K
RE5MER, SEMZ RN EZH R T, £
TRIF AW 200 T Ak 3 A . XY R R B A
WY RGKE Z PP EE ER RN, |
G B Z R R 2R3k Ak e AE R E I
AR R VR A 1) B R AR, KIS H B
Z FEPE ORI P 38 v 8 D DX SR 7 4 15 B 4 i 1 R
$1)5 % (Forest et a, 2007; Pio et al, 2011). R4iKE
SRR K E ZFEENAN A, R TR
ERFERE, GRERARE LR RAKE SN
A AR AR ZS A BERE S P B LR AR ATV AL
AR, HEm AR AR T AR 2 AR A BLR Y (R T
FrRIZERE, 2017). BERGRELZRMERERE
55K 5) 5 5 K R W (Gastauer et al, 2020), Xt
HILAREHESERERARE ZESME
FEPERITE F R B, BREER 72 SR B i X AR AR VR

RARBEEMNERFEREEHRMH EEREK
(Huang et al, 2010; Qian et al, 2014). Myers5(2013)
UEBA 7R 5 B AR KOG IR 5 B K e 51 R TR
Py AL B 22 53, AR AT ARMREVE A i AR rh A 5
REPE & 3 AL, T AT AR b R ) S
Rk, WPIFt 2 REPE . B RGBS RSt
KRB G AR R 2R B M B, SR T
JE X IR YRR

2% Wi fa i Y0 % G R (Castanopsis kawakamii)
Je B B R B SR RE R Shis RTe R, IXNE
BOMAGTTARE TR T PO G VB AR X (fA A A
2012). HE =Wk [FE 5 AR TRIP X A5 29700 habl#%
B RSP R IR Y, A T IR AR 2
Fr(Heetal, 2012). A1 H & P2 Retk . A
NN TIELR AR, 48 IR FREAE IR 1L
(e AR, 2012) 0 H AT A% IR Rl Cad 24,
L7 NN S T S i 1L i SO = e B s N1 =2 U6 S 14
WAL E, PR GRS 2 (b A4, 2012). AR
B T AR A OB AR 22 5, VRO T
VRN, T 5 T AR MR 2 (T 2 TR AT 5K
—, 2002). VFEAHF ST ITRE 1A% BRME MK T SR
J2 P 22 W A MUPK B 30 5 %80 S T T (R < A 4
2003; {4, 2012; Bugjan et al, 2018), SRifG%}
TR IS R IR AR PR 855 T B e 2 RE PR A R G
KREZHMEEEAIRGE. ik, FATTEIRS B R
TR R, T RAF RN E AR 2 RS &
GUK B Z R R MBI, EERE OAFK
IREVFZ N RGERKBEHIES RGERKEE
B BAAEZER? QUM ZHIES RERKEZ
FEPEFR B A AH S an ey 2 () MR LE IR 53 [ 1 DR B
WOMZEETE. REKE LS RGKEEHN
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PERFAE, ks RFEMRAEY 2 BEVE SRR 2 Ry 5
&, Nt KRR RFsi s 5k R LS
K5

1 MRISRE

11 X
1% IAE SR ORI XA T4 2 48 = B 71 7 g 35
(26°10—26°12' N, 117°27'-117°30" E), #F k8

180604 m, iK1l el i35 . J& T Fh E #4122 XS A%,

ST/ R19.2°C, 4 FE/K 211,600 mm, 153K
RV AT, WEZEE .. X
FKEE, W WYFA K2 (Dendropanax dentiger).
& FZ K (Daphniphyllum oldhami) . 4 k% # (Eurya
loquaiana). H:JbA % (Litsea subcoriacea). Kfif
(Castanopsis carlesi) - [ Bk ¥ (Antidesma
japonicum). #iE 4&(Diplospora dubia)Z(He et al,
2012).
12 HigE

A= BB FRB% AR FUT 5, AR 4R i 35
PR PRACR AR B R T S A . I JE RS
Tt AF B4 T e AR B Sk 76 MR e 3 B ) B R
F, R BR T R A%R I SbR 5 T AR (9 B AR 2%,
2010). &K #EHuUbbel|%5(1999) % Tk & K/ INHIRI 43 7
5, FERR I CCRE MR T T B IR DL KR K A
R MR /NN, Horp, KRB 3AS, T
7521055 m? (LG1). 200.39 m? (LG2)#1207.56 m?
(LG3); F#kE3Ay, mf 51 874.23 m* (MGL).
70.60 m* (MG2)#174.64 m* (MG3); /NRE 34, T
R4 7°932.12 m? (SG1). 31.58 m* (SG2)#136.77 m?
(SG3). [AIIF, FEARFAIM T 15 B 3110 m x 10 mir)dE
AT (NG)REHAE Xt B o (AR T 5 A E AR BT A L P
BT 1 emiipR(GRARREAR), eI
4. Mz, WESEE. MY A4S E LA
W& (http:/rps.iplant.cn/) .
1.3 FERTFEESNE

398 5 SR P R F 25 EMAXIM i Button
(MAXIM Intergrated, iButton, San Jose, USA)
DS1922L -F507 (4 4 i 15 ) f1DS1923-F5 7! (45 < ik
MRPE) I3 o 7R ANDL AR AR B A v e,
AR IR RE TS LR EREERAZLS m
b, IR RIS A A T IR E LR 10 ek

B HMNOS TG, B4 nEShdx — kTR 5 1%
WL, CALEAC R P B AR N & R AR &R
oSS R O . AEAR T A AR AR )
o S 2R R P AR DY AN T A7 BEATL I B 3AN KA A, AR
BN SRAE 55 340 F -3 3R T] (M 100 em?®) el B
0-20 et = 14, VA 5 T I PR BT E
TR TR AR S LS K E . R EEpHE . Ak,
AR . 2. KA. AR AL, &\
Tl LE AR b (R 1) . L3 B /K &R A BA JJ3EI 2
3B pHAE K FH AR g A R 4 ECR
BRAESHTIL(VARIO MAX CN Elementa Analyzer,
Elementar, German) il i ; 378 4= filf A1 4= 4 R FH LRk
M & 5 B TR K 5 1 {X (PE OPTIMA 8000,
PerkinElmer, USA)IIE; =338 /K i %R FH B g4 Hik
VEISE ;LA 0 R A B P L Bk IIE IR
B S R oy A Wl a R 7 s ek e
2 by Bl oy LI SR L. TEARIE
Jikz% (LA ) (B B, 2000).

13 MFEZEY. RELEEHMERELEEN

ViFhaZ FEMERHDMEEE SR .
Shannon-Wienerfs % . Margal ef 3 & & 15 % . Simpson
e 35 B Fi ORT Pielouds) &) FE AR HIOI B o Wi A 4
HNR 3.6.1plantlist LG 2B & BIR G, HAHH
phylomatic (http://phylodiversity.net/phylomatuc/) 7&
Lo B 7 R R GEAPG 11 UL K H A L [a]
T R 2 R R, RS Zannel U B 22, S
KHpicantefl it RSk § ZHEVE(PD) MRS K H
45 K(Faith, 1992; Qian & Jin, 2014). R4 KB L HE
PEAH T BEAUBTER B ER K. NRIED R NMELE
Hor s ampELE, RAR 3.6.15IFRSRfE, M4
BE ML AR A J8 A H AR ifE{LPD (SES.PD)E (Mori et
a, 2015).

RGRE 5K 5l R oE 40 R F8 £ (net
relatedness index, NRI)FI{F il FiA] 55 2506 R TEEL
(net nearest taxaindex, NTI)J & . NRIFEZL & T4
Hh 2 (B FRYAEABLEE , N D000 2 A ALLAA Ao 1) ) 520
NRIFINTI TS K
3 MPD,—MPD

NRI =
SD(MPD, )

1
MNTD,— MNTD,

NTI =
SD(MPD,)

2

https://www.bi odiversity-science.net

RS



ks

442 £ ¥ £ Ff 1 Biodiversity Science

®1 RRBRARFRR N EFIEREEE FiatR

2021, 29 (4): 439448

Table1l Index of environmental factors of different forest gaps and non-gaps in Castanopsis kawakamii natual forest

KME Largegap

FARE Middlegap  /MAEE Small gap 4R E Non-gap

MR Area (m?) 206.17 + 4.26°
#1k Elevation (m) 216.33 + 5.56®
i Slope (°) 27.33+ 3.86%
{7 Slope position 2.33+ 0477
+3E &K E Soil water content (g/kg) 302.77 £ 32.7°
+ 345 & Soil total C content (g/kg) 17.49+3.71°
+3E4 % & Soil total N content (g/kg) 0.99 + 0.07°
+3%E 4458 Soil total P content (g/kg) 0.62 + 0.39°
+ 3445 & Soil total K content (mg/L) 30.9 £ 0.62*
pH{E pH value 3.49 + 0.05°
/KA Hydrolyzed nitrogen (mg/kg) 124.45 + 8.00°
WAL CIN 17.43+2.71°
A& Available P content (mg/kg) 5.26 + 2.70®
EWSIRE Annual air temperature (°C) 25.15+ 053
W ESIRSE Annual air humidity (%) 90.08 + 1.22
fES IR Annual soil temperature °C)  24.38+ 1.11°

73.16+1.82° 3349+233° 100 + 0.00®
199.33 + 10.87° 214.00 + 8.98* 22117+ 0.17%
29.33 + 1.25° 17.67 + 7.41™ 13.23 + 0.09°
1.67 + 0.94* 2.00 + 0.82* 1.00 + 0.01%
280.72 + 9.39* 277.90 + 11.90* 269.56 + 8.86%
19.19 + 3.69° 21.49 + 5,34 23.79+ 0.48
1.05+0.21% 1.39+05° 1.48 + 0.04%
0.67 +0.17° 0.38 + 0.08° 0.18+ 0.01°
223+ 497 21.5+0.67° 27.17 £ 0.82%
3.39+0.04° 3524012 3414002
128,01 + 31.19* 111.01 + 9.02* 136.41 + 3.01%
18.08 + 1.08° 16.66 + 1.66° 16.55 + 0.83
11.31 + 8.95% 19.57 + 1.84° 3.87+0.20°
25.20 + 0.07° 24.91 + 0.24 24.27 + 0.48
85.34 + 7.14% 90.14 + 2.49* 91.75 + 0.81%
24.25 + 0.35° 23.40 + 0.49° 23.01 + 0.47°

[FIATAN A 7 B R AN R RN (IR B ] - FoAT 535 22 57 (P < 0.05).

Different lowercases in the same row indicate that the environmental factors have significant difference between forest gap sizes (P < 0.05).

Hrh, SDfsbr#EZ, MPDFIMNTD ) 3R~ Y]
[ 3 BN RGK B BB 5 P s i) R R K
HEEE, MPDSIMNTDG 27 5 b WL %2 2 (1)) MPD
HABETR N SR &R RO MW 2 (8 135 R 45
HE S, MPD s FIMNT Dy 7% JH 12 14 BE AL A
FLOQOVK (1)~ 51 1k 28 [ 35 AR 0T AH AT 1 R 8 1)<
PIE. 2¥NRI >0, NTI > O, KRGk BEMEE, &
NI A TR &R R WROE YR G 24
NRI < 0, NTI < O}, REGKE Gt T /8, #E
H SRR RGP R, 555 HEF R BFIE M
£ SHEZE; ZNR =0, NTI = 0, REMBEE RS
KRB AR, 5 AR 2RI (R 4 RR b 45 1
)2 FEI% (Webb et al, 2002).

BT AR AR A — 8, ARIE Y P IAR SR ot it 4%
¥ B AW B SESPD . Margalef . Simpson
Shannon-Wiener 1 Piel ou#s % K SRR 45 Ak & i A7
ANHEAT FRE A AL R (RY AR DG FE BRBR LA QT AR) AT x0T
oA, AR M) (Fh 445, 2009; Qian et 4,
2019). HFNTIFINRUNAR SRR, BT R 4T
¥ (Qian et al, 2019).

14 BURSH

ERS BT & B i fa, RARERE T %
JrHr(one-way ANOVAVK IR Z RS R KB
ZHEVESR B A | R /MR R ) 22 = itk . R

Pearsontf K1t A ATk e M Z K61 . RGEK B Z4HF
PR RGK G AT RR.

WEAAERE R F & IES oA E,
AT Duncan’ sk 46 F177 72 73 4t . >R FH Pearsont G4
SINTTRIESS BEE DR Z R . RAKRE 2R
SR B G MR BN IR R R, R 2t
i % (generalized linear model, GLM) 1% 1IEA 4>
Hi 1 B AR RS ER BT S R RR B FR LS YR 2 0
PEFREL B R 7. RHEAIC (Akaike information
criterion) ¢ JU 97 1%t f 0 AR AL i o S BEIK B B
IR 5 Z K K1 (variance inflation factor, VIF)
BEAT IR 2R M2, BIRRVIF > 10078 & )5 F kT &
Frih & o

TR R 3.6.15E 0K, 18 F masstl b7 #.
KR TT 208 IES oAk, corrplotit 7 #H5¢ 5
Hr, broom@Lik T LR PERRL A3, picantetlidb AT
FHRLAL /3 M7 (R core team, 2019; Mori et al, 2015).

21 FREIRPMREFNLERL

K& NYFEE BER T 1S A P AT #%
R . A (Schima superba). FiUfil](Itea chinensis var.
oblonga). Y&M Ll (Symplocos lancifolia). FEILA
A MBS, EYIERI(Machilus grijsii)Fl s R
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Table2 Phylogenetic diversity (PD) and plants taxonomic diversity of different forest gaps in Castanopsis kawakamii nature forest

Fa%L Index K% Largegap  H4k%E Middle gap /NRE Small gap JEMR % Non-gap
RERE LR SES.PD 995.37 + 173.75° 904.14 + 0.82° 901.02 + 89.64° 638.09 + 74.88"
m‘gr(;?g”a'c NRI ~0.231+0.213 0051 +0.327° 0283 + 0,598 0502 + 0.380°
NTI ~0.261 + 0.487° 0.577 + 0.546° 1.391 +0.977° 0.473 % 0.769°
WiFh 2 R Margal ef 2.72+0.44° 2.69+017° 2.24+0.42° 1.98+0.36
SRR NEELY Simpson 0.59 + 0.01° 0.58 + 0.01° 0.48 + 0.02° 0.45+ 0.01°
Shannon-Wiener ~ 1.48+0.23° 1.59 + 0.05 1.33+0.12° 1.27 +0.08°
e 11.33 + 2.28° 9.01 + 2.24% 851+ 237" 6.67 + 0.62°
Species richness
Pielouty s i 0.43 £ 0.08° 053+ 0.02° 0.46 + 0.01 0.45 + 0,017
Pielou evenness
NRI: il RSB RRIBEG NTL L F AR E R R FITARIFRRRIAF R PIE R RAKE 2 UM 2R A REES

(P<0.05).

NRI, Net relatedness index; NTI, Net nearest taxa index. Different lowercases in the same row indicate significant differences of phylogenetic
diversity and plants taxonomic diversity between different forest gap sizes (P < 0.05).

(Aidia cochinchinensis). H1#k &t Fl ks [ |
ARAf s BEAEARZ T HMFDEr LWL, AR E R
ARG A . ARfT. BEIEARZE T PERAIER
o AEMRE L Fh B IR . SR SE AL
KRET. RIRERBFIEAME T DRE A
AR IR EBF, F L AR R AP R I AR —
(1)
22 TREKRNMREFEDHEHMESERELE
M

M 20 &1, #KE B SESPD 8 A T
901.02-995.372 1], MR EI/NKIK I RIRE .
B RUNRE . PR 2 FEME R EUOR, SES.PDIE
WK . NRIFINTIZEAS [F] R/ B 2 8] TG 2 35 72
S, BIERGKE SR RWE P BT K
(NRI < 0, NTI < 0), 7EH . /IMAEFIFEME FNRI
TREC S NTHR 8045 R IE A — 8, ToiEHE 1% X
WRHIE RGUR B A R EOE & R4 .
23 PMZHEMERGLE SHMEREXMSE

HYIFh Z S RGKE 2R AR O W]
F(EL), 1% KRR AR BEE RAKE ZFF
PESES.PDEX 5 SR, Margalef M1 S-WHE K 1745
BEIEMIEK AP <0.05). NRI. NTISFZFE
PEFR B A R RA R .
24 PIMBHEMERGLE SHMENEETF

ERRILLME S MM B T 5B 2R
Y. RGRE LR ARG K E ST E0ET
GLM 43 Hr (12, Fs2) KB, MR K/~ SES.PD.

SRAlShannon-Wienerf§ £33 77 75 &3 IE RN (P <
0.05), TIELFELIN ARG K E L H(NRI, NTI)

1.0
-~ Q O o
0.8
- @
Margalef’ @ - 04
Ho2
018 02 02 Simpson . °

-0
0.58 0.57 S-w
~-0.2

029 024 01 | 056 027 Piclou 04

—0.31 -0.28 —0.13 . 025 -0.09 NTI —0.6
-0.8

—0.25 026 —0.06 —0.31 0.17 0.11 NRI
-1.0

Bl RERBERANEEDMZHMERSRFLEENY
ZBHIERS . dBEFRREMRX, EERRAERX. B
BHR, BB, RAEXME, SESPD: fREKR
ZEBESHEN, SR UMEEE,; NRI: FERFELEXR
B, NT #REMEEEXRIEY, SwW
Shannon-Wiener #§#1; *: P < 0.05; **: P < 0.01; ***: P <
0.001,

Fig. 1 Pearson correlation between plants taxonomic and
phylogenetic indices of Castanopsis kawakamii forest
communities. Red and blue indicated positive and negative
correlation, respectively. The darker color and larger circle
indicated a stronger correlation. SES.PD, standardization
phylogenetic diversity; SR, Species richness; NRI, Net
relatedness index; NTI, Net nearest taxa index; S-W,
Shannon-Wiener index; *, P < 0.05; **, P < 0.01; ***, P<
0.001.
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(a) SES.PD (b) NTI (c) NRI
N | I TP | [ — TP |- =
| [ [
TC | ] N —— ™wr !
! ' swWC -
SWC |- (R TK » — !
| [ SPO — |
L L [
SPO : | HN ﬂ% SLoP - |
SIZE | ] AP | i | pH R
| | | | | 1 I | I 1 | | | | |
-2 0 1 2 -2 -1 0 1 2 -2 -1 0 1 2
(d) SR (e) Margalef (f) Simpson
TK el L —— TP - —4—
| TK | |
TC H"—{ I N [
[ TC H-— I
SWC —— : ™ [
| PO - [ [
SPO H—— : SPO "t
[ [
SIZE | | SIZE | | SIZE e
] | | ] ] I 1 | | 1 1 1 | ] ]
2 -1 0 1 2 2 -1 0 1 2 2 -1 0 1 2
(g) Pielou (h) S-W
™ TP | I
L [ [
TK Lo SWC | 1
SWer l SLOP 4—-!
; | L
SIZE | | |
pH e SIZE | |
ELE |+ : ELE [ Jﬁ—l
2 -1 o 1 5 2 -1 0 1 2

E2 HERFNRFELESHN. RELBEERMDMHSHEMEERNEN. AFRRBWERFXE, InRTEZFERN
(P<0.05), REFREZHNHMN(P < 0.05), ERFERAEEFN. SESPD: fEXRGLXELZHM SR: UMEEE; NRI:
BIERES X R NTI: BREMEIFESERIER; SW: Shannon-Wiener#5#; SIZE: H#; ELE: 3§k TC: £ TN:
L8, TP 28 AP BHEE TK: £, SWC: HIERKE,; HN: KiE&: SPO: IKfL; SLOP: KE.

Fig. 2 The relative effects of environmental factors on phylogenetic diversity, phylogenetic structure and plants taxonomic index.
The lines represent 95% confidence intervals; the red dots represent significant positive effects (P < 0.05), and the gray dots represent
significant negative effects (P < 0.05), the blue dots show an insignificant effect. SES.PD, Standardization phylogenetic diversity; SR,
Speciesrichness; NRI, Net relatedness index; NTI, Net nearest taxa index; S-W, Shannon-Wiener index; SIZE, Area; ELE, Elevation;
TC, Tota carbon; TN, Total nitrogen; TP, Total phosphorus; AP, Available phosphorus; TK, Total potassium; SWC, Soil water
content; HN, Hydrolyzed nitrogen; SPO, Slope position; SLOP, Slope.

TREFSES.PDIE R E K 7, FLBA T3 4 %0
B, NRI. NTIFISES.PDIEA S s i #4 . I
{715 SES.PDH 47 16 & 3% TEABI(P < 0.05), &5
NRI i HUA 77 {2 3 5788 (P < 0.05) o g PR AN 38 75
7K 5 Pielout) 2] 4R HUf7 /5 5308 (P < 0.05)

31 AREXKIMMENIMEEESERELES

=Sk
PR T AR 0 sl A 2 R RO A &l A AT

TEVE W (Terraet al, 2012). 4% b RARMAFh £
FEPERN R G0 B 2 1 14 It AR e T AR 189 K 384 0
(£2)o XK MR MR E AR, — 77 T 58
TIHeRemR I, (EH R o, fEak T IR T
(R R AE WL A4 fif(Lu et al, 2018); %5 — 71,
KIRE PP BRI TE 2 L2, SEmkE AN
W) Fih 22 ¥ (Hammond & Pokorny, 2020). B4k,
MR 120 25 30N A R 3E T W 22 B 1 38 (7
155, 2016). KM EAHR T IRE A K
BR300 %5 IX 3 R0 B B S 3 sy, AR 2 R
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L s (N e AR 2, 2003) 6

MK RARE 2N SRR E 4T HE
W7t B VA AL B AR SRR, KRR VR SIS E
LR (Webb, 2000) . A 7] R /N B 7 il 28 2H R
MRS A2, RIKEMMESFEE
FEARRT B e, AR AR T T R
MEAEME, N ARRKE Z R0 T
L NIRRT . L ANRE YRR SR AR — B,
XF B SES.PDIR BHE A SE . ol WL, MFpRZ
IARE, HonT R 1) SES.PD 6 Hi L AH % 5 v (.2,
sk 1). K& IREER AV R B S MTEKR
WA T R B(NRI <0, NTI < 0), FRUEKKE
He g e = S (Qian et a, 2020). A
AR B ATHEMR B FFNTIL NRUEfAUEAS—2, Hn]
REBR DR TR AN S AEARE R AR E
AR, BEZAERIR S wHHFEEEM, &
BICIEH B ZIX R RGUK B 45002 K EUE 2
R4 (Kresset a, 2009). NTI 5 NRIFEH A — 5 H
X} 43 B TS G AR A LA R R AEAS [R]85 )
A K, B SR B 1d G B A UK AR
fEsZm, HAlfeS KRG K B 155 H A 5% (Tucker
et al, 2017).
32 MEMENMMEZHEMERELE SN
HIAE &M

SES.PD 5 % 5 SR. Margalef =F & Ji& & £ Al
Shannon-Wiener & £ % A2 2 2 1E A E (P < 0.01),
L)% Simpsonfft % & 15 B0 Piel outs) £ B 45 S A
RN (FL), HorTAE S DR A% RS AR T
BREIFF RS TRE R AR EL, HAE M
% J1EE g B i Shannon-Wiener 45 £ T # 4 Fh
BN (S a4, 1995), W R R RV
HIERARBEMBT R, R2WNERE, 3
— UL R E RS R GER B 45 TR L.
Ak, Wy A 2 R T $8 20 W1 Shannon-Wiener |
SimpsonAIPiel oudE £ 5 NTUHINRI 2 18] G B 2 AH
Kk, ATRER B T KRB E & T K E F 8, &
B R, TR BN E FEI(E KM
4, 2018).
33 YIMZHMERGLE SHMENIERE T

B B AL/ E 2= A CHINP S IS EN
(Long et al, 2018). BE# LIRS &= N, Yok

ZREPES G (Niu et al, 2014). LU (2011)HF 58 %
WERSESYMZ R RZE AR, R2EEd
SO R R R R AR A A A, T TR 5 T B A7) o
ZREE. KEMRD RS ESYFZ R B
IEAER, 5 Lu%%(2010) I 5L A — 2, 72T AhAT]
FESEM AT B, EART A 32 2
TG R RS, LEREE B R A KR
AR, AR B A 0 G BRI BRI ), I ml
FIFH XY AE KB OV E 2(Guo et d, 2019). %
T HERY, Z5EYEEER, BEK
A, R R R AR A e A A F ) A
K72 —(Rho et a, 2020). % KA% RKIRMARE L
B4 %5 B 5NTI. NRIFISES.PDHE i S 4% . 2 1
KR (P <0.01) (K2). L3R & ERTAKE
NHEVE RA K B 451, X 5Cao% (20200 A & &=
XPHEE I I L4 R — 8. RE NGRS
AR, JREE T HE N B R ATAEK, AR T
B MP Z RS RGUR B Z AN,

WRE TR = T BEE R 2 FEvE, 58
FEBE, RN AR AR SR A R AR A A 1A
(Devagiri et al, 2016) . A T T A2 52 AR B B TE 4
Tl 2 BEE B VG R B 2 FEVEM B Z 3 (B
2). BEE AR ARG N, B R/ INRY B ) S5 T B
R, (E1FARE A T3 IO MR RIS, 1
VIRhFAE0E TLETh iR, 2T i AR 5 T ) 4 ol
ZHMEERGRKE 2, X 54 95%(2019)7F
PRGN DG T PR M) 2 R L) 45 R — 50

el e HEH R, Gl o e
KAy WE R RS A S R T Al R R A A A K
KB MEY) 2 FEA% (Finkel et al, 2013; 7K 2% 4%,
2020). % kS RIRMRARTE h, HAL 2 IKE) SES.PD
TREE TR T A AR, SR ELK
LA B ATAE T 1, BB RS bR B P T
R WHAEKEE, AR E NGRS
R B % Ff 4 (Seyednasrollah & Kumar, 2014).

MR R 5 Pidloudt) &) BE 48 B 2 A7 75 W 3%
AR R (P <0.01) (K2). FFRTHE A 7 MR E
WIIREE . &, KoK, FEE S 4H T
I R E AT IR, I H B BT
SRE R BRI 1% 4518 5 R % =55 (2006) TE b I
H SRR DXV iy L A P 3 9 22 A (R i 9 485 SR A
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S, T fE R A AT FE IR TS FE 1 35 b TG i
PHLIX, RN B AR X T TR AL T v
MR HLIX . AR FLR B, MR O S VR 3
SIFEME BN K AR, 5 Rk T
BN, B, B A T v T R K
S ILHBAR BT (B E RS, 2019).

MR T AR E T A% [CRE RARMR BRI Y Fh 2 4%
WH ARG K E L. KREWRZ R RS
REZHMEES T, MEMIEARE, HX
WE AR AFFIREAR D T MRE SR
NSRRI RE AT R 2 P 2 B3
ERNE, WA 2 A B E N .
BEERGENHERERGRE ZHES R E
B G5 ATAE B2 BN
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Appendix 1  Species composition of plant community in various areas of forest gaps

ME A E Fh4 Species %% Abundance  MH[I4%PE Characteristics of shade tolerance
% ECF% Castanopsis kawakamii 102 itk
KE ) )
FEJEARZET Litsea subcoriacea 85 fiif [
Sfl] Itea chinensis var. oblonga 72 fii B
A4 Schima superba 46 e
FLRIEMG Machilus grijsii 32 =
PE# Aidia cochinchinensis 21 BN
H5 4 Diplospora dubia 19 it 9
St AL Symplocos lancifolia 16 =
1L Symplocos sumuntia 14 =5
/NHSCRERS Distylium buxifolium 13 rh
P2 A Daphniphyllum oldhami 11 it ]
FARZET Neolitsea aurata 11 =t
Yk 44 Eurya loguaiana 9 i bR
HEFARZET Litsea greenmaniana 7 256
EA7 llex pubescens 7 =5
L EF Pinus massoniana 6 =
LIt 3% Elaeocarpus sylvestris 5 fiif 9]
41 f k% Camellia octopetala 5 fiif B
&7 llex chinensis 3 ficf
FEJbARZT Litsea subcoriacea 71 Tiif 99
HRE
¥ KB Castanopsis kawakamii 38 R
A Schima superba 46 2t
Yt B Symplocos lancifolia 20 =
4iE: ¥ Eurya loguaiana 14 firf B
FEBARZT Neolitsea cambodiana var. 13 fii B
glabra
754 Syzygium buxifolium 11 i
FLLIE Machilus grijsii 11 =
H5 4 Diplospora dubia 6 it 9
IiA+3E Elaeocarpus sylvestris 6 fiif B
L EF Pinus massoniana 5 =
HA#L3E Elaeocarpus japonicus 3 il B
4L B ER % Camellia octopetala 3 it 1
BARZET Neolitsea aurata 3 Bt
KA# Castanopsis carlesii 3 Hp
E&H llex chinensis 3 =t
W% Dendropanax dentigerus 2 T
1i#% % Randia cochinchinensis 2 fif
[ #4 Phoebe bournei 3 Bt
) Hdb AT Litsea subcoriacea 74 it
ANPR B » .
PE# Aidia cochinchinensis 46 BN
A4 Schima superba 43 B
% EF% Castanopsis kawakamii 38 itk
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PR M T4 Species %% Abundance M BI%§tE Characteristics of shade tolerance
5f] Itea chinensis var. oblonga 35 i B
K47 llex ficoidea 14 it b
LA Machilus grijsii 13 =
1AL Symplocos sumuntia 12 2t
Jert Bl Symplocos lancifolia 11 =
FE475 llex chinensis 11 B
JiE 4 Diplospora dubia 11 fiif B
AZMAT Lithocarpus litseifolius 8 ik
BIARZET Neolitsea aurata 5 =S
HA#t3 Elaeocarpus japonicus 4 i B
2044 Eurya loquaiana 3 i
FAE# 4T %€ Tarenna mollissima 3 Hh
HHEHIARZE T Neolitsea cambodiana var. 2 i BA
glabra
/NS4 Syzygium grijsii 2 i 9]
LEf Pinus massoniana 1 2=
¥ % Diplospora dubia 33 i

AERE ) i
FEdL AR5 T Litsea subcoriacea 23 it B
% EF% Castanopsis kawakamii 21 itk
JHiZ% Camellia oleifera 14 =
FLLIE Machilus grijsii 13 =
W2 Dendropanax dentigerus 12 fiit B
AfAf Schima superba 11 2=
/INIFiHG Photinia parvifolia 10 it ]
BIARZET Neolitsea aurata 8 =S
St AL Symplocos lancifolia 7 =
1AL Symplocos sumuntia 7 =
HAETE AT SE Tarenna mollissima 6 ik
FE475 llex chinensis 5 i BA
Ik £2%L Distyliopsis dunnii 4 fiif B
FHH Lindera communis 4 =5
/NH IS RERS Distylium buxifolium 3 fiit [
HHEHIAKRZE T Neolitsea cambodiana var. 2 i BA
glabra
2044 Eurya loquaiana 2 i

P B DX N b 3 BEREATHE Y

Species are sorted according to the species richness in each area.
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Appendix 2 Using generalized linear model to analyze the relationship between plants taxonomic, phylogenetic diversity
index and environmental factors

B Index HEHEF Environmental EIHS¥ i t P
factors B = SE
M SIZE 0.637 0.094 6.739 0.0005
LR G KT LM Standardization phylogenetic Bl SPO 0.547 0.114 4779 0.0030
diversity (SES. PD) + 34 KB SWC 0.278 0116 2399 00534
EX/I® -0.558 0.250 —2.229  0.0674
2% TN 0.651 0250  2.624 0.0394
i SLOP 0.351 0208  1.682 0.1534
Wil A%< 2B Net relatedness index (NRI) Yefr SPO ~1.101 0269  -4.092  0.0094
THEEIKE SWC -0.287 0.199  -1.439  0.2096
2% TN 0.954 0.175 5455 0.0028
£f TP 0.4949 0.1768  2.799 0.0380
pH 1.0857 0.2577 4.213 0.0084
2% TN 0.726 0280  2.599 0.0407
@%ﬁﬁﬁ%ﬁ%gjﬁﬁ Net nearest taxa index (NTl) é@ﬁ TP 0.198 0.244 0.811 0.4485
A TK -0.090 0.393 -0.231  0.8250
KA HN -0.237 0247  -0.956  0.3759
H X AP 0.342 0.402  0.850 0.4279
A SIZE 0.512 0.195  2.633 0.0389
MFFEBE Species richness (SR) Wik ELE 0.283 0197 1436 02011
Wifiz SPO 0.444 0177 2513 0.0557
T3 E/KE SwC 0.351 0193  1.821 0.1185
A4 TK -0.192 0.226 -0.851  0.4273
M SIZE 0.747 0.199 3.746 0.0072
Margalef & B3 Yefir SPO 0.459 0183 2509  0.0404
4k TC 0.194 0.183  1.063 0.3232
A4 TK 0.054 0.216 0.249 0.8103
St TP -1.754 0559  -3.135  0.2202
Simpson {33 BEfE % 2% TN 1.609 0.655 2456  0.0894
EX/I® -0.9759 0.3706 -2.633  0.1389
i SPO -0.630 0352  -1.792  0.1234
A SIZE 0.956 0.4949 1.933 0.0091
T SIZE 0.799 0.164  4.882 0.0082
Pielou 35 5k 14K ELE -1.360 02391 -5.688  0.0047
THEEIKE SWC -1.083 0.1329 -8.148  0.0012
2% TN 1.032 0.262  3.945 0.0169
AW TP 0.207 0.145 1.430 0.2260
A4 TK 1.1943 0.202 5.921 0.0041
pH 0.794 0.209  3.792 0.0192
T SIZE 0.761 0250  3.041 0.0287
Shannon-Wiener $53((S-W) Witk ELE 0.305 0226 1349  0.2353
W SLOP 0.464 0248  1.875 0.1196
T3 E/KE SwcC -0.348 0222  -1568  0.1777
£H% TC -0.330 0.196  -1.686  0.1525
AW TP -0.165 0.254 -0.650  0.5441

R AR B B2 AR (P < 0.05).

The bold letters in the table indicate a significant correlation (P <0.05).
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ABSTRACT

Aims. Habitat destruction and fragmentation are the leading cause of biodiversity loss. Therefore, it is necessary to
understand the effect of fragmentation on plant population dynamics. The present study compared the population
structure and dynamics of the endangered plant Pterospermum kingtungense in fragmented habitats of different sizes
(5-ha and 15-ha) and continuous forests. We sought to identify the key life history stages that affect the population
dynamics of P. kingtungense, with the goal of the providing a scientific basis for the formulation of endangered plant
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protection and management strategies.

M ethods: Censuses were conducted over a one-year (2018-2019) period in three 50 m x 100 m sampling plots in each
of the three habitats. All P. kingtungense plants were measured for DBH (diameter at breast height, but ground diameter
for seedlings and saplings), height, survival, and seedling replenishment. Based on the investigated demographic
parameters, annual transition matrices were established for each habitat to predict the population dynamics, and the
relative contribution of the population demographic parameters to the population growth rate was quantified by the
elastic analysis method of the matrix model.

Results: Across the two years, we recorded an average of 33.5, 82 and 87.5 P. kingtungense individuals in the 5-ha
fragment, 15-ha fragment and continuous forest plots, respectively. Saplings dominated in the three habitats, but
seedlings and big trees (comprising subadult and adult) are scarce in the 5-ha forest fragment, while seedlings are
abundant in the 15-ha forest fragment. The population growth rate of P. kingtungense was equal to (15-ha fragment) or
approaching (5-ha fragment and continuous forests) one, suggesting that P. kingtungense populations were stable in
different size fragments and continuous forests. This stability is mainly due to the high survival rates of the populations
in each life cycle stages. The survival rates of adult and subadult stages contribute substantially to the population
growth rate, and these are the key life cycle stages affecting population dynamics in this species. Thus the protection of
large trees (i.e., adults and subadults) is key to maintaining populations of the endangered plant P. kingtungense.
Conclusion: Our findings revea that the population size of P. kingtungense decreased and its population structure
altered in the small fragmented habitat, but the effect on the population dynamics may not yet have shown themselves.
Therefore, it is feasible and valuable to protect and restore the endangered plant populations even in small, fragmented
habitats.

Key words. habitat fragmentation; population dynamics; Lefkovitch matrix models; population growth rate; elasticity

analysis
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2016). SULREINF, BT B TAST-BRRE
HAER, WS i (Caswell, 1984; de Kroon et
al, 1986) L BN FIEE ST R A 2 i sh o
M7 i 3% )77 (Crouse et a, 1987; Silvertown et a,
1993) . B 3B 32 B T VPAN A E O R AR
SO BCAAE . AR B SRR S HON R
1k %t 5Tk (de Kroon et al, 2000; Heppell et d,
2000).

5t 48 T H (Pterospermum  kingtungense) J& #4
NIRRT 8, A rREA M, FESAMIE SRS
AV BRI BT A XA . FE AR
A, EARNFREE R, O SIN E K R
Y. RFWE(011, 2012)%E T ANFEE A 2 41
BYIL O T SRR A0 R A5
BNAS S AR, 2SS (2010) X 5 2R 33 1B Fol
T E5 4 S oy A i AT T B KRG AR 7T, AR
5 R E R AR YA, ZYR A 1205 8]
B IR B RRBIRREE, AT E AR /Ny B
SRR (B AR K ZR) . ASCERET AR/ F W7
AES AP SR TR ES T SR, &
ST 7 TR A B 3 2 1 LefkovitchE [ A [] B
FH A0 R AR R (1) 800 o0 B T iR Al T R ST S 4L
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ARG A AR AR TR o BT [ 25 LR 34 [
(D) AN TR R/ W7 138 S50 A b o 5% 23 0 1 ) vl e
BEERMER? QAR KN R WABESERM A SR
ST A K SR ] 2 () MRS A S B (D A 77
AR X Bl R B TR R ? H 2
il v W71 A 45 v 2 i S A R R R B A D O
R B B ORI HAR, e R e
AN B SRS PR ) R 3 LR AR

1 MR5REE

1.1 AR

LTI YR VAR PR EB = @ N2 3/ = =R = Y11 R B/ R 8
MRYE SR IRIR R AR G k), A1
BRIH18.3C, ¥ HFHRIE109C, HMHF
BRi23.2°C; AP PR K 51,086.7 mm, 5-10
M2, HFF/KE &4 PRk 84.1%. fiff 7T IX 35 5 4%
ER R S L vy L TR o e L N2 s Ne
LR R R T8, BT AT ISR T B
IEEREE, TR T 1K L8 S i AR 1) BT

SRR T EL S AT AE 41,400 mZc G )Ll
i H ZREE AR, SRR AR TR A R IL A VEE
IX] (Cyclobalanopsis glaucoides) . JE il ## (Machilus
yunnanensis). fHHELE(Mallotus philippensis). 5% H
4 ¥ (Albizia bracteata). 7H & 5. # (Radermachera
yunnanensis) . 1 T J% (Itoa orientalis) . % 1¢ #
(Rapanea neriifolia). %k 2 (Millettia velutina) .
R 22 B A (Syrax tonkinensis)®, WEAK A P
A (Colebrookea oppositifolia) « K 4] 1£ (Leucos-
ceptrum canum). /K T F B (Cipadessa cineras-
cens). £ % /KR (Wendlandia tinctoria). #1251l1—
Fh(Maesa sp.). i & A (Pistacia weinmannifolia) % .
12 #igESREE

EFEIM R ) A LS, EFES hatlls haff) #xpk
RSy, BLR2AN R v R LR AR (R L) . BRI

®1 TRERFRFBETFRMEFFMER

BE(EZ MR ), MEFFHOAE, KA RESLR
MRGEFE T 24 Hh . 5 halE 58 b W 5 b — Mgk Ak
FRARAT, {EBE— 2RI, W15 halk ks WiiE ey
PIANE S AR50 kmo  FT i B IR AE AR
W7 R £ 2 201H 20 8O AR AR ML T B3 B J5 TR B Y, HR
T3 BE IR &% 1 A AN IE SRR, AN SR Ak —
FEAF 3 T BT R TR — Pl AR 23 7 7.3
M50 m x 100 mifg[E e (FE9AN), Hodr AR 5
R AT R SR T O, SRR AR P A
I B AE ot B AR AR A G A

2018412 J3 X iy A 5% 28 381 A 16 P A A4
BT TR A MRS, 0% 2 DBH) (1%
7 B P VR AR AT B R ) R e, L o &y R 4 R
EFH AR, 201912 H AT 5 &, MR AMARRER
A KR (R . BE) KL, 2
FET, VARHT 4 E MRS L .
1.3 LefkovitchfBfEEBIAYIET

SR AR TF IR RS AR RN
FOR, MBS/ FEAMA A 12.1 cm, (H
FHFEN 105 4, B HA LA RS, 95.8%1)7F
145 92/ MAE 42 K F15 om (Yuan et al, 2021). 4
SCHE I R A O BRI T i N O b LR A i s
fRiHk A%l H (B Erh < 50 cm) 41 (h > 50 cm HL.DBH
<5cm). /M (5 cm < DBH < 10 cm). JE R4 (10 cm
< DBH < 15 cm) fIE# (DBH = 15 cm) 5B, H
AE RN 1. 7E2018—-20194F 1 25 N [A] By
—ANAMELE F AN RS S B AR RN R —
ANMEREEM B + 1, NG, SE A I AR
ARSI B, WS, A TRERS HURRE, RIAET:
(GET-HIRERD = 1 - S— G). R F A FH A LS
SR A LS R, @ ST LefkovitchiE FEAE L (M)
(Lefkovitch, 1965), HH Z5E PR AR AL N 2 i 1)
AR E B DL (18 A 4 7 3 DA SRS A7 7 1) Ak

Tablel Sampling plots of the investigated Pterospermum kingtungense populations in different habitats

face e g Hh PR AL E 1k gl e i BE A P 2 FETTH

Habitat type Geographic location Altitude (m) Soil type Canopy height (m) Canopy density No. of plots

5 had: 155 A i 5-hafragmented habitat 100°41' E, 24°38' N 1,440 #9% Yellow soil 20 0.85 3

15 hatE 35 Fr i 15-hafragmented habitat  101°05'E, 24°17'N 1,352 213% Red soil 12 0.70 3

LA Continuous forest 100°40' E, 24°38' N 1,485 #1% Yellow soil 20 0.92 2
100°38'E, 24°43' N 1,430 % Yellow soil 18 0.90 1
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Sl,l SZ.Z S3,3 S4,4 Ss,s

Bl =FBFRMEEERE BFHFISAMIREREED
FRETELMSNMEE, FARER, G Sn—MAERIE
B A(ARIFE #52018-20196F) — MR TEE TESE MM ERI 7 /G H
HANBIT—MEFESEME + IR, S, R/RRm— M EE
HEBHFELEEEMERINTER.

Fig.1 Life history model of Pterospermum kingtungense
populations. The figures represent the different stages (1,
seedling; 2, sapling; 3, small tree; 4, subadult; 5, adult),
F, Fertility; Gj;.1, Probability of survival and growth from a
give stage to a large one; S;, Probability of surviving and
remaining in the same stage over the one-year period
(2018-2019).

S 0 0 0 Fs,
Gao $2 0 0 0
0 Gy S5 0 0
0 0 G S O
0 0 0 Gus  Sss

M=

1)
i 5 (Caswell, 1989).

14 SEMESHR

ST R U (sensitivity), B R — AN RE

TG F a7 5| K R AR AR
_ O WV,

Sj 28, (wv) 2
X, S RBUE, M FITRIEK 2, a e #% 5EKE
MIICER, WOARREERR E B B ) A (D AN [ A= 3 s By
BEANMAREORT o L) 4H R ) R AR AN e ER (U
o) FE ROV AR FEM I A5 [ i), v AR EAS [ 2R 3 s
B/ B 1) S B A ZH R 1D 1) R 1R SR S e 3 (U )
FROAFEFEM AL ) &, B I8 B M )55 B AR R
M T A R SR A 2]), <wv> A2 R, N
—hrE.

1 F 5 F RS B0 S AL A — BT B T Tk
NG, T S R {H (elasticity value, &), B
AR FHHE S B (au)) TR 38 K 28 () (1 A 0] Bk 22,
HAHE N1 (de Kroon et al, 1986).

_a o _ay
" on T oay
15 HEHIT7H
T 55 AR 8 R AR N R, MRS E R D,

3)

2021, 29 (4): 449455

PR AR SV T [R)— 2R A 55 v 3N T 1A 4 >k 4y
P A HE RO A EE R, IF 0 ol G ST 3MAN [F] A= B 1Y)
FRRFRE BB AY o X Ach P PR 2 b 2 A2 AT BIR (R 7 T
AR AT LLYR AN B4R G0N T AT BETA 70 AT T O o

PRI ZN SRR N = My, T MRS AR
B, D A3 90 R B TR+ LRI A B 1R KN A
—AF e, A R AR SR R BOMORE AN R H .
) e ARRERER AR SRk B S TSRS T RER A 36
== £l popbio5t A (Stubben & Milligan, 2007), HHi%
R B 9100,

2 R

21 MEMESFRLEN

7E5 hafl115 hadk: 58 F Wi JO% SR8k MR %15 hal)
FEHL A, 20184 15 YO 2 21 (1) 5 AR T AN RS0
N34, 82f188Fk, 20194 & 2 i FIANMAR 737l N
33, 82R187Hk . 15 hadk 58 v i A% L fobk b 55 A
TR R 3 )25 hads 35 F 7 1 2.4412.6
£ o 3 AR 85 o S AR TR PR R A S S5 R 2 LA &)
W, H5 hadd: 358 7 Wi = 45 1 AR (G048 b
FE ), 17115 hatk 355 i Wrgh i s & o A2 0 [A)
SFPAE BRI AR AR AN, AR R AR VS S B
R T BRAETCAN . SRR/ 2 8] (E2)
22 FHEHIEKE

201820194 [A] A [] AR 355 v 5% AR 38 1 W5 b A (1)
Lefkovitchfi ff an 352, fR20] %1, 15 had: 358 1 Wi,
SR TR KRS T 1, M AR
SEI; 5 hadk 58 Fr b, RIS K %550.9999 < 1,
2 W% b Bk DL 4K 0.019%(7) 38 5 5 )1 AA] 22 B0 /b
HESEARMRT, PR KR R1.0172 > 1, KM
T UG AE L7295 2 L i
23 GHME

AN TR) A 35 R S AR A R B A () A 9 SRR B
Py B8R AP U 2 BT s (B MR A A AL, kTR
INF LAY N2 - 5 hald: 355 Fr b,
S B BERHBEA I 2 R (A R, AR i BLR 2,
43 9] 90.88894110.1111. 15 hatk 155 Fr ek, RSk i Bt
FRHEAF 35 28 1) S PR 8 A R1X0.9242, B HRE K
o EBEARMA, BB BB AT I 2 0 S A
5, AR & A AL Es, HAE 90.5958, 4
B B ARG R I A 2, ~0.2250,
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<_ 0 , A HH (o I'I.[l 0 ' A A |—|.|:| ! 0 ﬂ.n A ! A \
e e fe g & e e Sl & e e B S

P D ¢V PO N (S I VS

¥ 9 ¢ & ¥ 9 §F & ¥ 9 ¢ &

A1 51 BB Life history stage

E2 AEEEPREAFRMENFREM. () 5hatkii T, (b) 15 hat iFF#i; (o)LL,
Fig. 2 Age structure of Pterospermum kingtungense populations in different habitats. (@) 5-ha fragmented habitat; (b) 15-ha

fragmented habitat; (c) Continuous forest.
Fz2 AREEEPRFBFRIEERBIER

Table2 Transition matrices of Pterospermum kingtungense populations in different habitats

A 85 Habitat FEFE Matrix FEFE Eigenvector  FHERGK R )
5 hadk 1} 7 0.0000  0.0000  0.0000 0.0000 0.0000 0.0000 0.9999
5-hafragmented habitat  ppoo0  0.8750  0.0000 0.0000 0.0000 0.0000

00000 00417  0.5000 0.0000 0.0000 0.0000

00000 00000 050000  1.0000 0.0000 0.8889

00000 00000  0.0000 0.0000 1.0000 0.1111
15 hat 8 1 7 0.8519  0.0000  0.0000 0.0000 0.1667 0.1618 1.0000
15-hafragmented habitat 01111 09667  0.0000 0.0000 0.0000 0.5386

0.0000 00000  1.0000 0.0000 0.0000 0.0959

0.0000  0.0000  0.0000 1.0000 0.0000 0.0599

0.0000  0.0000  0.0000 0.0000 1.0000 0.1438
SRR 03333 00000  0.0000 0.0000 0.0909 0.0387 1.0172
Continuous forest 06667 09730 00000 00000  0.0000 0.5837

00000 00270  0.8696 0.0000 0.0000 0.1069

0.0000 00000  0.0435 0.8750 0.0000 0.0327

0.0000 00000  0.0000 0.1250 1.0000 0.2381

LS ARMANS hak: 55 A Wik L, 5 hatkBg A
W7 A SR R A R U, SR FMR RS 4
PG (R = b S SRR FI 2T ) o 5 hatk 5% F T
RN DG RNAER A, gAY
T B AT e T 30% AR 58 A R I BE T (Laurance
et al, 2000), FHFE— 2 FRAR S A 10 1 S0 7=
U EH T RO A A B 32 1 R T A e B AR & B 4
BEZFEA TN REE, FEL 7R E T,
IERREE R 4P Bk = (Yuan et al, 2021). JE L AR bR b 5
FRIR T B A v )b 78 AR AN i, (H L4
BB A s, Mg maTRE. X2
SR FAAEKNe, BEE R YA, 51

47 H— 2 AT B P (Yuan et al, 2021). M5 B
FhREMIERS G5 MR E, 5 hatk B H b7 o P Rl o
BRI, 115 hatk 35 A W FE 2 5k #R R 4
WA BRI E (£ 2)

TEAN B K 7N F T A% S AR bR o 55 2R 3 1
HEMIE KR T1 (15 hatE s A W) s T1 (5 ha
AR IR I SR AR AR, U0 AS [R] AR B R T
WFRBE R R T 1Y, X E BRI PP & AR 0 LB B
S RS (82, #62). Hhah 15 B KT Pk
AR 3T A R A (1) Fe B 4 v 25 SR AR L(Quitete
Portelaet al, 2010). A5, &S hatd: 53 Fr Wi
PR D, (PR R IR S22, st
AR PR RCE 3 It 8 . X R RN A R A 85
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Table3 Elasticity matrices of life history stage’'s parameters for Pterospermum kingtungense populations in different habitats

AEBE Habitat AR S B Life history stage 457 Seedling 4#% Sapling /M Small tree qungiaZiIttree M Adult tree
5 hatk: 5 1 17 41 Seedling 0.0000 0.0000 0.0000 0.0000 0.0000
S-hafragmented habital 454 gapling 0.0000 0.0000 0.0000 0.0000 0.0000
AN Small tree 0.0000 0.0000 0.0000 0.0000 0.0000
Tkt Subadult tree 0.0000 0.0000 0.0000 0.8889 0.0000
Febt Adult tree 0.0000 0.0000 0.0000 0.0000 0.1111
15 hatt: 55 v I 4 Seedling 0.0058 0.0000 0.0000 0.0000 0.0000
15-hafragmented habitat 45t oonjing 0.0008 0.0226 0.0000 0.0000 0.0000
/M Small tree 0.0000 0.0000 0.0329 0.0000 0.0000
T Akt Subadult tree 0.0000 0.0000 0.0000 00128 0.0000
Hekt Adult tree 0.0000 0.0000 0.0000 0.0000 0.9242
SELERR M 41 Seedling 0.0050 0.0000 0.0000 0.0000 0.0000
Continuous forest %b4 Sapling 0.0102 0.2250 0.0000 0.0000 0.0000
/M Small tree 0.0000 0.0102 0.0602 0.0000 0.0000
T Akt Subadult tree 0.0000 0.0000 0.0102 0.0629 0.0000
Febt Adult tree 0.0000 0.0000 0.0000 0.0102 05058

HH AR R 1R R T R R R T R R BRI,
HAYIE LR 0T 5 2w Ab A BT, R AL
T AR ERRAS o

S50 2R R SR AT R I B PR A7 3 T B
B K E Q) TTIR I K, 25 m AP B) A (1) 5%
BRAEVE SR B X — 2 R HAN KA R R S G
R—F(tnKwit et a, 2004; Paludo et a, 2016). 15 ha
v W7 AR ARCRH T 252 2R R b ST B B D L A 3 e K
(53 71150.92427110.5958), & BH B B B A2 5 i
BNASHIRBEATE LM Bt o (HE SR RRAR A R B BE 1)
SRR AS ARy, LB Bt 5 — 5 R4 8
(150.2352), Ui A A B Be b iz M e sh S A — &
FITTVER . 5 haly TR AR o b [ B i 3 1B
5K, U B P SR B BE6S 12 R B D R 2 A oK (o
S TTHR 2 11 88.8990), PRI T A 52 M 1 Bl B 245 1 9%
BEAVE L B BAR WP RO B BOAS L ETE e
H— H3E NS R b BUs B THAT AN 2 K.

KB GE R T e Ry AR ES
FEAER: ()RS WAPRAS 1/ v b AR B
RIW-FRFEE R, OO 7 MBI g b, (H
HMH e 2aTRER, XRH/N W RN GE
YRR AR AT DR B B AR . a5 2R X
G 5 D AR B ORI R B, A8 AR B A A AR X e A
B WA R R R 2 e 0k . ()R TR
B SR AR RS B B A 5 Wi o 0 20 245 (1) DG B AR 7
SRR B, Rl T DR (4 AR ARSI B ) e R 3

R S B SR T R LR (10T . B m
Wwaita th, B LefkovitchE A5 AL ) Al 52 2 1 e
AN R AN 2 s A i S B B ) 0 R A i AR 11,
B TSR A2, SERRTE DL AR it .
e, A T IR ARSI S TN A AR, IS T EIT e
I BT AR IR U (125 FE A BT R S I 55 o

B HoMAE AR FE LA LERA AR
BYPRERERARNL, BE, AR, AR
PHRT EL, ERE, B, ILFRIHK
B EH, s
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ETREKRMZBE 575K LR T AT E5%E
IH#AR S 2 1= 8

KEEOW2S, B, KNS, RE AP B XS, FEROE, ot
jlfg 1,2,6

1. EREER AR Y DR A S KRG IR E S E S0, [ 510650; 2. H ERMFGLAEEEIE ] AR N R ) A SE R
2, 7 510650; 3. HEFRMEFE KA, L5 100049; 4. HE MOLEERT TR v MOLBE T TR AR AE ST FL L, TN 510520; 5. ARV
KEFASEHER B, BifE 200241; 6. BT EEREA S TR RSB (M), T7H 511458

FE: T ESEAER I A 5 — R MR BRSO I . T A S AR E K SIS, T A
5 T SRS v I R AR R DI B R B T IR ik o AN SC DA SR L AR SRR I AR 1.44 hat A b Py 11949 R T
4,032/ MACIIEFERT G, R i AR RO A 2 P55 5 SRR T 2 T S A 25 5 SR vt vy M R 2 o ok, AN HEAT
BEATLAMAE, 1 LRI 20 S AR AR (o SR A B 1) 70%0) RS 3 A (1 R FEAC B 1130%), 383 SR 27 ks it MR IR AR A 2% 14
R A, Hoyk, FeFEREREACR T H W 5R S A K FE(Richards. Korf. Logistic. GompertzAlWeibull 5 F2) % A [/ 43
TR AR, TR AR IO B RRE 5, 8 & 0 RS . f )i, KRR TR o IR e i 2R A,
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ABSTRACT
Aims. Knowing how to measure tree height conveniently and accurately has always been a concern for the fields of
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forestry and community ecology. Since wood density is closely related with tree growth, building a tree height curve
model based on wood density could provide a new method for measuring tree height. This method would provide data
support for vegetation investigation of forest dynamics plots and exploration of spatial differences in the radial and

vertical distribution of community species resources.

Methods: Here, we explored tree height using a curve model based on branch wood density classification using tree
height data, diameter at breast height (DBH), and wood density of 4,032 individuals belonging to 119 speciesin a 1.44
ha plot in a south subtropical evergreen broad-leaved forest in Dinghushan (DHS). First, we randomly sampled
individuals, and divided them into model development (70% of the total sample size) and model validation (30% of the
total sample size). We then classified wood density of al individuals into one of several categories using a cluster
analysis. Second, we built a tree height-DBH model for different classifications based on modeling samples using five
common theoretical growth equations (Richards, Korf, Logistic, Gompertz and Weibull equations). We estimated the
fitting accuracy using the root mean squared error (RMSE) and Akaike information criterion (AIC). A smaler RMSE
index and AIC index indicated the best fitting effect. Third, we determined the most optimal models based on the one
model with the smallest mean average absolute error (MAE) and RMSE index. Finally, we established tree height curve
models using species classification and compared the differences between models based on wood density and species

classifications using the MAE index and RM SE index.

