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Effects of landscape pattern dynamics on plant species and functional diversity
in Hunshandak Sandland

Yasu Cao, Min Fan, Yu Peng’, Jiaxun Xin, Nanyi Peng
College of Life and Environmental Sciences, Minzu University of China, Beijing 100081

ABSTRACT

Aims. Landscape pattern is an important driving factor that influences changes in plant species diversity (PSD) and
plant functional diversity (PFD). The Hunshandak Sandland, a region in Inner Mongolia, is characterized by a variety of
sand dunes, lakes, and built-up areas to form a complex and evolving landscape, which presents an ideal area to
elucidate these mechanisms.

Methods: In this study, we processed remote-sensing images from 2008-2017 from the study area and conducted field
surveys and analysis to investigate PSD and PFD. Spearman correlation analysis and general linear mixed model were
employed to identify landscape pattern indices that significantly contributed to PSD and PFD. Furthermore, a structural
equation model was utilized to determine both the direct and the indirect effects of dynamic changes in the landscape
pattern on PSD and PFD.

Results: The results indicated that both PSD and PFD were influenced by landscape patterns from the previous 2—4
years. We discovered that PSD was primarily influenced by shape index, area and edge index, and aggregation index
and were relevant in different timescales and land use types. PFD was predominantly affected by shape index and
aggregation index.

WOk 1 41: 2023-02-15; 43 [134]: 2023-06-13
FE4E 5K E SR RIS E (2022YFF130300504) 10 9 R A X — 7 8 305 H (ydzxxk201718)
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Conclusion: The dynamics of landscape pattern must be considered in the process of landscape planning, management,
and conservation of biodiversity in arid and semi-arid lands in Inner Mongolia and could be translated to similar regions

worldwide.

Key words. landscape pattern dynamics; species diversity; functional diversity; Hunshandak Sandland; legacy effect
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Fig. 2 Effects of landscape pattern dynamics on plant species diversity (a), functional attribute diversity 1 (FAD1) (b), and
functional dispertion (FDis) (c) by structural equation model (SEM). Boxes indicate the variables being measured, and arrows
indicate the relationship between the variables. The numbers next to the arrows are the standardized path coefficient. Red and blue
arrows indicate the positive and negative coefficients, respectively. The width of the path represents the coefficient size. Numbers
adjacent to measured variables are their coefficients with composite variables, significance levels of each predictor are * P < 0.05; **
P <0.01; *** P<0.001. Abbreviations see Appendix 1.
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ABSTRACT

Aims. The City Wall of Sanxingdui is a historical site of great significance to the exploration of the origins of Chinese
civilization. It is important to study the relationships between herbaceous plant species diversity, root system and soil
anti-scourability under different maintenance measures to protect this valuable cultural site from erosion damage and
harness the water and soil conservation functions of native vegetation.
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Methods: In this study, we conducted a field survey focusing on five typical herbaceous plant communities associated
with five common maintenance measures at Sanxingdui City Wall: natural regeneration, planting, abandoned field,
shrub removal, and pruning. We investigated the species diversity, root characteristics, soil anti-scourability and their
correlation.

Results: A total of 103 species of herbaceous plants belonging to 40 families and 81 genera were recorded in the study
area, with Asteraceac and Gramineae being dominant families, and the majority of species being perennial herbs.
Species diversity was highest in the shrub removal plots, followed by the natural regeneration plots, and then the
pruning and planting plots, while the abandoned field plots had a significantly lower level of species diversity than
the other types of plots (P < 0.05). The soil anti-scourability coefficients of the shrub removal and natural regeneration
plots (138.86 L/g and 118.31 L/g) were not significantly different (P > 0.05), but both were significantly higher (P <
0.05) than the other types of plots. Root characteristics demonstrated a more robust root network in shrub removal plots,
with significantly higher values of root surface area density, root volume density and average root diameter than other
types of plots (P < 0.05). The four diversity indices (Shannon-Wiener diversity index, Simpson dominance index,
species richness index, Pielou evenness index), root length density, average root diameter and number of root branches
were very significantly positively correlated with the soil anti-scourability coefficient (P < 0.01). Root surface area
density and root volume density were also significantly positively correlated with soil anti-scourability coefficient (P <
0.05).

Conclusions: In summary, the shrub removal and natural regeneration plots demonstrated higher herb diversity indices,
denser root networks and greater soil anti-scourability coefficients. Considering the vegetation characteristics of the city
walls and the importance of preserving this unique cultural heritage site, we recommend implementing in sifu habitat
protection measures with a focus on natural regeneration, supplemented by scientifically informed active maintenance
measures such as shrub removal and pruning when necessary. This strategy holds promise to effectively enhance species
diversity and soil anti-scourability, and promote sustainable development and historical preservation of the walled
vegetation of the Sanxingdui site.

Key words: Sanxingdui City Wall; in situ conservation; species diversity; root system; soil anti-scourability; herbaceous
plant communities

Yk 2 FEVE S ARV 2 FEVEE VD FIOK P BB
PIER, WRESRAWE SEENEEREL —
(KBRS, 2020). B2 FEE KT BRI G Nt~
VIR, TR (8] 53 A FITE A RHE 2 FEAG 1Y
AR ML, T KAE YR R 5 38 1 32 fl i A
Wb IR (2L, 2021; 2HEBEE 2022; Lou
et al, 2023). Ifi B—Y)F 1 TR R SH0 ) R
M LA 7 3 ) FH - 48 2 1] DU sode e AR -+ 52 A 14,
Gz fife L IRAZ VU B DRSS (FR VAR AR, 2022) . LI
PR VAN T S M R M ) B R AR, RAFILHK
U R AL AR I BE S (V7N HEAE, 2022). £ &
HI P 22 BE VR R 47 AR JRREAE o] DA SO g
AR P R AR i, s L IEPUR A
(Lou et al, 2023). JULHEFAEMIBE, HE &M
RS 2 R L R AR B L SR B, AR
re e U AR R 1 U T B B AR (R A,
2022).

TP 0T e F BUR A Bk R BB A, SO
WVRETE YR ) B YR R FH B8 7 AN AE S EE 1R Th g G
Fo NTYEdr it 2= s i 1 R e 5, (it

VIR S AR R S E R, R N SR
AH L RE MR PR 1 L A e A7 L8 Ol e R 45,
2020; FrA L, 2022). Wik REE AR RE— 2B
SR 28 7 B2 A 22 7 A0 3 B ok v g A AR b (2
AR, 2021). COEWFFLRE, LIEpUsb RS -
HUR PR AL . AR ZRERAE . 35 IR 45 IR K A R,
R 2 AN Pl 22 A 14 50 2 v = 3 e b PR A R AE
(M M55, 2019; ¥b/HE4%E, 2022; Lou et al, 2023). 7E
A RS FE R, B85 AR A 5 B30 A 35 R U T
FVNCN T FIUAE — & FE B b a] S A 0 B V8 1 4 ol 21
J8 5 2 RE M RR P A R RS I, IR B R B A
ARSI 2%, 2020). N\ THEE  EAR R
7 TSR I T O R TR A A K FRAE R, R AR
TP AN 7 AR 22 K B (Johnson et al, 2018; H & 5%,
2019; Wang et al, 2022; ZE 555, 2023). [HAGH
(10 2 7 5 it PT e T B g B — (%) R A A B 55 17 =
AN, SR EPT A Z (M IS, 2019; EE
JR&5, 2022, GHHINEEE, 2022). KWILLSk, 4EdH i
TEBAREVE IR R 2 42 b 78 A Bk R b i B 43 AT
X B A I i, T 55 A5 AR SR 55 1D X 4k

20234 |31 | 8 23169 | 27T



B = BHEB IR AN FIAED 15 T S AR 2 A S IR R &
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2019; XJGERN4E, 2020), TAT 5 18 52 By K RIFT
SRR (1 34 10 3t X - 35 bk f AR 2 2 2 F A 0 ek
D Ko BE I AESKE 2@ i E .
B AN 3 4 AR RS A7 4Ed, R R 1
WL PSR R B AR AT EIEH
300 5 T A A TR 1 I, (LA 7 B B A T 4
SETHEIPREE, AUR 700 A | g M KR
FRPVER (FIELE, 2013). = R HEB RIS 22 B0 2 i
FERBHTHZ, REHERWSH TR, +
ARG R e 2. Hin EHA TRWE . W
K I AR R, 7K I K 3 35 5 1) R e L e
F(TKEOMESE, 2005; VFFHRH, 2021). B EAEYIY)
Fh 2 FEVE SR R 5 3B b M 9% 20 B 1 stk
WEG K T RAE R AR 1K AR FEE B X
i N

= B HMEIShE IR 5 R R S IR TR I E B
MR . ARYE i N EAED DT 2 S
BT Y O¢ F R I BUE hE s R A G
FE L ST, AHE T A= R HES LIRS S A e 4
Ma(E SRR FIEE. FERE. BEARLBR. BEDH T
I B B AR O I TR B, RO T AN F T
FIE AR 22 B L AR RN 3 e v R AR S,
DAHA} 25 PP A [) 4 B e it T A 48 1 Pk 52 F0 B
AR, = B HEEhE IS SR 4 B H st AR STt £ A1t
BEEARIE, A4 B A S OE 478 55 IR g X+
BRI LA

1.1 REX#EER

= B HEhE 1S (30°42-30°59" N, 103°12'—

103°51" E)YAz T DY )14 T3 = B stk )y (E 1),
J25,0004F 1 & SCHA FIMEAEBIIE . 1R 29500 m,
JE VRIS, FIRAR16-17°C, FIFFEKE
890.8 mm, #& [ % . fF¥5 H IR £01,229.2 h, F344H
ST BE82% (TR RS, 2005) 0 BIFFT X AL T = 2 HEist
HEZR. V. FEYREEANARAEDT, ik E40-50 m, K&
495-1,200 m (FKELHEZE, 2005). 5t hE s 158 52 [F]
LPHERIR, H20124F IR BHARN, WAL AZ O RS
X, EEERRONM ekt EEREARN
Wi 225 (Imperata cylindrica var. major). FLZ5EL

N £ BRI . y
A /) Pruning plots %
FitiRE i /
Planting plots 2 i
5
75D
=S
5
WAL
Shrub rem(%val plots

regeneration

B SR BB ﬁ
Natural .

plots

FEAEE :
Abandoned field plots &1 Legend
0 200 m * K Sample plot
O3 = B fi gtk 3k Sanxingdui City Wall

E1l =Z#sitpiEthIEcaE
Fig. 1 Location of Sanxingdui City Wall

(Centella asiatica) ~ = 5 Y& F ¥ (Alternanthera
Bhom 8 % (Symphyotrichum
subulatum)~ 4 (Geranium nepalense)%s .

12 #gESHRRAE

FE =R MR I Eak AR AR AR 5F
B BERZBR. BE4M AT PN T4E4 i it
ACFRJE AR L, (RIS DUZR S R e TR A
SREE B AE R E N X IR . (1) EH 2R 58 1 B Hh (natural
regeneration plots, NR): ZR3HE, 20124 LK TCAT (A
ey, AR BARE RN, IMC IR A
X Fe e ATV o (2)FAE R H(planting plots, PL):
PUd s, K AREE R SRS AR . EARRER, T
20126F 8B 22 5, TodEdr, ILZF) M. (3)FEBHFE
Hb(abandoned field plots, AF): Ry, 20124F R )
MHETG, WIEMHEDTA > & fE R ESCRIT H, EA
HGR NRRADERR, DI NE. @EARZE
A Hi(shrub removal plots, SR): ZXAEHTIIE, 2012
FREERL, LEREEA20 cm, FEKEEIRR S E
HRIL20 e VAR e KT HOA , (5)I&BY A Hb(pruning
plots, PR): W3 BEILM|, 201245 A T 048 &5 28 &
(Zoysia japonica)~ 4. WEH(Duchesnea indica)
HLFEERAR, HEKTEBE.

WA TG 2= 55 (2009) I BIF 2 77 1, TE AT B 7
(AL E, T-20224F 10 H R H SRR IR I =
HE LIRS S 2R, &I E 4120 m x
30 mAREh, 3EF204y, ETHEIRT12,000 m®. 7E &K
Horriz XA A BEE 120 m x | mEAFET7, 3

philoxeroides)

20234 |31 |83 | 23169 | B3



B = BHEB IR AN FIAED 15 T S AR 2 A S IR R &

2407 . MR NEARMM A S, &
FE. HRE(AED.
1.3 I EHEMITE

T AR ERARZ a2 FEEFR (L v T
X E B, 1994):

VIFhEEE: S= HIEFETT NIIFE (D

SimpsonflL# a4 D =1- iP,-z (2)

i=1
Shannon-Wiener% FEVEARE: H' = —iP,. InP. (3)
i=l

Pielouts) 51 FE 48 3L: Jop = HY/ InS 4)
A, SRS, PONEE RN, & BT P R
AMER I L), BIP; = nin.
1.4 IRBVHE RN E

A R R 8 SR St 1 JEHR S e R R B v
(fazE5E5E, 2022), 2B MNE2 TR  EEURE L N AR )
R BIEI R, FHEUEERS (K10 cmy %10 cm. &
8 c) UK /2 £2(0-20 cm) S EA AR, T Lik
AR P BEALEAAN B, L0800 HFF . 8
HURESS 4 RGO, Dok BECRERS By, &
Y18 hJE 2 N RS, (i 2R A - A T 5T,
Y65 e o R 39 R R Y A ST R M R 25, B E TR
K FE i (2,84 L/min) A8 W 45 1F a5 UK R o
PR K 15 min, 7E0-5 min Y L1 min Ay — AN
B, 5-15 min Ay L2 min N— AN B, 0 Bl —

W . S5 RSB UTE, UE e
NERE, BT T IR Ee v i & (g)

LB R AS) TR A X

AS=Q-tm ®)]
b, ORI AR5 B I 7K & (L/min); A
Pt (min); mA 4 ] 38 ().
15 IRENE

SRR SR A5 (2020) A 5277 5, FE MR 2258 5
P A TRCE AT FL100 H (0.15 mm) FIAEE G M i 1
DAV K e, SR 38 () S AR 4AR, LA
T65CHFM T RHE . K Epsonf# 1%
(Expression 10000XL 1.0)F1R & UG ¥ R G4+
(Win RHIZO Pro2009¢)X} 4R FE &S REAE i i 2k 47T 3
T E R M. 4ERRZ RGBS HERN, F48 Hh 4R
ARG, R4 REMIA. AR 5 X, H&%
TRERIARACRE AR R A AR AR B DL AR AR, 3R
MR K% (root length density, RLD). AR 1%
J& (root surface area density, RSAD)FIHR AR % fE
(root volume density, RVD).
16 #iEALIE

1 FfMicrosoft Excel 2021+ SPSS 263X {4 % 3 43
Ml . SR FIEZR 5 2 53 T (one-way ANOVA)FI
I/ 23 72 L (LSD) 73 Al AN [ 44 4 it R B Al
VIZFEMEARE. IR BT I S R AR AR AR 2 TR 1) 22 S
(0= 0.05). iz FPearsontH S 73 vt A B 2 A6

ﬁ

ViE i Flow valve
AJK 1 Water inlet
Steady .........
flow trough
MIAE Scour trough _
VA i ]
) Constant pressure
Soil le tank
A Soil sample water tank

AT SR
Adjustable bracket

E2 TiEuAMiinRE
Fig. 2 Soil anti-scourability experimental facility

\L‘l

20234F | 3155 | 8# 23169 | 47



B = BHEB IR AN FIAED 15 T S AR 2 A S IR R &

T S5 T e M S A AR 48 A TR B AE SR A . A
Origin 202158 %%

21 BEAREYEEYMER

PR A R BoR(E3), BFRX AL
AAEY103F, KBRS, LLAGRI M R AR
VoG AR EBLAE &SRB R 3G /A . B AR TE BT A
M, FREEREHL. FEREREHL. BEARLBRFEHL. BBTRE
Hu b 2 FE S AR 38R (13R132)8) . 26F (145K}
24)8). 36F(17RI31E). 530 Q26EI47)E). 4951 (26
Fladjg). WAEER EF, BRAPFEHAIN, HARFEH
L2 A RREY S HERAREP > 0.05), £
AR B RS LU AR A R REH(73%) > H
IREETFEIL(53%) > BEIREHI(52%) > BEARZFRFE
H1(45%) > FEHEREHL(38%), IR BRI 2 4R
TR R /D T HAFEH(P < 0.05), 5L —F4
HANE,
22 BEXREMEEVMSEMNER

AN (R 2 7 it o) B AS A P R T P 2 R 1 1
A (E4). & FF P Shannon-Wiener % £ 1415

% 4r
]
ﬂ'ij,_ a
ﬁ'a ab ab b
Vg 2}
85
8 g
=2 L
2z ! c
gy
(=]
52 o I
%S
wn

S
(=]
T

07"NR PL AF SR PR

YirhEE B
Species richness index
—_ Y w
1) S S
&
-
- &
-
- &
(¢}

E3 Z=EMBEIHNIS N EYEFEE T EREYEE A
RAEFER.F: B, G B S M A —FE5EK P 245
HEAR; NR: BREHEM, PL: FiEHM; AR FHH
Mh; SR: GEAREMAEM; PR: E50HEHE.

Fig. 3 Species composition and life form of herbaceous plant
community under different maintenance measures at
Sanxingdui City Wall. F, Family; G, Genus; S, Species; A,
Annual herb; P, Perennial herb; NR, Natural regeneration plots;
PL, Planting plots; AF, Abandoned field plots; SR, Shrub
removal plots; PR, Pruning plots.
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Fig. 4 Comparison of species diversity of herbaceous plant communities under different maintenance measures at Sanxingdui City
Wall. NR, Natural regeneration plots; PL, Planting plots; AF, Abandoned field plots; SR, Shrub removal plots; PR, Pruning plots.
Different lowercase letters indicate significant difference at the 0.05 level.
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Fig. 5 The variation characteristics of soil anti-scourability in
the process of erosion under different maintenance measures at
Sanxingdui City Wall. NR, Natural regeneration plots; PL,
Planting plots; AF, Abandoned field plots; SR, Shrub removal
plots; PR, Pruning plots.

F1 ZEMSEIHREAR4EF R T DRUP R B R BRIERR. FR/NEFERRIEFEZE(P<0.05).

Table 1 Soil anti-scourability coefficient and fine root index under different maintenance measures at Sanxingdui City Wall.
Different small letters mean significant difference at the 0.05 level.
EURLIES MR AR 2 BE R B MRAAFAE B TR 53 XK
Anti-scourability coefficient Root surface area  Root length Root volume Average root Root forks
(L/g) density (cm’cm®)  density (cm/cm®)  density (cm’/cm®)  diameter (mm)
SR BB 118.31 = 10.94%® 0.1577£0.0183°  0.6448 £0.0139°  0.0049 + 0.0005° 1.19+0.11° 1,238 + 185°
Natural regeneration plots
PR L 18.81 £ 2.09° 0.2350+0.0119°  0.3706 £ 0.0230°  0.0074 + 0.0005°  1.20 + 0.04° 583 + 98°
Planting plots
FEHFREH 22.11 £2.41° 0.0749 £ 0.0116°  0.4168 + 0.0866°  0.0017 +0.0002° 0.73 +0.06° 394+ 80°
Abandoned field plots
BEARFEBG R 138.86 + 13.03* 0.4055 £ 0.0369"  0.8659 + 0.0490™  0.0164 = 0.002° 1.63 +0.15° 1,793 + 129°
Shrub removal plots
&R 99.26 +0.72° 0.2304 £ 0.0158°  0.7745 +0.0386™ 0.0051 £0.0005° 0.91+0.04* 1,592 + 65

Pruning plots
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FEEFEEL. Simpsonfl ¥ FE 8 #0554 B2
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3 BE R 4 B2 3 IEARSR(P < 0.01), SRR
TR | FRARAR 25 AP MAS B B3 IE A R(P <
0.05). MRKERE., FIRE. 5 XS EEF R
bl B2 IEAHSC(P < 0.01), MRFEMAZE. AR
5 P R BB EA (P < 0.05).

S10.78" 0.66™
Jsw|0.97" 0.99" 0.61"
AS|0.69" 0.63™ 0.75"| 0.58"
RSAD (0.14 0.02 047 -0.01 0.52°
RLD | 0.63" 0.59" 0.75"| 0.50° 0.81" 0.64"
RVD |023 0.08 049" 0.08 053" 094" 0.53

AVD|022 003 052" 004 056" 0.74™ 036  0.88"

RF | 0.48" 045" 061" 0.37 | 0.87" 0.65" 0.85" 0.56" 0.43
H D S Jsw AS RSAD RLD RVD ARD RF

Ee =ZEMEUNREAEMREDF SRS
AU R MRIEFRHIMERM. H': Shannon-Wiener 445
#; D: SmpsonfiHBEIEH; S MMESTERE, Jow
Piclouth S B3, AS: HIRFUM AL RSAD: IRERERE
E: RLD: #RKEE; RVD: RIFFAEE; ARD: FIIRIE;
RF: 95X #. *P<0.05 **P<0.01.

Fig. 6 Correlation of species diversity index, soil
anti-scourability coefficient and fine root index of herbaceous
plant communities at Sanxingdui City Wall. H,
Shannon-Wiener diversity index; D, Simpson dominance
index; S, species richness index; Jgy, Pielou evenness index;
AS, Soil anti-scourability coefficient; RSAD, Root surface area
density; RLD, Root length density; RVD, Root volume density;
ARD, Average root diameter; RF, Root forks. * P < 0.05; ** P
<0.01.
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NN BR 2R i SR 9 o () R P 2 5 A X
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IR . X AT e N R L BRAE 7 5 Al 118
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Larva and adult competition between two Drosophila Species and the effects on
Species coexistence
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ABSTRACT

Aims. Metamorphosis is acommon character of insect development, wherein larval and adult insects exhibit significant
differences in their resource requirement and utilization efficiency. Exploring the variations in niche and fitness
difference in different development stages among competing insects can enhance our comprehension of insect species
coexistence and community formation. Drosophila melanogaster and D. immigrans, two widely distributed Drosophila
species, cohabit during the same season and both feed on decaying fruit. This study aims to explore the shift in
ontogenetic niche and fitness difference between these two Drosophila flies, thereby undercovering the underlying
mechanisms that facilitate their coexistence.

Methods: We set up microcosm experiments to estimate the inter- and intra-species competition coefficients, and the
niche overlap and fitness difference of two Drosophila species. We then investigated the resource competition between
adult flies for oviposition sites and between larval flies for food resources. Ultimately, we analyzed the probability of
coexistence between the fliesin their larval and adult stages using modern coexistence theory.
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Results: The results showed that D. melanogaster exhibited greater fitness than D. immigrans and possessed a higher
probability of winning in competition. Furthermore, adult D. immigrans demonstrated superiority in competing for
oviposition sites compared to D. melanogaster, while larval D. melanogaster displayed higher nutrient efficiency than
D. immigrans. However, there is significant overlap in the resources required by both species during their adult and
larval stages. The competition outcomes in both larval and adult stages were predominantly determined by the sequence
of resource access.

Conclusions: According to our competition experiments involving two Drosophila species, we have made an intriguing
observation: two species can exhibit excellent competitive abilities during different developmental stages, seemingly
enhancing the coexistence of these species. However, the presence of substantial niche overlap, leading to priority
effects among the competing pairs, ultimately prevents their coexistence. Furthermore, the diverse competition
strategies employed by the two Drosophila species offer an explanation for the victor in cases involving priority effects.
Consequently, our findings provide valuable insights into the significance of developmental stages and phenotypic
plasticity in species coexistence.

Key words. competitive exclusion; Drosophila; developmental stage; species coexistence; niche; modern species

coexistence theory
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ER BRI, A SR &SR AR
W EAMF AR TR, AT %d
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(1) R A AGAE 22 VT, 6 3 SR e R b 1) ol e
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DASE Rt T 55 4 R A (BT 1a) o BRI SR 7
SAWAEEAIN, FRE3 diE R A TH BT LA R 5
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LR N N S i L IR A S s RS S Ra B
R RS EEH . R Te B, BN
FIGAEF B0 R85 L EN, AR
P B SR 2 H A N (K1 18)

B SIS /RS0 dN SE K, (HIRAY R
(R[] 22, Sbr b B i) o7 PR G R . R b R
KSR DA B VR A ] 7 A e SR 1 Ak B 43 31) SIS i
T8, 8HIGIRELIHALFE .

N TR A R R o AR R 5 G 2 R
(A RS A B2 e, BATar ke 17 A4
HON D AR B RO R B3 B () SR O R o
1.3 MMM RIEL RN EL TS

(L) a5 4 RAVEEAZ N2 em. 15
10 e ) 35 7 SR 6 PN B3 mL ORI RL, 2 5
[F1) SR AR P 51 N B R R R SR e ) — S 4 e
%20, 40, 601120, K S ha 4 Him 77 2 Ak i 0
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Bl RIBFERSLN. (¥ MLRIZE; ()3 SR8 (Dm)FFEXR R (D)FE S, EfIhEERM, FRPMAREM
HMENhEERBEAMERRBOMEYE, BE/FREARRBHRIEESFGTSENMELE, R THRDML
FIEHLTNEREEPAMRIBNTFER, ENEELANRERIEEREST, MAEELZLMBR ST XA 5
ERENRBIXMN A, ERGERXE L. Th, FRRBMNERRBEBIIREESE. KETHN XS B IAHHHE
B AIMESUS LS EEEER

Fig. 1 The transferring experiment of two Drosophila species. (a) The process of transferring experiment; (b) The population
dynamics of D. melanogaster (Dm) and D. immigrans (Di), Dm/Di alone represents the population size of two species when they
grow alone, and Dm/Di mixed represents the population size of each of the two species when they grow together; (c) Competition
outcome between two Drosophila species. In region filled with oblique pattern on the right side of dashed line, two species could
coexist steadily, while in ‘priority effects’ region on the left side, neither species could invade the other. In the white region above or
below the grey region, D. immigrans and D. melanogaster will exclude the other one. The dark irregular grey shape are the niche and
fitness difference estimated from Bayesian.
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SR P BRGSO 7 P () S P SR E o % SR R R
FERRE R EI0ONEE,

(2 BRI e s Dy T A B0 bk T ARG
o SR S = D R PR, FRAT TR 26 A 3 mL Ak}
TR A T BTN 2% . 10X A1 20555 [ #4 (1 S8 fi5 5
g PP K R, 4 1 3 A B v A ISR ()T 2 7
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RERRL OS2 4 1 A H 1 S e FH C ORI BRI £
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o R SR () U B AP SR 1 OB A A4 fi
2o, T AR R OP L 2AR ik 22, 7E B A AR
P SRR R |- fish 22 1 %0 ] DA SR R B . A
R B IR E T 10N EE . ARG &k
o R A ER DR R O A B E Al B R Y B )RR
TR .
15 HIELE

(V) F LB AS B FRATARHE A [F) £ i 1 4
SRR A HE A AR SRR O B PR R B E A
[F) 250 4y R A3 A 2R S T R R 2R, ) Beverton—
Holt 7 ¥ 20 25 45 784 Sk HE Wt P9 2208 K 3 70 3 4 R 4K
(Kraft et al, 2015), ZEALE H T B HEE i,
BT A Y (Hart et a, 2019; Hess et al,
2022) 8 e AN [F AR ) B UM (Terry et al, 2021),
BARTHE AT

R()z'Nz't
: (1)

i+l =
l+a;N,;, + aU.Nj,,

X, o BYIFi M N TE S REL, o BRI HN %
PRl fRI R 18] 58 4 28 Ko R HE I S 96 A0 A L3 4 S
o RPN B, T AE 4 T G S
AR N i KAV R . BATTRIF Z A X5 AR 4
BN SIS (1.2759) DY 77 3 5L 2 N (V)RR HH (Vo) 1
RUEHCR, 2 hprBse S L8 (1.3) h 4 (V) 5
BRI B S (V) B, DL R R R B 5
SEG (1.4779) 1 B HU(V,) 5 R (N ) I ECE 155 1 I A
SR AR SRS A B 22 e DA SRR
(QZ ¥ 1t 2 M Terry2% (2021) i 43 #1712,
X EAZHHATHEWT o f5 B RE A Stan ik £ (K 44 7
DU 3] F Hamiltonian Monte-Carloy 2,
MR PR )RS R TS — R A
FINFIN 1, 3433456 4 SEIG ooy ag/u&ROiE/‘]E
oA, MRS ASBART, FA TR R Sh A
TE R IR ZE AN, AR R T S
BSH(P)RAREFRZEI . Ta 5 RE (aifloy) ) FE 58
AR IIE N0 ARiEZE AL IEZRS 0 A, FREEE K
FHUR AR g 1) 5656 3 AT RIFE N RS 0 A, HoorAm
0 [ i A [ S5 2% A 17 AS 8] (B8 i 22 56 mean = 20,
o = 20; #1H 5% mean = 0.5, ¢ = 0.5; K HTTF
mean = 80, o = 80). A1 &2, el E

I R K2, RENE A Jn B A 1 [X T,

DS e PRATTAR 98 AR 7 (14 5 B 1 DUA A 1 S 56 0 A

HOPEAGH

Q)RS A7 HE N KR I 244 Fh 4 A7 2
W, BRI LA IR R ARSI E R R
T1E& 12 5 (Godoy & Levine, 2014), 7RE[:
%% Ry =1 \/%‘“ﬁ - \/%‘“ii @

a;ay Roj—l ;0 ;0

YRR G G I K TR, A SRR A
ZRNEOLT, EEREZERWE) TR 181384
HEER, PR A e R IO, R ZIRIR. TFIEE,
PR SE S RE IARAII IS DL R, RS ZE K,
HARE AP B

PRI AP0 A B AR 3 L B B T p RN I A R S
Kl Ko ml Btk o~ k- 545 21

p= [ (3

et S/ Bl P VL3 (4)

FEGHRTEF SR, 25 8 BIZ) RAAE R/ T
1 (Roi< 1), BULEAMEHFE G REZRN, NHE
TIEB A e KA SR A LUAER A, JRAD:

j 0 \ %ii%ii

AR 4 1l 4 5,000 7 A7 55 30 14 J5 3 40 A 288, 3R
T3 30 7 8 G S 5 oK e i A N 56 g R AL
(aDmDma aDiDi) R DR B OR SRE  SE G R AL
(OCDiDm)\ ﬁ}ﬂé%m%ﬁfEE%@%E@%%%@(W)»@,)U\
Joe SIS 55 K SRR ) Y K ZE (Ropmy Ropi) »
HET B A, THE 7 RIE RS K S 1) A4
BERQ - p)5EEEZER(KpdKpn)o B 1KLL
SEIRY AR A R RRE A BRI SR
PR SR ok DA B A e RN R A TR LR

AN, FRATIR F Bk 22 5258 hPoissong3 AT f T L
28 P AE Y (generalized linear model with Poisson error
structure) K St 14l HUK & S o vapRl 0 9 Fh SR
JEACPE R WA A I 3e 5 22 57, DARR R S84 S50
Hh = BT ARG P 354 X SR O B R . %A Y
oh, &)y HOPIAR IR RS AR HL R 7 B 53 ) AR g e
NAREE, SR E R R R H 5 )
YERTRINAZ & . AR B 2= 77 2 0 7 iE R 5
T AR T R R A EN ZE R, IR
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Tukey HSDI T ERA 2.3 22 e e bl AT T 2
thig, AT MRS HRE (R Development
Core Team, 2014).

HOMSLI IR I, Fo Py R A S A ) 1bFr
TN, SR SR BB B AR R G, 1R
g L IR 7 BB ) R RS PR A SR e
MR AR SRR . BRATHRAE PR SRR A
AN SRS, DU I e AL R
W B Al BT el SR e T T 4 S A SO R R
A a]) 554 REGERY), KIBYMES A E I, 3-
ATk — 25 T B4 31 3 22 5 iR S 56 v A R R AR S
RZ5 (1 — p) BTG I 5-0.125%20.381 (*F341H
0112, A HUHN0.141, K1), TR SR E &
PR T SR R0, — & A LA (Kpid K pm) L
{8 3z i v0.255-0.405 (“F-#11H #~0.376, H 1%k
0.314, Elic), ABALAE A 2 7 FI4H & H 13%i%
187 FasE SLAF I X 3K, 11T 879%f 4H & F 22 i S 0 1)
EEETE TR, HEEE KT HNES
PZE S, B 2% BRI SR R M () M 26 B8 K (] 1c)

4 R SE A SRIS R, TR RS %20 R B SR
PRSP e B H R m T R R (Z =
231, P = 0.02, [¥2a), 11 #40F160 R 4j & (1) 7 5+ 5K
B, A RENPIM S ERRAHBEERZ <
0.46, P>0.12, [¥]2a). 2P Fid &4 120 A 4l Uk,
PR SR P AL B SRR D, /TR Y B
R H(Z =3.25, P =0.002, E2a). b4k, fER
W &) e AN BE R AL B e, A DA OK SR 1 B R

L 2 A (Fa36= 0.67, P = 0.48, [XI2b). {H7E120
X SR AR B R, SR I SR A AR A R
/N T R AL P A H PR B R (Fa 36 = 9.31,
P =0.003, X2b).

BRI IR P R SRR, 7E1.5 mL AR A 3
KRR RETE UK B, 6 mLTARH AL 3 2P
b B e 0 2 T3 mL R AL BE(Z = 4.18,
P < 0.001, Ff%1). BbAb, FFK L 0 Bk o ik 7Y
(F227=832.05, P < 0.001, P51t bl Al pel A f g 48
IR R e AN F A, A SRS SR e ) 2 H 7E 3
PR AR R M B R EER(Z = 287, P =
0.09, Pftsx1), 1H B M0 i SR (1) i B o TRl &2 1)
BN & 2 1 N (F 7= 12.08, P < 0.001, [ff%1).

BTG SR I, BRATTR IR A R R R Y R
I, PR SRR (1 77 O B 5B B AR, HEATT R Y
AR (E38). 73 9. 6: 6LLKI : 3X3FHAHE
o, B ORISR O R B A T R R
I (Z > 3.33, P < 0.01, E3b), {HAKREELER A 3T
FromFER IS (PR e - SRS = 3 QI
Hh R UL Y P B T S T R P S A X B
(AL ER (PR R - EERIE = 616419 3,
3b). T4 B ST 2407 O R A SRR AL HE T
BEZER(Z=122, P=0.36, K3b).

BEAE, P e FR LA R, R R R 1 R A
PR IR 1 77 OF & 2 3 v TR IR R, HPOK R
i 1 7 O B B A H e T i A I N (Z =
55.2, P < 0.001, fff3%2), KL FKMET, KRR
W 1) 7 B i 57 PR T SR e 2 T AR A X SR B 4
AT P2 R AR o H 105 F11 2000 B i S i ) 7 B

Rl EESETRIWAR LRI B RIS RS (Dm)F1F KRB (D) BTN E R (@pmpn Fapp) STEI TSR R E
(OpmpiFapipm)s PREIEKZE(R)p FIRp) £ 7SHIZE F (niche difference, ND)FNiE & E EL{E(fitness ratio, FR)HIIEFN I3
Table 1 The mean and median of intra- (o.p,.p,, and ap;p;) and inter- (ap,.p; ad ap,p,,) Species competition coefficients, intrinsic
growth rate (R,p,, and R,p;), niche difference (ND) and fitness ration (FR) of D. melanogaster (Dm) and D. immigrans (Di) in the
continuous competition experiment and competition in larval and adult stages respectively

Continuous competition experiment Larval stage

4 HL g B JHL BT B

Adult stage

FHME Mean A% Median “FI5{H Mean F147% Median “F35{H Mean

R 5 Median
LI TR (R P 5 S R B (pmom) 0.078 0.082
Y R 0T AP K SRR )R ) 5 4 R B (opipm) 0.194 0.219
PR B PR Fol N 5 4 R E (i) 0.506 0.526
ARER SRR P I SRR P o 7] 3% 4 R (apmp) 0.153 0.162
LG TR Y P B K (R o) 50.340 51.280
BRoK R ) P ZE KR (Ropy) 46.090 47.230
HE AL ZE 5 (ND) 0.141 0.112
& & B (FR) 0.314 0.376

0.004 0.005 0.093 0.120
0.059 0.065 0.435 0.463
0.040 0.042 0.153 0.166
0.055 0.060 0.181 0.217
0.843 0.881 40.950 48.160
0.938 0.968 123.400 129.910
—3.306 —3.567 -1.354 —1.405
0.353 0.385 1.533 1.554
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Fig. 2 Number of emerged Drosophila melanogaster and D. immigrans adults (a) and body size of the emerged adult flies (b) in
treatments with different number of larvae when they were cultured together. Different letters alongside the circles indicate

significant variation among treatments (n = 10, P < 0.05).
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Fig. 3 Number of eggs produced by Drosophila melanogaster and D. immigrans in treatments with different number of adult flies.
Different |etters beside the circles indicate significant variation among different treatments (» = 10, P < 0.05).
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e, BATTARAE 3 ol R et 4y 1 5 4 S50 4
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PRI SE 4 RE(FRD), BEITH A3 2 95 b SR 1) )
Se RS R A S ERQ - p) N-4481F
—-2.344 (“FH1H ~-3.567, FALECN-3.306), EAE
EUAE (K pil K ) 790.279-0.445 (- 14111 50.385, Hifiz
$M0.353), H LA 15%KE 1 e Rl v 5
Hl A SR 1 X A (P ) o FRANTAR 305 08 e SR g ol
S G S AR R RO R B A S AT TR R B 1)

T N RN A 554 R B (R D), HEMTHEAS BB e 52
Gre i ATy, AR ZE R - p)N-1.723%1.031
(CFH5ME-1.405, H A% -1.354) Fid & 2 LUAE (K pd
Kpn)N1.331-1.750 (F-4)1E 91.554, T 401.533),
T A GG BYIEAE | KR T R e BRI R
T DX 455 (1 4bo) o (LT o SR 7E 4y AT i U 2 K
FERAERAL RS, BRI dUr BB R S &
FER TR IR (K pd Kp < 1), TR HRFA BE AP K
(IS A R KT BRI (K il Kpy, > 1), RETIH4
A7 22 5 FE G BE LU AR 1 4H & 40 Jill 1 85%F195% 7%
1E 7RSO TE Y, JRRE, S 7 SRR I ok
TG TR, JaRE ANRAEI B I e Tl T oK (E14)
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Fig. 4 Outcome of interspecific competition between Drosophila melanogaster (Dm) and Drosophila immigrans (Di) in larva (a)
and adult stage (b) under the framework of the modern species coexistence theory

AT TAE SR FI LA IRHELL T, 5
BT 7 AERT A R PR SR 2 T SE e R, RS
T BRI R BRI SE A DG R, IR R )
ITE &) BRI R o B B A AR B S A, (HE
HEIX B B B KR B A S AL E &, e
NG T IEY S R B se g s . X TR
ANFIH Z AR AR TN K ETBEHRMAES
itk &5l (Lasky et al, 2015; Egan et al, 2018), <
SCIERL A F — KRB, ENERE RSB
B RAE AR TR K.

I SR AE 4 U B B K R T =
TG, ATRER RN B R R R A, Al
6 A KK E P 7 1 E 77 D (Barker &  Podger,
1970a). SLu %) B A Kk B I FE b HE )RR
FIREFRE A, KB E S SRR R AR S
AKEIE N, BEAE R4 dO E IR A B A R i 27
e 77, (AGEK R %) AR R S 2 KE ST
(Barker & Podger, 1970a), FRATTESZEE At 525
TX—IR. sk, ZELEn, R4
A B FAR SR W 4 47 2 (Vijendravarma et al,
2013), X A BE L AE 1S T AT7E 5 oK b 4 U 5E 4
TV RS VP EISHELE TR, AR
W TE ) HRUBY B 3E 4 4 SR PT RE R EEE T kS
P BT o X ] B A DA DR 9 b SR 1 40 RO R
5-8 d, o i 5 BT IR 0P b5 R T 8] P T FE AR R,
J& KRRk LR BUR S S R R B RE
MG R TR B, (H I R K SRR AT O

ZIHFE T RZ B, RN AR ME T AT S

TEARW TR R, FROK SR XT 7= O9 37 B A B
(IR 2803 o X RT R R A AR K SR 1 P B 28 K
EATTIE AT LATE PP R T 0 P DATE VR 2 kL B = B
117 78 SR P ™ N SR R, R R AE EDRL R T 7 g
(Sameoto & Miller, 1966) . iX 4= 5 B K b 545 T
o TR R T A 7 SR T AR BT, SIEBR oot S SR e (1
5 Wi SR T 0 [5) Fh AN 4 ¥ 5% i (Barker &  Podger,
1970b). [F) %)y s B R S5 5 — 4, 9 i SR ke
58 5 5 SR T B T RS AR O T, SR
AU AEF= IR Bk . 4 B AR SRR 7R fRD R R TH
FEORJE, BRI A X REAE VAR IR AL O, X2
KRB =P & . & FIJE 2 K RS SR E S
SR AE BATBOR B B R, T P b SR 3 B A AL
PO EE T, A EAE R A IE K R 2 R
RE G 4k 7 SR fir, K B2 1 B A1 53— W0 e
ORI

g JRh 2 0 Y e SR 2R A A B S R N T
&) FURI RS HL B B, 3 AT R e PR A I SR 5 5 v
ERE N VNE )i o F e 192 SN pSTRLiE N
(R A VG SRR AE 22 e, S BRI AR R B
FEDR, Seke R BH 00 R i, 5 SR B OK SR
A BEAE SEIR AL A IR R RN, S T —
SE MAER AL . RS, FRIE R
EAFEER TR R, X 7] e B R A K
RUTETC G = SR AT B — e e, (AR
rh BB 2P L ) SR K B 2 I R T 4 U B
Sefre BEAN, RREIRME N E BB HEEI0 diE
A, TR G ) 75 EE4)13 d, {H%h BRI RR B 3 4
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A REETTLE . AT St R B, NG SR L
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AP 0l e B R B b, TR KB T
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P TE

Ayala (1969) | FH 51 4Pt A i) SR W Drosophila
serrataf1D. pseudoobscura T F& it 5 4 5 F b 4)
FhILAE I SLIG W I, A\ 9 SR AE &) B 5 R B B
I3 A S AR AT DU E AT AR . TAHT 5T
RO, R RIE R AR R & B S
2y i B ok SR S E A R, HEATER
PINBTBO AR KR A SRS, KR
W 7E &) HRUR R LB B 5 4 45 R 22 M AL R
RN B LA A BRAS, e S SR B R
G SE AR, TSR AT IR . SR TE
IG5 BE I R I — 5 I BT R 2482 (Allee: effect),
R ZEAIC 25 B I AN 18] SR B0 HH — 5 I MR RO, 5
LR R IR IG G, BETTAEAS 5 R A e T € Bl
K(Terry et al, 2021). SR 2 /& DUE 2 ) IR B0 5
FOoATE £, Hl e £ ErEonmsh R E %
A EEHRS, XEeE ERBEAARERE,
B AR RAEN— AN AH B4 B 1 BB TR T4
BRG, WA RIS A Pl 0 3R A5 5 L gtk
TSP, AT ST B ot SR ) A58 L AF o

AREFWA AR, HiE, ACHTERRE
g ZHOH P 3 K 2 1) Beverton—Holt 35 4 151 1Y 22
L Y/F e eye Ay (I 3 | B e S i 2SN s A
R PFPRREE SN AS ) R, 1K LLHT e T H AR
#Effk(Ayalaet al, 1973). 3, T4+ H FERU
(A B S R i AR AR AR, T 556 4 55 XU PR AR P 2
XAEAEA FrAS IR, IR0 58 4 (1) 22 S 1 e S8 06 SR 2%
S B R — AR 18] 1 38 4 K & (Hess et dl,
2022). feja, ARERETRIHN E AW, 45
WA HEMT K e S 25 R, Sibs B RS = B
FEAUEHE K SCRF B AL (R 00 45 53 . SRR IE (i AE
LA IR T P IR AR A8k 1 3 (Hawlena et al,

gE Al

2022), PRI, @ =2 7 0K ) S 56 ok B0k 2 18 1) 1E
PEAT] D

B HEAA B RRA TR NS KERE, ©
MIEAS FIBY B e S AN R B, MG K AE AN [
REMBZ G T ARRE R AT FAE S
FRILAFFIRHELL T, 18 S0 VP4l 4 HL 5 Rl R B B
R A R 8] 58 5 B2, T 2 AT e AT T AR AR A AL 4y
5 BEM AR, W T BRZ RS,
[E A T A S KB RESFERE XS ILE
WAL T — 5% (Bassar et al, 2017).
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Aims: The relationship between the elevation and biodiversity has long been one of the central issues in ecology,
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biogeography and conservation biology. This study investigate the diversity of birds and mammals and their elevational
distribution, based on infrared camera monitoring in Guangdong Nanling National Nature Reserve, China.

Methods: We utilized infrared cameras to monitor the mammals and birds across the entire elevation of the Guangdong
Nanling National Nature Reserve for 10 consecutive years. In addition, we also analyzed the current diversity and
conservation status of birds and mammals. By combining both horizontal and vertical distribution patterns, we
conducted hotspot and vacancy analysis to assess the diversity patterns of birds and mammals.

Results: Between 2012 and 2021, a total of 116 camera sites were deployed, capturing 85,164 days of work, and
obtaining 21,194 identifiable independent and valid photos. Over this period, 24 mammal species and 50 bird species
were recorded, with a relatively high proportion of threatened mammals at 45.83%. The top five mammals with the
highest relative abundance index (RAI) were Muntiacus vaginalis, M. reevesi, Dremomys pyrrhomerus, Melogale
moschata, and Macaca thibetana. However, Herpestes javanicus and Rusa unicolor were only recorded once and
have the lowest RAI. The top four birds with the highest RAI were Lophura nycthemera, Myophonus caeruleus,
Tragopan caboti and Arborophila gingica. Forty-two bird species had RAI less than 1, mainly belonging to
Passeriformes, Piciformes and Strigiformes. The generalized additive model showed that the richness of mammals
and birds were significantly related to elevation, displaying a typical “single-peak pattern” with a significantly high
species richness at mid-elevation (around 1,000-1,400 m). Beta diversity analysis showed that the classification
differences between the low and high elevational range and other sites were the highest, while the differences
between the middle elevational sites were relatively small. Hotspot and vacancy analysis, integrating horizontal and
vertical distributions, revealed that the mammals and birds in the reserve were mainly concentrated in three hotspots,
distributed in the middle and high elevation. In addition, it was observed that certain areas outside of the reserve also
exhibited a high diversity of birds and mammals. In conclusion, wildlife within the reserve continues to face severe
protection pressure.

Conclusion: Regarding the construction of Nanling National Park, we suggest that the local management organization
should: (1) Formulating conservation and management policies for key protected species in the future, especially for
large and medium-sized mammals. (2) Focusing on the habitat management in the middle and high elevational areas,
and maintain the complete climate and biological vertical zone in the reserve. (3) Establishing a multitrophic
biodiversity monitoring system, which emphasis the effect of comprehensive factors on wildlife, such as human
disturbance, environmental factors, functional traits, species interaction networks, and evolution history.

Key words: species richness; elevational gradient; distribution pattern; niche model
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Fig. 1 Infrared camera deployment sites in Guangdong Nanling National Nature Reserve, China
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FlHijmans (2017)[A U5 T 1950 A= < 0% B4
(bioclimatic variables). 1155, 6. 7H18 A NE4ER
BAMBIRZERE, 12, 1. 2HNGFER&RART
ZERE . MEAMRAT N4 T ¥k (elevation, ELE) (Fick &
Hijmans, 2017). 20104F K 7 78 i % (percent tree
canopy cover, TCC) (Hansen et al, 2013).20194E £x#k
/5 & (forest height, FHT) (Potapov et al, 2021)PA 2 +
R FH 287 (land use type, LUT) (Li et al, 2022)F1 A
35 8)) /£ 2 (human footprint, FP) (Mu et al, 2022)]
HIEE =, 545 s — i /E yMaxEnt i 5
BiZ. ELE. TCC. FHT. LUTHMIFPE RAF £ 5
AV SAREAR AT AR RS R — 3. 1A
THE T EZE A B A O, FFHERR T AH ORI R
F0.844¢ & (Beaumont et al, 2005; Heikkinen et al,
2006; Gaston & Garcia-Vifias, 2011), BZ&ARHEY
i (annual mean temperature, AMT). 4-F# 7K & (annual
precipitation, AP). %V (isothermality, IST). T
H B 7K & (precipitation of driest month, PDM). ¥
Z=[f% 7K & (precipitation of coldest quarter, PCQ)- [#7K
ZE71 P (precipitation seasonality, PS). TCC. FHT.
LUTHIFPILTH10RA AR & LK, K orAiic
K AMaxEnt 3.4 18k, &Y Rk EU75% 1)
I3 AT R TN SR, IR 25% 1) s A T

BOIE, IR JT1E N B 457K (bootstrap) . i FEZ iR T
YERFAE #h 28 (receiver operating characteristic curve,
ROC) 5 1A 45 il e T A1, EPAUC (area under the
curve) {H R VTR TN 25 R RS HEFE, B A K
BB A 181,000 s AR A BB AR o0 Al i, A AE
YR30 B IR o AR AR g R AT SR S
TRBOIELL I 0-1 2 [a] (M AS, FFuk R KIZR R
TR 55 5 A g o3 A BIEL, RT3 A B AH )
o AN —n o AR O/ TR . B, AT
HEENVIFE =T A X S, H2AR 2R X &
JEIA X 3RAE30” x 30" (Z91 km x 1 km) 7S [8] J]EE_ L[
Ykh =F e R B A RS SR (RS, 2018; FRIES,
2019%),

EN IR /K = S N I @) 1 Kt B
i BEFEMEIREOH E A HR 4.2 28 F K vegan.
betapart 5512 54, 58 e HFh 43 A X 14017 MaxEnt
34V TE RS 120 32 BRI RS2 S e J7= DA
TG B 5 AN HIE ol B 22 R DL S A 23 A [X A8
FARIAH IR 3 BT A5

2.1 PIFERRSEXZE

20124F12 H £20214F.2 A 8] 22 TE 1164 55
AL R385, 1644 TAEH, k13 v iR 5]
LA R 21,1945, b B 3145565k, 5K
6,6385K o« FIFHR BOR A AHNLAT 5 TARRESL VR WL B
1o B EI24%, FIET4H13EL 1dx3
585080, RETOH 178 H[H K — R E mi iy
P A Zh W 1R, BRI RE A JE(Tragopan caboti); [E %X
T R B AE S22 8, TE LI SR2. HXIUCN
B8 5 fE (VUYL A SFR, ALHE 7 I B2 & (Ursus
thibetanus) . %% % (Arctonyx collaris). 7K J& (Rusa
unicolor). H4EE 4 (Capricornis milneedwardsii)#ll
s b s M e (b EE S AL (4
) FIRWSEEN), F3H 10885 R 5 fE(VU),
H04% 58, P4 M (Macaca thibetana). WM #E . BEAK
¥ (Prionodon pardicolor) . 4L i %% (Herpestes
javanicus). #Jfi(Prionailurus bengalensis). & &
(Elaphodus cephalophus). /] EE(Muntiacus reevesi).

O BRES (2019) " ARE RN KM HLA LT LS oAtk )R, it
AR, TTRIITR, TR
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HHAE R . 4075 W5 B (Petaurista petaurista) 1 1 & 1L
% (Arborophila gingica). iR%dE &R, FHIL LR
1 IX R A S 2 U A A L, A LIRS
MIEIN LT IBNE S G b, SIS
SHL1145.83%

RAT = [ 5F 5282 75 B (Muntiacus vaginalis,
78.78)+ /N EE(32.14). £ BE K W #A K (Dremomys
pyrrhomerus, 18.39). ifi’i#(Melogale moschata, 10.27)
A5 PG A(8.01), 1T £L MU MK FERATIR AR, 7E R U4
IR IR 32) . RATR =1 1450 5 202 [T G
(Lophura nycthemera, 28.92). %5WUf 5% (Myophonus
caeruleus, 17.77). ¥ i F HE(8.50) Fl (1 )5 111 B A5
(7.47), HARFSRMRAFESNT1, T EEEE
H. BIEEMSSEH. Wi RREER, BKY
FhECBE AL TAE H A0 Bl ie Sk BT, JREWE
TR, SRR EAEKIR 10 M da 3 — B AL
T BT, FERETHRENE LR Z . i,
IR B e U i 4 RS SR A A I R b, HLALAMHEAL
AT IORE 78 735 7 S R A E] By, Z0 AN
FOFEIUREATS =5 i (F553) .

22 LEZHMEHERSHEHE

J7SUMPEARE AL o M 25 R B, BT il s b
P RPN & FE K& H Chao Ml THETEHER
B T < S T B B Sl i RS SO 2 7 i
(1,000-1,400 m)Z I H B & IR 2. R
X AR AT R T R AR 8%, PAChao 1
N, f#RE J1(deviance explained) /) 470.5% (P =
0.001)F181.7% (P = 0.009), &2k BAREH R EF
o> A, (EARRE )1 A5 61.3% (P=0.1) (K2).

TERZ FEVEAKT, B 280 & K Fir 5 W F (1) B 7%
Bmpc~ Bmbal FBimgra 73 71 40.81+ 0.66F10.15, Buac~ Buntu
HIBne 70 51 H0.841 0.63F10.21, FEVK SARZE FHEK
HFEBRT 2 B A R R 8 e (3R 1) . 52
1925 Fir G W R I BE TS Taccard 6 B0t S B e 4l
G P VIFIRA B S B RE AN (B 55 4) o Bonc P IME A
0.52 % 0.20, Rymc I HME 034 £ 0.23; Bprac T
PIME90.52 £ 0.13, Ry /90.49 £ 031 (R2), 4565
WA B 18] B Ryra/pc M Ruersac i JRI (13, B3RS, BiEx
6), KUK BLZ B E R T 2 E -3
. DR B LRI E o RypcIHE 5 BoR, 16

—_
(=
T

(=]
T

-10+

YR & BE AU
Partial for species richness

Chao 1 {4 Partial for Chao 1

/ f#REJ] Deviance explained = 70.5% \
e 1 1 1 1 1 1 1

o f#R:J] Deviance explained = 81.7%

20 , -~
/ fBRES] Deviance explained = 61.3%\

600 800 1000 1200 1400 1600 1800
3K Elevation (m)

600 800 1000 1200 1400 1600 1800
3K Elevation (m)

600 800 1000 1200 1400 1600 1800
%3 Elevation (m)

E2 I XMREUEIMEZEFChao IMFFEERAIHESBRBENXR, SIEEHIM@, d). BED, )F1BH,

(c, )

Fig. 2 The simulated relationship between species richness and Chao 1 estimator by generalized additive models, including all

species (a, d), mammals (b, ¢) and birds (c, f)
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®1 £EHBEABray-CurtisiE R HER R EE S 2456
Jaccard B FMIE M N HB 5o Bupc: Bray-CurtistE F 115
B Brobar: ZETE LA Buugra: ZEBEE; Pingac: Jaccardil
SMHIEH Buw: B Bune: PIFERE.

Table 1 The multi-site Bray-Curtis dissimilarity and Jaccard
dissimilarity, and their components between pairs of elevation
ranges. Bnpc, Bray-Curtis dissimilarity; B,a, Balanced changes
in species abundance; P, Abundance gradients; e,
Jaccard dissimilarity; P, Species turnover; Bune Species
nestedness.

1840 Indices EFWIFH All species 28 Mammals %28 Birds

[ 0.81 0.80 0.83
Bubal 0.66 0.53 0.71
Brngra 0.15 0.27 0.12
Brnac 0.84 0.81 0.86
Burta 0.63 0.38 0.70
Blane 0.21 0.43 0.15

R2  BXEIRELZ 8] Bray-Curtistl S M5 R HE 2
Jaccard R M IE M R HA N FEHEFIRERE. Bosc:
Bray-CurtistHF 185 Boparr ZEFETN; Bpgra: TE
*%rg; Rgra/BC: BpgraXTijBCE,\JHZ{E; ﬁpJac: Jaccard1ﬂ;'li#%g&;
Bptu: %%q]*éﬁ; Bpne: %%q]ﬁ%ﬁ; Rne/.)ac: Bpneiﬂ-ﬁp.lacﬂ(]tt{E"
Table 2 The mean and standard deviation values of the
Bray-Curtis dissimilarity and Jaccard dissimilarity, and their
components between pairs of elevation ranges. Ppgc,
Bray-Curtis dissimilarity; B, Balanced changes in species
abundances; Ppgr, Abundance gradients; Rypc, Ratio of B,
and Bpec; Pprac, Jaccard dissimilarity; By, Species turnover;
Bpnes Species nestedness; Ryejac, Ratio of By and Bpjac-

B8 AR e 5%
Indices All species Mammals Birds
Brsc 0.52+0.20 0.54+025 0.52+0.16
Bpbat 0.35+£0.20 025+0.19 0.35+0.21
Bpera 0.17 +0.11 029+022 0.16+0.13
Rerasc 0.34+0.23 0.50+029 0.34+0.27
Bprac 0.52+0.13 045+022 0.56+0.11
Bptu 0.25+0.16 0.10+0.14  0.32+0.19
Bpne 0.27 £ 0.20 036+026 0.24+0.19
Riersac 0.49 +0.31 0.75+032 0.43+0.30

HREHR B (1,000-1,400 m) P B, SR B2 F] 1) %
JEE R P 0 TR 0 22 S AT A A I DTR o Ruerrac 1IHE SR 3R
B, Bl AR A —— BRI R itk 2 ) rh R B
5 & # & B (800-1,000m) A1 & i th B
(1,400-1,900 m).Z [8] F¥y #0722 S STERAR K, T &4
MR B AT Rl B ¥ = SR E R . AN, W
ToluAH 5 1 B AR SR AR o, AR BORN iR B )
BN A T B A 5 g TR B IR R T AH LR ORI
Ao 9 SEFETE B SRR RN B2 BEVERS R 5 40

VIR B2 FEVERE RARAL, 2 FE P AR L AN P &
Bt e ORPE Z R A . HERMIPEHE
PERS R A B S RF R, BB TE 1Y) S K Bray-Curtis i
R B Mk Jaccard F5 BB 2 7R 22 JE i B AL A ik B
HoHBKEBIHTTER(ED), B 2EHIRemn 113
ENEF]0.75 £ 0.32, & T SRS BTE 11049 +
0.31F1E2RBEIE110.43 + 030 (K2). FAk, &HBsh
VIRETR . BN S A Rl R BAS B0y 2 TR )
FhAL AR AT B R AR (P 555), 0 25 460 IR0 2 A i
HEEAR R E A 5y
2.3 ETHESAMEBAFIKE SR TN
MaxEnt 4% 8 £z 2 Tl 1 18 Ff E5 SR A 27 Fh 1 2K
TE R PR X S L I (K o0 A o 45 B RL T
AUCTH ~0.568 (7% EE)-0.999 (K i¥ # & Enicurus
schistaceus), 73 %l#30. 7. 4F14 M AL AMT .
AP, TCCHIFPAE X 45 2 T ik 5 K ) PRI R 35
AMT. TCCHIFP{E AR APE = A%, A2 T
W EIF o AR R = o K e S A 5 A
BINE, ZREMERE PRI R X BRI A

5 B2 BEVERS R AALL (I 5 7) o

3.1 FlRHh X S 3 A T IR K B

AT T8 B2 1 04F [ £ A AR AL 3 A U 2 B4l Ok
A] LA 0 R U OR A [X 55 B W 22 A 1 AR A
J IR SO R AR F o 5 sk 2014050
ALK, 2RI SRR B E NN TP,
PRI X PR B AT S 2RSS 0 BT AR Sh
P E SR IR, ERHIRBIRARIN G (R
HETE, 2003) . $ 1992199654 5 Wi f sh Wit 5 T
AMBAE G (YR TS, 1993; R4S, 2016), X
W o3 A AT 85T, A UG 2 R 55 5 224 4
(B2, Bfts%8). s S5 s A AR R B
HAMEE H, KI15MERH & E—AaFHRIN
(Mulpes vulpes). 3%(Nyctereutes procyonoides). 3/
(Cuon alpinus). JR(Canis lupus). #iMz3H(Martes
flavigula). F%#(Meles leucurus). FKIF/KHi(Lutra
lutra). /MK (Aonyx cinerea). KR J(Viverra
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E3 SR Z B Bray-CurtisiE R MHIE B R ELE ST\ Jaccard HRMHIE MR EHA SR SIE . Bypc: Bray-CurtisiH R 1415
B B ZEFEZA; Bpgra: ZEBE; Ryrasc: BograXI BpscHIELE o Briac: Jaccard i8S EIEET; B MIFHEIR; Bone: HFHER

E; Rne/Jac: Bpneﬂﬁphcﬁ"]ttﬁo

Fig. 3 The heat maps of the Bray-Curtis dissimilarity and its components and Jaccard dissimilarity and its components between
pairs of elevation ranges. B¢, Bray-Curtis dissimilarity; B, Balanced changes in species abundances; Bper,, Abundance gradients;
Ryraes Ratio of Bygr and Bypes Bprac, Jaccard dissimilarity; B, Species turnover; By, Species nestedness; Ry, Ratio of By, and

Bp.l ac-

zibetha). /MR (V. indica). 4 Jfi(Catopuma
temminckii). z%4(Neofelis nebulosa). %J(Panthera
pardus). R FE(P. tigris amoyensis), L& SF i
H——f4% B FE (Muntiacus crinifrons). M1t &

(Cervus nippon). %#(Hydropotes inermis). #kJE§
(Moschus berezovskii). 45T ¥ (Naemorhedus
griseus) PIRA IR, BRI YRR 1% X 35
AlREC & TH k. [AI IS8 (Erinaceus amurensis).
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N
A oo ,
WHERIE oo™ = e T
Species richness ~ ¢35, ~ ] TR v
= 1-8 > &> \3 o <
= 9-16 57 o0
m 17-24 S A
= 25-32 l ; L
w3342 L -7
— _ PR oo N T 8
Boundaries of the reserve = T

0 10 20km
[ —

E4 ETMaxEntEZE TN REKERRBARIFX
BESHEMSHEE

Fig. 4 Diversity distribution pattern of birds and mammals
predicted by MaxEnt models in Guangdong Nanling National
Nature Reserve

#7811 B (Manis pentadactyla). ISR AE . 7K JEEZ54)
PR R AR WD, MR I IR IR o

HULREI, 20RO X R TR &K
sk, wms s B AR K Ra R & R
(Tamiops maritimus). b4t 5 (Niviventer confucianus).
/N Wl E B (Leopoldamys edwardsi) % B R
(Typhlomys cinereus); 57 . & ®= H 1 1 78
(Neotetracus  sinensis) 1 44 J£ & (Anourosorex
squamipes); # F H i 75 14 2§ k & (Rhinolophus
samensis). K H %k (R macrotis). K AR HE
(Arielulus circumdatus). K7 iiE (Eptesicus serotinus).
FtE(a i0). K18 i H i@ Myotis longipes)Fl 1L Hs 5
HUE (M. montivagus) 5 (4l k424, 2018). T2
ANFIRBE ARG S 20, i AR R A R4
AT A BOR T B BRAE I 2, AE15me 4 5 AN
BT B R BBEIAE R R Frid s fh, PRt
WA BT RHX PR R R EAT L R 7
32 BEAMEABEEEIHMISEERSEMK
HLHY

Myers 55 (2000) 5 T4 0 22 FEVE (1) K 1 73 A1 b
JRFRH T AER2SAED Z FETE R S IX, XA AT
X ZH AT ILIX . EE RS RG
F TIRE A Z R, VP 2 TR B A s
Je B R 2 AIF 50 T I e AR A Hb X ) R A AT AR
SEHBOCEZL, FIE L AR 2L Tk R 5 A7
AN WM VA SRR AR b
SRFAMEAR W R TR R TR A AR SRER R R RS
ARRL B LT ] e S AR LU TREE N, R T 58 B 1)
A AT BT . AT 7T 45 SRR B B UE L oK

T SRR A 1 S 2R I Fh = TR 2 IR
AR R, X — 4515 E N AMR 2 X (1T
AR . fNRahbek (1997)%F B 55 i By il 1 1%
I H A R AT AR I, HERR AR S 2 )5,
Vb= FE AT B A R I A I R SRR
Lee % (2004) % ' [ & 75 1 [X %58 9 2R (A S B 3R
BYIRE B P A 2 PR R, 7EIE4K2,000 m
IEFEAE . McCain (2009)70 4T T AR T 1 W Fil
F2 5 T T AT R TSI 7T, B R S (1)
EER26% . 2 S Z5(2003)%F 14 42398-3,105 m
PG I TR, B (800-1,700 m) 1R
A ZHEMEREST . 517%%Q2010) %R 5L
1,040-4,359 my [ () B 78t % IR AL ) ) 2 Fe 1
TEH BfE4(2,600 m)f fHr o 52 K AN (2012)%6) BT 1
ZR351,000-4,000 mifE & ¥ [ (1) /N B 2R AT TR
, it JE KT BOER (2,000-2,800 m) 4 il %2
FEMEIREE o BLIRTE RIS 1L HbE4500-1,900 m)
FX A, S8 2R E T
900-1,400 m gk B, %K By IE I & e U8
AR —— 7 AR L 1 4 ) T PR AR 23 A
A X, HHAED B EZNETIEN.

e U T 3 R VR ROV IR R I E R
WK o REB TR, KRl MR R Z 1Y
F B RHER B, WA R, SR
(Herpestes urva). %% (Sus scrofa). 7REE. /NEE.
JKJE . FRIEFA BL(Callosciurus erythraeus). ZLJHEK: W)
AR AEILESES . RS, FRARMAE. Ko,
B ARG R X D, LA SE . A
W B (Hystrix brachyura)2s 8 2% 32 5045 T 5 i
W, AR T o A AR B OB RS (Pterorhinus
sannio). £¢ 3 4> 1% (Chalcophaps indica). [ )& #4
(Emberiza tristrami)% — 265 47 N TARERZ (14
ol U] = B AT ARG IR X Ik, (R A 08 R s MR
W AR B g R B 3 AN PR B 1 T 1 K DA
VIR S TR BRI ER . SARER
BEVR Z RV R Y LA DX, o AR R i
P2 0] 2R I 22 53 R R BRI B e, TR
IR B 2 FE AT RESR B T b kN, B
AN TR HEAR A Y (R AR TR X el ], gk 2 it
B P E B o A R R, TAE X 7 |
B SR B i 2 B (1) 26 B /N (Colwell & Lees,

20234 |31 | 8# 122689 | 9T



KR T T LLAMAINLIIN () A< e [ 5K % 9 SR DR 7 X 5% B8 2 2 LTl EL ) AR (IR

2000). EHAFEIE TR 2 FELE PG IR B, A
FBUFR BRI REE Z R A K, 2R ERA 2
FERIRPRE, VLR 2R B R R AR ABL . L3
PORARACL, D rh i35 25 SRR RN ) i AR
P HOE R T 20 ra i (K B SRR AR R, =ik AR
R E AN B2 DL R AR RN ST R, W g
FEIE X I R AR R . D, BB
HEVR 5 SRR B2 AR A i R AR AL, (B8 )5
A S A R 2 b 7 B — P IRIE
3.3 FMERFPEREBBIXEEESHMERFR
VKt

B KT 5 3 EL A K 2 R TR A TR RS R IR
IMTERI, 2 R U DR DXV Rl P PR SR AN 2R
AR AAEI N A GHIX, HAe AT &
K, OFE: (D)) RILA ISR R LS T AR
JE R XA - A bules- 1R - )\ 1L —£R); ()
B ABAE [ B 23 KT L B3R A AN SR R IX (A I 2
JE-TEYTR - g —2k); BT AR KR T XI5 -
ALYT-1 20— 2o KRR R FLIH Tudig il X 21
WIFEFE L X2 S A A, RS RELAL
RAREE FPAE RIS ORI XA, (HBT IR LD X AR
TR DX TRV R R AR BTF 78 400 23 A1 A R ) O i 2
PEX I [R50 28 RS s AL 4R rh 72
Kafy, WA AES RaBoe B, BiEs)
Wkt BRIk BATERI RE R E
T PR 7 8 R 7R e — 7t A R ) O S 5 2
FEPERG R A X, SR IMTZ X SR AR TR D, Sz
DRAP XA ORGP b, [ I SRR S AR A R T ey T
o, RN RIS S B R, 4 )5
R Z I nsRiaiE, Ba v, ¥ KR ik
PHTE . B2, EORUERTIS FE R AR B e
BVERSERY b, rP R DN T B S SR )
LA E P BRSO R I E

CREEK, M ORI XY A &7 A
I B CAE R, (RS RGBT IR R 2% 5
By s, A RRERR IS QIR R . 4
XTEFAE SN DR B, DR IXCE B JR) B T I A AR
R A X EL 8RR RS, R
TRAP S5 DOR R JE S A5 HE o 5l PR X %
JEIA R R v R S AT T W AR A = W PR A T 7, A
FA IS [ XA P B R R T, BHEU: (HUY

ity HEE DA SR 2 DR B SR, InsRE
i V0 165 P SRR K SRR Rl e S AV S b PO BT 9 5 DR 7
()78 7 AL P A B A A B, 4ERE IR X
SEREI U 5 A TR BT, DL s SR
SR (A B, 24 5 U 1L B A )
MR 5, Q)AL Kl B2 B3R
T H 5 2 REPEHE RO R IR ZR, X TR SR LA
RN, G 2R OEA G (KR K, &
S e AT DHRERFOECUNG B &R
FIHAME . WREATN) MEEHRRGES fE.
E1E) VIR s . HAREYISSRESE i, Jf
PABESEE S —/MREEAE . B REAL AR AL K 2 SR A4
Yo RENE RS DN I 25 15 ORIV AR R

Bt Rt dh B RA A AR K A0 TR
WA, WER, K24 BB, EEN, #HF.
MRE B KRG AFETFINAE TR,
Bt RARFRMHARITIRE LGRS T.
ZH . ZRRBEIL HATHIE,
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Appendix 1
Nanling National Nature Reserve

https://www.biodiversity-science.net/fileup/PDF/2022689-1.pdf

I~ FEKERRBRRP X EERELIMENEE., TR S EHERE

Number of cameras, working days and photography of birds and mammals in each elevation section of the Guangdong

MisgR2 I REKRERRBRRIPROIMEVEEN AR ERE X R R

Appendix 2 List of mammal and bird species recorded by infrared cameras in Guangdong Nanling National Nature Reserve

https://www.biodiversity-science.net/fileup/PDF/2022689-2.pdf
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Appendix 3 Estimated species rarefaction curves with increased camera sites or years, including all species, mammals and birds

https://www.biodiversity-science.net/fileup/PDF/2022689-3.pdf
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Appendix 4 The Jaccard dissimilarity index and partition components of total animal communities in different years
https://www.biodiversity-science.net/fileup/PDF/2022689-4.pdf
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Appendix 5 The Jaccard dissimilarity index and partition components of total animal communities in different elevational site
https://www.biodiversity-science.net/fileup/PDF/2022689-5.pdf
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Appendix 6 The violin plots of the Bray-Curtis dissimilarity and its components and Jaccard dissimilarity and its components
between pairs of elevation ranges

https://www.biodiversity-science.net/fileup/PDF/2022689-6.pdf
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Appendix 7 Species richness patterns of mammals and birds predicted by MaxEnt model in Guangdong Nanling National Nature

Reserve
https://www.biodiversity-science.net/fileup/PDF/2022689-7.pdf
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Appendix 8 Photographs of mammals and birds recorded by infrared cameras in Guangdong Nanling National Nature Reserve
https://www.biodiversity-science.net/fileup/PDF/2022689-8.pdf
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ABSTRACT

Aims: Habitat fragmentation and loss caused by urbanization are important factors that threaten the survival of wildlife
globally. Urbanization has caused amphibians to become one of the most severely threatened groups of terrestrial
vertebrates. Studying the spatial distribution pattern and exploring how landscape connectivity affects the gene flow
among fragmented populations of amphibians in urban areas would provide a deeper understanding of the impacts of
urbanization on wildlife and offer theoretical guidance for local biodiversity conservation.