Result: Results suggest that when the classification order of cluster analysis was 4, the SSI (simple structure index)
value was the largest, so the individual wood density of the plot was unevenly divided into four categories: [0.06, 0.31),
[0.31, 0.45), [0.45, 0.57), and [0.57, 0.82]. There was little difference when fitting the five equations and al the
parameter values were extremely significant. Models based on wood density classification corresponding to the MAE
index and RM SE index were consistent with the results of the modeling samples. The Gompertz equation and Weibull
equation were selected as the optimal tree height models and the Weibull equation had the highest frequency equation
for the DHS plot. Moreover, when comparing models based on wood density classification with species classification,
the MAE and RMSE indices of the two models in 17 species were less different. In addition, since the estimation
accuracy of models based on wood density classification and species classification was low, the tree height of Caryota
maxima, Schima superba and Castanea henryi was hardly to estimated.

Conclusions: The tree height curve model based on wood density classification has a well-fitting effect and high
estimation accuracy. It is also more convenient and generally used than the species classification model, which can
realize the establishment of tree height curve models for many species easily. What's more, models based on wood
density classification directly reflect plant response to the environment from a mechanistic perspective, and represents
the ecological trade-off among individuals with different wood densitiesin the vertical growth of trees. In summary, this
model based on wood density classification provides a new method for tree height prediction and can better serve
production practices such as forest surveys and help with understanding scientific issues.

Key words: plant functional traits; wood density classification; theoretical growth equations; nonlinear regression

analysis; height-diameter model
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B TR v el RS R OB AT, B LI U R R
TR HEAT 2028, SRIEX IR BRI R L
J7 ki Richards. Korf. LogisticZF 3 it 4K 7 fe ik
ITIEVARLG, ik 7 #E(Liu et al, 2008; 1%
P2k, 2008; [ KME%%, 2012). SR T4l 23 2511
B E S H RN R, EHTEHEA R, MU
¥k, IF H R ERKEHIE R (Garrard et a, 2013;
Weiss et a, 2014). Fi |2 TWFmiiAT 70 3840, KT
Fe K 27y 25 (Aiba & Kohyama, 1996; 5K Fi Al 5122
B, 2013; Z=W]HERIH s p1, 2019) LA S bk 72K 4y
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P, BRI G NS mT e A B T 46 2 B R 1
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Tablel Fivekinds of height-diameter models. H, Tree height;
D, Diameter at breast height; a, b and ¢ are parameters.

K5 No. MM Model types — #iAEKAK Mode forms
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2 Korf H=ax ()

3 Logistic H=a/(1+bxe°*P)
4 Gompertz H=ax (e2*®xD)
5 Weibul Hzax (1—e"09)
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Fig. 1 The judgment index partitioning optimal groups of wood density classification. (a) The groups that each object is
categorized with different conditions and different groups were distinguished by different colors; (b) The value of simple structure

index (ssi) for different number of groups.

#2 BETAMEBESROMSHERE. HANS, DAKE.

Table2 Height-diameter models based on wood density classification. H, Tree height; D, Diameter at breast height.

Y T BRERIE
Tree height ranges (m) Model expressions

2 A PG AMEH iy 4 e
Groups Wood density ranges (g/cm®) No. of individuals D ranges (cm)
I [0.06, 0.31) 747 [1.0,32.8]
1 [0.31, 0.45) 908 [1.0, 47.8]
10 [0.45, 0.57) 1,577 [1.0, 66.0]
1\, [057,0.82] 800 [1.0, 62.6]

H = 20.100 x (1 — g *H1*P0%%)

[15,215]
[1.4,25.7] H = 54.000 x (1 — g 0040 x 0656
[1.4,27.1] H = 20.890 x @ 2257 * €\(-0.08x D)

[1.6,27.1] H = 51.700 x (1 — g 0040 % D070
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#3 FRAMEESBRENSHEERHNE 5K, AIC: FREEHEN; MAE: THAIIRE; RMSE: H5RIZE.
**x P <0.001.

Table 3 The fitting and validation results of tree height curve model in different wood density grading ranges. AIC, Akaike
information criterion; MAE, Mean absolute error; RMSE, Root mean squared error. *** | P < 0.001.

Mo FEA% Samplesite Y 4 Parameter MGG Tfi i HRIEARY
Group Model Fitting accuracy Prediction accuracy Optimal model
& Fitting #4% Validation a b c RMSE AIC MAE RMSE
I 504 204 Richards  13.300™" 0.068™" 0.680"" 1.070 1,503.427 0.796 1.313 Weibull
Korf 27100 2.689"" 0.349"" 1.098 1,529.476  0.821 1.338
Logistic 12168 4.165 0.232"" 1.069 1,502.340 0.844 1.334
Gompertz  13.370" 1.841"" 0.141"" 1.056 1,489.855 0.814 1.281
Weibull 201007 01117 0.680"" 1.055 1,489.608 0.783 1.250
1] 637 283 Richards 34.2007" 0.013™ 0.648"" 1.537 2,357.280  0.966 1.532 Weibull
Korf 99.700™" 4112 0241 1.621 2,430.865  1.052 1.598
Logistic 20517 6.009™ 0.132"" 1.575 2394034 1.075 1571
Gompertz  21.977" 2140 0.078" 1532 2,359.453  1.013 1.529
Weibull ~ 54.000°" 0.040™" 0.656"" 1.531 2,358.118  0.960 1.520
11 1,095 476 Richards 26.816™ 0.030"" 0759 1.753 434479 1071 1.689 Gompertz
Korf 163.7007 4.627 0216~ 1.788 4388426  1.132 1.735
Logisic ~ 19.723"" 6575 0.160"" 1.796 4398290 1.126 1.702
Gompertz  20.890"" 2257 0.098™" 1.746 4335966 1.043 1.655
Weibull 28.980" 0.065"° 0.796"" 1.758 4,350.653  1.077 1.693
Y, 587 243 Richards 33.700°" 0.018™ 0.697"" 1.401 2,069.142  1.030 1.639 Weibull
Korf 83.600" 3.979™" 0.271"" 1.504 2,152.666 1.133 1.729
Logistic ~ 21.793"" 6.432"" 0.139" 1.488 2,140.307 1.107 1.727
Gompertz  23.945™" 2.236™" 0.080"" 1.422 2,087.314  1.059 1.663
Weibull 51.700"" 0.040"° 0.704" 1.394 2,063593 1.025 1.624
201 A B
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= =
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25FC _0r
€l g
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i IE 10
E st ¥
0 20 40 60 0 20 40 60
J$94% DBH (cm) J$3#% DBH (cm)

E2 MEAAMZEESRXEREIUEHLZ. EA. B, C. DAMEE 57 74[0.06, 0.31). [0.31, 0.45), [0.45, 0.57)F1[0.57, 0.82] -
FAEZEB4> H95% B S XESEE .

Fig. 2 Four groups of wood density grading interval model fitting curve and original data distribution diagram. Figure A, B, C and
D represent the interval of wood density [0.06, 0.31), [0.31, 0.45), [0.45, 0.57), [0.57, 0.82], respectively. The shaded part represent
the 95% confidence interval.
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25 HSAEMZBOR, TR EEAUIR(FR4) . B,
BT AR FE o BRI TG RS L 5 5 T o)
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31 AMEEDRIRE AN ESTUNRE TH
AW TR, e T A 2 BE 4 0 1A% vy oty 2 45
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AICE I/ INERS), ULBHEE T 73 207 1 e 8 i i
PE RS AL A ARG B (2Rl AT, 2010, &,
2019). ASHF FE H AR I IR s A Y 1 25 B Gompertz
BRI FNWelbul I8, 3 9 b 288 1L P 4027 R BURF 1 A
JIANTE], Gompertz5 7! DLAE KA 1 Fe 5 Rk ow
A ARG AE K5, Welbul B DLAE (AR I8 45505
T bR B TR A T8 R R R A AR K R (B |
Aigk [, 2013). Yang%5(1978) 1 & B Weibul 45 1
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(A i = T Gompertz#5 !, Ng’' Andwe®(2019) %1 H
Wei bul I15 54 7% f& i 37 1 3 B %% LG 7 B 28 (Pinus
kesiya) 1) 4% il A2 AR AR, 49 38 45 LAY o 1) B
R, T A S Wl bul 1B 4 Ay fe A4 e A 7 L
USRI gt e, R 1207 R LA B 0 LA RO
32 AMEZBESRIEBLF S AIER T R EE M
EHT, 870N GO = A ¢ & i it 9 2 2k
TRl o R R AR, R X 7 5 RS JE A e,
B ZRHR G Mo b, ORI KAE N S 21
WILR, 3 BOR e il 2R 4005w B3GR, HE P A
R A AT 15 58 3 (A AR AR AN 4R A7 3E, 2003, FESR T
85, 2007). AT FUNT S L1 R AR S bR
(AR P L7/ P o o S ST AR e T 2 A 2, R IR
B FE G A, T HLN 2 B AR AR BR ], 33K
FLAR 102/ W e ARG S G 3 A s B . g e T
A B E 53 2] A BB T Ak 4 B2 5 ) P o3 R A5 L AR
2, H B P S B 2 AN B el 2 A5 A (1
3o BRIk, AR BE S AR LL R oy R B

SEAF ) E

x4 NMEBATSOM LT MIMET M I LRBIMAMBE D RERNER . HANS, DAKRE, MAE: FHBEINRE,

RMSE: #5RIRE.

Table 4 Differences between species classification model and wood density classification model of 17 species with more than 50
individuals. H, Tree height, D, Diameter at breast height; MAE, Mean absolute error; RMSE, Root mean squared error.

YiFl Species FT T A Y

Model based on species classification

EF AR B L oy AR

Model based on wood density classification

I (o] expressions BEl O expressions

A KIAR Model express MAE RMSE #i%%ikx Model expressi MAE  RMSE
9 #k Mallotus paniculatus H = 18.621 x g 727 * (0088 <D) 0.805 1.198 H=54.000x (1—e000xD0&%  ggg1  1.323
HiH Canariumalbum H =20.194 x g220* (0115 %D) 0677 0979 H=20.100x (1—e0utxP080)  gg50 1705
#1d Engelhardiaroxburghiana H =22.881 x (1 — 18> P07 0.678 0992 H=54.000x (1—e000*P0%6) 1418 1795
3E2# Serculia lanceolata H = 12.486 x 1857 * (0144 <D) 0565 0.839 H=54.000x (1—e®*P0%6) 0611  0.960
JU¥F Psychotria asiatica H=4.063/(1+1628xe%™*P) 0312 0482 H =20.890 x g2 *00%xD) 0.848  0.927
Mtk Castanopsisfissa H =9.203 x (1 — g 177 D)2 0585 0.823 H=20.890 x g >%7*€(0.0%xD) 0934  1.567
B4 Ardisia quinquegona H=7523/(1+4178xe%®¥*P) 0454 0593 H=51.700x% (1—e000xD00% 09497 0648
Bk Syzygium jambos H=11534/(1+4.412xe*?*P) 0718 1030 H=51700x (1—e®%*P07™% 1050 1.616
MSEH Sarcospermalaurinum — H = 12,527 x g 2966 (0159 0.386 0532 H=54.000x (1—e®*P%6 0460 0678
JKIFA Ficusfistulosa H =9.300 x (1 — g 0204* D088 0560 0.749 H=20.100x (1—e®1*P0%0  0g74 0873
iR Canthium dicoccum H = 15.121 x g2%7*0215<D) 1109 1516 H=51.700x (1—e%¥0*P070% 1527 1951
i1 J£2¢ Caryota maxima H=32827/(1+8650xe%®*P) 1881 2563 H=54.000x (1—e00*P0%6) 2572 3412
A Schima superba H=20978/(1+5.011 x e®¥*P) 2020 2694 H =20.890x g227*(0.09%xD) 2055 2724
¥ E & Cryptocaryaconcinna H = 8.149/ (1 + 4.416 x e*%™*P) 0481 0.710 H =20.890 x g %7 *(00%<D) 0691  1.066
R385 Schefflera heptaphylla H = 12.604 x g1-740x 0137 D) 0.777 1.097 H=20.100x (1—e®1*P0%y 0791  1.106
fR4E Aporosa dioica H = 18.300 x (1 — e 017 P07 0.634 0931 H=20.890 x g2%7*0.0%8xD) 0.764  1.105
HEZE Castanea henryi H = 19.793 x 2280101 xD) 1662 2247 H=20.890 x g2%7*(0.09%xD) 1752  2.346
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SRR b, BT AR L A G R it 2 A AN
ACEAG B 0L A O R BT B g, ARl b ke
TR AN R AR A KT R I AR S LA SR e
(Zakharova et a, 2019) . A4 % FE AN AT LA BERAE
PIRDAE IR L K20 38 57 40 45 R IR T A2 BE T B
TRAFFERE, HOK N A PR B KB B 43 A 1)
AT s MR 2 — (Maharjan et a, 2011; 1] %
2016). Xf TAWICM &, AN 3R B s
LRI RN RAL T A AR 2% B METE R AR B A K
B o S 07 ' N 8 R T N N - (19 e S
BRI R D, KRR (Chave et
a, 2009), At LAWY 2 B AR K8 R S il A KA
JEE ) 488 K177 PG (Poorter et al, 2010). [Klt, Ak1%5
FEMAHUER b B 42 e B T AE ) AE 3 B ) X ER B
MM, A, BTN PORE AR B, A AR 1) AR
KE5SFEERKXNEVIMER, HBEEEKYE
B S8 BAMARMZ R, TRt KEE
(Chave et al, 2006; Fisher et al, 2007). A% AU
BB E AR IR, B AR 5 A [ 75
3BT (Wright et al, 2010). U5 Bei Fhid i BA 5
I IAHA %5 B DA DR RE B8 CE AR B P4 PR AR G, T T
B FhisE & B RS AM &R, LIEnE & /Emk
T EKIAFi% 3 (van Gelder et a, 2006; Poorter et al,
2008).

Sk o B, RS FEREAEZ
RF, LI FEAR R YRR, X RMAEEZ A8
i, ATAERFRIMEERE BEA, alphor 50252 F
AN SE 11, LA B AT i AH A X WA B0 B 2 2 2R 55
(Weiher & Keddy, 1995), McGill%5(2006)iA A3t T
PEIR IR 72 07 25 B o s DAAE BV AR S 2l T4
2B ) R T M DA R I S VA U PR R T A ST
AAE B 5 43 2 PR v ittt 206 455 B 7 ofh W 1Ly B T AR e
AR AR SRR E, SHOTEE, R R AT
W TGS B2, B B a5 SRR
FERB 42, Btaehs i (8. RS 2R &, Nk
Sy B R AL T OB v, AT N AR AR Bh A R
b )R R A B AR T A o T ) A AT AL
PROLEAR SCHE . AL, IR B SRS B HER Y
W, S5 A R PR R 68 o s HE S AR A Hb
APra, SR TRA PRI b AR sl S B S

(o (HAE, 27 B TR — S R R,
WG AAA 55 2 HURE S 58 A P Ad I SR ATV, 4
R 2%, — R BT TIEE; H&, FIHAK
B8 43 AL SRR e AR R G i T R S AR T, H
XT3 07 1k AN B s AT R S Rl A
T FE 2t S H A0S B T BRI S B ),
RS Tk, B EIESTI SR, b
T AR — P ol 5 58 . EAUR I, ARER
RURIBE VR B 5 B BL S AR % B2 b 2 i1 % 1)
FHZE (X SC T4, 2011; Poorter et al, 2019), &k A] LA
TEIE T ARM 5 R o kit b, R0 26 38 e v v
BRHE S R O NBLAY, IR A AR, A5
B A O A 1) 3 RO A R
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ABSTRACT

Aims: As the main consumers of grassland ecosystem, spiders are of great significance to maintain biodiversity and
ecosystem function in grassands. Grazing is the most common way for humans to exploit grasslands, so it is
ecologically important to understand the effects of grazing on the spider diversity. In this study, we selected five sample
plotsthat varied in their grazing intensity in the Saithanwula Grassland in Inner Mongolia.

Methods: We analyzed differences in spider diversity and species composition among these five sample sites using
one-way analysis of variance tests and non-metric multidimensional scale analysis (NMDS) and analysis of similarities
(ANOSIM), respectively. We also evaluated the effect of vegetation height on spider biodiversity using a correlation
analysis.

Results: Spider biodiversity in heavily grazed sites is significantly lower than in non-grazed and lightly grazed sites.
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Grazing intensity also had a significant effect on spider richness and the abundance of garden spiders, but not on the
number of wolf and jumping spiders. Web-building spiders were mainly affected by vegetation structure, while hunting
spiders were more likely to be affected by potential prey availability. NMDS analysis revealed that species composition
significantly varied across sites of different grazing intensities. Sites with lower grazing intensities had more similar
composition to non-grazed sites than sites that were heavily grazed. The correlation analysis showed that the height of
grassland vegetation was positively related to spider biodiversity. Spiders from the family Araneidae (which build webs
on plants), Thomisidae and Philodromidae (which ambush prey on the upper layer of plants) were highly correlated
with vegetation height.

Conclusions: Our results suggest that available resources and spatial heterogeneity of habitat could play aleading role
in supporting high grassland spider diversity. Therefore, reducing grazing intensity can contribute to the maintenance of
grassland spider diversity community composition, especially for web-building spiders that depend on the vegetation
structure provided by intact grasslands.

Key words. grassland ecosystem; grazing intensity; web-building spiders, hunting spiders;, functiona group;
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grazing intensities (Mean + SE). Different letters show significant differences among different sample sites (P < 0.05). |, “Isolated
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grazed.
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{EAFVE R, AT T 52 2 ER IR AR5 A8 B =
FE AR IEA G, X ] RE 2 T AR B 400 AE IS ik
(Parasteatoda tabulata) . ¥ = #L JE i€ ¥ (P.
tepidariorum) F1 40T 15 ¥k J& — i (Parasteatoda sp.)
EONZAM BRI, (H A i A2 R AT 2N, R
XM SE I AN o T BB R AN R ik R} 5
FELAE e P2 SR A 35 IEAH G (1816), X AT Hh i R kRt A
1% gk B 2T M K 2 il B 3 AN (multiple predators
effect) it 3220t o (VRS B Wik (W gk igk . ARk
VS TR N R, T R R A kR
S S AR T 5 W Al D R A 1 T o AR 1 o
JZ(Barton & Schmitz, 2009). 4 445 B 34 i, Fe %
e P RIS, A A TR S SR, T AR
Bi A . SRR (Schmitz, 2007)%& M, X FhE L4
SRR RN, RN & 7R A BRI 2 [A] o <5
TR R X3, 323l s PRk SR 92 R 1 e o
5, 52 B v BE FEAC B S ma /0, 4 7 T gk
bR Bk R AR TR R . IR T A A e X I R k)
J g MR} I 25 5 ) B T R R [R] 45 AN (Barton &
Schmitz, 2009).

33 FRTFHEIEXTHILE 2 M RS20

PRI A7 T 8 B RO X e, 2 B R TR
B JE AL R ) — A ARSI, DU R — R BEAR AR,
T 5 R FRORORE B T o BS RVEAR M BELAS T 2
SEREREE, (X R IR RS2 AR R . K 2 A
WRTEL T HHHC R A WALRIRE ), HKARE ALK
B LT BAEE, ATy DAk B J5 A2 AR SR A
FIIRES, 758 100G B AR PR & T (Bl et al,
2005; Pfister et al, 2015; Duan et al, 2019b). FEHIfK]
W 2EL S A TR JH R 5 P JCO R L B e,
5 ] 300 1) B PEE TROPORE M 22 AR K, AT RE R AR LML
b ) P i R A e A T O A AN SR R i, A
JE) 12 L SO b D W R 1 RE R e B, T
SORE b OR R A TR R ORI 0 2 R, R
55 R IBCBORE s b 2H 1 B 4% (Rand et al, 2006) - 1]
DUBRAE A B0 Ik R4 A BB

R J5 W R V& 1) 2 R VR S D) RE R A M S AR B
R T A b ) FH 5 B 2 D AE 0%, B e 114 2 ) B R R
S IR PR RE A R R ) 22 R . R RS 1Y
PP AN [R]4 £ 7 C Ak o5 4 A [ R AR A AL, R
FEEB AR REANFE YN EZEER . B,
U8/ D TR FEE U R 82 B [ RO 35 5 B 25), e
FE WG V& S A IR EL 25 ), A )T WAL 22 12 E) £
P, 2 & BN MR 4 Pk, T LR R ) R AR
VIR 77, R B A RT RR A e RO A A E
=9
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Appendix 1 List of spider species of each sample plot

AME%E Number of individuals

PiFh Species . ; ) : } ﬁﬁﬁfﬁ
P 1 FEHLIT FE 101 T IV FEHYV Foraging type
Sample Sample Sample site Sample site Sample
site site II 111 v site V
WHRRL Agelenidae
RE 3k Agelena labyrinthica (Clerck, 1757) 2 ARl
MBIV Allagelena bistriata (Grube, 1861) 3 4 1 Al
FE#AL Araneidae
H EQAR UK Aculepeira packardi (Thorell, 1875) 1 6 1 2 X 5
AEREE ¥k Araneus pinguis (Karsch, 1879) 2 17 23 ZH R
el ik J& — il Araneus sp.1 4 S oA 74
el ek JR — 7l Araneus sp.2 3 2 x| 754
MEZ04x 0k Argiope bruennichii (Scopoli, 1772) 1 2 1 2 YU #
HEA¥ilEkk Neoscona adianta (Walckenaer, 1802) 31 7 4 21 A
AEUERL Cheiracanthiidae
ML Cheiracanthium virescens Sundevall, 1833 7 17 b
BHERPL Clubionidae
& Sk Clubiona neglecta O. P. —Cambridge, 1862 1 28 1 4 b/ LPit)
B HWRIE—F Clubiona sp. 2 % il
MRl Dictynidae
K Dictyna major Menge, 1869 1 SR 70
PRl Gnaphosidae
Wk JE—F Drassodes sp. 1 5 2 Vg i)
REFIEYE Gnaphosa inconspecta Simon, 1878 2 i il
S FREWE Gnaphosa mandschurica Schenkel, 1963 1 Vg i)
PRk JE—F Gnaphosa sp.1 5 izt
PR JE—F Gnaphosa sp.2 1 i)
FEURJE—Ff Zelotes sp.1 2 1 1 g

JEWRJE—Ff Zelotes sp.2 1 1 WA
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AMAKE Number of individuals

YFl Species e
R T FEHOTT b TIT Pt TV FEHV Foraging type
Sample Sample Sample site Sample site Sample
site [ site 11 I v site V
kR —H Zelotes sp.3 1 e
MEH} Linyphiidae
DRI )E—Fh Abiskoa sp. 4 3 SR
Y8 Wk Agyneta dactylis (Tao, Li & Zhu, 1995) 1 S5
BPENLEEER Allomengea dentisetis (Grube, 1861) 1 2 x| 75
W% Erigone dentipalpis (Wider, 1834) 1 SR
= bk Floronia bucculenta (Clerck, 1757) 2 27 2 2 ¥ 78
RIK#i%k Neriene cavaleriei (Schenkel, 1963) 5 AR
W1 # %% Neriene emphana (Walckenaer, 1842) 1 1 2R 20
MikFL—F Linyphiidae sp.1 2 2 1 2 7
MkAF—F Linyphiidae sp.2 2 S R
MkAL—Ff Linyphiidae sp.3 3 Al
PSEAL Mimetidae
TEWRJE —F Ermetus sp. 2 13 R Tl
Je#EA} Liocranidae
% ¥k Agrocea mongolica Schenkel, 1936 3 g
PigkBl Lycosidae
H 43k Alopecosa albostriata (Grube, 1861) 4 1 9 2 i il
B E5E Wk Alopecosa auripilosa (Schenkel, 1953) 3 2 i il
BV B0k Alopecosa cuneata (Clerck, 1757) 2 Vi R
FI KWk Alopecosa licenti (Schenkel, 1953) 1 2 2 1 b i)
FEWRJE —Fh Alopecosa sp. 6 8 1 Vi i
FH %k Pardosa agrestis (Westring, 1861) 10 Dz il
B30k Pardosa astrigera L. Koch, 1878 2 15 il
F W3k Pardosa mongolica Kulczyn'ski, 1901 3 Vi il

HIKFik Pardosa schenkeli Lessert, 1904 8 53 21 1 et
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AMAKE Number of individuals

PFh Species e
FEHh 1 FEHITT FEHh 11 Pt IV FEHV Foraging type
Sample Sample Sample site Sample site Sample
site [ site 1T III v site V
SKEEREL Miturgidae
RIEwk Zora spinimana (Sundevall, 1833) 3 5 WA
#9RAL Oxyopidae
Wilk)E —Fh Oxyopes sp. 1 15 6 WeHts )
ERBEEBL Philodromidae
S HIEIEYR Philodromus aureoles (Clerck, 1757) 34 33 2 2 1 e 7
JBIEWRJE—F Philodromus sp. 1 1 Vi |
HPEIRIEIE YR Thanatus coloradensis Keyserling, 1880 1 gAY
FERAEXE YR Thanatus coreanus Paik, 1979 24 63 61 3 2 Vi EEiA
W KIEIBI Tibellus tenellus (L. Koch, 1876) 151 13 i)
YAl Pisauridae
iKWk Pisaura ancora Paik, 1969 4 15 Vil
BhgkARl Salticidae
WHEYk Asianellus festivus (C. L. Koch, 1834) 1 3 T
SHEYE Evarcha arcuate (Clerck, 1757) 8 6 iz el
=AWk Talavera trivittata (Schenkel, 1963) 1 T
Bk AL —Ff Salticidae sp.1 6 10 13 1 4 WS
Bk AL —Fp Salticidae sp.2 1 1 Jipm
Bk ARl —F Salticidae sp.3 1 WA
Rk Bl —F Salticidae sp.4 1 R
Bk ARl —F Salticidae sp.5 7 1 1 WA
Bk AL —Fp Salticidae sp.6 1 R
Bk ARl —Ff Salticidae sp.7 4 1 WA
Bkl —Hh Salticidae sp.8 2 Wepte T
Bk ARl —Fp Salticidae sp.9 3 WA

SRRl Tetragnathidae
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AMAKE Number of individuals

PFh Species ?ﬁﬁﬁﬁ
FEH 1 FEHIL R 101 FEH TV RV Foraging type
Sample Sample Sample site Sample site Sample
site I site 11 I v site V
RIEE W Tetragna caudicula (Karsch, 1879) paalisid
PIBEH W Tetragna pinicola L. Koch, 1870 1 6 2 1 2 7
FRURAL Theridiidae
Wk JE—Fh Enoplognatha sp. 1 7 1 SR 7R
WREBIRAERE Parasteatoda tabulate (Levi, 1980) 1 ZH R
EALNE Y Parasteatoda tepidariorum (C.L. Koch, 2 SRR Y
1841)
WIEHEIEIE —H Parasteatoda sp. 1 ekl
ERJRIM ERigk Phylloneta impressa (L. Koch, 1881) 1 1 6 16 SR T
HPLEERE Steatoda albomaculata (De Geer, 1778) 5 ekl
NEREYR B — T Steatoda sp. 7 1
ILYEIRW Theridion liaoyuanense (Zhu & Yu, 1982) 8 4 1 2R 7Y
BRIk —F Theridion sp. 5 2 ZH R
kA Thomisidae
R Wk JE —Fl Ebrechtella sp. 2 17 5 4 i sl
MR BEEWR Heriaeus melloteei Simon, 1886 7 i)
B Lk Synema globosum (Fabricius, 1775) 2 1 1 b/ il
WEEYR Thomisus onustus Walckenaer, 1805 1 1 Vg i)
5 [RACME MR Xysticus insulicola Bosenberg & Strand, 32 54 41 16 10 bz il
1906
% BUC B Xysticus striatipes L. Koch, 1870 2 2 3 At A
R URFl Titanoecidae
ke fidk Titanoeca flavicoma L. Koch, 1872 1 3 it

&1t Total 217 497 243 94 70
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ABSTRACT

Aims: Arthropod biodiversity in farmlands has considerable value in terms of pest control, pollination, and other
ecological services. To adequately assess arthropod biodiversity in farmlands, a fundamental step to select
appropriate, accurate, and efficient sampling methods and identify appropriate indicator taxa.

Methods: Here, we compared severa arthropod sampling methods in different types of agricultural habitats within
organic managed and conventional managed farmland, including the surface trap cup method, coloured pan traps,
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the sweeping method, visual counting, and the vacuum-suction method. We compared the capture efficiency,
economic costs, and response sensitivity of each method for different species assemblages.

Results: We found that the surface trap cup method and coloured pan traps had the highest capture efficiency,
followed by the sweeping method, the vacuum-suction method, and visual counting, which had the lowest capture
efficiency. Coloured pan traps was more efficient at capturing carabids, spiders, bees, and ladybugs. The surface
trap cup method was mainly applicable to sampling ground spiders and carabids. The sweeping method was also
effective at sampling spiders and ladybugs. In terms of economic costs, the most economical method was the
surface trap cup method, which was used to capture carabids or spiders. The sweeping method had the highest
cost due to its low capture efficiency of spiders. Sampling methods varied in their response sensitivity and were
reasonably able to estimate abundances only of certain taxa (e.g., the number of spiders and carabids by the
surface trap cup method, the total number of specimens, the number of bees, and the number of ladybugs by
coloured pan traps, and the number of Orthoptera and Hemiptera by the sweeping method).

Conclusion: We further compared sampling methods after taking into account the economic value of the taxon,
the difficulty of sampling operation, the difficulty of taxon identification, the degree of passive sampling, and
whether the taxon was influenced by different individuals conducting the sampling. The most comprehensive
method was the surface trap cup method targeting carabids and spiders. Using a combination of different sampling
methods for multiple taxa is recommended to comprehensively evaluate and monitor overall farmland arthropod
biodiversity, and our results suggest that the best combination includes sampling carabids and spiders using the

surface trap cup method and sampling bees using coloured pan traps.
Key words: arthropod; sampling methods; farmland biodiversity; agricultural ecosystem; agricultural insect

A H AW 2 #E % (Farmland - biodiversity) k45 £«
HAES RS TR ZFEME, v DAy rE A it
ITAREK. B, WHE. e T8, EXESEEEIN
JIT A6 ) 5 AR L TA) B2 20% 1) R 44 05k #: (Fahrig et @
2011). iAW g 2 B EHE,
WAL BN g ORI e AR AR 2
FEPEFE R 5B, (Dennis et a, 2012; Fahrig et al, 2015;
Duan et al, 2019). & M5l zh¥ LIRS &
GER S5 (APl Bk ) e RO nT R B R T I
ROt A%, 2004; Z=IERR%, 2009), M A
kB K257 25 (Costanza et al, 1998; Altieri, 1999;
Tscharntke et al, 2005), 7 unfeky B Hefdi 4Bk 124%
TEYI = Bt T 70%, 520 1 43k 35%I1 B Wit s
(Klein et al, 2003). FEARELI LA Az 7= J7 kT
A= BRI MEHE T ERER, B8R EEDY
ZFEPE NI AT RGURS DRz R 3 2R A
2 —(Pimentel et a, 1992; Benton et al, 2003; Kleijn
et a, 2009). Pk, R R E AR HA S RS R
5 2 W) % KPR Z) A %% % (Butler et al, 2007,
Concepcion et al, 2012).

AU AP 2 SEBILAR FH AR 4 22 R PR AR 3 60 T
P& X TFHARESRS, REESRETH
WA Z R ERE 2 . FRE R4
BARGH Es M A 1,300% Fi, & k15 i 5h

)%)2,000%, (XA HH W A7 2050 (3 5K AL, 1999),
T FH gk 2 38 3720 (E vt 4%, 1996). KL X
B2 A Z R, WAl £ 0 A S 0T
SR EETT v — B ARV TSR (R 445, 1993,
Zouetal, 2012; #A R4, 2013).

4 THT U 2 T A AR Y R B ) R R A IS Y
(RTA) %%, 2013). AR HH S, AT kAP A
BB R, MFEE . NHETIBUR, 2A&HE
W 22 RE I TR AR PP B )2 1 R 1 S (Rainio &
Niemeld, 2003; Belfrage et a, 2005; Dennis et al,
2012). Bt XA R AR TS 2 [F— AR
AR EURE R 5, R FEBEE (IR
1) MR EBHEGEIEIR) . ML, B E0EE
D) W 220 ) QIR V2 4 i sh A R 5 FH 1)
Jiide ANTEIEURE 510 B A 5 B A 3R 2CR,
VIR T RERE (0 22 (SR 3k 4 4%, 1993; AN R4,
2013; EF°%%, 2016), LA K #AE X 5 F5 R ke iy g L
45 (B AR A 8h 15, 1992) . 3 i AN R BURE J7 v i 32
SN TE, DU To I B8 B R AT LA, IF
SE PEVFAN BURE TV B AR A /2 (Zou et @, 2012).
[EIIT, AR FE 7N R I B SRk O T IR B8 AR A L Uk
P, Wt R SRR AR S IR . Z BN TR
BUD BT, ZRE B BOm 2 AR an RO
sz NN TR R ARSI 2, A E
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FERI Z RN . PRI —T7 95 T 5 — 2R3 )
ZREMEERAE TS RN F TR BE R 2 5, P
X FHIC S e 9 R, R PRI AN [F) AL 25 1
X2 2 —(Dennis et al, 2012; Duan et al, 2016b). H
i, ZREFEL LEZ RHEMHABECAEZ . Ktk
AR ER R, dethbriE. Lok, PRaE, mrE

B AREAS SRR T iy (AN R A, 2013;

X[ %R, 2013).

AT T IE I E B A LR A HLER UM WL & H
W2 FEPE IR A 7L SR B AR RO . RS
SEMET) . GDTIT A RAS i S B R v if 2 5 2
F, BAERD T () REFR 7V B B S A A 3R
RO (2T N %ISR 2 FEPE 8 B v [ A%
Py QYRR A — B AN BT AR . B
R BIfRT . AER . S RUKAR AR 2 FE IR AL
B J7E, FUBORIPPAl AN [m] b 77 () & B AR 2
FEME, AR RV R AR AR 2 RE 0 LR 55 ThsE
RS,

1 MR5HEE

11 MARXEEMIEE

Dot B AN RV BURE 7 v S S RE XS T A 1 T30
J£ 0y R RO, AL A LA R R B X AR
RAF TP EE AR . W FE X AR LA T3
T ER PN X oy MR, 1 HB X @ W 3y 22 XS, Hb TR
PLIFIR N E, KREFE, BRSNS E,
TERE.

A HLE X AL T R B R (29°80° N,
121°40" E) R MEAR B IA " &Y, E 11,030
; RIPE0MEETES—HHAR G &8I
SATANVE B, At AR R 2. KB se i —

SRR B, R OR HBURE MBS B E P 152,

IKFEG H—E N AT KRR/ NZE R0 AR, Pt e i
AL, FEBEA TR T 7559, 50 /a7, REAEHLESE
F1K .

HOE EEIX AL T AR LATEZ5 kmff ol bR
BILEA (29°81 N, 121°45' E), 2 X S AR 4
1,000 ; %A Lt AT B & B 34T SR LA b
o KRGS A P 2R B S 6%E, i & & IR
125 kg/ i, EWHIIAR 245K . #5 K HB—F— B
250 RN, MR A AE40 kolmr, WK
213IR o IKFEH —F N AT K TG B AR, AR

Bt R ARG A e 479

HE15 kg/HT, B A HE25 kg/Hi, WHAR 2524140, iR
b3 B 1 34 SR el A 155 45 B ORI, 30 T 4 A i
FAALRE A 24 (70 £ 05 5%, 2019).

TE PN AR FH A B X AR 43 il e B KM 52 (DC)
BF(GY). /KIEGHE(SD). #% K HE(LC)MIFE K H
il 2 AR B S (NB) JLSF A 55 28 8 fg i 2R 1%
KM EINEE, SiH30HukEHh . A PR T AR AE
100 m?PA k., FEH (E]AIRE100 mbA b (55 K B K
HR I T BRI o (5 TE . 75 R B 2R IR AR B
B 0% B 15010 m x 10 mIEE T, 7B RHIERSE
AR 321 5 AN K R 43 5 2R AR B R Hb A O i B 15K
2mx 50 m (21 m x 100 m)fIFE o
12 PRI EEREHAESE
1.2.1 HhFRPEBFIREA(HBBRE)

JE N b 2 4D 5 BFF P o 1 2 4% i 3 0 3t 47 B
B o FETHPIR AR B8R s i B AN RE T B2 B 5N
BHAR o 7ERARAFE HLVE A A Hh A1 RE (T BRS  mdy Sl ik
ESMREBEA . BAMEM R L2 cm. AR ER8 em
(AR SERIAR . AR AN USRIB A& 3hK, L
T LETERS DA IR VIR I R TR B 7 o 28 28 AN I
TE 5 LIERMEEE, JERE L5 emib 3% —
B ML A AR T N . A AR AR I 5
o
122 #HZBIEMEE(IERE)

FHEEZE BB 23 o AT T B B gt AT BURE
TERAN PR A 5 N B BONM A&, o 3l & TAE T
N2 NSRS S L, AR RS X s i 1A B
B T A IR, AN GRS A 5
Il B 14650 miIIREAY, B SAEH FAR A CE
FE BT PR3, BANEREZE A (A RE2 m, b
(RGBT R S 22 /05 m. i B N2l em. &
125 cmif @ TERABHEE K LS mifsC e |, o4
i N\ R 2930 emli] 2 . BB SON300 mL (29 751
VAR KR B idibg . 9 bR A IR T
Bl -

123 ML

FAHEIR XS 23 s s B s AT W o AR TR
Hopy, VAN BEREHL AT E20 min, R R 4
AR R B, B N TR AT, B IR
10 min. FEZRRFEHIAE T N, A A SRR IR
ATRE20 min,  DLARE RN THNR AR 1 EORE 58 B — 35
AT E KL 96-7 m/min, i R RIZ080H, K1
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H 130 cm, MES5 cm, #F K110 cm. HUEE T
9:30-17:30HF KRB R . Al >15°C. R# <
2.5 m/sitE Lt AT

1.2.4 BHWHHCEEMNE)

K H Bk e S AR R T s . 7R
PRAE 2 P BE ML £ 108K BE S 1 R 2 /02 mifAE Y,
TELRIRBE N /DA FE 1 mBEALE 100« H%
KRk e % B K e S AN AR 25 2R
SIPIIECE, il R IR R B HURON 26 A 80%0iR K
(1) BV v I [B] SE G 2 AT %€ .

125 MRk

FE R FHFH S8R 7 320 06) e R 5 DR 5 3R FH
BB A . RN FE R BE AL B 5
IR s (MaIBB2 mEh k). SR 45 w58 XL (1 eaf
blower-vac) £ 2 1 W B 25 4t 15 i 3 (Zou et A,
2016). £ &F—ANHURE A FH 25 0 (0 2R (RS T BLA
40 cm, 1540 cm, RFRZI50 L), Lifareb e, [
BT BN Pk itk . FH AR DRI b B8 A3 24 A KR Bl H:
flkEY, F U R AR 2 min. R BRI B sh
e N8OV MG TR AF 17 [ S0 2 4r KA o

FIT A 5 e s ps A o [ S Ay 12358 )
vy (FCEE, 1992). (HE IR R E L)
HE, 1998). (RHF(EL )Y BERIEAE M,
1999)F1 (R H /3 KE(BITIR) Y (B4, 2017)
SREH, G R, SRR, S TR W
WhH . SRR SR MR
1.3 AEIBHEGERIELE

(D) AR BURE T VR B 3R R, R R T
ZEOrHT . AFESH S (1) A R 5 H L H 91 3
IR EE R . KBTH2TH 28H4H s —
S B R P vk R AR ) E s F17 H 29 H 28 H 3
H [E1 SR H 02 A4 93— 56 BORE 3R A5 1) £l 1t
AT VOB, BRI AN [F) URE J5 VA AE A AL B R AR 9 T
(BRI H [RIB [N, Q047 B B P el g
A BE £ TR IR T ) (/)40 SR A [F) AR ST ) A B 22 o
(DENE RSN E e A7 SN N =
ST EIEE) MR E R R A
ik ES H28H 6 H11H . 7H27H 87 24H 3t
16/ I EUEEE, SH29H £6H2H . 7TH29H £8
H3H. 8H23-25H L3 ML 1 #4k, 15729
H#6H2H, 7H29H 28 3H L2¢k iy H %L E s
HEAT LR (i) R R A8V 5 At 7 v I SR R 1)

ZE5t. BT HRERNAES H 26 H X 75 K AR B FIZK
e FH P b 2B B R 124 RE R ERE, i AR 7K R
FEE R )8 H 1724 H — Jil B4 2872 R0 b e v,
A K8 H 23-25H [ Wik (1 BORE £ 147 Lt

(2R A ZE 57 o T AT 30N bR FH b i
R RVE AT LR, FREREURE 28 (A B BUREAX
&, PR OPR AR, B S [EISCACES ) T A AR
AR, FE LR A AN E A0 A L (R
LRI TIEAR A8 AN E M BRAHEAT EU A,
NI SA R L5 R BORE R = NPk flME. Feit
Y BARAIS [ A . 25 FE BIAN R 5 A 3R R 1)
ZEt, B SRR E RN T VAR B — A
Hh 50 Kk (LR 7 kIR B AR 2, H &R HHE
FH TR 7R ) I 7 B AT BURE U B A

(3) A [F) RS J7 325 1 e — AR W S A 1 e 37 Uk
PEo AR VN BB AME BT S A WU B
TR, HARH IS KR F R SR [ CRH s s
A AES) S T B ORRH, T T RS
(BRAE BLAE B AU, MDA 7 N %2R
A AT 1A oL AR R AR 5 T B AR
(Dennis et al, 2012; Duan et al, 2016a). A TR A
T A IR R 2 RS bR, BRIy % e il
(IR AS B A KPR AR R ARG o 58 B 28 I gk
AR AR A, HAMAEFI RS 2 W B B
(1) IEAH M, PearsonAf] 2 i 45 40 il e = 0.59,
P < 0.01F1r = 0.84, P < 0.01. #7E A [EBURE T
FEFERT T A FH TP AH P52 1y o I e 222 S, SR FHT XL
K27 20T . TEJ7 Z TR, Jeilb T A i
IEAMATT 25 WA . 22 B HL Ik ) Tukey 16 56
%, 5 25y BT AESPSS 16.0% 4 AT

(DX AFEIRE LRI A . 2250 B =T
TN 2, FRATTA AR R 7 92 R QTP A v 43
SR TACE, BAE FRR BRI SR AL (10%) . HX
FEZ D A (10%) i RN (209%0) « REEATE T
AN A = B E, W2 S H AN s
HIThEE. LR THAESS) (10%). FRMEMESE(10%). &
5% 8] S HF(10%) . %58 32 (10%) . BB HURERR
(EBNIFE TR LEN TR, S BFEA T EN T
3K) (10%) . 32 HORE N 52 me] (O N 22 S 2 L 3 5
Wi B RE 45 ) (10%) . XF LA 9Tk 47 4T 4 (1-3%7),
HAHERROR . N RURE . RS TINE . #3h
HUREFR S IX AT, A, & =AM lid
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1. 2. 39%; T#EAEXMERD . BURRR G A . & 5K H 1]
SRR %8 MEFE AN R HURE NS S5 IX BT “ ik o
B AN BE N3 20 19y ARFEBLE THELE
E1Fo, 13r>2.5M WAL, HEFAE AR T %
AR SRR SR, 1370 < 280 AHERE -

21 AEBETFERERMELLE
211 ARIFAMNENBRLFHNBRUEES
SR ESCRI T L7 S ) A AR EAE AN [F) BORE
IR IAAAE BB EE R (df = 3, F = 4.0-16.7, P <
0.009, #1). ZHELIK AT, R AHFE L3R
MAMEEZE RS, HEEE R THAMEGERD.
H % & 93,0002 R 45 e sh ¥, R i B 4l i
g, AR L Wik SRR RN A
. NHRER LR, HEBENXEHE . E#
H. 58 H Ak B RS RSO A H b
RIE Tk H L R E R H (2R ),
EISMNRHEE SIS L SRIPYSLRSNEVE ST
T %o 5 3 RS R R
212 AREFAENERERLEHBRAENES
B P o BT A 22 BB A (KD D), B3R 113 H B
W, 2012 frigfii, Q0 R MR | 54 - iFHE, {HiX
BEIRE T X LA A A SR A3 ORI, DRk
HAT T 22500« BH B 4t 1 (658 R ) it FH (503
e 2, (H70%Lh #0024 & M 5 (ks
f# 4> 4 Holotrichia titanis 1 # 5 JI\ Aulacophora
indica).

H ISR IR I AR AAE A R HORE 7V

BURFE QMRS RBRE ARG I 481

B D EMEZ R = 3, F = 26.0834, P <
0.001). ZHEILEEI, SFTMkE, AWM
g 5 AR T R A ik (B 1) . W5, 3
RO B RS e T A R, Hig
KRG EHEE . MW, M EE
PREFEEFAK FAMEHRGER, a7 RDH
IRCRE,  (EX T PR P HORE SCR B
213 MRHSF/EEERRBAMFEHEBAEMEM
HAh 75 7AeE

o T BB (B e 2) A H B, 25

180 r O #4418 Coloured pan traps
160 b2 O Hiff3: Surface trap cup method
O HM B Sweeping method

"g‘ 140 + a E Hill¥: Visual counting

B

Z 120 |

&

© 100 a

8

O

g 80 r +

Z

& 60t

®

< 40 | b

b a 2
ol 12 R :
b b b
0 .’_‘—Iil"'l—. b L b L ==

ik M AT HH 2
Spider Ladybug  Scarab  Carabidae = Bee

Bl AEEEGERREMEREBEMBENES(E
HH EBREFRRRIAEFEZANBRYEEREE)
Fig. 1 Differences in the number of individuals in common
indicator groups captured by different sampling methods. For
each group, bars sharing different superscript letters were
significantly different at P < 0.05 (Tukey HSD post hoc tests)
in the same blow.

®1 ERR. BWE. MPEERNERENER BRLBBRYERES (MR 1)

Table 1 The difference in the number of common taxa of coloured pan traps, visual counting, surface trap cup method, and

sweeping method (unit: PCS)

H#3% Coloured pantraps  Hlli%E Visual counting

HuBv% Surface trap cup method 7% Sweeping method

#4%# H Coleopteran 16.32 + 3.74° 473+ 0.89"
Wik H Aranese 18.36+ 2.15° 6.92 + 0.90°
3 H Lepidoptera 5.27 + 1.39 040+011°
JEE# H Hymenoptera  36.64 + 10.19° 15.05 + 2.59°
X#H Diptera 49.46 + 14.62° 3.55+ 0.66°
Hi#H Orthoptera 422 +1.09 3.18+0.45°
A H Hemiptera 10.00 + 1.94° 6.56 + 2.06"
KAEHL Total number 1 op 7 4 g 14 100.60 £ 25.81°

of individuals

12.83+ 3.35° 5.10+ 0.68°
2352+ 3.22° 1379+ 217"
0.90 +0.25° 0.27 +0.20°
46.81 +10.28* 2.53+0.48°
11.25+1.97° 5.40 + 1.36°
14.59 + 2.42° 4.29+0.86
3.11+0.69° 15.81+3.09*
98.23 + 13.88* 39.50 + 4.70°

{47 PR [FA 7R R 22 5+ 2% Different letters in the same row indicate significant difference
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ST, R BHEBRERCRIR L 1) . TR
TR B U IRORE AR A A AR i S A K R
FARTHANE, HEHPRE BREAZEAK(E2).
Xf Tk, IR R AR 2 A T H RS, A
IR B R Z A B
2.2 FEIEFFERIRALLE

H DU B U B R AN AR, O AT I AT,
A A H T RACRAR, H AR L T 2
6K IR ASTL TR BARA REB B — T 250
WAL (O BORE B, DRI A B v o MR VA A ik
Fi3R50 H ik N 75 LS (RI3M), AlARMK, Hik
EIECE GRS
23 ARFBETARRFRMNGRMENER

R RA L 8 Tt AT e T P AR BT 1 A 2
(ERTE LR (s TRUNNELE S C I S S L3N
H@H. R, REE. gk, B FEH
MG T MEEG FAPNEEDE H MRS kAR
ik HAMAE DR RS, Ho gl B A
B AR e (GRS, HABATF & IR RS R
Bt 5%2).

24 AEIFERLGEHR
HI AT L, A+ 2V A Wkl 3R 0 o, {H
i AU 22, ANEEBCRA . H IR 2 AN EL

R2 TEIFEBEERAS IR
Table2 Statistics of sampling cost by different methods

FETIRUIE, HAB K Rsh a7k, A
VRN HREAIRAR — i, MRAEE,
BOR— B, 2B —E AN, ARk T
REHET IR — g, HEEREE AR, AW
. WA, B E B R HAEE R, B R
rReEd B e, P AREE, EVCRH .

300 -
O #4341k Coloured pan traps

a O Hiff&¥E Surface trap cup method
P 250 O ¥ Sweeping method
E m Hil¥k Visual counting
g 200 W 17 B389 Vacuum-suction method
g
£
o
8 150
g
Z
& 100 -

b
g
y b
50 + t‘l? I b
T a a
’—l—‘ []ﬂa ab
b b b b bc c
e A LIS
All groups Coleoptera Spider

E2 WREFEMEMEES EBRENERLENMEHE
HES

Fig. 2 Differencesin the number of individualsin common
indicator groups captured by vacuum-suction method and other
sampling methods

HAE HhFEy% Surface trap H AR % W
Coloured pantrap  cup method Visual counting  Sweeping method  Vacuum-suction method
FEHUEURE £ (1Y) Sampling 1,165 1,413 259 266 775
amount (PCS)
FH [ %% B () Time consuming 60 48 29 27 30
inthe field (Hour)
= P4 9 IF (1) Time consuming 30 30 2 10 10
indoor (Hour)
HZE(K) Total rental time (Day) 3 3 2 2 2
A% (t) Labor cost (RMB) 2,250 1,950 775 925 1,000
FZE 9% F (JT) Car rental cost 1,500 1,500 1,000 1,000 1,000
(RMB)
HREURE AR (Jt) Cost of one 3,750 3,450 1,775 1,925 2,000
sampling (RMB)
HURE K% Sampling times 15 15 6 6 4
FEHEURE A (JT) Sampling cost 5,625 5175 10,650 11,550 8,000
(RMB)
241 A (78) Equipment cost 3,676 1574 45 1,202 2,500
(RMB)
SA(IE) Total cost (RMB) 9,301 6,749 10,695 12,752 10,500
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R3 HYLSHMEEGRETEEERBMERE TFRIEMGFEEEMHERMNARIKE BN Z LR (R 1)
Table 3 The post hoc tests of biodiversity indicators in different levels when F test were significant under both different

management measures and different habitats types

FH ) Management

A[F|HE8E Habitats

AHEHE LB PN
QOrganic Conventional ~ Greenhouse
management  management vegetable plot

FRACH AR i 5 7K 3
Orchard Openfarmland  Farmland Ricefield ridge
boundary

#4: Coloured pan traps
MAMA%L Total  886.93+59.17%  622.38+60.90°  480.17+61.14°

H#H 1553+1.99"  4.77+1.03% 2.00+1.00°
Orthoptera
ol Ladybug 19.33+2.61%  7.54+1.08° 5.00+2.03°
JiE# H 194.80+33.72" 82.62+14.21°  91.83+31.32"
Hymenoptera
%% Bee 124.67+13.22% 35.77+4.91° 11.17+3.27°
#H! Carabidae 37.87+46.19"  7.69+1.66° 1.50+0.56°
i H 46.20+8.22°  30.38+4.40° 8.33+3.66"
Hemipter
4faF Scarab  29.67+7.93"  5.69+0.96° 1.33+0.49*
HM¥%= Sweeping method
H#H 21.40+3.25*  5.38+1.14° 6.17+3.32°
Orthoptera
Hiffi%E Coloured pan traps
W Spider 176.13+1547" 110.54+10.65° 107.83+27.88™

! Carabidae 35.27+#5.46%  14.23+2.61° 5.17+2.18¢

601.50+66.37°  759+148.24°

893 .00+169.74° 1,178.50+121.55°

8.83+2.91° 12.17+6.24% 17.83+4.71% 8.50+3.71%
17.00+5.30° 21.67+4.50° 17.83+4.97° 4.67+1.28°
72.17+1251°  165.67+107.91° 260.33+114.00° 92.33+32.41°
115.33+34.61°  107.67+27.01*  82.00+24.29* 81.67+29.44°
13.00+4.36 4067+1294°  4150+1553°  1550+6.19°
38.67+9.41° 50.33+2453*  56.50+11.44% 20.83+7.69°
4.17+1.58° 38.33+10.90°  42.33+21.04% 0.50+0.22°
23.33£8.25° 17.67+2.15% 9.67£2.84% 8.50£3.81™
212.83+50.59*  140.17+17.01* 136.50+8.11®  105.00+29.52"
13.50+4.90° 49,00£9.45° 28.00%4.68% 25,00£12.55™

[l —AT AR RS FEHRERIZITE TR M R B IE R AP B 22 R, AN R/NG SRR AR PRAEAS R AR 35 (A A7 A2 S 25 1
#5(P < 0.05). Different capital |etters on the same low represent the significant difference of the number of individualsin this group under different
management measures, and different lowercase | etters represent the significant difference of the index among different habitats (P < 0.05).

e s, MEEREBREIE. BURAD sk
TRIURE A FR R R R B D0 R RO 5 12 B TR 2

DR ERIS W, SRS R~ (SR = BUNERIOE T EIN
KBE, T AEXS B R sh P R B A (AN R AE,
2013; E574%, 2016). FuE. [ iR o i B
A H R, (HARBE AR . o BT R I
SRIGECE AR OR D, R 8 A2 R S e H AR )
EZE LR Evie N SIS S IS INIER ISR IR S5
H sk 8 BAR 2, H B AT B 1 i )37 B 1
1L FR T % 5 TR e LR A PR R e e R, RT3
FE K F E AT R HURE 58 B2 R B AR B i 2 2
FEEIFRNR; BUONAMXAMEZON D Fh & 2 8] K HA
BORMAROCHE, T AN R D RERE 1) /MR E 2 b AR
T TBAN SRR 0 RUE LR L i R s
¥y 2538 71 (Tscharntke et al, 2005).

KA TT A A K I 3k B D Re A1/ 4,
N 2k T IS E AL B A HORE, HhRevE T
B o HYFE (Dennis et al, 2012; J& 40 % 25, 2014;
Fahrig et al, 2015), A5 tH A& I REFR 7 V518 & %)
B PR UM RN, EEREE A TR R
W FERVEIE AN [F] R R 5 AN [ AR S TRATAE
W, FEAR KD BB R A R 2 (I AE, 2017,
A S, 2018). A[FEIEEA % HMREIX R,
WAL I A I 5] i B, AR
W 51 XK Bt (Zou et al, 2012). [T x5 7
RIS A LR AT, TE . Ao
TN 2 (A SRR A KA, AT 3 I B 4
BT AR AR W R 2 TR A . Tk (Wi
H R AE A [F) 5 ERS AN AN [R) A B a) BRI A R 35 %
S, AR B Bk AT BE A2 B SR BE ALY O >k, A
I SZ B4 PR AN AR B SR Y B S M AR /N o RN
A ORI et B B IR AR, AIAES Ja 9T
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Table4 Comprehensive comparison of different sampling methods based on weighted score

B Hgk HhfEvE SRS 32 M L g
Weight Coloured pan traps Surface trap cup Visual counting Sweeping method Vacuum-suc
method -tion method

Bee Ladybug Spider Carabidee Carabidae Spider LadybugSpider Bee

gk Bldr gk Sk Ik EEH LA
Spider Orthoptera Spider

LSS\ Wk P H HH
WL Capture  10% 2 3 3 3 2
efficiency
HURE LR TF A 10% 2 2 2 2 3
Economic cost of
sampling
i) S8 B 20% 3 3 1 3 3
Response sensitivity
KEATINME 10% 3 3 8 2 2
Economic value of
groups
ER{EMESE Operation 10% 3 3 3 3 3
difficulty
X M e 374 Expert 10% 3 3 3 3 3
field support
55 e 10% 1 3 1 2 2
Identification difficulty
BeENEUREFEEE Degree 10% 3 3 3 3 3
of passive sampling
iGNNI 10% 3 3 3 3 3
Affected by sampling
people
k45> Weighted — 26 29 23 27 2.7
score
AL Recommend — & & FON < &
for inclusion Yes Yes No Yes Y

€s

3 1 1 1 2 3 2
3 1 1 1 1 1 2
3 - 1 - 1 3 -
3 3 3 3 3 1 3
3 2 2 2 2 2 1
3 2 2 2 3 3 3
1 3 1 1 1 2 1
3 1 1 1 1 1 2
3 1 1 2 2 2 2
2.8 14 14 13 17 21 1.6
Yes No No No No No No

hiE—RmuEkRE. BiC& KR E G RRE
TCHAT AR B R B AR 1) 7, ROR PR
B4, AIEA R AR

68 B 92 A2 A L F A% P M 2 e AR Y
S S W ik, B RRCA T A 2R A ORI ik
2 FEME bR HELL 7772 (Rainio & Niemeld, 2003; J&
4[ %45 2014; Duan et al, 2019), FA 1R 7Tt &
i RE vk B i T IR M A A HO A . B IR AT 1
PEMRTEL . HURERR & ARG XA AR Bl R /N
AR (A R Z, 2013) . G vl R BB AR i iR
ML AR IR A AE SR ZE R, R 2
F BN 5] L PRSI, AR R AR,
P S AFAE — € BRI B4 (MacGavin, 1997). At
ALK WA K, ZEREE . AR,
4 HoAhAF 5T % 1 (Zou et al, 2012; Bertrand et a,
2016). {H BTN S FRREIE R, M bR A RA7 HOR
BUCE HA R A LA . BARE W R ERS
FH SR FH 3Gk PR B BHR 2 BURE (i 55, 2011), {HHBPETE

R ARTEE T X R0 B SRR, SHEER
B FH R ERAS: B g 4 THI (19745 i sh A B &5

BT R A B AE Y, Bk
B 5. Z HTEREYR E A, (22 NoAsh
K, AE A HAEY) 2 FEME R . JeRTi
F 55 1 2R B B I3 3R A5 0 &5 i 5 RO R ) B i
/b WERRPE B (TR AR RN RS, 1992), BATTHIHE
FABEIE T H W2 P It 2R G PR SRR

F 0 92 Al T T 0 A R S0 ] e 1
HUFE(Dennis et a, 2012), HLARARMG. #AER S, W
A R LNV S T B 1 2 AP (Zou et dl,
2012), {HAIRERZ BWEE MK, B2 3K
AR )R X [ B2 (M acGavin, 1997) . FEAHIE 58 1,
FA T W S RN B Pl SRR AN AR, AN K&
BTz DX E GRS H SRR A . 1
T IR EURE R, T LA S e R (1 4% i
BN T 7925, ) A T LA 22 (1 e 555 JR B,
ShA PRI SR R Wk, SRR i (Zou et dl,
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2012; Duan et al, 2019).