Methods: In this study, we selected the eastern golden frog (Pelophylax plancyi) as the primary research subject and
obtained landscape and environmental data about land cover, normalized difference vegetation index (NDVI) and land
surface temperature in the Shanghai region using Landsat-8 satellite images (http://www.gscloud.cn). Combined with
the data from field population survey, we employed the maximum entropy (MaxEnt) model to predict the spatial
distribution pattern of P. plancyi in the region. We evaluated the potential corridors and calculated the resistance
distances between local populations using circuit theory (Circuitscape), and explored the effect of geographical and
resistance distance on genetic differentiation among local populations using the Mantel test of each local populations
based on the genetic distance (Fsr) matrices calculated from simple sequence repeat (SSR) and single nucleotide
polymorphism (SNP).

Results: The habitat suitability of P. plancyi significantly decreased along the rural-to-urban gradient. NDVI was the
main factor affecting the MaxEnt modelling and indicated that the P. plancyi prefer to inhabit areas with higher
vegetation coverage. There was no significant correlation between genetic distance and geographical distance, while
genetic distance increased significantly with the resistance distance.

Conclusions: The protection and maintenance of continuous suitable habitats in suburbs and isolated habitat patches in
urban areas that still exist is the primary measure of conservation for native amphibians such as P. plancyi. Furthermore,
optimizing urban landscape structure, strengthening the construction of corridors suitable for various groups of wildlife,
and promoting the gene exchange among local populations are effective methods to achieve the self-sustainment of
populations and long-term conservation of biodiversity in urbanized areas.

K ey wor ds; urbanization; MaxEnt; circuit theory; isolation by resistance; Pelophylax plancyi; Shanghai
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g AE 9t FE A = K3k T (United Nations,
2019), &8 1 IR0 il IR i AL AR . IRt 2
PR RN A AP ) =E B FE(Zhao et al, 2006).
FREEHE (Zhang et al, 2016)F1%%[E] 4 4ii(Diao et al,
2022), XEHRAEMZFEMRY BON T EigAESIR
TS EE PN AR e — . R IX A
A 31 40 A 20 TH 22 804 AR T 25 21 1 11 (3 11— 4%,
1980) 8L Ikt A [ s Fp©,  HLBLTE P P Fb i) =
& 2 B 5T KT 2 3 A 9% (Zhang et al,
2016). SR, 1%L P A Fh 0 RE Ak 23 (8] 23 AT A% SR
DA B 388 77 A 0T 796 A S 40 P 43 A R %) 5 T AL 1)
HIMASBAR . 42801 %8 i (Pelophylax plancyi)2& L
WIAES AR LR P SR 2 o fmis)
%, 33 B A S eI T R R A ) 3 AT B
B M FRAEMFR 2 — o WeiZF(2020) %] 4 2R (] #5iE

@© b R AN R U B R (2018) b i T O T R A )
(2017-20354F).

T (2019) 1T 2 0 R A 28 43 AT B L BT B T AL 5t
AR, ERITERS, L.
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FIFPRE AL AT OB, G Z MR/ X 3R
P &2 AL Ak, XA I A R 5 L
OB AR B B — B ALk, ASWETELL E
e X e 2 AR ], $RTT: (1)L EAE
TR A (R A A% R S I R 3R (2) o
E A S0 L 75 /N Aol A A A RORN 28 ERL A2 9 11 5
Wi, DA T A2 2 e A2 DR A A 2 2 TRl 2
BRARL AR 51T L

11 xR

T (120°51-122°12" E, 30°40'-31°53" N)Hi
AEAYT NI, Flith S [ #4634,100 ha, FZHNPPR
SR, EB A X A I N AR AR A R R A, T
YIM4R4 m, EIR18.1°C, /K E1,388.2 mm
(BT SR, 2022). T HZKPIE AR, 2021421
A ~171,215.2 ha, FRMRE G Z19.4% (LT 4
1T, 2022).

T A N 102,489 75 (BT St A,
2022). bR A SR A2 DL RV P 5 B/ X
BCABATIR T o (B, 1987) AN DU JE 4
KT B BBl )2 45 1 (Kuang et al, 2014)PL AN [ B g
X", o, AMIRESLLL P X 35(£966,400 ha) A
i R A (5 EE80.95%, A H# 41230 A/ha (-
WG R, 2022), A& LEE T ALK B ) X
o EHPIR i SR 1 B SR vk B T8 AT A0 XA,
H 201 2290 A5 S, i Ak AR P R R, T
TE G 3, 1 3 % A0 ) (19 328 % DX 45 N A SR A2 AR MK
AEBRGNTETED) Wei:(2020) R4 I (1)1 F
WA E A A, TEAN ) X 4k P 1 SRR L, B
T A M X3 T 3 R T PR A B4 e B A A R T
oM SRR, IXP P JE A b it X 4 2]
R P R A 5 M D8 A T R 3 R AR B S
RN (Wei et al, 2020). Kt ASHTF 72 F F Wei%%:(2020)
WEMISAREE (B, FELCRFE R AL, 1R
2 km it Bl N 19 IX Sk AT BT A B RRFE TAE . ax i
KSR E AN NHART 10 ha AR HA 7K R
OB B T S, A6 AR AL T i AR L B0
FFRBEF 2 b

@ b iy R R SR R (2018) I T T A R Kl
(2017-20354F).

>z

0 10km
| E—

o KFEA Sampling site
B .0 X Central urban area
[ 3E%% Suburb
[ | %R Outer suburb
I Y338 Sea area

LX

Bl LigXes@E1s M RESSME. CP: LR
[, BG: LiBEYIE, GQ: £FERMLE, CS: RILEMIME,
SN: MERBEF NG, PI: SHEILIBHAE; XY: FREA,
WG: BZRAE, IB: ZILIBEFAE; OX: FAMPEFLME,;
LX: BTMHFAE; BF: HEMHF AR, LG RCIEEH
B, PS KHBEAE, CJ: RAABMRKE.

Fig. 1 The map of 15 sampling sites of Pelophylax plancyi in
Shanghai. CP, Century Park; BG, Shanghai Botanical Garden;
GQ, Gongqing Forest Park; CS, Chenshan Botanical Garden;
SN, Songnan Country Park; PJ, Pujiang Country Park; XY,
Fengxian Xiangyang Village; WG, Pudong Wuzao Port; JB,
Jiabei Country Park; QX, Qingxi Country Park; LX, Langxia
Country Park; BF, Bay Country Park; LG, Nanhui Lingang
New City; PS, Changxing Island Panshi Town; CJ, Chongming
Island Chenjia Town.

1.2 SL%MEBESHEIERALIRARE

JF AR 7T 0 B A A TR RS2 = K
1T i XS S0 H, @Rk b
I X S 2R MRS AT PR A . 0 T & 3T A
gk, T SEhRmE AN T 1 km®, BEHLE R
BEUAFE A, W TTE KA R 26 % K200 mi
2k, i A 18] E A ST RAE IR R, AT RAH AR
FELRH (] FE> 200 mo XT38 8 A, B -F IR,
DL L km x 1 kmfRIR08%, BEASPIRSAE 14N
BT, AR ERIB A AL AR
BRI, DRI S — N KRG T3 55 i o,
WHE 146200 mKAIRELL . 201 74E5-8 F, FEAM 7T
TE T LSASRFE SR 104 RFF L 150 B 12945 FE 28,
AL £ 1) 4 2 0 #E EE 23 AT 55 GPS AL bR U d 3 165%%,
FEEE +5m (K1), 20174E5-8 H F120184F5-8H, 7E
A FE V78 I 1SN KA A R A 13 31 40 2l A4t
140743 (K1) A TR AR A](19:3022 X H 1:00)
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#1 BTSN E&MBEERESESRAMHS FIRCERINEAER

Table 1 The detail information of 15 sampling sites and sample sizes of the two types of molecular markers for Pelophylax plancyi

in Shanghai

PREI= G347 X 5k WK AEBEE  GPSAREL FEAE(H) Sampling size

Sampling site Region Eijergra:eization i’/{gji?n o gllgglber of R
e o osttions AYBEREA gUMRREA
suitability Samples for_ Sampl_es for SNP

SSR analysis analysis

th4d Al Century Park (CP) Fua X Central urban area  0.734 0.236 15 32 10

g YIE Shanghai Botanical Garden (BG) Fu X Central urban area  0.773 0.147 10 28 10

HEMRM AR Gongging Forest Park (GQ) F0 X Central urban area 0.705 0.135 7 16 10

J1AE#hE Chenshan Botanical Garden (CS)  i#£%F Suburb 0.393 0.472 = 36 10

FARIZBETAE Songnan Country Park (SN) J5% Suburb 0.371 0.417 34 35 10

TR EF A Pujiang Country Park (PJ) 140 Suburb 0.469 0.526 12 15 10

Z=B5 mBHAT Fengxian Xiangyang Village (XY) iT4% Suburb 0412 0.372 - 25 10

T4 TiktH#E Pudong Wuzao Port (WG) JEZB Suburb 0.489 0.410 - 34 10

=ALAFEF A Jiabei Country Park (JB) JZE5Y Outer suburb 0.530 0.455 14 17 10

FHIAFE A Qingxi Country Park (QX) JZERE Outer suburb 0.217 0.469 31 33 10

JEE R 5% 8 /2 [ Langxia Country Park (LX) iZE&B Outer suburb 0.313 0.463 25 39 10

A ZRE A @ Bay Country Park (BF) B Outer suburb 0.262 0.519 3 11 10

VIR HTIR Nanhui Lingang New City (LG)  34% Outer suburb 0.530 0.353 - 28 10

KM% Changxing Island Panshi Town 4B Outer suburb 0.085 0.280 14 30 10

(%[E))ﬂ HMRZE Chongming Island Chenjia Town 4 Outer suburb 0.570 0.281 - 28 10

n

Mt Total 165 407 150

SSR, simple sequence repeat; SNP, Single nucleotide polymorphism.

BEAT, BN IR LN T ke/h (935 B 25 4T
(Zhang et al, 2016), BT HEAH T, HiEE
LRMRGIEA R, BY RS SR A G 0 . 2R
KB TF15%ARTE . AR RE A TAE T R et
IR RS A MC B RS R W B (B 5
AM20200201), 52 F B P
1.3 HIBE2HE

AHE 5L 3% FH120174E8 A 24 H Landsat 8 L #115%
SRHL P Level 1T LE AL, Hl5 NLC811803
82017236LGNOOFILC81180392017236LGN00. T &
GBI B HERE N30 m x 30 my &< 1%,
TR A B RIE T ER B E LN 21 B
R 3 23 (A $ e = °F & (http://www.gscloud.cn).
14 HIELE
141 SNBSS S8R

Doz A s 2% (8] [ AH S T &5 SR s, A
W 5% A1 F ArcGIS  10.2 (ESRI)AE %25 1) 7> 5 R N
30m x 30 mff) M (fishnet) B3, Xtk T [F— M
(I Z2AN o0 AT p, 3 e B 35 P9 A% o B 3 R 1 40

i 5, (Ward, 2007).
0 () 70 A R B
142 FEFHIE

Wei%5(2020)F) F 75 g b X 154 K AE S 1)
SRR 4= E407 43 FF &b 73 79 $2 B 13/l I 2 (simple
sequence repeat, SSR)f7 sz (1) RN, XA
FF it A BE N E 1 5040 ZH 2R AR (R AN SRAF ri BE LA
W10 bRA), 28 P 3R4571,910 H A%
TR % 25 1% (single nucleotide polymorphism, SNP)fiz
Ri(#1). MFHARLEQUIN 3.5 (Excoffier et al, 2007)
Fliveftools 0.1.17 (Danecek et al, 2011)%3 /%% FSSR
FISNPHE AR TH 525 SRAT R4 Ze (48 e b 7 /N P e
(A B Is AL A R E(Fsr) (B3 1), FFHFs(1 — Fsp)
X Far B #EAT AL AL B (Rousset, 1997). Tk,
LA BN K/ NFREE R 73 0 F FsrflFsr/(1 — Fer) TR
PR ZH A I R
143 IMRES

PR 20470 B A S 368 7K A A R o A BR
B 2R, TR A P AT Bl AR AT S e ) S 1
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JREMAR S ER . CHREM T IR, Hh3&
HRAY, HhARIGRE . M FE S R P AR B A I AR
7 BAEEF(Zhang et al, 2016; Li et al, 2018;
Yang et al, 2022). N 7 SRAFHIE F0H XA KRI85 K] 1
s, IRATE M AHENVI 5.2 (ESRIYX BT 147 18
PREFBI BT E bR KRIE To88E K.

W58 DX e BY A5 Pl B AR . SRR SIS REH
% (iterative self-organizing data analysis techniques
algorithm, ISODATA; X-15xt %%, 2014) ¥ 5t X I,
() R R SRR 3 g 7 A R K R Ve o U
ME. orHh, ARHL. B, Ni&EHER. O R K
o AT RS TRV AT M 25 B S O 5k 4
2014) . BE4h, fFHH — 10 48 20 (normalized
difference vegetation index, NDVI) /Bt ELAA& [X 35 1]
TR 75 %, NDVIHH LA RN

NDVI = (NIR — Red) / (NIR + Red) (1)
Horh, NIRFRILZLAME B SE, Redi 20 (B
FR) S ARHE (B A%, 2014) .
15 BE=ZESmER

HH T B AN A 0 75 R B b X 4 X 5,
BE A R B K@ A% 7 (MaxEnt 3.4.1; Phillips et al,
2006), F T TR R AQ H0HE RN 4 2 00 48 dek b 1 A
B, OO A b X < e U e 11 9 A 2 [
Ak SR o RIS F Lt R PSS AL (TR R 2R AY) | Hh
i L - NDVIE A A &, FENLIEIT5%IK)
Toh A R 7 0% P 4 e A 8 ek 20 A i A I 2R 88
TR, ol AR 25% )50 A AR S E S T
RUBSIE . RHABR DA ERIEH 10K, KRS
BRHARFHNKE, DUSHE 10 B 5 E
VEN b g b X 5 AN ARG Uk (1) 98 72 25 1] 3 AT A =y o 3
711k (Jackknife) 73 A1 &5 AN A8 B <5 20 0048 ek 7
TEZ A o A e B B2V, A8 32 4 A R A1k b
2 (receiver operating characteristic curve, ROC) | [
[ #1E (area under the curve, AUC)HBEAT AL A %L
PPN 0.6-0.74%8%; 0.7-0.8 83—k 0.8-0.9H
R1F; 0.9-1.0 9875 (Swets, 1988).
1.6 HIRFEEFPE SRR

CA RS R, PRSI R SRy #E
BEEZAE2 kmPAN(Smith & Green, 2005), AIHIRIHH
FUAR R I b b [X 2 ke 22 4570 Bl Y FR S5O0 465 44 o)
PP B P A T B AN 22 A5 B IR 2 RS TR

(Zhang et al, 2016). K, AR F0HE AREASKAE SN
S ERNE ¥ 20 km?ﬁ.WE’JFﬁﬁ 2R MR R VA 7E 1
AT NFR R . JE I ArcGISTHE 1S 21 W5 99 R AE A
2 (8] I BR 20 FE 25 (Euclidean distance); Kf MaxEnt#&
RUREA T 45 b g i [X < 28 0 48 ek AF B30 H A (0-1)
U ELALFE (Wang et al, 2013), 15 2IAEBE Y BUH
{f . f# FCircuitscape 4.0 (McRae & Beier, 2007), i%
P 3 (pairwise mode), FLASHCEK B IAE,
TH AR B 7 /N Fe 3 T (%) BEL 77 B 2 R o A e
PRATHLIE . AT B AT LI R R 4 e M e
1E B B N R R BURIE, RLE R R, R

Fy B T etk OR, 2 XA A UG SE (T
CIALRIEY PN

17 EREEESHEHHKEZERIEXME

N2 oy B b i X < e 0 A e A 0
B 5K A5 &R, FATH% B Zhang 2%
(2016) I 77V2, 18 FH ArcGIS 73 1l A 154N ke (1)
e B, AR T AN ESL2 kmAEAR
Xk, T A R E R, tHREZIX A A
MO 5 EE, FISRARTR A%/ N A BT 7G5 1 ) 3k T
WK (Lin et al, 2020), AR, 3% XM
TRk S o [RIN{8 FH ArcGISHR U [X 45 4 4 2k
B e P A i BB TSR ME, DRSS B
A B0 DR /I 765 58 G /0N T T A A U ) R AR i
FLMEAKCE, X AZ BB OR, A S i A K
PR S . 7ER 4.1.3 (https://www.r-project.org/) 1 X %
i 77 /N Fo B 1) A B S AE S 3T A K P R AT
PearsonfH %537 -
1.8 75/ pEfiEAIPRESIREY

f# FHRFEFF flade4 1.7-20 (Dray & Dufour, 2007)
XFSSR. SNPIX W F 73 §-Fric TH A5 2 1 15 75
/0N B ] PR 388 A BE B B 5 I =X R B R R i
Circuitscape 11 5 15 21| 1 BH 77 85 &5 H5 K5 43 79 i3t 47
Mantel 1 < PEA 6 (Mantel, 1967), #7807 /N
(1) 352 A% 43 A 7K 2 75 44 - R 25 B 25 A5 2 (isolation
by distance, IBD; Wright, 1943)5} H 77 & 25 & 7Y
(isolation by resistance, IBR; McRae, 2006).

21 LEiBthXe%MEEBETB S HIEE
MaxEntA AR 40 By 45 4 28 00 48 ek 78 78 25 18]
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7\ A7 [ £ (1212) I 25 45 F 9 AUCHE %90.911 + 0.006
0 10km  (mean x SD), ULHIRIARITIR RIS, T AT Fii

iﬁggﬁbﬂiw el L X L MR K W A . TR TR 151K
ml P R B E B S 0 T A KT 2 TR 2 2 U

K(r=-0.610,P=0.016; 1),
FEAL FH I3 AR5 AR ([ 2x2) , NDVIDR A2
(R 7T 43 b DTk e K (51.833% £ 9.136%) . JI VA
U4k AR, B FINDVIAS &, I g
(training gain) % 51(0.924 + 0.080), 3 Fi| KA
(0.904 + 0.058)/Kk ., HiFKHE(0.887 + 0.023)i 1K
(F13a). 42 MIFEE 1) H IUME 22 BE 45 NDVIE (1) 34 0
i EFH(EI3b); 76 Tt R 2R B e 45 b, AR Al
2 ML B0 TN AL SR A8 de v, BB AR MBI 2, N
IEHFR L YRR TN 1 R i A I TR A
S A IKT0.5 (Bl3c); BEA IR T, I
B 2 T o ion of Pelophylax plancy B, 51 eI 2E35°C 2 A1 Hh UM%

in Shanghai A BIEE(K3d).
A G a5 m AR — WA R 2k
@ u %iﬁl%;l%ﬁ " vxvﬁzt}t am %ﬁ)ﬁﬁfﬁ}{ﬁ ®) S]t_andard deviation Mean re_s[bonse curve
variable variable variables 10F

B A a5
Normalized difference
vegetation index

0.9
0.8

A PR 0.7+
Land use type 0.6
o 0.5
Surface temperature 0.4

It
w

0.90 0.95 1.00 1.05 1.10 1.15 1.20 1.25 1.30
TEN4LYI 25125 Regularized training gain

e
5]
LI B N B B

TIIHEZR Predicted probability

0.1
0 C 1 1 1 1 1 1 1 1 1 1 1
© WARERE W ERERE(-) W ~03-02-01 0 01 02 03 04 0.5 06 0.7
Standard deviation Standard deviation Mean response IH—AL A B TR B Normalized difference vegetation index
2 1.0
g 09 ) mbWfERZE _ FHmanhs
S 0.8+ Standard deviation Mean response curve
=
I z
< g'z i = 08|
g0 207t
9 051 [
E 0al _g- 0.6
8ol g 057
§ 02} B 04r
: A 03
B oo1r ol
L = I
S & > = r
@%ﬁé@:@i& o‘o\§ 0&6 &\‘&.&‘%%‘;00 %(*‘@‘b;b@ 5 0 C 1 L I 1 1 1 1 1 1 1 1 1 1 1
Tt & ﬂ;{%‘f,&%@“ ~5 0 5 10 15 20 25 30 35 40 45 50 55 60 65
N \%&@ £ ysé@ .@Q@i{;&@ H1FE IR Surface temperature ('C)
+ ] FZE 5 Land use type

B3  IMERE T &L MIFBEEE L 2 75 B9FERT SRS (a) K R Rz [E (b—d)
Fig. 3 Schematic diagram of the contribution rate of environmental factors to the potential distribution of Pelophylax plancyi (a)
and the response of environmental factors to the potential distribution (b—d)
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22 WHEMEWERM

EE AR b, TS A0 FR AT S M 7E P A A - Ko
YU AR (), R A e I SO i Current value —

-—14.059

Mo Hb 7 /N Fh B 18] 1R B 7 BE 25T 39 N 9.661 £
4.654, Horh, AT A28 0 R LA A B (CS) R e 46
5 7 el (SN P it /N TR BHL 77 PE B9 8 /M (3.223) 0 fir
T 3R X AR AR A [ (GQ) Rl A T iz KB ) 42
B 5 R SRR (C) P 1l /N [T BEL 1 9 e K (21.914)
(#2).
23 HE /R EREERR

3T SSRHISNP 43T ¥4 ) Fsr Ml Fs/(1-F ) 43
A A3 A B B 4R AR Y Mantel K6 56 45 5 (6 3) % 9
K B 2 R R 8 A 8 B 2 1) R AR R B
A DG 17 BH 7 2 25 R B2 AR 3k A B2 ]

WAE R FHMIEM 2, 3% 10 FE B e 6 BH 185 25 El4 LEiX e 5B s RE

t Fig. 4 The disperse path map of Pelophylax plancyi in
LR PNIER Shanghai based on current flows

#2151 E&MBES DR ENRRESRR(ET)RENESRR(EL)

Table 2 Pairwise Euclidean distance (below diagonal) and resistance distance (above diagonal) between 15 local populations of
Pelophylax plancyi

CP BG GQ CS SN PJ XY WG JB QX LX BF LG PS CJ

Cp - 8921 10.583 7.182 6970 7395 7.299 5691 8779 8835 7912 6.766 6943 12.184 19.107
BG 13.092 - 13.819 7.759 7.633 8225 8.681 7.829 9.858 9.460 8.627 8260 8816 14.709 21.486
GQ 11.502 21.893 - 11.321 11.353 12.329 12.160 10.787 11.826 13.005 12.284 11.578 11.779 14.775 21.914
CS 38.632 26.020 44.400 -— 3223 6.173 6.094 5651 5873 4.033 4.085 5543 6352 12.049 18.753
SN 38.143 25329 47.017 14.861 5.695 5540 5228 6.495 4.721 3481 4975 5877 12.014 18.738
PJ 20.314 13.272 31.584 30.861 23.018 — 5935 5435 8586 7.787 6.666 5.698 6356 12952 19.726
XY 30.711 27.821 42.069 43910 32.645 15.007 - 4.826 8526 7.674 6447 4485 5339 12.598 19.361
WG 18.445 22.859 28.488 46.662 39.897 16.884 16.375 — 7.768 7261 6.154 4269 4300 11.210 18.016
JB 38.090 34.177 34380 32.553 45.087 46.981 61.885 55283 - 7.615 7402 7972 8546 12.503 19.053
QX 55905 43.777 60.139 18.119 29.195 48.796 61.102 64.778 38.533 - 5428 7115 7.946 13715 20.421
LX 60.891 48251 69.988 31.233 22971 43.667 48.216 59.805 63.727 33378 — 5.858 6.782 12937 19.659
BF 41.736 40.070 52.729 55.036 42.461 27280 12290 24.799 74.170 71.550 54.098 — 4.068 11.904 18.654
LG 40.987 46.146 49.087 68.159 58.566 37.302 26.395 23480 78.639 86.020 74.354 22382 - 11.801 18.530
PS 24212 36.120 14.477 58.697 61.387 44372 52475 36.883 43.953 73.881 84346 61.639 52.830 - 13.680
CJ 39.235 51.594 30.122 74281 76911 58910 65.210 48951 56.961 §89.118 99.844 72958 60.178 15.649 -

Ho T /NP AR 51 W3R 1. The abbreviation of local populations corresponds to Table 1.

*3 BERERAUMENREEEREAMante @1 HIE

Table 3 Mantel test for isolation by distance and isolation by resistance

7% [A] PE BY Fsr Fsi/(1-Fsr)

Spatial distance SSR SNP 3SR SNP
FRIGEE S Euclidean distance 0.030 0.005 0.031 0.005
BH /7HE 2 Resistance distance 0.593** 0.420* 0.598*%* 0.419*

SSR: TR A ml; SNP: HUZE IR Z SR A1 For UG RE RNEAHEINrEH. * P<0.05;** P<0.01.
SSR, Simple sequence repeat; SNP, Single nucleotide polymorphism; Fsr, Coefficient of inheritance differentiation. The table shows r values of
Mantel test. * P <0.05; ** P<0.01.
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WA S AR 52 i i R FEE e v 1D i A 8 HE )
Yy, H 41% ¥ MR Ak T 52 B IR Z (threatened,
TUCN, 2021), 1My 3k 17 4 e Ja o e A 47 1 e 32 2 1A
# 2 —(Hamer & McDonnell, 2008). #HE T & 35H0
AL (Magle et al, 2012), XFIHTHILE 5 T S
Y B 5 A 28 BE = (Hamer & McDonnell, 2008;
Magle et al, 2012). S5UCIER, BRI A0 10 52 B
Jil R PR AR SR ) P e, 80% 73 AT 1E A FINE 4 1) &
J& A B K A X (Hamer & McDonnell, 2008), T
WS 38 1T A2 2 2 F 9 22 A vh T i AR TR R R
1A [E %K (Botzat et al, 2016; Johnson & Munshi-South,
2017)e 53— 7710, A JEHE SRIHIX A& 4 R AR SR

7 1L X AT 30 9 (0 3R T A S S X A Bk AT 2R
W2 R R B AN 2 2 (Hamer &
McDonnell, 2008). i A #r X, 15N IETE
22 I3 v A T A R R AR M T, A FRATTAE 7T
AT 50T PR EN 3R 4 T BRAR A F 70 X 5k
g DLERIR B % A SR AT Ik T Ak, A
SEREIA T O3 X — I X8 —3z 2B 48 T A B (Kuang
et al, 2014). _F3fgHh X 4 2 O A8 EE f) A= 35558 B 1k Pl
F I A T T B2 R R, E I v R S A
KB4 IS K AR R IE (Lin et al, 2020).
N o5 b R R 7 o (S DX, 3T A B 2
N AT He i R IR = iA43°C (K2, EI3), ANFITF 4
LRAMFE IR (AR AF o 3T Al it 250 ARG S 1
Hh ) FH 2 3 DL R A 5% DX 0 AR R AR A R 5
BR] 25505 PR AR Sl 0 1 53 A 72 A2 5200 (Yang et al, 2022).
KRS T A S P I A A7 R T B oG B, {H R I
A6 FT A 2B (1 7K A 35 AT DAAE S I R IR0 A
S N, FEE S X TR L. b
FEVUERATE (L AR AT A 2R T S5 KRR AR R
T R MR AR AR (E2) . R, IR
I AR AT OR A 0 433 B T A B ) AR A O B b
o AWFFCRIN, MMESEE R REE3SCAEL
(140 7N TR 7K 358 T 3 T 4 R N R e ) A A7 (B13d) . E
[ K HR A I T R, PR AN st i) o B2 BT Zh 4
(=& FE AN AT PP A B RE M (Lin et al, 2020). g
PIPR Gt X R S5 R IO S A, FEARTT . GRH A7 AE

N TRAR T 3K — 45 K A T 5 A 4 % O A e )
EAFTRE . NBUKARRERE NN NS 1 & B AR
TFRIBRAESE™ . Biltn, S Re /N KA 0 4 7 5
B A6 R T 4 22 0 45 ek Fh B 1 4E 48 (Zhang et al,
2016). b4, TS 2R MRE T T4 S K R B A
r FEARA I, B B A IRIY Bee ) AT R 38
N3 1 3R 55 AT J2 b B RN o I FRR TR
I, ESRTA AR R X 8k, Wi AR, Gk
LI T N SL SR HATY SR B VT R R 3 BB A B AR
TERIHR RAT 2 1 o
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Species diversity and recommended rehabilitative strategies of benthic
macr oinvertebrate in the Chishui River, atributary of the Upper Yangtze River
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ABSTRACT

Aims. The Chishui River basin in the upper reaches of the Yangtze River harbors a rich array of macroinvertebrate
diversity. While the area’s importance has been acknowledged and is included in the National Rare and Endemic Fish
Nature Reserve, our understanding of its macroinvertebrate diversity and dynamics remains limited. Importantly,
continuous, seasonal macroinvertebrate surveys of the entire Chishui River basin have not been undertaken. To address
this shortcoming, we conducted a comprehensive analysis of species diversity in this system and updated the species list
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based on the combined datasets of 2019-2021 seasonal investigations.

Methods: Macroinvertebrates were sampled from the main stream and tributaries in autumn (October 2019), winter
(December 2019), summer (July 2020) and spring (March 2021). One-way ANOVA was used to examine the
differences of abundance, biomass and ecological indices between different reaches and different seasons. Principal
co-ordinates analysis (PCoA) and PERMANOVA were adopted to test the variation of community structures among
different reaches and seasons. Redundancy analysis was applied to identify the key environmental factors and spatial
factors that significantly influence the community structure of macroinvertebrates. The potential drivers of observed
community patterns and proposed protective strategies and actions were subsequently identified.

Results: A total of 209 species of 186 genera and 86 families in 22 orders and 5 phyla were recorded with the
exclusively dominant species being aquatic insects: Ephemera sp., Heptagenia sp., Polamanthus sp., Baetis sp.,
Naucoridae sp. and Polypedilum sp. Indexes of species richness, abundance and measures of diversity (Shannon-Wiener
diversity index, Simpson dominance index, Pielou evenness index) revealed substantial spatial-temporal differences,
with the largest in spring and in the upstream region. PCoA showed that the macroinvertebrate community structure
varied significantly between seasons and sections of the river. Redundancy analysis (RDA) showed that five
environmental (substrate, altitude, velocity, dissolved oxygen, NH,"-N) and four large-scale spatial factors (PCNMI,
PCNM2, PCNM3, PCNM6) were the key drivers underpinning community variation. Variation partitioning analysis
indicated that environmental filtering had a stronger effect on community variation than spatial structuring.

Conclusion: To rehabilitate and protect the river’s macroinvertebrate diversity, we recommend the implementation of
multiple protective strategies and preventive actions. These include at the very least, the introduction of a ten-year
fishing ban, continuous afforestation practices, and regulation of illegal mining and liquor-making industries to promote
recovery of the natural hydrological rhythm and riparian zones. State-of-the-art methods to prevent and control invasive
alien species, and the establishment of effective prediction and risk evaluation mechanisms are also recommended.

Key words. Chishui River; macrobenthos; community structure; biodiversity; redundancy analysis
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ANTRI A B A S RV 4 . BB R T 2%
oy M #E SPSS 26.0 W 58 B, F AR Ax g Hr A
PERMANOV A%} 5l FIR 1% 5 peoafs /7 2 fllveganfi
Fr A 1 R E PERMANOV A 5E i o

F|FIndVal$g%{(index of valuation)iZE1T$8 7~ %
TR A T THERZKIT By s TR A B
PIRIHRS A, EEAR s HEA SRR
AN ENA B FR 2R . FRNE SR DZ A E R
SET B A, HAE IR B 45 4 R i
FEAE . VIR RSB T EAERIE 5 Tl HlabdsviE /76
) BE B “indval SE B (Robert, 2016). $8 7518 ) 5. 2
EREBNN=RIY T

K H = %l 48 #E % (principal coordinates of

neighbor matrices, PCNM)K & & A% £ ] (1) 7% [H] 22
= (Borcard & Legendre, 2002), 1% 7k 3T % F¢
M AR bR AL, THE W 2 R R A 2 IE
HAH IR AR AR, P RR AR A 1 2 ) A 5 oK i R
I HCE BE LI R 51 AL I R VA AR Ak o HEIRE A 8] IE H
IR IIPCNMAZ 5 244>, X 48748 B 4 W F 1 Jm 4
(3 A o Hor, 3 BORRFIEAE I PCNM AR & (1
PCNM DA R RE 2 E 72, A BN A
[{IPCNMZE & (UTPCNM24) A% 2 /N R 1) 23 [ 3k
. PCNM 7 #T fER 1 5 i H vegan 2 J5° €1 1 )
penm() bR £ LI

iz R AR Ry J7 A iR AR B (A B R 1
A7 ) PR] 1) R i AR (RS AV 3 ) v 2 H) ] 1Y
KFRo HIRIRKIERAR SR & R AT R 5y
Xt M43 M7 (detrended correspondence analysis, DCA),
A KRB, 45 R R 4 1 5 R (gradient
length < 3 standard units) 5 i& & #E V& S5 A EL R F %
AR BT, AW 5K H U AR 48 BT (redundancy
analysis, RDA) (Leps & Smilauer, 2003). A /it 5
Mr, BB BRI AT 1g(x + DAL SIFs B A R =
FAE(r > 0.80) S 2K K] F(inflation factor) K208
LR, R IAE 3 AT b B AR AR A P b R AL
DCAFIRDA %3 #7 7ECanoco for Windows 5.0 5¢ i »

FI I J5 % 43 fif (variation partitioning, VPA)4> %l
PRI [R] R0 25 ] ER] 5% Mg 12 A 2 (B 7% 425 440 ) P T iR
KA o B SR IR AR SRV 2 R ] ) A2 S
BAE—ANEAE, I TOAR 7 Bl VR AL 3 3 RN
AANERSY B IREE DR AR ()38 5+ 48 ) R 1 R
(R 53 PG DR A0 22 ) R S [ AR 1 3408 40 R oK
i a1 S 0 S I /8 Y o VS T O
JE AR AR RS R X N AR IER? (adjust RO)MEATPE
K B 72 5 W B UK 45 R4 1) IRl R (Peres-Neto et al,
2006). Ji 75 fRAERTE F i vegan 2 5 L i
varpart B 2 SE I

2.1 IMEETFHHE

FRZ T Z i 4 R R, KR - ISR -1
W KRS R B SRR EIREL HRE
AL IE 7 H1 /7 (oxidation-reduction potential, ORP)
fE BN 25 (P < 0.05) (K1), M L

20234F | 3195 |8 | 22674 | H4TT
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F=1 PRI ELA R INE E FRSEMREE
Table 1

Mean value and standard deviation of local environmental variables in the Chishui River

_E3i% Upstream Y Midstream R Downstream  F P
& Channel width (m) 36.07 £21.55 77.69 +51.53 193.80 £43.15 18.869 <0.001*
YiL# Current velocity (m/s) 1.04 +0.39 1.32+0.78 0.70 £ 0.60 2.795 0.074
7K Water depth (m) 0.26 £0.21 0.36 £0.14 0.63 +£0.59 5.434 0.009*
R Altitude (m) 920.55 +463.32 314.68 = 51.60 213.55+7.93 46.367 <0.001*
KA Boulder (%) 0.57+0.18 0.31£0.37 0.01+0.03 16.172 <0.001*
YUF Pebble (%) 0.34+0.89 0.04 £ 0.04 0.01 +0.03 6.319 0.004*
¥ Grit (%) 0.46 +0.13 0.25+0.23 0.19 £ 0.38 6.036 0.005*
AR Silt (%) 0.21+0.18 0.62 +0.41 0.89 +0.22 14.465 <0.001*
#%, Ammonia nitrogen (mg/L) 0.19 +0.06 021+0.12 0.19+£0.07 0.262 0.771
KM% Total nitrogen (mg/L) 3.65+0.85 3.24+0.19 2.71+£0.59 3.952 0.028*
S Total phosphate (mg/L) 0.05 + 0.02 0.06 + 0.02 0.05 +0.01 0.319 0.729
AR R EEFE 2 CODyy (mg/L) 1.78 £0.39 2.91+0.78 3.58+0.74 24.169 <0.001*
L% Conductivity (uS/cm) 447.43 £ 164.49 590.49 + 34.42 402.01 +193.23 2.664 0.083
4 Dissolved oxygen (mg/L) 15.08 = 1.68 13.50 +£0.75 12.03 + 1.76 9.309 <0.001*
pH 7.96 +0.41 8.04 £0.11 7.95 +0.07 0.358 0.701
FMIE R AL Oxidation-reduction potential (mV) — 73.32 +31.37 38.95+20.36 42.79 £21.34 5.273 <0.001*
*P<0.05

IR, B KGR SRR B e A S Ik s 5

L“m‘?ﬁ?LUE JRJT LKA R T, B # A S5 ORPEL
o HUNUREIR TN 2 b AN, i A T

Eﬁﬁﬂﬁx, U R PR R A R

2.2 YFhEERRANLEH

2019202110 A BN M) 3L 2094, S J& T-5
1194922 H 861186 JE209FH . H A Ze LA 11150,
JRTESI IR, s IT16F, BARSPIT15
i, S EETI1768 (E2).

IR KR 4 38R B P T 1) - 1) B R AR
W4 51951631 ind./m*A113.26 g/m”. Ao #
Fh Ok &% i J& — Fh (Ephemera sp.) . i I J& — Fib
(Heptagenia sp.). i {E8F & —#f(Polamanthus sp.).
Y57 —Fh(Baetis sp.)~ 7B /KIERI—Fl(Naucoridae
sp.)s £ 2 REIUE — M (Polypedilumsp.).

23 HEMZ=HMEE

AP E LR TR, IR A SR A R 2%
15 AN [EH] B R B VR AR R EOR . AR FE AR
PR KA R R (F2). H, PUAEEE—FhE4
ANZRFE R N S0 & —F (Hydropsyche
sp.)~ i % J& — MR 2 R REIUE — FhIR 2 2 AN AL
IR, FZ= L H LA W LT 8 — M, B2
FIAR AR IE A 2E 7 7K 2245] (Limnodrilus hoffmeisteri);
KB A MIE BIE LT B —Fh(Baetidlasp.) %
% J& — M (Habrophlebiodes sp.) . /NI J& — Fib
(Ephemerélla sp.)- v BERE ISUE — P (Sti ctochironomus

71 BARBh) Mollusca
X# H Diptera
200 FEH H Trichoptera
%4 H Ephemeroptera
5iE H Odonata
2§43 H Coleoptera
&3 H Plecotera
HAth Others

150

Yj#h%¥% Number of species

100
50
O | i { 1 i |
et wE kS *ZE XF
Chishui River Spring  Summer Autumn  Winter

E2 FRAGARIE A B R S LR AL
Fig. 2 Species composition of benthic macroinvertebrates in
the Chishui River

22 FHAATEET KRB RIBSIEEMEME L
Table 2 The density percentage of dominant species of
benthic macroinvertebrates in each season of the Chishui River

ik #F HFE KFE XF

Taxa Spring Summer Autumn Winter
) (%) (%) (W)

FE TR Limnodrilus hoffmeisteri 6.95

VY50t J& —Fh Baetis sp. 10.19 23.12  20.63 17.94

1L HIE R —Fh Baetiella sp. 6.61

4407 )8 —Fh Habrophl ebiodes sp. 8.34

/N JE—Fh Ephemerella sp. 5.17

Jii i J& — ¢ Heptagenia sp. 13.39 27.53

57 J&—Fh Polamanthus sp. 11.91

S04k JE—Ff Hydropsyche sp. 6.64 1431 15.05

W REISUE —Fh Sictochironomus sp. 5.75

Z R RWUR—Fh Polypedilumsp.  9.13  5.72
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K MEEE: UL L SCRUAR KIS A S M0k 2 FEAE 5 OR3P 0 5

sp.) (%2).

FRACH LR Eh Y DK A BN, 5 B
B R195%, LM AREEE—Fh . Rz E— R
T AENE & — Rl DU b 8 — R A KIS R
Wi AR BE . BRI N E, TRBFONUSH T R
— M (Cinygmula sp.) « A% & B #2 i J§ — Fb
(Cladotanytarsus sp.). % ERZIUE—Fl. iR IEE
—fh(Bellamya sp.) LA S i1 BRI (Sphaerium lacustre);
U LAY SR — R 3 KSR — R 2 R R
J& — PR G B FR I — RO AR AR (3R3).

ToRPF T R BN, LA N R R AEYIN
FRMBEAAEER. BN E, KERRZE
TR AN, o PRISORIIE R SR R i
e R E(#4).

M TR RO A, b T M Bh o 1
(720.27 ind./m’) 5 & T 1i7(278.82 ind./m”) 5 N i
(501.19 ind./m?), L3FHFEYIE(11.45 g/m’)EE
w T H7(6.48 g/m) IR H7(6.28 g/m?) (K13). M
RER, XZBERMEYT 5% 5 (593.83 ind./m’)
i T425(516.31 ind./m%). BkZ(493.11 ind./m*)F1 &
Z5(438.38 ind./m”); 2= A h 40 )1 25 26 4 B e
55(8.94 g/m’), H K H ZF(8.43 g/m’) . B F(7.44
g/m?)MAZ(6.29 g/m?) (Kl4).

LR K 2T A R B, ARKIT A BRI T
ARSI P+ = FE 4R 2. Shannon-Wiener £ £
PEFEE . Simpsonft R HUE D FRAG. L UFIEAR
W+ & %0, Shannon-Wiener 22 #£ 4 5 % .
Simpson L 4 R 5 Pl ERE EZ 7P <
0.05), TiPielout’) ) BEFEENI TG 2.3 2 (P > 0.05)
(EI3); 7R K& Z= 0 R Zh ) Fh 3= 8
Shannon-Wiener % F£VEFEL. Simpsonflt #5 B 5 4L
Piclou) 2] FER 5 =1, BRI 5
Shannon-WienerZ FEEIR I SA T HEEEZRP <
0.05) (Kl4).

FAKRA BTG BN, _E R SRR 45K
R R T, FAKRFIPCoA TFIPCoA 247
FERRE T 17.25%F110.99% JE& AT 5 4 T T 45 K6 11 22
5 (El5a). B KA =R KM B AR R =, B
Z WS B 45 4 5 FA T A AU A, Ak
FRHHPCoA 1FIPCoA 243 TIfARE T12.43%F111.23%
JERAR BT U6 45 ¥ 1) 22 5 (KE15b)s. PERMANOVA %y

R3 FRKANEARABRENIEZ MBI

Table 3 The density percentage of dominant species of

benthic macroinvertebrates in each reach of the Chishui River

Yt 7 A o) oY T

Taxa Chishui  Upstream Midstream Downstream
River (%) (%) (%) (%)

U 0 J& —Fh Ephemera sp. 8.09 11.39
JiEJE—Fh Heptageniasp. 7.78 10.34

4 6.62 991
Polamanthus sp.
VY- )8 —Fh Baetissp.  6.70 6.98 12.36

{BIZIEJE—Fh Cinygmulasp. 7.39

TEKEERE—Fh 6.62 739 8.13
Naucoridae sp.

Z R IE—Fh 6.55 16.37 15.99
Polypedilum sp.

AT T R AR — 27.99
Stictochironomus sp.

R T S —Fh 8.97
Cladotanytarsus sp.

WhiZjE—Fh Belamya sp. 11.54

BRI Sphaeriumlacustre 7.04

z4  FRAGARELA TSR
Table 4 Indicator taxa of different reaches in the Chishui
River

HFh B fanfl B3
Taxa Reaches Indicator {4:
value p
I J& —F Ephemera sp. L¥# Upstream  0.721  0.004
4k JE—Fh Caenissp. ki Upstream  0.520  0.013
Jii% J& —F Heptagenia sp. % Upstream  0.721  0.006

/N JE—Fh Ephemerella sp. % Upstream  0.632  0.004
T {eh?JE—Ff Polamanthussp. ¥ Upstream ~ 0.782  0.001
MR 07 R —Fh Ameletus sp. b3 Upstream  0.567  0.009

4 )E—F Nemoura sp. k% Upstream  0.368  0.030
Ak JE—F Senopsychesp. Liif Upstream — 0.421  0.029
Tk S0 W& —Fh kUi Upstream 0416 0.048
Cheumatopsyche sp.

JeEAF—F Dytiscidae sp. % Upstream  0.421  0.024

BJEHE—Fh Oulinniussp. 3 Upstream  0.545  0.015
KR FRIE—Fh Cricotopussp. L Upstream — 0.474  0.023

Kt J&—F Tipulasp. ¥ Upstream  0.886  0.001
W1 KisU® —Ff Antocha sp. V% Upstream 0400  0.039
- Fl—# Tabanidae sp. b3 Upstream  0.316  0.025
7K Hydrachnellae sp. fFJF Midstream  0.059  0.032

% EREIUR—F Polypedilumsp. i Downstream 0.583  0.047
TeEE#RIE —Fh Acalcarellasp. i Downstream 0.388  0.015

W R I —F Fi# Downstream 0.587  0.005
Sictochironomus sp.

% Bezziasp. NI Downstream 0.663  0.001

M2 Gyraulus convexiusculus R Downstream 0.323  0.035
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A (B) 6O
a 30k a p a
1500t _ T . -
g . & 2
5 3 £ 4l b
k=) 1000 - 2 20+ a .8
= . g S [~ .
g kel a = 1T
500 - P — ok
I~ s e —
* g - ¥ £
ot of ‘ S .
L ! ! 1 1 | $ L ! I
D E F
3 )] i ®) < 1.2HF)
g 1.0t b a =
g L b S . 2 1.0] a
: e -
g osf . 5 T 5 T
L a — b B ogk |
a 1 A | 0.8
g = 2 i I~ -
o 0.6 o Jz —=
£ % % 0.6} T
ﬁsé 04} ‘ N1} E5y
. i . . e . 0.4L . e .
iR i T w2 i T st il T
Upstream Midstream Downstream Upstream Midstream Downstream Upstream Midstream Downstream

B3 FACGTRBAFTRARREHNMEZEEA). £MEB). WMFEEHEH(C). SmpsonfiHE (D).
Shannon-Wiener Z## 1435 8(E)FPidout S B8 H(F). TRIFBRIREEEEZEER(P<0.05.

Fig. 3 Density (A), biomass (B), richness (C), Simpson dominance index (D), Shannon-Wiener diversity index (E) and Pielou evenness
index (F) of benthic macroinvertebrates communities in different reaches in the Chishui River basin. Different letters indicate significant
differences (P < 0.05).

30Fma 2 02
@y a ®) ©
1500+ R é
k: k a 2 41 ab
: Sa t e |
& 1000} 2 . S ab
2 a g A
5 - =
5] m 10k Jz 2L
2 500} b £
o S i
SH + g 1
o i S ) S
D a a 3B} F)2 a
5 | i P I SO PR .
g 075t £ T £ 09¢ .
g & & a
R=| E 2+ g =
g 2 2 08}
8 0.50 A g
&
ﬁ : 81t =07}
W 0251 : el 1 =
& . ¥ g .
s ® 0.6} °
L S o , . e S A
#F HE #BF £F 5F 2= ®%F £3 = EF ®BE 4£3
Spring Summer Autumn Winter Spring  Summer Autumn Winter Spring Summer Autumn Winter

El4 FAMRBEAREFEDARRMENIEZEEA), £WEB). WMFEEEHRLK(C). SmpsonfiHEHE (D).
Shannon-Wiener Z## 1438 #1(E)FPidoutd S B H(F). TRIFBRRNEEESEER(P<0.05).

Fig. 4 Density (A), biomass (B), richness (C), Simpson dominance index (D), Shannon-Wiener diversity index (E) and Pielou
evenness index (F) of benthic macroinvertebrates communities in different seasons in the Chishui River basin. Different letters
indicate significant differences (P < 0.05).
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(@) :
0.50. PERMANOVA |
P=0001 |
.7 i
S 025} b
S I ;
] I 2”7 | ©i_RJ#F Upstream
et Vo AR 1% Midstream
< 0_‘__°_____'_,’L__'_f  "F ¥ Downstream
] ‘ o
~ . 1
~0.25] L
|
|
|

04 02 0 02 04
PCoA 1 (17.25%)

()
0.50 . PERMANOVA |
P=0.001 ot
0|

o B b _
m 025¢ |
- e r; 2= Spring
) 0 E Z Summer
: — | = #kZ Autumn
S + | & & ZE Winter
y

|
AN )
-025} Jer
1
|

050 025 0 025
PCoA 1 (12.43%)

E5  FRAKARIEA ELAER () F A B Z=T3 (b) KBRS HIPCoA S 7

Fig. 5 PCoA analysis of benthic macroinvertebrates in different reaches (a) and seasons (b) of the Chishui River basin

RS FKARBIRME SRR S SRR T =6 E T
S R T4 S H7(RDA)E R

Table 5 Redundancy analysis relating  benthic
macroinvertebrate communities to environmental and spatial
factors in the Chishui River basin

F P

S5 2% 3% SEA%
Axis 1 Axis 2 Axis 3 Axis 4

IR T Environmental factors
KA Boulder
R Altitude
ME Velocity

477 0.001-0.76 —0.59 0.04 0.25
6.24 0.001-0.91 022 0.07 0.02
1.99 0.0010.09 0.03 0.75 0.58
R4 Dissolved oxygen 1.91 0.0010.37 -0.80 0.08 —0.16
NH,"-N 1.74 0.001-0.05 —0.02 0.90 —0.23
ZER)FET Spatial factors
KRE PCNMI
KIE PCNM2
KIE PCNM6
KIE PCNM3

PCNM Ayprincipal coordinates of neighbor matrices/f14i 5 . PCNM
stands for principal coordinates of neighbor matrices.

5.39 0.001-0.84 0.25 0.46 0.11
3.17 0.0010.53 0.31 0.79 -0.01
2.13 0.0090.32 -0.66 0.25 0.71
2.19 0.014-0.11 -0.64 0.32 -0.70

e REoR, AR BN T4 25 R TE AN [ 22745 R Bt
H] % 57 .3 (P < 0.05)»
24 [RWEsIEESTHEMTEEFRHXR
TUR AT A SRR, R AR 7K JEEAR B4 53 A
[ BRI R0 2% [|] R 720 il 2 KRR IR I
L OEMRE. NH,NL KR EHPCNMI1. PCNM2,
PCNM3FIPCNM6 (.5, #6). RDART4HHIZIAE] T
ZKF(P <0.05) (GRS5). 1 &= fRRoR, EEHF/
(AR P AE AR T 031 BFIE AR 57 . b, MBI
TR 1011, A AR 10.06, — 7 I [A fiF
BT 0. 141 B IR 7 (7).

1.0F

Rii

Altitude W BUR —F

b;p: eAmera As PStictochironomus sﬁ% PCNM2

Ly . 42/ —Fh

A Yelgei a ellamya sp.
Z LR —Fh

A Polypedilum sp.

Ll —

; Cinygmula sp.

v 2 T AR A

1 PCNM6Yi Naucoridae sp.

Boulder PCNM3

Axis 2
Z

=

Z

>

S
AR
Heptagenia sp. g

A

B
Dissolved gxygen )

-1.04 , i
-1.0 Axis 1 1.0

E6 FRKRRIE AR R TN % 2 H SR E FR=(E
EFHITK M. PCNM 1. PCNM 2, PCNM 3FIPCNM 6
AXREZEREF.

Fig. 6 Redundancy analysis (RDA) ordination plots showing
the relationship  between  benthic — macroinvertebrates
communities and significant environmental and spatial factors
in the Chishui River. PCNM1, PCNM2, PCNM3 and PCNM6
are large-scale spatial factors.

7S SR =S [ ¥
Environmental Spatial factors
factors

RfFFEZ Residuals = 0.69

E7 HEREF. ZEEFRIRKARE AR R TR %
HHMNBRE., *RRGFEEEFER(P <0.05).

Fig. 7 Benthic macroinvertebrates communities and their
environmental and spatial explanations in Chishui River. *
indicate significant differences (P < 0.05).
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31 IFheERL R S

AR IR AR 7K I A A S AT B 209 Fh,
BARL LY TIM, WIESI 1R, 530707
1679, ARSI IT158, T 1176 (F =% 1).
T3k P JEC AT 2 ) AR R T K AR B o A AR
E5RTANR— 3. Z5a e BmRHAA AT, FRK
TR A Zh 400 () 5 B AN A =F 58 T A B T ek 2 (o
/NBA, 20095 EZE, 2018), PLIA Rt MGE i FIZET
FEAR N —BETi 5 R (HERR, BB X EERH
T AR AR N i s 0 R T 0t S A B P S
HIEER, NS B 7K I RN B 2 FE VR R 1%

TR AR BN 2 FEVEA 25 B B 1 = AR 4L
IS 8] B, HF 2RI 2 A T HoAh =
o FEFZE, WHGHTHLIX K4 /K AR B B fnkep i H
(Earle, 1955). E## H (Corbet, 1966). #5i# H (Morse
et al, 1984H)FIXUH H (E&R A M EHi 1, 2011)4Ab T H
AT KA RE U B, B 5 TR AR, R 2k
PEARRH By o T E A Z=RE KN, SRAE H 34k
TRIZE, WK ARSI b RGO, S B
SRED, FEERWR, ST, KA R
BRI, FATE SR T e K AR e il AR s
RFEAR, it DUE K ZR A 301 2 FEIE IR B4

Z=, 2 PRl E RS Y IR AR Z D K R I R,

D] S JECATS 20 4 22 A PR AR LA

Mz Aok E, DR 2 et m, bR
WA ZREVE M A B . EdRRE e, IR Z A
KA, VA F S, NEPTRBEREEH . BH .
B HERE T B AR R AR KR
H, REARLE, WIEARSE, RN AT EY
Wi 7 SR S IR 2, 3 R T P (A 3R 0K
FERREHH N, Hm S BOEEE RO Z AT
N AR SR PR AR L AT R, I SR
B, EWRMEE, ARFRMES, NKERR
U HJZEPTZRBE) FE (it 7 31 2L (1A JS iy R 38 X T o
SRR KT IR ST O 45, 2019)F0#AVL % AH
bb, AR KR AR S P 22 R B AR . 75 7R 7K T 42

@© ¥/NH (2009) SRR BT HES )L S 22T AL, Bl 2 iR L,
o R 22 B K AR AT ST, L

@ xR (2006) WVLEAESIZFEMEDEIC. W22 fid s, IR ek
¥, Kb,

TWIBACRE R ISFRRAARZIY), H LR 29— e
T PR A A AN S 55 I R — Fh(Physa acuta) f125 b
2 & —F(Radix sp.) . — M N EARS P PR
SR PR X (i), Bl B a) (1) A8 4k, 33T
I i v PR DX B R AR R A (E A, 2018). K
IR shRE 1A R, H R BRAKFE AR 3038,
DR G AR B A 3 LA AT 58 S

IR AR K A R A, BUE 1RSI0
IR RS B R EDUIR . SRR, AROKT
WAE MRS T s X R s A 2
FEME, JUHOR KA BRI Z M, X 5% /N(2012)
A EZEQ018) I 7t —F . HH T A NiE S 520 |
AR R A SR LR %2 57, ZREEES
(R R (8] ROBE B ar A AN I . RN KTIH btk
FARRI X, W 9038 4 2 b O 1 SR B R 1 AR A0 17y
B, TR AR B 2 R SRR, RS JE I 5T
o, NAZ RS ISR B 4 T B 2 (0 0T S SRR .
32 R EREMSIMEMTEETFHX R

TURHTEE SRR, Wik R, BEE. R
THIE R M 7R 7K I L 8RR B PR TR 1R O BRI B A
T o WRIEALGE NIRRT, 2EMZ IS
it R E R e —. AEEHR X R, %
fif SE AR BE AN R, RE % B B R 2 52 e S AR Bl A 1)
V& 55 1 F0 22 FEVE I 23 18] 43 A1 (Nelson, 2011). JE
ST RN IEAT A A iE BN £ B P, R R4
KNG S o AR 1 S50 AT Bl P 4 R A A A S
(R RN (fE 16 PR A, 2015)0 XTSRRI, F5 1
T Z R AT R B e AR e M. BIK
RO R SRR — MR R G O A, KA T R
EBRONER, Refs RN 5T 22 = B
i B FNkEXfE 37 T (Ormerod & Edwards, 1987), #4800
TIEMEI ZREPE . BEEAFSCRTEAN, B R
W TEAR T8, AKIERINER, JRJ5 2 N4y Fkie, &
ATSE 25 5 52 BT 7K v il A5 45 25 4ol /0N AE 858 1) B
PEARZE, B Z R EEARTGHE S,
EPT E UK 2 H B A JIC BRI A OR I e, T 428 1L
AN 22 15 RS BN ) T U B
HAE o AR RIRE S22 R K T AR S 23 A A
J o IKAEAEMREER RAA BAE K A TS, Kk
TR 22 SEMCORAR S 52 5 A= W) BB RAR
. IS4 miEsl(Jacobsen, 2008). 7R/KI]_E
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TR A, NIRRT SR T R
AL 26 o 0 1 B S T A R 1) 2 B R S
%, AR h R E —Fh(Leuctra sp.) . AR —
Fli(Nemoura sp.). #EEL—Ffi(Perlidae sp.)5 HHENH
PUERRA S BN i 5 LR Z, &
U AR R TR, KA AR AR T SRR A e
U@ Al 4 d1(Nais communis). B R 7K 22 15| 578 o
N . R T RS R AR
HEEH, Wl S RN SR, EaTr .

WRBIFIE S TR A E H VIR ROP SIS, 2011),
LI AT AR K A 1 B T IR R E S SRR,
N R A B 0 i 3 B AR 77 2% #F (Degani et al,
1993). 7E3&E UIIHE NRMsh 2 MR E,
Bt 2R IR 2 5 B % B R B# (Alvarez-Cabria
etal, 2011). AS[ERITEIEXT WIS A 5 — 52 I i
VEH, TEBCRIX, JEARSIPE A R R B (DU b7 &)

ol T Y O 2 ), AT IBE SR e /KL A s FE KX,

VD A WUTABIITRR, R34 2 DA AR (R
2 FEB AT R )R M 7R AT (L et al, 2019).

J7 2243 fifk 25 SR W 7R B8 [R] 1 B 2 [A) PR 6 iR
KRN A S0 ) 73 A A6 BRI RS, R
23 B T BE A SR AR KIS S A B VR A R ) 3
FIIE . AW TR I — LR AR AT I A 58 2% A I PR 85
I F (g4 ol BT s ISR ) 2 3K 3))
RS RV OB R R, X 5 [ N 4 2 B0 R
WS FE VR A Bt 9 1) 45 SRAH B (Heino et al, 2015;
Li et al, 2022). 25 [A] A ¥ [FIFEXS IR B B0 73 A A
FHE W . RDARIZ H 52 AR 3490 53 A 1) 25 18]
Py 2R AR K RUE I PCNMI . PCNM2 F
PCNM3, & B4 8RR i1l A2 DK 3h 75 7K 0] eSS 30 4
WA R HARH, SMHAESHSREE
THE V& ) 38 v (0 AR A P L A B P 2 1) ROE A4 3t
4 (Peeters et al, 2004; Gan et al, 2019; Bruckerhoff et
al, 2021), 38K, I HPR Bl 73 05 A0 2 B4R A
2>t Bt 736 BB AZ KM 39 58 (Landeiro et al, 2012).
PERKILI — 2SR, 75 K] AL 3 A K 1) 23 1) 9
BV 1L K RELRE DA S 25 AR (R 7K R 25 A A ST 30
Yz B9 BR PR ] i 9 ZU 520 (Chave, 2004). 53—
I, 2R7KI A 35 B 2 (R B4 HOCR B (AN B8 U
HER), RERFRZ AR EERAE XTEUER
H At SR AT #3012 (Besemer et al, 2013). ¥

ZHRRY], BT B3 #E, iy BeE A
o % B P bR #) B H) 2 (Lester et al, 2007;
Cauvy-Fraunié et al, 2015; Li et al, 2016; Li et al,
2019),
33 HEEREE

S IR K] KA — RS ME— — TR
RAG B K IR FEFTRNR, (R AL HSCRAIEAEA D
IKIN(PT 5%2), dARaAETAE 1 40 HERR 2K FLY o
K F2 7K LG S A A8 Tl e A R 700 1) [ Ik 351
TR SERE M (Cheng et al, 2015), 20748 1 i
7K ST, 45— S8 B /K PR B8 7K A2 B de (i
I e 5 AR H )R> B R, KEE K
CUEE VeI SEEINTE 31y /I8

IR R 53 2 B A2 15 15 7K R 22 4 B A 4
HEANTFU LS 3 SR (P 5% 2) 0 R EIRIKI KARE 57
#H(TNL TP, NHy N3G I FHiZ B B BEAG . ZEAS I
(PGB IR 7 (3RS, El6), & T RAEKMEE
FEFE B IR R P NH, N, o] 88 5938 N A2 5 75
IK B AETE PR M HERCA oo R D BRER . B
W R SFEIRTT R 32 B R 5%2), DRl oK
BUEH TH X8, BB R 7R K T 2 KT B
WKL, RIS AR 1 7R K B BT, i
WiBh Py ok 2% 7 EEFT, & RRN S 2 HEE R T
B o RPNV AR D9 2R K TR SCRE P, Dy 2 by
KT AT AT RS, HATLAZ W KEDUKER
W, A4S AR KR B A, (RIS s Dk ™ AR
M5 KA AR E TS 7K B 6 Fe HETBOMUR 1 3] 7K 5 G (7
W75, 2014),

EARERERE, HAFIEJE — 7 (Pomacea sp.)ff
N —FE E BRI AR N AR P A L AE AR K o
WL X AAAE — i AR . 2N AR At AR 25 A7 AR I
FRI T A A K R 5 T (0 38 4 B ) R R A A7
[6]) (FAEAE I, 2014; XEIHEE, 2021), IERA
b R A5 R ) ARG & R A T, BRI S B A
YIZHEVE T B
34 IRIPITH

S 715 7K ] JEG AP B0 ) T i 5 e ) A 58 BT
JRJFRZRAY . IR VAR A FINH, -NEE S Rk A2
TEANWERA . BRI AR T PR R E R TR
R IE T A T R R . SRR K FRLE
WL TGRS ARTERIR K EHE O HERR L &
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SRR TN S0 55 5 RAR G . xSk, NZAE)
R FFIR BHE AR TRE(H SR IS0, 2018), &
PRI AR B AR FOL; PH A AR TS AR A,
T A M HENT R, X AT € M FELRIAL T A
RABTINAE FEEEILAR T, iR ARRE N,
FEJRAN BN BEIR F w5 A XN BEROK N5 ik i
MRS IR E AR, - NTIPA S CR 37 50R,
P A BN 2 B PR E AR AR, R TAE
PR T S IEAL, B AR AR R A AR IZ TR
AP IR (U0 G S R AN L i (A AE 7 B
1 U SUY 385 BE OB AR L 7 B 37 i) 58 22 R 4 it 3 1R
Ve o B H1T T H TR 75 R AR AR A A R AR AR
bR, /b5 HOAR AR IR A 1 R K T RE, AR AE Bt
— IR B VE BRI IR, 8 24 2 7 A R T
FRES PR HLAE], BT P &, WE
IRERAR A IR G E

Bt A B AR B A A BT R 0 AT
A RV R ARR, M 6 A B BT R
Fo sk A B AP R A B A LA T ) Ao
$h. Rl b BB A BT R ATR A
BAT, G TR RAITH BB .

ORCID

HKZMS @ hitps:/orcid.org/0009-0003-9008-3048
ZIEK https://orcid.org/0000-0003-3281-6015
FkFEfE @ https://orcid.org/0000-0001-8141-7622
WEA @ https://orcid.org/0000-0002-5264-505X
SRR

Alvarez-Cabria M, Juanes JA (2011)
Macroinvertebrate community dynamics in a temperate
European Atlantic River. Do they conform to general
ecological theory? Hydrobiologia, 658, 277-291.

Besemer K, Singer G, Quince C, Bertuzzo E, Sloan W, Battin
TJ (2013) Headwaters are critical reservoirs of microbial
diversity for fluvial networks. Proceedings of the Royal
Society B: Biological Sciences, 280, 20131760.

Borcard D, Legendre P (2002) All-scale spatial analysis of
ecological data by means of principal coordinates of
neighbour matrices. Ecological Modelling, 153, S1-68.

Bruckerhoff LA, Gido KB, Estey M, Moore PJ (2021)
Disentangling effects of predators and landscape factors as

Barquin J,

drivers of stream fish community structure. Freshwater
Biology, 66, 656—668.
Bunn SE, Edward DH, Loneragan NR (1986) Spatial and

temporal variation in the macroinvertebrate fauna of streams
of the northern jarrah forest, Western Australia: Community
structure. Freshwater Biology, 16, 67-91.

Cao WX (2000) Thoughts on the construction of nature reserve
for endemic fish in the upper reaches of the Yangtze River
and related issues. Resources and Environment in the
Yangtze Basin, 9, 131-132. (in Chinese) [ & (2000)
KA B A 128 B AR DR XA 4R B 5 )t 4 S
KILRIR IR 5301, 9, 131-132.]

Cauvy-Fraunié S, Espinosa R, Andino P, Jacobsen D, Dangles
O (2015) Invertebrate metacommunity structure and
dynamics in an Andean glacial stream network facing
climate change. PLoS ONE, 10, e0136793.

Chave J (2004) Neutral theory and community ecology.
Ecology Letters, 7, 241-253.

Chen L, Qiu L, Zhai HJ (2011) Research on water resources
protection of Chishui River Basin. Yangtze River, 42(2),
67-70. (in Chinese with English abstract) [F7%5, By, #
ZLYE (2011) JRAKIAFEOK BRI AT T N RAKIT,
42(2), 67-70.]

Cheng F, Li W, Castello L, Murphy BR, Xie SG (2015)
Potential effects of dam cascade on fish: Lessons from the
Yangtze River. Reviews in Fish Biology and Fisheries, 25,
569-585.

Corbet PS (1966) Diel periodicities of emergence and
oviposition in riverine Trichoptera. The
Entomologist, 98, 1025-1034.

Degani G, Herbst GN, Ortal R, Bromley HJ, Levanon D,
Netzer Y, Harari N, Glazman H (1993) Relationship between
current velocity, depth and the invertebrate community in a
stable river system. Hydrobiologia, 263, 163—172.

Earle LF (1995) Seasonal distribution and life cycles of
Ephemeroptera. Annals of the Entomological Society of
America, 5, 380-391.

Epler JH (2001) Identification Manual for the Larval
Chironomidae (Diptera) of North and South Carolina. North

Department and Natural
Resources, Division of Water Quality, North Carolina.

Gan HJ, Zak DR, Hunter MD (2019) Scale dependency of
dispersal limitation, environmental filtering and biotic

Canadian

Carolina of Environment

interactions determine the diversity and composition of
oribatid mite communities. Pedobiologia, 74, 43-53.

Guo J, Zhang JE (2014) Research progress on invasion
mechanisms of Pomacea canaliculata. Chinese Journal of
Ecology, 33, 806-815. (in Chinese with English abstract)
[5Fh, EXRB (2014) WABNEVLHIE T, &£
A2paeik, 33, 806-815.]

Heino J, Melo AS, Bini LM, Altermatt F, Al-Shami SA,
Angeler DG, Bonada N, Brand C, Callisto M, Cottenie K,
Dangles O, Dudgeon D, Encalada A, Gothe E, Gronroos M,
Hamada N, Jacobsen D, Landeiro VL, Ligeiro R, Martins
RT, Miserendino ML, Rawi CSM, Rodrigues ME, Oliveira
RF, Sandin L, Schmera D, Sgarbi LF, Simaika JP, Siqueira

20234F |31 | 84 22674 | 1171



K MEEE: UL L SCRUAR KIS A S M0k 2 FEAE 5 OR3P 0 5

T, Thompson RM, Townsend CR (2015) A comparative
analysis reveals weak relationships between ecological
factors and beta diversity of stream insect metacommunities
at two spatial levels. Ecology and Evolution, 5, 1235-1248.

Jacobsen D (2008) Low oxygen pressure as a driving factor for
the altitudinal decline in taxon richness of stream
macroinvertebrates. Oecologia, 154, 795-807.

Jiang XM (2012) Diversity Pattern and Environmental
Assessment of Macroinvertebrates in Rivers in Central and
Western China. PhD dissertation, Institute of Hydrobiology,
Chinese Academy of Sciences, Wuhan. (in Chinese with
English abstract) [/ (2012) FF Gl I K2 TG A
N Z FEEAS R A SR A s, R E R
R KA T, ]

Jiang XM, Cheng JL, Xiong J, Zhang E, Xie ZC (2011)
Macroinvertebrate community structure and bioassessment
of water quality in Pohe stream, one of the headwater
streams of Huanggai Lake water-network. Resources and
Environment in the Yangtze Basin, 20, 1040-1046. (in
Chinese with English abstract) [ /N3, FEEENN, AE&Y, 5K
75, WA (2011) 3 o WK R R X —— M AR
BHESI Y REVE 5K BVE . KIT RIS 388, 20,
1040-1046.]

Landeiro VL, Bini LM, Melo AS, Pes AMO, Magnusson WE
(2012) The roles of dispersal limitation and environmental
conditions in  controlling caddisfly  (Trichoptera)
assemblages. Freshwater Biology, 57, 1554—1564.

Leps J, Smilauer P (2003) Multivariate Analysis of Ecological
Data Using CANOCO. University of Cambridge Press,
Cambridge.

Lester SE, Ruttenberg BI, Gaines SD, Kinlan BP (2007) The
relationship between dispersal ability and geographic range
size. Ecology Letters, 10, 745-758.

Li FQ, Sundermann A, Stoll S, Haase P (2016) A newly
developed dispersal metric indicates the succession of
benthic invertebrates in restored rivers. Science of the Total
Environment, 569/570, 1570-1578.