W R 2R K I8 A R YT B SRR
R 0l A2 R (SR E A AF, 1993; XY Y 4F,
2002) o W B 287 7E e 715 JRE S iURE e LA e 1)
BRERCR, m T B IE MR, KT 5 RME
(R4, 1993, F 5245, 2016). fEAM 7T, &
ERERCR SHERNE . HIBEZE A K. LRI BT
FUI WK FH R AL SR R T R 2R, 7 B 18 B
Iy BRAS IR (S 33 745, 1993; Il 75 %%, 1999; X
7R, 2013), K FH 203 MORUL 6o IR R 28 ] 3
L% (Zou et al, 2016). K F 2 e 8 R HL A 20
PR ER PR SRR, P AR IR 2 min, JEA
RE LR UE A B2 1 B A g W s 2RI BE (Zou et al,
2016). [t , SXFERHERAE XS AN FR RIAMA R BE 7855
HORE, i HL AT DL sE S b 5 A7 T AR B IR R sh )
ZAEVE . (R R IR BT SR BN A PR B
Wi B RO B 7, HARAE R AR, JH2 BN RERAER)
SO, KB RS Y (£ 245, 2016). MR AR
Mg st AR, HREA 514 (Zou e d,
2012; XA 7R, 2013); 7£ 5 HiAS BEAR LF Hh 5 25T
MIEA, HFBCHEkE, HAE S ST
PEHb (T oK) R AR AN, DR ANl DA 5 3
A HH R

PRI A ] (1 A H AT ER, a] ik BEAS [
752 RE(Zou et al, 2012; F 5748, 2016). AT
KW R = R I, R SRR B A T
AR FH W B sy, i — Mtk R mT ik A Bk (E
RAEANENES, 1992). FHXTT-2R FH B — T VR4 3R I R
— VIR BEAT R A Z FEETPAY, 2RO
HURE 746 N AR A R B 6 2 0 1 ROR
(Zou et &, 2012; F5%, 2016). filUnwWinkleriZ: e F
B R B A FH A R SR ECAS [ 3 3 8 ) R Bl
TR, DT B A 1 e R R AT
(A REE, 2013). PRI I IR BRI 52 B AR 3598
R AR IR 2 B 5 (MacGavin, 1997; Zou et al,
2012) o N2 (1) 75 15 RN ST I A HS i T A i S R0
MIEER, M HAAEAE AU B T a T
MAEHE, KTHEENAERS TR TN ER. X
FCALE IR AL — 3, A WU B e T A A e 2520
R F G R 22 REPE B O KU R i, RGBT R
RFAE Z R . SR AT, BRALIERZ
WA, B EAERREL BIRESE NS B, A

BB KM RBAE LSRG R 485

TR = A 2 FEE . TR R 7R R
TEAE RIS - PR AR R AR AR, 2B T 3
P RS RIS AR L AR B . TR, AN R 7 20
ANEEYZHEE, R AT AMER K. MHEXR
by B R R SRR REAT A & S A IR R AL
H(Duan et al, 20168). AR J7 kAR R A VIR EE )
At R DAY A B — 5 VR B A SR (1 O 72
BHARIIAE R . HIERFEBHE T DU SRR 6 B i
10 FOR i, TR VAR T AR R,
Sl W B AT AR, L 7V I EBURE A 2
ATLARINATE . Bk, SR8 SRR . KU
AL WA RBURYE . REEDIREME . BRAEAMEY), HiBA
VAR SR Y BT ok DL R B R R A SR I LA
ST AR T R A

Bigt: BT RAMRE O RARGRIER
e BB RRA . RARAGDE B, BiffE
WAL AT AT 2 F oA R A KA & 0 X
Fa i A,
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Appendix 1 Difference of the sampling efficiency between vacuum-suction method and other methods in open field and rice field
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Appendix 2 The statistical differences of biodiversity indicators under different management measures and habitats
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MR 1 IREFAEERKBAMFEEHNEEFERME AN (R ME%)
Appendix 1 Difference of the sampling efficiency between vacuum-suction method in open field and rice field and other methods
(Unit: individuals)

7% Coloured  HillVE Visual M [F 7% Surface  # M E  Sweeping MR HER Vacuum-

pan traps counting trap cup method method suction method

453 H Coleoptera 313 31 16 62 36
Wk B Araneae 269 71 315 81 155
% H Lepidoptera 114 6 2 10 31
JIi## H Hymenoptera 238 76 102 24 11
X H Diptera 515 32 49 62 67
HE3# H Orthoptera, 27 27 67 59 76
-3 H Hemiptera 106 491 1 255 52
B Ladybug 20 2 0 6 7
4% ffF Scarab 52 0 0 0 0
B Carabidae 21 0 10 0 4
1435 Bee 180 0 12 23 4

SAMAEL Total 2,495 1,145 563 564 430
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Appendix 2 The statistical differences of biodiversity indicators under different management measures and habitats

Jrik R AR AENMERE iR E R AEEE ORHESE Rbd FERK RHEAG  KFEH

Method b Taxon Total X 215 X ZE FONTE Greenhouse Orch M Farmland 3 Rice
or number of  Areorganicand % Which Significant ~ vegetable ard Open boundary  field
indicator specimens  conventional managemen  between plot farmland ridge

management tareais habitats
areas significant  significant

HEE CT  &BMk% 23473 w3 Al w3 c bc b b a
Total Significant Organic Significant

HipEvE ST BAME% 18,796 w3 Al 7 No — — — — —
Total Significant Organic

AME SN SAMAE% 7,091 w3 W 23 b a b b b
Total Significant Convention  Significant

al

HEY CT  HEA 296 e AL B b a a a a
Orthoptera Significant Organic Significant

g% ST HEHE 1,462 w3 Al 23 a a a a b
Orthoptera Significant Organic Significant

HMEZE SN Hi#EH 392 e AL B c a ab ab bc
Orthoptera Significant Organic Significant

HWL CT Wik 3,495 7 No — 7% No — — — — —
Spider

HhFEyk ST Wkl 4,214 wE AL B bc a ab ab bc
Spider Significant Organic Significant

ML SN iR 800 B G B35 b a ab ab b
Spider Significant Convention  Significant

al

Hiv: vC oo kL 518 % No — 4 No — — — — —
Spider

@k CT XA 8,455 7 No — B c b b bc a
Diptera Significant

ik ST XGHH 772 % No — 4 No — — — — —
Diptera

HFME SN XGHH 821 % No — 4 No — — — — —
Diptera

AL CT  #3H 4,057 72 Yes AL 7 No — — — — —
Coleoptera Organic

Mgk ST #H#H 3,076 v Al % No — — — — —
Coleoptera Significant Organic

HMiE SN #5H 556 wE AL B ab ab ab a b
Coleoptera Significant Organic Significant

A% CT Bds 397 e AL e b a a a b
Ladybug Significant Organic Significant

HME SN Bldisy 120 e AL e b a a a b
Ladybug Significant Organic Significant
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Method b Taxon Total X 275 W X 22 R Greenhouse Orch  Hi Farmland 3 Rice
or number of  Areorganicand % Which Significant  vegetable ard Open boundary  field
indicator specimens  conventional managemen  between plot farmland ridge

management tarea is habitats
areas significant  significant

HANE CT BEH 4,094 wE AL B b b a a c
Hymenopt Significant Organic Significant
era

i ST A 3,023 7 No — i No — — — — —
Hymenopt
era

HEE CT B 2,387 BE AL B b a a a a
Bee Significant Organic Significant

HhfEyk ST g28% 96 BE AL B b ab a a a
Bee Significant Organic Significant

FIME SN kg 63 7 No — w3 b b a b b
Bee Significant

HAL CT  #H3H 984 v AL 3 No — — — — —
Lepidopter Significant Organic
a

HEE CT BHH 673 BE AL B b a a a a
Carabidae Significant Organic Significant

gL ST SHH 724 B3 AL nE d c a ab bc
Carabidae Significant Organic Significant

ik ST 52N 249 e AL 5 No — — — — —
Diplopoda Significant Organic

HavE CT @A 1,102 e AL nE b a a a b
Hemiptera Significant Organic Significant

HME SN 3 H 1,285 7 No — nE b a a a a
Hemiptera Significant

Ha% CT  &fr1H 520 wE AL nE be b a a c
Scarab Significant Organic Significant

as by o d AARIRFRAEA A BT 22 5 1) 8 E KT (P< 0.05), [/ —ATHI TR IR B 1 MR 7 BN Z R AN B3, a X RHER S, b, ¢ X
Z,d &1, a,b,c,drepresent the significance level of this indicator in different habitats (P < 0.05). If the cell of the same row has the different letter, there
is significant difference between them. a is correspond to the maximum value, the next is b and c, d is correspond to the minimum value.
CT, coloured pan traps; VC, visual counting; ST, surface trap cup method; SN, sweeping net method.
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Effects of transgenic rice H23 with BPH9 and Bar genes resistant to brown
planthopper and herbicide on non-target organisms

Sanhe Li, Kai Liu, Wenjun Zha, Huashan Xu, Peide Li, Lel Zhou, Aiging You*

Food Crops Ingtitute, Hubei Academy of Agricultural Sciences / Hubel Key Laboratory of Food Crop Germplasms and Genetic
Improvement, Wuhan 430064

ABSTRACT

Aim: In order to investigate the effects of transgenic rice H23 with BPH9 and Bar genes resistant to brown planthopper
and herbicide on the safety of non-target organisms, we used Chilo suppressalis, Daphnia magna and Eisenia foetida as
environmental bio-indicators.

Methods: The survival and weight of C. suppressalis was examined on the 6th day after infestation at the tillering and
jointing stage. Under indoor conditions, the survival rate and reproduction number of D. magna was investigated by
feeding them H23 rice powder. We also measured the survival, weight and behavior of E. foetida after being fed with
transgenic rice straw in artificial soil for 28 days. As control for these trials, we fed each species non-transgenic rice
Guangzhan 63-4S.

Results: The survival and single weight of C. suppressalis, the survival rate and reproduction number of D. magna, the
survival, weight and behavior of E. foetida had no significant difference between H23 and Guangzhan 63-4S. H23 had
no significant effect on the growth of all three organisms, as compared with that of the nontransgenic control.
Conclusion: Transgenic rice H23 did not pose an ecological risk to C. suppressalis, D. magna and E. foetida after
short-term exposure.

Key words:. transgenic rice H23; Chilo suppressalis; Daphnia magna; Eisenia foetida; ecological risk
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KFERREE - R EEY, mE5EIRE
1EW 7= B 40% 0L 1, FRE2/31 A 1 BAFE K R &
o REDKFEIALY o tH e m AR 1123%, (R T
BV BE T B 56 A i e 4 S P 1 30%,
JE A5 —(FAOSTAT, 2018). /KFEM 24, FasE
AP R R R R E Tt R B e A RO

o HRUBRE T I e AR T B 0 KRG TR B R
SR FH B 35 DR (1) 7 A3 7K A 3R A9 03 HL B 55 A e e
— A BRI R . (B, B RUKREAIR
BRI N i B T g 1 i R AR A R, DRI, (ERE
B RIE P HE 1) T 3 KT AR A2 72 B i #0483 e
F B IR 5 22 4 KU AN (EFSA, 2010; Li et al, 2014;
FRMR 5325, 2017), Horb e B DR d K AE 0 AR H R
B A 0 ) 52 ) A AR S PR U VT A B B N A

(Ramirez-Romero et al, 2008; ##5%, 2014; J&ER4%,

2018).

5 ¢ HEl(Nilaparvata lugens) & 4 5 /K 5 A K 1)
FEED ERESEXYEKE. Fil Ca it
Bl 7K g DRI e = vy 280 TR T O R 2 1, R 11
GNAZE [K 7K A5 1] 5 25 2 4 R b, 2 — %
M LUK B & Pk 7 (F e 41 &, 2001 7o /s AR,
2004) . BPHOXE [K] 7 F T Kl A2 i A Pokkali’, 4 &
A B A BT P (Zheo et a, 2016), Fl %3k [ 5
BYiE CEUKFE M F R — AN iER. Wdba R
AL B KT B (1% BPHOA Bar 5 [K /K 5 H23' . 3%
e T CE BT, BRI H23 X R
ENA S /A SR S R SR o Vi

Nk, RO RBIEENZMGT, B EBPHI
FNBar 2 K HT s € i bR 57K RE H23 S L AR A
PR 6 JR 2 R PR T o 63-4S 6 A S bR A W Ak iR
(Chilo suppressalis). A% # (Daphnia magna) fl 7x
5% [k 05| (Eisenia foetida) (52, LA A Z 4 5L K /K
R 22 A VP B2 At 3%

1 MR5HEE

1.1 kst
AT 5 B 0 L B R R K AR H23 b
LML E R VEVIRE T BT B E TR R, 2L
S AR FR KA i Al e R T 5 63-4S Sy 2 A Ak
Fi N AR B A8 K LS K BPHO AT 5 42 g Bt 1t 5 1A
Bar, [FJH EL A He & b 1t R R A i o R
AR B VLT B A B 2E B SR A, KA %

FR T 52 ] H ] oK 3R S50 LR 47 350 A ) 22 4 B RS
56w R
12 KA E
121 ‘H23 7KFEXT ZALER A F200

RIGSH (R S 7= 585 22 AR
PrEKRE 8050 B rE) doet A U= Ay
AW B T I R AR AR TR R A KR B
semd, FART7vk: M [E RS bR i, 40
ARBE AT 7= 51 5 AL BT AR L U Tike . Btk
B2 AT B 7K SR 38 P TR = PR v, bR
FH P 20 25 LAy FoAth 35 RS, MR FR 22388 T 46
BIANIE FAT AT AL AR 24, KRR H A EE . 43 B TE 2
BERSHA(FEFR 557 o)A HH(FE RIS 69 d), Bk
FEM BRI BEN LI LORE, 3N, il e 308k -
Rk 34 E11nt, BT RIZ06 emf— B, P
iy FH R Tk 1% 25 R PR (1 R AR ORI, BT /N iR A
(K10 cm, B£1.2 cm), BEE121H B 5
FAMRERZE S O, Pk, W Wi 2)2 e A i
o, B THIEEE N27 + 1CHFEREN. HIRG
In2=3 7 Rl —FR B FT e, 6 diE kA e 4h H
175 (4 RAF TG BTG ) 5 R B (B E A5 %)
AR E)EN . FREAFIGS) R,
1.2.2 ‘H23 KFExTARBEIZAIF M

RI6 2 MR KR 25 (2018) ) 5 ikt 47, Bl % %%
28 diN KB 5 (7GR A 5, PPN H23 K AE AT
KA. ek F 1) R B 33 S 35 97 3 A
b LY S 624 hITMEAE TS % . X5
F20°C I} % H AL BR AT 11 24h-EC50 = 1.218 mg/L, #F
A K 2 U 3R 56 220K (0.9-1.7 mglL). K
“H23' 132 A4 KRG BT 43 ) R B AR A% 10—
15 pum, FR BB 8 5 8RR, R OK B & R
(OECD, 2012)MC 1l sk FE 1.2 /L B 7K F& W
—BO°CHitif7 5 FH o 50 1 B /BRI (Chlorella vulgaris)
M, T H63-4S H . R R KFE H23 20 134,
A FEIASPATRE, BPATRE I E 10 e &, 3
R Z ik & . WIGFEIRIE22 + 1°C. Y65 4,800 Ix.
JEiE 916 h 1 8 hiffER B IR = kAT . iR ERd FE
AR 2K B 4 — IR OK B B8 R DA CRAIE K 5 BT
fif . XIRIT 50 mLBEAR, FEAM 40 mLKHY
BRI, MEBLRY X KEBHHARLK. /D
BRI DAV 4B T, MR AR 205 x 10PN/,
KA AR 1.2 g/LIFKRE R mL . R0 F2
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W, ER 1 F9:005 B W 20 S IR B0 25 1 AR K
5L, I0RIE FAET- R L R ] PP 4l RS
LA R R B S, R A KA S5 H IF
KEPEERE . WGt kEe:28 d.
1.2.3 ‘H23 7k FEF 7R F 2 B B9S2 0

RI6 S IELIUZE(2000) (1) J7 33047, #id %5228
RN IRTZ R A7 . ARERIT AR, RN FE
FEPRKRE H23 X 75 1~ Z sl (g, FLRh: JKA
FEPR F AR T . P I DL B K/h—3K
ffE. PRk E0.274 gk hy . BB LR IR T2
JEIS VR RIS T R o RIS AL B 344 T LR K AE
‘H23 ZEAT A, AR EERIKFE T 1 63-4S 2 AT 4
RIS (PP ), TR S ST e 1) K 2
FELH (BT HEZH, S S ERZHR B 930 mg/kg) - 4393l
MR FERK R H23 . AR S KRS T 15 63-4S
MURBEAFe % . AT @ mis 4 o R R EE K%
M7 02 0 I L lme i) = N T3, $% 88120 grkFE
FEAT © 880 g\ T35 () Hu A5 Otk A5 g 7k - 22 ek |
A 25 AR %o 2 5 TR /K R T i 2% 22 77 22 110 20£3%)
Tic 1] Ak 34 20 - ek sl ) - SRR TR, R I 2 S
TR, AE1RE KR G 4R E 1 33%, 1HTTpHIE &
6.0/ 47, KEEA-FEAL PRI T3 thi FiRACE (120 g
R 0880 g ). CKFEC i g b A R
BUESARTS0 9o 3, BEEIME N 129 om, miE18 cm.
AR TR T 52 M il 5 A R S AR R A TN T
B 24 WENIET. KBk H s = kel A 25 B
TG, HREDMAWTEFRE, LS,
Ab PRV B3N PATRE, BPAT 105K M, BN AH
NACER () BT B RS, IR 2. BREE R
5 ] ) [T B AR N N T, e ko
HEFE20 + 2°C, AHNHEE A80% + 5%, ELLAR ML

K, BB B B ) I B R A, W
ST IR T RS TR ARG . R

®1 H23KFEX ARG R EEMAE KR BHIFAE

TR F 5 s F 25 B oK e e RRE ISk . e T
AR [ A AL B RS T, A IR k|
B 3R, WERENRAT R, gk .
1.3 HELEBS S

K HExcel 2003117 4 B 3, 150 dfs LA
A ELNFHME £ bx#E 2% @SD) X w,
Sigmaplot 10.04: €. f# F SPSS 17.0% - ANOVAFE
FF AT BN T 25 0T, Tukey's testidb AT AR, LA
0.05E N Guit2 bA6 1 55l 25 1 /K e

2 R

2.1 ‘H237KFEX IR TEENE KL BRI

MFIFR, £ EEHERE6 divd, HFET
‘H23' b ARUE 1~ 35 4735 %6 R 82.5%, Sxf R
1163-4S | V1735 K 80.6% L i & % 7 ‘H23” |
1730 AR [ B3k P 3 MR EE D027 mg, S IR
T3 ZR7(0.31 mg). SUbHLL, AR E6d
(1) H23' b A P A7 28R LS A B 5 6 T
63-4S FALIEMBE R E EZ R ALK, HAE
B FETR 57 R BEAH L, 5 R R KR H23 X AL i
ATV FIAE KR B 5 T0 I 5
22 ‘H23 KFEMABEZAZ N

INEREEA . SEAKFE T 563-4S 2H G B R K
i H23 2H1-28 dN ik i 2% (1) F7 s R A1 25 SRR
(E12), 3056 2% (1) A7 17 26 Bl i 56 R B 3 n i T B,
R R — B[], AN K AE AL B e 5 /N R T 2 6 R
4 [A) 470 i 3 72 7 (P > 0.05) 6

AN [F] AL BT OR R 25 1K BT G 0 WL K2, #5528
FARIGLE AT, INEREEAL. SEAKRE ) H63-4S 41
AL JE R KRR H23 4B R & e $ 7 5l N
124.00 + 15.624 . 84.67 + 10.26 X . 90.67 + 9.07 R,
PN K FE2H 18] G 2. 3% 22 (P > 0.05). 5 /NEREE4AH
bz B3, FERE KRB EA AR LK E
TR SN E /Y, MKRER PR AR IA KT

Tablel Effectsof H23 on the survival rate and growth of Chilo suppressalis nymph

£l Material 4y BER Tillering stage A Jointing stage

35 % Survival rate (%) #3k{AE Singleweight (mg) 17i5% Survival rate (%) #3k{AHE Single weight (mg)
‘H23 825+ 3.0° 0.27 £ 0.00% 69.2 £ 9.5° 0.28 + 0.06*
‘T~ 1563-4S Guangzhan 63-4S 80.6 + 6.7° 0.31 +0.06% 714+ 10.9° 0.31+0.02%

A —ZAR [F)_E bR B o A R R R M2 R

Same lowercase | etters in the same column indicate no significant difference
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5 Survival rate (%)
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N
o

L --— /INEK$E Chlorella
—— ‘It 63-43° Guangzhan 63-4S
—— ‘H23’

20— e
RE RSN Experimental days (d)

El ARECEAARBEZEFEEERTUEE
Fig. 1 Survival rate of Daphnia magna in different treatment
groups

140 -

120 +

[ —]

100 | b

—c

80 -

60 -

e I E: 95T
Number of new born Daphnia magna

/NEREE T 6348 ‘H23°
Chlorella Guangzhan 63-4S

E2 ARECEMERBEZZLE. HE/NEFERIRAEL
BE T EEER(P > 0.05).

Fig. 2 Number of new born Daphnia magna in different
treatments. Same lowercase letters indicate that there is no
significant difference between different treatments (P > 0.05).

FBAEREY), Pmis e EhEee ) T ZE S .

A LLINAY, B FE IR KR H23' 5 56 A2 AR S K
T B8 A7 R R BT 1) 5 T TG Y 3 2 5o
2.3 ‘H23 KTEXTIRF 2 B 5| A 52 i

IR L4 d, SO R B AR 24 1 52 ik ]
SEHIFET:HN63% + 12%, i AR IS4 2 R g ot
B RN RN (72) . IREG I 57, 14, 28 d, #
FERKAG H23 AEFF AL B RIKAE T 63-4S
FEFF AN R B 2R JE 40 7 2 LI FE T 2635780, H
IR T PSS AR AE S AUSORIEUS R BURAE T
1T NBIRBLIEF

PEEERUK R H23 AT . 2Rt

22 AELEBFRTEHBIETE

Table2 Death rate of Eisenia foetida in different treatments
TR 14K 28K
The7th The 14th The 28th
day (%) day (%) day (%)
33+12 63+12 93+43

IEHE Treatment

KL + 30 mglkgA L%
Fermented cow dung + 30 mg/kg
Chloroacetamide

K45 Fermented cow dung 0 0 0

LR KA H23 R AT

Straw of transgenic rice H23

AR BUKAE T 5 63-4S FEHT 0 0 0
Straw of non-transgenic rice Guangzhan
63-4S
55
& sol O k& #%4-2€ Fermented cow dung a a
T | oeHw a
‘E*: T 45| B Y7 63-45° Guangzhan 63-4S
®S
#HE 40 a
g a @
:E 235t
& 72 e
oz 30
- .%0 a a a
i
20 1 1 1
0 7 14 28
KK days

E3 AREARAFRFEHRGAETE. F—rfERELLE
BEERNEFHERRTEEEZESR(P > 0.05).

Fig. 3 Weight changes of Eisenia foetida in different
treatment groups. Same |lowercase letters indicate that there is
no significant difference between different treatments in the
sametime (P > 0.05).

63-4S F FH LA R I A= 2 4 =AM I0 20 1 5 ik
(1) 4k 2 35 I o5 55 SR I [A) REK T 389 00, AFL[R) — I ] Bt
(0. 7. 14828 d), & ZH 751 52 k5| (1)~ 544 B 35 TG
i ZE (P> 0.05)(%13).

Zx BRTIR, B RE R K FE  H23' X I 52 4 ] K
RFEMAAE. REYLEEES.

\

H 19994 ¢ T % 5 [F] 1 K A8 B xof 7y T M (1 5
Wi 4 45238 5 (Losey et al, 1999), H:ILRMEYyx} R4
FRAEYIRZI 5 R T RN R R

RN ARV )2 R BUE R, %
PR 08 7= A 1) B I 0T 8 H B R B 3R I 3 R
TER, DRItt, At R e BUE DR VR 40 1 S A 2
e HE DRUYE W0 — A B 1 5 T 2 4 R BB A 5 i idf
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ITWEE, H— M el d e SR R E Y 2Rk (1 Bt B
X AR R A R () B T T A ML A R 1
Pk (KBS, 2005 ##iAF, 20097; f# 5k %%,
2013; #RE 4, 2013), A WHAE R EY IR
BUbR R A B SRS o AHE 7T BPHOJE K £ X 1)
HEbR R AR EH 1 G, R T EH ) A
Fe L ARREARE dL. A T BPHOJE (R /K A 5 — A iR
sz B EEE . AW SRR, #BPHI
FBar & PR A H23 Al i JE PRS2 A0k HE | AL IS
PG R AR E Y E R E E R, UM N, ¥
BPHOH Bar 4 Kl /K #5 H23' % — XI5 F A7 3% A0 A K
REAFARE L.

KIS NTFIF NI B R, K Al
AN . ARSI E B e, Mk
LKA R R, BIAEE R . =N
FRfE G X5 4 O R B (Sturm & Hansen, 1999;
Rosa et al, 2006), C)H & s PR 554 o s P4
Jiik, RFIERAEY)E R AESEAR R . KA SE
(2018) FH 47 HU i b4 B 771) % i R 0K C0030.3.5 (4M
FE K CrylAbfilepsps) T K4 MK A o, ] iR &5 AR
SR 5AFIE R N B DBN318H L, KA F AR K 77
TR Y S S RRRA BEEE R, K
HI 45 (2019) LT HUiRf B %57 . 2K ZZM 030 76] MK A
%28 d, ZZMO304% 5 R TR HBA X R B = A A

B0, Mendelsohn’%:(2003) ] % CrylAbfE #5 Fil i
CryLF 5 [R5 K AR A 1 MR 2 2, Ak 40 [ K 28 =%
B A BB o FRATHR G 45 51X LA 51—
3. {HBghn% (2008, 2010)fd H % CrylAb%: K £ oK
TR R T 3842 d, & FH 556 R 4L AR L Bt K 4 K
BT TE TR, A0 SE PR R ARV ) K 20T
ORI W06 Mk R A RE K . BT AR 4D R E AL
N F%; Cuhra&(2015) (R 7t 30 1 ik R K &2 1) K
R BIAAERE . AR KRBT R A W K S 8
MUK 52, 38 57 THT 20 1) 72 26 0T B BRAE 40 5 i) 22
FANRI A EEA e A A — B R R

e s A 3 R LI A S I T B4, AE I
AR RG A BB, 6 B ER B A

FEYE F-E A B A 5 E4E i (Cortez & Bouché, 2001;

T+ LSS, 2004; 7k {545, 2007). H s B2
T HIERTS g, X2 RS g UK, K ik

© BUAA (2009) FeHEHBULRFEA A2 AN, B2 hnigse, b
[ ARV A B KFERT T, B

WA RNTRRED, BN IS YR R L W
HEFRbR, WPV EY 2 AT RS
FREW) . JH7E S5 (2017) 38 ¥ Cryledt K ft H K F%
1C-50) 75T MR A7 35 56 . B R AMA AL K 1)
M52k H A8 L E E R, WNFECrylck A
IKFELC-5% 7% 1 2 ik | TE A 25 XK« 1 i SC 45 (2005)
TE AN [F) 9 B TR Cryl Ao HUER N R 6 1
AL PR SR T-5Z EE] BRI Cry L Aca H 2R 16 i 8] 173
R, REARNEEA AR T IhEE(2012)F1
A 35 56 (201 2) 41 18 7 J5 R AL 5 1 2 ok R R A6 %
ViRl 4 L RN IRV AL S E B Nk G i
oo B AR Y B T B 2 . Ahmad &
(2006) 7F - 338 H 8 Jin % Cry3BhL 2 K] 1 K AR WK % 1,
R X U S ] () AR AE IR P A R R . Verces
£5(2006) 14 2 1 Cryl Ab e [ 1) JE [R] T K -7t 5 il
AR5 EHERA, B R I R KA S
IR A WIS A AR A R . AT
Feat 5 UL LRI — 8, B ED ST R 1%
Jik ] 1 B A RS

AHIE T A i 7 BE AR H23 f AR iE . K2
. AT R M AR SRR AR C B B AR R, {H
FOW HARTE Z (RS AR AR AR 2 AR AR 5
G 7756 77 T R E A Ryt — DAL, DARA IR 4% Ak
RIEPI 22 4

B3
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ABSTRACT

Aim: The impact of global climate change on ecosystems creates a pressing and significant challenge to society.
Climate change is increasing the frequency and severity of extreme climate events, which have a direct impact on
ecosystem productivity and service functions. Here, we conducted a literature review on research progress in this field,
including analyses of interaction network structure, temporal and spatia distribution changes, and the importance of
“rewiring” interactive relationships and functional traits.

Progress. Recent research has focused on the effects that increasing temperatures have on plant—pollinators in two
primary ways. Thefirst is the change in plant and pollinator distributions, including the potential for extirpation of some
populations. The second is the change in plant and pollinator phenology, or the change in timing of plant flowering and
pollinator activity. Spatial or temporal changes in plants and pollinators under climate change may cause mismatches
and potential losses of current plant—pollinator relationships. In addition, climate change may alter the functiona traits
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and coupling between plants and their pollinators, which could affect the stability of their interactions.

Outlook: We recommend that future research should increasingly focus on: (1) covering multiple scales of biodiversity,
(2) long-term monitoring of plant—pollinator interaction networks, (3) measuring the fitness of important indicator
species, (4) recording changes in the functional traits of plants and pollinators along spatial and temporal scales to help
rewire and/or restore their interactions, and (5) evaluating the conservation status of key plants and their pollinators.

Key words: climate change; plant—insect pollinators; distribution; phenology; mismatch; interaction
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205 TTRRE 20 82,1501 55 00, A ERR S E
f£19.5% (Gallai et al, 2009). fEF&[H, W FHEYIFh%EL
295 Bk R S PR 10%, RN R R 2
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R F 294 UL N ORI R 2 REYE R A T
S HERRHLEIAAE S R N B 2 H AR 2% 5 PR B
Fio BEAAFRAEALRE, by B o2 R M AR 2
BT SE A L C ] R IS E A
Bz ARE 24 1EKlen et al, 2007; Potts et
a, 2010; Ren et al, 2014; Garibaldi et al, 2016). [t
Y0 B R AR SRR A Z R T )2 MFFS:

fIo57E (Ren et al, 2018). EA)—EH1 B diok R L,

T B AR X5 TE B () 0 2 ) DL & oy R bR &5 7 T
VLHC A e g S S B # A8 A5 5 (Fe A i 5 1) Fi
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I3, I IA] AR A A R R A e fE, DA Ak
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AT HAE (S 23 R MR VT EL (1 L), sgma A )
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b3 BRI HE P —A% B B HELARE 0% AR B BL A R B T,
O — S F R AE 2 11 1 18 A0 L% (Memmott et al,
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1 S
=AU
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o @H, BT T B BRI o A G kAR
WAk, KR xR W o A X ) 4 R
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fah, L HEFZAEMI A X CE K AE T
AR A, R R A A I AN 5 A 1A 1) £
. mERBE S TE S, RS,
R A AE AR 1L TR PR Rl 23 A S LU B T
T 25 [ US4 (Parmesan, 2006)

HHT, XA Y0 X S8 15 B 36 w7
THT: (L)5 FH g st 5cm A A0 2 i i B VR e . i,
L enoir %5 (2008) i i i+ 190519854 F11986—20054F
PG RRCHE X 1710 AR AE ) P THI £112,600 mif) 73 Afi
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Ft, B T R B O AR X A, IR H il 2
X1, KelyflGoulden (2008) M 19774 F12006-2007
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A EE R o (22T 7 s Hicdfe 30 a4 7R F) < fige A2 A
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Plant—pollinator interaction

Bl SERLEUIEDAEHRRXRIENE(EEHegland et al, 2009421, EIFRFED AHFIEAR)
Fig. 1 Effect on plant—pollinating insect interaction under climate change (Modified from Hegland et a, 2009. The yellow partsin

the figure are new content.)
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MaxEntA5 8 Tl 1 A [7] 4 fige 475 5 T 4 7 R X
KA Y Fh SE T~ 24 (Paeonia mairel ) 78 15 Wr 1L fik ()
T DL S Z2 U8 1L kB P 1) 2 AT DX AR AR, R AN [R] Fof
TSGR A e B 22 AR K . o Sk B A P4
RN AR, W= A g A AR AL, IR BT RE
TOEE T — 3 B 34 X o R, T4 b ] fe
71 1) S 350 TR 358 33 I 4 2 A5 7 3 00 A 9 L 75
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12 EYIIE

A [ L 4 V1 A A o A0k A B R W) S92 A A 72 5
BE R R BT, A SR A B A B 2 AR

(Pyke et al, 2016; #NN##5%, 2020) 8L 1R (£ 4 e 4%,

2020), 17 L4600 3% A B AR 4k (Scaven &
Rafferty, 2013). Bertin (2008).:45 7 B, Jb3LL
TP 2 % 3 1 26 T R W A0 b <A A2 A e 97 )
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BRAR 0T R ) B R D SR, A A AR IE LR H A
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G S EAE FPT A BB TR SRR B, RO — N B i
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ko (HA, I SRAL R 11035 () 4 25 1€ (Adonis
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AT AE R . IR SEHF TR B, AEKAR IR X F 4R
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(Kudo et a, 2004).

AR, EYYRLER 2 BT
REELSE AT IR BE N 2%, R AT DR B Sl = Ak 1)

it 2 AR A SRR T AL I ] (Rafferty et al, 2020). L4,

TELA) B A 0 <A A B (R e 2 E AS [  F oh BL
B F—3ME (Thackeray et al, 2016). Theobald%
(2017) i i X} 2010-20154F [8] 3£ [F 55 J& /K 111 487+
e LA AR 5 U3 1) 00 R LR BN, A R

FEIFAERF S 8] 5 Rl =5 I 8] | LR AN+ S8 AT K,

JE DR A PR U 2 R BOR, EMEARRIER
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ot — SR S BAERR O MR AL, A BT AR
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WAFR] TR Z B, =R SR AR U 12K
B, QIR FIRENE . A OF AR SRR TR R
73 #i (X 284k (Konvicka et al, 2003; Pyke et al, 2016).
B TR A AR AR AN, SUARAR R IS S EUE R
F2 o [ P A R B pe i B X R sh RSB LK, T (e
SEAT AR IE I GRS 2 (Kerr et dl, 2015). HHF 7R
18, 1967—20044F P4 Pt 4 Hh ¥ L6 Ff il 55 (1) ¥ 4K 23 A7
JUFEE30FE T EFF 17212 m, XA (L Ik
T LGl O S 1) AR B T AR P 35980 T U3, FE ok
Sk — ANt 40 P AR B T RR AR oK 1k 150%-80%, V%
VI 2 S T BN B b R, IX AT RE R £
AT K BAA= 7R 2 (Wilson et d, 2005). WarrenZs
(2001) VA7 1 % [ AL 5 46T e 1) 23 A7 X K /NFI9)
P E B, RIUFP R E RS H A AT K AR A 5 DA
5%, AR S ARAR AL XU JE 7 T A S a2
(1) 45 A5 9 Fh R B £ R B . Aguirre-Gutiérrez %
(2017)F] FH 4 A 43 A A 74 RN B 1L 604 (1951-20144F)
MBS, BT a7 24 S08FF AL M} R HL (B i . i
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[FHERE K A AR, FFH8 HARRE 1 BT SR AR E Y
WA Gy A AR AR AT REAR HE 78 43 T PR 855 DR 2R % 4 Aol
KRR A5 X AR [P 5
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B A Fy B B 2 — (Bingham & Orthner, 1998;
Williams et al, 2017) . & i /& #1387 1y LU AR
(RSAE, PRI SN BUR . Kerr%E(2015)%F 46 3%
IR 1 R e oy A X AR IE TR, % I RE d I A e i
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W sk 2L, I TR RE N 1) i Mg R AT RS kAN, B
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K2 A AN R AS — 5 LR ABL ) 77 200 3 Fif AR
A RN INHFIRBREE b, W5 AR A 5| () P Fl
AR AR E R G WINE] . AR, TR
i A8 A AE 25 18] b Rg W T R A — 15 B O AR
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R Bh = A8y B dh . Gorostiague’s: (2018) %} 42 55 i
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(Memmott et al, 2007). ¥y B Hi% 3 S YL
RN ka7 U o MR (SO =3 N CTE S NTiT]
FEUE YLK B HU HOC SR 9SS T 2 LA

e 2 — M8 B, A BRARRE fi 56 E R i
B G R R SRR P (R AR AE R AT 4R, — 1%
FE Ky B 1R 270 M V% B A A i i [X T 2 R AR I
FESRATLI4R, fEBRA AMENLEI SO T, S5
A 51 S R P i3 A8 A0 A T REAR O A% A B UL 5
Te 2 B THIR  [A] (I} [A) B8, aX Fh AR XU B &
I ] (14 ok 2 BEAES T A%y B2 LI B0 £ AR 25 6 1) 58 B2,
RGBSR Rk ek Bl 1R 52 2
Y B A TP (Memmott et al, 2007). Kudofflida
(2013) VA # 1 43 A fE H A Ab1E (1) 45 40 iy 1 A7) 4
R, MRS JF10-14K(@4H HaE5H H4)
FEAE, W B ARG, S 1 3 R A 0 s DA R A
WIS R G R IN, E 2R A RE I R ) AU
EARR, SECT AT B PGEES T, FEP 2558
SRPBEAR, PR A 8 T 7 e AL ) S B =
PRLAII R 2%

41, Doi %5 (2008) % 2 J& (Prunus) 1 441 #1541
W SR I, TR LB L AR R, AT AR [E]
PR, TS A I TR HEIR o FIERT30-40K, HH
W) 5% U T T R B R, T R 57 R T T R T
PR X i ) e A AN [ A A S 1 i P
H 19534 LUK 2l T, 77 g s e 30 1 R A A
AR, R AAEBUR AR S T 2 B S
fEk B L s L . Raffertyflllves (2010)HF 58 T
5 [ g8t 3 A2 1 R 0 140 2 4 AR A ) 4 AR A AR AL
ARy B VT AE R RE e R I, e £ 709 A Sz 4%
e SR AR A R I B BT AE, TS24 R R
PR 1) B AR A 3 AR 4k, X — B T 5 2 i Y—1E
B HAME A UL AR IE AN [R] . — LS8 ) AL AN
FEH B B35 30 32 B A e i ), 7ERE 40 H
AR AR 18] RUBE b JF F A W0 T 46 A A%y B 3 30
W HAE R R F, H AR A 5] 2 9% 1 HER
(Frind et a, 2011; Knop et a, 2018) .

23 1RMMMEREFIELH
SARARAL S B Y AR K B 2 18] o A K
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YIHEREEC, SBIRENZmEAREERR, A
T 5 M K73 TP 4% 45 1 1 A - Burrkl 55 (2013) R FH
SEARAE, AL T 1204 Sk A RS Ak %) 35 [E 7R v
BN IR AT AR T IR R K B SR HLAE T4,
50 R 5000 R ALKy AR ELAE T . I 2% 25 44 11
Dhae R A ARk, AT UE TR A R 2 2 TR ) A AN DL
Bl ARBENLIE YR KA, DL A 23 [ A7
AR o [EII, ARk IR 55 P i A it 8 i 3 I T 1Y)
HERS T N B, Aok X 4 25 1 0 R SR AR Ak R 3 B 7E
BWBEAG . n RAFl I I RS A R AR AR A )
BEJIANE, HA A A TRESTERR, fRRFIH A
RIAH ELAE FH X 445 T R 2 o508 ASUAs AR A0 R P i =
B AR AR, 1K 2 3 Nl oK A i XU
(Gilman et a, 2010).

B T — SR AR S R AN, IRZ Y 5168
BB T AL RERE, B —Rh R £E A [R] i 1) A
Hh A REBEAS R Aok B v 1), 5 HL BB SR 15 AH [F] (19
ek 2% . AR VIBEE T, DRk
PR R BT E N EmigikiX, 4%
Wy B HOAE Rk B s Iz Ak, HE R A S 5
B K(Lara-Romero et al, 2019). X 1&H3 4% 45 K49 1)
WHFLR A, V2 PP RS E i PR e B R 5% AR fh R
FREAEAE, RAEEATI BB MR e 2 e
(Burkle & Alarcon, 2011), E— ek L4 B gt
Al RETH AR, (H—Leyz A4 B HR e i A 8 A%
¥, SKILEA . pAh, REAERE—ERE L
B BN 78 i LA X A5 K 25 1) 75 3K (Inouye et al,
2020), XA BTGz ph SR AR W 0 ALk B R
T FALP

3 SRS

Y 0EAL

31 EYIThREM RIS

HARIR G T — LEAE AN [F T e ) 2 7R O 2B A
e, XRS5, 502
HuP e 8, s RIE LR AR, X2 ) 5|
i T EAN G (Franks et al, 2014). & g1
A, DR AT BEAS G BRI, R FEIERE T
IBERIE & BAEAF SR, WD DR & R ) e AR
& ARIMEAEFZ AR, Wts FEAES I
MABER R, Wt SEARY, 855 G H B

HYFEARTFA 2 (McNamara et al, 2011). £ H 3 S
AT, RHEEARRRE EE PR B EHEY
FEER LA A0, DT S e ABLAD 110 5 S 38 (A S Wi
&, RRFEHHE; K2).

-

E2 BRETEXNEMERENT EZGEQRFHTS
BEHELSLEREN=TEEE, ERAE)

Fig. 2 Early spring drought caused direct damage to plant
flowers (Yulong Snow Mountain, Cypripedium flavum wilting
due to high temperature in 2015, Photo by Zongxin Ren)

VI Z F ) n] B ad i T e PEIR 1 2 B ] 98 1 B
3T N AR R X S A% AR 4k (Hoffmann & Sgro, 2011;
Anderson & Gezon, 2015). Dai%:(2017)7E VE PG Ik i
A [E AR B 0B AR B S (Pedicularis
siphonantha) H #A Fi i, I 7E AR T R [R5t [l S
55, W9 ER AR AR BN R M AR AL IR AT, AEFF
AR, feA e D, TR U IR,
TPy, XFAT A B TR TE ALK B A%
A i RS L SRR A O SR, AT REA R T I B A AR
14« Franks=5(2014) Wi T 1T i 52 i i 47) 2 284 ] 98 1
MR R, AFEARER L BE. YRS
SERFE (B AR R B R ), LA SRR BN 12
PRI TT 18] o AAT % 38ANIF FL S5 (14 s 5 A A3 BT R A,
BB W FL AR R T R A P 2R R T I B A )
R, H A 2650 5 RN 1K A SR B[Rl AR 7E . SR
(LT =5 T R 36 R A" = vk = I R SO I v ==
MIRE Y B B E 2 G0 %% A8 e i <A A8 A AT A 7
Z TP IR R
32 fEMEEINEEMIKRAIEE

W HARFFE R B, — S AL Ay R R 25 A AR o
FEECEI R IR, 8 Rgh f MR IR 1R 7E 32 318
o Miller-Struttmann?4(2015) fs F 25 [ 74 32 L ik o
#51966—19804F F112012-20144F IS £E [ RE M FR A<, I
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BT PR Ll RE I K AR R I, A0S SR 1 P e
WA R, 1T AR A S IR S K A
B ARAY, AR 5 7 RE ek KA P TR ] T A
R8N, AR S 0 g L N AR REMEE 24 1) 5 4 RN 63
WU o T IFAEAE Y AL 3 AR B IR 8D,
AR Tz ACRE I &, AR MBS A T U7 i L
1656 BIAEY) o KWK RE I E AR 3 TR IR B L R,
FLARFAIES, XA 1T BEHE D) R Mk AE 0 A 2 1 Uk gt
ks
33 XHEMMLERIFMN

TE AL Ky I 24 Hh ) (8] (%) Tl e 4 IR DT i 5% 1 4)
i) HAE % % (Vazquez et al, 2009). 15 et

By B A DIREVEIRSRR, FTRERZ W DI RE 2 FEIE,

TEE FRYK BRI ¥ B B AR A ALY
Wk, X EWE —ANEFRIOKT LM YRE 2 ek
(9 2> 22 51 R 3 — 8 77 4 BAE YD R B 55 4+ n Rl
(Gagic et a, 2015; Albrecht et al, 2018). 7E A A%
AT AV Z FEE RIS, ELAR T AN P bRt
S AEAR A e S )z S, R AE AR AH
A FH o 1 2, SRR AE 2 KARE L sz e o )
AR MAR+4> 5% . Schleunings (2016) 4 4 #4341
TR 54 2 A &, DI TSR0 BR
P FF 5 1 DX 3ok 7007 B8 P04 oy I 285 1 75 6 52 i,
XA S FoA Ay B HL (e B e ) AN
FERE# (SR M AFEAESA R E I R, 528
PERAR Y BAE R4 8 B B A B ENES
fir, 45552 B S e 52 . AH S, FEAD Iy
AR5 A S v FE AN S5 FE BE TG o0, 1X P B 22
2 T RHE A AR AL TR FL 2K 48 R B E )
SZR, DR MHE ) 245 B HI SRS AR W] REAE
HHEAER R G AR BB K4, FEn] ge il <
AT A Z FEVER S . PRtk, 25 EE A 2 )
(1% EL A P R 3 74 A 0000 = 2 e %o A% g B LAY
A S Nl e ipril ey 2 St v Eay

A3 B FLRE AR AR A AW J32 52 AN [A] 1 (Schleuning et l,

2016). SATMIX J7 TH A T8 BN = .

34 FHEIETENN
SR, Y-8 B EAE R R R

S 25 WA A 1 25 % T (Richman et al, 2020) . Eckert

Z5(2010) 5% 4 S 2TR AR (1) 22300 8F 58 B 45 43 BT R I,

B AR AR 5] A R O, WY 5758

FEAER PRI LGRS TR, thAh, R ARIAE K

7 il JE R 4R 28 SR 0 G AR R i o ) R A B A
Bl 7= £ H 20 (Kudo, 1991; Kudo et al, 2004
Kudo & Ida, 2013; Totland, 1997; Totland & Alatalo,
2002). [ 1 IR EAIPEK AL, O I AR At SE it
It 5 (Walker et al, 2019). AN, SPRIEMIANIR

2 7 -+ AE 4 1) 5 1Y ) (Herndndez-Castellano
et a, 2020). JEEHIE IR KL, ANRAEYICalluna
vulgari sy 447 fig fr e [ 5130 G, R ol & A6 5 A
YN AZ Py A, 3G T H 6 A b A ) 1) A% By 5 S
(Gigjsztowt et al, 2020). “fEAAL—J5 T A] BEAE K
B TGV I # BT AR B B B0 R R 7 A PR A A 1
TR 46 1 X% (Grazer & Martin, 2012); 5 —J5 1 Af
RE 2 ) Ao 383 A% A o2 7 A R B B 858 (Jump. &
Penuelas, 2005; Parmesan, 2006; Visser, 2008). H Hff
A A IOUL kA AE SRS A AR A T AR AT 75
BLRNH T

0 D RE I i AR FE 22 DUAR By B e 2 RE 1 2
T Re R B S E = B R bR . A
TR SEAE N B HUCR A S AR (B 1) SE LA TR AR B,
T AE K 11 50 i BT B AN 2 4 AR 4 B3 1) B 3
K, HIZ R ALK BR ) (Ashman et al, 2004). 16434
W A A BT TN ) — A B R AR, i N T
Wy SO AT DA AL A R O RR S, i@ A T
TEFZN I RE D 5 S 2R L AR R A s, 3R
H BRI 52 ALK R B 52, i A& 2 AR A
ZK I (Bennett et al, 2018). LLEMIRF £, K
% HUME W) B AT AE A% B BR 1) . Benjamin A1 Winfree
(2014)HIF 55 7 S5 ] 39 135 75 ] o 30 P 1 A 5 2 i ol 11
FERY BRI FERE, KBRS 15 B A7 75 K I AE 8 R
il — e AR AR R B e mT I i 2R Bl o R 1)
Tt =11 P (Garcia-Camacho & Totland, 2009; Zhao
& Wang, 2015). H #5245 9T H0 EAE I
FER BR #1141 7K T (IPBES, 2016).

A For IR o) 308 3 5 W) B SR S e A A A
PEIR B9 H 2R 3% £ K F (Harder &  Aizen, 2010;
Johnston & Bartkowska, 2017). 15— MFHEFh
FEECEZ 2P T = 2 PR, A&k BRI T 5 A [H]
&P gk 2 Rk (= B, AT O3 B U )
AN L5 F(Ashman et al, 2004), IR 5T

https://www.bi odiversity-science.net



502 4 ¥ £ # ¥ Biodiversity Science 2021, 29 (4): 495-506

15 AR A 5| S 1) A A PR 1 (4 3h A R 7E 5 SRk
W, TRE RS, GloPLEME R4 T/ T1F
fili A BR 1, 26550 HF A5 A 4904 A3 B o] 1) 5 P55 R0 AR S
() LRl ACHE (Bennett et al, 2018), Jyidk— B 5 4%
P BRI

S EROK 2 B X A2 ) 32 B SAR AR AL A2,
1y HAX 288 5] BEAE AR R L4 N F7 8 (He et d,
2019a, b). DIMAEXT T, A8k B RUE SRR T

(15340 X AR IRl 7 K= AR 2 T (Elith et al, 2006;

Bose et a, 2016; He et al, 2019, b), JT4FKHIHF 5
TE 3 A 4 W o 1) AH ELAE FH 2% B8 214 Foh 7 AT A AL o
(Pellissier et al, 2013). W& YFh A T 75 15 1) R
J&, VERAE IS AR AR ) IE 7 DABR SR R S 1 77 50
1 2% Fe 2 A A TN (Bellard et al, 2012), A T ik
TUTRIN 45 G e, 75 BEAE B T 25 R AN AR )
AH IR e ot & () BE At BOHE (Grazer & Martin, 2012) .
I ] PR TR ) A 2 BRI, B T A I R
Bl Y ERIE, G5 CPEEYE) S
WESL, CAREFEYFEE RS B EG IR
(XL, 2019).

MHTRR TR ARy B EE B AR 23 )
X AEAR AR R LA, A ) 2R B AT S A IE B
PEIEA AR TR Z RN, T AR A 1) m] SR AN L
T B I 1 RE 7% T R A SR W 22 0% H E (van
der Kooi et a, 2019), — £ B i n] DL F A5 N A%
DA e R T 3 e 7 Sk R 1 A 98 <A AR A 1 5
5 B RS AR ARA RT B8 5] R B s AL AR AL
W N = (Baeet a, 2002). FYIHI R MEE
FGUN SR AR AN B i S AR G A DRI, 7R A
DX I A% 2 1A PRI SR ME S0 . RT3 5%
PR A I AR O] B e R R AN R DL R A
WAL AR A S5 0 0 1) 220 36 A T SR AR X D
DRk, A 6 BT e B 22 (1) BT AP WL g2 A4 ] S5, DA
KA AR o SRAGT WU o 3 ot B [ 190 2R A [ B 7 B ST
AR IR E S B, 275 W 7 AN U A P Fob B0 <,
152544, F 0 %7 (Franks et al, 2014).

FE 4 J5 1 A o 575 O VE I Il AN g i i
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Ky B AR 9 285 (K S o (3) L FR s A B
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Hui Zhang, Qian Liu, Xiaolei Huang"
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ABSTRACT

Background & Aims: Eusocidlity is a critical evolutionary innovation. Understanding the origin of eusociality and
related regulating mechanisms has theoretical and practical significance to several research fields. A clear hierarchy and
division of labor exists among individuals of socia insects. The behaviora differentiation and extensive cooperation
between castes are beneficial for their adaptation to complicated environmental changes. Understanding how social
insects can produce individuals with differences in morphology, behavior and life-history characteristics is an important
goa of much evolutionary and developmental biology research. With the rapid development of sequencing technology
and bioinformatics, there have been many studies on the mechanisms underlying social insect behaviora differentiation.
Here, we present recent advances on the environmental factors and physiological and molecular mechanisms regulating
caste and behavioral differentiation in social insects by summarizing the current results of social insect studies, and
propose the future research directions.

Progresses. Both biotic factors (e.g., nutrients, pheromones, cuticular hydrocarbons) and abiotic factors (e.g.,
temperature, climate) can directly and indirectly affect the differentiation of insect social behavior and castes. Endocrine
hormones, such as juvenile hormone (JH), ecdysteroids (20E), insulin-like peptides (ILPs), and neurohormonal
bioamines, aso play important roles. In addition, evolutionary changes in gene sequences or genome structure,
including heritable differences and novel genes, as well as gene regulatory mechanisms, such as DNA methylation and
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differential expression of genes, can also affect the caste and behavior differentiation of socia insects to different

degrees.

Prospects: We suggest strengthening the study of social behavior and regulating mechanisms in other social insect
lineages, such as aphids and thrips, which are relatively understudied and which will improve the understanding of the
origins and evolution of eusociality and socia behaviorsin insects.