Li ZF, Jiang XM, Wang J, Meng XL, Zhang JQ, Xie ZC (2022)
Species and driving factors of benthic
macroinvertebrate assemblages in the middle and lower
reaches of the Yarlung Zangbo River. Biodiversity Science,
30, 21431. (in Chinese with English abstract) [ZX1E K, ¥
N EE, RESE, R, WAL (2022) HEEEAN
L R WA Sh i 2 FEPE R R 3. R 2T
£, 30, 21431.]

Li ZF, Wang J, Meng XL, Heino J, Sun MQ, Jiang XM, Xie
ZC (2019) Disentangling the effects of dispersal mode on

diversity

the assembly of macroinvertebrate assemblages in a
heterogeneous highland region. Freshwater Science, 38,
170-182.

Liu MY, Zhang YJ, Chen NF, Ma HN, Zou W (2021)
Ecological squeezing effect of the invasive species Pomacea
canaliculata on the indigenous species Bellamya purificata.

Chinese Journal of Zoology, 56, 663—673. (in Chinese with
English abstract) [X[¥4UE, K%, BRISIE, Sk, 404
(2021) NARFP/INEREAFIER A LR FOE I IR A2
BEMER. shi2Eki, 56, 663-673.]

Liu YY (1979) Economic Fauna of China: Freshwater Mollusk.
Science Press, Beijing. (in Chinese) [X| 33 (1979) &
LPFEE: BOKPAEZY). Bttt 65t

Morse JC, Yang L, Tian L (1994) Aquatic Insects of China
Useful for Monitoring Water Quality. Hohai University
Press, Nanjing.

Nelson SM (2011) Response of stream macroinvertebrate
assemblages to erosion control structures in a wastewater
dominated urban stream in the southwestern U.S.
Hydrobiologia, 663, 51-69.

Ormerod SJ, Edwards RW (1987) The ordination and
classification of macroinvertebrate assemblages in the
catchment of the River Wye in relation to environmental
factors. Freshwater Biology, 17, 533-546.

Peeters ETHM, Gylstra R, Vos JH (2004) Benthic
macroinvertebrate community structure in relation to food
and environmental variables. Hydrobiologia, 519, 103—115.

Peres-Neto PR, Legendre P, Dray S, Borcard D (2006)
Variation partitioning of species data matrices: Estimation
and comparison of fractions. Ecology, 87, 2614-2625.

Pielou EC (1966) The measurement of diversity in different
types of biological collections. Journal of Theoretical
Biology, 13, 131-144.

Qin Q (2021) Spatial Pattern, Formation Mechanism and
Temporal Dynamics of Fish Community in Chishui River.
PhD dissertation, Institute of Hydrobiology, Chinese
Academy of Sciences, Wuhan. (in Chinese with English
abstract) [Z258 (2021) #R7/KI] B BEVE 25 (A4S R BESR TR
B BN R SRS B 5. 1 LA s, P EEBERTK
AR TR, L

Ran JC, Meng WP (2018) Discussion on ecological protection
strategy of Guizhou Chishui River. Guizhou Forestry
Science and Technology, 46(1), 54-60. (in Chinese with
English abstract) [f5tzK, ZICHE (2018) T HAR/KIFTA
ARSI IRTS. ST MO, 46(1), 54-60.]

Ren HQ, Yuan XZ, Liu H, Zhang YW, Zhou SB (2015) The
effects of environment factors on community structure of
benthic invertebrate in rivers. Acta Ecologica Sinica, 35,
3148-3156. (in Chinese with English abstract) [{E#EK, &=
Perp, WIZL, SKEREE, R (2015) FRBEIR T XTI
TR HESNYIREE S o, AEAS AR, 35, 3148-3156.]

Robert D (2016) Ordination and Multivariate Analysis for
Ecology. R packge version 1.8-0. https://CARN.R-project.
org/package=labdsv. (accessed on 2021-09-21)

Shannon CE (1948) A mathematical theory of communication.
The Bell System Technical Journal, 27, 379—423.

Simpson EH (1949) Measurement of diversity. Nature, 163,
688—-688.

State  Environmental Administration

Protection (2002)

20234F | 3145 | 831 22674 | 5512771



K MEEE: UL L SCRUAR KIS A S M0k 2 FEAE 5 OR3P 0 5

Analytical Methods for Water and Waste Water Monitoring.
China Environmental Science Press, Beijing. (in Chinese)
[E RIS SR (2002) AR K WS 43477 75 k.
FE B RL A A, AE5RT]

Wang J (2018) Diversity of Macroinvertebrates and Health
Assessment of River Ecosystem in Chishui River. PhD
dissertation, Institute of Hydrobiology, Chinese Academy of
Sciences, Wuhan. (in Chinese with English abstract) [ %
(2018) FR/KI KBTS EHESI Y 2 A1 SITRAES RS
FEVEAT. T2 i s, o EREEB KA T, i
]

Wang JC, Wang XH (2011) Chironomid Larvae of Northern
China. Yan Shi Press, Beijing. (in Chinese) [E2 7, EH
e 2011) FPEALT DA, E F S A, A

Xing Y, Wu XP, Ouyang S, Zhang JQ, Xu J, Yin SL, Xie ZC
(2019) Assessment of macrobenthos biodiversity and
potential human-induced stressors in the Ganjiang River
system. Biodiversity Science, 27, 648—657. (in Chinese with
English abstract) [JBE, /¥, BREHHM, KB G, &5,
AR, WEA (2019) #RILK R KRNI 2 FEE
52 R TR, £ HEPE, 27, 648-657.]

Xiong J, Jiang XM, Wang CM, Xie ZC, Ao HY, Liu JT (2012)
Community  variation of  macrozoobenthos  and
bioassessment of Donggian Lake, Ningbo. Research of
Environmental Sciences, 25, 282-289. (in Chinese with
English abstract) [R&dn, ¥/NBH, EHMH, WEA, IS
B, XSE (2012) 9% REHK TR B ) #E T Bh &
FOKFAYIFEVEANY. RRLERE A, 25, 282-289.]

Yang LF (2014) The current situations of Baijiu (liquor)
industry in Chishui River Basin in Guizhou and analysis of
the approaches to its sustainable development. Liquor-Making

Science & Technology, (8), 136—138, 142. (in Chinese with
English abstract) [ AR 75 (2014) M AR 7K AT ek (9 1057
b 28 TF LG B T RE S R R AR . BRI R, (8),
136-138, 142.]

Zhang HM (2012) A Taxonomic Study on the Larvae of
Heteroptera in China (Insecta: Odonata). PhD dissertation,
South China Agricultural University, Guangzhou. (in
Chinese with English abstract) [5Ki5#k (2012) 1 [E 2
W H HE A o R R (RN e H). ML fid
3, SRR, T

Zhao J, Tang JB, Huang SS, Duan J, Guo XM, Niu DK (2015)
Study on the categories of soil erosion of Chishui River
Basin and corresponding measures for soil and water
conservation. Hubei Agricultural Sciences, 54, 3369-3371.
(in Chinese with English abstract) [}X&%, JESI, i1,
B, SRIRM, FEEZE (2015) AR/KMIEIK LR A
XAl KBt 5. WA R, 54, 3369-3371.]

Zheng WH, Qu XD, Zhang Y, Meng W (2011) Habitat
suitability of macroinvertebrates in the Taizi River basin,
northeast China. Research of Environmental Sciences, 24,
1355-1363. (in Chinese with English abstract) [0, 4=
BEAR, KIZ, il (2011) KT OR L RAN ) 7 i 5
RN FRERFER, 24, 1355-1363.]

Zhou CF, Gui H, Zhou KY (2003) Larval key to families of
Ephemeroptera from China (Insecta). Journal of Nanjing
Normal University (Natural Science Edition), 26(2), 65—68.
(in Chinese with English abstract) [k, 1H, &I
(2003) [ b7 H A R RS R R (R RN, IR
R(ERBLEERR), 26(2), 65-68.]

WHERE: RAE TUERE: FISUN)

Mis% Supplementary Material

MRl TR RBRMENIFE R
Appendix 1  List of benthic macrobenthos in the Chishui River
https://www.biodiversity-science.net/fileup/PDF/2022674-1.pdf

MisR2 FRKFAARFHE

Appendix 2  Situation of Human disturbance in the Chishui River basin

https://www .biodiversity-science.net/fileup/PDF/2022674-2.pdf

20234F | 3145 | 831 22674 | 551371



BIODIVERSITY ‘i % % i% 11& 2023, 31 (8) 23146, pages 1-10
SCIENCE 7
doi: 10.17520/biods.2023146

Tt FL e

AE LM AR R E R FMEREYH N E WA=
& TS ThRERF S 1 M ORI E T

RER, BHE, FEE e, BEs, T

1. R RS A RIS R 5 AR S A E T SL I8 =, W 570228; 2. H EIMRMLRF £ 7T B By MO 70 BT RS ARG IS R A S R4
R K B AR LA 5T 3k, M 510520

TEE: 0 A AR GRS AR I A AR 0 o R VA (k5 AU Th R e 4 e S 2 SR B BR - B T B AR A AR AR
RS S AT A 2 REVEAE R B . ASHIE 78 % Pl Tllumina Miseqil 51 & R R 2 04U BT L 3 9 AR b 5 R S5 R R 4
WA B, IR FHFAPROTAXGH A= ) b Bk Ak 7 478 B0 A U ) R B0 22 v g 9 AR ZH B DR . A L RHEL A I K JF 41 5. (Ormosia
balansae). #3241 & (O. semicastrata) 54 BHE ) () J5 584 (Cryptocarya chinensis). filfi 754 (C. chingii)3t4 R Yde: i 3 mH 4 4=
2 AT #4F 73 24 I8 (operational taxonomic units, OTUs)i%&1,1234, B 2111364451 HO2Kk160J8, H:rH6001MOTUsHE 4
TENBTEHR], 72N0TUSHIRFTIR ], 200l o5 20 1 7 A0 57.17%F015.12%; W27 4 56 H (13 2 1 )& (Hymenobacter) K i
JR T B 1) H AT 5 JE (Methyl obacterium) AN TR A8l Bt 2 &, 40 AlIA37RI274N0TUs. I P AL NP Rh 20 s (O AL S RHEY)
ZIMAFAE R 35 72 5 (ANOSIM: R=0.5792, P = 0.004). T HEvE AE S B4 56 1K PR 5% 1] 54816 73 T (environmental vector fitting,
Envfit)2h BRI, X - P A= 40 1 BV A o 2H R s i) 5 K AR i 22 41 18 (leaf potassium content, LKC)5 Eb [ FH (specific leaf
area, SLA). 3 WA 73245 5 B IR CyEREM I N A 4 B OTUs (A OTU L 1154.63%, ¥ 28R ThaefE, b [ Thre it
UFEALRE R R I REHE . AF4E R RIIRERE. WAL IIRERE. e b IReRE. R R DRI BEE S 6 IS T REHE M AR 2 FE A
Ak G RHY )5 52 kL J8 (Cryptocarya) i 3 7 T 58K 41 5 & (Ormosia) fE 4 . A B 5 £ 4 K 49 7 (non-metric multidimensional
scaling, NMDS) &5 S B, 4t B AQ U D e 32 2252 SLA I 42 % 7% 5 (leaf phosphorus content, LPC)5MH o IS HHT Ll Hh Y AR
AR SR PN A 20 B RN 22 FE R R 0 AR T BE A T AR ORI AR A I L R B (S ML 2 —
KB RATGRHEY; M NAEE, MEAETIRERE, ZHE; BRI

REBEW, DATE, FREE, VPR, BRERE, TE (2023) B LR AROR A SRR H AR A R DR S TR S R R IRBN IR T B S
BEME, 31, 23146. doi: 10.17520/biods.2023146.

Wu CL, Luo ZH, Li YD, Xu H, Chen DX, Ding Q (2023) Foliar endophytic bacterial communities of woody Fabaceae and Lauraceae plants in tropical
mountain rainforests: Understanding species and functional diversity and their driving factors. Biodiversity Science, 31, 23146. doi: 10.17520/biods.2023146.

Foliar endophytic bacterial communities of woody Fabaceae and L auraceae
plants in tropical mountain rainforests. Understanding species and functional
diversity and their driving factors

Chunling Wu', Zhuhui Luo', Yide Li%, Han Xu?, Dexiang Chen?, Qiong Ding""

1 Key Laboratory of Agro-Forestry Environmental Processes and Ecological Regulation of Hainan Province, Hainan University,
Haikou 570228

2 Hainan Jianfengling Forest Ecosystem National Field Science Observation Research Sation of Tropical Forest Research Institute,
Chinese Academy of Forestry, Guangzhou 510520

ABSTRACT

Aims. Revealing the differences in species and metabolic functional groups of endophytic bacterial communities

W 1 41: 2023-05-08; 4252 [134]: 2023-06-30
BEEIH: H K EARHE X HE4:(31960237)
* JEI/EH Author for correspondence. E-mail: dinggiong@hainu.edu.cn

https://www .biodiversity-science.net



REFE: i L AR A SRR RHE Y H N AR AR VR YR 5 D RERE 2 A1 A IR BN I8

between tropical woody Fabaceae and Lauraceae plants, as well as their driving factors, contributes to understanding
the adaptation and biodiversity maintenance mechanisms of tropical forests.

Method: In this study, Illumina Miseq sequencing platform was used to detect endophytic bacteria in Fabaceae and
Lauraceae plants in the tropical mountain rainforest of Jianfengling in Hainan, and the FAPROTAX microbial
geochemical cycle metabolic functional database was used to annotate the endophytic bacterial function.

Results: A total of 1,123 operational taxonomic units (OTUs) of endophytic bacteria belonging to 21 phyla, 36 classes,
51 orders, 92 families, and 160 genera were detected from four plant species, including two species (Ormosia
semicastrata, O. balansae) of Fabaceae and two species (Cryptocarya chinensis, C. chingii) of Lauraceae. Among them,
600 OTUs were Proteobacteria, accounting for 57.17% of the total bacterial sequences, and 72 OTUs were
Acidobacteria, accounting for 15.12%. The bacterial species of the Hymenobacter of Cytophagales, and
Methylobacterium of Rhizobiales were the most abundant, with 37 and 27 OTUs, respectively. There were significant
differences in endophytic bacterial species composition between Fabaceae and Lauraceae plants (ANOSIM: R= 0.5792,
P = 0.004). The results of the environmental vector fitting analysis based on community non-parametric tests showed
that the leaf potassium content and specific leaf area had the greatest impact on the species composition of endophytic
bacterial communities. Endophytic bacteria with clear classification information, accounting for 54.63% total number of
bacterial OTUs, were annotated to 28 metabolic functional groups. Of these functional groups, nitrogen fixation,
aerobic chemoheterotrophy, cellulose degradation, methanol oxidation, methane oxidation, and urea degradation
showed significantly higher relative abundance in non-legume Cryptocarya plants than in legume Ormosia plants. The
results of non-metric multidimensional scaling analysis showed that bacterial metabolic functional groups were mainly
influenced by specific leaf area and leaf phosphorus content.

Conclusion: The higher relative abundance of carbon and nitrogen metabolism functional groups in endophytic
bacterial communities of non-legume plants in the Jianfengling tropical mountain rainforest may be one of their
adaptive mechanisms to low effective nutrient soil environments.

K ey wor ds. woody legume; foliar endophytic bacteria; functional bacterial community; diversity; tropical rainforest

Tk NS A N A 4l # (endophytic
bacteria), ‘EAITREIE L LIEFR A BIA . FPPEYIMER,
DL SR PUs v, MR ALK, 25
FELY) R0 553& 1 (Kandasamy & Kathirvel, 2023).
Pt XA PR o ft, TIERA, & B HFRs
Sk, HREFFERE(Sun et al, 2020; Cunha et al,
2022). ARAGFRHED R R P EONFE HEE
HIFE YA (Sprent et al, 2017), HARIHIZONE
SH TR B BRI, BT E KR AN
RE VMBI AT LR AT 92 U(INH3) (Dudeja et al,
2012), BEFFERRA I % 51520-60 kg (Houlton et
al, 2008; Dudeja et al, 2012), X—EEHNILHE—F
SN R 2 A7 (Batterman et al, 2013). tAb, #
ity L RHEY) G R I A - S P p HAB AT AR S LL(C -
N), TR PR VA b R, 3 A gt g
HOCEE I T TR B, B Al R IR G R R
AV ER XN E R LI RIS SRR
75 >K(Batterman et al, 2013; Epihov et al, 2021). H#f
FUA B, FE B[] S0P sz 1l 2 5 el S ] ZE0R FAR
B T A W A 9 1) 2H R A B AR I 2 (Lo et al,
2016). MR FE W G REHEY N A TR 5 &

(Bertins et al, 2021), XF o g2 P A4 VR
VIR AR S T RE . AR B2 P AR 4 T A T T
FEG iz —(Kembel et al, 2014), A4 E @S
SRR, BRI AR AR, AT ER
Y5 (Hong et al, 2015); HBRiA=Yr4H A [ &
S P AR, AT R B 11 2 A ] 2 AR
BrL3%(Zhu et al, 2023). MAEGRHEY I F 7] 7 85
B AR A [F) 1) 2 A [ A D Re ) N AR A B, anAiRE
i H BRI H 5, X RAN R TE AR A
B EE F(Abadi et al, 2021; Holland-Moritz et al,
2021). 2R, SRHEY) SR SRHEY) A 2R 40 BT
TEZE N5 Dy RE b 22 5 A 0 32 B TR AR AR, X i
[CZEEI SR

FHT LR AR T RS B U AT IR AR A e L TR
RAKMAEHRNR, BAHB . M2t B
IREE R 2 S5 A, SR R Ay i X BLAT [ R [
bR B A 2 AR AR MR A S R (U7 S
T 2004; VFIRZE, 2015). FEHFRS BI04 () P
R AR, SRHMEY) S IE S RHEYIX SRR )
VIR VIR Z R AR R A A B 2 R (Xu
et al, 2020); & Bl F 0 K 3 4 T (Ormosia
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AT BT LR MO AR R R A A A R YRS ThRERE 2 Rk S IR Eh R 1

semicastrata). AEZL (0. xylocarpa). 7 HEH- 3
(Archidendron utile)fE™MA K /N FhEESCE . [A]%0RE
JIH T BA 25, AR A 1A KSR I A [F] 1
BRI T 3L, 2022) 0 ASHIEFT AN R S I 08 Py L)
Hhy R AR K AR E TR R AR AR R R o kR
(Cryptocarya), LA A 5 FHH £ 5 J& (Ormosia) i 7 1
- Fr, FHllumina Miseq 38 & 51 & A8 1 25
T N AE A Y FR LR, 5 T K15 B
f{JFAPROTAX 1 AE W) th BR 4k 27 178 PR AR 8T 3 A B
PEFENTAITE DR, LARIZ a0 18] B (1) U4 IE FAviy
Ly b AR G R FIARR I P A A B 0 2 AR (AN
DI REHE I N A2 40 b 7 SR AR BLE Y H 1 22 R
(3) PR P A 200 T A VA R D 52 o 3 B
GRS AR RE Y P9 A 0 B TR TR R
FEORAN R ¥, DLHA TR N Hb B A S FR AR A 436
IS H RO A 1) 22 K A AE R B o

11 R SER

QUGS T e 24 VG e 305, HAb SR AR BL S R
28 A (108°47'-109°02" E, 18°38'-18°52" N),
A1) 9640 ha, R 552 98%, HE AN IFHAHT M
MR EIA AR IRAFEE R R IR R
—o AHLIX B AT BIGFEXEE, TiRZESH, H
MR7eih, WREEERES-10H, HAAGINE
7, MR I A3 0K X G 1) B e v 4 (4R Ve 0 T U,
1,412.5 m)ZJ15 kmff7KFEEES P, P35 K &M
1,300 mm¥EhN%3,500 mm, FFH50024.5C, &%
A HAFRIR19.4°C, A FIAIR27.3°C (VK
S, 2015)0 SRUEUE FRE BE IR AR B R, KN
PO R LR . BT RYR R B S
FAR AT L ORI ol 0035 # J AR S5 S Al 2
AL e Ry L R AR AR HRE 4R 700-1,300 m, Hb
%, MIMARTE, K2 EPhHER A5
BN REONRG BT, IR R T A )
Joa P B S (N 3 7 55, 2012).
12 tmRE&E

PF it SR A by SR T B AR R} 2 1 5 B 4 0
USRI 2 K S A MR KA R Y o JKRE M T
FAN60 ha, HFHR N866-1,016 m, FLiCHAEMZI N
320F4148.5 bk, FEMKZ 148,083 k/ha. e KAE

HEEIEI41,000 m x 300 mF X 3K 7324154200 m x
100 mff7PAg, MHBEALPEES AN WA, 78R kg
L1400 m x 40 miIFE T HEAT KA. KR
SERAHE RS, fERTERE T, FRHE Y DR 7
FE & 1) JE e 4 (Cryptocarya chinensis) 5 i 5764 (C.
chingiiy v 3=, S RHEY) PLLL & & A K i 40 5. (0.
balansae) 5L G AT . REEFTESRFETD
Hatk, WA S KT A K3k ERAFET
thER B H AR A, RN S R BT A e E BT A
B ok, TR BERERI B 20 il 3 134 SRk
S, JF Rn R iE B I = -20°C R A7, 5 8
DNA$ZHL,
1.3 16SrRNAEENFRHAEEE

MEERE I 48 Fr, ARG KT HT 4T FL A%
(B3 mm)7ERETR I @ FF i kT 1L, B
B /NE R fE, 34505 B3 N2 mLIA K =
OV, TR FR AR BT R TR R K
N T B RAEM R L HAEMAEY LB, 2k
) B0 B I N400 pL ddH,O : Tween 20 (1 :
1,000), J&51)5 B F200 r/mindki% 4% H £ %15 min,
151 AL WA IR S, FE 1400 pL 75% LR
FHPE RS min, WEIERWAF S FHIN800 LG B 7Kk
BRSIR, BICE TR 4 FREW30 s, FHEHF
WA VE R o JREE 52 (EREE, 201771
PRI F S DNA (B R

W B3 R 2 L2 11943 DNATR & 9 14N FE
ZAt il A A TEA R 2 " £EIlumina Miseq
W& T Ad A 51 % 341F (5-CCTACGGGNGG
CWGCAG-3") 1 5] #) 805R (5'-GACTACHVGGGT
ATCTAATCC-3") %f M- P 4= 41 B 16S rRNA 3 [A] 1)
V3-VA4X HE4T I FF(Sinclair et al, 2015). B Zc#75 3
(R 46 P 51 22 B 51 W04k, fd FHPEARYKE Bt reads
PR %751, SR 5 MR HE barcode 7 41 F1 5] ) )7 %71
rENH &R AR, JERIEFS T . i H
PRINSEQ X} £ F£ A 7 41 i3k AT 35 V) ik y& 73 318 1k
readsfF 1. FIAFEARZTURFIG I G ERIEH E
ST, 1% IR97% ALt A 8 5 7 51 k7 ]
$E 4> 25 *. G (operational taxonomic units, OTU)%
K, EREIE P ZBRIREG K, 1FB0TUREFFI
Ja, B OTU £ & £ ¥ . & 5 4 H Ribosomal
Database Project (RDP)##z % LL X OTUARZR 7 %1,
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AT BT LR MO AR R R A A A R YRS ThRERE 2 Rk S IR Eh R 1

RBVEFAOTUXS MM 4 KAB R, 4 AIAE &
oK L 1T N B B R BRI S R
WA AR B A R . KA B 2> 2R B OTUS & T
FAPROTAX WA D s E St e rh A R, LA
AR T REFE (Louca et al, 2016).
14 EYAMERNE

MERER I ARRAE ) BRI Hh RRRE R s f e
SEREIH P 348 v, Kt g 3 S 2 il T E 6
NERSEHTHRTERR: (1) I (leaf area, LA): #
e 53 T B JE RS i B AR (LI-COR3000C
Area Meter, LI-COR, USA)#/TIlIE; (2)fF & (fresh
weight, FW): BT 5 1 H 7Rk FL e
(3) T H (dry weight, DW): R E -2 N5 E
FHHMIFARCJEAE65 C B T 72 b, FFFEAMTEE S
FRETE, DME G0 v R AR RS (4t
I T F (specific leaf area, SLA). (5)MT-#) 5 & & (leaf
dry matter content, LDMC). (6)M & 7K & (leaf water
content, LWC). M-{b2= it EMARTEAR 73 A FH LR
TIERHAT I E : R F AL PG 28 T E 4> R (leaf
nitrogen content, LNC); £H%8f T bb (70 & i 4=
(leaf phosphorus content, LPC); K¢ Bl e 4=
£ (leaf potassium content, LKC); Il & M- 4= 45 (leaf
calcium content, LCaC) 5 & 4t F A IR - e S G B
nn AT VH A, SRS R R IR O s H S = (L
H,2000; &4, 2000).
15 S

oy S A0 oA - REL D RE B, B N AR A TR R VR )
FhANZH B D Re BFEEA R B0 38 B A 2
FE, i — 5 % H F A 45 53 17 (principal  coordinate
analysis, PCoA) LA Jz #H 8L 1 7> #r (analysis of
similarities, ANOSIM)f R A5 R 5 B RHE Y P 4
T R VPP AL S 54T 22 5% . HIKruskal-Wallist:
36wt oA A A AU ) B A AE 1S LA R R S A
7 o K 4 B - AR B () B 4 Hellinger £ #
#t— 2 M AEFE & £ 4 )] JZ (non-metric multidimen-
sional scaling, NMDS) 4 & ¥ 5% [n] & #l & 4> #r
(environmental vector fitting, Envfit)#R 7075 FAEY) M
SPROE - P A 2 R 5 A S A T A T e 1) 52
Mo B AR AT ER 41293547, 8 BB
A vegan (v2.6.2) . ggplot2 (v3.3.6) « microeco
(v0.15.0).

21 EREERMEYIM A EE SN

M S U U s L b R AR OB A R 5
R 1A (- 20 U $1758,918%% 7 4, FAH
Pk Hireads %0/ T-34,293-88,140 2 [i], & RHE 1)
reads#{ 49,782 + 5,146, FERMEYINS58,634 + 6,912
(P31 Poih ZARM R, fEZFREE T, Sk}
L RERHE ) 38 I OTUS L1 i 34 Fifi 45 reads L1134
TMEH-F- 22 (i 55%2)  $ 5 fikreads B (34,293 ) B FEIA
reads UM B Je, BRI OTUsE A T-202-630, 7
AR PR E R, SEMEYIMOTUSE E M T Z R HE
PI(33). A 16SEHE ZE LL X 5 520,953 45 17 51l 46
SENYNEE 5, #ikilor N1,1234N0TUs, ¥ K&2117136
P51 H2FH60JE . readsFUHE I 1% [ 41 B 3 AR
FEH11(57.17%), A5 6001MN0TUSs, HAEEFEE.
A KA T R 2 Freads 5043 )ik
73.45%- 53.77%- 40.49%F147.87%; HUCHFRITH#
171(15.12%), 34572 0TUs, HAEEFH: ., 5
FE. KL G AR L 5 73 ik5.37% 23.12%-
4.61%F14.60% . FEREE1(5.85%) L[ 1(3.24%)
FFUFFER 11 (2. 12%) TERERHME Y BT & b A s T S R
T, TR ](4.62%) SIS 2 M, B
TEGRMEYIFT 5 Ee A o Bah, SRR 11 280
KL G o Pl A s o3.92%, 7L A4 o e
BUIK(0.08%-0.33%); JEEER | 1/ F FIEAE KL &
FIT o5 () LA 452 1 (2.28%), 1T EAE S RME Y H AT o5 Lk
B (0.06%—0.72%) (FEI1A) . FERHE I A A= 4
PP E(206-548F1) 5 Shannon-Wiener % £ 4 F5 £
(4.40-5.27)¥) = T S RHME Y (80210 Ff, 2.82-4.49)
(KB, ).

% T Bray-Curtis Ji & [f] PCoA BF 7t 45 R K I,
TRHMEY) SRR Y W R S E RS, PeoA 1
HMIPcoA 277 AIARRE T W N A= 41 B BV A8 57 1Y)
26.5%F118.5%. i#iT ANOSIMAG K, 45 536 0] Sk
A R ) P A A 2 TR RV (1 4 o 2EL A A N
Z5H(R=0.5792, P=0.004) (&2).

22 EREERMEYMRNEMRERINREESE S

W N A AH B P Bl oy 2545 B 5 FAPROTA XL
PEE AT LLXS, BRI o5 Sreads%154.63% 11489
OTUsHETIhREIERE, L KoK u RGN (FEN
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Fig. 1

A comparison of foliar endophytic bacteria diversity among the 4 species of Fabaceae and Lauraceae. A, Percent species

richness (left column) and sequence reads (right column) at phylum level; B, Species richness; C, Shannon-Wiener’s index.

ANOSIM 0N
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02 p=0.004 +m
~ O0If 4
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\n
=3 o A®
(o\]
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g o1f
A
-02|
n
03 L I ® . + !
02 0 02 0.4

PCoA 1 (26.5%)
FEY)F} Plant family FEY)¥)FP Plant species
® 4R} Lauraceae
© T Al Fabaceae

@ JE558: Cryptocarya chinensis
A T84 Cryptocarya chingii
B K4S Ormosia balansae

+ ¥RFELL Y. Ormosia semicastrata

E2 AfERSEREYIM RS EE R R MLERAIPCOA
S RANOSIM 56

Fig. 2 Principal coordinate analysis (PCoA) and analysis of
similarity (ANOSIM) of foliar endophytic bacterial community
of four Fabaceae and Lauraceae plants

RIC R 5 R IC R IEIR) LA S 2 S 40 T R AE (35 A8 T A
IR ), B S28FThae. HAHAE38840TUs

A 1FIIRE, 36 MOTUsE A 2R D) RE, 651~0TUsH
PR LA T BE . 278N OTUs B A I & Ak Bt 57 5%
(aerobic chemoheterotrophy)ZhfE, H ¥4 4 LS H
R B 123.79%; 767~ 0TUs (23.30%) 5 A [ &
(nitrogen fixation) D fE; PAMELFZER H oAU EHI50
OTUs E A 47 4k &K 47 fik D) € (cellulolysis), 5 & A 3K
FF301.12%; 394N0TUsHt: 545 %07 514.85% 1] LA 4y
fift bR 2 (ureolysis); 33 1MOTUs (4.68%) E H EE 41k
(methanol oxidation)ZhfE LA & 3240TUs (4.62%)E
5t 48016 (methanotrophy) DI g o 38 i 6 36 45 S 3% B
DL 62T RE R N A 41 B8 BV 7 RN S AR R A
REZER . Horp BT H G S AT RE I 41 B R T TR
AN ERPIRHE 2 F 8K = 7.5, P=0.006), {E1%
RHE Y AN 2 B N5.2%, 55 RHEYI AN £ B
N2.2%; RN ESRE D RIhBEANE T = 7.5,
P = 0.006); L[l % Th #8141 B B 7% (Kruskal-Wallis:
X = 4.4, P =0.035), {ERRIANERHEYPT 5 H) 5
N26%. 15.44%. R AUFAARER IR DIRE A A
BEVEERRI A E R Z M EFEEERQ =39, P=
0.047), HIAMRS & RHEY) £ Z 0 N A 41 1
DIReRE (B3, PHsk4). MREHEY S S RHEY & B25
b A 26 Fh 4t T D e AE, Horb R %A AL (manganese
oxidation)JJ BE A AN FEARRHEY H IR, LFE A
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REFE: i L AR A SRR RHE Y H N AR AR VR YR 5 D RERE 2 A1 A IR BN I8

A 4E AR AL Aerobic ammonia oxidation
JF AT AR ERE AL Aerobic nitrite oxidation
R A4 Anammox
fil§REL I2 4k Nitrate denitrification
[EI4 Nitrogen fixation
TYEREL 1 Nitrate respiration
SRELR I Nitrate reduction
JRZESH# Ureolysis
354 B34 1 Animal parasites or symbionts
2 MU PN 4k B Intracellular parasites
A PEESMAF 1 Predatory or exoparasitic
45484k Manganese oxidation FAXTZ BE Relative abundance
EKIFFI% Tron respiration 0.3
BRERELFEIR Sulfate respiration 02
BRAFI Sulfur respiration o
L HERALA P14 4L Dark oxidation of sulfur compounds )
FEAEMELA R Chlorate educers 0
4 %4k Darkhydrogen oxidation
AL Methanol:rop.hy . B4 Funtional group
Ziiﬁzﬂgﬁ;ﬂg?ﬂon [ RSTEHEEF Nitrogen element cycle
;izﬁ Fermentation 4 A YA Parasitic bacteria
TEEAEFR Metal element cycl
W #344LAES 3¢ Aerobic chemoheterotrophy %ﬁgiﬁ?ul ﬁfrtil:r:;incyz{: ©
FEAL A YIWESAR Aromatic compound degradation I S5C A Chlorine element cycle
ﬂ'ﬁﬁa*s.Photohetemtrophy . SICEEIF Hydrogen element cycle
| )\%Fﬁ;ﬁﬁ% Human pathogen spneumonia I BT 4B Carbon element cycle
ﬁiggg;‘;ﬂm path(‘;gens all R 4ATE Pathogenic bacteria
uman gu
L) ’«’6’@4}‘ 5 w}/@;@
& W B
O A
Q R X
do, (,Q'd 090' s@@'
\oc’o' dQ\'O 0(‘6 oé“
B HFEALRES RES# (B0
Aerobic chemoheterotrophy Ureolysis Nitrogen fixation
040 F = Kruskal-Wallis: T x'=1.5,P=0.006 T+ @=44,P=0035
g 035 i p=39,P=0047| 00T L T _ 0.08 - Q
0.05 - :
Mé 030 | - | 0.06 |
_;*_@-g 025 | . ‘ 0.04 - T J'_ sl = _
B8 ool + [ - 0.03 | 041
5] ; '
S oisf H El 002 | 0.02 | —_
0.10 | - 001 L — oL -
PR L e 4 HE s viy 2
Methanol oxidation Methanotrophy Cellulolysis
006 =69, P=0.009 006 T =15, P=0.006 004f T =51, P=0.024
2 1
ﬂﬁé 0.05 - B i T 0.05 - E| ﬁ T o3t |
3_30,04_ ™ E . I 0.04 |- n | H |
=e - ! . 0.02 |
g 003 ! 0.03 - :
& 0.02 |- Q 002} E 0.01 Q
7 i -
001 1 1 001 | | - 'f' 0t L 1 $ E
/ J ¢ / )’/‘ A / \gy ) o
e @ ‘@ ¢ &W & S %@ & e %@
& %;‘ 0 & d o
o’ 0 s\° * o & & o o & &
‘O&d dQ\‘OQ 0&\ o\°_$ \ooo'd GQNO 0‘«\0 03\0 ‘ocoﬁ AQ‘O o {(«0 § ?‘0'
o O O o o o

E3 1ER5SERMEYIM P GETHRERFLE AR AR EI(A) K EETHRERYAERT % B (B)
Fig. 3 Heatmap of functional group profiles (A) and key functional groups (B) of foliar endophytic bacteria in the Lauraceae and
Fabaceae plant species
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REFE: i L AR A SRR RHE Y H N AR AR VR YR 5 D RERE 2 A1 A IR BN I8

¥, (acrobic ammonia oxidation) F1 [K % & & 1k
(anammox)4H & DI BEFF A AE & RME D) AT I 3 .
23 ERSEREYMM AL EEETEIMER K
HHEThRE BRI I A F

5T Bray-CurtisFE 250 R G RHE Y 4
Y TR B 75 A TNMDS 73 AT, 45 53K BINMDS g 1% ¢
B R 7 e P A 0 R T (1) 22 S (stress = 0.079).
I8 i Enviich 1 AP R LA 2INMDS 1,
RIAET104 1 FAED MR b A2 & &
(LKC) A1 Eb i AL (SLA) S - P A2 41 1 B 75 40 F 21
FSCA 520, F 5 4 B A VA A 2R R A 5% 2R B0 i)
“N0.4135 (P =0.047). 0.5272 (P =0.023) (El4A,
Sk4). TEREYNE GH T ThEE R o A 4 R Hp b AR AN
-4 B & 5 (LPC) 35 & s i i R 5 SR e 4 i B
W E B, MO R 805998 (P =
0.007). 0.4168 (P =0.047) (4B, [ff5%4).

31 HELMMER SEREYH N E @ER
&M SR MmETF

AGR VU s 1Ly b RS AR (1) 2 B 5 AR R L4 Fh e
YA 2y A OTUsIA 1,1234, ¥ /22117136
W51 H2FH60)E, EEMFELILEI T BRAFFE .
PERRE ] VR R JERERE TR
BT, YOz o A I A R P P AR A
(Barman & Dkhar, 2019). HAHERAFEE . FEmEE ]

5755 B 1) A A e U4 Ry 1L b Y AR 1 41 1R B
LA R IAE, 2019), R4 B 7E HoAh it
DX 1) A P P PN A 40 R R T P B AT (22 ARG
(Trivedi et al, 2020); H >k 74 I Fiy Y AR A Brb -+ 315
(1T &0 TR T vt 2R T H AR TR P AR (K et al, 2012)
RGN B AT R il R AR RN B R N, TR
THY ARG B IKENT, & & B % 4H 2L 3
(Xu et al, 2022), JUEIE T L HFY AR ) S RVED)
SR RHE Y (0w P A G R B VR V)R A S R
S, Ut BATE EREAD I S 2 oA AR 2 R R A 1)
WKF R 72—, AR AE AR 7t b 2 il
A = VS A AT L PR PR A A 2 T R ) Ao
Y RL10% A% S B B4 T 3 B 4 iR (Donald et al,
2020), 3% [E Ak 72 47 47 L M1 AL 58 A e A B R AR (X
(19 [ AEL ) P £ A0 5 - P A 4 T LA T 2 )
FeFPE(Ding et al, 2016). PN A= 41 B8 78 1 R4 L8
SR B KA TR S R SR
(Kembel et al, 2014; Wei et al, 2022). TRz IEIE
TR LU Hl PR I P A G TR R VR R TR IR D
SRS, & SHEMIEAEREY)
#H 2% (Cornelissen et al, 2003).
32 ERS5EREYMAEMERERE SN
ERREMETF

FAPROTA X AU D e 4l FE R T- 2 K
FYGUF 1) 7] 55 F2 40 B SCHREEAT M A, H AT R ZEXT IR
B RE A TIE W 2E W 3 BR AL 2 95 I 1 FE 30 AT AR 1

= -
e0d Stress = 0.079
A 10} SF tress =0. BLOF < 9§ » Stress = 0.134
1%8} Lauraceae Z #%P} Lauraceae
5Bl Fabaceae (¢! > Gl Fabaceae
0.5r 051 164 Funtional group
~ « o ZICESER Nitrogen element cycle
A e ==—1INC 2 |LkC %4 4 Parasitic bacteria
% or / % 0 . £ JRILEIEIF Metal element cycle
LKC BICEEHF Sulfur element cycle
SITEEIF Chlorine element cycle
051 La -0.5) ~
S JCE/EF Hydrogen element cycle
'y BRICEFEHR Carbon element cycle
< /% ol lu\e ; . .
-10- ~ Y2 W 10k Zig |8 ‘3) W R4 Pathogenic bacteria
1 L 1 ) 1 & 1 1
-1 0 1 o 0 1
NMDS 1 NMDS 1

E4 BEEYHMERSHAEEREEIMA) RINEEEF(B)HEMKNEX . SLA: tEMELR; Fw: #5; DW: TZ; LDMC:
MHFIREE; LWC: HE7KE; LA: HER; LKC: HE2#HEE; LNC: HE2&EEE; LPC: HEMEE; LCaC: H2i5a 8.

Fig. 4 Correlation between host plant leaf traits and foliar endophytic bacterial community species (A) and functional group (B)
compositions. SLA, Specific leaf area; FW, Fresh weight; DW, Dry weight; LDMC, Leaf dry matter content; LWC, Leaf water
content; LA, Leaf area; LKC, Leaf potassium content; LNC, Leaf nitrogen content; LPC, Leaf phosphorus content; LCaC, Leaf
calcium content.
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AT BT LR MO AR R R A A A R YRS ThRERE 2 Rk S IR Eh R 1

R ERETM (Louca et al, 2016). {EAERL S G RHE
Wik N AR G R 3L 489N OTUS 4l 1 1T 43 it 2 &
AR TIREA, L 28K M ThRE, 62RAAIT)
REFEAE SLRL A AR 4 T B V& TP AR G 2 12 B 3
TS RHE EAEY), G0 ) RERE i 40 iR e A RHE
R E T S RME . RIS AT 1L b R AR )
] 220 PR AR T H A S R AR G H A 2L H
PR, Fer AR R H AME vl R IR H X 2R 2
TR A T B P Al 2B A 20 A iR 1 5 22 TR 18] 801 (Zhu et
al, 2023).o [B %040 B 7E bR o AR P 2 A A i o, HG 7
AR AEY B E SRR A S KA R BEE A Z —
(Zhu et al, 2023), 403F-5 b #4s w9 ARFDEF Bk Z2
ARG b R AR PR ST 35 B A 1Y) A ) [ 0 RE D e
300 g/ha (Fiirnkranz et al, 2008; Moreira et al, 2021).
- o ] S0 B A 9 0[] 520355 20 (R0 52 A 0 TR R i
TS MR R R a0 . IR SR
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Sampling of Fabaceae and Lauraceae and diversity index of endophytic bacteria in leaves

Appendix 1
https://www.biodiversity-science.net/fileup/PDF/2023146-1.pdf
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Appendix 2 Species accumulation curves of foliar endophytic bacteria in Fabaceae (A) and Lauraceae (B) based on the number of

sampled tree individuals
https://www.biodiversity-science.net/fileup/PDF/2023146-2.pdf
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Appendix 3 Rarefaction curves of bacterial OTUs based on normalized number of sequence reads by tree individuals (A) and by

tree species (B)
https://www.biodiversity-science.net/fileup/PDF/2023146-3.pdf
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Appendix 4 Correlation of host plant leaf traits on foliar endophytic bacterial species and functional group compositions
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Variation of bacterial communities and their driving factors in different types of
biological soil crusts in Mu Us sandy land
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ABSTRACT

Aims: Biological soil crusts (BSCs) have important ecological function in arid and semiarid lands. Bacterial community
is key to BSCs by playing critical roles in BSCs formation, nutrient cycles and regulatory process. However, bacterial
community diversity in BSCs succession and the key environmental factors in Mu Us sandy land remains unclear.
Methods: This study selected bare soil, algal crusts, lichen crusts and moss crusts in Mu Us sandy land as objects.
Bacterial abundance and community diversity were investigated by qPCR and Miseq sequencing techniques. The
relationship between bacterial community diversity and key environmental factors was explored.

Result: The results indicated that 16S rRNA gene abundance significantly increased with BSCs succession. The index
of Chao 1, Shannon diversity and phylogenetic diversity of bacterial community decreased from bare soil to algal crusts
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and then increased from algal crusts to lichen crusts and moss crusts. There were significant differences in the relative
abundance of bacterial phylum, order and genus among different BSCs stages. In bare soil, bacterial communities were
dominated by Chitinophagales (Bacteroidota), Tubrobacterales (Actonobacteriota) and Rhizobiales (Proteobacteria).
Oscillatoriales (Cyanobacteria) was dominant in algal and lichen crusts, and Chitinophagales (Bacteroidota) and
Rhizobiales (Proteobacteria) were dominant members in moss crusts. Total phosphorous, total nitrogen, pH and total
organic carbon were key environmental factors in shaping soil bacterial communities.

Conclusion: BSCs succession provides different niches for bacterial communities by changing soil physicochemical
characteristics. Soil nutrients (total phosphorous, total nitrogen and soil total organic carbon) and pH play critical roles

in screening bacterial species and shaping bacterial community of BSCs in the Mu Us sandy land.
Key words: biological soil crusts; succession; bacterial communities; environmental factors; Mu Us sandy land

HEW) 13345 17 (biological soil crusts, BSCs, ]
PREEDDGE B )2 R e . EAZEE . MW Hiw.
UL B W 22 ARAR AN 7 W) 5 3ROk
REETE N E IR ANE EE, RERTRLT5
XA RS R 50 B 2L B 2 —(Belnap, 2003;
AERORAE, 2009). AL RS = LIRIE T JkER
IR ZR S Pl ARk R A B v S A T
1 351 B A AN AT B AR ) B 2 AR A T BB (Yeager et al,
2004; Bowker et al, 2006). HRIFILHFIRAIAF, 4
WEh Bt —FRCAT Rl oy A B . M A 45 B R 45 e 3
MR EEBE BB, RS K, 15
P B IX R T 2 AR EU VbR, BPER LY B
— LB i AR i P BE A 22 K IE R a0 BB SO
(Microcoleus vaginatus)fE #R -+t iz %58, 5+
BRI AR S5 4E — S, TERGRSs K, B 45 K 1)k
—BRE, BRI, TR GBS R,
BUE A AL BRI R BRI 2, (KB
AR R S B A S Y R AR A
(Belnap & Lange, 2003; Lan et al, 2013). 14K 25 F7 1
AR ST RIFEK R Sy — P IG5, BESRAEYIZ T
I PSS, M B O EE S K (Zhang et
al, 2009; Weber et al, 2016; Liu et al, 2018),

Y B A AW 25 B b () B B, fE e R AL

#4Hb Bare soil

L5 Algal crusts

Bl ESZRPHRM(2) REMER T EIRE M B (b-d)
Fig. 1

PRI S R AR RO A O A A TR .
ZHRA TR, TS B b A0 B R VA 32 A
I T BT AR BRATH
I TRISEES B 125258 (Weber et al, 2016; Zhang et al,
2016; Xiao & Veste, 2017; Su et al, 2020). [FIRf, HF
FOARR I, A A Fh A B AN T S5 A A 4
EELETEAHEEN., £ TRIX, B R 20
2R WE VN F, KO0 W Bl FL O O
(Microcoleus vaginatus) (Belnap & Lange, 2003; Hu
& Liu, 2003; Zhang et al, 2009); HiA< 4 Bz LLAS T
I WEEET] ERAT R I ANEBE R [ TSR, 1
YAh 7K AT DRSS IO A AL A, B HAR X =
FE WY EAR TR A R, A R RO
(Sphingomonas). Niastella, il th k)&
(Chroococcidiopsis) I FH T == 5 2 2 -5, #$45 J 1Y)
AT AT T IAUAF R 1], L34 e 22 i
B U TE ANiastella (Zhang et al, 2016, 2018), J&
T I A 5 R R 45 R v 3 2k 8 (Nostoc) T 1
% J& (Scytonema) = J& B8 = (Yeager et al, 2004; Xu et
al, 2021). 7E b R PRI 5 RV R, BF TR B A A
35 5 S0 [ B G A ) R0 [ B AR R TR S B
SR, I LT G000 0 1R I 24 235 ey I A P 45 T 1)
EEBTR1b(Xu et al, 2021; Zhao et al, 2021).

B ‘,\

#E4E B7 Moss crusts

HuAR 45 F Lichen crusts

Bare soil (a) and different successional stages of biological soil crusts (b—d) in Mu Us sandy land
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FROPTURS, FKRES 55 . shRrapl LLVb A A R A
e, FELUFTHRAY ) L(Caragana korshinskii).
HE (Artemisia ordosica). ¥ Ali(Salix psammophila).
5274 7+ %€ (Hedysarum mongolicum) M4 A% i B &
(H. scoparium)Z5 AR . AR T
1.2 TEREHRE

A SEEG T 2021 4F 6 H #EAT AL 3 45 R AE,
1565 2 Vb Mk BUAAN B A, AH AR FE A (8] B A
30 km, AN RCLE i 58 ORE X6 T 2 11 28 [ 1K b Bl AL
WE3NM20m x 20 mifyKFEFT (FE 77 2 (B EE 50 m),
FE3AN KRETT H, #iHb(bare soil, BS). 4 ¥ (algal
crusts, AC). HiA<ZE i (lichen crusts, LC)FIEESE [
(moss crusts, MC)Z3 I BEHLIEE SN m x 1 mffj/h
FETT, TEREAS/INEETT b4 T S BUORE VAR A 3R
FFRIREL, TRVNEES, 4FFs x 4Fpal 7 287 x
S/NFETT SLAS RIS B i o B G0 FF i 2 TR 158 X
TEH, BURERT, FWPOR B ECREY™ . R EUH 5 2%
AT R 48, JER USRI E .
an A 2y, — 0 BT, R SRIN & 1 g
TRHF I — 0 B T -80°CUKFH P AR A7, FoRIEEL+
HEDNA.
1.3 HIEIBAMBNE

PR AR 35 SR R RO VA B SR S
TR A - AN #4320 52 & HLB% (total organic carbon,
TOC). f YLK E ZEM E 143 4 % (total nitrogen,
TN) & & A H & b kil 2 £ 45 % (ammonium
nitrogen, NH,-N) . 5% FH By iR Lt €320 52 i S
(nitrate nitrogen, NO5 -N). fff F S S8 AL Bt k- FHER BT
bl 8723000 52 1338 4= % (total phosphorous, TP)F & . fif
FHAHBA BT EL €870 52 45 X% (available phosphorous,
AP). R #7308 B v 8 38 pHAE (Tan, 2005).
1.4 TIEDNAREL. qPCRSSEENF

+ 3% DNA ¥ Jf] SPINeasy DNA#2HUR 7 45 (MP
Biomedicals LLC, USA)#&HL, &FFh A= P4k KA it 43
BIFRELL g, #AFE R e A e U B AT .
NanoDrop2000 45 % DNAZE &, B J5 ¥ DNA fif 17 7
—80°C UK RTE, K Qubitik— B DNAWKE .
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S FH S %6 i 52 B PCR T 1248 I RE 5y o i 4
16S IRNAKE K F, qPCRY 4 261449 94°C iz i
3min, 94°CAE 140 s, 55°CIB k1 min, 72°C ZE fif
1 min, 29ME¥F; A& 72°CHEM10 min. & &PCR
10 uL 2 Mgk 2 fi4E: SsoFast Eva Green® Supermix
5ul, BTG 519 %0.5 uL, 1 uLi B RSEEE10 ng/ul
[IDNA 4%, ddH,0 3 pL. 514K 4 16S rRNA
i 514515F (5-GTGCCAGCMGCCGCGGTAA-3")
FI909R (5'-CGYCAATTCMTTTRAGT-3")%f V4-V5
AR XA, B AR TEBRA R A K.

AW FE A Tlumina MiSeq s i &0 7 b 5t i
BREVRH AR AR 5EMK, KHHEET PacBiolll /7
-6 1 B4 1 SR (SMRL Cell) J7 356 ic 3
IR HEAT 90 5 o FF Pacbio 42 £ 1) smrtlink T. H. 3 X
CCS (circular consensus sequencing)/¥%), {# Flima
v1.7.08f(Chen et al, 2022), i#HiTbarcodeX}CCSist
7R, 15 3 ) Raw-CCS JF 41 ¥ ¥ 13 ] UCHIME
v4. 284 (Edgar et al, 2011)% & H RS 1EFE 5,
1 i Usearch# 1 (Edgar, 2013)% b3 J5 4 B 1 7 51
1E97.0% FIARBLEE /K- T HEAT SRR . IR HRAE 32K
H.JT(operational taxonomy units, OTUs). F|FHRDP
classifier (Maidak et al, 1997)F1SilvaZi i (SSU138)
X} BN OTU IR R 7 51 3E 47 4 Fob s B (B X B
70%), ¥ OTUZR H 1) & B 5 7 51 e ~F 21 7] — IR 5
(5,800 741, F T /R4S RIPHAN R BEE 1 £
FEPE 5 AH IR B R 7 70 BT
1.5 BRSO

IR v.4.2.0% 44 Microecofi(Liu et al, 2021)
S HTHH B R VE o e B R, I TE T TRE 73 280K
P LG iE SR S R VE 4L R LR ANOVA
B A 22 E AR (LSD)AT 3 16S TRNAZE K EFZ . 41
WaZ FEE . PRl 2E R AE AN [F) AR P 45 R v B B )
HRE M ZE R, B TR T (redundancy analysis,
RDA) VT HEV& 4546 22 5, JFilid Mantel testh %2
WRA SRR EM. RAR v.4.2.05 45
Origin 2018 (https://www.originlab.com/){ ] .

2.1 AEFEMaZHEHE
qPCRZE R R, TEAEWSE i B ferh,
Fo i BB ER AP < 0.05), (EEESE K B

F B (1.87 x 10° copies/g), 3% m TP <
0.05), HS5 L MK R ERAREP >
0.05) (2).

S VR (1 v I8 =W S AR 71,727,049 5% R
BT, 515 5]5,6061N0TUs. B EW4E
MR HE, Chao 1#5%(KE3a). RAKRE Z Mk
(phylogenetic diversity, PD)#5%%(/€3b)#IShannoni
(P 30) B E R B vy, 17 7E 8 45 R B BRI, Bl
JE SR, I H LS K Chao 1485k,
Shannon#g ZAIPDFEHUHS & B T4k . oA &5 5
FI#ELE (P <0.05). Chao 1FEEUAERRML . AR £
gl g rh 22 SN 2%, Shannoni BRI PDAE £ % B
REEEE S AR S, 2= R AR (P > 0.05).
2.2 TIEMEEFRER

FEIKF B (El4), 905 7E R B B i A 35 48
PARATEE T R BT TR ], JLARX = 5
I3 HN26.88% 20.4%K117.34%, H IR I 1E#R
Hhorp ) R R T LA 3 R Ry A R A
gh R AN T VR S ARS8 11 o e AR 3, HARXE =
FE 53 HN65.15%H153.64%, FLUR AT HE | TAIIAT
W], L P B DLARTE 1 1] SR B8 1) AR AT

25 -

—_ — )
(=) W (=]

16S rRNA K EF
16S rRNA gene abundance (X 107 copies/g)
W

0

BS AC LC MC

B2 E£MEEARERENENAEFEETL. FR/NEF
BRTNEVERAEMRENEREZEP < 0.05), HEA
FHME + FOEIR. BS: 1 AC: SREER; LC: KR
MC: B4R,

Fig. 2 Changes in bacterial abundance at different
successional stages of biological soil crusts. Different
lowercase letters indicate significant differences (P < 0.05),
data are shown as mean + SE. BS, Bare soil; AC, Algal crusts;
LC, Lichen crusts; MC, Moss crusts.
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@ a (b) ©
3 400 a . 50 i b ob g 6 a b ab
g 2 |+ - N Cc s
=z L —s b % o) ) S c g 5r A
~ 300 L 1 : : : g Lo R
< . " . . +
E o . LT L A S ar L I
200 |- . N g &
E 1 S A o B b aﬁ
¥ ; L & 20 : . sm 37
g 100 A ﬁ : 5 X
6 ] 10 1 1 101 | 1 ) | | g 1 B 1 1
BS AC LC MC BS AC LC MC @ BS AC LC MC

E3 BEeSHUEEEMERTEIREMRNEN. TRNEFRRREMERTIEIREM REEREZEEP <0.05), HiEAR

FE¥ME + FREIR. BS: 18 AC:

AR LC: MREER; MC: 845 . PD: REAE SR,

Fig. 3 Changes in bacterial o diversity at different successional stages of biological soil crusts. Different lowercase letters indicate
significant differences (P < 0.05), data are shown as mean + SE. BS, Bare soil; AC, Algal crusts; LC, Lichen crusts; MC, Moss crusts.

PD, Phylogenetic diversity.

—

(=

S
1

T | AT Cyanobacteria
mmm [ 7572 ] Proteobacteria
. $UFFEE ] Bacteroidota

B #4T 51T Acidobacteriota

TR HE ] Actinobacteriota
BS

~
w

M #& 4] Planctomycetota
FHEE 1T Myxococcota

I B Abditibacteriota
PEFA T Verrucomicrobiota

I J5EEE ] Firmicutes
HAh2H¥ Others

W
(=]

N
wn

X} BE Relative abundance (%)

(=]

AC LC MC

El4 EMERAEREMERAEAHENFERE. BS: R
AC: B4R LC: MiREER; MC: 4K .

Fig. 4 Relative abundance of bacterial phylum level at

different successional stages of biological soil crusts. BS, Bare
soil; AC, Algal crusts; LC, Lichen crusts; MC, Moss crusts.

BS
Pyrinomonadales
#1845 H Rubrobacterales
Blastocatellales —
Chroococcidiopsidales
{AFEECH B Burkholderiales
7&Zk¥: H Nostocales
{24423 H Pseudanabaenales
Oxyphotobacteria Incertae Sedis
ZFHuFT R B Bacillales -
Propionibacteriales 4
¥R B Micrococcales -
Abditibacteriales
Chthoniobacterales i1
Tepidisphaerales o | ||
£14% H Rhodobacterales —
WEEF4ER B Cytophagales —
YRR B IR H Sphingomonadales =
#RJ% 7 B Rhizobiales
W JLT BB H Chitinophagales
B3 B Oscillatoriales §

&5

AC

] ‘nmimiln

EEMERTEREMBRMNARBENFE. BS: &t AC:

T AR, T EE T B AR LE IS T DA B AR A
T PR ORNBET. BEAFBEIT. JEROR ] e
I TRA AR S FE AR AN TR 2 P45 K 8 i A
XTFEFERMK, H R/

12 H7K-F L (K15), 40 i i 4 e A &5
AEE B B R R 2 R, WA OHEE .. wRe
A E . SR ke B AR B E A
X FELE AR B B e e, BUE B E R 45 R R AR &5
Ry SRR, KM EERESE, 50N
54.33%A134.49%; WEJLT i H . R EH . e
U H . BlastocatellalesfIPyrinomonadalesE &F 2%
B B B AR N = A

LC

||MCF|

AR
Relative
abundance (%)

IIO

TRLER LC: MAREER; MC: B

Fig. 5 Relative abundance of bacterial order level at different successional stages of biological soil crusts. BS, Bare soil; AC, Algal

crusts; LC, Lichen crusts; MC, Moss crusts.
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TEJE K B (F1), #RHLBY B A Flo 40
¥ 14 J& (Rubrobacter). 341 54 J& (Segetibacter) . i
%475 J& (Microcoleus). Flavisolibacter 1 2 15 5. i
W R, TR R A S B B AR A R AL, &
B4 15 Y 8 )& . Segetibacter . Flavisolibacter .
Abditibacteriumfl1Bryobacter, HAH X} 3 & 78 i 45
FIH A 25 Bz 1) T B ik 22 e, {FL5 b N 6 45 e 2 ]
ZRwE . AT HAlJE, Segetibacter . RB41,
WD2101. Ferruginibacter . Candidatusfll Puiaft &

®1 EEVERARIRENRNAEBENFE
Table 1

G5 B P IR N = R 2 e T AR B I B (R D)
23 EYERTERENRNARFEENER
R EIMESMmEF

PG R R TR T IR B AR, R
A LB AN 4 BURE A AR P 45 R R TR B 20 1 b
THEH(P < 0.05), FE&£ZE5 K feim; TP NOs -NAIpH
V72 M A 25 B T8 B A APAE 8 45 B2 d v (22) 0

RDAZHT R, 55— RhA0EE — 443 5l o] DAARRE
AR R T AR EE R T e AR 5 13 1.4%M125.8% . R

Relative abundance of bacterial genus level at different successional stages of biological soil crusts

J& Genus

M Bare soils (%) #4554 Algal crusts (%) HiAKZE 7 Lichen crusts (%) ##45 5 Moss crusts (%)

W8 Microcoleus
TN B Segetibacter
Flavisolibacter

21 FF B )8 Rubrobacter

RB41 (Arenimicrobium, Pyrinomonadaceae)

EEAT # @ Microvirga
Rubellimicrobium

Blastocatella

BRI EE Sohingomonas
RELT#E Crinalium
Abditibacterium

WD2101 (unclassified, Tepidisphaerales)
Mastigocladopsis
Ferruginibacter

Candidatus

Friedmanniella

Symplocastrum

Wilmottia

Puia

Bryobacter

5490 + 1.619°
5.630 £ 0.942°
4.600 + 0.439"
9.630 + 1.271°
3.470 +0.513°
3.660 + 0.548°
3.320 + 0.464®
2.640 + 0.456"
2.880 + 0.350°
2.760 + 1.113
2.000 =+ 0.380°
1.600 + 0.293°
0

0.470 £ 0.088°
0.730 £ 0.202°
1.040 + 0.285"
0

0

0.150 = 0.055°
0.670 = 0.107*

43.700 + 4.937°
3.800 £ 1.162°
2770 £0.287°
2.080 +0.277°
0.360 + 0.109°
1.890 +0.331°
3.550 + 0.281%
1.900 + 0.190°
1.130+0.251°
3.650 + 1.132°
1.470 + 0.216"
0.280 + 0.079°
0.360 +0.151%
0.430 £ 0.100°
0.180 £ 0.126°
0.770 + 0.307°
0.700 + 0.250°
0.640 + 0.235®
0.080 + 0.035°
0.200 £ 0.062°

22.510+2.503°
3.470 £ 0.469°
2.870£0.417°
1.370 +0.174°
1.980 + 0.872%
2.630 +£0.237%
2.550 +0.294°
1.990 + 0.551°
0.990 £0.171°
0.220 £ 0.140°
1.300 + 0.175"
1.360 + 0.281°
3.820 + 0.898"
0.900 £ 0.126°
0.700 £ 0.296°
0.380 + 0.106"
1.740 + 0.641°
1.320 +0.518"
0.620 +0.132°
0.280 £ 0.106°

4.960 + 1.047°
9.040 + 1.016°
5.310 +0.526°
1.840 +0.255°
7.090 + 1.454°
2.860 + 0.312%
1.610 + 0.244°
2.860 + 0.449"
1.750 + 0.355°
0.030 £ 0.024°
1.470 £ 0.186"
2.660 = 0.264°
1.840 + 0.597°
2.400 + 0.294°
1.530 + 0.280°
0.470 + 0.078*
0.270 + 0.088"
0.310+0.137°
1.250 + 0.231°
0.950 + 0.189"

BN TIIE + ARHER, ARVNG FREROR VIS A FIBY B R 22 57 2 3% (Duncan method, P < 0.05).

Data are shown as mean + SE, different lowercase letters indicate significant differences (Duncan method, P < 0.05).

T2 EYERATARIEEMERNTIERWFME. TOC: REHHR; TN: £8; TP: £ AP: A3,
Table 2  Soil physical and chemical properties at different successional stages of biological soil crusts. TOC, Total organic carbon;
TN, Total nitrogen; TP, Total phosphorous; AP, Available phosphorous.

HE 4 R A BAYE TOC 4% TN HAZ NO;-N &% NH,S-N &6 TP Ak AP pH

Types of biological (g/kg) (g/kg) (mg/kg) (mg/kg) (g/kg) (mg/kg)

soil crusts

#iHs Bare soil 1.120 £ 0.060°  0.050 £0.010% 0.007 +£0.001°  0.008 £ 0.001* 0.100 £ 0.010° 2.500 £ 0.230° 7.140 £ 0.130®
WELER Algalcrusts  4.660 = 0.660°  0.190+0.020° 0.008 +0.001™  0.012+0.001*  0.360 +0.030" 4.170 £0.310® 7.210 = 0.070"
i 45 7 Lichen crusts 10.810+ 1.110°  0.280 £ 0.030° 0.010+0.002*  0.009 £0.002*  0.470 + 0.300° 3.470 +0.260° 7.260 + 0.090"
BELERZ Moss crusts  15.610+ 1.740°  0.430+£0.030° 0.009+ 0.001®  0.008 £0.001°  0.440 + 0.270* 4.680 + 0.380° 6.950 + 0.080"

Bl B + SRR, ASFENG T RERIR WSS B A RS B BLR] 22 57 % (Duncan method, P < 0.05).

Data are shown as mean + SE, different lowercase letters indicate significant differences (Duncan method, P < 0.05).
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@ ®)

| Wik H Oscillatoriales HREREL

W JL T i H Chitinophagales Correlation coefficient

8B B Sphingomonadales

#Y& B B Rhizobiales .
£1fa}F75 B Rubrobacterales 0.2

Chroococcidiopsidales 0

44 Group

WELF4EH H Cytophagales 02
A% H Nostocales :
Blastocatellales —0.4

o BS

{AFL S E4 B Burkholderiales H-06

e AC
o LC
e MC

RAD 2 (25.8%)

meoE mn EEas

&) #1407 H Rhodobacterales
Pyrinomonadales
| Tepidisphaerales

Abditibacteriales

Oxyphotobacteria Incertae Sedis

{Bi#4 /B3 H Pseudanabaenales
| ##3R% B Micrococcales
ZEHUFF A H Bacillales

Propionibacteriales

RDA 1 (31.4%)

| B Chthoniobacterales

Elo WEEEEMSHERTFRASH()AMAELEBSERTHEMERE (D). BS: ##ith; AC: JBLER; LC: HKRLER;
MC: B¥4ER . TOC: 28HE; NH, -N: $275%; NO; -N: HHSR; TN: % TP: £ AP: H%#. * P<0.05; ** P<0.01;

% <0.001.

Fig. 6 Redundancy analysis (RDA) on bacterial community structure and environmental factors (a), and a correlation heatmap of
bacterial key orders and environmental factors (b). BS, Bare soil; AC, Algal crusts; LC, Lichen crusts; MC, Moss crusts. TOC, Total
organic carbon; NH, -N, Ammonium nitrogen; NO5 -N, Nitrate nitrogen; TN, Total nitrogen; TP, Total phosphorous; AP, Available

phosphorous. * P <0.05; ** P<0.01; *** P<0.001.

B Ry Mk B AN EE 4h R DA R4 Ry S A
FRIRE S 20 B A0 20 1 (181 6a), R BTEATTZ 18] A 2
TR TR 4 W) 25 S 0, AR 45 17 () 200 o TR T 5 R 2
P MBS 3 — M E S, REEE R ks
F R 25 B T8 B (IE S . PERMANOVA 43 Hridt—
R, B I3, B 2 [A] | PR R SR
Z H B TR 2 3 B 3 KF(P < 0.001), TijHE
K4l fe 5o f FIs 25 7 2 (i) 22 AR % . TOC.
TN TPHIpH-5 40 1 T 45 #4 5 B 2 R AH DG % (K 6a),
Mantel testiff — 3K B, TOC. TN, TPAHIpH1Y
M Sk 25 52 ) 4 B R TR S5 A (P < 0.001). TOCH
Chthoniobacterales. Tepidisphaerales. % Ek % H Al
WEJLT B H. INSTP 5Oy fmEi H . pHE4L
YHTE H ¥ R EA R KRP < 0.001); 2R,
TOCH L4 H ML B H. TNSTPI 5406
B H FlMicrococcales 2 M) i 35 i AH R KL R(P <
0.001) (El6b).

31 EMERREREFINAE ST

WA FETE TR BOR P TR R 2
FEVER) B 2SR AR . AW ILAN)4ES B4 Chao 1

¥ %, Shannonfi ZUFIPDTE HUIE AR B 5, 7E ¥R 45
Ak, BijE S BT EdhhEUR S ER
REKA B4, 2021), 400 F B EAK, RPMEE
PR P AMAZCR ARG, A0 A R Fh 2 B 138 4 3E
WTS, EAEREVE AT LLEAE, 5 S04 R AR AR
WMo FETEE o TEELE P B, B 2RI
LR AAARBR (13 22 38 T N LA B (Xu et al,
2019; Bai et al, 2020), HAhRhRTE 5 W5 55 Frid f2
AT, HE AR HAEEE, SRR
ZREPEAE RS M B A . MAEMEE R B B AR
ghi . BEEE N, — AR AT IR E ' Y
JFi(Krucon et al, 2021), 4 F T4 5 FETE 1) A K01,
AT b A 235 Bz R 45 17 A 4 T 1 o2 A SO B
TFHELh K, 55— J7 10, BEE 40 7 B A 4 B A 45
FEMr BAEEE R 2, AN FEP R 584 A
Inss, fEseg A ALY RET ek VIR (Hou et
al, 2022), fJaik 3| —fiae FARE, X ATEE
T A 4 Bz A 45 K7 P AT B o 2 B PR T 1) iR
K (B EZE, 2018; #1545, 2019).
32 WEFEABAEVEREZIEPHNER
ARG REW, BRI HAYGE A6 i
WUBTEB ] W] R TR TR
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T T RILAET T 563 Sonoran?b BEAIELS i £
e RE R R A A YRS 2 A
T X A LIRS BE— B (Weber et al, 2016; Zhang
etal, 2016, 2018; Su et al, 2020), X 15 B A [F] 5 X
A=W 2k e A TR B TR AE 11K AR AL, B
[y ASTERE T T(BARTE B 1) TR TR [ I ARAT i [ 12
T-RXAER RS LM E VR AR E. X n]
RE S A 93X e A 10 20 T 5 A 8 A v 3k O T 52
FEE, WMnhFTMrp2E (R, i £531% e 3L F 41 B X i
S SO A =TI N = 8= N < o 0 < (4 1 -
(Delgado-Baquerizo et al, 2018). ¥ #EAEVMEEY) T
BAE R H AR, JUHR LRI, B H
FOTA L . B AT B, DA R BRI H S kAN
Dok, EATHE B A B e SR SE R AR
(Belnap & Lange, 2003; Hu & Liu, 2003; XIJ7K & %%,
2013; Zhang et al, 2016). ASHFF A& BLLE 45 B A b
ARG R I LARE BT B 5 S0, A, fEME
KGR MR & Bk B MR R R W] s T
1B iEE B B B . YeagerZs (2004)7E R P Fii £ & [ A1
S35 BF R ER VB RO AL, UESE T LR O EE
=P RS 45 Rz ) A BR B AN B A T A T e 1 i
G B o B3 WA TR J A7 20 R Xof B UK YRk 45
A PR35 22,50k = S R00RE (R 4R AR A A ba i
RO B 45 Bz, [R) I H % & 4 FH AN 80 1)
38 v i N PRV BN BUAE 3B 0 B SR 3G, AR AE AR
g5 [ it — 5 K B i B (Zhang, 2005; XK 5E %%,
2013). FEMKFE U - F 2 X, Moreira-Grez%%
(2019) % I LS5 Be A=V I LR T B T T AR R T8
HAWESE T ARk H . OBk H N E, MY K
IR ARTEEIRAT I B . I8 H . ki B AR
TEHE TR ARSI . FEARWF T A, FRHEY B f AR
TERT] TR [ IAMSOURT 8 1] A = P2 2 B vy T
BEI], MHAE16S rRNAKEDR B BT HAh
Bl B, 1l B T A [F) SR B 40 3 B2 AR H I
EFEBE 45 B B, 418 16S rRNAJE R = FE ] 12
T AP B, HFHATER T 0K TR AT B 1)
FRVRE O 2 P B S v T 1), Ul B R T L H
RARTEBE T AT T IR ERAT & T 1. RTE
[ VMHDAT R 1) 2 AW 45 B b i) LR, B AT T BA
P N A 2 REAE B TE R A 4 Y G AR
&5 B EAE H (Maier et al, 2016; Zhang et al, 2018).