Key words. socia insect; behaviora differentiation; environmental factor; physiological regulation; molecular

mechanism
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[
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IR A e & B N TS (Schwander et al, 2008).
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PRI, — AR WUR B 9RO B D T He A
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(Coptotermes formosanus) T i 71 F& W 5% 4k 52 18 75
IR IRELR, B il B2 R A Re R A AR 2 i e
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et a, 2002; Amsalem et al, 2014). FEMICF IR K I T
IR, m RGN KPR A D) i T AT
NRAEREAR, AT 2 Hh R B VG sh R N A R
75 (Norman & Hughes, 2016). 1R % % (LI 5T
BIR ARG R R R i B 2 0 E
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AIREZ 5 1 W SRR EAE i) 431k (Cornette et
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KRS R BRI ReED, F 2 KRS R
AR UL K AH AT 5 18 B R U T B R 5 A A B
o fE R M, P2 3 R 15 4 i () S 16 5 2 (IL Ps)
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PG N TR AN (5-HT) . BEIZ(TA). Hfa
JiZ(OA) F1 2 B2 Jiz (DA ) S5 A Dy w28 i ot 5 i 452 346 I
TEETHE RS, X RBWAEMIT NG REE
11347 /5 F (Monastirioti, 1999; Scheiner et al, 2006;
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(Szczuka et a, 2013), Wi [z R4 0] 2 5 i
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PEET I, EEf. BEIKCE TS R nsR e i
(R B A AT R, T T A 2 T e A B T 7 A B
47 N (I1shikawa et al, 2016). 72w, 2 i)
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IR FE, 1At 2t B R FNAT A4k 1 5 F AL
HIERHT B R, IEIE T DNAFF 7R3 K 24 45 74
R R BIBe FE PE ML AR R
3.1 DNAFHIXIE
311 BERE

oy A — B DR ES 2 4L 2 R T K
WFC T R AR AT, A2 M B U 2B 11 23 A KR
EEE T R R RIA B, AL
[, R R s IR 3 e 1O FARTE . R T
2 1 B 5 B 43 A3 AE R0 R BR 20 o0 BT BR T
NEARZYF, BBEE X E 2R TR,
R AL R 250 pk 2 1k B HR 55 3l 4 T s e b R
S AR AT 2, A 2 1 R R R Y AT
N TEA A EL T AR A — 8 I RZ A (Smith et al,
2008) . ZBUL )& F) 21 HA 2SR %5 SOOI 108 A 20 Tk
5E(genetic caste determination, GCD) ] P43k 45
T BIANIRNTE 23 A 1) S X 3T UEAT AR 44 52,
AP — XA R 5 1 &, B R[5
AEPEAE T, 1 AR A AL AR S (Julian et al, 2002;
Cahan & Keller, 2003; Anderson et al, 2006). Hiitif:
DR 2% 5 1) A 2 1 e 119 20 R e s A A e R
i 5 fi 3% (Pearcy et al, 2004; Hayashi et al,
2007; Wiernasz & Cole, 2010). 74, L &+
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2 B T () 2 AN AT R el — 5 B §%
Wil 5 AR B PPN, BT A 2 O T AR A
TR TR E S R AR FEAR /5, 10 T2 R
WAL 22 R Ae S TSR] 55 3 4 T, HLE <y i%
SN T 5 37 B 0 5 9 AR 1 T 2 (AT N
)53k (Frumhoff & Baker, 1988; Robinson & Page,
1988) . S T 1) w5 Jeg 1) e T 1) - i (Acromyrmex
echinatior) & Ji# & ) Eciton hamatumiff 78 & 31, [A]
— PR B AR R/RAME, BA KRR
AER R, TBUGEEE, NIr=4 T AFE 5785
T.(Hughes et a, 2003; Jaffé et al, 2007).
3.1.2 FHEMHA

25 DR AE A 2 P R R B AL R i AR
EE T EENEN, B0 et R d
(1) 26k R 20 Hp A7 LR BT B R, O HL B o] R A F
10%-30% (Wisder et a, 2013; Sumner, 2014), #-4
P E B DR A A ) 2 TR S & R T S BT R
FRLE B BBIR, QX 700 i a1y s 22 DR 28 1T
FU R BT HE RE B AT ) 3 B A f R o
BER, AR IR S A R =Y R R R
PIHT DR, R Ak 2V B HAE A R A A i
DRI PR TEOIR BRI A, 3X R B 5 W P AR e P R AR Y I
N % (Simolaet a, 2013). X 25 W iFEAT BEAA
TR H TR I, TP LA AFAE T 5 e 8 2R [
FHERENIEEFER, JUHZSE TP &R
5 B3 Rl (Harpur et al, 2014), I HA W5 ZWAE
B T b RIS K B R 4 H 2 g 5 s Rk
B FE R ) 21 (Johnson & Tsutsui, 2011), i B 3L A
TE TMERHIE A IE N VR Ak Hh i BB Mt R
115 Ol 78 ¥ 4k 2 P 1 40 48 3% 1§ (Polistes
canadensis) Tt H K I, ZYFh I 2 6] 75%H) 2
FFRIEFEP TR, HoAh AR T b BRIk 1R
FE A |5 $1]90% (Ferreiraet al, 2013).
32 HEEE

LRI 428 (0 & I IBAE A8 1 0 B[R] 22 e 308 ) %o
Fhox 1t B HURR I B A [ ARG 35 25 2 FH (Harrison
et al, 2018; Marshall et al, 2019). kPR & 7E A ik
ADNAFFIRIRTEE T, 8 oo B A KR & A G
(1) 3 Rl D) e B AR A Dk R 4% B R AS . AT K
AT, HEAE R AEANE R A, A B U
PIFIAT o3 75 B I 50

SR ot R RBRAUT A epLEIBE it e 511

321 RYIEfREM

R ALAB 1 W DNA F IS AL 7R i+t &t B
HERM T EE NI R G EEN A A
(Weiner & Toth, 2012). H A 9% TR M B A& & 1 % 1
S B O Y e AT S 43 A R DG R 2 L ) Y
WO W2 . WILi %5 (2018) i 52 T KK U RE g
(Bombus terrestris) 61> 2 2 (1) i 1 DNA 1 B AL &
MRISE DR, R ILIX e R R L — 5 [ R B A
PRI, 5T, MM, &5HER R
FILIKT-o BEAL, X 1) R M AE 0 AT I, %)
RIEAF 78 TR a2 A R R, R B K
% EDNA R EAL KB 2 A B A8, 21 7= A
% )5 5 T/ 4k (He et al, 2017). i % LA 5 354
HTEN Bk (Harpegnathos saltator)7E £ A2 1 K
GO EIA BRI fh 2 Bk 555
FRRE LS DL FIAT N B E AR R /N
SRR T BN RE S U R TR A AT, H T
AHERENBE TR S X = F AT R4 T

BRI, PRI K DNA FY R LR B2 72 55 W)

A B AR AL 2 P AR 77 2K H0 B RE Bk O T
T HIA 515 WA A BUK I DNA F &4 7K T (Bonasio
etal, 2010). IHh , IXPRFRIE B % 25 Y 2 ) A7 2 W)
RAE P IEAR, 7R T R BAL B MG 5
AN TF) 2 B8 2 T|) #5772y o 07 IR R B AR
(Bonasio et a, 2012; Chittka et al, 2012),
322 EREMERRE

KT HE I 22 e Rl 0wk 2 1 B g R BAT R
73 A 52 R 24 AH SC BT 78 BT E 52 (Whitfield et al,
2003; Steller et al, 2010; Chandrasekaran et al, 2011).
Xif b 35k 9 1 (Reticuliter mes flavipes) ) 4- i 4 41 g
5576 A B RE 7 1 S ORI Bl e B S A 4 A 9T
R, —HILFRMEF ZEFRL, HhRIN v
WCRE 7 1 A BE R o AT 22 e R E FE R 1 78%, X4t
FER ] e 5 20T B A A e i AR B OR] T [A]
THEERI /2L (WU et al, 2018), —SLdm g b () A
N3 A TS AT O B A [R] Y S lsOR T, el
RBIEER, — M 5T sF LI, TBUARTIE/N, 17
TAMH A . A0 RIS A K Sk B (Pheidole
pallidula) i) fx AR FE Le A 100 T e 3 9 06 &, T
X R KSR 5 fr i K] (ppfor ) 4 4 A 24 1% R
WA 2 1 B (CGMP-PK G) T i 25 11« 3 3 Fe it
F18) i 8 A T T B £ 1 A o R v ) PR R R K
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S B 1, ELE R 3 B i S R A
A 2 e iy, Foi s i PKGERIA
oA, ST LR, el iR
A R THE (Lucas & Sokolowski, 2009). 4k, X
WAL AR S . REME IR S 22 73R I, PPN
MAERRGE /> T (TSR IRN AR, HIER X
ISR AFFE IR K 2 57 (Rehan et a, 2014; Woodard
et a, 2014).

A, — b bl A A B — R R ) 22 e AR A T
ANFEF 2 B R BT AR B . B 5E s
& A B RIAARY I P 3 i B (1 (vitellogenin, Vg), AI{E
JMEYE B B AR TE T Sh I EE B R AR, R R R
PARFAT R A ) EE LR 95 (R, 38 E S5 R )
ANTEI AR A e T LR B e 1t ) Rk B . AR B
BT RNAIT VORI R IA 5, T HEN
TAE A 5 84T AL 1 [ 42 5. (Nelson et al,
2007; Marco Antonio et al, 2008) . i iz bt 21 HH 47

x1 HSMERFEFITASCHZEESR

2021, 29 (4): 507-516

Vo R R A R, I Ph_ VOLfE IS (11
BT ) SR AR R T (T 0 & T )
ik, MAAHRTRERIEE TS, Pb_Vg2TE i
B T ERIA, 3 WM A8 R A ik 42 1 Vo 2 R 11
FIE K A 45 A& 8] 47 4 19 43 4k (Corona. et al,
2013). Vgl R 1] 2 5 ¥ i 8 o 4x, ik
#3215 A I (Zootermopsis nevadensis) 3k K 41 A 4
VR P I, HApf3NMERUE PR IA B #E &
T HAth 2% % (Terrapon et a, 2014).

4 INESRE

NGBS ik =g c = WP N D S AN P
W ANE, HAt 2 MER AR L K L]
AT o BT F B S, AT 2
H A s 7 SR Bt 2 R R
57 815y TAUT A LB (R 1B T — 2R
WEFL), BT B H ) H Al 2 1k B R S S

Tablel Influencing factors underlying caste and behavior differentiation in social insects

AN EN B SR 5555y THRAY 2R
Influencing factors Insect groups Labour division References
S FEIREE Eti [y W JE— T 0% Kamakura, 2011
External environment  Nutrition Apis mellifera Queen—worker
REWEANEY AN TN WA Greene & Gordon, 2003
Cuticular hydrocarbons Pogonomyrmex barbatus Foraging—patrolling
EER O S EN AR BT Matsuura et al, 2010
Pheromone Reticuliter mes speratus Neotenics-worker
B EECG LA BUE T8 Schwander et al, 2008
Queen age Pogonomyr mex rugosus Queen—worker
MRS ST Mm-S VEHUR Kocher et al, 2014
Elevation and season Apoidea Solitary—cooperative
A Tyt A Sheehan et d, 2015
Climate Polistes Cooperative breeding
S BB A Ti—Fedy Tarver et a, 2012
Temperature Coptotermes formosanus Worker—soldier
A PRYFER J SR TR - HNES-T & Norman & Hughes, 2016
Physiological regulation Juvenile hormone Acromyrmex octospinosus  Nest work—foraging
WE B R AT o I Sely—Tu Masuokaet al, 2018
Ecdysone Zootermopsis nevadensis Soldier—worker
ESHEE S Ee R £ T —AE B Chandraet &, 2018
Insulin-like peptides Ooceraea biroi Worker—reproductives
AW [iipg: BU G Sl Nouvian et a, 2018
Biogenic amine Apis mellifera Defensive aggression
Iy TR L E TR RPN Hughes et al, 2003
Molecular regulation Genetic determination Acromyrmex echinatior Major—minor worker
Wik VG 5 5 THRFE Johnson & Tsutsui, 2011
Novel gene Apismellifera Worker traits
R AL BN [ cd 14 J5—T.0% Heet d, 2017
Epigenetic modification Apismellifera Queen-worker
HEH 7 S RIE LS SR T (AR ) Wu et al, 2018

Gene differential expression Reticulitermes flavipes

Soldier—worker (reproductives)
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H wf AN H 6 A FUR IR Rk, 8T HAT RN
S SALEI A FL S R EE T L. 54T Al
KRBT BV Rt P B R — A R BREE, &
SR AN ) A 22 1t B H o o 37 3 4K (1) (Anderson
1984), {Hid k0 3 Bk o v B R LR i e s
T e 5 R A A % B R ST R R RIS 5 %
(Berens et al, 2015), LR RA5 5 IEE . PRI
R R S, Y. IR E A%
(Coronacet al, 2016). X L&AH % fR ~F 1 35 K 54 (5 518
FRAEA R AL 2 e B i R b 5 B — BUr il 4
ER, PLR RS 5 i s ik S 47 N )
Ik, A FTIT IR BRI BT ES R g
H W WAkt B du ok, Bkt 81 2wk otk B i 2R
AT 950 WL I T A B T FRAT] 58 4 b 38 At 2
AN PEAT NIRRT A T R

b & — A P R A E B T AR
Ha R B K, DL LA SE DRI A fN e S 2 2 . R
WLIE A% 5 - RNATHL S Hk (R i 4 R S5 1R 12 S,
TR 22 (1) 4 2 1 B R P 5 DR A A 2, et xof
ANTRN AR £ 1 B i S ) T i K] A R % S 2 2 Tt
FIAERITFRE, Foathe 25 iREd R RIT N
a3 Ak Bk DR B 4 X 4% DL S AR R 2 P R AT A
SR BRI T 2 (2R .
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ABSTRACT

Backgrounds: Population dispersal is important for avoiding resource competition and cannibalism in the same habitat,
and for ensuring gene flow which has an evolutionary and ecological importance. Some wingless arthropods can
achieve long-distance dispersal using their filaments (which is called ballooning). Spiders are important for terrestrial
ecosystems and can play a significant role in pest control due to being carnivores. Ballooning is one of the most
important dispersal modes for spiders and is believed to be important for speciation, niche differentiation and pest
control. Yet, focus on the role ballooning plays for dispersal has been given less attention.

Progresses: In this study, we review the research history of spider ballooning (which can be categorized into three
periods) and summarize the progress that had been made which includes: the dominant groups and characteristics of
ballooning spiders, understanding the three stages of ballooning (take-off, flight, and setting) and influencing factors,
two prevalent theories explaining the mechanism of ballooning with four related models, and information on the
collection of spiders as well as other research methods.

Prospects: In order to exclusively understand the significance of ballooning for population dispersal, research
emphases are being put forward to strengthen the identification of ballooning spiders, better understanding the
relationship between ballooning data with environmental factors, and to explore the whole process of spider ballooning
(e.g., take-off, flight, and setting). We hope this study will serve as an important reference for knowledge
popularization, resource protection and utilization of ballooning.

Key words. arthropod; dispersal; habitat; aerodynamic convection; atmospheric potential gradient
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FREEY B 18 AR R (BB TR AR) FEAS R AT 2
R BEAT RS, JEA WY R AR A (R AT 9 A,
HBA EZEQ#MESE L (Kkk &
Lopez-Sepulcre, 2006; Fiigess, 2020). #HUATH
B2 B HORE, O NESFH A —
ANEE AT I BT 9 RE S R e [F] — A S B )
YR e 4 (L FE & W AVEC A8 ) A1 [F] 25 AH 5% (Duffey,
1997; Bonte, 2013), fidw Bl AL, § KAbHF
()5 A Y6 38 R B S PP RSB AL, FRAK B ZZ &,
T AN & A B T 8 2, (R B KR 3
(Thomas, 1996), A & fr3" 7 AV Z M.

MY BT RE, A EE B4 HoR iz iR 259 5L
WA B s E, TR B A AR AT
(crawling). % (rappelling) (Hogg & Daane, 2018)
& mPEE Y BB FE AL K (migration) . & it
(ballooning) (Morley & Robert, 2018)%% . =T B H K
it KO A KEHEFE(InJohnson, 1960; V134845,
2016; JA#e4E, 2020). AR T B HUAGIE RAT N, Kt
AN LI R sh ) RE 5 A B B B 7 AR B 40 220K
SEMRZ R S YL, B RN, 2R RS AR R
178, Gk, w8533 H %) d155 (Bell et al, 2005;
Stevens et al, 2019).

AT JE N, gk R B AR FS R G B T E A
TPEREL, ARFEAE A2 T R 1 A . g 1)
HEMS N HESESRERI DR, T HifE
TR T8 WA A Vi R AS AN ) A 4 il g T AT R
(Suter, 1999; Gillespie et al, 2012), J&H & L7 3|
TG H RS0, IR 5N 5% . PA
RHEAZS RGN0, TR B 2R
# 2 —(Bishop & Riechert, 1990). Hogg#!Daane
(2018) 3 5 HH A1k "X AT B8 ) RE A8 {5 75 WAL IR B A
P 2 G, ERE 0 NIRRT LA 2
TE RAPERIFPEE TS G RE T o IR T ) B AR A G ]2
AL SO RS ? AR SCIRI B Tk R B A
PIRE, ARER Tk A R AR A s R, BT
H RERAT B LRSS T RIALH R ks, JF2E T 3R E
B FEIARSE 7 Ik AR SR A F2 77 170

1 R ARARER T

gk AL PR IE 9 B L T B A 3 19 0 R,
Blackwall 7£ 1827 4F 1 RS fff Hhic % 17 Wik 19 & it
47~ (Blackwall, 1827), [A]R 4R ¥ Darwinth /£ H &
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Z h A I SR R (Darwin, 1845). K iAE N—Fh
FEFEA Y HOTN, REXEERZ B EHNIN
Bk (Richter, 1970; Greenstone et al, 1985, 1987;
Szymkowiak et al, 2007; Cho et al, 2018), {H{3H ¥
% 1) M AR R . 7E1SI Web of Sciencedi: A%
PL“spider balloon” “spider aerial” “spider aeronautic”
VERKI R, 62 1] 1950-20194F A ) SCHR A 59074,
FAE AR BB T2 (spider mite) 45
R, HAFBIFEOCCER332M . SR, H19704F2
JE R SCEBER N, JGHAZ20004E 2 J5; 204K

SCE 582.2% (1),
A

O (,‘) 1‘) %‘) 09 N
1957 A9 9 M 0
O 18 \910/ O \990/ 10 e

——

SCEREE:
Publication number
338848

4EBF Year
Bl HEAFEIE TS CARMAIS T

Fig. 1 No. of publications on spider ballooning among ages

Bl P oG TR AR IR A2, o SCHRIN AR
K TR ThaeE, S RAPERE AL . 7 A [ A
PR HAFIR SO e WS SO e . 2108 S0
P e 2k R, OR B3RS SCHR . AR KA
(1983) B X AE I Al IE T H A= 22 1 2 1) [ AR
iy XA R PR EE AR B PRERAE (1986) M52 1L
ol LIk 1) 6T S P R S5 (2011) 4R T AR
b DX AT 1) 22 AR PERRAE
P LR TR PISCHRZORE, Wk T B LD R
KEC 93 N =B Bt 2 —Wr B (1820s-1940s), &
B0 RIS P EE LA KO KA RS I S
%, LLBlackwall (1827). Darwin (1845)A1Glick
(1939)%5 N 1RER; 28 P Bt (1950s-1990s), B £ X
/f%ﬂnﬂ%ﬂ%%#rilzﬁ¢ﬂn%ﬂmﬁﬁﬁﬁaél¥(ﬁuff@E
26 A % A7), PLVugts Filvan Wingerden
(1976). Greenstone%(1987) A1Weyman (1993)%5 At
%, 5 —=HrBt(2000s-), RGBT ARSI R T, 22
TR TR 2R S 4 AL B0 UIE T AL ] B4 R B8
PLReynolds%%(2006, 2007). Morleyf1Robert (2018)
ERER, WA AR B AR R A
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2 1E Lee %5 (2015) [ J: il I, 5 Wik " T 1)
WF RS i R LA (ERLD): (1) KRE X (2)
KTBIR Y 2 R, (3) WL FERIE R R (4) &
FHLEI AR AT o 6 R AR AN AT LR 5 T B0 2,
A] B X AN T TH T FEAR R T A %

®1 BRI MRS RNEERNSR
Table 1 Main contents involved in the study of spider ballooning at present

G0 SE: Wk KRR FE R 519

2 TkRUSIEREYZ

2.1 YRR AAT AR
Y2 BHE IR WT N, HifoidsA
A RAUT IR A 27 R (R 2) . A Ll I

FEINZ Main contents KT N2 IMHEIA Description on contents

2% ik References

KA S Significance of ballooning  #il¥k4 i Dispersal of spiders

TR ) 22 BRI TR 2R S 2 e
Diversity of ballooning-spiders Composition and difference of spiders by
ballooning

R seEEZ AP ES MEHE T AR T. K8y
Ballooning course and influencing factors Habitat factors, meteorological factors, and
atmospheric electric field

AL HLH

Model and mechanism

AL AT

Analysis about spider ballooning

2018; Stevens et al, 2019

Bristowe, 1939; Glick, 1939; Bell et al, 2005

Greenstone, 1982; Greenstone et al, 1987; Schneider et al,
2001; Pearce et al, 2005; Blandenier, 2009; Lee et al, 2015

Richter, 1970; van Wingerden & Vugts, 1974; Vugts & van
Wingerden, 1976; Greenstone, 1990; Bishop, 1990; Weyman,
1993; Bonte et al, 2003a; Morley & Robert, 2018

Humphrey, 1987; Suter, 1991, 1999; Reynolds et al, 2006,
2007; Gorham, 2013; Cho et al, 2018; Morley & Robert,

*2 HEEHHEA AT AR

Table 2 Known spider groups with ballooning behavior at present

4 Family Fh4 Species T X H Study area A Bt Time period 2% 3k References
JR-2Figk Rl Agelenidae — iR M Canton de Vaud, Switzerland 44 The whole year Blandenier, 2009
IR - S [EE =BT Texas, USA 4:4F The whole year Dean & Sterling, 1985
Anyphaenidae - B3k Canton de Vaud, Switzerland 4z4f The whole year Blandenier, 2009
FEik A} Araneidae  — S E TR Texas, USA £:4F The whole year Dean & Sterling, 1985

— £ [FE MY M Tennessee, USA 9-10H Sept. to Oct. Bishop, 1990

= Jii 1=k Canton de Vaud, Switzerland 4:4E The whole year Blandenier, 2009

Argiope bruennichi o8 | s B (2 PN S — Walter et al, 2005

Halle, Germany (laboratory experiments)

A trifagciata and A. ZE[EHZ97E ) Tennessee, USA 4-5F Apr.to May  Tolbert, 1977

aurantia

Nephila pilipes SN 2 5 (2 N SE ) — Lee et al, 2015

Pulau Ubin, Singapore (laboratory experiments)

Huk &} Atypidae Sphodros spp. EEILRP KM North Carolina, USA 3H Mar. Coyle, 1983
e 555 _ £ E A ERT M Texas, USA 424 The whole year Dean & Sterling, 1985
Clubionidae - SE[E E44FE M Tennessee, USA 9-10H Sept. to Oct. Bishop, 1990

- B3k Canton de Vaud, Switzerland 4:4F The whole year Blandenier, 2009
[ kAl Corinnidae  — Hi -3k Canton de Vaud, Switzerland “4=4FE The whole year Blandenier, 2009
IRl Ctenizidae  Ummidia spp. EEIL-RZ kg9 North Carolina, USA 45 Apr. Coyle, 1985
2H-#k Al Dictynidae  — K E TR M Texas, USA £:4F The whole year Dean & Sterling, 1985

— Fit 3k Canton de Vaud, Switzerland
fidkFEl Dysderidae — Fii 43K Canton de Vaud, Switzerland

[ skitfl Eresidae Stegodyphus mimosarum  F5E4N4 /K45 Natal, South Africa

S dumicola 2K EL IR A3 A1 5 Windhoek, Namibia
P kAL = S [ 1 e pE T Texas, USA
Gnaphosidae

= SEE 4754 Tennessee, USA
= Fii ¥k Canton de Vaud, Switzerland
Mk A Hahniidae - EE M Texas, USA

424 The whole year
424 The whole year
11H Novw.

1H Jan.

424 The whole year
9-10H Sept. to Oct.
424 The whole year
424 The whole year

Blandenier, 2009
Blandenier, 2009
Wickler & Seibt, 1986
Schneider et al, 2001
Dean & Sterling, 1985
Bishop, 1990
Blandenier, 2009
Dean & Sterling, 1985
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2 (4L) Table 2 (continued)

2021, 29 (4): 517-530

F4 Family M4 Species il 5¢ X 48 Study location i [E] Bt Time period 2% ik References
[M#kF} Linyphiidae  — EEEENIM Texas, USA 44 The whole year Dean & Sterling, 1985
- S 4P M| Tennessee, USA 9-10/ Sept.to Oct. Bishop, 1990
- Hii ¥k Canton de Vaud, Switzerland 4=4E The whole year Blandenier, 2009
Erigone atra (% P SE258) (laboratory experiments) — Bonte et al, 2008

25 WkA} Liocranidae
TRikF} Lycosidae

Pardosa amentata, P.

i 1-yk M Canton de Vaud, Switzerland
EEETEERM Texas, USA

S [FE HYPE M Tennessee, USA

i ¥k Canton de Vaud, Switzerland
fif =5 (5 P S )

424 The whole year
424 The whole year
9-10H Sept. to Oct.
4:4E The whole year

Blandenier & Fiirst, 1998
Dean & Sterling, 1985
Bishop, 1990
Blandenier, 2009
Richter, 1970

lugubris, P. monticola, P: The Netherlands (laboratory experiments)

nigriceps, P. palustris, P.

prativaga, P. pullata, and

P. purbeckensis

P.ramulosa and P. tuoba SE[E [H 41l (P SE5) =
San Francisco, USA (laboratory experiments)

55 2E R N ¥ P4 #Canelones, Uruguay

Greenstone, 1982

Allocosa senex, A.
marindia and Schizocosa

34 Mar.to Apr.  Postiglioni et al, 2017

malitiosa
PSR Mimetidae  — FEE BT Texas, USA 4:4F The whole year Dean & Sterling, 1985
KERF Miturgidae  — ik M Canton de Vaud, Switzerland 4=4E The whole year Blandenier, 2009
EIEE Mysmenidae  — 2% E g i Texas, USA 44 The whole year Dean & Sterling, 1985
KERIkAl Nesticidae ~— — v [ Ui & Xiuyan, China 5-9H May to Sept. A%, 2011
Mk El Oxyopidae - FHEMBEEEEMN Texas, USA 4:4E The whole year Dean & Sterling, 1985
- EEHZVE M Tennessee, USA 9-10/ Sept. to Oct. Bishop, 1990
pIEBUL VR = S [ 1 pE T/ Texas, USA 4:4F The whole year Dean & Sterling, 1985
e — K EHZ575M Tennessee, USA 9-10H Sept. to Oct. Bishop, 1990
= Fi L3k Canton de Vaud, Switzerland 4:4E The whole year Blandenier, 2009
Wkl Pisauridae - FEME TR Texas, USA 44 The whole year Dean & Sterling, 1985
- K EHZEM Tennessee, USA 9-10/ Sept.to Oct. Bishop, 1990
BhiskFl Salticidae = K[ E TR M Texas, USA £:4F The whole year Dean & Sterling, 1985
— K E 75 Tennessee, USA 9-10H Sept. to Oct. Bishop, 1990
= Fi -3k Canton de Vaud, Switzerland 44 The whole year Blandenier, 2009
SLEL RS - e EAE T Texas, USA 4:4F The whole year Dean & Sterling, 1985
Tetragnathidae - L EHZVEM Tennessee, USA 9-10/ Sept.to Oct. Bishop, 1990
- Hii -+ ¥k Canton de Vaud, Switzerland 4=4E The whole year Blandenier, 2009
ERiKAL Theridiidae = 2% E g i Texas, USA 44 The whole year Dean & Sterling, 1985
- S E HYhPE I Tennessee, USA 9-10/] Sept.to Oct. Bishop, 1990
= Fi -3k Canton de Vaud, Switzerland 44 The whole year Blandenier, 2009
ikl Thomisidae — P EAE T Texas, USA 44F The whole year Dean & Sterling, 1985
- K EHZVEM Tennessee, USA 9-10/ Sept.to Oct. Bishop, 1990
- Fi L3k Canton de Vaud, Switzerland 4:4E The whole year Blandenier, 2009
Xysticus spp. HIE (=N EIR) — Choetal, 2018

Wk Al Uloboridae

Germany (laboratory experiments)
EEE w7 Texas, USA

424 The whole year

Dean & Sterling, 1985

=R R SRR BAR R

s RAR RN SE, WR B Pardosa ramulosa
FIP. tuoba (Greenstone, 1982)F [ kA i) B 2% B il
(Nephila pilipes) (Lee et al, 2015), H KL R W T £

— refers to no certain species of spider in references.
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] i Johnson-Taylor Wt 35 % 4 K ek, % &
18BNk, KR AMRECE 5 T AT 30 1 43 il 2
MLk AL [l kAR AL . BlandenierflIFurst (1998)
A Fifi A% FH S5O0 A R R R B e SRABL AT o, 3
KAEBILARBHPI IR, 73015375 & MR 1 78 ik
FERN G Wk ARE . — ORI, Ik KT AP 38 S,
MABCE TR E AL, V2 3 IR U 4SS RIS SRR
— 451 (Blandenier, 2009; Simonneau et al, 2016). 24
1M, MEARF 0 (1 Ik 2 ok, 25 R OCH Fir
N[ . Greenstone%5(1987) 4 il -6-10 H 713 [H % 75
HLPH AL AR RV e R R TR L
W, R EAEIX PR S Lk A A2 DL L, i A
73 B NA2%F152% . 11 Bishop (1990)7E 3 [F H 44 75 M
PEHIE 9-10 H R AE I 45 R BoR Bk R FL, S
65%, MLIKFHY 9%,

G WU = IR, FHEEFWE
5. Duffey (1956)F2% 1wk CHTE A=, A
A2 B A TR AR WiiThEZ K
AAES-10 H, & Z=3RHUH Tk > 4 B i A /b
(Salmon & Horner, 1977; Dean & Sterling, 1985).
Simonneau%%(2016) EL 4% [ 3% 4234 (2000-20024F ) i)
RTEIRCRAE A, RIS AR R A A R
REYIREEA LI KM Toft (1995)3 T4 4L7
TE R AR E I A I, i 2 2 T MR A ) T 3 B
R, T AR R R A gk B 22 M ik AT AT BE B is
o B TR AN, ANFE TR ) EE A
FEEZE S, A LEHENEfE 2 (Thomas & Jepson, 1999).
A e P J5 %2 (Duffey, 1956) 83 M1 AH It (Meijer,
1977); fEFERES T, AR 4NIRIE 2, BT i LA
B & 51k 90% LA | (Horner, 1975; Bishop, 1990;
Postiglioni et al, 2017).

2.2 TRRATEIAR RGN

W A AR TR 2 2 B ) K — S
(Humphrey, 1987), JCH@AMAKR/N. 1 Bk, m
W TRTIN R 1) T AR, T EE R E 2 —
AN, TR T 2R JE 2 I AT TR
XF Tk B AN ESR . AR, Mk
WU (1) 22 57 ] g 5 H 8 B 9 (Weyman, 1993).
A B 2RI ek 1) B AR R R AT T ke
WA, R C AT 1Y) B B — R/ 770.2-1.0 mgZ
6] (Greenstone et al, 1987); &4 (2011) 1 & & I
LT R FR X CATRIRAR T /N T3 mmi 1591.44%.

B0t Wk KRR FE R 521

JEUR T H ik [ R B KT, HAMERERECHT
Wk~ H kg K (Coyle et al, 1985). Coyle%s(1985)
RIUmmidia spp. (ki kA A1 Sphodros. atlanticus
(M RBh A E 573 J23.45 £ 0.13 mg (N = 9). 1.25
+0.03mg (N = 15). FEERTFHIRAN, —L7E A
KA 5] Be 0% 3F AT CML, B Sk ik B
(Wickler & Seibt, 1986; Henschel et al, 1995;
Schneider et al, 2001). [d#kFl(Lee et al, 2015). ik
FH(Cho et al, 2018); ifi H.Wicklerf1Seibt (1986)# %
Segodyphus. mimosarum (% Sk ik ) # & i K RES
IE3150 mg, AAKFEE12 mm.

R RARIEIR A B A RNAT N, (EAETEE
BIRE, 5LA/NEIRE AT . WeymanZs(1995) 3 1512
BRI, AEAR AR R G0 LR J& (Erigone)
R RS IR NIRE ), B AR 1E &N
W SR N

3 BOEKEALEAE

31 E-Z=HiiT-EEE

12K (take-off) & WA KAL) 15 2D BR, MR
O H AT AT gk T R Bt 9 A
e BRI K, PRI — 375 B 25 5 4% - Weyman
(19934 2wk A it L MM b KB b, FR 2
1y AL (P AR B N) FE AT T KA. Tk T~ B
ki, TCHAE ML — R AR
(tip-toe), RUWHIWRICICR]EAl, SEAF A1 E, &2,
JEH 46 4D IF B sk 22 (¥ 2a); o) — Fh o e AR 20
(dragline), 7EMAIHRIE RS AL, WL bk N2l —
SE R B, ARG PR TR0k 22 T S8 % AT (K12b) (Bell
et al, 2005; Sheldon et al, 2017; Cho et al, 2018). i&FH
—EG kN H SRR A 53— PR A AT TR
fit, DXl E T 6 AR Tk 22 (Weyman,  1993).
H A7 SCHR BB Fh 1R 7 2UAE ek o} g
Jr o A8 Bt 5 82 R R ) o LT 5, e =
F&—Fh N F 3l (Richter, 1970). Nt fb 4T N
(Bell et al, 2005), H.[A]Frigiik n] 5e R 2 R B A1
— A7 AT KA

H A, %25 A AT (Flight) FTB& % (setting) B
NIAFIBEEA HRIE. ThomasZE(2003)F6 H, WK
AR, WIS 3 KT, HLREEAE6 /NI N TR
30 km; Wi E REELL T, AKFTT A EREEIA
#13,200 km (Gressitt, 1965); {E3 E Jj7 4] _FfEns 5

https://www.biodiversity-science.net

1K
N\



522 4 W) £ ¥ M Biodiversity Science

(@) S =

,/,(/// — o DN \\\\\\\
NN Ty
\ [

\ Xj [T @

- Ui Wind - Wi Wind <= KJi Wind <=

B2 XAUERT KA R (2B Cho et al, 2018)
(@) IR, (b) FBER. AEGBEHFRRKLE, AGKELE
EiRP|EEHHRAIER, Be%RLls5HudiE.

Fig. 2 Two ways of pre-ballooning of spiders (modified from
Cho et al, 2018). a, Tiptoe; b, Dragline. Red and blue threads
represent spider silk. The red ones are mainly related to the
fixed function of spider and the blue ones take part in the
course of ballooning.

w)%w/ﬁ

155 km (Foelix, 2011), HZE/E KRS FZEH LI
KA . AN R ) R ATRE AN, REARCRE 4
X 25 g ek P YT A 2 K T Ui A R 5k (Larrivée &
Buddle, 2011). &S BER AN A BE 1y ik 22 S H
KA EE B AN R TR 4 | (Humphrey, 1987). 24T,
Suter (1999)I\ Ay KM A2 75 RS LB KT A2
A Rz AR R ANTE 2E 1, B KRR A%
AT . Reynolds%:(2006) it — 204 i, 7E
TEETL AL AT B O S A ) S
PR 2 S ERAE 7T Zal, B sk
ZAEHE (Weyman, 1993; Pearce et al, 2005). A iR i&E
WA T KT )V UGV HEAT 16 £ (Bonte, 2013), {H
WA= HREARFEM A, WnTolbert (1977) &I 447
ROABDRGUA BLAR Y, Wik 2 PR R, BEZREE

i167k. Greenstone (1982)3 T % 1) Wi &, #F
581 W AR Ik (Pardosa ramulosafiiP. tuoba) ) K fiii
174, KBLP. ramulosa (/8 H& B PEAR) K ATAT
K5 TP tuoba (W 5L HLIE B ), B TR HLE
FAES CATIE B AR DG . B BSR, 7E L
BT, WIS R R gk TR ) 2 0k F A
TEIEN . ANEREFRER T R E.
32 SR AR EEE T
321 WiREMEF

TE AR (1) 2B 75 s b, O L DG 1 SR
Marc % (1999) B4 & I 75 — L RE R B B B (A i 4 )
BRI SRR - R A AR ), A — L R
DR BV ik 2> AT 0 . VR ME Rl R B dE
BHHT R BT RN E R [ 75K, ©A S0k

2021, 29 (4): 517-530

B IX L 7 5K AR 08 A 0RO B 3h 6 (Bonte,
2013). Toft (1995)HEMIiIE H Z 2= Hhir BT N E £
iy TE A 7] B4 Ta) 1 K PR K. Weyman &
(1994)% %2 1 Wt B 5wk R AL E] (o0 R, $BH
LY RN, Wk ARG N, R b
L TRAT, TR G TE R A ) B UR SE A 3 AR RO,
R S ILIANDR A 4 7 50 K IX 3 Bl 9 R 6 B0 AT
322 S[&REF

WIHTATIR, 20t i, = # A aa 800 T
Ft 5| LRI AT SCRRE Rl -, e AR T T A AL
JH . [REHRTFURE. BE. KEE). #EHh%
o KA I EE R A2 Wk TR S AT PR AR
EoRsm . Hr, SRR F W siR A .
Duffey (1956)7E 5% 453 A [ 50U HH i 7T ik < i
IF, 5 A I FEE 2 5 LA AR AL BT R AR
Weyman (1993)Zxidk 1 5 M Wl Wk & (1) 3 2R 1,
BT TR, KIEsh. JeiAl kT 55 4R
W HE VR R KBS RN = . 458, Bl
3 2 2 O A, R OK BH A AN IS 51 R 1 23 A0k
TR A B WU FE, X2 — P WL L
(L4.1.1)c MR R A& B AL R, R —Fh
5B AP 507 2 (Reynolds et al, 2007).

(1)IRJZ . Duffey (1956)\ A 243 FE _E T+ H XN
I, W U, Richter (1970) A 30 24 X
THUR/INGS (1.4 m/s), W TR AT 2R I RE (R A7 AE 2
FEMIEMR KR EAFPRET, Wk Az
FRESAANIFE, WBonte%E(2003b) & B E20°C i) 2
Wk (Erigone atra) (LKA} CATIZ B K T-15°C
I o PSR L 118 52 e AN S A B o A e gk T T
1M H 5 4k 1) 5¢ R AR %5 V), WiBonte%#(2008) LA
BRI TR R, R IR R iR AR S R R
i) RS AR AR AR 4 AT A, B4k AE 15 C I il R 25
PHO R B AR, MAE30°C Y KR K. A 4h,
22 2 A5 52 KA — R S AT DG 1Y ) R
Duffey (1956)% Hi H- B il B 72 53 TR K iAT A,
1M Yeargen (1975) U3\ Ay gk "% 055 5 ey il A A A1
TR 2 K

(2)PRSE o I T 55 25 A Wk A6 ] T AL,
AR M S AN, fnNielsen (1932) WA &R
Ak AT A, 1M Bishop (1990) 5 AH S
=L, {HVugtsFlvan Wingerden (1976) 1A AR &
AN e — AN EER T R A S
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T FE— R E 8, IR W] E s B A R AR B T
S0 K. Richter (1970)LA4F%Y ik (Pardosa spp.)
I, WA T AN [FHR VR FE 2 A0 KA s, R
et I FRO PR 58 SR T K

R, KIEFM WL REE T, KEh%
2FANINEE R, HXE ERRAE3 m/s (Vugts & van
Wingerden, 1976; Greenstone, 1990; Suter, 1999).
Richter (1970)F1Tolbert (1977)%3 Hilif i SEI&ER] 1
TR Al 57 P KU S5, RIS 56 2% T 0.85-1.7 mfs,
H %R %A 70.55-0.75 m/s. Simonneau’s(2016)F!
W PSR RN R, I R IR AT TR AL IR P

MAECRARAE B R T, XA R]5.5 misi,

IR LA A

FERCIRAE T E RS, M2 5 3h KL AE,

M H 3 2R C AR AT 2 A 20 . Weyman
(1993)— T H & T %G B 7E Wik K i 75 T 1)
PER, [FIB R UGEAT 532 ORI Fi ok R %
P oA R
323 MWEMFMY

AP 2 b 2% T e YT PR R e 2R I LE PR A
Tl 28—, FEAN[F) AT S M rf A e 28 ol 485 4 A
] . Pearce5(2005) % bt R RAHIY. B = 22 K 2 H
FAEEEY X B KAk 2 s, R B R K S R
UL 25 £ (14.8 Sk /) i T AR A X (7 S /P
HoggH1Daane (2018)tk4s 1 3& B hiF 4 J& ME o i 2
U7l 1 FE] AR A e b R A i, 5 SR S R R
Bre] F R AR A A K 2 U AR AR 22 25% . Blandenier
5 (2013) FI FHLLAE Wt IR B, IR A 1 258 K
WK BRI, FEARTT T MBI -5 G 5 1 IR 1
IO ZR, R I AR W T et A AR RS e A 558 H A i ek
T HCR IR B T AN [EI S A A T
KPR IS AN E TR, Wik e
B KT, dnTolbert (1977)#2 3 HZELE Kfii. Richter
(1970)32 s WS MR | THARKC IS, gk it ) %
PEESIE AN, e AN SR B /> A B, ik 2>
1) T %9 A SR A S . Greenstone (1982)
A1 Postiglioni %5 (2017) 1 B 5T 32 £ X — W /4 o
Postiglioni%(2017) 4t 11 1 3FH IR ik (Allocosa senex.
A. marindiafllS. malitiosa) 17 K47 A, N NAELEL
T ALFR, A AR A B A T R AT 2t Y
Fh2E B = 1 U . (HBA EE DS H
) o ME 2 B KT, BRSSO AN TG B

UM S Wk AT At 523

SR XU 30 T (Weyman et al, 2002). Bonte%%
(2003a) . A AL BB AAEALAT S M, R 7 1) A )
WA EE BRI ST BUSAIG I, K28
AR BA B R i .
324 K5HI

RMEAERG I RS, KA MW AA A 1
HRE o G143 Fo B 11 = i Rt T 2
NI N = N e el (P N PR TN
)2 KA Hh i 58 Y %) R SR B M o R H 1 S
2 K N T U5 Gk =2, 2009). KRR, XigkA
RS I EE R 77, HUER B (1)~ HE i F
W5 E1E100-200 VImZ i) KA F% 5 5 b = P
i TR A N T A N W - i B
(atmospheric potential gradient, APG). Wilson-J-1903
7 Nature &k % Atmospheric electricity ) 3 & iiF 52
APGA IZAFER . OF % #HUESLAPGTE B :U AL
1779 B HUEEAE 7 EIMEH (Clarke et al, 2013),
H G- APG XTIk KAt 521 R Bt 98 38 521> - Gorham
(2013) 5 H Mk 22wy FELBSS, APGHIT = AE ¥ L ) fig
s KL FE . MorleyF1Robert (2018) & X T &
TR BT S G, HE P UESE T APGTEIIER K i
HHETER, BfA R ) 2 DAIR B IR I KA

Fra At 4 R Bl T Wik K i? Vugts filvan
Wingerden (1976)A Jy 243 5 Tt iy H XGRS, 3
gk KU RGN, Weyman (1993) 42 £ K%
JIHISG N2 T B0 TH S RGE FEAIS,  H e HE D K
SRR A SR Wk R AT AR R . 534k,
RACHEG R FE R E, MESEMER, B
TR L RO B AR AE 22 3 (A AR B - KR
Wy S5 A AN —2K), 3 SOR Ok AT R4
SE AN

i a SR RITLAE R, A I AT
BT REIFII Sk B R R B, WYrieA H
fl AN E 1, inGreenstone (1990)iA Jhigligk & i )
R IR RESR B T RO, T ae sk BT (A
(K153 71); Gorham (2013)i\ Ay H /1 F1 2 S5 —

LSRG IR WAL B, i AR REh 7,

#re )Tk E /N . Duffey (1956) K van Wingerdenll
Vugts (1974)#B4& 2 an FA NIk © T2 E 30170,
TR 2 T e B KA S U], BRAR ) TR R R 2 e |
B JE R . DX R Hh T AN R /SR PR B
FAN, WIS S AT T S KA T

https://www.biodiversity-science.net

1K
N\



524 4 W) £ ¥ M Biodiversity Science

W, FLEAVINEE. BE. K. KRE. KA
3% % R T #0 RTse m [Rl 7, AR RN R T
W2 B AR, IR R R R K 2 2% (Foelix,
1985). # R ik k245 (Barth, 1985). JE /K52 3%
(Weyman, 1993). W7 -E(Morley & Robert, 2018). F&
A ST BRI TR . W B R — PR B 8],
JTRAFAET B 2 b, IRBE HR AR AT R E ik
(A B SRR T 51 R R 2 SR e 35 e RO B R AR
— Z 5 HH B S (Humphrey, 1987; Barth, 2000),
BT BAE gk 6 TR S 28 AT A A I NI A

4 SR TCARALEIR

41 FWEHRILHIEE

FE UL T7 1, A ke A A RO A, B
%% 5, 3l 77 ¥ & (aerodynamics theory) (Blackwall,
1827; Greenstone, 1990; Cho et al, 2018)F1 K< &
FH 12 (atmospheric electrostatic theory) (Murray, 1830;
Gorham, 2013; Morley & Robert, 2018). FI#E A NZ
AR A R R ) 32 IR F) ;T WA R
S EER A & B TR O . Sihr b,
FE35 44 1 DA JR 5 1) 55 — AT 1 (1831-18364F),
Darwin & 3 %2 21| P MR AF £ AT A, DAMA
292-3 mm, F34Hb—FIRERAMELT mm, FEAEH R
Z P IR #53R (Darwin, 1845): /MR M 2 5B %
H— 2k 22, SR KT R KA gk ks 72 A
b, [FB R 455k 2z, SRS HRIEIE K. Darwintd
M, 2 SO /NN AT S BE D TR
AN AR () AT S R G
411 =Sz HER

BN JT B A R IR AR — 5% (BR
Bk k2 175, e E LRI BIER T M
iz (Blackwall, 1827). M20tH & HifFf 45, 1X—
PRIZRW 2 B M, FEATKIE T RKESCE R
kKA S AT N, FEaH R R, fE T
KM BB AL 4 (Duffey, 1956; van Wingerden &
Vugts, 1974; Vugts & van Wingerden, 1976;
Humphrey, 1987). Greenstone (1990)Ji3— 3+
SERRAESE 7 RAE LB S ER], KIEIR S
W R TAFAE 2 2 AR &R, (H RGN KA A7 AE
IEAAZRIC &R . Cho%5(2018) WL 5% T ik (Xysticus spp.,
10-25 mo) i KiAT Ny, RIMAEEIS)Z S, ETH3)
FIAS & H B R B AL, T A2 F U038 U7 AR (R VR L

2021, 29 (4): 517-530

IR TE o
412 KSEHBIER

BEE CATHLEI IR AT, A E N80 7
HOR A T BEE, R T AN A (1) KTk
080T 2% Mk 22 G o T2 B T P ik 22 5 ), T LWk 22
) ERATE 73 B2 (2) S ATLIHIER: G T 5 A% PR Hb R TRk 22,
RMAINIZ5? GTEMMHIRE KT, Wikkan
AT SRAF AR (AT KO (4) KA (1 6T,
FRFEZ D2 KWk kS 52

KA HL PR B 5 A Murray T 18304 2 Hi 114,
BEA AR T I AR AE IR L 3506 B2 (APG) g F2 it
SR B R A A R e DG TR MR R (1 K
fit, T 2 ik (Segodyphus spp.) I BT 78 f %, 1
Wickler 1 Seibt (1986) &% M %% % (S mimosarum)
(85-150 mg) BA KMiAT N, EANHEHEEE T
BT SR AR . Schneiders(2001) LA —Fh
FK(S dumicola) ufl, 7533 1 AARILE R, HEM AT
REEEF I MIIER TR 3 T %0l. WHikik 22 i 2%
% HH I R G T L, AT 5 SO A ek 22 R A7 7
HHE S, ERFRHERIERT, $Oa Rk T
— N EMIERIEN, FEEmRER At —Fhm B o
1o METFZS80 /R, Xk —HRZHK
¥, FiRA_EEALZE R MorleyF1Robert (2018) LA
ik J& (Erigone) Wil ik N 9, Siit T 1E WA APGHF: &
(1.25 kV/m#16.26 kV/m) T B F il KA1 T A (tiptoe il
dragline) () 22 5, FF &KL HLIZ A Joml LA 5| E KM
Wk 7] A Nz sh; BRIk BRI A2
A IR AR AT I 2 e
42 BERHEFRE

PR AT TR B AN B o 7, AN ]
RSk B TR (A KR ECE # . A1
S TR RUR L AL KB, FSRIRH 5
BGE YT B/ NERR . LA IR LA R

Humphrey (1987)4%5&9HE 28w e 7 —A
HERAY, IR TR AT N B A EEE L
(E13a). 1Y A K HiE B AE— DB, e
B[ KB 2228 1o TR 7 2 T e T A
P 5 H A FE AR O, T A8 ik B R B S R
B R ML K EE K.

(V). =mg[in(2l /d)-0.72]2 ul Q)

A, (Vo)min VT8 30 CAHT A 8 BT 1) e /N
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(m/s); mJy Ik 5T & (mg); AT 23 il Dy ik 22 () B4R
(um) AT (m); WS F .

Suter (1991)7EHumphrey (1987)1)/ R 3Lt |,
fai il Rk

V,, = W/(11.5LW %99 +1.94wy 03%) (2)

B0 SE: Wk KR FE R 525

Quq = MB+O)/E G)
o, E(h) ISR E (VIm); Eguh = OF H3% 3R,
B1-120 VIm; o A% %L, N3 x 107 hmEE(m);
Qreg M T3 3 LI HL B ORI 5T & (mg); BN
BT ARG, {E93-6 m/s?

A, Vo A TR WL BT [ (mis); W R SR e

gk 5 B (uN; 1 pN =~ 0.1 mg); LA 22 K ().

Reynolds%:(2006) % Humphrey (1987)4 74 4%
TEE, Nk AT RS R E R, 1 HAE RS
PR HIAH IR, ke SRR, K
Tk, MATER T —ASEr RS A (1K13b), Horhikez
2 A AR B AT A AR e A B ik R
ATk 22 A BE, W R PR B 5 ik 22 K i
KRN
F=mzt(u—-v)+ K(P,i1S,i-1 + Piis1Siie1) + MY,

3

i, Mo IR B (mg); Moy &S R R (my =
my/N, mg). Uy 2t 2= SR oIk 22 123 R 8) /2
M 2 BT 8] v Ak DB 1AM i = LRIZENAN T A =
NEEEE G, KN A, 60D N 5L R 4L
Py T A LR ARG S NTE T AR
iy i+1 SRR BB R T4 o B A TR 2 5

Zhao%5(2017) 2 TR N S S0 i FE e
1T YA, RIAE AR E KA T e i ik
22 SR i 72 B T S 8 KA, TR SR T
Reynolds%:(2006) F I 14 .

Gorham (2013)7KINAPGHIFEAE, FH:T 1%
I, 25t T i I AR AR

E(h) = Ege ™ X

@ 1—2 —t ®
REGIE  RETNRE
Adhesive Adhesive

RGBS ORI
/Adhesive Adhesive

JBeHF Sticky tape
i1 Ground

/77 ITNT

5.1 TKAUENERIREN A

R IR AL RIUE R ERI Tl o o N T G BN
BUE B AT H 7R AR M (sticky traps) FeR
¥ (traps)« e ¥ (suction traps) (B4)%% . S2fr b, iX
P IEA L T P B S, R e SRk 1) B
AL AEIE A X

(DAL X2 —Fho7%, A
FORE AR SR . AEREAT VOB, — A fERh G
BORCE T B 1-2 mir) ik, JHEERE AR R A [
JE TRy 5%, LAIBE G, b ThT M1k TG N T 2 WA 4R (1 4a)

(@ (®)

»

. 7] A5 [ Flexible length
m

E3 kAR AMIER (122X B Reynolds et al, 2006). (a)
Humphrey#&#!; (b) ReynoldsiRE!,

Fig. 3 Two models of ballooning spiders (modified from
Reynolds et al, 2006). (a) Humphrey model; (b) Reynolds
model.

©

FEXTILES L ESL O

T/ 7777

E4 TCAUBEBRRISFIRE A, (@REEE; (0)IKEREREE; (R BIB(RAHEZFERM).
Fig. 4 Three ways to capture ballooning spiders. (a) Sticky traps; (b) Water traps; (c) Suction traps (photo provided by Xuejun Li).
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Greenstone %5 (1985) /£ 35 [E 2 75 BN K 5 HH A Bl 1)
iz P ARG FEa B KPR . EE ELTIAR), #F2E18
JEA R AT, LR T PR O A 2 Rk
HoggH1Daane (2018)7E 3 [l N 48 J& 3. i 2] [l #1
B AR b ORI AR s . BT R B . A
e VE T AR T A CRATEIR) . bR, R B
LA S e S NP b= e b E A MW IR [ 2
H AT LG, T LIRS R R A A

()R BHE . I & 7 2K 0 B B R S Tt i 3R,
U K HLEE B (airplane traps). PARE BfF(net traps) . Jigf%
Fealif (rotary traps) 7K 38R B (water traps) (l4b) FH)iE
[ (bottle traps)Z:. Felt (1928) & VXA K ML B
R T B ) R AR AR, Glick (1939)7 FH ity 7E
5 [ % 74 74 LM Tallulah Wi 8254, 7£20-15,0004%
(v B BRI B35 Ry B R IR AR A . X BFs
BREAE SRS KRS58, WReling
i Taylor (1984) bt 1 4% 4 fea B ) Lk £, FHAE
152-610 m¥) i BEREAT 1 IEL 24 FWAR IR, A
T HA RN, ToppingHiSunderland (1995)1% iz
FEi B (Topping et al, 1992). 7K 38 ¢ BH AR s B8y (AL
TR R R, T 411 /N H R
SREEHRE LU T 3M I B A 5. Pearce§(2005)
43 ) P 7 S5 B4 I 325 A0 T o B v AE SRR R I R
EVL PNEA L€ S LI & B NITE AL o= s
H BN ZE SR

KA MR LS SIET I E AT N, SRk
R IAEOG, ME T AL, WA AR 22 e )
EALIEAT . Thorbek2%(2002) 1 I BI1Z % (ballooning
index, -5 WK T KA ) _ET@AT A 50) Sk 81§
RUAT A, RIABIZH 5 W IR B H4 A7 CE A
ek, HLfEs. mI4E. Woolley%%(2007) 42 Hi —
(R T L 1) 5 vE—— IR B, HLR I 1%
T 2 I Wk K B R 0% 08 BRI VE 8 E A A .
Woolley%5(2016) i Dy F L ib J5k, TE k& =2 R &6
RHEPIFRE 7184 H gL AR RS, KL KA
Wm0 S L M I SR B B (R AE AR IEAH DGR R o

(3)W Ha JEVE: o MR H 8 2 22 iy K S 55 B FH T M
VAN I AN TUE B KB AR R w6, A fE
RRYHFIAGSE TR B 1 LU Rt () M 428 T X 2 R 45
FEWR W 7 T, Horner (1975)7E 35 [E 8 va fi 7 &
PR 26 W d BRI FE T ATk o Bk gk o} P 4 B

2021, 29 (4): 517-530

GYAT o AR 223 ) FH IR U SRS YA Mgk 1 5 4
rBlandenier (2009)% T Hit -t WL 8Lk 11 4F (1) W th 1%
BdiE, WFTCT R S0 AR 1) 2 R A
KA S AFAG S RN« Simonneau % (2016) 1) FH IR i
TEEFE 1A H SO ik Rt g R, FERGT)
WHK T JUAS5 R[] 5 S0 R AR i«

20084E LAk, FEFGSAEARL. b, b,
IR, TUAbSEHAN R, e dE 7216 R g (El4c),
W20 K6 B i Ph 78 o FRE /N2 UK 2 = X )T
JEC B e I T R S (oA A 4%, 2011). i
22 ) FH W RS SR AT TR (1) 22 FE PRI TE AR,
A ] 45 (2011) ) F W RS R A T 3L 7 AR R b X KA
WK O U AL R SRR AR, R IR R R A A R, L
WREHR i kR S A BOR ], H8H EfyZoH
AT A B 3 v T HAh ) B
52 T¥MMEIREIEARFE

20HE L0 AR, FE AT aERIH 2 M F B 7 %
SR TR, KRR L. e, 7
SEIGPE TAEM AL b, S5l sl R g
T i 2 E A, B Humphrey B B (1987) |
Reynoldstx 1 (2006). Gorhami& 74 (2013)%% . #i7% H,
A o] AR B SR AL, T 2 2 RS OB A R 8
X R A R EATIRAA A EBUIR R . 7
Gb, HEREERP AN B SIS AR, A NS
WEKMT &, TR K AIEI A AT R R . P S
A S (P ATE A2 AT DL B S b U 52 81 ke 1 ATt A2,
ST BRI RS A . a0 Walter 55 (2005) X
Follner fl1Klarenberg (1995) ) W 55 $72 H! i ik, 7E 52
36 2 N B6AIE T RS4S04k (Argiope bruennichi) i
HWRI CHUAT N, JRFR T CLAN R s R 1 AT
o Lee%5(2015) 1 IR AEFE M 26 FESIE T BEL% BT
— WS BRI RMUAT A, FIREE T TR RS
Hh ) R SCRMAE - Cho%5(2018)38 it A AT & Bl s
55, R T RAMARINER C AT LIS SR . Morley
HIRobert (2018)I7E N Ats) i iigk KA~ & ) e
AR TR, RO 2 8 B PR X (laser
Doppler vibrometry, LDV)X} ELRF 8 1 A1k IIr B 75 B
X IR HL I R RS (i 97 22 S o SRR SR A, H AT K
FMLAI I T8 T R T BOS A A R, AHOCHE it
AR Z, AT 5E T2 HF X 7 T A 7 42
AL TTVE, RFRATE V) 7 EAR P ]
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6.1 ‘MEWKESS5HERESTENEESR

WA 2 AR 2 FR G (L H R AR B ) A ) R
PEER AL =0 ) ) A== W £ 52 o ) TR
75 T EA 24 2 R E /R (Marc et al, 1999). K Z 3
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ABSTRACT

Context: The ecological boundaries rather than the administrative boundaries are adopted in the Marine Ecosystem-
Based Management (MEBM) guide to management practices. Marine habitat mapping aims to explore the distribution
patterns of the marine environment, biomes, and species. This provides ecological boundaries for management actions
like biodiversity conservation and marine spatial planning.

Aims. Marine habitat mapping is an effective approach in using monitoring data for decision-making, which has
become popular for research focused on marine ecosystem conservation and management. However, marine habitat
mapping has only just begun in China. This article aims at reviewing domestic and foreign research progress of marine
habitat mapping.