FOAF B 100 =F B 7 45 AN g &8 17 B 5 o T s 45
MM ARG By, TEE S fs B fevp, REeh A+
HR-REEZE ETHEHGEIIMEEE, 2013), il
MIHEMEEE S o B T8 E 5 2 m, BFES Hi
Fhah S5, BRI T AW R ERRRE. JFRR
DU LR B A AR WL H 2 AR 2R, B
FIX A AR g b G BB, X T R
B TR 2 1 1) AR K0 T B SR AR AR BRI 52 1,
FEAE T RS AT A AR IR BT 2% 1, [RIINTiC
LR PR A4 = AL T R, 2 RIEFR A
FERE, AR THA ., SeEMI A KR ED S
BRI (Xu et al, 2019; HTHTEAE, 2020). BRAT I
ITREAHRZ RN IR, el FES L
pHAE AR ) 7E 338 1) 43 WA ) A D% (Eichorst et al,
2011). BEEAENEDSS = EEDCE A, K
VEE S IR, TEASHIE 70 A R FEAE B 45 B 1)
F R R AR T 45 B Rt A 45 1, HL R IR — 5 T )
RESE RN IS S B #E A YIAE e e 4, LS B PR 2
FER H & BEREMRAMAEOR, A S 7 2 1L
FIE TR, R34 P AT ARIHAL(Zhang et al, 2009);
oy —J7 T O] e A AR A 45 R R R v R IR B
A, FITRFMEDNEK, &R AR F7RME
Wgr b T IE R AEF 2SR (Lan et al, 2013), XAFAT
RE SR MM FEH S N AN RNIEE
Wk B ) R I B, YRS R A R
R T2 R EFENZ B, TEEDS RPN )E 1,
Rk & g3, IR, RN, 5350
RSB IR e, PRI, O EEAE A AN R R R
FEREFIK 7y, BRI A AF L4 5 ) (Zhang et al,
2018).
33 X4t
%1ER

SRR, LRGSR A B
R, B IEE AR P AE, 2008; Belnap et al,
2016). AHF TR, TOCHITNBE A A4 i HTE &
BEIEZER FTHERP < 0.05), (EEESE K B &,
TP. NO; -NApH U 7E H AL 45 7 By BUA BIEAE; AP
TEBF 45 R B B f i o

TERRHY B, L3RR & RIRK, TOC. TN
MTPEEIUAL.12 £ 0.06 g/kg. 0.05 + 0.01 g/kghll
0.10 + 0.01 g/kg, #RHbH AR 3= 22 DA ST 11

SR T BB R A 15 X 4 B A5 Y
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RAER) D RE A DA, R ORBI 908 75 7R 5250 = 1Y
TN N IRNFZI AN P A B, IR N R HAE
W EE B R AERI D RE, DA RAR S A Ta] ) AR
AAER R &R, LN HAEN S e B ES R E
AWE L.
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ABSTRACT

Aims: Protists play an important role in nutrient cycling, microbiome stability and soil fertility maintenance. Compared
with bacteria and fungi, the change characteristics and driving factors of soil protist community composition and
diversity in degraded grassland ecosystems remain unclear. The aim of this study was to explore the community
dynamics of soil protists during the degradation of subalpine meadow in Mount Wutai and its driving factors, and to
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provide basic data and decision-making references for further research on subalpine meadow ecosystem health
monitoring and ecological restoration.

Methods: In this study, high-throughput sequencing technology was used to study the change characteristics and
environmental driving factors of soil protist community composition and diversity in subalpine meadow of Mount
Watai under nondegraded (ND), lightly, moderately and heavily degraded (LD, MD and HD) conditions. The o
diversity of community was analyzed by Shannon-Wiener index and richness index. Non-metric multidimensional
scaling analysis (NMDS) based on Bray-Curtis distance was used to assess the overall structural changes of the protist
community. Linear discriminant analysis (LDA) combined with LEfSe analysis was used to determine the biomarkers
of statistical difference among four different degradation stage of subalpine meadows. The relationship between protist
community structure and environmental variables were analyzed by redundancy analysis (RDA). Variance partitioning
analysis (VPA) quantified the effects of soil physicochemical properties and plant variables on the changes of protist
community structure.

Results: The results showed that the dominant phyla (relative abundance > 1%) of soil protist in subalpine meadows
were Cercozoa, Ochrophyta, Ciliophora, Lobosa, Conosa, Chlorophyta and Apicomplexa. There were significant
differences in the relative abundances of Ciliophora, Lobosa, Chlorophyta, Choanoflagellida and Perkinsea among the
four different degradation stage of subalpine meadows (P < 0.05). LEfSe showed that the ND meadow was mainly
enriched with the phylum Perkinsea group, the LD meadow was enriched with the order Scuticociliatida group, the MD
meadow was enriched with the Tubulinea and Oomycota groups, and the HD meadow was mainly enriched with the
phototrophs, the Chlorophyta and Bacillariophyta groups. The o diversity of soil protists decreased with the
deterioration of subalpine meadow (P < 0.05). NMDS results indicated that there were significant differences in the
community structure of soil protists in four degradation stages of subalpine meadow (P < 0.05). Total nitrogen, plant
Shannon-Wiener index, aboveground biomass, soil water content and ammonium nitrogen were identified as the top
predictors for the composition of protist communities (P < 0.05). VPA showed that both physicochemical factors and
vegetation parameters jointly accounted for 38.44% of the variation of the protist community, and soil physicochemical
factors (20.69%) had a greater explanation than vegetation parameters (7.85%).

Conclusion: The diversity and community structure of soil protists have changed obviously in the process of subalpine
meadow degradation in Mount Wutai. Soil environmental factors are important factors affecting the changes of the
protist community structure. The results of this study strengthen the potential of protists as indicators of grassland
degradation and provide experimental data for scientific and comprehensive evaluation of soil ecosystem health in
subalpine meadow.

Key words: subalpine meadow; grassland degradation; protist community; microbial diversity; high-throughput
sequencing
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BNA T B FEEE RAAL AT USRI ey 1l 5 e 358 5
AR AR 2 BRI T T R A TR, RN ER AR SR AR AR
X MR R R AER, EREN I
LR A AR 2 SR 40 S ORI S AR 2 AR A

1.1 Mg ESHRRE

R VA ILAE, Hh F A E5R
Fr(Wang et al, 2009)7E H & 1 4R & 71 (39°02" N,
113°39" E)IEHUAIR ML B BEIR AL Hp BER AL AN E
IR A FE A A g ] A (B FEHB T AR 100 m % 100 m),
FE Hb 2 8] 1 B K BE 2 A #3500 m, ¥ kTR
2,527-2,590 mx [Al(Kl1). 20184E8 A, fE& ML
BEAL ESAN m x 1 mOFETT, BEAMFETT 2 (A1 HE B
H50mbh b, KEE0-10 cmPE 2 4, LR[040
TR KR TR RIS R LR, IR
Wy, A EAEEACT TR R, A
— i T—80°C N H T EDNAFEHL.
1.2 IMEEFNE

SRR AR M E. BETE 5 55 B R
= . A 2 BRI 2 K FH Shannon-Wienerd g £
F & ERBCHAT VRN « SR BT T8 5K &,
HLALVE(HANNA, SRR E + S pHAE (K N
1:2.5), JGEIH{(Elementar Vario MACRO, fi
[ 52 SRR AR, KoCrO7 S Ak i 5E 13 45 AL
ik, [EWICE M1 (Clever Chem 380, 1% &)l &
AR MAR. WSS, HIEZNE A%
B ROHE SR VR E A AR, WOBRLEGEN
E T HERLAR
1.3 SBElFREVEEESH

i H T 3EDNAIR | & (Omega Bio-tek, USA)M
0.25 g -3 PR EUEDNA. I IE A 5l ¥ TAReuk
454FWDIF (5'-CCAGCASCYGCGGTAATTCC-3")
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39°00’'N \

&% Legend }I\
() ¥+ Loess oA
1117548 Shanxi Province > q
mm 7i 4111 Mount Wutai "’
7

38°30'N

RAE X

LA "Sampling area
&N -

ND LD

113°00'E 113°30'E

MD HD

Bl AeWURFIEMXEREE. ND: REHER; LD: RERUER; MD: fERER; HD: EERUES.

Fig. 1
Moderately degraded meadow; HD, Heavily degraded meadow.

1 A 5] #) TAReukREV3F (5'-ACTTTCGTTCTT
GATYRA-3")¥"1#18S rRNA] V4748 [X (Stoeck et al,
2010). PCRYMGFLF: 94°CHIEEAEMES min, SRIG7E
95 CAZ 30 s, 55°CIB K30 s, 72°C 4EH45 s, LT
2T ME, FJETET2°C X 10 min. PCRF=¥)7E
llumina Miseq V- & ( 83 &5 A WE AR A R 2
") AT REFWF . FFHQUME2H (AR
HEBRVERE P X6 I 46 5 #1347 2 Ao {8 FFUPARSE 2
ITIRE R EBR, $297%FFIAHALE BRIKOTUs. 1S
Protist Ribosomal Reference (PR2)%(#E/F X T H
T2 HEW)18S rRNASKE KU 1 J5 A A= W 1 1 i3k A T 4
Z(Guillou et al, 2013). ZEE#iwE SCNEE . Ja43)
¥ (Metazoan) « 4L # (Rhodophyta) 1 4% & 18 )
(Streptophyta)JOTUs (4 T A OTUs[143.5%), 1%
INEEAR T FNB0T, ARG 3T J5 8200 HT(Zhao et
al, 2019; Zhang SY et al, 2022), “FIJHXEE > 1%,
B4 8 SONAREATT .
1.4 BEESH

FH QUME2 #1455 A A W T B o 2
Mo SR Z M #)5% Hr(linear discriminant analysis,
LDA)%5 & LEfSe 73 H7 #f 52 A [A] 3B AL B B i 1L B2
A G vt 27 22 7 () A= P 25 ) (biomarker) (P < 0.05

Sketch map of sampling location and area of Mount Wutai. ND, Nondegraded meadow; LD, Lightly degraded meadow; MD,

MLDAVES; > 3.5). {#i % T Bray-CurtisfE 25 [11E
& & % 4% ] 4> HT (non-metric multidimensional
scaling analysis, NMDS) VAl i A= 22 W) 3 V4 11 # 4k
g AR L . Al FHARRAYE 29 BT (analysis of similarities,
ANOSIM) KA i 438 Jif 28 AE W) U 45 0 22 S 1 I
Z M. KHPearsontH =<7 Ht fMantel test4) ] 53 4T
IR DR 1 B A OG 1 S B 5 4 358 I A= AR WV 4
IR & o 3k — 5 FHZ 2 5] 3 flMonte  Carlo
permutation testXf g PRI AR B AT AU #E, L HE
BEGIFRE (P < 0.0 EHIT IR
Mr(redundancy analysis, RDA), PFA A AEVIRETR
SEiK) S EIAR B (R AR O ME . T Rk £ 1
IR K1, KR J7 Z 43 fi# 73 M (variance partitioning
analysis, VPA)E f - 138 BE Ak 4 o R A 47 748 52 %) Ji
A AR SRR S AR R . R IR R T 22
53§t FDuncan 2 H LEEL 53 B0 A [RR A BT BT &
Ly ) 438 JiF AR AR W) AR 3 TR N S B DL R R AR
AV TR 0 BEVERNB 2 FEPEAH S 1t R AT 2 2 PR 2
st . 5T Galaxy#F 1T LEfSe ) 7E 2k 70 # L 4
(http://huttenhower.sph.harvard.edu/galaxy/). FF %K
{+-Origin Pro 2021 it Z: il AR B« SR FHRIE & ggplot2
B TRDA. NMDSAHIMantel test7#T & 2
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#R

21 AEEUMBEIESLEGTEREEEMFE
AR

P70 P g R EOR, 4N [EB A Y B &
Ll ) S T A A AR T 2L 5 E H14,726 1N OTUSs.
A L L 5 (Rhizaria) 72 £ BT A A 1 AH X 3= B2 8% 5
W (b A 7 81 200149.52%), HoAth 88 42 AH Xt
F= B = B AR IR N A 55 #E E 28 (Stramepopila,
19.29%). FEifd 5 (Alveolata, 17.14%). AFJEHLH
(Amoebozoa, 10.12%). iZ 8 4 5t (Archaeplastida,
2.17%). J&#iF 4 ¥)(Opisthokonta, 0.64%). 7 L7
(Excavata, 0.58%). Hacrobia (0.32%)F17CH H 5
(Apusozoa, 0.21%). —3LA&25716149104 H 176%}
298J& . HH1 42 /& [ ](Cercozoa)- #5i [ 1(Ochrophyta).
4} & [ 1(Ciliophora)~ M & [ J(Lobosa). A %5#FE
Fp K E W 1T (Stramepopila X) < HE 2 W T]
(Conosa) - %% # [ (Chlorophyta) f1 Tii & [7]
(Apicomplexa) WHLH ](Kl2a). ZFEIT. 2T,
23171 ChoanoflagellidafliPerkinseatt 4> A~ [A] iR 14
i BV, e Ly ) [B) 74 S 2% 22 57 (P < 0,05, [&12b).

LEfSe45 R R, ANRIE AR B iy 1l #E 4 3E
A 32 AR R 2 R 2 B I SR AR R e R
(LDA>3.5,P<0.05, [43). ND¥ fij &% 79N R
AR RE, BDLE B KT G SR B D 30 R
(Alveolata); 7E 17KV L f Perkinsea; d/KF L4
Perkinsida #1 Endomyxa-Phytomyxea; H /K ¥ b &

(@

r AEEHFE Y Stramenopiles
== K&ﬁ%ﬁ**ﬁlﬂﬂf gl

100 | Tt
I 3] Ochmphy'x
A FLHF Rhizaria

80 [ 12 /2] Cercozoa
JEHEE L Opisthokonta
[ Choanoflagellida
60 - T HA Excavata
[ 5% ] Metamonada
[ #% 87 - Discoba
ZHEYIF Archaeplastida
40 - 15811 Chlorophyta
A5 i - Amoebozoa
= [ 12 T[] Lobosa
] 14217 Conosa
FE K Alveolata
[ Perkinsea
, EE1 417 Ciliophora
[ 1542 ] Apicomplexa
HD Wi Others

20

A%+ JE Relative abundance (%)

(=]

s I

ND LD

Perkinsida H' & & X [ H (Perkinsida X) 1 i1 /& H
(Plasmodiophorida); 7E £t 7K ¥ I Perkinsida H'
& ) B (Perkinsida XX) . Polymyxa_ linege #/!
Paracercomonadidae . LD ¥ ] 1 & ££ T J& 4F H
(Scuticociliatida) « 5 £ H &} (Orchitophryidae) Al
AllapsidaeF}. MDZFE ) A I 2] 104N 25 22 7 1 5
ALEWRTEQII2443 H 3R}, BRIt 2 ET1(Lobosa)-
A% J% H 4 (Tubulinea) « Echinamoebida ( H ) -
Vermamoebidae (H). ATCC50593-lineage (%})-
ATCC50593-Flamella (F}). AFFHEEIHARE LK)
I 'J(Stramenopiles_X)~ YF B 2¥(Oomycota). BB 24 1
A € X1 H (Oomycota_X) I Peronosporales (}).
HDH ) 5 5 T 104 R A AR W43 R QA 1113402
H2RL, ffEz ) S (Archaeplastida) . ZX7% (]
(Chlorophyta). %k % 24 (Chlorophyceae). J:Ek 5 4%
(Trebouxiophyceae). i H (Sphaeropleales). ¥
H ok 2 I EL(Sphaeropleales X). ANEE#EE S
#(Stramenopiles). {4 (Bacillariophyta). 7424
Hh R € Y H (Bacillariophyta X) F1Raphid-pennate
(Bly. G R BH, MV gy LUy B )R Ak f v 35 A AR
VIR VR AH SRR T FEAE % 0 KK B R AT R
E XA
22 AREEUHETISLERLIERSEEEE
MK

TR R A ARV o 2 FETE IR R (T E BE R EOR
Shannon-Wiener$§ £0) i & V. /5 1L 5 4] 18 10 75 & 1
I (K4). SNDEA AR b, HD% ) 158 7 A4

(b) P{E P value

4717 Ciliophora ! #0413 mND
[

I JEIE[T Lobosa 5

£%#1"] Chlorophyta &I

Choanoflagellida !

= MD
* 0.0435 S HD

* 0.0296
* 0.0481

Perkinsea * 0.0120

0 2 46 8101214161820
HiXtFE Relative abundance (%)

E2 TERUMBRISLEGIREEEDAE NQMEEESEERME OB EREND: RKELESR; LD: BER
Em; MD: FEIRLESR; HD: EERUER. PERTARERUMRIESLEREDRREEY BN EENERKE,

*RNBEEEERP<0.05).

Fig. 2 Relative abundance of dominant (a) and significantly differentially dominant (b) phyla of soil protist in subalpine meadow at
different degradation stages. ND, Nondegraded meadow; LD, Lightly degraded meadow; MD, Moderately degraded meadow; HD,
Heavily degraded meadow. P value indicates the level of difference in relative abundance of soil protists among subalpine meadows
at different stages of degradation, and * indicates a significant difference (P < 0.05).
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mm a: Orchitophryidae

== b: Scuticociliatia

mm c: Perkinsida XX

mm d: Perkinsida_X

= ¢: Perkinsida

mm f: ATCC50593 lineage
- ﬁ: ATCC50593 Flamella. WIMS80 _lineage
= h: Vermamoebidae

= i: Echinamoebida

mm j: Tubulinea

= k: Sphaeropleales X
= |: Sphaeropleales

== m: Chlorophyceae

= n: Trebouxiophyceae
mm 0: Polymyxa_lineage
mm p: Plasmodiophori

mm q: Endomyxa_Phytomyxea
mm r: Paracercomonadidae
mm s: Allapsidae

== t: Raphid pennate

== u: Bacillariophyta X
mm v: Bacillariophyta

mm w: Peronosporales

== x: Oomycota X

= y: Oomycota

E3 AERUMBISLERTIRFEEEYEEEESFMNLESe 1. ND: KIEHES; LD: BERLER; MD: HEIRL
E&); HD: EERLER. 8MERA—NIXFRRANAE S L, NREISMNIERS IR REEE. 7 R, BRI,
REMTHRRTDEZREREN—NMERET, BITEMERSFEEREL; FTRBRELEEEGTHENFEFEEZRSH
DB EMREIER NS ZE P HIT T B RE.

Fig. 3 LEfSe analysis showing soil protist community differences in subalpine meadow at different degradation stages. ND,
Nondegraded meadow; LD, Lightly degraded meadow; MD, Moderately degraded meadow; HD, Heavily degraded meadow. Each
circular ring deposit all taxa within a taxonomic level, the circular ring from inside to outside represents supergroup, phylum, class,
order and family, respectively. The node on the circular ring represents taxon, affiliating within the taxonomic level. The diameter of
each node is proportional to the abundance of the group. Taxa that had significantly higher relative abundance in a certain treatment
within each meadow degradation type were color-coded within the cladogram.

@ 30 ®) 2.1
| a
B 28 ab ab 201 a
E 26} &5 b ab
g
g b %'E 1.9
L s 5 I
é 24 §§ b
i > B
ﬁ 22 L% 18t
i 20 é g
B R 1.7}k
# 18l
16 ' T : L6 : T— :
ND LD MD HD ND LD MD HD

B4 FREBUNEISLEGLRFEEEMEEZo2E M. ND: RIELER; LD: BERUER; MD: FEFRILER; HD:
EERUER. SERTHENNEFHRTFEEEERP<0.05).

Fig. 4 The a diversity indices of soil protist communities in subalpine meadow at different degradation stages. ND, Nondegraded
meadow; LD, Lightly degraded meadow; MD, Moderately degraded meadow; HD, Heavily degraded meadow. Data that do not share
a lowercase letter are significantly different (P < 0.05).

AEVDBETE I a2 FEME B2 PP < 0.05, E4).

S Ry Ly ) B A i AR 3 R AR AR VR 1
SER R T R B, AR [F)E Ab B B
9 57 2 AR W BV FE AR 3 A 4 (E15) . ANOSIM
G5 IR S A [F) AR A i B ) 38 R AR AR R VR A
MAEAE R E N S, 4N FIRILEY BT & 1L )

AT B A 038 AR AR W TR A RS R A B (r
=0.577, P < 0.001, K|5a). t4b, #F Bray-Curtis
FEEETE AN FLER AR L R AR A IR B AT
PERIAE . SNDHEMFHEL, LD MDAIHDH A
LI E A YRS B FE VAR R S R G NP <
0.05, [&I5b).
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NMDS 2

—0.4  Stress: 0.09
1 1 1

r=10.577,P<0.001
I 1 1 I

-06 -04 —-02 00 02
NMDS 1

04 0.6

400

(®)

W

(=3

(=]
T

200 a ab

100
b
=

~100 1 1 1 1

JEAE A TR T AR S
Protist community dissimilarity

(=]
T

E5 ARIRUMETISLUEAIIEREEYEZIEEE S HRESHT(NMDS) () %1874 2 H71(E FBray-CurtistEE) (b).
r=0.577, P < 0.001 AR ELR (LM EX T & LU B ) (8] R A AR DB R L FIANOSIMAR IR 45 R . ND: RiBWEF; LD: BE

IRUWER); MD: FERHER; HD: EFRUES.

Fig. 5 Non-metric multidimensional scaling (NMDS) (a) and dissimilarity analysis (based on Bray-Curtis distance) (b) of soil
protist communities in subalpine meadow at different degradation stages. The r = 0.577, P < 0.001 are the ANOSIM test results of
protist community similarity between subalpine meadows in different degradation stages. ND, Nondegraded meadow; LD, Lightly
degraded meadow; MD, Moderately degraded meadow; HD, Heavily degraded meadow.

2.3 IMEETFLIRESEE YRR AN
Mantel test7 TR B, TIEFH/KE. 2R LK
T AS 2 M) a5 2 Wl 3 s il i 2 2 W 2 v (1
6, P<0.01)c Z83E [ 15 38 5T L CRARE B RL AR |
pH. BRELL. Y &5 R & R E AP < 0.05);
MR TS gk k. pH. FEY R AR R
(P < 0.05); 4EIT5pHAEY) 55 5 5 3% HH ¢
(K6, P<0.05). RDAZEIR IR, Sl ANHI2 5 ) ff e
TR ARV SRR S 1) 31.87%H122.30%, +
WAV Z BOLRRERE T AR E R R BN
54.17% (Kl7a). . fEY)Shannon-Wienerd54L .
i BAEYE . TIEEKEMESER IS E A A
T V& 25 K 22 A () B IR BE R 1 (P < 0.05) 0 77 2247 fifk
TR EIR, B TR AL TS KER
B 25 R) 1A B 2 40 (1 9) Shannon-Wiener 45 £UFH
AR E) LRI T R A AR YR VA AR R 11138.44%,
Forp L3 PR AL R 1 RS 1720.69%, T S HUT
MFERE T 7.85%, 35 FRAK DR 1 X6F B V& 45 44 22 S 1)
DTUHROK THE A 2 5] 7b)

30 HREEEVEFVIEAR TS LERR

LB a7
3 I AR A AR T KT ) AL RORT 22 Sy

ERATEN, AN [ERER AR B iy 1L A o a8 J A AR
UIRER AR AR AR —B(&2), K221, 5
B AR F e, 58RI
fBL, T 21438 DASREE 1A 22 2 |18 FE (Zhao et al,
2019) o JX AT BE AL FH 3y 1 5 ) A3 - A AT AL
TEIEW R, R AEF B 2
EI7T. £t ], ChoanoflagellidafliPerkinsea HJ A X
F= BEAEAN R R ALY B iy Ll B ) AR A 2 2 22
(1813, P<0.05). 3 4h, 4R ASRLE LB BEI 5y 1) 5 )
BIESE T ARMAREY(E3), U E A
WA U 2H RCRT AR = R VR R AR A A B2 S 3
L. RIBIGE S 4 [ Perkinseait I\ y & 2
TR B T ME— AR AR, T2 A NI R
K B 25 Pl K A 3R 55 R0 H HP (Ttoiz et al, 2022).
Perkinsea H 77 42 J5 AR AR M) 14 B8 RA K, FF
FIERET Tz, Horp— SR PR R ) AR B8 A3
I P T R R AR S RN B gy 5 AR A 5 ) AH
bt 1B 4k ) 1 Perkinsea ) AH AT 3 B 2 25 082, H
JE R AT e AR A S K E S, HdEE BB
Perkinsea’f: f7(Chambouvet et al, 2014). Perkinsea™]
DAFFAEAE & Fh 37 E @) A s A AR ) b, RIB
A B A L3R 40 B DA AR R A, e
POt T i E B A RIE, X R AT £ 1A
TETRIBUEA K 55— EF (Sun et al, 2021). FA
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SWC
Mantel’s P Clay
— <001 site |l
sand [l

— 0.01-0.05

>0.05 .
™ HEEE = Chiotophyta

Mantel’s r
— <02 cN AEN
o SOM
= (.2-0.4 Wi
NO;-N H R
m >04
NO,-N
Pearson’s r NH/-N
” « ZE]]
05 e Ciliophora
. Coverage
0.0 Height
-0.5 AGB
Plant richness . ™
Plant shannon 1
%&0 o ex\‘%q,& S &Oo\i‘%o@ﬁ S W y&'@é‘é@v& ‘0"%;9&0
‘%06’ O 0040 Q” 00 ‘%Q
X
Q\‘?Q\‘y

Elo IMEETHAMEFESTIEREEMEE X RN Mantel 5787, SWC: HIESIKE; Clay: #REE; Silt: MRS E;

Sand: #0%I; TN: £%; TC: 28k; C/N: BRRmEL; SOM: TiEBGHLER; NO;-N: FHSHE; NO,-N: THREASSE; NH,-N: &7

R AP: B AK: BX$H; Coverage: 1M EE; Height: = E; AGB: i E44=; Plant richness: 1EIFEEIEE;
Plant Shannon: E%JShannon-Wienerig#{.

Fig. 6 Correlation of environmental factors and Mantel analysis of relationship between environment and soil protist communities.

SWC, Soil water content; Clay, Clay content; Silt, Silt content; Sand, Sand content; TN, Total nitrogen; TC, Total carbon; C/N,

Carbon nitrogen ratio; SOM, Soil organic matter; NO5 -N, Nitrate nitrogen; NO, -N, Nitrous nitrogen; NH, -N, Ammonium nitrogen;
AP, Available phosphorus; AK, Available potassium; Coverage, Vegetation coverage; Height, Vegetation height; AGB, Aboveground
biomass; Plant richness: Plant richness index; Plant Shannon, Plant Shannon-Wiener index.

L0FG) oND
A oLD
2 > MD A PR S
s HD Soil physical and V. :
L el egetation
_ parameters
xX
a o A
S NH,~N °_% A
e <
§ TN SwC_—©° .
AGB
o O
B o J Plant Shannon o °
° KRRt
-10t L I L Unexplained variable
-1.0 1.0 61.56%

RDA 1 (31.87%)

E7 TEEEEYEEEHNSTETEN TR T@QMAED RS (D). TN: 2 & ; Plant Shannon: #&4%)Shannon-
Wienerf&#(; AGB: b EAEHIE; SWC: HIEE/KE; NH,-N: #7558, ND: RiBUER; LD: BERUER; MD: $EIR
LER; HD: EFRHESR.

Fig. 7 Relationships between soil protist community structure and environmental variables based on redundancy analysis (a) and
variation partitioning analysis (b). TN, Total nitrogen; Plant Shannon, Plant Shannon-Wiener index; AGB, Aboveground biomass;
SWC, Soil water content; NH;-N, Ammonium nitrogen. ND, Nondegraded meadow; LD, Lightly degraded meadow; MD,
Moderately degraded meadow; HD, Heavily degraded meadow.
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M, HATXSPerkinseal A A . 8 L5
13 FAE BRARFAEAT AR VGRS, Real e e g R
A B2 ED>(Jeon & Park, 2021). 2 i

B4 15 £F H (Scuticociliatida) 2T 8 HUdE & MR,

REZHAEI5-50 pmJB N, T2 BT % KK
o, JCHAE S E SRR TR LR B AR (B
HAEFF ) R A BN o vh BB L A & AR [ 2
V)& T LR, A8 b 2 85 PS40 i
W AR 5 I B T A2 8l (Zhang SY et al, 2022). HAk
ARRUT FHRIZIR, DG, £ TR, L
BURWMCE N, IR LA A, 207
WahE, FrrE R, AL RIS HAR A 3
A, FEEEE R SR EAR (Sun et al, 2021). F4b, HE
BAE M E RN INENE TAFHELR, B3
VRIS N, AT LA AR, MetEE e AT
FABBPE . HW YY), Fedst A e
B HLIH 43 % (Geisen et al, 2018). B B 5843 ik
U THEYBUR R, AT REcx b BB A )
AR R . B RGBS 5 TS e T
Y TR AL S RE AN AN S B,
B R ) E N R AR A R E R A H IR
HKE. SARBICEF AL, oA E R A
TG RA AV GRBE T I FBE RN (E]2). iR
ACBRAR T R4 A 77 7, 3T 5 B0 e 1L ) o
WAL IR R & B2 . AR, B E AL
] HR AN = R RO S E IR IR AR AR T DL
HEAEHZRE B 25 A\ 2 L% (Jassey et al, 2015),
R, Yaf B IR IE ALY AT UAE NI A 7= 5 KR
Ak ™ B ) A Uk [ A TTER, AR — e R
FE ] DA AR B AN B AR S R IR0 . SR
1M, 7EIRALIE B AR S R E YIS
B 7R B I A2 AR W W) R A 7 7 B A o R 7R
B — PRI
32 HEREEYREHESHMENTESLERERK
Bl B

SV iy L B ) 398 Ji A AR DR 1) o 2 R 1 B R
AR JE 2 R BRI SS, R A2 H R R A 2 ) 3% R
AR E a2 A R T RR(E4) . X ST R

1 IR H R R o2 FEVE RS — B B W5,

2022), HIEMEBER o2 PR R AE R E AL
(Luo et al, 2020). X1t B H 3= MAEY A A R 4 5

(CAOZ TR « B B RN 5 A AR ) ) o 2 AP XS I 1 L 2 e
R Ak g AR SO R, R AR A VD EEVE R R B VR o
22 FE P 20 B A 0 0 B A R A BE AU AR AR
FEE T HAZAEY, A ETIEZEY, BTHRE
SERFAR R 2 5, PR A R IR A 72
FHOGT o 358 57 4 B o R RE R A ) B o T R A
AW (Lauber et al, 2008), XAl g & FHUX — W 845
R 5 —J51H, BRAEAEY) A S A S AL 5
FEART 40 (Wu et al, 2018), X 3R BH R AE AN IR
BRI 32 PR T 40T . SHE AL SRR
Z FEME I 2 v] REBE JE X 3 AE S R G Ra e MR
+ 35 2 Thae e A SRR (W et al, 2022).

. e 1L R R K R T g R AR A )
ARSI T B2 AR EAE PR (EIS), SHTHIET AT
MEFEFEEE R —F(Luo et al, 2020; % 1FHH4E,
2022), A A ) B VA S5 R W R 1 e R
B BUR TR AR AT T8 45 M W R A SR AL B 1)
Afh(r = 0.577, P < 0.001)EL4H# (r = 0.421, P <
0.001)FI EL I BEVE L5 H(r = 0.445, P < 0.001)17484k,
BONBHE (Luo et al, 2020; 2 1EIHEE, 2022). 4P A
[ 38 A B BT ey L ) o AT R A L8 5 A AR )
FEVE AL R 5535 70 B (P < 0.05), 11 4 B AN EL T RER
S R AE R R B R R AL R A (R0 R . IR
b SRR W i 2R A T R 5 A 1) 7 A B 20 B R L T
TR Rl AT SR AT B T 0 BB AR
UK, 5ARBIFER BRI AR, A E
B AR TRIAX R E TR T2 5%
(018)WF L R BB #HE A ST 5, LA ER
AR A RBENE TE H B HH S NEBCE H, Mr-Xtik
Ty 5 K- SRR, 3R T T RV 4 A T A Aokt
IBPHEMRAESE VEM FEbR . TR £ R 5
YR EERR L —, BB PR EE. &
KRR oAz BRI S IGE, X5
HUK(Zhao et al, 2019), AHFFLE RAUESE T 4F B HUR
A AR IR E N TR R IR B AR AR AR T 1, TEA R
(1) TAE R RAZAR S RS, Blin, R eF & dAEXT 3=
5 Rk T BHR AL O R TR, DR R R IR
TFRRE S
33 TELEERAEEFHIRFEREEYETELS
MEXSMETEN KRR

Wt FE AR AL PR T R R B
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MEMANR S &, XaH T RESBEYEY &
I A A /D>, W RE S IGIN TR kg, 33T
S HIFR R (Luo et al, 2022), ARG AE P E AN
IR R R A TR AR, AN AR A 5
Wi g I SR A AR YRR Ak . R IEERAL IR 0] SR AR
AW AL AR RO RRE S (20.69%) i T IV 28
(7.85%), 15t BH - 438 3 AL 1 5 ] B & v e 0 i 1L
IR R R AR AR YRR AR R R R . AT ST
KIS E . HYShannon-Wienerfg £, i FAW & .
TS K E M AR e T LA R
AP < 0.05), R ELENAEREFEF. 52
B AR IE — 2, B3 B A R s T
WIFAE AR Z RS, SRR, ARAER
(testate amoebae)FliE A (algae) FIZH k. ZFEMERIZE
FE BE 4 8RR B AR {6 AR K (Clarholm, 2002;
Acosta-Mercado & Lynn, 2004; Krashevska et al,
2014). Hu%(2022)7F 75 ik i 7€ 5] o R L2 FH30%
K EIGIN 7 A mE v B AE AV 2 R, 9820 30%
P K B PR T Frmi itk IR AR AR 2 e, HAA
(12 g N-m >oyr )R] DA s AR AR W =2 1, S@ad 1
TR AR 2 A 7 8 T B 7K D2 of 7 M A TR AR A2 )
FEXT = FE R A TR o 7K 430 338 J AR AR R =
B, R YA BT I B IR AL BRI K=k
¥l RIS, ARG S /N B 5 %
K 73 A RO I AR AT 3 K BU4E /) (Geisen et al,
2014)0 JFAE AR ECR B 2 B A AR AT HH I AE 9 )
MM G B, & AR A v 4K
oy B>, PR R I R A AR YRR A
BN G o AR AR AR SR A AT LI I & A 7 2URE i
IR A AW FEVE (Geisen et al, 2018), BLIGFTEY)
BURR R WA o B 1 22 e /NS AR A (a5 ) 3
BRIy LA K S 4 P B TR RV SR o R S A
MR E VIR, JCHZIEMER . Acosta-Mercado
AMLynn (2006) R8I 78 5 30 95 Aot AN [ iy A 0 AR B
F e E N AT R S AL R Bl
(1) .40 T e 22 F°F M UE S R] DG A8 T U JiR AR AR
VIR FERE o WKV IR A 52 AR TR A = g
VIR 7 A0 G I, S AR YDV 5 — 3 (Carlson et
al, 2010). 2R, AL YR B In A —E
YR, BOYHARR R AL
B BB B A B T 38 n 5 AR AR ) 22 A (Dassen

et al, 2017). MV 1L FLA R A 72 b i AR AR W RV
X AR FIAE A VIR Sl R 25 1) S A A A A R R, X
SN 2 H 25 A ELVE R AT R ER A, A Rt — 2D
RANHFA

AW T I e 3 I SR T AN AR
AT B . vy L e ) 358 SR AR A R VR 2 BRI AN 4
FRFEREAT B FL . BEFUEs AR, Wi L R iR Ak
B AR T R AR AR T U 2 ORIy R R
X FEE. TR L, 81T, &
Choanoflagellidafl1PerkinseaX} 5. ) iR Ak f U . AN
AR ALY B w5 1L i) 5 4 T AR A s 54,
HARRA YRR SEMAERE R . AL
AR AR, A R o B I R
PSS . 5RIBIE AR, =R R ) 3%
JRAEEMBER oS FEE R TR TR AR AR
V80 N ey L e AR A T AR Y SR PR B SR A ) AR AL
BHRAFHIN . % Y Shannon-Wienerdg %«
M AR, RIS KBNS E R R
SGERAL I EE IR R 2 . LR B A ) S
B0 A AR R A AR AL T R
s, B SRR o TR AR AR RV G5 R R R
KT S H .
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Genetic diversity and population structure of Juglans regia from six provinces in
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ABSTRACT

Aims: Juglansregia, common walnut or Persia walnut, is an economically important tree crop, which is widely cultivated
in northern China. Yet, the genetic diversity and population structure of J. regia in northern China is still under explored.
In this study, we carried out population genetic analysis of J. regia in northern China to provide a scientific basis for
germplasm conservation and utilization.