Progresses. First, we explain the definition and connotation of marine habitat mapping. Then, we clarify the steps of
marine habitat mapping and its applications for ecosystem-based management. The methods for marine habitat mapping
were systematically summarized based on the aspects of habitat classification scheme, ecoregion delineation, and
characteristics descriptions. Furthermore, we summarize the representative marine habitat mapping cases. By
comparing the marine habitat mapping systems developed by different countries'regions, we proposed common

WSk H 35: 2020-04-29; 252 H 1 2020-08-18
F4 I E . BHE 5 E SR R (2018Y FC0507205; 2017Y FCO506105) /1 [ 5 [ SRl 27 3 45 (41906127; 42076163)
* J@iIfE# Author for correspondence. E-mail: chenbin@tio.org.cn

https://www.bi odiversity-science.net



532 4 ¥ £ # ¥ Biodiversity Science 2021, 29 (4): 531-544

characteristics across different systems. Finally, we present suggestions in interpreting the prospects of marine habitat
mapping applications in China, providing scientific basis for China's marine ecological spatial management.
Key words: habitat mapping; marine spatial planning; habitat classification; ecological regions
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FEEVIFE R, TR A Bt 51 Dyl o B R
FLH DA AN E] T H (Strong et al, 2019). H T,
bR b C% RO 4 3R RURE 31 [ 5 X8R 1) 22 Fhifg
VEAEBE 2y 28 7 =0 4y [X Hi J&] (Connor et al, 2004;
Spalding et a, 2007; UNESCO, 2009; FGDC, 2012;
Populus et a, 2017), 7t B A 2 R0 Fil
A R T OCRE A, (IR E A IX
T AR E

NERIREVG AT RBDUR . ST
WHHEASRP SEHATY), FEITRIEFERESE

WETE, AR =2 R e 2R 2 T I 22 1], W)
A RAES RITH X FESR LAY T K]
DIk, 3 7 25 SR UM & P 3R T R U
T, (RS = A R TR AN R e AR A 85
AT E A AT B2 B SV, SEIUMERL R E 2
ERLSEER TR . JE DT R AR SR W TE, fE
i %ot R A SR A i R U BT R G B R AE BT
AL, M fEdExt g2 mm . B E eV
HEER RGN PSR ORIT RN R, HE
BECVEZS R GUONFR N B AR B E B, PRIk, AL
X W AR 35 1 1 ) ] A AT U SR AT SR, g
FEAE S B € AP BRBEAT 4, RS HR i
A S P T BRI T i, B A [ T R R
B RAR R ANEG, foe e $2 AR R MR T T 1,
LU D 38 [ T Je i v A 5 20 SIS 1) B R AR 5% A 52
R RIEE S %

S

11 SEFERHIEMNE XA

BEW R MRS E R, DR
AR 73 A FB, K TS B i RE JE 4 45
AAESE SRR R AR O AR B P,
SN E R FEARMES ARG EH T A2 —(Bal
et al, 2006). [ Fr b iy L B B ica A A
52, X ATRE S ARG 7T 00 B S A HF, A
[F) A8 53 0 A ) B 35 3 A R AIE 1R X ) ok T A B o)
B LAk 2% S 3L R B 201 2% 5t (Diaz et 4,
2004) . £ KK e AR SE I B E R, i AR B
B e SO Sl AR B0 oy A RS [, DA B 5 2
T8 5 0 I Y0 7 AH A0 A= 5 18] 1D 775 BT 49 B 12 5 1)
K] (Buhl-Mortensen et al, 2015a), H iii%E LR
FE P2 AR X 452 1 o

M E G, WA ST E 0 B ARE T X 5
WA SR AR, ARG LT SR )i b ) BV
EVRARE S MR ERER, BESRRA S
5 a B SR HAT T BB R RS R A,
VIR IS PR EERR B o A, MDA B A BAR (i
SEMG | A RIS G 55) S8 — B IR A T IR L Fh
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AN FIIS B, AT AR PR TR R A= v
1) 22 () 3 A b Je AR A3t 45 R 558 B2 9% I AH 5% (Gray,
1997). AR 55 ) P e ek A B R AL AE A S
(Bl KR M. R K. AWRETE A K
SV RINA R A BT, B E BEAN 20 48 15 A ks
(AR A 25 AF R AT R 3 () A= R VR A DR TG, E
A H &S A S B U2 A R T (Strong et al,
2019). FAEAESIHIEIEE TS RE ML, WIEE
RGN EARPERE@YE R, REEYTEE S
A~ GEFREAE R A 2 [ S AR LA AR 25 25 [A] B G
12 EFERHENSERENA

AR RGE PR RS R BEVEEAES
RGP AT AR SRS RIS B, AR AT
N HAIL A (McLeod et a, 2005; Crowder & Norse,
2008; Katsanevakis et al, 2011). 7E#FEE, BT /KA
(1) 78 o {1955 H 8 T ik e W 52 RN s AR A Tl
W T8 e v A A B ) PR SRR A I 1) B ELUL R
TNIX A 1 AR 2% 8] 43 A1 (Mumby & Harborne, 1999).

TR A B ) R e AR E B R R N AT
a3 DX Ze | R R 2 ) BT, FRAERRE RUBE T BLE 4
B RAE AR A 2 A s, — R =P (D)
AR . BROCERBORMRE S, SRR R
BHRE: 2EEN TR RBIEE, KRB
W % 1 3 A7 10 5% £ 4 4R (Buhl-Mortensen et al,
2015b). (2)FFXIH RN F H AR th A58 2507 %
(habitat classification scheme). A:35 703057 RIRML T
—ANEERALIRESE, B EMBIESE R B AR
FREEBIR . AT S EMEESR =
HAER R SRR A, RO iR & R
(Costello, 2009). (A5 X KFFEHfikR . 7EAESS
I3 S AE 28 T i 3 25 M R 7 VR WA R T SR B
BHE B HORE A B R SR B o BN A S
FHOCIR 23 [ B, AT A il v AR s 1, IR )
3 R 2 TR) BT A IR B AR R AE R AR S R X
T LLsE XAk (Strong et al, 2019). FEA K]
A AT DL A Pt 3853 X AR ) P BV 4
Bl RS RS AT KIS A S B R
AH PR F R BEVREES RGN AL
Ft, R =MD IR, AR Ky R X &
FRIER R 2P AR R B AR O N, BT E G
FIHE, J5 2R 17 i (Strong et al, 2019), 7
T, XPE AR T

BISCEESE: e BT kR M. A SN 533

EHET AR RGNS B, s
il B B FL AR O TAR AL T R R E B B, RHE L
(1 & P o SR ANAT B AR A B SR S FF (Keefer et al,
2008; Cogan et al, 2009) (¥1). i, fE4EKRE E
Y A 5 o) ] PR AR M s A9 4 A R OK A IR U
TS AE W H /3 25 (UNESCO,  2009) A1 i A il 42
S HEPEA S X (Spalding et al, 2007)4%, 7Eixut
rIXHEZL T, W] DA 4 — i AR 31 5 43 X k5
Fris 2 104 % 31 (ICES, 2008; Schiele et al, 2015).
S AN S, W AR S BT N AR DL B 7
SREEMLOCHE SRR (L)W AR, 0458 B S0 .
(A R VEAS S AR R A 2 B R R, (2)
WL FEME R AE S R BBV, Q)BURAES
RGN il A6 EE) LA R B B R
ZIFIRY, (4) T RS RS AIRSS X 4L 2
ZEBE IR R FETOINN E B B R (B) W AT B 1
XTEURDIFI LS A HIAE T (6) RURE 1347 BEAIK
RE 55 1T FF 2R BR YR I JF R0 g E AR B AT AR ) X R (1)
S, (TSR IX S e, EE TR S AR AL
XN FIAIAE X EIRE I, (8) B X i e A S R
mil; (9) M5 AR A AR AR M T ; (10)FP K FP AN 2
Pl AR RGE 2 DA R 5 S A5 A2 A0 B 1 AH B
£ H (McGowan et al, 2013; Malcolm et al, 2016;
Thiault et al, 2020; Ware & Downie, 2020).

2 EIFEEHIER

21 EBEFEEESERR
211 SHFERSEFENAR

YV A 45 ) R o R R o 2K 8 SR B v T LA
(14 45543 2577 %, RobinsonfliLevings (1995)¥ 4 5%
o7 e U R AR B R [F AR A 4
A (BEE SR AR e . B bR REF IR
Bioy KT ZOAT T A FRRE R AARE, Bl
O IR A7 REAZ RGN,
WIRA T HSFI YNGR .

AR R4y 2807 M HL Ak P 25 5 1 B s T Y

ARG AT R, TP 24 (10 H AR 2 (8] RUZ -7 L2,

KYUE TSR IT R T RAMEAERFER, K3
oy BT A 2R AR RPN Id, REERZ
BUFS ARG, TR BRI b, 4 28005 ) AR
W2 JE 2 RS 41 ) 4> X (TFMPA ANZECC,
2000). S AKE, PEE. Ah2ERIAEYME B AN &
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AR 23 (R A
Spatial estimation of
anthropogenic factors

=gt

HETESREWEE
Ecosystem-based management Management options

’)

Biological and environmental
data collection

Goal setting and marine
habitat classification

AR L AR B :>@%Eﬁﬂ@ﬁiﬁﬁ%f¥:>¢ﬁﬁ#¢ﬁ%zE%ﬁﬁﬁé:>
Marine ecoregion mapping and

characteristics description

Bl EFEEFIERNASE
Fig. 1 Stages of marine habitat mapping and application

Bt HIEARI BRI R oe R R AL R b, H
T PR Bl R 50 KR RS R _EEARSRER, 1E
1L T 7K B BN H 7 v R A 1 R R AR 70
PR PR AT 02K BRG] 1T g iR
TR AN, X T A E I B
WENHTEANMIORE. BTEMBIRNAE, F
B 2R 855 3 SR T7 SR AR T RS ) ) B R BA BE ARRALE
FEAR B AR A VDR 5 A2 W B 7 A 2 TR) L4 AH 5%
PERIRTEE N, B8 AR RS B AKX (Brown et d,
2011; Huang et a, 2011). {HINE TR H, fEACK
MAEE R 7 AT £ RS OL R, R Befd R
30% LA [ AE WD RE VR R AL, AR B A 2R R 2 A
20%—62% [H], K|t 75 BEid ik 3 2 UL A AR A 5 A
X0 IX 2K A 8T ) KT 2 R kAT R fE (Stevens &
Connolly, 2004; Ramos et al, 2017).
212 EFEERSENEFIEE

Tk 2% g v A ) PR 1) R v S T o [R] SR
T, XS HERENERE A L. TJLHEkR
W8 & T 1) R PR T A B AN AR ) 1) SRR BOR B
TRBMEEE, NN B I I 2 A R R
AU S 2 (B o e e R R, e Mg e AR BE 3 RT3
B BT B8 3R X B 3 [ 715 2 BCR B 22 (Boswarva et
al, 2018). H w55 i B R 7 ST LA
PUORSE: (D)% BEINHEAR; (26, (37K T %
AL, (@) VLAY AR PR K (Harris &  Baker,
2020). Ho A A IR 32 B KR U BRI, wTER
BOKR .t R (50, O 5 R IE T i
SRR R OGS AR E B, " 3REUE R
SR RS R TR B4, K PR GHA

T UK FERASEEh A EUR, v B B R R
AIBNRED) o3 A BEAT MM AN E 355 WOAR AN A=W KA
AT HIFEA BT F T WO RR AR M (151 G REAR R/
R RS A 4y 2K, X LR [ i )45
S RE I SRR AR

EARBR I 1 20 R B 2 i AR B ) R R kA,
(HASE R Bt 25 () 5 FR A 2 i REZAT)
TR} E 1) 7K (Cogan et a, 2009), MAEE Higxk
ARG R AR R . B AT AT TGN
T P A ) I A A % 3G 2 ) 43 A L 4% 58 4 6
()7 A, AE DAl g e i S SE AR Rt ] . (H2,
A O ARG BRI O R, HEN
FERE X 43 AW FAZS R 40 0T Be 1 23 18] 40 A 2 1]
1THI(Harris & Baker, 2020). FTlL, WA RS E
) H bR R, IR Y B IR R A HE R, R
H BRI 73 N AR B AT IR T B R AE, A B8 S it
TEAE B I OV H

Rk, fESChr Y, BABEMCHRE TIRZ
HIARMN S 77 %, (AW TN BOBUR R 14T
AR & B 1 X R A R S R £ 5
AW I 5ROk kAT 4> 2K (Carey et al, 2015;
Livingstone et al, 2018), VAR AR 5% il B 1 mT 5 4E
PEFISEH . FEOA RSP AES SR, HEER
WP O FE B B KR IY, BRI A v 5
¥ (Longhurst, 2007; Oliver & Irwin, 2008; Silvia et
al, 2013; Bailey, 2014), A AT T [FIRF R H] 1 iR
FKAAAR & (Harris & Whiteway, 2009), i 7 H /N
FE b, A KA AR B s v T
X AEBERAY [ 20 AL, . B UE A1 A (Fontaine et al, 2015;
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Ramos et al, 2017). % T RS R AR A 040 1 3R
HOHERE, PR il B AN 43 X 45 S 46 R 8 B2 K
W, T T R AT 4 G R 2 R O A R
A= AL U 45 18 K4 72 (Vassallo et al, 2018), #il
WA HF 70 3% B 4 BRIUG A WD B S8 6 A0 A B R
T3 RBEIRBN A T ZKIR  HIE A BE 58 (Gagne
et a, 2020). MR, TEHLEE FIRA. RS
R th & B B & (Mittermayr et al, 2020). 7E¥EA
BRSO T, XS 0] AR il e AR B K &
I AR S e 4%
22 EFEESXMEHERA G E

TE M 7 A 58 ] B SR 4R 1 43 28 07 S R0 Bk Bl [R]
T, TR R T #AT AR AT 5PN, AR
P53 07 NP S R o N E BT Ry X . B
B O 2 T R AR . KRGS, PRIERIR
AT X (GRY), HiEFEEA =K (1) RLCmt
TR BN A SRR — BT R EFER
BATEES X, QTXREREEERIEE), £t
R ME. HpEm R BN T e A BN
BRI X, fE4S BB ol af AT B iR
FERIETE T (1 ani i) L S8 v B BRI AR 35
HEG S T FE L AT e R & 1 = AIBR I, H AT
AN B A TH AR B VLI 43 IX 7 700 2 U R R i
%o Bl TR HEORBEW AR 5L BB G5
BEAT P 4H, BAER KRR A 4y B B 3L
FRAE TR BN RS, b+ & TS
43 X 9% (Grant et d, 2006; Brown et al, 2011). fE%
TCAE AR it IR B2 R 7
oK -E{E 251 (K-means clustering) (Livingstone
et a, 2018). K-MEHEIGHAR (KIH NZ AT
RHK(K), [F—AN T B EHE i (E 2 o0 2 A) ) 43
1M 2 T (R AR AL B At SR ) B vy, AT SR B
X AR BRI B 2 A E I R T I R X
PR PR AR BRI AR R R, XA RE2 %
AR ) T X 7

TR XSE G, Xt o IX 84 X A B A 355 T
FHEBHTHIIE . 27 XIS (8] 3 HE 3R e T R
S TEAE B I b o R e 3 B A A EAE, DA
ZERRRME. X EAE T AR AR IR ER
G T S AP T2, TER R FE I AR
AR AT SRARIC 2 [ BT, IR DG IR B AR B
A BAE B T o RRAE 6 7 A W (1)

BISCEESE: MR BT kR M. B SN 535

K Git B 3R 4 X B A B8 5 0 A% 2R R T
B B 13F 4T 1iE (Ramos et al, 2017; de la Hoz et al,
2018); (AR AMRMRILE, BRI GRS
AADHEAT ——XF B, AT FH M — AR IR R AE
SERESE R, BInBEEM R DR 2 FErE. AEXT
= ¥ %% (Sotheran et al, 2014; Carey et a, 2015;
Bekkby et al, 2017). Hi & 1& H T4 KE Bl 43 X f38
Ay E B RS BT B EIAR R, S5 S A T
I A 58 53 28R AT R AL A

3 ERINEIFES

31 ESMARZEBG

B AT B BB i i i v A B B T R
TR R X, PLAGSER. &R, 3%
B R 2 /R BRE . P i BRI 45 AN [
R Bl X T i R e A 85 53 2R T e Sk L o,
HH R 20 B SR Hb X AR B SR T R A T i
AT, AE T AR R v v AR 358 23 SR X R
RIATIHPAANA .
311 2BEFERESXE

A ERVE (1) P A SR ) B 2451 At SR e AR S
X £24t” (Marine Ecoregions of the World, MEOW)#ll
“AERORTE AR R AE M) HhEE 53 25" (Global Open
Oceans and Deep Seabed: Biogeographic Classifi-
cation, GOODS) NAREE, 7K A BRI R AR
HEAT T AT 2 X 2]

20074, KHRIRI 2 (The Nature Conser-

vancy, TNC) At 5t F #R % 4x <= (World Wildlife Fund,

WWF)5e38 348 tH 7 BRI HEAS X, DAt
—ANAH AT R (/K200 m)th A S X R
4i(Spalding et al, 2007). ALRIEIZ ARG HECDH T
Pl oK B [X 73 2k R, LA ZAZ8 MR A T 2% J2 IR
Tk, UMETITRZ REA. RGN, 2K
I 5 R K Rl 28 K 8B ) o3 B 124 A i
(realm). 624444 (province) f12324 £ 35 X
(ecoregion) fA B [ MR 28 22 8. e 8 B 43 X AR 3 il
R R R 2R /KSR AT SR JE A28, 73 IX A5 Bk
TRAFE TR E . JEBURFH SRS - BUM H RS
A oy X IR BT Rl R G KGR DRI TR ) R
JE () 1 PR B AR AR VISR G K &R A 4 IX
(1) IR B PR - LG U RRAE (IS Bl . KPR 4R R
Gt PEPNETE) AKSCFRHMEGER . BT,
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Rl 2WEFERSEXAREGEDL (BB Zhao & Costello, 2019)
Tablel Globa marine habitat classifications and methods (Modified from Zhao & Costello, 2019)

77 Product

J57% Methodology

K H%E NS B Utilized data and information

SKJE Sources

KA A E Pdagic
biogeography boundaries
AR RS 2 N L X R
Fishery regionsin Large Marine
Ecosystems

KRR X (R

Surface pelagic zones, not coastal
A S X RS Coastal

marine ecoregions of the world

TSR ais b BRI

% 4y254 X Classification of
biomes based on chlorophyll-ain
pelagic ocean

SRR A A 73X Global

ocean biogeographic provinces

A BRFE AR 3 X Global
open oceans and deep seabed
classification

%X mM. Expert opinion

AT ik # 4 Synthesizing
previous work

5% & W, Expert opinion
%X = M. Expert opinion
JEIRFEZ 5 Hierarchical cluster

analysis

% JLEI4rH Multivariate cluster
analysis

%X B M. Expert opinion

NEFRN RO XTI 27007 Multivariate analysis

JEATAE 5B Global benthic
seascapes for high seas marine
protected areas

AFRVRIE(> 800 m)AEME 4 X
Biogeographic provinces for deep
ocean floor (> 800 m)
RETR AN 2 FEME R X
Oceanic phytoplankton hotspot
regions

KA A& X Ecoregions of ocean

TSN R AP B A 7 X
Biogeographic realms of marine
animals and flora

WK =4S BT 5 X

Three-dimensional ecological marine

units

AEBRRVE R AR AL 2 53 X

Global mesopelagic biogeochemical

provinces

AT RRELIIX
Clustered marine ecosystems of the
world ocean

=M. Expert opinion

Shannonf#{E % Shannon entropy

FRIZWF 2 Seasurface currents

classification

WA B AR AL S S A
Standardized cluster analysis of
species occurrence data

K-¥IME 5T K-means
clustering analysis

Z RIS B ANIa SRR
Multivariate cluster analysis and
boundary frequency

F L T FIK -SA (8 2 e
Principal component analysis and
K-means clustering analysis

k%Rl Previous literature

KUGHAES RZHIRY) Large Marine
Ecosystem and publications

K A EALEE Ocean color and
physio-chemical data

CUA IR & DX 20 20 X R 2R 5 Bk}
Previous regional coastal mapping

H #4253 a Mean monthly chlorophyll-a
content

MODI S/AquafiT A= 14 7% ik 5 A v /Kt 45040
Sea surface temperature and ocean color from
MODIS/Aqua reprocessing

WA K458 Review of previous studies

KRS R MIRA T UIREEE. JRZ
HEE . JRJZ A4 Depth, slope, net primary
productivity, sediment thickness, bottom
temperature, and bottom dissolved oxygen
TRRIRIG A /3 AT AR & Physical and
chemical variables indicating organism
distribution at the deep-sea floor

HFPE/K (132X Remote sensing of ocean color

WL, BFEKIE . SR EFHA Ocean currents,

including temperature, salinity, and upwellings

b E AR A 7 A # 4 Pelagic and benthic
species distribution data

K BRI VAR AHRRE . BERRERANTERR

0 =43L 8535 B Three-dimensional environ-
mental variables of temperature, salinity, oxygen,

nitrate, phosphate, and silicate

HFR R b I 4 R Z A5 4R Mesopelagic
environmental data from World Ocean Atlas

200 PE A 548 B 20 environmental variables

van der Spoel, 1994

Watson et al, 2003

Longhurst, 2007

Spalding et al, 2007

Hardman-Mountford

et al, 2008

Oliver & Irwin, 2008

UNESCO, 2009

Harris & Whiteway,
2009

Watling et a, 2013

Silviaet al, 2013

Bailey, 2014

Costello et al, 2017

Sayre et a, 2017

Reygondeau et al,
2018

Zhao et al, 2020

UK) Je R AL 22 5 i (K RUBE )8 57 BRI L AN 2 158,
A DX 73 X IR AN R 5 3 O JRy 3 X o L B

TORCR B CRIIMEOW 7y [X AT T A 2R OR 47 X
PR3P VT A o N S Bl 0 T S (R 5 R

Y pRE T, BREREAEE. B, B
N KB E. KR, WK TR, A
KRS . HAr, Cf s E b AEY R 3 H28(n,
TNCFIWWF)#EMEOW % 4t kil 52 1) 3 7 A2 4 X AE
RAE BT AR IR G, — SeAl B g 1)t

il B AR S FR G0 1A XSS VP Aty AN B G SR 9T
%% (Beck et al, 2011; Edgar et al, 2014; Halpern et al,
2015).

20094, A EREOCHL R T (B
ARG A 328 ) ey, B IR 2K
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(1% S I K R R 9 Y U K 43 DR A ) A ) B [XC
. MR 2 R KA, AR
WGEEAN 53 30 EWAR KR Ay IX, SR 3TR &E
(800-3,500 m, 3,500-6,500 m, >6,500 m)38™4: 4144
(AN RIRHEIX 1A TRIH X FTL0/ R R X)) () )i
WELED) 431X, DA S 104 # s L1 IX . 4R di i, X
BEAW) 5> X J7 5 B 1EFI R JZ F 7K A4 B0 55 1) 1k
) BRI A 55 5 A1 SR TR ) L AT AR AL A B R AR R TR
FRAE ) B A X 3, FERTHELE TR A4 53 A AR5
AR (UNESCO, 2009). A m Huemite, K
SRR Y A ) b B 93 218 T 5 1) ek 58 7 OB AE )
S5 T S B BRI gk SR 78, X Ee BT Rl 2]
IR AR ANE PSR X R I A Bk = 3 A,
NS BN T S e A b RO S ) o0 A, DA
HHATRIERIWE T . AR A 3 (Watling et al, 2013).
312 ExEFEERFIELZR

M1t 8WIFF GG, EEL g, KR,
o [ AN R 22 55 EAH gk AR T 52 iR AR
By Kb B 07 &, MRS & B VE AR S RS A
BT A S 2 R0 i) B FH & e

(1) 3% B 5 13 5 A 45y 2 b 1 (Coatal and
Marine Ecological Classification Standard, CMECS)
(FGDC, 2012). fE21tttziy), 55 E iR RS
BRSNS R R G, DL 2
H AR BT B 3 AR O U R B B AR S
RATFHEIG — 0 FhrERIE S (Allee et a, 2000;
Madden & Grossman, 2004). Wi , 7 iR FrifE3Emt
FABRITTE R T H A 35 E B R 003 R R AR RS 4y
bRt o HHEZE B /K I 50 M AR At P BA 5 9y K
ARIREET 5 (settings) #4 i, ELFG /KA. HLTE Hh A
JEE S5 B BAAR 2 4) (components), 4 & T GE
FAMRELL N )72 . CMECSHEZE A ¥ i3 T %
Fhas R, R T . A AR KR R S
FII I AR AN 22 X . /ECMECSHEZE ik
T AR R T (modifier), 1% T A B T4 2%
JRIRZ AN, ABREE SR AL 73 I HABA B B, —
FALHEJE T AKBURHIE . VDB JE M A e 155
B R AR e A SN KT L+ &
B nE A R A B R R e AR
TG, T A R B T 1Y) 2 8] 4 A BE R B S
MR X AR A /N BB E . H AT 2505
#E CF T 38 [ 2 N0 117 X3 1 JEC A A P A S

BISCEESE: e s B kR M. B SN 537

H oA Bl 2] AR RGIRSS ARSI TG SR
5T (Keefer et a, 2008; Carollo et al, 2013; Mittermayr
et a, 2020).

(Q)INERIFFEAE 3K IR IR I
QIR T — Bl AR RR R, PRIl
W RV PRI RV X SR AN [F] B3 58, H H
FET LLGE— 1 43 S TR X380 R AR M 1) BB R 1)
AR IR E HAA T, X R E R X AL B FR
NIRRT o R REE TSN K0, 73R
TR EPR IR e 8 R A S 52 HE P R A R
fiE(Roff & Taylor, 2000). 7Ei%iAk &, H &k AL
T ERER I S LR A S R B s AT,
A AT e AR AR X (1 R B R E” Sk e AR YRR
W, XL RRARRE" B R AL RBE R AR H 22T
SRR B0 S R B Y B e L, AR R )
KT 1 WA 148, T
VKAE B R — MR T R, BT EIX
IS bk = W AR R, DR A P b R B Ry
TEB ARG PEREVE I VR I V2 RN, I BAE S L
LN AT RE A ME— R AT I D73, A AR & 3R
AR SRR (9 T s ) ST P e — 280 2R 0T R
55 5o

()R RNV A 35543 B8 P o KRS 5 3 el
R RN IR B A ) 7 X R AT A 52 2, H
e FR 45549 K B B8 9T (3,000-240,000 kmP), 3 46 #
JCEATIZ M B AR FE A S AR R AT Re
FFREE L AL (IMCRA, 1998). {HIMCRA /)2 8] 43 #
TR, TovEE SO, B IEVE R IV ARk
o gk . A R OK R [ 5 B0HE R 4% (Australian
National Data Service)Z: T~ 5 =23 HF R 1K
M REAESE 7 0T 5, @S 1 ORI 7
HE" (SEAMAP) 7 [A) 20405 e o e rb A0 45 AR 4 s 21 A
AIANERE, DLROKAR S 3R R, A4S
414y (Butler et a, 2017), X532 E A1 RK B £ 555>
KRR BA AL, SEAMAPE B FI T B A7
SHh 5y R 372525,684 N BEHRL .

(4) L E AN Z /R =W PEA B K BeE H AR
7% 14> (Joint Nature Conservation Committee, INCC)
TR T — R A 55 K R SiThe Marine Habitat
Classification for Britain and Ireland, 1 A% 5 (%
7190 [ R 92 R 22 AT S 1 1) % B T (Connor et
a, 2004). %K RFAFE NI, HITZHKX
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T IE . BEHURIR K R, TEmPZ IR T
SO AR PR VR SR I & AP PR BT R 2R, SRR K
Z. FREEME . WS KA E S5, Hd
T Hofs FEE (%) U Jofa AR i B A FEE 1Y) 7K 2 LT 2 e
WM EER R, X2 i 5 id 5 i ] FE 1
JEME, PR, R AN K ZE B A N IE TR R 2
532 MEBAREA K Z R b, HEE AT
TV A Bk s X (Parry, 2019) . 3 i % i 2 4 2E 4T
Gk AT, AR S AN B FHAURRE D B 2R, 1K
ST 8 U IR AR B A B VR AR B SR Al . AR AR BE Eh
VR PARAE AR R i B IRh A oE . 0
V& A B2 RV i — 402K, IF BAE AR XS
A2 B FZ R E o @ ESI BN, BE%E
B 55/ 25 P, KORE B A Ty
NH.
313 XiEFERFIESG R

DX 35 M (%) 3 AR 52 40 2R o) T8 T 32 2 DA RRGM
X AR, HoA AdE — ANz MR X 380 AR 15 432
R, DLS LB A 5 R ik 2 )i AR )
FE AR R RS

K 9 H 4Rk 15 B & 4t (the European Nature
Information System, EUNIS) & 1 KR PR 5552 % 1
7z BRI AE 58 73 26 4k & (Moss, 2008; Evans, 2012
Evans et al, 2014), HHbHEVE R R K B A1 0 o
o, SR BG DL R R 5 E R R . EUNIS
(R EE TR RE T A 1] BTRIH AN IR, 38
BFE—#H o FEAES . BAEUNISARE K RL
300, MR T/, REFL mPE100
M2 R BEREACHEAT 232 o LI 1 — 2 B85 0 gl )
FONAEIRER G WG AR WA S B R AR,
JH /010 ha, flanG G Al . WER . ERVH
ANFAB IR AE BT 1. EUNISAE B RT R 5%
E|CMECSHRERIAN A Z AL AE T, EUNISTT AR i
ABRR DL — Z ARSI (AR AR E), TR T
HEFEAE 6N F A o B I ) ey P B
fiE, TR B o Rk A= B ) A=V g . HAT, %
& 2T EI R T iz BRI KR FE EUNI S v A 153
& (EU SeaMap) (Cameron & Askew, 2011;
Vasquez et al, 2015; Populus et al, 2017) DL & HAh %
by AR S I (Bekkby et al, 2017), FHsEE T %
JRURE AR 55 b B I E B R A A, A2 4 A 1B 5K/
DX () A= S5 1] 1 7 5 L I FH P ol B =F T

W B A DB R AR 35543 2K R 4E(HELCOM
HUB) /2 ¥ %' 1) g g ¥ 38 55 & ¥ & 4 2= (Baltic
Marine Environment Protection Commission-Helsinki
Commission, HELCOM) Ay &' (¥ ¥ i 1 A= W) Bk VK
AT R IEEE R R G(HELCOM, 20133). ‘&L
J& T HELCOM ECNATURE 4. 4 j& ¥ I H
(HELCOM, 1998), iX & — AT R R A FI K
PRIV % it B AR B0 K07 58, o ) =
WEE T AW, (B AY) 5y FobrifE . 1£2007
4F, HELCOMZLta 4 Sk AW VA T /N e T
WA BAE KRG HbR, WA KA
R IS SR E R EUNISR A T %
(i X, ER BZ 7 S M LATR 7 U 2 1 i A b g
AR B AR ) AN AR AR W) R AiE (Galparsoro et al,
2012). HETHELCOM HUB5EUNISHiZS, Jife
T 3 5 R L BEVR (5 S . HELCOM
HUB = B 56 78 R Wy AL 85/ AR e, IUEE YR R 4t
(R 2 IR K Z IS, Hh i A T ORI 28 IR
BN TEEA R, X S5ERM0ITTEZAG XA,
HELCOM HUB yIEA AL 2 2y S b fERR AL T
T R N, H TR R O B i
FITRATH, A an bl AR ) e 4 A6 A 2
2 A S M S A 41 4 S [ R R R G 3
fii(Finck et al, 2017), F-4 4T E 5 R (1 Z 1 ik
K44 (Schiele et al, 2014, 2015). It4h, HELCOM
HUBIE 1] EAE A4 FH T X1 43 I VP Ak v 3 R0 i
LA S AR K YRI5 546 1R (HELCOM,
2013b).

314 N5

gk LATER, S E AN TR A
B B 7 R &A RO, SR T ARSI E 877
REREGRT % £ S BRI R S & HbR. 480
A BT F P 53 R X 7, BRATESS Tl
B oy SR R AR B I B AR ) R AR AL
AKCPRREE R 2 2 S 76 BB FE 1R /K 2 43 S Al HoAth
DR~ 51 A 1) e 3 B o0 o KB4 S W 1]
FI ¥R KEE WRBERRM A, MIKES 7
HE T AR BT A Ta o KP4 AT
T B FE 1) 23 S A R T R AR B A = 4 R
ZREME, WRINA BT ZEG AR BT RN
AR Rt . fEIXHRSOEESE T, &
3R 7 EARYERE B H bR I 22 R IR AR 5 A
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YIRS R T, A4 B A B 1 43 2507 Tl e
X

AR B 2R R E L, B
SRAE 1] ELAAR A= 355 93 28 07 R I R M B, HA
TARAUE T S 10 5 F RO AT 4R, i i AR AT
I —E PR, ASCAERgs ek, EEMKX
Sl A P A 35 ) PR S A0 R Sk X M TR AR SR o
SR E A RHEAT T390 (3K 2).
32 ERMHREHRE

H 20t 20 50E A LAk, FRE R T 2 KA
1) 4 [ Mg v 5 TR A, B4 1958-19604F IF JE 11
S EHEELE A . 201 2080 A TT E 11 4 [ g+
MWRIRR B IRLE SR A . 20120 90FEAR T RE b [
R IRSE AR ET . 20004 5 T 8 A0 B 10T g g v
A RE SN, AN OREREEKC. T

w2 EEFEESEHRFHEYIFR (B EBAl et al, 2006)
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RG-S WS IR R AN e
FLZWER, @ IX AR 15 5 AU
Hmicsx, T HRmESE. BE, YD EE T
Hh I A B AN AR 2 R I S AR AT AR A A
20104 Ji= Fifi %5 W v RHITIR KT (52 TF, b i
=Nt 2 b A i S SE DR TR i S
JRARAI IR A DAL AR AT W R A
B Z AT HE AL A 5 ] 5 A X AN R R
AT AT H AR 24T R B & My X K%
i, TR 2 e RS BoTiu A TR IR
IR b A

] PAY Jb I e A 2 T A L) 2 AR Vi e )
REDX R, T2 ARG R I E 2 W2 X, MRk
TR it v B L ) E S R R T AR R
G B, JTUR LR AR S R G AR [

Table2 Characteristics of marine habitat classification (Modified from Ball et al, 2006)

5 FFEAFR Name

FHIEHA Description

Number

1 4324k Hierarchical

2 HJFM Exclusive

3 4Pt Comprehensive

4 CIRCPRE R -k d
Identifiable and repeatable

5 Al ik Descriptive
6 Sy FTE Practical

7 B Versatility

8 A Dynamic

9 Wit Universality

10 M Scalable

DRRGIZARISRE), Lt E X EE U RAERGAFZER EHNENES, I REAS AL
(IR A P20 I 40 T4 2442 51 . The classification system should be hierarchical to avoid overlap of
definitions and duplication of categories at different levels of the system, and ensure that ecologicaly similar
types are placed near to each other and at an appropriate level.

SRTTRENEJF HER, AR ERE NS T — 43, A classfication scheme should be mutually
exclusive and exhaustive so that every feature to be classified should fall within one class only.

eI R R X3 P 1 BT A YR AR 85257 . Be comprehensive, accounting for all the marine habitats within
the mapping region.

AN ZAE AT R BN . A E B MR R T2E%] . Habitats should be identifiable, repeatable environmental
units.

AIPRAGE F H 5 T B G 5 kiR A 55, Provide a common and easily understood language for the
description of marine habitats.

JERSEHH, FiRWEMT. Bepractical in format and clear in its presentation.

DRALE 25 Foft A2 158 A5 AR S B 7™ A A I B A B0 8 ) B v s S, R AR 35 43 28 4 IX IR A5 2T e B ke TR
FEHAR B33 . All types of sampling techniques should result in the same habitat classes or community
definitions, athough the level to which a habitat can be classified in a hierarchy will be dependent on the
resolution of the sampling technique.

Gy R PR R BN I (8] FUBE o SRR N [B) e B P9 28 Ak 1 A2 358 BH (191 A e AR B, ARSI TR
L FE| N AR A B A 358 R 7 (81 AR WA V8 ) B AN NAE J2 IR 73 R R P AR 03] . The classification should
recognize time scales over which variables may change. Habitat variables that change over shorter time scales
(e.g. biota) should be incorporated at alower level in the hierarchy than variables that change over longer time
scales (e.g. reef substratum).

RS IAT, DI AR B BN AT 53 RLR; (A R 5 5EV2 (Glad 2 R ), DUE
A 5AE E R 7E [ A AR E T R EEIEE ML A SHE A . 1t should include sufficient detail to
be of practical use for resource managers and field surveyors, but be sufficiently broad (through hierarchical
structuring) to enable summary habitat information to be presented at national and international levels or be
used by nonspecialists.

ERIZ RN R, R IEI R I BT B, (A R R DLSCRF IEFE T IR - (B N
HJ LB I 310 SR, A AT R R TR TR ET R LR S R R IR B 2 /T A 43 2K 4K R . It should be
sufficiently flexible to enable modification resulting from the addition of new information, but stable enough to
support ongoing uses. Changes should be clearly documented and where possible, newly defined types need to
be related back to typesin earlier versions of the classification.
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FURRAE 5] S (BRI, 9] G ifg v 20 25 R4 40 28 (5
AESE, 2020). TESCESRETORIL, BLA MK
B = 7800 WO PE AR W M B 25 TR R SR, EERR
ANBH 7S (R A AR S el . DA A — e
HHERIR RGBT ES S X AW TR, Fln
A% i 55 (2014) 75 A2 45 B ZE M AN A ST e M VP 1
Fefil b 7 A R A 4K B AR A
Huang 4§ (2015) 7t H1 B I g T fe 1 i e AR 2 R e
PRI S X BT, 3% A9 R 208 o [ i g )
41 N98A G X, HoA A 434 X R s AR A o
X5 BRH 3550175 48 2 4R I Ll PR S RS0
ARGy, WA T AMMAES RS, WMEIMAESR
g, WRELRG. BEIERN B B RE
VIR XSS HAAKRE, BN MEZ JiEE X
R AR IR AL, SRS Ry XS A
1 R PIR R TP B, 2 FARIEAT) DAL SE 1)
AR RARUSEM R EI N E, MW 2
PR BT AR TR A E TR K.

1 Jeag b [ s AR R R HEE RS R R
RIFMEEERIE B IR T T, WA A2 (A A
A e 7 (] (1Y) 45 28 BRI 2 R SR i E A = A T B
M H TAERI A . WG R ER Tl A A 2 (A4
PTG, AP AR BER AR S RR S
HERPREEAHUCHC, TERGE Ak AL g e AR B
HE, I HER A e A S S R S A, b
Ab, W TR E MR R AR ) 7 SR, R A I i
Az 35 1) B PR AP T R i A 7 S R Bk A SR B A
Pir, FEAR AN R4l 18g IX ) 2B 355 2 B e T A B 1
ZWAEB B E MBI E TR (MO,
2019), HREWGEEAED BRI AT R 7 .

4 RESRE

ERE e RN ISP SRR e R s e LK== YIbE
fifl, & FEIR TR FE IR B 5 AR WDV IRl 0 23 A L
AV 2 AR ORGP RN B A ) AR SR A AT
PMRAE R Tr o e A8y 207 R AAR A 7w 5 0
FCH H bR (8] RO, BAARRE AR TS
A2 e LR, B SR F AR A 1 7 2 s A
LA AR 7y SR A bR, BAORIE 7R R IX RIE R AR
SEME TEREMEARLEE . AR X R 4 U ik
RECAT 70 e PEANE B Al . &5 WiE R et
B RACER, AT O A 2 BUEE I X R S

2021, 29 (4): 531-544

TESCHR ZORHI A R L S5 AR E . Tixs
TREN X, 2RI FERINT R LR
), HAK-S5{E SR R R R R 2 AN
X ZEI TR T AR . HircA 24 E
KAV TN B T 4 BRAN X 35k ] A o v A 15
Bl 7 %8, FEAEAH DGR DR X LRI e Fh
A JE A2 S A VR A A A M U AR v [
RIS B s bR T EEMEA .

P A E A B R iy AT AR
W3NSy, BTl R BRI . M E
WA R, KEHA R 281018,000 km, 1
U5/ £5 14,000 km, 17 130077 km? () 3 7K 44 i
W(FKE, 2004), DLEFERBFEAEMZ . 3]
RIS, THREX NESRS
FAEVIREVERHE S Y B SR B R 1 2 A R &R,
B R0 i e A ) 2 A VE R S e A
R E LR, TSR TAESREN B EE
PRSP PEAR S SO AT RS R H AR HL A e
MR T EAEFTR R R, £35 008,
RS ] P A T LR LA 7 THI ORI 7

(VW g e B R e AR R & . 1R
AN SRR SR Ay RO R R B4R SR NI T
ERRYY, MRS EREAES RAR AR
AR RT R, 565 A FRIE R AR 18 A FL
b33 S R R

()i AL BT X R AR I o T R v A W th 2
g X SO S B, R T S o X T iERAERS
HREETANG S, o XERER B CFERFEAES R
G SERNE, ORI AES R NEE M, FERK
g3 X BT AR A AR ) 5 IR B 0 A 0 ST R AR A,
NEMAESERMILR,

()3 A T LA S R A AR ST . R
A 7R e . TR, Ml & 55 25 P B
BRCER, T RS AR, A A X 35
REERIAEIBASE BEYEE, DMEHATAE. R
A X, FHE T R 5 REE N AN A 43 X 5 e B B 5L
FRAEHGA o

(B)TF FS 1 5 At B Pt B B = B o O T SRR
AR Z FEER P A LA S S RS S T
18, NAMRYEEH R E X e AR P2 % S5 e AR 8
il B = g, — e EE B T R AR I O EARS
e i B o 2 N V= % 3 [s ia < I
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ABSTRACT

Aims: With more than 20,000 species recorded worldwide, bryophytes are no doubt the second largest higher plant
group after angiosperms. We aim to understand the bryophyte diversity of Xishuangbanna, a key and hot spot region for
biodiversity conservation in the world.
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Methods: This study compile a checklist of bryophytes in Xishuangbanna based on literature collection and field
investigation. Then, a preliminary analysis was made on the diversity and threat status of bryophytes in this region
according to different red lists.

Results: The research results show that atotal of 307 bryophyte specimens were collected in this field survey. Among
them, 101 species belonging to 37 families, 70 genera including 5 newly recorded species (including infraspecific taxa)
were finally identified. According to the complied bryophyte checklist, 661 species (including infraspecific taxa)
belonging to 233 genera and 82 families were recorded in Xishuangbanna, accounting for 34.7% of the bryophytes in
Yunnan Province and 20.5% in China. Among them, there are 200 liverworts belonging to 54 genera of 30 families, 12
hornworts belonging to 7 genera of 3 families, and 449 mosses belonging to 172 genera of 49 families, including 9
genera endemic to East Asia, one genus endemic to China, and 26 species endemic to China. The threatened statuses of
bryophytes in Xishuangbanna were different in the red lists evaluated at different scales and different periods.
Conclusions: Bryophyte diversity in Xishuangbanna is likely to be underestimated; many more species may be
discovered from further investigations in the future. This study provides a basis for further study on the flora,
conservation and utilization of bryophytes in Xishuangbanna.

Key words:. tropic; cryptogam; biodiversity; threat status; red list
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KU 2N X AR 52 B BRI AS [E] (B 5 4) « 1R
#2000 IUCN World Red List of Bryophytes (Tan et
a, 2000)FTTUCN (2020), =2 g fiamfiss L, i
KU AN L X B BEAE W) A AP 0.1%,; AR (hE
LG & B AL (D) (B 55, 2006), %
JE L BRI ISR, (50.7%,; RIE (hEAEY 2R
PG F——m S HDE) (http://www.mee.gov.
cn/gkml/hbb/bgg/201309/t20130912_260061.htm),
SR IE10F, [ 1.5%; fR4E (O EESEY
SR YI R 42 50) (Ril T 55, 2017), 2R 9
Bl 1.3%; WRIE (ALY A 6455
(2017)) (mEEHERY TS, 2017), ZEUY T
L8R, 151.2%. TEIXLEEHE HINASRILL 4 5% (P 5%
AP FReh, A E R R3S, o BT S F (38F)
fR7.9%. TEA T SR AR AR bR A, A LA |
W AT — 215 44 0V 58 D952 B 55 40 () W0 M A 57
Bl 4048 M & (Lepidozia trichodes). [l A M &
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Tablel Thedominant familiesand genera of bryophytes in Xishuangbanna

Fs el Dominant families

% J& Dominant genera

e Bl Family JE% No. of genera Fh% No. of species J&4 Genus Fh% No. of species
1 MEEEF Leeuneaceae 12 57 RE#E)E Fissidens 27
2 ¥Rl Meteoriaceae 16 34 Hm&JE Frullania 22
3 MEEFL Pottiaceae 15 33 Pefk £ JE Cololgjeunea 21
4 R BEERL Fissidentacese 1 27 HHHE Solenostoma 20
5 #H#ERl Brachytheciacese 9 27 /B#%J8 Entodontopsis 17
6 KEERL Hypnaceae 7 24 JI& 8 Plagiochila 13
7 HMHEEL Frullaniaceae 1 22 FA¥JE Bryum 12
8 HE& R} Jungermanniacese 3 22 EEJE Philonotis 10
9 PATHEERL Mniaceae 4 22 HEWEEE R Pelekium 10
10 HEERL Bryaceae 4 21 #i & JE Bazzania 9
11 F#ERL Thuidiaceae 4 21 3E8%)8 Macromitrium 9
12 & & Radula 9
13 BITE¢E Plagiomnium 9
14 FHEEJ& Brachythecium 9
Bt Tota 76 310 197
(Rhodobryum laxelimbatum)  #F M B ~F & Sy R %, Wi fa 1 RS & (Bazzania

(Calyptothecium phyllogonoides). Z 1 #¥#(Caduciella
mariel) fll 7k J &% (Chaetomitriopsis glaucocarpa), i
BT i #10.7%.

V8 X 49 4 [X #5647 £ 20004F F1 20204 1
IUCN Wi 3% 1 ) F 15 9 H A B f1 # (Dendroceros
japonicas), %52k 4) 78 % fa(VU) R fE(EN) . &
FE20064F w1 B BEAE ) 41 42 ST D)
Tl E W fE (EN), 7E 1tk J5 20134 F120174F 1) 1 173
] 5% 2 418 44 5% R A R B s Bk = (DD) T oK 4% 1)
NZBIIEEY, 1E2017F1 (B EMF a6
23 IR 5 1

P =t A R R ALt a5, v LLE B+ 2 4R
BE A X & SR )iz WA AR AR T,
— eI WS S R T AR ). E 20064 A A
N2 BB 5 2 1 — e ) A E 20134F 1) 44 s T v
&, —LePN MG (CR) B G FI 4P B 5O
=, X L) Rl AE 2 A AL 44 Sk R S B
Yoo AFHE2013 FI201 7441 5 4 5%, — LB KM
SERE IR BRI, 20135V AW fE 1) 5 T AU 20 &
(Entodontopsis  pygmaea) 1 /N # #f (Groutiella
tomentosa), 7£ 2017 4F 73l B 4 N 5y 56 FHAS 52 W
Pk (BPVFZLRIR fE(NT) i (LC)FI%#E &k = (DD)
RIVFR), FAE T G SE R NASZ B . —

vietnamica) 1 47 I B & . TG f& (10 4 ) ) SR
(Symphyodon  echinatus)$4 724 4 5, f, Tof AE AT
/N7 (Oligotrichum crossidioides) T2 A#ifG. It
b, TR T e R, xR B
(Aerobryopsis yunnanensi S) 1K & 47 Y F 2N 5 15
XA = B AR AL 44 PR S
ERBAAOLFAR—, DOVFREHR KA T
A, ZHEERIONZ B 3G N, 5 fa i
45 %% (Entodontopsis nitens) . {121 K - &# A1 AR IF i
M & (Zoopsis liukiuensis), TG f& (1) BE M K I ¥
(Rhodobryum giganteum) #1121 K - #% (Rhodobryum
ontariense) I+ ZAWIfE . A 4b, FREBIR it S
IR, AR EE W RIAR, Akl ik 648
W T I RDRE 1R DU, R L 2 P 48 R V8 o B S A )
VER— BRI IR G . thhh, —Sesdish = 1)
V) FhoA3 B VR A, T 4% B 7 &F (Brachythecium
viridefactum) B -7 75 73 8 G+ SO B 5 AN BT
il (NA) o 78 BUAR 9945 A Fi AR 44 F #f1 %5 (Mesoceros
porcatus) 7t ) L {7 1 44 55 o U — B AR P4

31 AENMAXEEEYRRMNTEN
i TG B ANLE AL, RIEA DRAFB 1
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GAARARIR BV R S5, PU XU A b X 4 5 S i
VM SRR EE . AR TUXURGN & SERE 1K1
A T AF 7l 38 3] $119364E (Wang, 1939), {H B 5211
LAINAA X Z X & SV RA T 918
AR, Hodr, (SEE?E) H17-19% 5 HkiE
TP RUR G b XA AT ) 5 AR A 3L 53F} 136 )F
289 (/= AN [H], 2000; FEMIT, 2002, 2005). 2
Ja, AR T (2008) Xt 7 XA 44 24 B ] i ek K )
HARRY X & EEEWET T R2aiA#E, dx2)
& EEY) P59kt 1657 5 385F, FH AL F T id sk A 140
Tt o ASTIFFEAE N PG LR A &5 BE ARG 22 FF 14 0 B IR &R
grgh, JRIGR B R 66L R (IR, S amA
B HEYI R AL 34.7%, 4 [ 6EY) £ 20.5%,
VLA TG SURh X BB A R EE
B A O RS B A B B )R . AHORAF T 4 ST
S A K VG K 444 1o S AL A7) 44 S5 1 B BT R 58 S R A
FERBEE . R T R 0, TEARRCE BRI A
(] RS B N, R A 7 LR G 1 X T 12 S P57,
UL XA FF & M E R R, £5 )5
TR R AT R B AR N AR, IR 1N eE
2 BEIDH AT S BOHT R I R P

YoRp=E & B RIRE A 1 A VPN AR £ R AR P
e 2 DX PR3 U AL 1Y) B8 4 b 2 — (ORI R0 47 8 3K
2019). PHXUARAH X & EERE A B A N R A A &
A ERA B, 78RR IR E H A ek &
VUSHI A WA J& (45)8 ) Fl /121 E 45 8 (12)%)
(RMEFEEE, 2017). AR ARFA IR 23 A0 6 32 2 R
TP ZRIMHX, GFEFHE. HA. #HEE, H25 5
(140320 7R b DX R PEAF RS, /D BR800 & s b [X
(RBEFEFEL A, 2006, RMEFESE, 2017). HEFEH
JEFE 8 &SP 23 A Y AN R A A,
THEFHLX, mHEAMPEREAZ, —BA
HEE3Fh, 2 M1-24NFd, DR tH pl R /b B s SE A
J& (MR ia, 2006; RMSFESE, 2017). HIT 7R
T4 Ja A b R & R PR Amya i, b
R & JE N R AR (R T, TE BTIR T A AR T
b BRI LR P T LA Sl DG
32 BN XHifE BEIFE R KBS

FRIEAS [F I HA R 21t 4 3%, PR AN B IX & 6
A 52 13 BRI AR BN AS AR . i, H A A
& 7£20004E 4 IUCNTT A &) f(Tan et al, 2000), 414>
HZ B ET RPifE(IUCN, 2012). H AH f

& EEAART WA AR A AR AR - b, T
I F) 37 2 i Jo A2 AR AR AR AR AR AL . B4h, AR
AR E S ATIERE T2, (H 2 A A s E T B
AR A, T HLAEAS o AT M AR AR B N . B AT,
A AT S TE 2 B NSV B IR, FLRN AL
MG E CE KR Hoh, il ChEA
Y/ NE 2N = AN ST mEEYE)
(http://mwww.mee.gov.cn/gkml/hbb/bgg/201309/t20130
912_260061.htr), 7 p i &5 AT i PB4 0 ik
f&, TAE (b E =S 2 Bt o) (i T
S, 2007) P THHR9 5 SG, TAERT N IR EE A W 20134E
TG IE TR 20074 dfE . IR, 78 H B & FA
TR TAE R R = 1 LR YA &5 A2 5 1 i
ERIFN H JT B A AR PR BRI, 70 AT I IR V8 B i A
T, G I L R W R AR R Rk — 8 e L
ESLEI PSP

AN Ta) X488 RBE R 21 9,44 5% BT 28 R ) T ARG
Bl PEAE AR S AN, S A AR O AR A
Wit ANIE . A5 LA H AR 5 9, 20124 IUCN S S
TS A BIGE, 20174548 (b [ s S5 2 B )
Flia %) (B 7245, 2017) Hh H AN H A R 2 B )
h, HEFERME (oA LMY F A6 4%
(2017)) (=FE MR TS, 2017) WK VPR 5
fa. Bk, 7 A SE R TS P Y 52
IR, RGP bR, FFLREFEA RN 2R
JEE A ) 23 A B

T4, AR R SCHRBIE F A0 S 25 i 3R 154
PR SEBR A tE AL, RATE VK —LE ChEAEDY
Z MM g s R S E Y S )
(http://www.mee.gov.cn/gkml/hbb/bgg/201309/t20130
912_260061.htm) H 4% V1At 9 £ 45 Sk = (DD) 1 4 #1,
AFETR /N #E (Daltonia aristifolia). 7 V. 41 #5 #F
(Leskeodon maibarae) fl K ik ¥ (Penzigiella cordata)
OB PG N fE(LC).

PE X RR 94 R A Bl R 45 T f B (Mesoceros
porcatus) & Piippo  (1999) R 4% Redfearn - 1986 4F 7+
TR AR R iRYEREIL R, %65
AR VG RURR 4N A A B A R R (R K L
34K 1,200-1,260 m. £ & 8 4t FACH 28, 5
&h—FhMesoceros mesophoros/y i ££ B A7 3 35 JL N
TE(Piippo, 1993). ZJ&sr A ks, 5 —3
I FL S 09 BIRE 2, P AE B RERLK,
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PR AR AL %, WA MR e, fEit
OB A A R AT R I, A DG R4 F) 2 A A
PRYIRBLRL F BLRIE -
3.3 BRI XIMERIP RIS AR R I
M A1 A SCHR B RS BB I AR R R
PH XL G X ) AR MR 22 B AR AFE £ E IS
BRI BOUR, TR EAZM X I A A IR AR, gk
SR FF RN BEUR EE (AL . STAESR, TTRE KR
MM IR . R S IEE R %
X SRR ARAR, 2t BOEAE OR3P DX 2
PIXARERA ., ZRELTAED, FHFHALIE. &
2 e SR BT S AN SN N R, X e N OTE S &
BRI R 2 B . BhAh, B ARE R AR
S B S ORI DX N BRI B T R, g IR X
Bk TAVNAIE 10 9 T IR B AR AR
FE RS Y SIS IR, B HEUR
TR OR AL X K RS AR, IR BE T4
RIEMAISE T, FEIE b fE R R X A 4
TAEY, FEIERARRAMRRR I . AR R 52 .
H BT AT & S8 = 3, I/ SCHF
SLATRE T P R AN DX & BERE AT T BAATL, o
B ERYYII Z R A AR, A SR R
TARRIT o AERRMIBIAMASETES H a0 el 11
T, 0T 52 BRG0P 1 — e R, G H
AR S MRS L e ET S TEMI R EESE,
% FEREAT S B A R I ANEIE 7T, IR e B B
X A OR $ J

Bist: AP B A R G VR R AR 71815
2R AN, 5] K2 )P A B AT BN RAE T
Va9 B Rt B EH A RS S RIKER
Bh BF Sh RAF Ao B I 28,
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Mk 1 ANRAEEHEYER. BRER B T FEIRFHS]. “ABEIRMFICRM, £ PEHFEM. ITEZRRLUIMNNE L RFNCEM, B—MBEMTE %
IR 1 9 51HEARA & E. IUCN 2000, 2020, 433057 (2000 IUCN t R EEEYLEZR) (Tan etal, 2000)F1 IUCN (2020); H[E 2006, * (PEEHBMEEHEMICZRE
] (BREIF, 2006); [E 2013, Fn (FEENSHMICARZT—aFENE) CHERIPFEBMPERZFM, 2013), HE 2017, Fr (FESFEDZEBHIHER) EET
%,2017); =g 2017, FRx (CEAEEMPIFLERR2017)) (ZEAEFRRIPTE, 2017).

Appendix 1 The checklist of bryophytes in Xishuangbanna. The checklist is arranged in latin alphabetical order by family, genus, and species. * means that this species is a new species
recorded in Xishuangbanna, and # means that this species is endemic to China. For new records published by literature other than monographs, each species followed by source reference or one
citation specimen. [UCN 2000, 2020 represent the 2000 IUCN World Red List of Bryophytes (Tan et al, 2000) and IUCN (2020), respectively. China 2006 refers to A Brief Report of the First
Red List of Endangered Bryophytes in China (Cao et al, 2006). China 2013 refers the Red List of China Higher Plants (Ministry of Environmental Protection & Chinese Academy of Sciences,
2013). China 2017 and Yunnan 2017 stand for the Threatened Species List of China’s Higher Plants (Qin et al, 2017) and the Red List of Yunnan (2017) (Department of Ecological
Environment of Yunnan Province et al, 2017), respectively.

Ykl Species IUCN 2000, A [H 2006 HE 2013 HE 2017 Z=F§ 2017 KR
2020 China 2006 China 2013 China 2017  Yunnan 2017 Source

B2HY17 Marchntiophyta
1. BB ER Adelanthaceae
1) BEEJR Wettsteinia
[1] L2 E Wettsteinia inversa HIRGLZ (DD) (E MR 17 B (R,
2000)
2. M EBL Anastrophyllaceae
2) BB Plicanthus

[2] &=4#E%# Plicanthus birmensis TfE(LC) F & TH4, 2008: 060663
[3] thiia#E=# Plicanthus hirtellus Tof& (LC) B{5Z, 910460 (IFP)

3. & EFL Aneuraceae
) BHEE Aneura

[4] K&:H % Aneura maxima NS FE#MEE 20110513-22 (HSNU)
(Unrecorded)
[5] 4% Aneura pinguis T fE(LC) TR T4, 2008: 060679

4 FHEJ8 Riccardia
[6] M A& Riccardia chamedryfolia Jf&(LC) A FH4E, 2008: 060596
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Po®it Species IUCN 2000,  H[E 2006 [E 2013 HhE 2017 =76 2017 KR
2020 China 2006 China 2013 China 2017  Yunnan 2017 Source
[71# 4/ 11E Riccardia chinensis AU (EFEDENE 17 B (F R [H,
(Unrecorded) 2000)
[8] FI 2 Riccardia jackii $4i2 54 = (DD) &% 20150201-99
[9] ¥ & Riccardia kodamae ¥ ¥5 k= (DD) WL 20150129-29
[10] 5& AT & Riccardia latifrons T fE(LC) F A TH4%, 2008: 060197
[11] WEF B AR TP F Riccardia marginata var. pacifica ENIEN %55 20150129-3
(Unrecorded)
[12] f§i4% /b % Riccardia vitrea ENIEN 97545 20150130-23 (HSNU)
(Unrecorded)
4. e BHL Aytoniaceae
5) L E R Asterella
[13] ZRH1EEEE Asterella mitsuminensis i B = (DD) F A TH4%, 2008: 060736
[14] 24616 E Asterella multiflora $ ¥ B = (DD) TR T4, 2008: 060698
[15] ZRWAES2E Asterella yoshinagana ENIEN TR FH4%, 2008: 060763
(Unrecorded)
6) et &8 Mannia
[16] PEAHFINEHETE & Mannia sibirica T & (LC) EARFEE, 2008: 060525
[17] ¥E7 & Mannia triandra i fa (LC) TR FH4%, 2008: 060139
7) $BEB Plagiochasma
[18] %75 Plagiochasma rupestre T fE(LC) TR T4, 2008: 060696
5. e &5 Blasiaceae
8) WHRLE B Blasia
[19] 3% % Blasia pusilla i fa (LC) (YIS 17 BGa e fE [H,

2000)
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Wikl Species IUCN 2000,  [¥ 2006 HE 2013 HE 2017 Z=F§ 2017 KR
2020 China 2006 China 2013 China 2017  Yunnan 2017 Source
6. PEHESBL Calypogeiaceae
9) ¥HEJB Calypogeia
[20] #4735 % Calypogeia arguta & (LC) (TRHEMEYE 17 B(FERE [,
2000)
[21] W ikH 3% Calypogeia tosana & (LC) T 4 F+4, 2008: 060719
7. REEHBL Cephaloziaceae
10) KEEJ& Cephalozia
[22] &1 K% Cephalozia lacinulata i fa (LC) F A TH4%, 2008: 060610
11) BEEJE Odontoschisma
[23] #1%# Odontoschisma denudatum & (LC) (TRRMEYE 17 B (R RS [,
2000)
[24] JEEZE1G % Odontoschisma grosseverrucosum i fa (LC) (= FMEYIENE 17 B (RaRE [,
2000)
8. il E Rl Conocephalaceae
12) 58 &8 Conocephalum
[25] /M Conocephalum japonicum T fe (LC) (= FMEYIENE 17 B (RaRE [,
2000)
9. BH4EPL Dumortieraceae
13) BHERB Dumortiera
[26] EH1%% Dumortiera hirsuta T fE(LC) TR T4, 2008: 060220
10. EHE#R} Frullaniaceae
14) BEHE)B Frullania
[27] #TEEME Frullania arecae Ff& (LC) (= RHYIEY S 17 BRI E [,

2000)
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Po®it Species IUCN 2000,  H[E 2006 [E 2013 HhE 2017 =76 2017 KR
2020 China 2006 China 2013 China 2017  Yunnan 2017 Source
[28] Zlif HH% Frullania berthoumieui & (LC) T4 F+4, 2008: 060579
[29] i &5 BLEH% Frullania davurica T fE(LC) F A TH4E, 2008: 060845
[29a] ik HLEHMH-EFEAER Frullania davurica fo. davurica Ff&(LC) (= FMEYIENE 17 B(RaRE [,
2000)
[29b] 351 ELEM-#E ZEHIAEA Frullania davurica fo. AR (ZMHMENE 17 G (F A E R,
dorsoblastos (Unrecorded) 2000)
[30] 4t HHE Frullania ericoides T (LC) (M EE 17 B (R =,
2000)
[31] BB HME Frullania evelynae ¥ ik = (DD) (EFFEYEYE 17 B HEAE F,
2000)
[32] W&k HH-E  Frullania fuscovirens T fE(LC) Shen et al., 2018: STbry00131
[33] /@ EIHE Frullania gaudichaudii ¥4k = (DD) (ERHEYES 17 B (R RS [F
2000)
[34] # #HEHMHE Frullania handel-mazzettii i fa (LC) TR T4, 2008: 060212
[35] # RIKE-ME Frullania kashyapii st = (DD) TR F+4%, 2008: 060853
[36] # ZIWEHE Frullania linii & (LC) (BN 17 B (AR [,
2000)
[37] ZME I Frullania muscicola T f& (LC) TR FH4%, 2008: 060746
[38] JEiF/REME Frullania nepalensis Jf& (LC) TR FH4%, 2008: 060984
[39] * Yoy H-M-% Frullania neurota TfE(LC) SRR
[40] Z 5 % Frullania orientalis ¥ E= (DD) (YIS 17 BGa g [H,
2000)
[41] ##3EHE Frullania parvistipula Ff& (LC) (= RHYIEY S 17 BRI E [,

2000)
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YiFl Species

IUCN 2000,
2020

& 2006
China 2006

R 2013 1E 2017 =FE 2017

China 2013 China 2017  Yunnan 2017

Source

[42] A HHZ Frullania physantha

[43] Z#EH % Frullania polyptera

[44] #l%r Hrk & Frullania ramuligera

[45] #4E E-H-% Frullania riojaneirensis

[46] B E I Frullania sackawana

[47] B HH-E Frullania valida

[48] # L H-E Frullania zangii
11. EfH-E R} Herbertaceae
15) BUHE)B Herbertus
[49] KA BYHE Herbertus dicranus
[50] £ #4BYr# Herbertus ramosus
12. HESL Jungermanniaceae
16) B BB Nardia
[51] B4 3% Nardia subclavata
17)BEE )8 Notoscyphus
[52] B2 % Notoscyphus lutescens
18) OB JB Solenostoma

o fa (LC)

o fa (LC)

Ff& (LC)

Ff& (LC)

Ff& (LC)

Ff& (LC)

xf& (LC)

xf& (LC)

Ff& (LC)

Ff& (LC)

xS (LC)

(ERHEENE 17 BRI E ),
2000)

(EREENE 17 BRI E ),
2000)

(EREENE 17 BRI E ),
2000)

(ERHEENE 17 BRI E F,
2000)

(EREENE 17 BRI E ),
2000)

(EREENE 17 BRI E ),
2000)
T AFH4E, 2008: 060195

F & T4, 2008: 060950
F & T4, 2008: 060835

F & T4, 2008: 060524

SRR
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YiFl Species IUCN 2000,  *[H 2006 [ 2013 E 2017 EF§ 2017 R
2020 China 2006 China 2013 China 2017  Yunnan 2017 Source
[53] HARE 0% Solenostoma clavellata R HL= (DD) (ERIIE) S 17 (S R,
2000)
[54] {4 1% Solenostoma comatum H55 (LC) (E ) 17 B (SRR,
2000)
[55] ELSZ% 1% Solenostoma erectum Ff&(LC) (= RHEYIEY S 17 E (R AT [,
2000)
[56] ZM4E% 1% Solenostoma flagellaris ¥4k = (DD) T 4 F+4, 2008: 060722
[57] #EE; % 1 & Solenostoma flagellatum P& (FEEYIEYSE 17 B (R E [,
(Unrecorded) 2000)
[58] B W% 1% Solenostoma hyalinum & (LC) (TRRMEYE 17 B (R RS [,
2000)
[59] #54:% 11E Solenostoma infuscum Ff& (LC) T - F+4, 2008: 060298
[60] #25FH# 1% Solenostoma obovatum i fa (LC) (YIS 17 B R [,
2000)
[61] /Mi% 1 Solenostoma parvitextum ¥ E= (DD) (= FRHYIE) S 17 B (R [,
2000)
[62] -4 1% Solenostoma plagiochilaceum i fa (LC) TR T4, 2008: 060541
[63] /M 11 Solenostoma pumilum ¥ E= (DD) TR FH4%, 2008: 060118
[64] 2124 1% Solenostoma pyriflorum i fa (LC) TR T4, 2008: 060340
[65] 3% 2 A% 1% Solenostoma rosulans T f& (LC) (= FHYIEY S 17 B (R E [,
2000)
[66] MR 1E Solenostoma radicellosa i fa (LC) CEFEYIEYE 17 BGa g [,

2000)
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Po®it Species IUCN 2000,  H[E 2006 [E 2013 HhE 2017 =76 2017 KR
2020 China 2006 China 2013 China 2017  Yunnan 2017 Source

[67] L N 1% Solenostoma rubripunctatum T (LC) (M E S 17 B (e =,
2000)

[68] ZF52% & Solenostoma schaulianum P& F A TH4%, 2008: 060549

(Unrecorded)

[69] mEE 1% Solenostoma sikkimense 55k = (DD) (= FMEYIENE 17 B (RaRE [,
2000)

[70] DU%E4 115 Solenostoma tetragonum i fa (LC) (= FMEYIENT 17 B(RHAE [,
2000)

[71] M4 115 Solenostoma truncatum i fa (LC) (= FMEYIENT 17 B(RaRE [,
2000)

[72] K485 1% Solenostoma virgatum & (LC) (REYE 17 B (R RS [,
2000)

13. 4 E R Lejeuneaceae
19) TRBEE B Acrolejeunca
[73] A= T L Acrolejeunea infuscata R Song et al, 2015: CAMLC2-221
(Unrecorded)

[74] #7515 E Acrolejeunea recurvata JEfE (NT) (YN 17 B R defn [H,
2000)

[75] iZ A= Thif% % Acrolejeunea sandvicensis T fe (LC) (= FMEYIENE 17 SRR E [,
2000)

20) BSE )R Caudalejeunea
[76] K ik s E Caudalejeunea recurvistipula Wifs (EN)  %dEEL= (DD) Bifa (EN) Zhu & So, 2001: M.-J.Lai 998221 45
[77] B3 ZE#EE Caudalejeunea reniloba 5= (DD) Wang et al, 2016: Wang et al.

20120714-369 (HSNU)
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Po®it Species IUCN 2000,  H[E 2006 [E 2013 HhE 2017 =76 2017 KR
2020 China 2006 China 2013 China 2017  Yunnan 2017 Source
21) BB Cheilolejeunea
[78] k15 /E&5% Cheilolejeunea eximia EXI & (EFEHEYIEYE 17 B R EA [H,
(Unrecorded) 2000)
[79] [HH JE@%E Cheilolejeunea intertexta T fE(LC) F A& TH4%, 2008: 060574
[80] W EME 2 Cheilolejeunea krakakammae & (LC) (TRRMEYE 17 B (R RS [,
2000)
[81] Z#EW;% Cheilolejeunea pluriplicata ¥4k = (DD) (ERHMEYE 17 B (R RS [,
2000)
[82] ¥HZ£/EEE Cheilolejeunea trapezia ENIEN BT 3622 (HSNU)
(Unrecorded)
[83] FA M B2 Cheilolejeunea trifaria & (LC) (REYE 17 B (R RS [,
2000)
[84] ¥ /S E Cheilolejeunea turgida Ff& (LC) (EHFHEYIEYE 17 BGH A [F,
2000)
[85] MV JEMEE Cheilolejeunea vittata & (LC) (BN 17 B (AR [,
2000)
22) YEk BB Cololejeunea
[86] H-# 4tk Cololejeunea aequabilis i fa (LC) (YIS 17 B R [,
2000)
[87] # HIAPE@EE Cololejeunea albodentata st = (DD) (YN 17 B R defn [H,
2000)
[88] wirt i Cololejeunea appressa T feé (LC) (= RHYIEY S 17 B (A E [,

2000)
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Po®it Species IUCN 2000,  H[E 2006 [E 2013 HhE 2017 =76 2017 KR
2020 China 2006 China 2013 China 2017  Yunnan 2017 Source
[89] KB E Cololejeunea floccosa o fa (LC) (EFEEYIEYE 17 B [,
2000)
[90] ¥% [CFE@SE Cololejeunea gottschei o fa (LC) Zhu & So, 2001: M.-J.Lai 99822L7
[91] W& )1 FEEE Cololejeunea horikawana & (LC) (TRHEMENE 17 B (R iEAE [,
2000)
[92] AiLFEwEE Cololejeunea inflata Ff& (LC) (EFFHEYEYE 17 B HEAE F,
2000)
[93] ¥eileesE Cololejeunea lanciloba Ff& (LC) (EHFEYIEYE 17 B HEAE F,
2000)
[94] FEMEFEmsE Cololejeunea latilobula T fE(LC) F A TH4E, 2008: 060952
[95] @H-HEfk 2 Cololejeunea longifolia & (LC) (REYE 17 B (R RS [,
2000)
[96] £ Mtk Cololejeunea ocelloides i fa (LC) (YIS 17 B R [,
2000)
[97] ¥ HE%ZE Cololejeunea planissima T f&(LC) Shen et al., 2018: SThry00110
[98] AR JEf%#E Cololejeunea pseudocristallina T fe (LC) (= FMEYIENE 17 B (RaRE [,
2000)
[99] #ATHEEWEE Cololejeunea pseudofloccosa T fe (LC) (= FMEYIENE 17 SRR E [,
2000)
[100] #LLpE@E £ Cololejeunea raduliloba & (LC) (ERREYES 17 B (RS [,
2000)
[101] &4 JEE Cololejeunea schwabei Ff& (LC) W% 20150129-31
[102] #E 15T E Cololejeunea serrulata i fE (NT) (YIS 17 BGa e fE [H,

2000)
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Po®it Species IUCN 2000,  H[E 2006 [E 2013 HhE 2017 =76 2017 KR
2020 China 2006 China 2013 China 2017  Yunnan 2017 Source
[103] HIFEl#E Cololejeunea spinosa o fa (LC) ¥R3LE 11477 (IBSC)
[104] R FELHE Cololejeunea tenella & (LC) (TRHEMEYEE 17 B(F i AE [,
2000)
[105] #4k 652 Cololejeunea trichomanis & (LC) (TRHEMENE 17 B (R iEAE [,
2000)
[106] JLMIFEEEE Cololejeunea yakusimensis i fa (LC) #IFR. REJT 060330
23) EMEJE Colura
[107] ¥4 HE Colura corynephora & (LC) (EREYES 17 B (R RS [,
2000)
[108] 4Hff%E & Colura tenuicornis i fa (LC) Zhu & So, 2001: X.-J. Li 3698
24) R E 8 Drepanolejeunea
[109] H A ffif% % Drepanolejeunea erecta & (LC) (ERHMEYE 17 B (R RS [,
2000)
[110] 41 #f11% % Drepanolejeunea pentadactyla T fe (LC) TERHEP% 20110513-15A (HSNU)
[111] K S f%E Drepanolejeunea spicata R IR EE S 6034-2A (IBSC)
(Unrecorded)
[112] 4 mff%E Drepanolejeunea vesiculosa i fa (LC) (YN 17 B R defn [H,
2000)
25) YUk E )8 Lejeunea
[113] FeyM4Nt%E Lejeunea anisophylla & (LC) (ERREYES 17 B (RS [,
2000)
[114] - 2HE% % Lejeunea cocoes T fE(LC) Song et al., 2015: CAMLC2-221
[115] & r-2HE% % Lejeunea curviloba T fE(LC) TR T4, 2008: 060738
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Po®it Species IUCN 2000,  H[E 2006 [E 2013 HhE 2017 =76 2017 KR
2020 China 2006 China 2013 China 2017  Yunnan 2017 Source
[116] #a4Hf% % Lejeunea flava & (LC) (ZrEMEY 5 17 By
[A, 2000)
[117] BE£R40E% % Lejeunea obscura & (LC) (TRHEMEYE 17 B(FERE [,
2000)
[118] BE-4Hf% % Lejeunea punctiformis & (LC) (Rl X B8 E) (RN, 2000)
[119] 4% % Lejeunea subacuta FfE(LC) T 4 F+4, 2008: 060144
[120] FEEE4Nf% % Lejeunea tuberculosa TfE(LC) T 4 F+4%, 2008: 060337
26) HiIE SR Leptolejeunea
[121] LK% % Leptolejeunea balansae & (LC) (TRHMEYE 17 B (R RS [,
2000)
[122] 2% E Leptolejeunea elliptica & (LC) (REYE 17 B (R RS [,
2000)
[123] FA M- 5% % Leptolejeunea latifolia st = (DD) W% 20150128-22
[124] #4155 Leptolejeunea maculata & (LC) FE2LT 3188 (HSNU)
27) LB Lopholejeunea
[125] H5et %% Lopholejeunea nigricans T fE(LC) TR T4, 2008: 060261
[126] #7852 Lopholejeunea subfusca i fa (LC) (YN 17 B R defn [H,

28) YiEEJE Ptychanthus
[127] 442 Ptychanthus striatus T fa (LC)

29) ZLRE)B Spruceanthus
[128] £#5% Spruceanthus semirepandus Tof& (LC)

2000)

(FEEYIENE 17 B (R e E [,
2000)

(FEYIENE 17 B (R e E [,
2000)
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Po®it Species IUCN 2000,  H[E 2006 [E 2013 HhE 2017 =76 2017 KR
2020 China 2006 China 2013 China 2017  Yunnan 2017 Source
30) RBE )8 Tuzibeanthus
[129] %% Tuzibeanthus chinensis P& F A TH4E, 2008: 060329
(Unrecorded)
14. #8HEF} Lepidoziaceae
31) & Bazzania
[130] B g% 2 #i & Bazzania assamica & (NT) (EFFHEYEYE 17 B HEAE F,
2000)
[131] —JH#E# Bazzania bilobata & (LC) (RHEYES 17 B (R RS [F
2000)
[132] [ 4 £ Bazzania conophylla ¥4k = (DD) (TRRMEYE 17 B (R RS [,
2000)
[133] 5534 Bazzania dibilis ¥4k = (DD) (ERHEYES 17 B (R RS [F
2000)
[134] 44 % Bazzania oshimensis i fa (LC) (YN 17 B R defn [H,
2000)
[135] JR4#4F L Bazzania semiopacea i fa (LC) (YN 17 B R [,
2000)
[136] =444 % Bazzania tridens & (LC) (ERREYES 17 B (AR [,
2000)
[137] iM% % Bazzania vietnamica JESE (NT) 5 f& (VU) (ERREYES 17 B (RS [,
2000)
[138] %4 % Bazzania yoshinagana i fa (LC) CEFEYIEYE 17 BGa g [,

32) AI_BJE Kurzia

2000)
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Po®it Species IUCN 2000,  H[E 2006 [E 2013 HhE 2017 =76 2017 KR
2020 China 2006 China 2013 China 2017  Yunnan 2017 Source
[139] B L4H4EE Kurzia gonyotricha & (LC) (TRHEMEYE 17 B (R AE [,
2000)
33) &R Lepidozia
[140] 5% Lepidozia reptans & (LC) (TRHEMENE 17 B (R iEAE [,
2000)
[141] 41¥5M#  Lepidozia trichodes 5 f& (VU) Jf&(LC) (RHMEYE 17 B (R RS [,
2000)
34) MMH-EJB Zoopsis
[142] ZZ T HIHE Zoopsis liukiuensis Bfa(VU)  5fE(VU) 5 f6(VU) Wi f& (EN) (TRHMEYE 17 B (R RS [,
2000)
15. tREEEF} Lophocoleaceaevanden
35) WEEJE Chiloscyphus
[143] 42242 L Chiloscyphus cuspidatus R TR T4, 2008: 060076
(Unrecorded)
[144] 4424 % Chiloscyphus japonicus & (LC) CPPESEE) S 10 B HRNEE
3£, 2008)
[145] #4# % Chiloscyphus polyanthos & (LC) CPPESEE) S 10 B HRNEE
3£, 2008)
[146] 5242 % Chiloscyphus profundus & (LC) CPPEEEE) S 10 B HRNREE
3£, 2008)
36) REEE )R Heteroscyphus
[147] VU4 5% 5 Heteroscyphus argutus i fa (LC) CREEHE) 3 10 BE MR T

£, 2008)
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Po®it Species IUCN 2000,  H[E 2006 [E 2013 HhE 2017 =76 2017 KR
2020 China 2006 China 2013 China 2017  Yunnan 2017 Source
[148] M5+ # Heteroscyphus coalitus & (LC) (PEEEHE)E 10 B@EIRNEE
¥F, 2008)
[149] X 155H¥E Heteroscyphus lophocoleoides o fa (LC) (RFEBHEE) 3 10 BE MR T
¥F, 2008)
[150] P55 # % Heteroscyphus planus PRIE (REE#HE) S 10 B(EHIRE
(Unrecorded) , 2008)
[151] M5+ # % Heteroscyphus zollingeri ENIEN (PEEHE)E 10 BERERMRE
(Unrecorded) , 2008)
37) AEEJB Lophocolea
[152] #£ ¥ %  Lophocolea minor & (LC) F 4 TH4, 2008: 060012
16. E S A} Makinoaceae
38) B E)E Makinoa
[153] F9#& % Makinoa crispata Ff& (LC) (EHFHEYIEYE 17 BGH A [F,
2000)
17. #1%&% Marchantiaceae
39) Hh4R/E Marchantia
[154] #2H84% Marchantia emarginata ENIEN TR T4, 2008: 060772
(Unrecorded)
[155] #1444k Marchantia paleacea i fa (LC) (YN 17 B R [,
2000)
[155a] FHZHARJF A Marchantia paleacea subsp. paleacea i fa (LC) (YIS 17 BGa g [H,

2000)
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Source

[155b] FHZEHER X HF A Marchantia paleacea subsp. diptera

18. X EBL Metzgeriaceae
40) XEJB Metzgeria
[156] - X & Metzgeria conjugata
19. EKEHR Moerckiaceae
41) &8 Hattorianthus

[157] #4#7H % Hattorianthus erimonus

20. B HE#F Monosoleniaceae
42) B HAEJE Monosolenium

[158] ¥ H % Monosolenium tenerum

21. #WHER Pallaviciniaceae
43) WHE)E Pallavicinia

[159] Z A& Pallavicinia ambigua

[160] * % Pallavicinia lyellii
22. BEFL Pelliaceae
44) EREJE Apopellia
[161] & £ & Apopellia endiviifolia

45) BE )@ Pellia

(EFEEYIEYE 17 B [,
2000)

F 4 T4, 2008: 060206

(FEEYIEYSE 17 B (R E [,
2000)

(FEYIENSE 17 B (R e E [,
2000)

(FEYIENE 17 B (R e E [,
2000)

H Rt 7T

(=Y ENE 17 B A H,
2000)(as Pellia endiviifolia)
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Wikl Species IUCN 2000,  +[¥ 2006 HE 2013 HE 2017 Z=F§ 2017 p/Sl
2020 China 2006 China 2013 China 2017  Yunnan 2017 Source
[162] &% Pellia epiphylla & (LC) (TRHEMEYE 17 B (R AE [,

23. FEHL Plagiochilaceae
46) FE & Plagiochila

[163] # K E Plagiochila akiyamae Jif& (LC)
[164] BFEF £ Plagiochila arbuscula JfE(LC)
[165] 7IH3FE Plagiochila bantamensis Jif& (LC)
[166] #EKF# Plagiochila fordiana Jif& (LC)
[167] A H % Plagiochila fruticosa T fG(LC)
[168] 2433 % Plagiochila furcifolia T fa (LC)
[169] £F4M°F % Plagiochila gracilis T fE(LC)
[170] BH)ZF% Plagiochila hyalodermica st = (DD)
[171] MK Plagiochila nitens T fa (LC)
[172] B3kF % Plagiochila parvifolia T fa (LC)
[173] AIM-B % Plagiochila sciophila T fa (LC)
[174] ZEH-B % Plagiochila semidecurrens T fa (LC)

[175] ¥M-3H % Plagiochila trabeculata T fE(LC)

2000)

(=P ENE 17 B (AT [H,
2000)
Song et al., 2015: CAMLC2-223

(=P ENE 17 B (AT [H,
2000)

(=P ENE 17 B (AT [H,
2000)
Shen et al., 2018: STbry00082

(TR ENEE 17 B (AT =],
2000)
Song et al., 2015: CAML0404-0122
TR T4, 2008: 060285
FRFEE, 2008: 060055

(=T ENEE 17 B (R =],
2000)

(=T ENEE 17 B (A =],
2000)

(MBS 17 B (= E [,
2000)
Shen et al., 2018: SThry00075
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Po®it Species IUCN 2000,  H[E 2006 [E 2013 HhE 2017 =76 2017 KR
2020 China 2006 China 2013 China 2017  Yunnan 2017 Source
24. JeEER} Porellaceae
47) EEJR Porella
[176] 2RIM6EEE Porella acutifolia AU
(Unrecorded)
[176a] RIEEE R Al Porella acutifolia subsp. acutifolia (= RHEYIEY S 17 E (R AT [,
2000)
[176b] 23 E LA Porella acutifolia subsp. tosana PRl Song et al., 2015: CAML1904-0211
(Unrecorded)
[177] #1562 Porella campylophylla Jif& (LC)
[177a] FLUHEEEE JFAE R Porella campylophylla var. ENIEN (TRRMEYE 17 B (R RS [,
campylophylla (Unrecorded) 2000)
[177b] fHE =& FHHAEF Porella campylophylla var. FNIes Shen et al., 2018: STbry00072
ligulifera (Unrecorded)
[178] B4t #EE Porella handelii & (LC) (ERREYES 17 B (REAE [,
2000)
[179] * T E Porella perrottetiana T fE(LC) ER:E7I
25. JREEPR Radulaceae
48) MEE)E Radula
[180] 4~ %4 Radula acuminata i fa (LC) (YN 17 B R [,
2000)
[181] R % 2% Radula assamica i fa (LC) (YIS 17 BGa g [H,
2000)
[182] K% Radula cavifolia i fa (LC) (YIS 17 BGa e fE [H,

2000)
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Po®it Species IUCN 2000,  H[E 2006 [E 2013 HhE 2017 =76 2017 KR
2020 China 2006 China 2013 China 2017  Yunnan 2017 Source
[183] &M% Radula formosa & (LC) (TRHEMEYE 17 B (R AE [,
2000)
[184] # [y m= % Radula inouei Ffé (LC) (M EN S 17 B (e =,
2000)
[185] /M # & Radula javanica T fG(LC) Shen et al., 2018: STbry00010
[186] $vii i 22% Radula madagascariensis & (LC) (RHMEYE 17 B (R RS [,
2000)
[187] JE K% Radula meyeri Ff& (LC) (EHFEYIEYE 17 B HEAE F,
2000)
[188] Hilt & Radula perrottetii Ff& (LC) (EFFEYIEYE 17 B HEAE F,
2000)

26. Z2EF! Ricciaceae
49) RE B Riccia

[189] } 4k % Riccia crystallina & (LC) (ERREYES 17 B (REAE [,
2000)

[190] X 4% Riccia fluitans T fE(LC) TR F+4%, 2008: 060019

[191] /MRS Riccia frostii & (LC) (ERREYES 17 B (RS [,
2000)

[192] % Riccia glauca & (LC) (BN 17 B (AR [,
2000)

[193] #iti%kE Riccia huebeneriana i fa (LC) (YIS 17 BGa g [H,
2000)

[194] # ILT%k% Riccia liaoningensis ¥ E= (DD) (YIS 17 BGa e fE [H,

2000)
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[195] A4 Riccia sorocarpa & (LC) (TRHEMEYE 17 B (R AE [,
2000)
27. M E&#} Scapaniaceae
50) M &8 Scapania
[196] A f1HE Scapania nemorea & (LC) (PPEEEE) S 10 B RNEE
3£, 2008)
28. &R} Schistochilaceae
51) BHEJB Schistochila
[197] KEE# Schistochila aligera & (LC) (TRHMEYE 17 B (R RS [,
2000)
29. g &#} Targioniaceae
52) M BB Targionia
[198] A% Targionia hypophylla T fE(LC) TR T4, 2008: 060731
30. Z8EF! Trichocoleaceae
53) REKEJE Leiomitra
[199] #%32%  Leiomitra merrillana T fE(LC) TR T4, 2008: 060977
54) RE & Trichocolea
[200] %% Trichocolea tomentella & (LC) (ERREYES 17 B (AR [,
2000)
fE1] Anthocerotophyta
31. AAEHL Anthocerotaceae
55) A& @ Anthoceros
[201] %Mo % Anthoceros angustus Ff& (LC) ) R E 060545 (HSNU)
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[202] ENFE /% Anthoceros bharadwajii EXI S WEARE G 060913B (SHTU)
(Unrecorded)
[203] fa % Anthoceros punctatus & (LC) (TRHEMEYE 17 B(FERE [,
2000)
56) #ABJE Folioceros
[204] #4473 Folioceros fuciformis ENIEN TRICHIANE [F] 14417 (IFP)
(Unrecorded)
32. WAEHR Dendrocerotaceae
57) WAEJE Dendroceros
[205] HA#4 4% Dendroceros japonicus 5 BifE(EN)  #dEsk= (DD) 5 f&(VU) (EFFEYIEYE 17 B HEAE F,
(VU) (2000) 2000)
58) KAIE)R Megaceros
[206] %=V _Kf1 & Megaceros flagellaris i fa (LC) FHNAT 2792 (IFP)
33. HAER Notothyladaceae
59) HAEJE Mesoceros
[207] # RRZNF 1% Mesoceros porcatus ENIER Piippo, 1999
(Unrecorded)
60) SEAE)E Notothylas
[208] A4 /& Notothylas japonica ENIER (YN 17 B R [,
(Unrecorded) 2000)
[209] % /% Notothylas orbicularis i fa (LC) (YIS 17 BGa g [H,
2000)
[210] =F%E A E Notothylas yunnanensis FU Peng & Zhu, 2014: ¥ ¥ %
(Unrecorded) 20120715- 9B (HSNU)
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61) A LB Phaeoceros
[211] MK ML Phaeoceros carolinianus

[212] ¥ f% Phaeoceros laevis
BT Bryophyta
34, iR} Amblystegiaceae
62) 7KIREEJE Hygrohypnum
[213] # 7K 2K E¥ Hygrohypnum eugyrium
35. 58P Anomodontaceae
63) 4 EHEEB Anomodon
[214] /M=% Anomodon minor

[215] 4fr4-E%E Anomodon rugelii
[216] w45 8% Anomodon thraustus

[217] 4&%#E Anomodon viticulosus

64) ZHEE)E Haplohymenium

[218] W54k £ Fi#F Haplohymenium triste
65) M #E)8 Herpetineuron

[219] - ff%E Herpetineuron toccoae

36. TLHhEE Rl Archidiaceae
66) LB Archidium

A
(Unrecorded)
T fe (LC)

FSE(LC)

Ff& (LC)

xf& (LC)
Ff& (LC)

xf& (LC)

T fE(LC)

xS (LC)

@955 20120715-11 (HSNU)

AT 3778 (IFP)

F 4 TH4E, 2008: 060531

Moss Flora of China Vol.6 (Wu et al,
2002)

Higuchi et al., 2010: Higuchi 48576
Moss Flora of China Vol.6 (Wu et al,
2002)

Moss Flora of China Vol.6 (Wu et al,
2002)

F & T4, 2008: 060010

Moss Flora of China Vol.6 (Wu et al,
2002)
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[220] FE#hEE Archidium alternifolium ¥ #= (DD) Moss Flora of China Vol.1 (Gao et al,
1999)

37. ZREEPL Bartramiaceae
67) PEEEJE Philonotis

[221] BRIRiZE#E Philonotis bartramioides Ff& (LC) Moss Flora of China Vol.4 (Li et al,
2007)

[222] /I %§ Philonotis calomicra T fE(LC) F A TH4%, 2008: 060691

[223] i 4E Philonotis cernua T fE(LC) F A TH4E, 2008: 060042

[224] fwiH-%F Philonotis falcata Ff& (LC) Moss Flora of China Vol.4 (Li et al,
2007)

[225] %% Philonotis fontana Ff& (LC) Moss Flora of China Vol.4 (Li et al,
2007)

[226] % -&&E Philonotis hastata T fe (LC) Moss Flora of China Vol.4 (Li et al,
2007)

[227] &M% #F¥ Philonotis mollis T fe (LC) Moss Flora of China Vol.4 (Li et al,
2007)

[228] {814 #E Philonotis runcinata T fe (LC) Moss Flora of China Vol.4 (Li et al,
2007)

[229] 4Hiit3EE Philonotis thwaitesii T fe (LC) Moss Flora of China Vol.4 (Li et al,
2007)

[230] < WF#&E Philonotis turneriana T & (LC) Moss Flora of China Vol.4 (Li et al,
2007)

38. FEERL Brachytheciaceae
68) HEEJ® Brachythecium
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[231] £#87F#F Brachythecium buchananii o fa (LC) Moss Flora of China Vol.7 (Hu et al,
2008)
[232] F#; % #F Brachythecium garovaglioides o fa (LC) Moss Flora of China Vol.7 (Hu et al,
2008)
[233] 4 F&F Brachythecium kuroishicum i fa (LC) Moss Flora of China Vol.7 (Hu et al,
2008)
[234] Z2H+7¥#E Brachythecium moriense T f&(LC) F A TH4E, 2008: 060932
[235] # /INE#F Brachythecium perminusculum T f&(LC) F A TH4%, 2008: 061007
[236] FIf H #¢ Brachythecium plumosum i fa (LC) Moss Flora of China Vol.7 (Hu et al,
2008)
[237] F#&F Brachythecium pulchellum i fa (LC) Moss Flora of China Vol.7 (Hu et al,
2008)
[238] %5 i# % Brachythecium reflexum T f&(LC) TR T4, 2008: 060634
[239] # 447 #F Brachythecium viridefactum 5 f&(VU) AEVE(NA)  EZRFAAE, 2008: 061051
69) EGBE)E Eurhynchium
[240] %436 M%&¢ Eurhynchium angustirete T fe (LC) Moss Flora of China Vol.7 (Hu et al,
2008)
[241] 42251 Eurhynchium eustegium T fE(LC) TR F+4%, 2008: 060368
[242] T&M-3Em8F Eurhynchium hians T fe (LC) Moss Flora of China Vol.7 (Hu et al,
2008)
[243] #2RZEB#E Eurhynchium Kirishimense T fE(LC) TR T4, 2008: 060979
[244] BiM B 8§ Eurhynchium laxirete T & (LC) Moss Flora of China Vol.7 (Hu et al,

2008)
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[245] % -JEM % Eurhynchium savatieri o fa (LC) Moss Flora of China Vol.7 (Hu et al,
2008)
[246] K-S 4% Eurhynchium squarrifolium o fa (LC) Moss Flora of China Vol.7 (Hu et al,
2008)
70) et BE)8 Helicodontium
[247] K tki## Helicodontium robustum HiEHL = (DD) Moss Flora of China Vol.6 (Wu et al,
2002)
71) FIHiBE)E Homalothecium
[248] At [AH#F Homalothecium leucodonticaule Ff& (LC) Moss Flora of China Vol.7 (Hu et al,
2008)
72) MEEEER Juratzkaeella
[249] # HAERITEEEE Juratzkaeella sinensis Ff& (LC) Moss Flora of China Vol.6 (Wu et al,
2002)
73) WEBE)E Myuroclada
[250] R #E Myuroclada maximowiczii T fe (LC) Moss Flora of China Vol.7 (Hu et al,
2008)
74) 4% BEE Rhynchostegiella
[251] H A4t 8% Rhynchostegiella japonica T fe (LC) Moss Flora of China Vol.7 (Hu et al,
2008)
[252] J:HidinE Rhynchostegiella laeviseta T fe (LC) Moss Flora of China Vol.7 (Hu et al,
2008)
[253] # ZHfh4n5&E Rhynchostegiella leptoneura ERE Moss Flora of China Vol.7 (Hu et al,
(Unrecorded) 2008)

75) KMk #E B Rhynchostegium
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[254] i KM 8% Rhynchostegium contractum o fa (LC) Moss Flora of China Vol.7 (Hu et al,
2008)
[255] R F KM% Rhynchostegium inclinatum o fa (LC) Moss Flora of China Vol.7 (Hu et al,
2008)
[256] BRMH-K:Bk & Rhynchostegium ovalifolium T f&(LC) F A TH4%, 2008: 060812
[257] # Kb 8% Rhynchostegium pallidifolium i fa (LC) Moss Flora of China Vol.7 (Hu et al,
2008)
76) BILEEJE Torrentaria
[258] iZi41%¢ Torrentaria riparioide i fa (LC) Moss Flora of China Vol.7 (Hu et al,
2008)
39. /NiiEE$l Bruchiaceae
77) KB Trematodon
[259] £:3i#¢ Trematodon longicollis T fe (LC) Moss Flora of China Vol.1 (Gao et al,
1999)
40. E#FRL Bryaceae
78) 4REEIE Anomobryum
[260] Zffu4R&F Anomobryum nitidium T fe (LC) Moss Flora of China Vol.3 (Gao et al,
2003)
[261] 4R%&E Anomobryum julaceum T fe (LC) Moss Flora of China Vol.3 (Gao et al,
2003)
79) A #J8 Brachymenium
[262] 445 H #% Brachymenium acuminatum Jf&(LC) A FH4E, 2008: 060689
[263] F&mM-%4H H #% Brachymenium capitulatum T fE (LC) Moss Flora of China Vol.3 (Gao et al,

2003)
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[264] #7445 A %% Brachymenium exile o fa (LC) Moss Flora of China Vol.3 (Gao et al,
2003)

[265] ¥ H %% Brachymenium nepalense o fa (LC) Moss Flora of China Vol.3 (Gao et al,
2003)

80) H&E/E Bryum

[266] %™ F#F Bryum algovicum Ffa(LC) T 4 F+4, 2008: 060688

[267] EARFLEE Bryum apiculatum JfE(LC) T 4 F+4, 2008: 060018

[268] E & Bryum argenteum i fa (LC) Moss Flora of China Vol.3 (Gao et al,
2003)

[269] M\ 34§ Bryum caespiticium T fE(LC) F A TH4E, 2008: 060258

[270] 41 ¥L#¢ Bryum capillare i fa (LC) Higuchi et al., 2010: Higuchi 48757

[271] M- &% Bryum cellulare i fa (LC) Higuchi et al., 2010: Higuchi 48649

[272] £/ ¥L#E Bryum coronatum T fe (LC) Moss Flora of China Vol.3 (Gao et al,
2003)

[273] XUt ¥ #E Bryum dichotomum T fe (LC) Moss Flora of China Vol.3 (Gao et al,
2003)

[274] #H-Z#E Bryum lonchocaulon T fE(LC) TR T4, 2008: 060695

[275] # A FLEE Bryum pallescens TfE(LC) T A FH45, 2008: 060796

[276] -4 ¥4 Bryum tuberosum ¥ E= (DD) Moss Flora of China Vol.3 (Gao et al,
2003)

[277] Bk EA&F Bryum turbinatum T fE (LC) Moss Flora of China Vol.3 (Gao et al,

81) KH-#E)8 Rhodobryum

2003)
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[278] BEHi K 8% Rhodobryum giganteum o fa (LC) Wi f&(EN) Moss Flora of China Vol.3 (Gao et al,
2003)
[279] @iz KM% Rhodobryum laxelimbatum Sfa(VU)  Bfa(vU) WifE(EN) F 4T+, 2008: 060869
[280] #kiZ1 K M#¢ Rhodobryum ontariense o fa (LC) Bifa (EN) Moss Flora of China Vol.3 (Gao et al,
2003)
41, B ERl Bryowijkiaceae
82) BHBE)8 Bryowijkia
[281] # #:%¥ Bryowijkia ambigua i fa (LC) Moss Flora of China Vol.5 (Wu et al,
2011)
42, 7R Calymperaceae
83) FLH B8 Calymperes
[282] BEMN{EM#% Calymperes afzelii i fa (LC) Moss Flora of China Vol.2 (Li et al,
2001)
[283] [F £ M-8 Calymperes erosum i fa (LC) (=mmEME) 5 18 HENIL,
2002)
[284] &AL r 8% Calymperes fasciculatum TfE(LC) Song et al., 2015: CAMLC4-003
[285] #LyEmEr & Calymperes graeffeanum T fe (LC) Moss Flora of China Vol.2 (Li et al,
2001)
[286] AL #F Calymperes moluccense T fe (LC) Moss Flora of China Vol.2 (Li et al,
2001)
[287] #Hnt-AEnT% Calymperes tenerum T fE(LC) F AR T4, 2008: 060322
84) #I5MEEJE Exostratum
[288] #l41M&$ Exostratum blumii Jf&(LC) Shen et al., 2018: STbry00080

85) Hifi#%)8 Leucophanes
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[289] FIiE#E Leucophanes octoblepharioides T fE(LC) Higuchi et al., 2010: Higuchi 12297
86) AMELR Mitthyridium
[290] # MIFIEE Mitthyridium flavum & (LC) Moss Flora of China Vol.2 (Li et al,
2001)
87) \iki# )& Octoblepharum
[291] /\#4i#¢ Octoblepharum albidum i fa (LC) Moss Flora of China Vol.1 (Gao et al,
1999)
88) MEE/E Syrrhopodon
[292] %53 % Syrrhopodon armatus i fa (LC) Moss Flora of China Vol.2 (Li et al,
2001)
[293] M#E Syrrhopodon gardneri Ff& (LC) (CzmEME) B 18 HENIL,
2002)
[294] HARI#E Syrrhopodon japonicus Jf& (LC) CzmEME) 38 18 HENIL,
2002)
[295] #LMEE Syrrhopodon parasiticus T fe (LC) Moss Flora of China Vol.2 (Li et al,
2001)
[296] B & Syrrhopodon tjibodensis 1 fE (NT) Moss Flora of China Vol.2 (Li et al,
2001)
43. [BF#ERL Cryphaeaceae
89) Fa3igE/E Cryphaea
[297] YRR 3E Cryphaea obovatocarpa ¥ B = (DD) JfE(LC) TR T4, 2008: 060326
90) TRFaHHER R Schoenobryum
[298] M- Thi &3 #E Schoenobryum concavifolium T fE (LC) Moss Flora of China Vol.5 (Wu et al,

2011)
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91) Bk¥H#EE)E Sphaerotheciella
[299] ER3i#¢ Sphaerotheciella sphaerocarpa o fa (LC) Moss Flora of China Vol.5 (Wu et al,
2011)
44, /INEEERl Daltoniaceae
92) EWE)E Calyptrochaeta

[300] £+ E:Ai#E Calyptrochaeta ramosa T f&(LC) F A TH4%, 2008: 060066
93) /NE#E)E Daltonia
[301] #:4:/N3%5#¥ Daltonia aristifolia 4HfE 5k = (DD) T 4 F+4, 2008: 060410
94) BBEE Distichophyllum
[302] AR W 4H 3¢ #F Leskeodon maibarae HiEHL = (DD) Moss Flora of China Vol.6 (Wu et al,
2002)

45. fi &R Dicranaceae
95) HiAREE)E Campylopus

[303] K- i ipisi S A5 Ff Campylopus atrovirens var. ENIEN TR T4, 2008: 060111
cucullatifolius (Unrecorded)
96) HhE#E)E Dicranum
[304] #7M-Hi E#E Dicranum flagilifolium T & (LC) (mEEME) F 18 HENMNIT,
2002)
[305] &kt FE#¥ Dicranum fulvum T fE(LC) TR T4, 2008: 060450
[306] A ta i FE#F Dicranum fuscescens T fE(LC) TR T4, 2008: 060502
[307] Mfam-4RmH-#F Dicranum psathyrum ENIER (=mmEME) 5 18 HENIL,
(Unrecorded) 2002)
[308] Hii &% Dicranum scoparium T f& (LC) EAFH5E, 2008: 060458

46. /N EBERL Dicranellaceae
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2020 China 2006 China 2013 Source
97) /N BBEEJ® Dicranella
[309] %3/ i £ &% Dicranella cerviculata T fE(LC) F A TH4E, 2008: 060548
98) e EBBE)R Leptotrichella
[310] # "hiELFEa¥ Leptotrichella sinensis ¥ = (DD) F A& TH4E, 2008: 060252
47, i Fi#ERl Diphysciaceae
99) SEHBE)R Diphyscium
[311] & M-4530EE Diphyscium mucronifolium i fa (LC) Moss Flora of China Vol.8 (Wu et al,
2005)
48. FFEEER] Ditrichaceae
100) A ikEEE Ceratodon
[312] HEdiffi1ki%E Ceratodon stenocarpus i fa (LC) Moss Flora of China Vol.1 (Gao et al,
1999)
101) H-EEJE Ditrichopsis
[313] HIFi#ILEEEE Ditrichopsis clausa st = (DD) (mrmEMmEY 58 18 BRI,
2002)
102) 4FE#)8 Ditrichum
[314] 4-E#§ Ditrichum heteromallum T fE(LC) TR T4, 2008: 060827
[315] #4-E#¢ Ditrichum pallidum T fe (LC) Moss Flora of China Vol.1 (Gao et al,
1999)
[316] #Hint- 44§ Ditrichum pusillum T fE(LC) TR F+4%, 2008: 060101
103) #iLEEE Garckea
[317] #i{L#¥ Garckea flexuosa T & (LC) Moss Flora of China Vol.1 (Gao et al,

104) \NEEEE Pleuridium

1999)
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[318] AEEE Pleuridium subulatum $4Eik = (DD) (mrEMEY 8 18 H(FNIT,

49. 4525l Entodontaceae
105) 458%)8 Entodon

[319] ¥:%HiZB%¢ Entodon challengeri ENIEN
(Unrecorded)

[320] 45#% Entodon cladorrhizans Jif& (LC)
[321] JE#4#84% Entodon concinnus T fG(LC)
[322] /" M54 Entodon flavescens Jif& (LC)
[323] 41145%¢ Entodon giraldii Jif& (LC)
[324] K:H-45%E Entodon longifolius T fa (LC)
[325] #4445 % Entodon luridus T f& (LC)
[326] KARZE%E Entodon macropodus T fa (LC)
[327] 4lim-25%% Entodon obtusatus T fa (LC)
[328] 44H45%E Entodon plicatus T fa (LC)

2002)

(ZEEME) 5 19 BEMIT,
2005)
Moss Flora of China Vol.7 (Hu et al,
2008)
F AR TH4E, 2008: 060946
Moss Flora of China Vol.7 (Hu et al,
2008)
Moss Flora of China Vol.7 (Hu et al,
2008)
Moss Flora of China Vol.7 (Hu et al,
2008)
Moss Flora of China Vol.7 (Hu et al,
2008)
Moss Flora of China Vol.7 (Hu et al,
2008)
Moss Flora of China Vol.7 (Hu et al,
2008)
Moss Flora of China Vol.7 (Hu et al,
2008)
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[329] Wr3k25%¢ Entodon pulchellus ¥ #= (DD) Moss Flora of China Vol.7 (Hu et al,
2008)

[330] #M-25%% Entodon scariosus o fa (LC) Moss Flora of China Vol.7 (Hu et al,
2008)

[331] =45 %E Entodon schleicheri ENIEN (mrmEMEY 8 19 HBENIL,
(Unrecorded) 2005)

[332] W3£25%F Entodon sullivantii Ff& (LC) Moss Flora of China Vol.7 (Hu et al,
2008)

[333] % %#45%F Entodon taiwanensis i fa (LC) Moss Flora of China Vol.7 (Hu et al,
2008)

[334] &¢H-45%F Entodon viridulus Ff& (LC) Moss Flora of China Vol.7 (Hu et al,
2008)

[335] =Fa45%E Entodon yunnanensis i fE (NT) I FE(NT) Moss Flora of China Vol.7 (Hu et al,

106) FRkEEE Erythrodontium
[336] it J5tki%E Erythrodontium julaceum T f& (LC)

107) #1kEEE Mesonodon
[337] ¥ttt Mesonodon flavescens T f& (LC)

50. #4E#ER} Erpodiaceae
108) EM-EEJE Aulacopilum
[338] [Al4ti & 4% Aulacopilum abbreviatum ¥ E= (DD) T f&(LC)

2008)

Moss Flora of China Vol.7 (Hu et al,
2008)

Moss Flora of China Vol.7 (Hu et al,

2008)

Moss Flora of China Vol.5 (Wu et al,
2011)
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109) $HIHEEJE Venturiella
[339] /" #i%ffiE#E Venturiella perrottetii PRIES W.Z. Ma 19-10613
(Unrecorded)
51. KR EBEEP} Fissidentaceae
110) A RBBEJ8 Fissidens
[340] .yt R EH¥ Fissidens angustifolius 55k = (DD) Moss Flora of China Vol.2 (Li et al,
2001)
[341] R E#E Fissidens anomalus & (LC) T 4 F+4, 2008: 060957
[342] /MR #E Fissidens bryoides i fa (LC) Moss Flora of China Vol.2 (Li et al,
2001)
[343] # FKuiRZEE Fissidens capitulatus 4HE 5k = (DD) T 4 F+4, 2008: 060145
[344] ¥ X E#¥ Fissidens ceylonensis i fa (LC) Moss Flora of China Vol.2 (Li et al,
2001)
[345] Ui K E#E Fissidens crenulatus T fe (LC) Moss Flora of China Vol.2 (Li et al,
2001)
[346] M- 2 #F Fissidens crispulus
[346a] #M REEEEASF Fissidens crispulus var. crispulus T fe (LC) Moss Flora of China Vol.2 (Li et al,
2001)
[346b] FH R E#EE =48R Fissidens crispulus var. robinsonii KRR Moss Flora of China Vol.2 (Li et al,
(Unrecorded) 2001)
[347] EMXE#HE Fissidens curvatus Jof& (LC) Moss Flora of China Vol.2 (Li et al,
2001)
[348] J#m A JE#E Fissidens flabellulus ¥ E= (DD) Moss Flora of China Vol.2 (Li et al,

2001)




AR, Mk, DCE, RS, TLEE (2021) PEXURANE BRI REE SR OL. M2 R, 29(4): 545-553

http://www.biodiversity-science.net/fileup/PDF/2020216

YiFl Species

IUCN 2000,
2020

& 2006
China 2006
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Source

[349] BEHLRE#E Fissidens flaccidus

[350] % fth X2 #¥ Fissidens gardneri

[351] #¥E X E#E Fissidens gymnogynus

[352] KA X2 #F Fissidens hollianus

[353] W& R JE#E Fissidens involutus

[354] )R E#F Fissidens javanicus

[355] k- R R #E % (A5 Fh - Fissidens linearis var. obscurirete

[356] KA JE#E Fissidens nobilis

[357] Bk X #E Fissidens osmundoides

[358] LR JE#E Fissidens pellucidus

[359] MIFLXJE#E Fissidens polypodioides

[360] 7#E X E&E Fissidens schwabei

o fa (LC)

o fa (LC)

Ff& (LC)

Ff& (LC)

Ff& (LC)

Ff& (LC)

ENLES

(Unrecorded)

Ff& (LC)

ENLES

(Unrecorded)

xf& (LC)

xS (LC)

xS (LC)

(ZHHEYE) B 18 HBENIL,
2002)
Moss Flora of China Vol.2 (Li et al,
2001)
Moss Flora of China Vol.2 (Li et al,
2001)

(ZEEME) 5 18 HBENMIL,
2002)
Moss Flora of China Vol.2 (Li et al,
2001)

(ZEEME) 5 18 BENMIL,
2002)
Moss Flora of China Vol.2 (Li et al,
2001)
Moss Flora of China Vol.2 (Li et al,
2001)

Higuchi et al., 2010: Higuchi 48769

Moss Flora of China Vol.2 (Li et al,
2001)
Moss Flora of China Vol.2 (Li et al,
2001)

(mrmEMEY B8 18 H(FNIL,
2002)
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[361] Zm4R X2 ¥ Fissidens subbryoides ¥ #= (DD) Moss Flora of China Vol.2 (Li et al,
2001)
[362] fifm- X E#% Fissidens taxifolius Jfé (LC) Moss Flora of China Vol.2 (Li et al,
2001)
[363] F &t W #E Fissidens teysmannianus i fa (LC) F A TH4%, 2008: 060714
[364] #l/NREHE Fissidens tosaensis Ff& (LC) Moss Flora of China Vol.2 (Li et al,
2001)
[365] #i R E#E Fissidens wichurae HiEHL = (DD) Moss Flora of China Vol.2 (Li et al,
2001)
[366] 2= FRRZEE Fissidens zolligeri & (LC) (mrEMmEY 58 18 H(FNIL,
2002)
52. FHZ P Funariaceae
111) #i88)8 Funaria
[367] Fentiff ™ #¥ Funaria attenuata i fa (LC) (=mmEME) 5 18 HENIL,
2002)
[368] #A,* % Funaria hygrometrica T fe (LC) Moss Flora of China Vol.3 (Gao et al,
2003)
[369] HA W)™ #¥ Funaria japonica i fa (LC) TR FH4%, 2008: 060501
112) SL.BikEJ® Physcomitrium
[370] #eitSrgid¥ Physcomitrium coorgense T fe (LC) Moss Flora of China Vol.3 (Gao et al,
2003)
[371] # YL/ I ki#E Physcomitrium courtoisii T f& (LC) EARFH4E, 2008: 060041
[372] SiHi#E Physcomitrium sphaericum Jf&(LC) EAFH5E, 2008: 060246

53. fEy#ER} Glyphomitriaceae
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113) BB Glyphomitrium
[373] %A% =i 40iEE Glyphomitrium humillimum o fa (LC) Moss Flora of China Vol.5 (Wu et al,
2011)
54, #EERL Hylocomiaceae
114) WHiBE8 Crenidium
[374] EM-#i#E Ctenidium capillifolium i fa (LC) Moss Flora of China Vol.8 (Wu et al,
2005)
[375] & -#i#E Ctenidium lychnites i fa (LC) Moss Flora of China Vol.8 (Wu et al,
2005)
[376] #i%E Ctenidium molluscum T f&(LC) F A TH4%, 2008: 060059
115) MfREEJE Leptohymenium
[377] #5#E Leptohymenium tenue i fa (LC) Moss Flora of China Vol.8 (Wu et al,
2005)
116) BABEE Macrothamnium
[378] MiA%E Macrothamnium macrocarpum T fe (LC) Moss Flora of China Vol.8 (Wu et al,
2005)
117) FMHEEE Neodolichomitra
[379] HAimH-#F Neodolichomitra yunnanensis T fE(LC) TR T4, 2008: 060965
55. ZKE¥EL Hypnaceae
118) JK#EJ8 Breidleria
[380] &M i 7K %% Breidleria erectiuscula T f&(LC) EARFH4E, 2008: 060222
119) JW3HEEIE Ectropothecium
[381] B {m3#i#¥ Ectropothecium aneitense JEfE (NT) Moss Flora of China Vol.8 (Wu et al,

2005)
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2020 China 2006 China 2013 China 2017  Yunnan 2017 Source
[382] fm#E Ectropothecium buitenzorgii T fE(LC) F A TH4%, 2008: 060353
[383] ¥k Mm% Ectropothecium dealbatum o fa (LC) Higuchi et al., 2010: Higuchi 48522
[384] & {m 3% Ectropothecium ohosimense o fa (LC) Moss Flora of China Vol.8 (Wu et al,
2005)
[385] K% Ectropothecium penzigianum i fa (LC) Moss Flora of China Vol.8 (Wu et al,
2005)
[386] “TIM-{m3i#E Ectropothecium zollingeri i fa (LC) Moss Flora of China Vol.8 (Wu et al,
2005)
120) #tZ8EJ8 Gollania
[387] HAH A% #F Gollania japonica i fa (LC) Moss Flora of China Vol.8 (Wu et al,
2005)
[388] # [EA KK #E Gollania tereticaulis Ff& (LC) Moss Flora of China Vol.8 (Wu et al,
2005)
121) KB )& Hypnum
[389] Z&M-ZK#§ Hypnum circinale T fE(LC) TR T4, 2008: 060757
[390] K#iZK & Hypnum macrogynum T fE(LC) TR T4, 2008: 060923
[391] XK#E Hypnum plumaeforme T fe (LC) Moss Flora of China Vol.8 (Wu et al,
2005)
[392] ¥ K% Hypnum pallescens T fE(LC) TR T4, 2008: 060643
[393] &M ZK#E Hypnum revolutum T fE(LC) TR T4, 2008: 060862
122) #-U5%EJ® Phyllodon
[394] ik %% Phyllodon bilobatus 5 (VU) 51 (VU) Moss Flora of China Vol.8 (Wu et al,

2005) (as Glossadelphus bilobatus)
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[395] & M- h#E Phyllodon lingulatus EXI S Higuchi et al., 2010: Higuchi 48689
(Unrecorded)
123) EEFEER  Pseudotaxiphyllum
[396] ANl £ Pseudotaxiphyllum distichaceum o fa (LC) Moss Flora of China Vol.8 (Wu et al,
2005)
124) BEH-8E/8  Taxiphylium
[397] #liZR k4% Taxiphyllum aomoriense T f&(LC) F A TH4%, 2008: 060718
[398] r2R ki #E Taxiphyllum cuspidifolium T fG(LC) Higuchi et al., 2010: Higuchi 48732
[399] Btk #F Taxiphyllum giraldii i fa (LC) Moss Flora of China Vol.8 (Wu et al,
2005)
[400] &§1H#¢ Taxiphyllum taxirameum i fa (LC) Moss Flora of China Vol.8 (Wu et al,
2005)
125) BAM-##)8 Vesicularia
[401] BEHLPA8F Vesicularia ferriei T fe (LC) Moss Flora of China Vol.8 (Wu et al,
2005)
[402] #HH-#§ Vesicularia montagnei T fe (LC) Moss Flora of China Vol.8 (Wu et al,
2005)
[403] 2B nt8¥ Vesicularia reticulata T fe (LC) Moss Flora of China Vol.8 (Wu et al,
2005)
56. FL&#ER} Hypopterygiaceae
126) #REJE Cyathophorum
[404] #ijH-4: 2 #% Cyathophorum adiantum Ff& (LC) CzmEME) 3 19 HENIT,

2005)
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[405] % M FE#¢ Cyathophorum hookerianum o fa (LC) Moss Flora of China Vol.6 (Wu et al,
2002)
127) WHERBEJB Dendrocyathophorum
[406] #44: 2% Dendrocyathophorum decolyi T fE(LC) F AR TH4E, 2008: 060474
128) FLE#E)E Hypopterygium
[407] 3% FL#E % Hypopterygium flavolimbatum i fa (LC) Moss Flora of China Vol.6 (Wu et al,
2002)
129) EREEJE Lopidium
[408] JH:42 EE#¥ Lopidium struthiopteris & (LC) (mrmEMEY 8 19 HENIL,
2005)
57. i BEPl Leskeaceae
130) BRHEEJE Claopodium
[409] it R FIEE Claopodium aciculum T fE(LC) Song et al., 2015: CAML1303-0181
[410] K#RPIEE Claopodium assurgens T fe (LC) Moss Flora of China Vol.6 (Wu et al,
2002)
[411] U5 #RFIEE Claopodium prionophyllum T fe (LC) Moss Flora of China Vol.6 (Wu et al,
2002)
131) 4HBEEJR Leskeella
[412] 4% %% Leskeella nervosa T fe (LC) Moss Flora of China Vol.6 (Wu et al,
2002)
132) WEEEE Pseudoleskeopsis
[413] * 22 #EEE Pseudoleskeopsis tosana T fE(LC) H AT 5
[414] L#EE Pseudoleskeopsis zippelii T fE (LC) Moss Flora of China Vol.6 (Wu et al,

2002)
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58. HREHR} Leucobryaceae
133) HIKEEJE Brothera
[415] F1EK#¢ Brothera leana

134) BAREEE Campylopus
[416] K- %%E Campylopus atrovirens

[417] R4 li#%#E Campylopus comosus

[418] E M- HiA%#E Campylopus ericoides

[419] ii¥i#E Campylopus flexosus

[420] Mfats Hi k¥ Campylopus fragilis
[421] wi M Hi A% #E Campylopus laxitextus

[422] A3 Hh 5% Campylopus pyriformis

[423] Hh 4 #%#E Campylopus sinensis
[424] 1525 #h#i%E Campylopus umbellatus

135) 5 EEEE Dicranodontium
[425] % E#E Dicranodontium denudatum
136) BREEJ@ Leucobryum

o fa (LC)

Ff& (LC)

Ff& (LC)

Ff& (LC)

Ff& (LC)

Ff& (LC)
Ff& (LC)

P&
(Unrecorded)
Tof& (LC)
Tof& (LC)

TfE(LC)

Moss Flora of China Vol.1 (Gao et al,
1999)

(ZEEME) 5 18 BENMNL,
2002)
Moss Flora of China Vol.1 (Gao et al,
1999)
Moss Flora of China Vol.1 (Gao et al,
1999)

(ZEEME) 5 18 HBENMNIL,
2002)
TR T4, 2008: 060887
Moss Flora of China Vol.1 (Gao et al,
1999)
TR T4, 2008: 060365

Higuchi et al., 2010: Higuchi 48770
Moss Flora of China Vol.1 (Gao et al,

1999)

Song et al., 2015: CAMLC4-100
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[426] %A Kk #F Leucobryum aduncum
[426a] M [k FEA R Leucobryum aduncum var. aduncum Jfé (LC) (ZHEEYME) F 18 HBENIL,
2002)
[426b] Z5TH 4 k8 MIHAE R Leucobryum aduncum var. scalare PRIES (=&Y 5 18 H(EMIT,
(Unrecorded) 2002)
[427] Bk 1R #E Leucobryum bowringii i fa (LC) Moss Flora of China Vol.1 (Gao et al,
1999)
[428] 4tta A k8% Leucobryum chlorophyllosum i fa (LC) F A TH4%, 2008: 060861
[429] A1k #¢ Leucobryum glaucum i fa (LC) Moss Flora of China Vol.1 (Gao et al,
1999)
[430] JTVHE A & #F Leucobryum javense i fa (LC) Moss Flora of China Vol.1 (Gao et al,
1999)
[431] #2M- &#F Leucobryum juniperoides T fe (LC) Moss Flora of China Vol.1 (Gao et al,
1999)
59. A15#E8} Leucodontaceae
137) NGB8 Prerogoniadelphus
[432] #LA %% Pterogoniadelphus esquirolii T fE(LC) TR T4, 2008: 060744
60. BEERl Leucomiaceae
138) H#¥)8 Leucomium
[433] H#&E Leucomium strumosum T fe (LC) Moss Flora of China Vol.6 (Wu et al,

61. B8Rl Meteoriaceae
139) BHEE)E Aerobryidium

2002)
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[434] bp-EHI%E Aerobryidium aureo-nitens o fa (LC) Moss Flora of China Vol.5 (Wu et al,
2011)
[435] - EH1%E Aerobryidium crispifolium HiEHL = (DD) Higuchi et al., 2010: Higuchi 48713
[436] EH1#E Aerobryidium filamentosum o fa (LC) Moss Flora of China Vol.5 (Wu et al,
2011)
140) RS #EJ& Aerobryopsis
[437] # T2 IKSEE Aerobryopsis aristifolia 55k = (DD) Moss Flora of China Vol.5 (Wu et al,
2011)
[438] JIE- K< %% Aerobryopsis membranacea ¥ ¥55k = (DD) Moss Flora of China Vol.5 (Wu et al,
2011)
[439] #M-ZK < #¥ Aerobryopsis parisii ENIEN F A TH4%, 2008: 060352
(Unrecorded)
[440] K K5 #E Aerobryopsis subdivergens i fa (LC) TR T4, 2008: 060784
[441] X< & Aerobryopsis wallichii TfE(LC) Shen et al., 2018: SThry00094
[442] # =K< #E Aerobryopsis yunnanensis PSS i fa(VU) Moss Flora of China Vol.5 (Wu et al,
(Unrecorded) 2011)
141) \28E8 Barbellopsis
[443] #L & &E Barbellopsis trichophora T fe (LC) Moss Flora of China Vol.5 (Wu et al,
2011)
142) F#)J® Chrysocladium
[444] #E&£ Chrysocladium retrorsum T fE (LC) Moss Flora of China Vol.5 (Wu et al,

143) RN BE)R  Cryptopapillaria

2011)
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[445] 412 [E#A % 8% Cryptopapillaria chrysoclada EXI S T % F+4, 2008: 060840
(Unrecorded)
[446] H2RFafA 2 E¢ Cryptopapillaria feae o fa (LC) Moss Flora of China Vol.5 (Wu et al,
2011)
144) 35888 Diaphanodon
[447] &1i#§ Diaphanodon blandus T fE(LC) F AR TH4E, 2008: 060227
145) F4E8EE Duthiella
[448] ¥ F: 485%F Duthiella flaccida Ff& (LC) Moss Flora of China Vol.5 (Wu et al,
2011)
[449] &¢4E%E Duthiella wallichii Ff& (LC) Moss Flora of China Vol.5 (Wu et al,
2011)
146) £758Ej& Floribundaria
[450] 227 %E Floribundaria floribunda T fe (LC) Moss Flora of China Vol.5 (Wu et al,
2011)
[451] 1842747 #§ Floribundaria pseudofloribunda i fa (LC) (=mmEME) & 19 HENIL,
2005)
[452] Bl #2458% Floribundaria walkeri T fe (LC) Moss Flora of China Vol.5 (Wu et al,
2011)
147) M E BB Meteoriopsis
[453] JH-# & #F Meteoriopsis reclinata TfE (LC) Moss Flora of China Vol.5 (Wu et al,
2011)
[454] ¥ & & Meteoriopsis squarrosa T fE (LC) Moss Flora of China Vol.5 (Wu et al,

148) B#)@ Meteorium

2011)
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[455] ##F Meteorium polytrichum o fa (LC) Moss Flora of China Vol.5 (Wu et al,
2011)
[456] 7V &% Meteorium atrovariegatum T fE(LC) Shen et al., 2018: SThry00052
[457] JINE &% Meteorium buchananii T & (LC) F & F+4E, 2008: 060611
149) ¥ #4888 Neodicladiella
[458] #Et B4 4% Neodicladiella flagellifera i fa (LC) Moss Flora of China Vol.5 (Wu et al,
2011)
[459] #7#2%E Neodicladiella pendula T fE(LC) F A TH4%, 2008: 060905
150) {2828 Pseudobarbella
[460] ¥z H-{iE:#% Pseudobarbella laosiensis P& (ZEEME) F 19 HENIT,
(Unrecorded) 2005)
[461] fE#=%¢ Pseudobarbella levieri Ff& (LC) Moss Flora of China Vol.5 (Wu et al,
2011)
151) RAEEJE Toloxis
[462] $ M jz 8% Toloxis semitorta T fe (LC) Moss Flora of China Vol.5 (Wu et al,
2011)
152) 4HEE)E Trachycladiella
[463] HE4n i &¢ Trachycladiella sparsa T fe (LC) Moss Flora of China Vol.5 (Wu et al,
2011)
153) HAMBEE Trachypodopsis
[464] #\HLH-#% Trachypodopsis serrulata
[464a] fHIM&EGH A F Trachypodopsis serrulata var. ERE Moss Flora of China Vol.5 (Wu et al,
crispatula (Unrecorded) 2011)
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[464b] FIHIH4F5E A4S R Trachypodopsis serrulata var. P& Moss Flora of China Vol.5 (Wu et al,
guilbertii (Unrecorded) 2011)
[464c] FUHHM-#%]F AR Trachypodopsis serrulata var. serrulata PGS Moss Flora of China Vol.5 (Wu et al,
(Unrecorded) 2011)
154) HiH-BEJ® Trachypus
[465] #1H#E Trachypus bicolor i fa (LC) Moss Flora of China Vol.5 (Wu et al,
2011)
[466] /NHI-EE Trachypus humilis T fE(LC) Higuchi et al., 2010: Higuchi 48722
62. IITEEP} Mniaceae
155) SLXTEEJR Orthomnion
[467] FF.SZAT#E Orthomnion bryoides i fa (LC) Moss Flora of China Vol.4 (Li et al,
2007)
[468] S 4T#E Orthomnion dilatatum T fe (LC) Moss Flora of China Vol.4 (Li et al,
2007)
[469] # Z=F4 AT #E Orthomnion yunnanense JEfE (NT) (=mmEME) 5 18 HENIL,
2002)
156) BT 88 Plagiomnium
[470] ZRM-E)4T &% Plagiomnium acutum i fa (LC) (=mmEME) 5 18 HENIL,
2002)
[471] 4w &)4T%E Plagiomnium arbusculum T fE(LC) TR T4, 2008: 061043
[472] ®)XT#E Plagiomnium cuspidatum T fE (LC) Moss Flora of China Vol.4 (Li et al,
2007)
[473] it 4T#E Plagiomnium elimbatum ¥ E= (DD) Moss Flora of China Vol.4 (Li et al,

2007)
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[474] &4 E)4T#E Plagiomnium integrum Ff& (LC) (ommEmE) 5 18 HE ML,
2002)
[475] E%E)JT#F Plagiomnium rhynchophorum o fa (LC) Moss Flora of China Vol.4 (Li et al,
2007)
[476] 4l &E)4T %% Plagiomnium rostratum i fa (LC) (mrEMmEY 58 18 H(FNIL,
2002)
[477] K-&)4T#E Plagiomnium succulentum i fa (LC) CmmEmE) 2 18 H(FNMIL,
2002)
[478] [ &) 4T % Plagiomnium vesicatum & (LC) (mrEMmEY 58 18 H(FNIL,
2002)
157) £ /K88 Pohlia
[479] &z 4= 42 J\&§ Pohlia cruda T fE(LC) F A TH4%, 2008: 060978
[480] #hith2z IK&E Pohlia drummondii HEfE(NT) JfE(LC) TR T4, 2008: 060759
[481] #2JK#§ Pohlia elongata T fE(LC) TR F+4%, 2008: 060702
[482] yEki 22 )&% Pohlia flexuosa T fE(LC) TR FH4%, 2008: 061015
[483] 5242 JN&F Pohlia leucostoma P fE(NT) TR T4, 2008: 060933
158) BATEEE Rhizomnium
[484] J#mEAT#F Rhizomnium hattorii T fE(LC) TR T4, 2008: 060814
[485] Ki+EAT#E Rhizomnium magnifolium T fE(LC) TR T4, 2008: 060605
[486] B M-EAT#F Rhizomnium nudum I fE(NT) TR T4, 2008: 060497
[487] #4045 EA4T %% Rhizomnium striatulum T fE(LC) TR T4, 2008: 060560

63. EERl Neckeraceae
159) BHiEEIR Caduciella
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[488] B A% #¢ Caduciella mariei 1 f&(CR) ¥ #= (DD) JEFE(NT) Moss Flora of China Vol.5 (Wu et al,
2011)
160) /& & Circulifolium
[489] /N FrEE Circulifolium exiguum o fa (LC) Moss Flora of China Vol.5 (Wu et al,
2011)
[490] % /- &F Circulifolium microdendron Ff& (LC) Moss Flora of China Vol.5 (Wu et al,
2011)
161) W MEEJ8 Himantocladium
[491] %&M-JMH#¢ Himantocladium cyclophyllum JEfE (NT) Moss Flora of China Vol.5 (Wu et al,
2011)
162) RBiEEE Homalia
[492] m#i%¢ Homalia trichomanoides Ff& (LC) Moss Flora of China Vol.5 (Wu et al,
2011)
163) $EBEEB Homaliadelphus
[493] & AU % [ 28R Homaliadelphus sharpii var. R Song et al., 2015: CAMLC2-450
rotundata (Unrecorded)
[494] #lmiA#¥ Homaliadelphus targionianus T fe (LC) Moss Flora of China Vol.5 (Wu et al,
2011)
164) #4F8EJ8 Homaliodendron
[495] #~F#¢ Homaliodendron flabellatum T fe (LC) Moss Flora of China Vol.5 (Wu et al,
2011)
[496] JJmHH#4F#F Homaliodendron scalpellifolium T fE(LC) TR T4, 2008: 060955

165) #M-EE/E Neckeromnion
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[497] A WAL #F Neckeromnion calcicola o fa (LC) Moss Flora of China Vol.5 (Wu et al,
2011)
[498] #1-#¢ Neckeromnion lepineanum o fa (LC) Moss Flora of China Vol.5 (Wu et al,
2011)
166) 1 FEEJE Neckeropsis
[499] 3 M- 481°F-#F Neckeropsis crinita R (ormmEmE) 5 18 HEF ML,
(Unrecorded) 2002)
[500] KARHU-F-#¥ Neckeropsis exserta i fa (LC) Moss Flora of China Vol.5 (Wu et al,
2011)
167) I§#28EJ8 Pengchengwua
[501] #EM-MEFE#E Pengchengwua obtusata i fa (LC) Moss Flora of China Vol.5 (Wu et al,
2011)
168) FI#E)8 Pinnatella
[502] F&i I F %% Pinnatella alopecuroides 1 fE (NT) Moss Flora of China Vol.5 (Wu et al,
2011)
[503] /NFIF## Pinnatella ambigua T fe (LC) Moss Flora of China Vol.5 (Wu et al,
2011)
[504] i FIH#E Pinnatella homaliadelphoides R Moss Flora of China Vol.5 (Wu et al,
(Unrecorded) 2011)
[505] Z< WP FI4%#% Pinnatella makinoi T fe (LC) Moss Flora of China Vol.5 (Wu et al,
2011)
169) {2 V2@ Pseudoparaphysanthus(iLl)
[506] Bk f-F&¥ Pseudoparaphysanthus bonianus ERIE Moss Flora of China Vol.5 (Wu et al,

(Unrecorded)

2011)
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64. R REEP} Orthotrichaceae
170) /NSEEEJR Groutiella
[507] /NEE#E Groutiella tomentosa Biife (EN) Moss Flora of China Vol.5 (Wu et al,
2011)
171) JeEEE Leratia
[508] %l E#E Leratia obtusifolia HiEHL = (DD) Moss Flora of China Vol.5 (Wu et al,
2011)
172) $28%)8 Macromitrium
[509] 3% Jii#EEF Macromitrium comatum Ff& (LC) Moss Flora of China Vol.5 (Wu et al,
2011)
[510] # [KEE#E Macromitrium ferriei Ff& (LC) Moss Flora of China Vol.5 (Wu et al,
2011)
[511] * $:i%3E%EE Macromitrium gymnostomum T fE(LC) ER:E7 I
[512] # SA%FE#E Macromitrium heterodictyon ENIEN TR T4, 2008: 060164
(Unrecorded)
[513] #HM-#£#% Macromitrium incrustatifolium ENIER Moss Flora of China Vol.5 (Wu et al,
(Unrecorded) 2011)
[514] %lin-%5 4% Macromitrium japonicum T fe (LC) Moss Flora of China Vol.5 (Wu et al,
2011)
[515] Jé /K ##E Macromitrium nepalense R M.R. Crosby no. 14832
(Unrecorded)
[516] &A= EE Macromitrium microstomum T fE (LC) Moss Flora of China Vol.5 (Wu et al,

2011)
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[517] K E#E4F Macromitrium tosae o fa (LC) Moss Flora of China Vol.5 (Wu et al,
2011)
173) #IBE)® Rhachithecium
[518] ##¥ Rhachithecium perpusillum o fa (LC) Moss Flora of China Vol.5 (Wu et al,
2011)
174) ZRiGEER Zygodon
[519] £t 0 A% Ui#E Zygodon viridissimus T fG(LC) Higuchi et al., 2010: Higuchi 48777
65. B EERl Pilotrichaceae
175) 5ERIEEIR Callicostella
[520] 3#Ji%E Callicostella papillata i fa (LC) Moss Flora of China Vol.6 (Wu et al,
2002)
176) RiHEE/E Thamniopsis
[521] IR #EE Thamniopsis utacamundiana T fe (LC) Moss Flora of China Vol.6 (Wu et al,
2002)
66. fFEFRL Plagiotheciaceae
177) K IKEEJ& Herzogiella
[522] Wil K K#§ Herzogiella perrobusta T fE(LC) F A TH4E, 2008: 060234
[523] 4K IKHE Herzogiella turfacea T fE(LC) TR F+4%, 2008: 060093
178) MAEIR-BE)E Isopterygiopsis
[524] AtHb 4RIt &% Isopterygiopsis muelleriana T f&(LC) Song et al., 2015: CAML0615-0135
179) Wi#EJ& Plagiothecium
[525] IR %A% Plagiothecium cavifolium T fE (LC) Moss Flora of China Vol.7 (Hu et al,
2008)
[526] & ¥EHHEE Plagiothecium formosicum Jf&(LC) EAFH4E, 2008: 060029
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[527] JELAHEE Plagiothecium handelii T fE(LC) F & T+4%, 2008: 060080
[528] Jii *FH7#F Plagiothecium neckeroideum TfE(LC) T T4, 2008: 060339
67. & REEHR Polytrichaceae
180) SRR Atrichum
[529] /Milif8%§ Atrichum crispulum JfE(LC) T 4 F+4, 2008: 060286
[530] /Al ESEE Atrichum rhystophyllum T fE(LC) F A TH4%, 2008: 060603
[531] F#EEALESEE Atrichum subserratum Ff& (LC) Moss Flora of China Vol.8 (Wu et al,
2005)
[532] %8 #E 2 ARl Atrichum undulatum var. gracilisetum PRES Moss Flora of China Vol.8 (Wu et al,
(Unrecorded) 2005)
[533] ZR WP Al#9%E Atrichum yakushimense i fa (LC) Moss Flora of China Vol.8 (Wu et al,
2005)
181) /NFREEJE Oligotrichum
[534] # FuAti/NReE Oligotrichum crossidioides i fa (LC) Wi fa(EN) (=mmEME) & 19 HENIL,
2005)
182) NE&RBE® Pogonatum
[535] #ik /N4 &k #E Pogonatum camusii o f& (VU) Higuchi et al., 2010: Higuchi 48536
[536] #3174 % #§ Pogonatum cirratum
[536a] /N4 K EE R IR Pogonatum cirratum var. cirratum i fa (LC) Moss Flora of China Vol.8 (Wu et al,
2005)
[536b] Hilil /NG R EEB AT Pogonatum cirratum subsp. T/ (LC) Moss Flora of China Vol.8 (Wu et al,
fuscatum 2005)
[537] ZRF/IN4&: K #% Pogonatum inflexum T f& (LC) Moss Flora of China Vol.8 (Wu et al,

2005)
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[538] it /N4 k¥ Pogonatum neesii o fa (LC) Moss Flora of China Vol.8 (Wu et al,
2005)
[539] JIIV/IN4:k#% Pogonatum nudiusculum TS5 (LC) Higuchi et al., 2010: Higuchi 48768
68. \EEBL Pottiaceae
183) NAEEJ® Anoectangium
[540] L M AEE Anoectangium stracheyanum i fa (LC) F A TH4%, 2008: 060237
[541] &M M A#E Anocectangium thomsonii i fa (LC) FARTH4E, 2008: 060442
184) HiO8%)8 Barbula
[542] ifet4 118 Barbula amplexifolia ¥4k = (DD) TKO6HI, HE 14431 (IFP)
[543] b4 &% Barbula arcuata & (LC) (mrEMmEY 58 18 H(FNIL,
2002)
[544] # FKIKHL %% Barbula dixoniana FRIES Moss Flora of China Vol.2 (Li et al,
(Unrecorded) 2001)
[545] FEH-HI1%F Barbula gangetica JEfE (NT) (=mmEME) 5 18 HENIL,
2002)
[546] /NI M1 %% Barbula indica ENIER Moss Flora of China Vol.2 (Li et al,
(Unrecorded) 2001)
[547] JRIEHL 4 Barbula javanica T fe (LC) Moss Flora of China Vol.2 (Li et al,
2001)
[548] # 1 & Barbula unguiculata T fe (LC) Moss Flora of China Vol.2 (Li et al,
2001)
185) 4LH-BE)8 Bryoerythrophyllum
[549] %lisk4Lnt 8% Bryoerythrophyllum brachystegium T & (LC) Moss Flora of China Vol.2 (Li et al,

2001)
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[550] JC ik L #¢ Bryoerythrophyllum gymnostomum T fE(LC) Higuchi et al., 2010: Nishimura 12292
[551] ALt m-#¥ Bryoerythrophyllum inaequalifolium KRR Moss Flora of China Vol.2 (Li et al,
(Unrecorded) 2001)
[552] £LH ¢ Bryoerythrophyllum recurvirostrum o fa (LC) Moss Flora of China Vol.2 (Li et al,
2001)
186) Xt BEJ® Didymodon
[553] db it ih#% Didymodon fallax T fE(LC) F A TH4%, 2008: 060789
[554] fifi- %} 4% Didymodon rigidulus i fa (LC) Moss Flora of China Vol.2 (Li et al,
2001)
187) & O EEJ8 Gymnostomum
[555] 4%ki% 18 Gymnostomum aeruginosum T f&(LC) F A TH4%, 2008: 060499
188) F KEEJ& Hydrogonium
[556] FEMH- 41 ZK#F Hydrogonium gangeticum R (=mmEME) 5 18 HENMIL,
(Unrecorded) 2002)
189) SLREREJE Hymenostylium
[557] SZAFEERE 235 A Hymenostylium recurvirostrum var. T fE(LC) Higuchi et al., 2010: Higuchi 48608
cylindricum
190) ¥HugE)E Hyophila
[558] &M #EHbEE Hyophila involuta T fe (LC) Moss Flora of China Vol.2 (Li et al,
2001)
[559] #LR¥EHhEE Hyophila nymaniana TfE(LC) Higuchi et al., 2010: Higuchi 48575
[560] i usE Hyophila propagulifera T fa (LC) Moss Flora of China Vol.2 (Li et al,

[561] ALit¥EHhEE Hyophila spathulata

Jfa(LC)

2001)
F T4, 2008: 060224
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191) {EiGEEJE Leptodontium
[562] #1%#E Leptodontium viticulosoides o fa (LC) (mrEMEY 8 18 H(FNIT,
2002)
192) KMEEJE Molendoa
[563] il Kk M&F Molendoa sendtneriana i fa (LC) ke, E 14381 (IFP)
193) ESEEf® Splachnobryum
[564] KiHaz#E Splachnobryum aguaticum 55k = (DD) Moss Flora of China Vol.3 (Gao et al,
2003)
194) FRBEJE Syntrichia
[565] % 75%E Syntrichia gemmascens i fa (LC) F A TH4E, 2008: 060694
195) RAEESE Timmiella
[566] /N 41%E Timmiella diminuta T fE(LC) F A TH4%, 2008: 061004
196) BOEEE Trichostomum
[567] # &M &F Trichostomum hattorianum T fE(LC) TR T4, 2008: 060238
[568] ~F-iE M #E Trichostomum planifolium T fe (LC) Moss Flora of China Vol.2 (Li et al,
2001)
[569] JiE ik & [1#¢ Trichostomum spirale ENIEN Higuchi et al., 2010: Higuchi 48774
(Unrecorded)
[570] #34E 1#F Trichostomum tenuirostre ENIER Moss Flora of China Vol.2 (Li et al,
(Unrecorded) 2001)
197) /NGEEEIE Weissia
[571] /NFAEE Weissia controversa T fE (LC) Moss Flora of China Vol.2 (Li et al,

2001)
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[572a] /NATEEJEASF Weissia controversa var. controversa AR (=&)Y 53 18 H(EMIT,
(Unrecorded) 2002)
[572b] /N BERERRAS AT Weissia controversa var. minutissima AR (=mtEmE) 53 18 HEMIT,
(Unrecorded) 2002)
[572] Hhiki/NA#E Weissia edentula Ff& (LC) Moss Flora of China Vol.2 (Li et al,
2001)
69. BAI#ER} Pterigynandraceae
198) XRIEEJ® Trachyphyllum
[573] X h#EE Trachyphyllum inflexum T fE(LC) F A TH4%, 2008: 060198
70. BREERL Pterobryaceae
199) BEFEEJR Calyptothecium
[574] ZFMu H--F-## Calyptothecium auriculata i fa (LC) Moss Flora of China Vol.5 (Wu et al,
2011)
[575] 2R H-F#F Calyptothecium hookeri T fe (LC) Moss Flora of China Vol.5 (Wu et al,
2011)
[576] i H-F-#F Calyptothecium phyllogonoides JEfE (NT) 5 f&(VU) Moss Flora of China Vol.5 (Wu et al,
2011),
[577] E-F&E Calyptothecium urvilleanum T fe (LC) Moss Flora of China Vol.5 (Wu et al,
2011),
[578] & H-F&¥ Calyptothecium wrightii T fe (LC) Moss Flora of China Vol.5 (Wu et al,
2011)
200) E#iEE/E Cryptogonium
[579] EE#i#E Cryptogonium dubium T fE(LC) TR T4, 2008: 060497

201) Ye-2¥J@ Horikawaea
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[580] “F-4R5um#¢ Horikawaea dubia AR Moss Flora of China Vol.5 (Wu et al,
(Unrecorded) 2011)
202) KBREEJ® Penzigiella
[581] KBk%E Penzigiella cordata $4Eik = (DD) T % F+4, 2008: 060097
203) #BKEEE Pterobryopsis
[582] 2 #8Lj&F Pterobryopsis acuminata i fa (LC) Moss Flora of China Vol.5 (Wu et al,
2011)
[583] #lp#E Pterobryopsis crassicaulis i fa (LC) Moss Flora of China Vol.5 (Wu et al,
2011)
[584] #EAE Wk &F Pterobryopsis foulkesiana PRIS Moss Flora of China Vol.5 (Wu et al,
(Unrecorded) 2011)
[585] FA ME 4L %% Pterobryopsis orientalis i fa (LC) Moss Flora of China Vol.5 (Wu et al,
2011)
71. #F54¥R} Ptychomniaceae
204) B#EJE Garovaglia
[586] FA L 4i%F Garovaglia elegans T fE(LC) TR T4, 2008: 060441
[587] #i#% Garovaglia plicata H#EEk = (DD) Moss Flora of China Vol.5 (Wu et al,
2011)
72. &REERL Pylaisiaceae
205) BIKEEE Homomallium
[588] itk E k8% Homomallium japonico-adnatum ERIE Moss Flora of China Vol.8 (Wu et al,
(Unrecorded) 2005)
[589] # = Fd-E/KEE Homomallium yuennanense T & (LC) Moss Flora of China Vol.8 (Wu et al,

2005)
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206) £&IREEJR Pylaisia
[590] AR W47k #% Pylaisiella brotheri o fa (LC) Moss Flora of China Vol.8 (Wu et al,
2005)
[591] Z 14 /K% Pylaisia falcata JfE(LC) T T4, 2008: 060274
[592] # #24:7K#% Pylaisia levieri i fa (LC) Moss Flora of China Vol.8 (Wu et al,
2005)
73. BHEFR! Pylaisiadelphaceae
207) /N¥REEJR Brotherella
[593] #Z5/Mim#&E Brotherella erythrocaulis T f&(LC) F A TH4%, 2008: 060316
[594] i 75 /N8 Brotherella henonii TfE(LC) F A J14, 2008: 060650
[595] T Hi/M#EE Brotherella nictans FfE(LC) T 4 F+4, 2008: 060409
[596] 415 /Ni#E Brotherella recurvans ENIEN S fE(VU) BYIf 01334 (PE)
(Unrecorded)
208) SJEHIBEIE Clastobryopsis
[597] #LyE#E Clastobryopsis planula T fe (LC) Moss Flora of China Vol.8 (Wu et al,
2005)
[598] ¥k #IHEMIEE Clastobryopsis robusta T fe (LC) Moss Flora of China Vol.8 (Wu et al,
2005)
209) YEHIEE)B Clastobryum
[599] =% Uk Clastobryum glabrescens T fE(LC) TR T4, 2008: 060562
210) $BEER Isocladiella
[600] ¥ %% Isocladiella surcularis T fE (LC) Moss Flora of China Vol.8 (Wu et al,

211) FM-EEJ@ Isopterygium

2005)
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Wikl Species IUCN 2000,  [¥ 2006 HE 2013 HE 2017 Z=F§ 2017 KR
2020 China 2006 China 2013 China 2017  Yunnan 2017 Source
[601] ¥ fiu[R]H#¢  Isopterygium albescens o fa (LC) Moss Flora of China Vol.8 (Wu et al,
2005)
[602] £F#% [Fl - #¥ Isopterygium minutirameum o fa (LC) Moss Flora of China Vol.8 (Wu et al,
2005)
[603] Zi i [A]#¥ Isopterygium propaguliferum i fa (LC) Moss Flora of China Vol.8 (Wu et al,
2005)
[604] Zi- [ 8 1sopterygium tenerum T fE(LC) Higuchi et al., 2010: Higuchi 48573
212) E4REEJR Pylaisiadelpha
[605] Z 1T 43#F Pylaisiadelpha tenuirostris i fa (LC) Moss Flora of China Vol.8 (Wu et al,
2005)
[606] %HIM-E47#E Pylaisiadelpha yokohamae T fG(LC) Song et al., 2015: CAMLC2-328
213) FR4BEEIR Taxithelium
[607] %H 2= pk4REE Taxithelium lindbergii T f&(LC) Higuchi et al., 2010: Higuchi 48653
[608] JEVH/KREfE Taxithelium nepalense T fe (LC) Moss Flora of China Vol.8 (Wu et al,
2005)
[609] BE I REREE Taxithelium oblongifolium T fe (LC) Moss Flora of China Vol.8 (Wu et al,
2005)
214) WIBEEIE Wijkia
[610] 4 HIE; &% Wijkia surcularis T fe (LC) Moss Flora of China Vol.8 (Wu et al,
2005)
[611] E4RAIAL#F Wijkia tanytricha T fE(LC) TR T4, 2008: 060675

74. B R} Racopilaceae
215) 5HEEE Racopilum
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Wikl Species IUCN 2000,  [¥ 2006 HE 2013 HE 2017 Z=F§ 2017 KR
2020 China 2006 China 2013 China 2017  Yunnan 2017 Source
[612] & EEEA%E Racopilum cuspidigerum o fa (LC) Moss Flora of China Vol.5 (Wu et al,
2011)
[613] E#i-&H1%E Racopilum orthocarpum o fa (LC) Moss Flora of China Vol.5 (Wu et al,
2011)
75. R 15858} Regmatodontaceae
216) RUGEEJE Regmatodon
[614] 5 4% Regmatodon declinatus i fa (LC) Moss Flora of China Vol.6 (Wu et al,
2002)
[615] £ ¥ 5 /i#¥ Regmatodon orthostegius i fa (LC) Moss Flora of China Vol.6 (Wu et al,
2002)
76. A EER} Rhytidiaceae
217) EEEEJR Rhytidium
[616] A7 #E Rhytidium rugosum R Moss Flora of China Vol.8 (Wu et al,
(Unrecorded) 2005)
77. 438FFL Sematophyllaceae
218) TRMuEEE Acroporium
[617] $eit-Tiiffud¥ Acroporium lamprophyllum TfE(LC) Shen et al., 2018: SThry00081
[618] Lo T ffud¥ Acroporium secundum T fe (LC) Moss Flora of China Vol.8 (Wu et al,
2005)
219) HE#EEE Chionostomum
[619] #£4i#E Chionostomum rostratum T fE (LC) Moss Flora of China Vol.8 (Wu et al,

220) BAEEE Gammiella

2005)
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Wikl Species IUCN 2000,  [¥ 2006 HE 2013 HE 2017 Z=F§ 2017 KR
2020 China 2006 China 2013 China 2017  Yunnan 2017 Source
[620] /INEffi#E Gammiella ceylonensis o fa (LC) Moss Flora of China Vol.8 (Wu et al,
2005)
[621] JEffi#¢ Gammiella pterogonioides o fa (LC) Moss Flora of China Vol.8 (Wu et al,
2005)
221) /NJEEEJE Meiothecium
[622] FEiE/NHEE Meiothecium microcarpum ENIEN (omEME) 5 18 HEMIL,
(Unrecorded) 2002)
222) WHYEBLR Papillidiopsis
[623] 84 filPEEE Papillidiopsis macrosticta T fG(LC) Higuchi et al., 2010: Higuchi 48680
[624] JeEE LA PEEE Papillidiopsis ramulina ¥ ¥k = (DD) F &A%, 2008: 060911
223) iEE)8 Sematophyllum
[625] #& a4 Sematophyllum phoeniceum i fa (LC) Moss Flora of China Vol.8 (Wu et al,
2005)
[626] %% Sematophyllum subhumile T fe (LC) Moss Flora of China Vol.8 (Wu et al,
2005)
[627] #3%% Sematophyllum subpinnatum T fe (LC) Moss Flora of China Vol.8 (Wu et al,
2005)
224) JIPEEEJR Trichosteleum
[628] A HERE Trichosteleum boschii TofE (LC) Moss Flora of China Vol.8 (Wu et al,
2005)
[629] KBl HEdE Trichosteleum stigmosum TfE(LC) Shen et al., 2018: SThry00079

78. Je R EER} Sphagnaceae
225) R REEIE Sphagnum
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Wikl Species IUCN 2000,  [¥ 2006 HE 2013 HE 2017 Z=F§ 2017 KR
2020 China 2006 China 2013 China 2017  Yunnan 2017 Source
[630] Y % #E Sphagnum palustre Ff& (LC) WfE(CR) (ommEmE) 5 18 HE ML,
2002)
79. BERL Splachnaceae
226) /N EEJE Tayloria
[631] FA/haz#¥ Tayloria indica & (LC) T A F+4, 2008: 060419
80. TER-#¥A} Stereophyllaceae
227) #45EEJ& Entodontopsis
[632] 4R #145%¢ Entodontopsis anceps i fa (LC) Moss Flora of China Vol.7 (Hu et al,
2008)
[633] F i #145%% Entodontopsis nitens 5 & (VU) Wi fa(EN) Moss Flora of China Vol.7 (Hu et al,
2008)
[634] S FEAZE%F Entodontopsis pygmaea Wi f& (EN) 5 fe(VU) T fE(LC) Moss Flora of China Vol.7 (Hu et al,
2008)
[635] VU JI[48145%F Entodontopsis setschwanica H#EEk = (DD) Moss Flora of China Vol.7 (Hu et al,
2008)
[636] Fit#145%% Entodontopsis wightii ENIER Moss Flora of China Vol.7 (Hu et al,
(Unrecorded) 2008)
81. JIlJR#¥R} Symphyodontaceae
228) KREEJE Chaetomitriopsis
[637] X %% Chaetomitriopsis glaucocarpa R 5 f&(VU) Moss Flora of China Vol.6 (Wu et al,
(Unrecorded) 2002)
229) RIREEJR Symphyodon
[638] KAl 4% Symphyodon echinatus T fa (LC) 5 f&(VV) Moss Flora of China Vol.6 (Wu et al,

2002)




AR, Mk, DCE, RS, TLEE (2021) PEXURANE BRI REE SR OL. M2 R, 29(4): 545-553

http://www.biodiversity-science.net/fileup/PDF/2020216

Po®it Species IUCN 2000,  H[E 2006 [E 2013 HhE 2017 =76 2017 KR
2020 China 2006 China 2013 China 2017  Yunnan 2017 Source
[639] %Il 2R%&E Symphyodon perrottetii o fa (LC) Moss Flora of China Vol.6 (Wu et al,
2002)
[640] /&l %F Symphyodon pygmaeus & (LC) Moss Flora of China Vol.6 (Wu et al,
2002)
82. MEERL Thuidiaceae
230) 4AFIEEE Cyrto-hypnum
[641] %A% 40°F1% Cyrto-hypnum tamariscellum i fa (LC) Moss Flora of China Vol.6 (Wu et al,
2002)
231) /NFEEJR Haplocladium
[642] $eit /8% Haplocladium angustifolium i fa (LC) Moss Flora of China Vol.6 (Wu et al,
2002)
[643] #Hii/NFEE Haplocladium microphyllum i fa (LC) Moss Flora of China Vol.6 (Wu et al,
2002)
[644] ZRIF/NFIEE Haplocladium strictulum T fE(LC) Higuchi et al., 2010: Higuchi 48527
232) EREEER Pelekium
[645] —FI{8MERE Pelekium bifarium ¥ E= (DD) CzmEME) 3 19 HENIT,
2005)
[646] £FHi#5ME#E Pelekium bonianum TfE(LC) Moss Flora of China Vol.6 (Wu et al,
2002)
[647] SEMHESMEE Pelekium contortulum 2 fa(VU) Moss Flora of China Vol.6 (Wu et al,
2002)
[648] SR E#MEEE Pelekium fuscatum Jf&(LC) Moss Flora of China Vol.6 (Wu et al,

2002)
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Po®it Species IUCN 2000,  H[E 2006 [E 2013 HhE 2017 =76 2017 KR
2020 China 2006 China 2013 China 2017  Yunnan 2017 Source
[649] % E#GHELE Pelekium gratum o fa (LC) Moss Flora of China Vol.6 (Wu et al,
2002)
[650] /N4 %% Pelekium microphyllum PRI Moss Flora of China Vol.6 (Wu et al,
(Unrecorded) 2002)
[651] KA ESMEEE Pelekium minusculum ENIEN (mrmEMEY 8 19 HBENIL,
(Unrecorded) 2005)
[652] £ HEksmEsE Pelekium pygmaeum T fG(LC) (ormmEmE) 5 19 HEMIT,
2005)
[653] #5M%E Pelekium velatum ENIEN T 4 F+4, 2008: 060958
(Unrecorded)
[654] 41 E4SMEEE Pelekium versicolor Ff& (LC) Moss Flora of China Vol.6 (Wu et al,
2002)

233) )& Thuidium

[655] £¢>F1&E Thuidium assimile T fe (LC) Moss Flora of China Vol.6 (Wu et al,
2002)

[656] XFIEE Thuidium cymbifolium T fe (LC) Moss Flora of China Vol.6 (Wu et al,
2002)

[657] #HA% K% Thuidium delicatulum T fE(LC) TR FH4%, 2008: 060082

[658] #L K F&# Thuidium glaucinoides T fe (LC) Moss Flora of China Vol.6 (Wu et al,
2002)

[659] %5 P % Thuidium kanedae T fa (LC) Moss Flora of China Vol.6 (Wu et al,
2002)

[660] ZF# Thuidium pristocalyx T fa (LC) Moss Flora of China Vol.6 (Wu et al,

2002)
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Wikl Species IUCN 2000,  +[¥ 2006 HE 2013 HE 2017 Z=F§ 2017 KR
2020 China 2006 China 2013 China 2017  Yunnan 2017 Source
[661] .4 FI%E Thuidium subglaucinum & (LC) (mrEMEY 8 19 HBENIT,
2005)
SR
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Misgk 2 BERMABSEPFER LS
Appendix 2 Locations of bryophyte sample lines in Xishuangbanna

Fe Re FELE Hh A5 K B ]
No. Code Sample line locations Altitude (m)  Time

1 MD Bh i 4E 2 B4 Mandan Village, Mengla Town 1,213-1,300  2019-04-18

2 HW B A 1,052-1,136  2019-04-20
Hongwei Village, Mengban Town

3 NX DR L T 722-1,180 2019-04-21
Naxiu Village, Mengban Town

4 HYH B KB Huiyin River, Mengban Town 623-848 2019-04-22

NGPB REIX 2 IR IRAT 773-977 2019-04-23

Nanga Waterfall, Yao Township

6 YWS REIX 2 K 812-1,008 2019-04-24
Yiwanshui Village, Yao Township

7 MYSHS  BhiflBif k1L Mengyuan Paradise 646-905 2019-04-25

8 NP Foip N aE i 809-889 2019-05-05
Nanpin Village, Mengyuan Town

9 NK BN R B 58 1,000-1,022  2019-05-06
Naka Village, Mengyuan Town

10 MBD B0 A YOI % B 2 HEAR Manbandong Village, Nansha  1,080-1,238  2019-05-07
River, Mengyuan Town

11 MK A B A B 5E 916-1,337 2019-05-08
Mankang Village, Mengyuan Town

12 PY Fops:sRsEApapJIl 613-1,187 2019-05-09
Payue Village, Mengyuan Town

13 ML #1C/KE Menglun Reservoir 541-1,047 2019-06-29

14 MW B 2 1,138-1,326  2019-07-02
Mengwang Township, Puwen Town

15  BZL W SCHEYETT AR 761-913 2019-07-03
Banzhulin Village, Puwen Town

16  DDG K% £ Dadugang Township 703-1,054 2019-07-06

17 DHB PN ASEDN RN 900-1,010 2019-07-07
Dahuangba Village Committee, Dadugang Township

18  HSH PN A ARUSCIEARNY N 878-1,116 2019-07-08

Hongxia Village, Dadugang Township
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MR 3 FEMAEEEDITIMNAELER . “HENRAFICRA.
Appendix 3 Field survey results of bryophytes in Xishuangbanna. * means that this species is a new species
recorded in Xishuangbanna.

1. %2R Anomodontaceae
1) A EE)E Herpetineuron
[1] 27 #% Herpetineuron toccoae (Sull. & Lesg.) Cardot
KR & KNI ZE2:, 22°16'56.21" N, 100°51'45.00" E, 4, DHB20190707322
2. HEERL Brachytheciaceae
2) 88 Brachythecium
[2] 4% #¢ Brachythecium kuroishicum Besch.

MBS PEAR, 21°3722.54" N, 101°28725.86" E, A4, MBD20190507177
[3] Mt E#E Brachythecium plumosum (Hedw.) Bruch & Schimp.
BIEANRHIZE, 21°4372.84" N, 101°24'58.12" B, A4, NK20190506139
3) X #¥/E Eurhynchium
[4] % n- 324 Eurhynchium savatieri Schimp. ex Besch.

B E PR, 21°41'9.07" N, 101°24'19.01" E, Hi4:, NP20190505108
4) 8¢ /8 Rhynchostegium
[5] 4in W #E Rhynchostegium contractum Cardot

B/, 21°5836.02" N, 101°8'51.59"E, A4, ML20190629201
[6] R K Rhynchostegium inclinatum (Mitt.) A. Jaeger

BOEIR I, 21°37'48.25" N, 101°37'32.87"E, A4, HYH20190422046;
BRI T, 21°43'42.32" N, 101°43'11.46" E, £k, HW20190420008
[7] BRrt%#E Rhynchostegium ovalifolium S. Okamura

BIEA A KL, 21°45'17.04" N, 101°21'52.95" E, A4, PY20190509191
3. E#F} Bryaceae
5) % %8 Brachymenium
[8] TEmt%E H &% Brachymenium capitulatum (Mitt.) Kindb.

WICHHE 2, 22°3029.54" N, 101°10'45.83" E, #f4E, MW20190702236
[9] %2 H &% Brachymenium nepalense Hook.

TCHAEZ, 22°30'32.17" N, 101°10'54.88" E, #42, MWwW20190702255
6) E&EE Bryum
[10] XU #% Bryum dichotomum Hedw.

BIPEIRBIA, 21°37'48.61" N, 101°3728.29" E, fi4E, HYH20190422040
7) KH-2J8 Rhodobryum
[11] F@iK-#% Rhodobryum laxelimbatum (Ochi) Z. Iwats. & T. J. Kop.
BREAA LA K, 21°4518.30" N, 101°21'53.04" E, £4:, PY20190509192
4. FEHEERL Calymperaceae
8) M#E/E Syrrhopodon
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[12] M %% Syrrhopodon gardneri (Hook.) Schwégr.

MBI PR, 21°37'35.87" N, 101°28'13.51" E, ¥4, MBD20190507163;
WCHEITT MRS, 22°2041.60" N, 101°922.70" E, #§4, BZL20190704288;
PEIX WK, 21°47'5.73" N, 101°35'4.72" E, #4:, YWS20190424090

[13] Ak &E Syrrhopodon parasiticus (Brid.) Besch.

BEIX /K, 21°47'2.38" N, 101°3521.23"E, W, YWS20190424097

5. B3Rl Cryphaeaceae

9) KB3HEE)E Cryphaea

[14] 5pH-F255i#F Cryphaea obovatocarpa S. Okamura

BCKE, 21°5805.49” N, 101°8'44.99"E, {flA4, ML20190629215

6. EHiALF Dumortieraceae

10) EHERE Dumortiera

[15] EHtER Dumortiera hirsuta (Sw.) Nees

KR & KA ZEL, 22°17'21.04" N, 100°51'58.26" E, f1/£, DHB20190707323;
MBS IR, 21°37'35.95" N, 101°28'36.39" E, 14, MBD20190507174;
B E PR, 21°419.07" N, 101°24'19.01" E, Hi4E, NP20190505107

7. 488EF} Entodontaceae

11) 458EJE Entodon

[16] ) M-45%% Entodon flavescens (Hook.) A. Jaeger

BIRANEEA K1, 21°42728.11" N, 101°23'0.06" E, fi%E, MYSHS20190425105
[17] ¥4H45#% Entodon macropodus (Hedw.) Mdl. Hal.

L E PR, 21°46'42.74" N, 101°24'1.45" E, #4, MK20190508182;

B HZA A KL, 21°41'15.70" N, 101°21'55.42" E, 8R4, PY20190509189
12) #5888 Erythrodontium

[18] fHiki 7~ 1k ## Erythrodontium julaceum (Schwégr.) Paris

BCKIE, 21°58'05.49" N, 101°8'44.99" E, f8IA4, ML20190629214
WSCEIE 2, 22°3032.17" N, 101°10'54.88” E, #/E, MW20190702239

13) #H42E/B Mesonodon

[19] ## Rl 5 #E Mesonodon flavescens (Hook.) W. R. Buck

BIFELL T, 21°43'53.04" N, 101°43'59.86" E, #4, HW20190420021

8. RE# Al Fissidentaceae

14) REBEE Fissidens

[20] Z=nH )X &% Fissidens crispulus Brid.

[20a] 3% R BE R AZ A Fissidens crispulus var. crispulus Brid.

@K, 21°58'33.98" N, 101°8'53.36"E, A4, ML20190629202
[20b] 3% M- X 2 #% 44 5245 FF Fissidens crispulus var. robinsonii (Broth.) Z. Iwats. & Z. H. Li
WSHIATARAS, 22°20'43.48" N, 101°8'55.84" E, Fi4:, BZL20190704285;

B LA K, 21°45'11.07" N, 101°22'12.25" B, #u4:, PY20190509187
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[21] W& A2 #E Fissidens involutus Wilson ex Mitt.

B PEAT, 21°41'9.38” N, 101°24'20.29" E, Hhi’f, NP20190505113;

BEIX —MWi/K, 21°46'55.56" N, 101°35'30.87"E, A4, YWS20190424101
[22] iR 2 #E Fissidens javanicus Dozy & Molk.

BEIX ML IRAT, 21°4138.56" N, 101°31'53.44"E, f4:, NGPB20190423075
[23] KRUESE Fissidens nobilis Griff.

PEIX AP IEAT, 21°41'39.72" N, 101°31'56.15" E, £4, NGPB20190423061;
BIFEIRBHIT, 21°37'33.70" N, 101°36'18.02" E, 4=, HYH20190422030;
PEIX —MWi/K, 21°47'3.61" N, 101°35'4.66" E, A4, YWS20190424092

[24] ZE X2 #E Fissidens zollingeri Mont.

W SCHEPETARRT, 22°20'01.57" N, 101°839.44" E, 14, BZL20190703265
9. &Rl Frullaniaceae

15) EM-EJE Frullania

[25] * YeiEE-ME Frullania neurota Taylor(B il A-C)

WIHHE 2, 22°30'32.17" N, 101°10'54.88" E, #4, MwW20190702257
10. ZKEERl Hypnaceae

16) fm¥BE)E Ectropothecium

[26] & {#i#E Ectropothecium ohosimense Cardot & Thé&.

BIEFAHA, 21°41'5.89" N, 101°24'41.39" E, #4:, NP20190505132;
BOAEIR I, 21°37'47.05" N, 101°37'14.59" E, A4, HYH20190422050
[27] RAW¥i#E Ectropothecium penzigianum M. Fleisch.

BICKEE, 21°57'54.07" N, 101°9'06.15" E, 8R4, ML20190629227

[28] “FHfl 3 EE Ectropothecium zollingeri (MdI. Hal.) A. Jaeger

B PIAT, 21°41'12.35" N, 101°2426.86" E, fi4:, NP20190505119;
BEIXFNLIRAT, 21°41'37.37" N, 101°31'51.88" E, f4:, NGPB20190423085
17) @%mM-8¥/8 Taxiphyllum

[29] MR MEH-#F Taxiphyllum cuspidifolium (Cardot) Z. Iwats.

B F PR, 21°4111.85" N, 101°24'49.04" E, #4E, NP20190505124

18) BAH-#J8 Vesicularia

[30] KA WiM-#£ Vesicularia reticulata (Dozy & Molk.) Broth.

BIPEIRBIA, 21°37'48.61" N, 101°37'28.29" E, HiE, HYH20190422039
11. L& 2Rl Hypopterygiaceae

19) FLE#E Hypopterygium

[31] #ihfL#%E Hypopterygium flavolimbatum Mil. Hal.

VIR BL SRR, 21°37'45.43" N, 101°28'48.22" E, £i%E, MBD20190507168;
PEIX MV MEA, 21°41'39.72" N, 101°31'56.15" E, f14:, NGPB20190423067
12. &R} Jungermanniaceae

20) fR& B & Notoscyphus
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[32] feELE Notoscyphus lutescens (Lehm. & Lindenb.) Mitt.

G KE, 21°5826.24" N, 101°8'54.67" E, 4=, ML20190629205

13. g8 E Rl Lejeuneaceae

21) JEE )8 Cololejeunea

[33] izl Cololejeunea albodentata P. C. Chen & P. C. Wu

BIEFAHA, 21°41'10.12" N, 101°24'36.45"E, Wt4:, NP20190505128;
BB, 21°37'49.16" N, 101°3725.88" E, M4, HYH20190422034

22) %L )R Lejeunea

[34] O AN%E Lejeunea flava (Sw.) Nees

PEIX —MWizK, 21°472.38" N, 101°3521.23" E, M4, YWS20190424097

[35] ME4k4Hf%E  Lejeunea obscura Mitt.

TGk, 21°57'55.35" N, 101°9'09.44" E, #4, ML20190629231

23) M E R Leptolejeunea

[36] B2 KM% L Leptolejeunea balansae Steph.

B R ILAN AT, 21°3535.617 N, 101°46'53.94" E, IHtA4:, NX20190421024
24) S EE Ptychanthus

[37] 4% % Ptychanthus striatus (Lehm. & Lindenb.) Nees

RV BL B PEZR, 22°37'18.45" N, 101°27'43.72" E, #4, MBD20190507153;
BHIZFHEAS, 21°41'13.12" N, 101°2420.95" E, #“E, NP20190505116;
BRI T, 21°43'42.95" N, 101°43'08.83" E, f8IAK4, HW20190420007

14. 38H-EH} Lepidoziaceae

25) i &8 Bazzania

[38] =44 Bazzania tridens (Reinw., Blume. & Nees) Trevis.

B OKE, 21°5822.92" N, 101°8'51.52" E, #hA:, ML20190629209

26) &M &8 Lepidozia

[39] 48t % Lepidozia trichodes (Reinw. ex Blume & Nees) Gottsche
KIER 2 DL R A, 22°15'39.43" N, 100°57'06.05" E, fi4, HSH20190708325
15. PRl Leskeaceae

27) BRFEE)RE Claopodium

[40] KFRFI#E Claopodium assurgens (Sull. & Lesq.) Cardot

Bk, 21°58'06.26" N, 101°8'45.84" E, f14, ML20190629213;
BT 2 REPEZE, 21°46'49.04" N, 101°23'57.23"E, f4, MK20190508183

[41] W FRPI#E Claopodium prionophyllum (MUI. Hal.) Broth.

BRI T, 21°43'56.01" N, 101°43'40.58" E, £k, HW20190420017

28) M EEE)E Pseudoleskeopsis

[42] * SM#EEE Pseudoleskeopsis tosana Cardot(Flfii 1)

MV B2 PEAR, 21°37'45.43" N, 101°28'42.22" E, £k, MBD20190507169
16. B R#HR Leucobryaceae
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29) HiREE)E Campylopus
[43] Hhi#i#E Campylopus flexosus (Hedw.) Brid.
KPR 2, 22°1920.65" N, 100°59'48.03" E, A4, DDG20190706302;
G KE, 21°5825.49" N, 101°8'53.28" E, 4=, ML20190629206
[44] M i #i#E Campylopus laxitextus Sande Lac.
G /KE, 21°5825.03" N, 101°8'51.99"E, 4=, ML20190629208
30) HR#E)®R Leucobryum
[45] E1 % %% Leucobryum glaucum (Hedw.) Angstr.
WICHHE 2, 22°30'32.17" N, 101°10'54.88" E, #4:, Mw20190702248
[46] JTUH: (4 & #% Leucobryum javense (Brid.) Mitt.
KIER 2 IPWL R A, 22°15'12.79" N, 100°56'59.24" E, HhiE, HSH20190708330
31) \5#EJE Octoblepharum
[47] J\i%## Octoblepharum albidum Hedw.
W IIATMRAT, 22°20'42.08” N, 101°9723.24" E, #4:, BZL20190704290;
PEIX —MWi/K, 21°47'5.73" N, 101°35'4.72" E, #4, YWS20190424090
17. H5#ERL Leucodontaceae
32) B EER Pterogoniadelphus
[48] #) F 5 #¢ Pterogoniadelphus esquirolii (Thé&.) Ochyra & Zijlstra
WCHEIAE 2, 22°30'32.17" N, 101°10'54.88" E, #4, MW20190702245
18. 2 EH} Lophocoleaceaevanden
33) REEE Heteroscyphus
[49] 915 72 E Heteroscyphus argutus (Reinw., Blume & Nees) Schiffn.
PEIX RN A, 21°41'38.56" N, 101°31'53.44"E, f14, NGPB20190423070;
BOEIR I, 21°37'48.61" N, 101°37728.19"E, A4, HYH20190422037;
PEIX —MWi/K, 21°46'55.56" N, 101°35'30.87"E, 44, YWS20190424101
[50] XUk =& Heteroscyphus coalitus (Hook.) Schiffn.
BEIXFNLIRAT, 21°41'37.37" N, 101°31'51.88" E, f4:, NGPB20190423085
[51] PR 2 E Heteroscyphus zollingeri (Gottsche) Schiffn.
W SCHEVTARAT, 22°19'59.53" N, 101°8'49.39" E, fHA4:, BZL20190703268;
BIPEIRBIA], 21°37'48.61" N, 101°3728.19" E, ##E, HYH20190422038
19. #4%F} Marchantiaceae
34) #i4RJE Marchantia
[52] #2¥4% Marchantia emarginata Reinw., Blume & Nees.
LTS, 22°19'59.86" N, 101°8'48.49" E, 4, BZL20190703266;
BICKEE, 21°58'02.60" N, 101°9'01.18" E, HiA:, ML20190629221
20. Rl Meteoriaceae
35) BHE)E Aerobryidium



AR, B, TSCE, RSE, TR (2021) PUXUARAN & SRR 2 R S TSRS, A RETE, 29(4): 545-553.
http://www.biodiversity-science.net/fileup/PDF/2020216

[53] E41#E Aerobryidium filamentosum (Hook.) M. Fleisch.
KIER £ 2Lybi 2L R R, 22°15'39.43" N, 100°57'06.05" E, #4, HSH20190708324;
BHIEIAZ A KL, 21°45'17.16" N, 101°22'14.40" E, 4=, PY20190509186
36) FAEJE Chrysocladium

[54] #E4% Chrysocladium retrorsum (Mitt.) M. Fleisch.

BHILINRHTZE, 21°42'43.84" N, 101°25'5421" E, #4, NK20190506151;
FHILFFHERS, 21°41'11.75" N, 101°2428.60" E, #*E, NP20190505122;
BFELL T, 21°43'42.95" N, 101°43'08.83" E, f#IALE, HW20190420006

37) &4B%E/8 Duthiella

[55] ki £k4f ¢ Duthiella flaccida (Cardot) Broth.

B eIKE, 21°57'59.24" N, 101°9'02.21" E, A4, ML20190629226;

BN RHTZE, 21°42/55.54" N, 101°25'32.11" E, 14, NK20190506144;
BOFEIBIVAT, 21°37'45.61" N, 101°37'6.32" E, Hi2E, HYH20190422032

[56] £k4k4E Duthiella wallichii (Mitt.) Broth.

PSCHETARRS, 22°19'59.84" N, 101°9'00.97" E, 4145, BZL20190703277;
KIER 2 KTeR 24, 22°16'57.13" N, 100°51'41.21" E, fi£, DHB20190707316
38) #4788 Floribundaria

[57] Birt£2774% Floribundaria walkeri (Renauld & Cardot) Broth.

WSLHEPTARAT, 22°19'59.47" N, 101°9'02.19" E, 8 A4, BZL20190703279;
BIFELL T, 21°43'53.04" N, 101°43'59.86" E, 42, HW20190420022

39) ¥H=#E)E Meteoriopsis

[58] S H-¥H &% Meteoriopsis reclinata (MUl. Hal.) M. Fleisch.

WEWSLHEPTARAT, 22°19'59.84" N, 101°8'51.56" E, {8 A4, BZL20190703269;
BHTALI A K, 21°45'19.02" N, 101°21'51.86" E, #4E, PY20190509196;
VT BL2 IR, 21°3722.54" N, 101°28725.86" E, £14E, MBD20190507177
40) RM-#EJ@ Toloxis

[59] M j %% Toloxis semitorta (MUI. Hal.) W. R. Buck

BHFELL T, 21°43'46.50" N, 101°43'17.57" E, #4, HW20190420012

41) #IFH-BEE Trachypodopsis

[60] L5 A5 R Trachypodopsis serrulata var. crispatula (Hook.) Zanten
KIE B 2 LY R AT, 22°1528.25" N, 100°57'08.20" E, f14£, HSH20190708328
42) HiM-#E)E Trachypus

[61] #1Lr-#¥ Trachypus bicolor Reinw. & Hornsch.

BN 2E, 21°42'43.34" N, 101°25'44.65" E, £14E, NK20190506150

21. IITER Mniaceae

43) M 4T#EJE Orthomnion

[62] AL 4T ## Orthomnion bryoides (Griff.) Nork.

BRI FF PR, 21°41'04.93" N, 101°24'36.22" E, H4:, NP20190505136
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[63] =Fg /4T #% Orthomnion yunnanense T. J. Kop., X. J. Li & M. Zang
WICHHE 2, 22°30'32.17" N, 101°10'54.88" E, #4:, Mw20190702241

44) EYT# )8 Plagiomnium

[64] &4T#E Plagiomnium cuspidatum (Hedw.) T. J. Kop.

B FE PR, 21°4114.34" N, 101°24'33.62" E, £i%E, NP20190505125

[65] . &I #¢ Plagiomnium rhynchophorum (Hook.) T. J. Kop.
KN £ KRt Z2:, 22°16'56.80" N, 100°51'41.65" E, #4, DHB20190707315;
PEIX AN IEAT, 21°41'38.56" N, 101°31'53.44"E, £4, NGPB20190423070;
B 2 REREIE, 21°46'49.04" N, 101°23'57.23"E, f4, MK20190508184

45) £2JRB¥J® Pohlia

[66] £2/K#¥ Pohlia elongata Hedw.

TGk, 21°58'02.60” N, 101°9'01.18" E, H:iA:, ML20190629222

[67] 5% 22 #E Pohlia leucostoma (Bosch & Sande Lac.) M. Fleisch.

BC/KE, 21°57'58.11" N, 101°8'58.33"E, A4, ML20190629219

22. FEERL Neckeraceae

46) BF:#E/E Caduciella

[68] EAi## Caduciella mariei (Besch.) Enroth

BRI T, 21°43'40.81" N, 101°41'04.72" E, A4, HW20190420003;

BOAEIR BT, 21°37'49.01” N, 101°37723.32" E, H4, HYH20190422033

47) K8 & Circulifolium

[69] /N & Circulifolium exiguum (Bosch & Sande Lac.) S. Olsson, Enroth & D. Quandt
PEIX FENERAT, 21°41'38.55" N, 101°31'42.44" E, # ‘=, NGPB20190423088
[70] &M Fr &% Circulifolium microdendron (Mont.) S. Olsson, Enroth & D. Quandt
BN RHIZE, 21°42'43.34" N, 101°25'44.65" B, f4:, NK20190506146;
BIESE RN AT, 21°3541.47" N, 101°46'55.89" E, f8IAK4, NX20190421028;
B Al A K1, 21°4228.11" N, 101°230.06" E, £i4E, MYSHS20190425105
48) ¥ M-#EJE Himantocladium

[71] & rFp-&E Himantocladium cyclophyllum (MdI. Hal.) M. Fleisch.

BEIX LR, 21°41'37.67" N, 101°31'50.97" E, #4:, NGPB20190423086;
BRI T, 21°43'42.95" N, 101°43'08.83" E, f8IK4, HW20190420006

49) #I°FEEJE Neckeropsis

[72] KATLF-%% Neckeropsis exserta (Hook. ex Schw&gr.) Broth.

BTIALI A K, 21°45'17.16" N, 101°22'14.40" E, #4E, PY20190509188;
B HEAT, 21°41'9.07" N, 101°24'19.01" E, #i4, NP20190505108;
PEIX MV MEA, 21°41'38.55" N, 101°31'42.44" E, ¥4, NGPB20190423088
50) M EE)E Pinnatella

[73] F M PIki#E Pinnatella alopecuroides (Hook.) M. Fleisch.

BCKEE, 21°57'59.03" N, 101°9'01.97" E, f8IK4:, ML20190629225;
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BIEFAHA, 21°41'13.94" N, 101°24'34.89" E, #E, NP20190505126;

B Al AL, 21°4228.117 N, 101°23'0.06" E, fi4E, MYSHS20190425105
23. KREER} Orthotrichaceae

51) F#EJE Macromitrium

[74] 45 EKEE#E Macromitrium ferriei Cardot & Thé.

WICHHE 2, 22°30'32.17" N, 101°10'54.88" E, #4, Mw20190702263

[75] * HLiZEEE Macromitrium gymnostomum Sull. & Lesq.(FfR J-K)

KIE S £ Ly 4 AT, 22°15'17.88" N, 100°57'15.13" E, #4=, HSH20190708329
24. #H#H-E R} Pallaviciniaceae

52) #MH-EJ& Pallavicinia

[76] * 7t & Pallavicinia lyellii (Hook.) Gray(&/X D-E)

VDI EEBLBIEZR, 22°37'22.33" N, 101°27'57.44" E, £i%E, MBD20190507159
25. BBER} Pelliaceae

53) &R Pellia

[771 & Pellia epiphylla (L.) Corda

BIEAN B g8, 21°42'43.84" N, 101°25'54.21"E, f4, NK20190506149

26. FIE&HSL Plagiochilaceae

54) ME&J& Plagiochila

[78] HIr-31% Plagiochila sciophila Nees ex Lindenb.

BOAEIR BT, 21°37'49.01” N, 101°37723.32" E, H4, HYH20190422033

27. &R E#} Polytrichaceae

55) /N R BEJE Pogonatum

[79] #2174 & #E Pogonatum cirratum (Sw.) Brid.

HSCHETARAS, 22°15'30.23" N, 100°57'06.76" E, 4=, BZL20190704331;
PEIX —MWi/K, 21°472.83" N, 101°35'5.60" E, 4, YWS20190424093

[80] f#ir-/N4x /x #% Pogonatum neesii (M. Hal.) Dozy

KIEX 2, 22°19'09.03”" N, 101°0'09.67" E, Hi4, DDG20190706306

28. EEE R} Porellaceae

56) EE)E Porella

[81] ¥ #E Porella acutifolia (Lehm. & Lindb.) Trevis.

WCHEVTIAT, 22°20'39.14" N, 101°8'46.98" E, 14, BZL20190704283

[82] * EiHIEEE Porella perrottetiana var. perrottetiana(/E i F-H)
KIER & KN ZE2:, 22°16'57.40" N, 100°5139.25" E, #f4E, DHB20190707314
29. \#EF} Pottiaceae

57) #O#E)E Barbula

[83] L #¥ Barbula unguiculata Hedw.

WICENE 2, 22°3032.17" N, 101°10'54.88" E, M4, MW20190702256

58) {@hEE)® Hydrogonium
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[84] & MEHLEE Hyophila involuta (Hook.) A. Jaeger

W SCHETIRAS, 22°20'00.06” N, 101°8'45.68" E, £i4, BZL20190703281;
KR 2, 22°1920.77" N, 100°59'50.69" E, 41/, DDG20190706304;

B /KPE, 21°5808.02" N, 101°8'47.01"E, 414, ML20190629212

30. BREEFR} Pterobryaceae

59) BE-F#E)® Calyptothecium

[85] i H--F-&¥ Calyptothecium phyllogonoides Nog. & X. J. Li

BHILFFHEAS, 21°41'04.93" N, 101°24'36.22" E, #E, NP20190505136;

BIFELL T, 21°43'53.04" N, 101°43'59.86" E, #4:, HW20190420021;
BIEEF I NFEF, 21°3541.47" N, 101°46'55.89" E, fAlAK4:, NX20190421028
[86] KZRH-F-#¥ Calyptothecium wrightii (Mitt.) M. Fleisch.

BHEALI A K, 21°45'17.51" N, 101°21'52.05" E, 14, PY20190509193;

B E PR, 21°4113.12" N, 101°2420.95" E, fi4£, NP20190505116

60) MBRBEEJE Penzigiella

[87] Zn 4Ll &% Pterobryopsis acuminata (Hook.) M. Fleisch.

BHEALI A K1, 21°45'19.02" N, 101°21'51.86" E, 14, PY20190509195

31. BWEERL Ptychomniaceae

61) #4BE/E Garovaglia

[88] RV 4i#% Garovaglia elegans (Dozy & Molk.) Hampe ex Bosch. & Sande Lac.
WLHEVTARAT, 22°20'38.10” N, 101°924.65" E, #“E, BZL20190704296;
KB £ YL R AT, 22°15'30.23" N, 100°57'06.76" E, {844, HSH20190708327
32. B45858} Pylaisiadelphaceae

62) FIM-#E8 Isopterygium

[89] 7 taulRInt-## Isopterygium albescens (Hook.) A. Jaeger

VI BL2 IR, 21°3722.54" N, 101°2825.86" E, #4E, MBD20190507178
[90] £F#% [FI-#% 1sopterygium minutirameum (MUI. Hal.) A. Jaeger

B PERT, 21°41'4.93" N, 101°24'36.22" E, #E, NP20190505130

63) I EEE Wijkia

[91] 4HA% Ik #% Wijkia surcularis (Mitt.) H. A. Crum

WLEHIE 2, 22°3032.17" N, 101°10'54.88" E, #/E, MW20190702248;
WY ARAT, 22°20'35.48" N, 101°924.00" E, #4:, BZL20190704332

33. HHEEFl Racopilaceae

64) HtHEE)E Racopilum

[92] v#EEZ:A#E Racopilum cuspidigerum (Schwégr.) Angstr.

WLHEIVTARAT, 22°19'58.76” N, 101°9'04.10" E, #“:, BZL20190703278;
PV B2 P2, 21°37'45.43" N, 101°28'42.22" E, #i/f, MBD20190507167;
BRI 2E, 21°432.84" N, 101°24'58.12"E, A4, NK20190506139
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[93] E#iHI%E Racopilum orthocarpum Wilson ex Mitt.

MBI 2R, 21°37'39.37" N, 101°28'36.29" E, #4, MBD20190507172
34. REE Rl Radulaceae

65) M & /8 Radula

[94] BTFE% w2 % Radula assamica Steph.

BHILFFHERS, 21°41'10.12" N, 101°24'36.45"E, HFi4E, NP20190505128;

BRI FAT, 21°37'49.16" N, 101°37'25.88" E, M-fi4:, HYH20190422034

35. 4HBERL Sematophyllaceae

66) fE4BE)E Chionostomum

[95] 147 #¥ Chionostomum rostratum (Griff.) MUI. Hal.

HSCHINE 2, 22°30'32.17" N, 101°10'54.88" E, #/E, MW20190702260;

WSCHET AR, 22°20'35.01” N, 101°9723.89" E, #4445, BZL20190704301

36. M REERL Symphyodontaceae

67) KEEEJR Chaetomitriopsis

[96] K E¥ Chaetomitriopsis glaucocarpa (Reinw. ex Schw&gr.) M. Fleisch.

KR & KM L, 22°16'57.82" N, 100°51'43.74" E, #f/E, DHB20190707319;
YSCHETARRS, 22°20'48.52" N, 101°9'14.70" E, 4=, BZL20190704286;

BEIX —Ri/K, 21°4629.59" N, 101°35'44.85" E, #/E, YWS20190424104

37. FEERL Thuidiaceae

68) /NFEEE Haplocladium

[97] 4H-/NFE% Haplocladium microphyllum (Hedw.) Broth.

KIS £ KA 22, 22°16'53.89" N, 100°51'31.03" E, #E, DHB20190707313
69) ESHERE/R Pelekium

[98] £FH #5M#E Pelekium bonianum (Besch.) A. Touw

BIFELL T, 21°43'55.00" N, 101°4336.14" E, 4745, HW20190420016

70) MEEE Thuidium

[99] K PIE¥ Thuidium cymbifolium (Dozy & Molk.) Dozy & Molk.

B KIE, 21°57'44.48" N, 101°9'13.98" E, £i/f, ML20190629233;
BIEEFEIINFEF, 21°3536.68" N, 101°46'54.75" B, {84z, NX20190421025;
YA BUR PR, 21°3722.54" N, 101°28725.86" E, £i4:, MBD20190507177
[100] 4k &% Thuidium delicatulum (Hedw.) Schimp.

KB 2 KA S, 22°16'56.21" N, 100°51'45.00" E, fi%£, DHB20190707321
[101] Z:F1%# Thuidium pristocalyx (MUI. Hal.) A. Jaeger

K 2 KM ZS, 22°16'56.21" N, 100°51'45.00" E, #E, DHB20190707320
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BIRR: 37 /M A RAE B TE DR & B Fic % fh . A-C. JUIREM & Frullania neurota Taylor, AAEY)
&, B.JEME, CMI; D-E.AE Pallavicinia lyellii (Hook.) Gray, DAE#&, E.HLZ400; F-H. Bilo6E
& Porella perrottetiana var. perrottetiana, FANM, GJEM, HJEH; LA 5 EE Pseudoleskeopsis tosana
Cardot; J-K.ERATEEE Macromitrium gymnostomum Sull. & Lesq., J.HF, KR

Appended fig. : New record species of bryophytes collected from field survey in Xishuangbanna. A-C. Frullania
neurota Taylor, A. Lateral leaf, B. Ventral lobe, C. Lateral leaf; D-E. Pallavicinia lyellii (Hook.) Gray, D. Portions
of shoot, E. Leaf margin cell; F-H. Porella perrottetiana, F. Lateral leaf, G. Ventral lobe, H. Amphigastrium; I.

Pseudoleskeopsis tosana Cardot; J-K. Macromitrium gymnostomum Sull. & Lesq., J. Leave, K. Capsule.
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Misk 4 TRLEZRNAENRPXEEFEIITRER. +, REZPDHARFINIEERESIRA; 4, RxHEFFHM; IUCN 2000, 2020, 3737~ (2000 IUCN
AEEEYLLEZR) (Tan etal, 2000)F1 IUCN (2020); H[E 2006, i~ (hPEE#HCEHENIEZRER) (BERF, 2006); FE 2013, =[x (FEEYSHMHIE
ER—EFEYE) CHERIFBMPERFRT, 2013); HE 2017, ®x (PESFENZEBIMER) EBTF, 2017);, =@ 2017, RR (CEAEEPIMLER
3R (2017)) (ZRARIMERIFT S, 2017),

Appendix 4 The endangered status of bryophytes in Xishuangbanna based on different red lists. + means that this species has been collected in this field survey. # means that this
species is endemic to China. [IUCN 2000, 2020 represent the 2000 IUCN World Red List of Bryophytes (Tan et al, 2000) and IUCN (2020), respectively. China 2006 refers to A Brief
Report of the First Red List of Endangered Bryophytes in China (Cao et al, 2006). China 2013 refers the Red List of China Higher Plants (Ministry of Environmental Protection &
Chinese Academy of Sciences, 2013). China 2017 and Yunnan 2017 stand for the Threatened Species List of China’s Higher Plants (Qin et al, 2017) and the Red List of Yunnan (2017)
(Department of Ecological Environment of Yunnan Province et al, 2017), respectively.

i Ef 1Y) Bryophytes IUCN 2000, 2020 1[5 2006 1 2013 1[5 2017 77 2017
China 2006 China 2013 China 2017 Yunnan 2017

FERI44E Entodontopsis pygmaea Wife (EN) 5 fa(VU) Ffa(LC)

/NEEEE Groutiella tomentosa Wifé (EN)

# 4R 4% Brachythecium viridefactum 5 fa(VU) RErTAE(NA)

WIHHL4EEE Entodontopsis nitens 5 5(VU) Wifi EN)

+ Y5 E Lepidozia trichodes 5 5(VU) FEf(LC)

EUNESMESE Pelekium contortulum 5 5(VU)

XUt ti#§ Phyllodon bilobatus 5 5(VU) 5 f6(VU)

F K /N& K 8% Pogonatum camusii 55(VU)

+ [k 8§ Rhodobryum laxelimbatum 5 $5(VU) 5 fa(VU) Wi (EN)

ZIHRIHE Zoopsis liukiuensis S fa(VU) 2 fE(VU) S fa(vU) WifE(EN)

TR E Acrolejeunea recurvata L (NT)

PEM-HLI1 % Barbula gangetica S FE(NT)

P 254 & Bazzania assamica S FE(NT)

i mHEE Bazzania vietnamica S FE(NT) 5 f6(VU)

+ 77 H-F#¥ Calyptothecium phyllogonoides S (NT) 5 5 (VU)

RN PEEEE Cololejeunea serrulata S F(NT)

M mEE Ectropothecium aneitense S FE(NT)

= HiZH#E Entodon yunnanensis R (NT) L f(NT)

+ KA Himantocladium cyclophyllum I fE(NT)




AR, B, TSCE, RS, TR (2021) PUXUARANE SRR 2 R S TR A2 RETE, 29(4): 545-553.
http://www.biodiversity-science.net/fileup/PDF/2020216

LAY Bryophytes IUCN 2000, 2020 i [E 2006 Hi[E 2013 Hr[E 2017 ZH 2017
China 2006 China 2013 China 2017 Yunnan 2017

+# =FLITEE Orthomnion yunnanense IEFE(NT)

+ RHEPIE#E Pinnatella alopecuroides T fE(NT)

M2 NEE Pohlia drummondii I fE(NT) T fE(LC)
+ Se2f42 JNEE Pohlia leucostoma IEfE(NT)

[ EAT#E Rhizomnium nudum WL FE(NT)

BEHLIX&E Syrrhopodon tjibodensis HIEFE(NT)

# TEAT/NJREE Oligotrichum crossidioides T (LC) WifE(EN)

Eh KH-#¢ Rhodobryum giganteum T fE(LC) Wi f&(EN)
¥ K4 Rhodobryum ontariense T fE(LC) Wi f&(EN)
Ve R #E Sphagnum palustre JfG(LC) W f&(CR)
K H% H ¢ Symphyodon echinatus JfE(LC) i fa(VU)

[E4l 5 4% Aulacopilum abbreviatum ¥ 455 = (DD) FfE(LC)
+ JEH#% Caduciella mariei /& (CR) H¥i B = (DD) i fE(NT)
S % Caudalejeunea recurvistipula Wi f&(EN) ¥ 5= (DD) Wif&(EN)
+ PIHBEHEE Cryphaea obovatocarpa $U4i 5 = (DD) Ff(LC)
H4<#4 2 Dendroceros japonicus 5 §&(VU)(2000) WG (EN) B Hh = (DD) 5 f&(VU)
~RIKSEE Aerobryopsis yunnanensis P 5 f5(VU)

AN /NeR e Brotherella recurvans F s % fa(VU)

+ JKAR#E Chaetomitriopsis glaucocarpa kg 5 & (VU)

2% 3R

Cao T, Zhu RL, Guo SL, Zuo BR, Yu J (2006) A brief report of the first red list of endangered bryophytes in China. Bulletin of Botanical Research, 26, 756—762. (in Chinese with
English abstract) [ [F], 43R, FHKR, EARR, T (2006) H EEHLYfE & EEY O 064 F B, M, 26, 756-762.]

Department of ecological environment of Yunnan Province, Kunming Institute of Botany, Chinese Academy of Sciences, Kunming Institute of Zoology, Chinese Academy of Sciences
(2017) The red list of Yunnan. =B HERIPT, T EE =B BT, bt EREREWIHWHT AT 2017) A LD LG &%,
http://www.cas.cn/yx/201705/t20170522_4602412.shtml (accessed on 2020-05-03)

International Union for Conservation of Nature (IUCN) (2020) The IUCN Red List of Threatened Species. Version 2020-1. https://www.iucnredlist.org (accessed on 2020-05-03)



AR, B, TSCE, RS, TR (2021) PUXUARANE SRR 2 R S TR A2 RETE, 29(4): 545-553.
http://www.biodiversity-science.net/fileup/PDF/2020216

Ministry of Environmental Protection of the People’s Republic of China and Chinese Academy of Sciences (2013) The evaluation of China Biodiversity Red List—Higher Plants. ¥
B A EREERE (2013) TEAYZ AL 0L F——ESHEY%. hitp://www.zhb.gov.cn/gkml/hbb/bgg/201309/t20130912 260061.htm./ (accessed on 2020-05-03)
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[, XUt s, e, BN, o, BIRT, SREM, I, PG, MRRER, XA, GClE, X, K RET, B, iR, Bk, eXCE, mRREIL RS
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Camera-trapping survey on mammals and birds in Baihe National Nature
Reserve, Sichuan Province

Kai Huang"“?, Yagiong Wan?, Jiagi Li?, Yujing Zhu?, Zhiyu Sun®, Wancai Xia®, Dayong Li*", Baoping Ren®

1 College of Life Sciences, China West Normal University, Nanchong, Sichuan 637009

2 Nanjing Institute of Environmental Sciences, Ministry of Ecology and Environment, Nanjing 210042

3 Schuan Academy of Forestry Sciences, Chengdu 610081

4 Key Laboratory of Animal Ecology and Conservation Biology, Institute of Zoology, Chinese Academy of Sciences, Beijing 100101

ABSTRACT

Aims: We aim to investigate the diversity and abundance of large mammals and birds in Baihe National Nature Reserve
and surrounding areas in Sichuan Province.

Methods: We divided the reserve into 1 km x 1 km grids using the Geographical Information System. We selected 110
grids according to habitat type and placed one camera-trapping per grid. We collected data from camera-trappings every
3-6 months from November 2018 to September 2019.

Results: The surveys produced atotal of 19,748 camera-days of data, including 55,858 pictures and videos, and 6,856
independent detections. We recorded 17 mammal species belonging to 4 orders and 12 families, as well as 33 bird
species belonging to 5 orders and 12 families. Among the detected species, 5 species are listed as first-class National

Wk H 39: 2020-07-07; 252 H 3: 2020-12-03
BB ARG Y 2R IR L 151(2110404) AU 1148 FHE T 132 FH AT 78 551 H (2017JY 0325)
* JL[EIEIfEE Co-authorsfor correspondence. E-mail: 980119Isc@163.com; renbp@ioz.ac.cn
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Protected Wildlife (Rhinopithecus roxellana, Moschus berezovskii, Budorcas tibetanus, Tetraophasis obscurus, and
Lophophorus lhuysii), and 15 species are listed as second-class National Protected Wildlife (including Ursus thibetanus,
Martes flavigula, Naemorhedus griseus, and others). Combined, these species accounted for 40.0% of the total recorded
species. Two species are listed as Endangered (EN), five as Vulnerable (VU), and two as Near Threatened (NT)
according to the IUCN Red List, together accounting for 18.0% of the total recorded species. Moreover, Moschus
berezovskii is aso listed as Critically Endangered in the Red List of China's Vertebrates. The five mammals with the
highest relative abundance index were Elaphodus cephal ophus, Arctonyx collaris, Sciurotamias davidianus, Sus scrofa,
and Rhinopithecus roxellana. The five birds with the highest relative abundance index were Tragopan temminckii,
Urocissa erythrorhyncha, Myophonus caeruleus, Pucrasia macrolopha, and Trochal opteron elliotii.

Conclusion: Our results show that the Baihe National Nature Reserve has high species diversity and many rare and
endangered species. As the main protected species, the Sichuan snub-nosed monkey is abundant and widely distributed
in the reserve. In addition, we detected some human and livestock disturbance in the reserve. We suggest that to
preserve the high diversity and abundance of important mammal and bird species that the protected area should
strengthen management and increase public awareness of the reserve.

Key words: camera-trapping technology; mammal and bird diversity; biodiversity inventory; relative abundance index

(RALI); Baihe National Nature Reserve

5 A= B 4 BT IR I AR RS A R g H DP A xR
Py DU 5 [ Ry = AR ) SRR A ik R 5
B SCRIER, (H2 H AT 3R E & 2K AR R T
2 Bl ) AR B IR AN G H VR 5 THAF TR R A
i Z 25 0] (5 9e Y-, 2015) . A% G A VAT AR U
PEGR MERE R, IRISEURE R EA S S EE (H B A,
2019), A LA R I VAl 7 2 Be bk A A 2D 1
YFh(O' Connell et al, 2011) . ¥ 4E K LT AMHBLLALE
B R Rl . BEGIRE RIS, AR
UF (YRR 2 4 KA AT R TAE e i, [ ILAER
WIBEFD M 5 10 BA K AR B AE R (4 76
K&, 2014).  H FTLLAMBNLE A2 Hv H T8
AR, PRGORIAE B AR T TH (R R 5%, 2014).

DU ] X % B SR PR AP X (LA BT AR B 3] £
PrIX ) g oL T 19634, 2 LR )1 & 2
(Rhinopithecus roxellana) . K A& J# (Ailuropoda
melanoleuca) >4 3= ¥ Ak bk R A= A S (1) H AR AR
PIX o B XA T DY A BT . JEiR AR
DI ST R= & P (N N i = S U g
IF) T 9 A A U A e Uk A LA, M ER A AR
104°01'-104°12' E, 33°10-33°22' N. [ {#47 [X
AR 4K 1,240 m, 5 &R 4,453 m, KL TH AR
16,204.3 ha. R4 X & T )1 1 g S A0 HH R B il ey
TR A5, SR, FIRZESY, FF Y%
/K E551.6-769.2 mm. TR X M5 B 2 7 2,
Bof 7K o BBV PR T v T 3G, SR i VAR ) T R
EZRR, FHHRIEL2.7C, LA FHRIRLSC, 7TAF

BIRIR22.4°C (FtE, 2018).

PRI B3 — IR IR X SR B RH 5 5, (R
X Witk A B IE65F, FIE7H24%, 55163,
$IB14H 4581 GR M, 2018). Nt A e e H
TR X YR gn B 15 B, B RWR AR TR, Bl
FIF LA 2R X AT T A, Frfs 3
PERTRA G RY X IR 5 TRt 5%

1 MRAE

1.1 £IIMENLARIE

FIFGISE T AR X R JE 1 X 38k 43 il km x
1 kmif A%, ERA M GG EM B ELG
ZLAMEML, FEATi2110%, AHALIERE 22500 m (&
1) AHMUAT B 78 7025 FE SN YD B IR I, GnEHE
FE. B, MY SEN T L, R R
AT FALEY, R AL AR R S B, =
E0.5 mi i Wk FEMINGRS . KL K
SEREARE B (ML) . /MBS AR RILY-6511.
LS ER B FVLET R N24 hifi); REE g
s MR IRCA3IER, IR E 10 s fadiE
B BT [E] 3 5 9L s

F3BE 36 H WAL AT LIRS 7 I U B $i s,
ST B Y AE R R . s U R R A K
HEAHBLOL RUEAT 9 5 I 00 KAF A o Ja B B s ik 47
AEERIE, MJFAEHOE 5 DL — 1 AT AR B, R AR%K
A
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Fig. 1 Cameratrapping stations in Baihe National Nature
Reserve, Sichuan Province

1.2 HIEAIBF S

WA IR A 3K IR+ LBOUAIIAE 14, bA
N MIBR SR B IS, 2 R Excel RS HEAT Y
MSESSIT. BRYMEE SRR (PEE
KT HNFE) (Andrew iR 2k, 2009)F1 ( H [El IR FL 5
MZFEECGE2IR)) (FENISE, 2017), S2RYMs e
5Bk (b E S REANFM) (298 SlRe S,
2000)F1 (Hh E 52850 2R 5 0 A (R =0))) (6
%, 2017). IUCNHh 41 €0 44 5 14 5 1R
IUCN Red List (http://www.iucnredlist.org/), ' E %)
At AFERS R (R EEHESIMA BT (F
LNRISE, 2016), VP E KR 552 202140 K AT
() R 2K R OR AP BT AR B 44 5% ) (hittp:/www. forestry.
gov.cn/main/5461/20210205/122418860831352.html) .

7] — Wb AE BT 5,30 minpy AR BN
LIRS A R, xR AT S e e, THE
BHFPANT 2 B 45 % (relative abundance index, RAI)
(%= %455, 2014, 2016), AUF:

RAI = (JA7A R E S AL AE H) x 2000
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2 R

20184F11H £ 20194E9 H, R it 3K1519,7481
FHBFLCAEH, T30 5 5 0 j8 A F A 45i55,858 47 (Fff
3K2), ML RERING,8561K . il kT4 EKAH 12
Bl17Fh, 5KR5H 128133, 7 & 3H 3R 3 (f%3).
21 BEZHM

SR B 1780 BF AR B 2, [ 5 p AR AP
BR3P )14 2205 . PR JEF (Moschus berezovskii)
A1PY )11¥ 4 (Budorcas tibetanus); [ 511 4% & &SR3
AT, 535 2 7RI (Mulpes vulpes). & fiE
(Ursus thibetanus). {150 (Martes flavigula). 597
(Prionailurus bengalensis) « & & i (Elaphodus
cephalophus). A5 # (Naemorhedus griseus) Al
HE 8 A (Capricornis milneedwardsii), 3tit 5 B4 2
FWpFh S H1)58.8%. HEIUCNLL (144 Al i e
(EN)FR2FH, 437002 )1 & 22 FAk BE ;. 5 /e (VU) 4
Fih, 2L B RE L R (Arctonyx collaris). DU )1 ¥4
MR A Bt ¥, I fa(NT) 20, 2 5 8 & e B AT
R, At A B RS HN47.1%. B (¢
P AEN AL A48 55 ) VPl AR 6 (CR) I LR, BIAK
B, e (VUYRITHR, 53l )14 22005 . B RE . 307
B VYN F 4 R AEBE A AR AR ER R I AE(NT)
BIAFE, 23 AR BEESAE R REANAE TP (Paguma
larvata), FLit 5 B A= SR 2 20 1 70.6%.

B A X 22 B R OB (W AT S R N B R R
(RAl = 91.9587). JEME(RAI = 23.2935). #HA B
(Sciurotamias davidianus, RAI = 23.0403). 7% (Sus
scrofa, RAI = 17.6220) 1) 1|4 22 % (RAI = 16.0016).
VYN A AE LA SR B LR
22 LM

R B 33Fh 5 v, B oK1 g o R R B AR
S 2Fd: 4106 e (Tetr aophasi s obscurus) Al 4% BT
Jt(Lophophorus Thuysii); B 511 2% 5 & -4 B A4 5
Yp8Fh, 4y 2 ML HE(Ithaginis cruentus). 4118 ff
(Tragopan temminckii)~ ~J¥% (Pucrasia macrolopha)
% D XY (Crossoptilon auritum) . 21 B8 5 19
(Chrysolophus pictus). KM% (Garrulax maximus).
I Ji5 (G, canor us) F#6 #1 i% (Trochal opteron elliotii),
LU b7 2R M e £01930.3%.  #IUCNZLL (44 5% F
i 8 2 fE(VU) LR, sk AL HE; 5 SR Fh e
H13.0%. # (HEPFHESIL AT PRI
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#1 MIIBAMERREBRRIFERARFIRERL

Tablel Human disturbancein Baihe National Nature Reserve, Sichuan Province
AZRE5) Human activity XK &iGsh Livestock activity

MUY X 0L $ e Ee MOLHRIE AR A i L)
Independent Relative No. of stations (%)  |ndependent ~ Relative No. of stations (%)
effective photos  abundance index effective photos abundance index

02X Core zone 1 0.0506 1(0.9) 18 0.9115 5(4.5)

ZE X Buffer zone 28 1.4179 16 (14.5) 172 8.7097 22 (20.0)

SZEG X Experimental zone 74 3.7472 20(18.2) 166 8.4059 23(20.9)

SE(EN) L, B &k RATHE; 5 fa (VU)K LR, 4D
WEHESS: UL fE(NT)ISF, BPiHE. IR MAHE. HY
AL LU AEE, S SRR I21.2%.

19 SRR 22 2 48 HUR v (R 1T S0 A 2118 £ e
(RAI = 23.2429). 41 M1 #5(Urocissa erythrorhyncha,
RAI = 10.8365). “L1fi #(Myophonus caeruleus, RAI =
8.1021). ~JAY(RAI = 7.1906)Fll 15 31 I S (RAI =
6.9880). ZrEMLHEIAE2 ML K4 FIBIX

A YR W E S SRl s M, il o e
(Scolopax rusticola). K Sk&kBKA & (Picus canus).
K B Hb 7 (Zoothera dixoni) « K ## 59 (Turdus
boulboul) . 7K 3k 5 (T. rubrocanus). =& %5 (T.
mupinensis). ZLJH i 5 (Tarsiger cyanurus). HJE
MY (T indicus) ~ K ME RS . JE A EE T RS
(Trochal opteron affine) .
23 ANATFit

ZEAMHALE I R I, B ORE X N AEE— E %
FERIN TR, XTI E R AN K EE
;K. ZOXFRED, FEAAERAI =
0.0506) &% % & (RAl = 0.9115)i% 5; SZI& X fFAEHK
2 NKIEH(RAI = 3.7472); X & LB MWK
(RAI = 8.7097) FlIsL 45 [X (RAI = 8.4059)i 5] »

AR YR LA FEATL A I 3 5% 21 17 -5 25 R0 33F4 1
25, 43l o N g Sk A Fh Bl (R M, 2018) 11
26.15%#120.25%. A< KA A R I E TR ORGP X A [ 2K
I ARSI Fl DA S 52 B 0 b 25 o A e v Ay A
R ERRY XA BN F B BV 2 R 1 B,
S YR/ E A

FIR ORI X A2 H AT BT AT ) 4 22 A B A R
B e A RRMEM R X G, 2018). A
PSR, 14 2 AR 22 B TR S R HEFE AT B

%, HA8M AR B & 24, R IX N
N & 22 IR R, AT . AIRLLAMEL
LRI B 7R RS, YONE AR, JEHag
F HERTAD XS A G 22 B LE BT A e 0 30 1 5 2
TEZE—FIEE DY, R RS X A M BRI
B o 5ALI MUY )1 B E R 2 SRR X (B A
16Ff, HESSF, B Fh25M; H&EE, 2018). PY)I|
) A K REM B SRR X (B A B 5 194, HESR5F,
MIRRAORD; SKAE KA, 2020)1U 4 L1 AN B I 25
ARG, AR X K R S SR 2 LA AR AL B
B ) Z KT

ARV B ) R B EE DU MESE . AETH
B SRS RN ;SR I KB B A E)
I AR Bk ) BARE, TSE . JRAEFEAR M2,
A1 3 b X3 4 A9 T8 0K 2 £ PR Bl P F i s (LA
2 2018; FKiE K%, 2020). A AL NFKIES IR
W), iR R ARG B L4 IX 4K 40 (2 iR &5, 2016)
M 1 &5 /0N 70 5 2k DL 20 A AR AL 3 47 A 28
(Z 55, 2016), HAERR| IS8 TR 2 4t DL S il A
PR, RS MGET I 1AM e #3382k, B
Horb Z BN AR BAR TR g B, F A 5 28 (WK & A0
TS HB LREB N 45 B R L REE AT
ATHMR A, 7B DARELRIE S 2 R ik n LA Bh
(RIBG 4, 2017).

WML, FA R X AFAE— 2 N T4
KA TR, LRI X A JECO 3870 B AR B B —
SE P2 FE (1) B AT (FR A 55, 2019). AR X JH

WJEREZ, RKATRE 2 n RN T,

VU BEAR 114 Ja A DR 4 X R 3 A DO 5 A 5 ik
M BUREAE, BRI XA T,

Hugh: AT AR w TR REE A ARRY X TR
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MRl IBAEZRE B AR XLIMENIZAL SR
Appendix 1  Stations of camera-trappings in Baihe National Nature Reserve, Sichuan Province

FANLG 5 SR Gz FitTIEH AR08 7 H E(EEEL/EUIE
Camera code Longitude Latitude Accumulated Number of Captured species

(E) (N) camera days (d)  independent

images

001 104.12° 33.24° 238 68 11
002 104.07° 33.27° 209 70 9
003 104.09° 33.21° 121 35 10
004 104.06° 33.33° 139 106 15
005 104.08< 33.28° 137 175 17
006 104.06° 33.25° 181 64 9
007 104.06° 33.24° 164 304 22
008 104.07° 33.31° 196 22 6
009 104.10° 33.21° 230 55 13
010 104.10° 33.21° 179 34 7
011 104.06° 33.29° 79 50 10
012 104.11° 33.20° 173 155 17
013 104.13° 33.23° 190 88 12
014 104.09° 33.26° 206 51 1
015 104.08< 33.23° 115 25 6
016 104.10< 33.29< 216 104 11
017 104.10< 33.28< 79 10 4
018 104.13< 33.24= 216 7 13
019 104.13< 33.25° 176 20 3
020 104.16° 33.26° 231 290 21
021 104.10< 33.26° 240 267 25
022 104.08< 33.26° 210 48 15
023 104.11< 33.24= 183 75 14
024 104.09< 33.28< 139 30 5
025 104.09< 33.20° 121 57 6
026 104.08< 33.30° 238 140 15
027 104.14= 33.25° 227 198 25
028 104.11< 33.29< 138 81 18
029 104.09< 33.32° 177 181 20
030 104.07< 33.29< 144 97 14
031 104.10< 33.24= 107 14 6
032 104.09< 33.29< 202 247 18
033 104.05° 33.31° 218 194 21
034 104.15° 33.25° 89 114 11
035 104.13< 33.30° 233 141 17
036 104.06° 33.26° 202 100 18

037 104.11< 33.28< 117 297 14
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EGIE TR 23 g i T/EH AR L EEEEZVELE 4
Camera code Longitude Latitude Accumulated Number of Captured species

(E) (N) camera days (d)  independent

images

038 104.12° 33.23< 116 54 13
039 104.05° 33.30° 82 47 8
040 104.09° 33.27< 48 89 13
041 104.08< 33.22< 157 106 13
042 104.06° 33.32< 186 134 14
043 104.12° 33.29< 157 388 19
044 104.16° 33.25° 234 162 10
045 104.08< 33.24° 166 1 6
046 104.12° 33.22< 177 302 20
047 104.09° 33.29° 234 406 23
048 104.12° 33.19< 145 28 7
049 104.13° 33.22° 175 48 8
050 104.08< 33.27° 106 46 10
051 104.12° 33.27< 273 73 15
052 104.11< 33.26° 197 73 10
053 104.07° 33.27° 101 37 10
054 104.06° 33.14<= 247 67 12
055 104.14< 33.26° 83 3 1
056 104.04< 33.14° 144 79 9
057 104.08< 33.14° 138 9 3
058 104.15° 33.26° 2 5 2
059 104.09° 33.16° 156 33 10
060 104.14< 33.24° 210 35 7
061 104.14° 33.23< 228 44 8
062 104.14° 33.22° 182 63 9
063 104.15° 33.24° 53 5 1
064 104.15° 33.23° 252 44 6
065 104.17° 33.23< 211 23 9
066 104.18<° 33.26° 228 83 14
067 104.16° 33.24° 208 39 6
068 104.17° 33.23< 271 24 5
069 104.18<° 33.25° 133 30 6
070 104.18° 33.24= 276 46 6
071 104.09° 33.25° 109 32 3
072 104.09° 33.24= 341 98 15
073 104.09° 33.23° 185 29 7

074 104.09< 33.22° 130 31 5
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EGIE TR 23 g i T/EH AR L EEEEZVELE 4
Camera code Longitude Latitude Accumulated Number of Captured species

(E) (N) camera days (d)  independent

images

075 104.10° 33.25< 190 100 14
076 104.06° 33.16° 272 70 13
077 104.11< 33.23< 69 6 2
078 104.10° 33.23< 220 25 6
079 104.11< 33.22< 193 56 7
080 104.11< 33.25< 271 92 8
081 104.03° 33.15° 82 57 8
082 104.06° 33.19° 148 43 7
083 104.10° 33.33° 179 55 14
084 104.11< 33.22< 132 8 3
085 104.10° 33.27< 214 75 16
086 104.08< 33.30° 139 33 5
087 104.13° 33.22° 1 0 0
088 104.13° 33.24= 277 20 7
089 104.09° 33.30° 259 48 1
090 104.14° 33.21< 143 19 7
091 104.08< 33.33° 169 16 8
092 104.07° 33.32° 181 82 11
09 104.08< 33.32° 191 34 5
094 104.07° 33.31° 280 66 13
095 104.08< 33.29° 217 35 6
096 104.05° 33.18° 225 33 8
097 104.02° 33.17° 217 60 12
098 104.09° 33.31° 147 17 3
099 104.03° 33.21° 134 37 10
100 104.13° 33.27° 288 145 16
101 104.12° 33.25° 259 60 12
102 104.08< 33.17° 339 81 7
103 104.02< 33.20° 209 32 6
104 104.10° 33.31° 166 19 8
105 104.10° 33.29° 202 48 13
106 104.11< 33.34° 59 4 2
107 104.12° 33.32° 208 54 12
108 104.11< 33.32° 186 13 5
109 104.12<° 33.31° 280 53 10

110 104.11° 33.30° 201 52 8
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MisR2 PO EAERR B AR XLIMENIAER S S KM S 2XF R A
Appendix 2  Photographs of mammals and birds by camera-trappings in Baihe National Nature Reserve, Sichuan
Province

HIESH Martes flavigula YEHE Arctonyx collaris
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$) Prionailurus bengalensis 1L 4% Paguma larvata

Fj i Elaphodus cephalophus HHAEBEFS Naemorhedus griseus



el R, PR R, INAT, HA BAH, AEET (2021) W)IERE KA KRR X S EGLSMANLII. 42
LR, 29, 554-559. http://www.biodiversity-science.net/CN/10.17520/biods.2020270

33:55 0079

Bl he

# 3 7 PN ZX Sl
8 16°C 60 °F 02/03/2018 10:05:09 0101

£k FEML A Lophophorus lhuysii 21 4k 55 Tetraophasis obscurus
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KB A 1 Dendrocopos major K335 Turdus boulboul
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FisR3 P BAEZRE B AR XLLIMEN NS X F1 52X F R
Appendix 3 Mammals and birds recorded by camera-trappings in Baihe National Nature Reserve, Sichuan Province

Wy IUCNZ  HEL KR WA MSrAEXE MxE (ORSL
Species e BaR Y B H No. of FEfaEL L g3
755 755 National No. of independent  Relative No. of
IUCN China protected  images/ effective abundance stations with
Red List  Red List  category videos photos index (RAI) animals (%)
IHFLHN Mammalia

—. REKH Primates

WAl Cercopithecidae

JI|4x424% Rhinopithecus roxellana EN \ I 7,192 316 16.0016 89 (80.9)

—. BWH Carnivora

KA} Canidae
IR Vulpes vulpes LC NT i 8 1 0.0506 1(0.9)
Z A Domestic dog 97 22 1.1140 13 (11.8)

AERL Ursidae

HEE Ursus thibetanus VU VU il 94 23 1.1647 20 (18.2)

fiAl Mustelidae

S Martes flavigula LC NT n 731 233 11.7987 51 (46.4)
HiRl Mustela sibirica LC LC 54 17 0.8608 11 (10)
JEHE Arctonyx collaris \4 NT 1,797 460 23.2935 60 (54.5)

RIEL Viverridae

TEIHIA% Paguma larvata LC NT 271 83 4.2030 27 (24.5)

%l Felidae

3 Prionailurus bengalensis LC VU I 57 20 1.0128 9(8.2)

=. fBEFH Artiodactyla

Y%L Suidae

5% Sus scrofa LC LC 3,726 348 17.6220 57 (51.8)

B5%} Moschidae

B Moschus berezovskii EN CR 1 100 12 0.6077 8 (7.3)
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Yl IUCNZL L KR AL MIAERE N fr s
Species g BaR Y L H No. of FEfaEL J L3
755 755 National No. of independent  Relative No. of
IUCN China protected  images/ effective abundance stations with
Red List  Red List  category videos photos index (RAI) animals (%)
fEF} Cervidae
E& % Elaphodus cephalophus NT \YV) 1T 12,756 1,816 91.9587 102 (92.7)
%} Bovidae
VUi ¥4 Budorcas tibetanus VU VU I 28 1 0.0506 1(0.9)
HAEFT 4 Naemorhedus griseus VU VU i 3,018 270 13.6723 61 (55.5)
HAEER ¥4 Capricornis milneedwardsii NT VU i 453 39 1.9749 26 (23.6)
%’} Domestic cow 6,646 246 12.4570 44 (40.0)
VY. & E Perissodactyla
&} Equidae
% T Domestic horse 3,744 95 4.8106 11 (10.0)
fi. Wt H Rodentia
FaBR#} Sciuridae
RALAERA . Tamiops swinhoei LC LC 250 64 3.2408 22 (20.0)
HFAR Sciurotamias davidianus LC LC 1,363 455 23.0403 60 (54.5)
SEFRL Hystricidae
i EZEE Hystrix hodgsoni LC LC 687 156 7.8995 34 (30.9)
540 Aves
N~ BJEH Galliformes
HER Galliformes
2L HESS Tetraophasis obscurus LC % I 223 24 1.2153 7(6.4)
1% Ithaginis cruentus LC NT 1l 1,634 97 49119 15 (13.6)
£ ff 4 Tragopan temminckii LC NT il 2,548 459 23.2429 73 (66.4)
AJ3 Pucrasia macrolopha LC LC I 1,766 142 7.1906 36 (32.7)
£ 2MLHE Lophophorus Ihuysii VU EN I 9 3 0.1519 2(1.8)




WY, IR, R, RFE, VAT, A4 BKE, AEET (2021) VU A E K E R X S ML AMENLIE I, B S REE, 29, 554-550.

http://mww.biodiversity-science.net/CN/10.17520/biods.2020270

Yl IUCNZL L KR AL MIAERE N fr s
Species g BaR Y L H No. of FEfaEL J L3
755 755 National No. of independent  Relative No. of
IUCN China protected  images/ effective abundance stations with
Red List  Red List  category videos photos index (RAI) animals (%)
5 XY Crossoptilon auritum LC NT II 548 28 1.4179 13 (11.8)
2184579 Chrysolophus pictus LC NT Il 113 36 1.8230 15 (13.6)
4. 8 H Charadriiformes
%} Scolopacidae
/% Scolopax rusticola LC LC 5 1 0.0506 1(0.9)
J\. #%%H Columbiformes
M 48FEL Columbidae
LN Streptopelia orientalis LC LC 2 1 0.0506 1(0.9)
. KIS H Piciformes
A SR Picidae
KPEEA S Dendrocopos major LC LC 80 17 0.8608 12 (10.9)
REEEA L Picus canus LC LC 105 25 1.2660 5 (4.5)
+. ®ILH Passeriformes
15F} Corvidae
FA%5 Garrulus glandarius LC LC 47 14 0.7089 13 (11.8)
ZIME RS Urocissa erythrorhyncha LC LC 1,087 214 10.8365 41 (37.3)
2 Nucifraga caryocatactes LC LC 228 38 1.9242 14 (12.7)
%L Turdidae
KJEHEY Zoothera dixoni LC LC 3 1 0.0506 1(0.9)
FEPLHLEY Zoothera dauma LC LC 68 18 0.9115 11 (10.0)
KA Turdus boulboul LC LC 195 35 1.7723 17 (15.5)
559 Turdus mandarinus LC LC 3 1 0.0506 1(0.9)
K 3H9 Turdus rubrocanus LC LC 716 115 5.8234 31(28.2)
FEMEEY Turdus mupinensis LC LC 272 79 4.0004 12 (10.9)
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Wb IUCNZL L EEPIS AL TR X2 fr s
Species g BaR Y L H No. of FEfaEL J L3
755 755 National No. of independent  Relative No. of
IUCN China protected  images/ effective abundance stations with
Red List  Red List  category videos photos index (RAI) animals (%)
#5%} Muscicapidae
FEEALAY Niltava sundara LC LC 12 4 0.2026 1(0.9)
2L ¥ B AY Tarsiger cyanurus LC LC 22 8 0.4051 6 (5.5)
FIJEMS Tarsiger indicus LC LC 78 29 1.4685 3(27)
KU #S Myophonus caeruleus LC LC 400 160 8.1021 29 (26.4)
MERSEL Leiothrichidae
KRS Garrulax maximus LC II 120 31 1.5698 11 (10.0)
iHJ§ Garrulax canorus LC NT II 3 1 0.0506 1(0.9)
P LS Trochalopteron elliotii LC LC Il 789 138 6.9880 25 (22.7)
SRS Trochalopteron affine LC LC 360 61 3.0889 9(8.2)
HESF} Timaliidae
FRINEGMERS Pomatorhinus ruficollis LC LC 3 1 0.0506 1(0.9)
i #EF} Paridae
#H114 Parus venustulus LC LC 1 1 0.0506 1(0.9)
k75114 Parus monticolus LC LC 42 18 0.9115 10 (9.1)
ME%L Sittidae
W@ Sitta europaea LC LC 21 4 0.2026 4(3.6)
HeAEFL Fringillidae
KIIKA Pyrrhula erythaca LC LC 4 2 0.1013 2(1.8)

1. IUCN £t 4 5% http://www.iucnredlist.org/. IUCN Red List refer to http://www.iucnredlist.org/

2. WHAELFESH (hERFHEILL B L) (B ERIEE, 2016). China Red List refer to Red List of China s Vertebrates (Jiang ZG et al, 2016)
protected category refer to

3. F AR P % B S % http://www.forestry.gov.cn/main/5461/20210205/122418860831352.html.

http://www.forestry.gov.cn/main/5461/20210205/122418860831352.html
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B HEN
Flora of Japan4t43

Flora of Japan Kunio Iwatsuki, Takasi Yamazaki, David E. Boufford & Hideaki Ohba (Vols. 1 & 3, eds) and Kunio Iwatsuki,
David E. Boufford & Hideaki Ohba (Vols. 2 & 4, eds); Vols. 1-4, 1993-2020; Kodansha Ltd., Tokyo. 513, BRISHY: #AHBA
EPTAR, BTEY: SRRIELZGERL, 32010, 1995, H2ad:, WrEY: AR E+FHER, 55071, 2006; Fi2bE, F
BRI ERRRL 32171, 2001; B2cts, KAl E<-TEEL, 3281, 1999; 3ats, AR %)Wk, 48371, 1993; £53b4%, %
A, 18171, 1995; Hdats, HHAIZTISE R} 43071, 2020; ZE4b%, FEMEARNE 2R, 332110, 2016; &2 5[, 2387, 2020,

H AR R WA o3 = 20 LA i B 73 K58 st R RS I E R, 20t 2240k O i i 17 48T ‘& K BRI
(POETHEE %Y | SOEMRSUHAR T RHAR =B (HAEYEY PP, 1953). (HAMEME—TRRER) (1957), 1L
BEIEA B PERR H AR T 98 SRR Flora of Japan (1965) . 4 H 14458/ (4812 51) IFlora of Japan 119934 t ik 2 3a45, 2020
TR, & HAE—RECHARE MR RAE SNEZEE S, HEREH L T HARE~FAgEEEY. 28
FNALR BN RIS 302 4F, JLT3 KB HASIEY 5 2K5% TR, "TiBMREY ). 5 =R S EIRA
B, APEHTIREZ AR, R NEILEEEFlora of Japan. HAZEHK T/EIEHAR, BFEHR. B4, LOEHE
DA Hh B 53 A0 SR o0 VA, AEAS5 ST A .

R, AR AMRSAME: HeLA R, A RANEBESGTHUSE BRI R M Eas b 7R GIEE: H1s
660Fh, #524:1,980%, 3%:1,270%, H4%51,460F, LEL5,3705), A S HEFEFARNILR ARG, HER R
CAL B e A R, ESCEREIEAIE VA . 00 bt iR B, AN 2SR I A B 5 30 R SR [ B B R 10 [ 5% 5 X PR 9
TAEATF . 4l A M0 AZ B (Cryptomeriaceae) 1 A~ J2 15 F 1142 %} (Taxodiaceae) 5% 3 44 £} (Cupressaceae), 7k A Sabinaifi A~ /&
Juniperus (Cupressaceae), T Ariaf1Pourthiana\Sorbus#iIPhotinia (Rosaceae) 43, T StyphnolobiumM Sorphora (Fabaceage)
g, BT RE . PR ME L, Rkl a g, RN AR ZHAEE . W HARE I Hamamelis japonica
(Hamameliaceae) H 44~ FAMNAAN R, A2 HIHE, MSEhr FaX Se 02 [ 2% b 5 ol 2 W 2 M .

B AR B 2 MO39, 2 IWl: George Yatskievych, 1996, American Fern Journal 86(3): 104; Rudolf
Schmid, 1997, Taxon 46(1): 170-171; Jinshuang Ma, 2006, Taxon 55(4): 1072; /5 55433 17 15-204E(2001-2016, 2001-2020)
A5ER, HETHMAR A BT AARRMHERET, MILRIFE, 1 MAEERZ ILE LR, Fiknd.
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