Methods: We sampled 491 individuals from 19 populations of J. regia from six provinces in northern China. A total of
31 polymorphic SSR loci were applied to genotype the samples. Different parameters (e.g., Ny, number of alleles; N,
effective number of alleles; Hp, observed heterozygosity; Hg, expected heterozygosity; Agr, allelic richness; PIC,
polymorphism information content) were calculated to characterize the genetic diversity, while genetic differentiation
and population structure were assessed using analysis of molecular variance (AMOVA), STRUCTURE, principal
coordinates analysis (PCoA) and neighbor-joining tree (NJ) analysis.
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Results: The average genetic diversity parameters for the entire dataset were low (Na= 2.620, Ho= 0.368, Hg= 0.368).
AMOVA analysis showed that 16% of the genetic variation was partitioned among populations, and 84% within
populations. The clustering results of STRUCTURE, PCoA and NJ revealed two groups in northern China, termed
Group 1 and Group 2, respectively. Group 2 included one population from Qinghai Province, with the remaining 18
populations belonging to Group 1. The genetic variation was mainly from within groups, and with a high level of
genetic differentiation between groups (Fsr= 0.32). However, the two groups shared a considerable proportion of
alleles at contact region, and indeed, a genetic introgression signal was detected there.

Conclusion: We revealed two genetic groups with low genetic diversity of J. regia in northern China. The low genetic
diversity of the J. regia populations may be ascribed to the cultivation history and long human-mediated selection and
seed dispersal. Genetic differentiation between the two groups may be attributed to cultivation history and local
adaptation in contrasting environments. Finally, based on the genetic diversity and genetic structure, we recommend
that conservation priority should be given to populations in the Hainan Prefecture of Qinghai Province and Tianshui
City of Gansu Province. Our study clarify the genetic diversity and population structure of J. regia from six provinces

in Northern China, hence provides a basis for future conservation and utilization of walnut germplasm.
Key words: genetic diversity; population structure; Juglans regia; northern China; microsatellite marker

iHk(Juglans regia) b Fx Az bk, Ja T MR
BeJE, B AT R AL BRI R A X Tz AR, R
FE A AAE TR AL HE R 78 T A DX (0 2% e A 5K 5
P, 1996; Lu et al, 1999). BT KWK N L, H
AT H BRI AT ATVE, A EHEN AR5
B3 [ b 75 # 7T REAFAE L B 2R 0 A 1 B AR RE A
(Leslie & Mcgranahan, 1998; Zohary et al, 2012). #f
R EEMARETAEY, HRCERNEFE,
B Z M E o R AR BTN R (Amaral et al, 2003;
Tapia et al, 2013; Wojdylo et al, 2022), &E&EREH
WEZ MR — Ak, SHAPERA — 2 AN
18, 4% & H R S5 EAT 52 B9 (Chauhan &
Chauhan, 2020)F1.0 Ifl & %995 (Kris Etherton, 2014);
BBk S AR TR, ANDCH ST R 1)
#(Fukuda et al, 2003; Miao et al, 2021), L EH i
B iC A2 BRI/ FH (Liao et al, 2020). 7 4h, #HBEA
AN R B S SRR E Y, RIETERRIRPT
H A7 (Khounani et al, 2020; Shen et al, 2022).

FRE b6 77 1 X 2 HR ZR U8 VAT DAARFI R 22 |
LU AR B IX, Ayl oy DAty 12 A=A iR ol 2% XL
A, B TUZEr W RRE (P TR, 1954). dE77 3
X 3R E AR 77 X 22—, BABRAE X T2 55
Ao, XA PHR . Bt v, TE. WEg. i
JB5E2E #A BB (Rl SR 2 TR BT, 1996). MR TG4
N RAEFE E R G0 R(2021) I EE, 20204E, BA
JEJ7 b X A k= B 134.52 75, 4 [ A% Bk e
BI28%; Ho Bk VG A% Bk B JE AL T M X A,
Hoptar &2 /DA kg Wb, s,

RIS

fi T B A5 (microsatellite marker) tHFx & 5. 5
S ¥ %(simple sequence repeat, SSR), HA L M.
Z AV RV AR AT ] 52840 Rl (Powell et al,
1996; Gupta & Varshney, 2000; Bhattarai et al, 2021),
Bz T AN A 2K BE 1) DNA 48 40 & 3l 1 2
(Zietkiewicz et al, 1994; Ahmad et al, 2023). 7T 8&
Fh(Kumar et al, 2015; Wang et al, 2022). fHF%E
(Ahmed et al, 2022; Su et al, 2022)FI AL 2
(Barkley et al, 2006; Yang et al, 2022)3% 75 TH [ 5%
YENEEWARTREY), B TPk 4% 2 A ¢
WRAD, (AZHE X IR EE, @1Shah®(2020)
fd 250 SSR 51 s EBC BEAA REAT 20 A R 8 St
At DB a8 4% 2 FEPEBCR; YuanS5(2018) % T
ol T A A Ac ke rb P R XA kR I R Bk .
sigillata) 44 FIBT 78 A I AR R 38 4% 22 8 PR S 1 1
TAZAK; T 0o VG st X P R Ak A A A 7 4 SR ) S
N, B RIS AL 2 FEVE T ARk, R KSE 8
FE 2 FEMEAL T /R & 7K P (Wang et al, 2015). b4k, B
A B0 AS R K TT R IRk G AL Z REPERIT AT, 075
/R 7 W7 W7 45 (Torokeldiev et al, 2019). L3 A
(Magige et al, 2022)F1£# i (Shahi Shavvon et al,
2023)% . J4b, AT HEFUE F SSRAERC T Bk ) A
Ji B YR 3t AT 3R AE A1 % E (Ebrahimi et al, 2016;
Bernard et al, 2018; Wambulwa et al, 2022). 2811, H
R /D EE 78 J 30 3R B A6 77 Hh X B ARk, andE
Zhao %5 (2018) X H [E 51 Bk J& 1) FHf A 88 A% 2= 0t i,
IAFE 79k B AT ARk . thah, fERIER
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JE F, Zhou%(2021) 5K fE R 04 e A3 (I BHAK, X4k
5 R0 B A2 S M RE AR R 8 A 22 AR I AR R R AT T
SHT. AT, AHSCHIEFT A g A T 7 5 b 75 Hh X Rk
(o AT YE T, v il = 0 DX P BB 1 36 1 22 A PR AN
TR EE R AT AR
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Fig. | Geographic distribution of 19 Juglans regia populations from six provinces in northern China. The serial numbers on the
map represent population IDs, and the English symbol indicates the abbreviation of province. QH, Qinghai Province; GS, Gansu
Province; SN, Shaanxi Province; SX, Shanxi Province; HE, Hebei Province; HA, Henan Province; see details in Table 1.
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Table 1

Collection information, genetic diversity and bottleneck effect analysis of the19 Juglans regia populations in this study

HEAR R BEARAN bR G R Bk Ne Ne Na Ne Ax Ho He Fis RIS FrifEz R
PR 5 Sample Locality Latitude Longitude Altitude At Standardized
Code D size N°) (E°) (m) TPM difference test
YFR 1 30 SX 3729 11157 1,195 76 3 245 1.71 2.08 033 033 0.03 1.68  0.047

RCR 2 21 SX 3477 11049 1,418 77 3 248 1.77 2.10 0.34 035 0.07 1.76  0.039

CCR 3 30 HA 3378 111.99 813 81 2 261 1.86 221 036 037 0.05 2.18 0.014

WAR 4 30 HE 36.86  113.83 805 80 0 258 1.79 2.12 036 0.36 0.03 2.00 0.023

YQR 5 30 SX 3535 111.82 891 82 3 2.65 1.73 2.10 0.34 0.35 0.05 1.26 0.105

LSR 6 30 SN 3391 109.87 804 91 1 294 1.88 227 038 0.39 0.04 0.62 0269

QCR 7 30 GS 3598 107.85 1,322 83 0 2.68 1.78 2.15 033 0.38 0.14 1.64 0.051

GBR 8 12 SN 33.76 109.14 1433 72 0 232 1.68 2.10 041 034 -0.18 1.27  0.102

TBR 9 30 SN 3406 107.55 1,142 77 0 248 1.66 2.04 033 0.34 004 143 0.077
Liuj11248 10 6 GS 36.12 10494 1,578 65 0 2.10 1.56 221 027 0.29 0.17 -0.63 0.266

WQR 11 30 GS 3538 10840 1,291 81 0 261 1.75 2.11 037 036 -0.02 142  0.077

GQR 12 30 GS 3442 10597 1,271 92 6 297 1.80 227 042 039 -0.06 0.39  0.348

JCR 13 27 SN 3461 107.76 1,204 74 0 239 1.78 2.08 0.38 0.38 0.01 3.31 0.000

SGR 14 30 GS 3515 106.68 1,550 77 3 248 1.70 2.07 035 036 0.06 230  0.011

SXHT 15 5 SN 3379 10857 1,876 69 0 223 1.82 239 050 038 —0.201.78  0.038
MLZR 16 30 QH 36.18 10291 1,898 87 0 2.81 1.80 2.19 036 0.37 0.06 0.99 0.161

KYR 17 30 QH 36.07 10191 2,069 92 0 297 1.88 228 033 040 0.18 094 0.173
WLZR 18 30 GS 3793 102.65 1,528 88 0 2.84 178 2.18 0.40 0.38 -0.03 0.71 0.238

HXR 19 30 QH 36.01 101.40 2,259 100 5 323 2.14 258 043 047 0.10 2.72  0.003
SEE - - - - - - 81 1 262 178 2.19 037 037 003 - =

Mean

SX: 1LiVh; HA: J[Fd; HE: Jdb; SN: Brvh; GS: H7f; QH: #Hifi. Np: &

ERFERFE; Ho WHEREE He MIBERAE P TR

SEALIEDA Np: FAAESRALIE R Na: SEALZEDNEL N RS AL 2R A A

SX, Shanxi Province; HA, Henan Province; HE, Hebei Province; SN, Shaanxi Province; GS, Gansu Province; QH, Qinghai Province. Ny, Total
number of alleles; Np, Number of private alleles; Na, Number of alleles; Ng, Effective number of alleles; Ag, Allelic richness; Ho, Observed
heterozygosity; Hg, Expected heterozygosity; Fis, Inbreeding coefficient. TPM, Two phase mutation model.

GenAlEx v6.51b2# £ (Peakall & Smouse, 2012)) %
P b N EORAEExcel & B, T /522000, H
Arlequin v3.5.2% 4 (Excoffier & Lischer, 2010)7E#
P K P 3E AT I - 5 A R P T (Hardy-Weinberg
equilibrium) £ .

14 F Gen AIEXE A 1 53145 51 0 FH 19 B 1
BEZHMESH, BHESA2 K (number of alleles,
Nn), B &3 [F (effective number of alleles, Ng)+
Shannon’s{5 2 #6%%(Shannon’s information index, ).
HHE 4 & JE (expected heterozygosity, Hg). W Z24 A
J¥ (observed heterozygosity, Ho)~ [l £ %{(fixation
index, F). T3 & #{((inbreeding coefficient, Fig). %
15 B & E(polymorphism information content, PIC)
RE B 3R AIE B DR 1 38 AL 2 A 1 K, A
PIC_CALC % 1f (https:/github.com/luansheng/PIC_C
ALC)THR AR R [ PICIH

Tt ERAAR I B AL 254, F Arlequin# A 15
FEARIE] 8 A% 730 2B Fsro H GenAIBXHA: 23 5 FF &
TR A0 53 21 K S 1 43 388 4% 7 22 59 BT (analysis of
molecular variance, AMOVA). It4k, B E] fr) 5L K]
JAEBayesAss v3.03 4 (Wilson & Rannala, 2003)H
AT

f# F Structure v2.3.2% {4 (Pritchard et al, 2000)
HEAT DU SRS i, W B A KA N 1-19, ¥
MCMC (Markov Chain Monte Carlo) A~ {E £ AX
(length of burn-in period)HIAEHIEME IMCMC
BBN100,0000%, HAKIEEZIZT2000. fH7E
2§ 1. H Structure Harvester (Earl & Vonholdt, 2012)it
SR AR KAE ;i3 @ i CLUMPP vI.1.2 3 1
(Jakobsson & Rosenberg, 2007)%} 45 B 14T B &2 fhAE
7875 B A Distruct v1.1% {4 (Rosenberg, 2004)%}
SERATHIE o ik — B g SRR AL 54, S6 A
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STRUCTUREMIZMT & R i - K = 20 IQE A
T°0.2-0.8 I8 [ Rl 5& 24 42 28 /N & (Emanuelli et al,
2013; Sharma et al, 2020)F734H, @M f# FH GenAlEx
AETH B AN AR F] O Nei sIs A% BE B, ¢ a6 Ak
AR AT F AL F5 43 #T (principal  coordinate analysis,
PCoA), 4 4 W 5 2 A 4K £, JF F R & ggplot2
(Wickham, 2016)# &, BbAk, o b AR 1SR4
KR, 3T NeisistfL i 5, f# FPopulations v1.2.31
B A (Langella, 1999)#4) 4 4f 4% #f (neighbor-joining
analysis, NJ), f# FIRfggtree (Yu et al, 2017)%:1i|
o

ORI 5% 22 A VRt BEAR =), {5 A Arcmap
v10.7% /4 (ESRI, Redlands, CA, USA)¥ & FEARAE
STRUCTURE M #7 HHK = 25 [ 45 /R TEHL I |
kg AL AL L EE AN IRBE 1) OC R, AR
vegan (Oksanen et al, 2013)3& T SRR FRAA 0] 1Y 8445
5 A R B B 3 AT Mantel /0 06 . 7E tH VS G B R
J%E (WorldClim, https://www.worldclim.org) ¥ 5 T~ %%
SAGEEE, FEARPR R E 4 B A5 ESEBUFE R K
FIAE SRR, i R Gvegan X ARk TR S L 2
FEME(He) SR 38 B KR4 350 il 1] R AH 56
PEEAT 24T

A WU AR Iy SRR 15 A% 22 P RN I3 A 43 AL 1Y
TEFERLN, i FIBOTTLENECK v1.2.02% 4 (Piry et
al, 1999)Fa il & BEAA & 75 48 Py it MBS . 43 #ir 2
T XA SRS #5  (two phase mutation model, TPM)Xi
FHRRBE AR 34T PR AE 22 4G 0 (standardized difference
test), W EALRH30, BEFT70%, HE 1,000,

21 (LRKFRUIEE M

LR Z AT i 85 R (R 2) 7, 314SSRY|
VITEA 1y EARRAE A b LA I 2 140N S AL L R, J
H SRR R BN TE2-8 2 1], P35 RN fi4.524
S L R FN.940 A 2805 AL 34 Bl (NE); Shannon’sfH
SO FVEE ~N0.01-1.31, FH0.73; 273
MAE B & 8 (PIC)E0.00-0.63 2 7], “F-¥ME ~0.37.
AL 55 7KF PRI 2% 45 FE (Ho) R HA 2 24 A FE (HE) 1)
A4 43 9 N 0.36F10.42 0 A5 E3 14~ SSRA 4 Y [E]
T RE(F)TE-0.15520.602 8], ¥I{E M0.12, UiBARE
IR IAFAE — B R B AL RS o 3TN LR A7 s b, Wt

- AE R ST A D 3 S8 AR - A, P 412
ANTEA WA - AA RS ST, 874 I 2 i 5 1 e - R A
MePAET, R0 A, LL RS REH, 69.95%
(R - R B AT A WG - IR AR B T (P 3R 3), BT
A AR 5 20 M
22 TANKBEARIEE SN

677 7548 X BB AR a8t A% 2 FEVE 2 i 45 2R
LR, TOANFEAAR (1 e 5 67 56 R 50 H 7E65-1002 [,
SER8IAS, T U M (1 195 B A e S 7 2 (]
WHRZ . SHOREER I FA 250 JE RAG I 45 3R 2R
SIS H 16 M RAFAER, Hh125 84
(CHR RAK N & H IR SR &2, HIKA19
FHEARCHIEERE IN); 65 FEAAR (B U i 7 1) AL A
E e eSS N SR NI R S T e TSR S SF S
REEATFE R 3 9 2,62 811,78 . 195 FHA (i1
IN)IEAE L REPE R BI(NA= 3.23, Np = 2.14, Az = 2.58,
Ho = 0.43, Hg = 0.47); HIRZ1T SRR M
M)~ 65 FEAAR (B RS & T AN 2 S AR (CH R Rk ),
105 BEARCH N B4R T 8% Z AR AIR(NA = 2.10,
Ng= 1.56, Ag = 2.21, Ho= 0.27, Hg= 0.29), 1t4h, R
B SRAR(P a2 T FEA IR D, (HigfL 2 et
(Na=2.23, Ng= 1.82, Ag=2.39, Ho= 0.50, Hg= 0.38)
HALT Ko 19K I3 S50 B R = 5 T
9219, Hr 195 BEAR (T i B M) I S5 AL 2 R 5=
B R, N2.58; 195 FEAR (B VS S50 T I 45 AL
R R E AR, N2.04. BLAL, SABKEEAR NIE A £
H(Fis){H7E-0.20%20.18 2 7], “F#418 50.03, KT
FFRAG 144, BRI LR AT BEAA7EA R FEE
(LA, A 155 B (B v 1 22 I A8 R &),
N-0.20,
2.3 FABKBEARVIRRLEHS

ST IT W (AMOVA)SE R LB, 1941 HIBkEE
P TR I8 A AR S 2 TSR UE T B AR N (84%), 1A 16%
()38 A8 o BT BEAA (], AR R) B8 A% o A AE R
Fsr=0.16. HR#ESTRUCTUREM FA:/r4HK =2, I
PLQIEO.8 M RE AT /4, TE4 KT &, A5
2 ) (1) 38 A% AR S 32 BEOR VR T4 9 (68%), F132% 11
WAL AR SR H A ], HAEE 2 G {E N Fsr = 032
(3)o FHBKEEAR IR B AL Al (Fsr) i R, B
8] [ 38 4% 2 b 2R BUE0.01-0.21 2 [a] (K12, [ff 5t 4),
K B T W M 195 3 4R 5 H Al R 1A) B A R
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4 (E2), FEE195 S BRI MR & SEHE; Group 2V & 195 BEAR(FH iR ), H
BE S AE(Fsr= 0.21) (F3%4) . BRI /BT (145 t1, Group 1HIBEA T 20N MA 5Group 238 4% ik
(B35 BoR, BROSHEMR(BRIG F AT 5 HALIONEE 2041, 7EGroup 2(HE R HH A 54 MA 5 Group 1
A AR DR AR R A, FE AR AR ) 1 JEE DR AR B A (RIS AL MRS STRUCTURE F 3 4347 (&13b) ]
{HHEARSK T, Group TR (A1) 1) 25 DR i P v 4L 1] o WL, A6 77 7548 DX B AR AR 1) 10 4L 25 46 43 AT A2 2R |

STRUCTUREZ HT 45 IR, Delta KTEK =2 BAERZESR, HEARRAGHMESME. Group 1
BB KA, R 422 4 (M 5R6) . SRR, BIBEAR AR TEAR S, YEREFH GRS b, Bk
194N EHRRBEAR 20 NP AN (B32), Group 1EE1-18  FH. VR AV ALSANE 0y, HrP AL T Bt 65 (Bt

®2  AWRIERASINM YD 2GS HNEE S RMEEHE

Table 2 The characteristics of genetic diversity of 31 microsatellite loci used in this study

ElE/ER S Eave-| AR R A Shannon’s{= B 5 4{ MEREHE HEREE [EERH ZHELHE
F

Primer name  Nj Ng | Ho He PIC
JRO2 6 2.11 0.86 0.46 0.53 0.12 0.42
JRO3 4 2.56 1.02 0.53 0.61 0.13 0.54
JR04 6 2.76 1.13 0.59 0.64 0.08 0.57
JROS 3 1.07 0.16 0.07 0.07 -0.03 0.07
JR0O6 4 1.68 0.76 0.35 0.40 0.14 0.37
JRO7 4 242 1.00 0.48 0.59 0.19 0.52
JRO8 4 1.03 0.10 0.03 0.03 0.11 0.03
JRO9 5 1.75 0.64 0.38 0.43 0.12 0.34
JR10 3 222 0.92 0.57 0.55 -0.03 0.48
JR11 3 2.60 1.01 0.54 0.62 0.12 0.53
JR12 5 2.33 0.93 0.51 0.57 0.10 0.48
JS02 2 1.00 0.01 0.00 0.00 0.00 0.00
JS03 6 1.72 0.73 0.48 0.42 —0.15 0.36
JS04 3 2.35 0.96 0.51 0.57 0.12 0.50
JS05 6 2.11 0.97 0.50 0.53 0.05 0.47
JS06 6 1.46 0.64 0.12 0.31 0.60 0.29
JS07 6 1.90 0.94 0.34 0.47 0.27 0.43
JS09 5 1.20 0.38 0.17 0.17 —0.01 0.16
JS12 7 2.90 1.26 0.48 0.65 0.27 0.60
JS13 4 1.93 0.78 0.43 0.48 0.10 0.40
JS14 4 1.59 0.60 0.36 0.37 0.04 0.31
JS15 3 2.48 0.98 0.51 0.60 0.14 0.51
JS22 5 1.68 0.66 0.41 0.41 —0.01 0.33
JS28 2 1.07 0.14 0.05 0.06 0.16 0.06
BFU-J1277 4 2.45 0.99 0.48 0.59 0.18 0.52
BFU-Jr38 6 3.18 1.31 0.57 0.69 0.16 0.63
CUJRD102 3 1.51 0.54 0.31 0.34 0.10 0.28
CUJRD462 7 2.39 0.98 0.51 0.58 0.13 0.49
IM5446 2 1.00 0.01 0.00 0.00 0.00 0.00
SSR18 8 2.59 1.17 0.52 0.61 0.15 0.55
ZMZ7 4 1.04 0.12 0.03 0.04 0.37 0.04
SEHME Mean 4.52 1.94 0.73 0.36 0.42 0.12 0.37

Na, Number of alleles; Ng, Effective number of alleles; |, Shannon’s information index; Ho, Observed heterozygosity; Hg, Expected heterozygosity; F,
Fixation index; PIC, Polymorphism information content.
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R3 WP BHA R E2N AN F R ESH(AMOVA)
#R

Table 3 Analysis of molecular variance (AMOVA) for 19
populations and two groups of Juglans regia

AR FAUR HEEE P B BRI

Source df Sum Mean Percentage

of variation of square square error of variation (%)

FEAA 1] 18 1,366.09 75.89 16

Among populations

TEAR N 472 5,901.66 12.50 84

Within populations

SR Total 490 7,267.75 100

2 |H] 1 528.63  528.63 32

Among groups

AW 468 6,366.60 13.60 68

Within groups

SA Total 469  6,895.24 100

19

Fyr

0.21
0.15
0.10
0.05
0.00

- I L
I I . .
1 NN 5 O o e
19181716151413 121110 9 8 7 6 5 4 3 2 1

E2 AR B ARERYE R DL (For) Bl 119 REH
FS0ERERL.

Fig. 2 Heat map depicting genetic differentiation (Fsr) among
19 Juglans regia populations. 1-19 indicate the population IDs
(see details in Table 1).

PRV T )~ 1575 (B V5 VG 2 T ) B A4 Hh A7 7E /D & Group 2
(R AE B A3, SR T AT 3T FR 8 5 AE A (8 78 7 9% i ) BA
Group 1HIR AT, MiEEE 2 5 Group 2AHIT Y
10, 16, 17, 185 BAR M AFIEELZ Group 218 A% Bl
5y, Group 270 AMTEPEHE, (E&HIFE R MAI19
SHAAR(EZ). T4 MRS R ER,
Group 14 H 425K, Group 241H 45N,
Hybrid A 21 MME (55 7) o FE T8 % BE B 1) 32
AEFR A>T (PCoA) S 7R, PCoA 1FIPCoA 251437
H10.02%F16.51% M fERE &, K BT ANMA R N IE,
FEARIER R Z 8] (Elda). F: T AR IR 2
Pragss R EIR, NIW RSP K E R AR 2=

FHGroup 1F1Group 244132 (Kl4b), BEAk, 4438
(A e K 22 BOR SE7E Group 119432 1

X 194N B B B A4 2 2H (AR 4% QB /- T-0.2-0.8 11
FrifE, Group 11105 FEARME R R 23 BEAk, HERR
TELE A HTH), Mantelfs il (1) 25 3R 2R, Group 1417
AN A TR A 1) 38 A B B R s 3L P S L R 3 TR A
FAE(r? = 0.525, P = 1e-04) (|&5a), BonbfidE 3 pa
SN, B INR SARREEA 8L 2 BEE(HE)
5 IREEAR & A St A0 A 45 SRR B (K Sb), WS
WAL L FEPE R E AL = 0.147, P = 0.0176), R
BRI TE R, ZREMERIN; 14 35 5 R AT
SRR KR A% 2 B 1) O 2 35 M 2 55 R (B 5ed) (1
=0.035,P=0.122; r* = 0.01, P=0.210). [ E =1
#&, Group 211195 B (75 3 B M) BH 2. 15 Group 1
IS BEAARE, 2O H ML L2, B
ARAE R ARAEY R R A B K PR BE
2.4 FRI RGN

IR ETUR REAS W 25 SRR, TE 194N BEfR R, 1210
SRR CH IR AR AT N AUEEE D), Ui
RG] TSN, HARI8N A9, 11-19%
BRI TS N B, RIS R RRE
Np

31 #AHkREE R

AT T8 BT (1194 16 J7 1 X (1) Ak 2 A 2
K AE Z BB (NA = 2.620, Ho= 0.368, Hg =
0.368). IX ™45 B 5 Dang%5:(2019)HF 78 1125 04 JL 3 51
BEBEAAR B A Z FEPEA R IS5 R —F(Na = 2.702, Ho
= 0.354, Hg = 0.362), {EAK T 22108 ARG 1R EL L 52
A BRI 382 2 BETE(NA = 6.270, Ho= 0.437, Hg
= 0.657) (15/KASEE, 2016), WAKT Ph it X 5460
BETEAR )8 4E 2 AE (N, = 8.920, Ho = 0.512, Hg =
0.586) (Wang et al, 2015). ItAh, ELE[FEA R H
R AE ZFEVE R, dbT7 64 X kgL 2 4
PERE =T 17 & N K EST-SSR 5| ¥ 134N iz bk
IR REA% Z FEME(NA = 2.10, Ho = 0.260, He = 0.267)
(Yuan et al, 2018). {H IR 2 FEPERY B # LU R 2218
T, FHAZEMKCERT R 5P, 2 FArid SEHA
Ko 1155 4% I AH [F] SSRAR 1C X AN [F] [X 35k 1y Wk it
FUAR b, db 7 Hb XA Bk S A 2 R RN T
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AGroup 2, 1-19RREAF 5 (FK1); (b)ETFSTRUCTURE K = 28919/ MANLEHA RIS (L 5/ &, BB E ().
Fig. 3 Genetic structure and geographical distribution of Juglansregia. (a) STRUCTURE analysis of 491 individuals with a total of
19 populations. The color of light blue represents Group 1, deep blue is Group 2, 1-19 indicate the population IDs (see details in
Table 1); (b) Geographical distribution of the genetic structure of 19 J. regia populations with STRUCTURE at K = 2. The color
scheme is same to (a).
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Fig. 4 The clustering results based on Nei’s genetic distance of 491 individuals of 19 Juglans regia populations. (a) Principal
coordinates analysis (PCoA). Light blue circles represent Group 1, dark blue triangles represent Group 2, and black crosses represent
hybridized individual (Hybrids). The left-lower scale represents branch length.
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Fig. 5 The correlations between genetic differentiation, genetic diversity, and environment variables of 19 Juglans regia
populations. (a) Mantel test between pairwise genetic differentiation (Fgr/(1-Fsr)) and geographic distance. (b—d) Correlation
between genetic diversity (Hg) and altitude, annual mean temperature, and annual mean precipitation.

L S B X ) FABE (N, = 3.840, Ho = 0.558, Hg =
0.580) (Magige et al, 2022), A% B =3 S (1K) A Bk
(NA= 3.141, Ho= 0.438, Hg= 0.437) (Shahi Shavvon
et al, 2023). VEVIINIEAL 2 FEIE W] RE 24 HOFIRR B
J73 S B4 (This et al, 2006; Bourguiba et al, 2012).
T A6 77 #b X FE) A Bk 7T 5 A2 A H R YR 94458 =2 b
KGN IAELE S WL (AR R BEFITKRBGT, 1996), il
FE DRI 2 2 (PRI 90 SRR AR S B, A R
H X AR AT B8 H PE AT O K (Ding et al, 2022).
X R AL TT B AR AR R e D B 5NN K
JETISR, MR Sk kA T BERH RN, XS
FRATT G I 3] 1 43 2H R AR K 1 1 22 FE MR RICAH
Fro BLAL, AHE T A 22 B Bk AR AR I 21 BE I 2 24
R, 3P SRR BB R A T AR AR, N
A e R A AR IR AR K 5 BB A 2 R R [ (Hart] et
al, 1997), MUBHMEIEA W] HE 2 T 2k 77 M X Sk A
B Z R — AN EZ A . thah, 197058k
FAR TR E 14N, X — 0 S 8RR P st

fEZREE IR ok, HME N EE R TR,
EAL T LXK AR S, &0 7 KA N TIE#E, i
B HA MR E 5 RN A H & S 5 & ATz
B OHE, X WK R W R AR 2R R OK P
(Wambulwa et al, 2022). 7] W, #&E5J75. A NEEMH
SRR A SR 2 358 1 A6 T7 L IX S Bk s AL 2 4
PEAR IR -
32 HAMkRIERLEN

AN TF) ) SR T5 16 SRR AR A 73 9 Group 1
MGroup 2W N, HrPFlERI 195K HAh18
ANFEAR I G 20 B2 e BOR, AN an i, PIANEAE
PR A bR BT R R ZE R, Group 2N 50 Ah
TEHE, MGroup 1) 2048 TAL 7 HLIX . AN
FAEMITEERB NG S, (BEERGREA S,
71N PR /IS SRR I S AT REAN [, 17 A [ 26 TR) A 44 1) L
e, R I A T B SRR S,
KRR AR BAR . A ubdE 2ot 77 5k
S E T 75 (Ding et al, 2022), 1M HRTA W7 K BT
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g8 X S A% B2y S AL T B X A EABR AR, {H R
TELEBHE L (Dang et al, 2021), X &M
ARG AT RER B RrsE, FHig ALy AR A 7 R
WA 5 NF4E, (B0 TE R HERR 5 v R B
7 R L DX PRI R AR d8 A G T R, 1K 7R AR Rk
— B3 R T S A 3 DR A O R AT R . A
FhATRE, ROEABE G Bk E LTy, 12T H B G )
AT WY B, EANTAERER T, BEER T
TE LA AR S AR P LA B A PR (1 1. 7 o
i, HGroup VRAEBME M. fEHKF L, 23
[R5 57(68%) 7 AR (E AL A, E 4L 1A] 5 AT 1 (2 11
BifE o (Fs = 0.32), TIHHAIEL 2 FE I FIIR R
BRI R A 45 KL W], Group 1#1Group 241
(A 7EHD R ANEREE FARFEROR I 2 7, IX ] Rt — 20
9Kzl T Al 434k

TERFRIKT, FRATTI 45 R R 2 3L 2
(84%) - ZL o A TEREAR N, 1% 5 LA A Bk 3 Ak Jott A%
SERIE T 45 AR ALL(Wang et al, 2015; Ebrahimi et al,
2016; Itoo et al, 2023). AMLANLL, IXFPs L5 575
A B A PR A 1) — AR ARAE D IS R (Liang et al,
2015). BHE(Zong et al, 2015) A RIE. Hh, B
B384 LI (Fst = 0.16), 53R FE U EgHb X i
¥ Wk 84 73 AL FE S B2 (Fsr = 0.17) (Sun et al,
2019). TfiMantel testZh 5F 57~ AR (184 BE 2
RTHE 3R PR B AR 2 AR OO, R B BE A SRk
) Hb 3P G PRI, J A 22 S . B RSB A% 4y
WAL F R4 BB oR, Group 2H195 FEAR(H i/
)5 Group 11118 ELE 73 HL B &, Group 1
T ) (P38 A% A UG, B F) LA BE A (1 2 [
Tite BABKIAER B RBEAL 3, W] DA AR LT B 1
P HU(Bai et al, 2007), [FHLHLAR DX 5k ¥ SR FEAA 7]
BRGNS IR msAsk R B A
MG A BN WA (Zhang et al, 2017; Pollegioni
et al, 2020), 7EARITHIRFARTE LR 53 1L, e
FR S R AL i o
33 AR EIRRIP

M B 38 A BE VR I 45 S A 0k B T R )
AHTERE, DRHE AR 22 R 20 B T D BB b TR B YR
LRPAUR] P BRI HE . AT 7 1 45 SR IS T 1 o b
J7 HL X AR LS B NS L, —FH T RE A AR
(SRR T S, 7 EEAE BT B YRR FH AR AR b g

DR o BABRISAL 22 FE P RIRE AT 14 1) 2 A tH R SR AL
BRI AR E R . iGroup 2195 (K
(B M) B S 8 A% 2N, = 3.23, He
= 0.472) I = A S R RNy = 5); BEAh,
Group 1HI125BHANe = 6)H0 & 5 2 (R RL A S5 47
R, H S ZAEEOR T 195 BE R, HOX A~
B TR ASAT ORGP AR o R BB 1S (L
iR 25 (L PRIk ) 35 (R FEIgFH ). 5
SOLVEE ) 65 (Berbmis ). 145 (H P
) BRI A% 2 P PRSP AE AR 45 B0l T KR, ]
XTI A A SR N, Rt B — W
TRy RURI AR . SR E BRIG PG 22 155 TR st 14 %
FEMEA T H K, ERARECR /DN, TTREZIBTE
(1 =g A 2 REVERER, BRIt B R E

BUgt: ) A A R R 8 5 5 ) A SR L
TP TAE P AT BB S, RATRGH A AR R
£ FAGRE. FREFTR, AR
B LR AR H A & R B S R A e T
WP T oA B, BB R . RGBS
%0 Ao ik AT R AR 0 U 1A, R
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Appendix 1
https://www.biodiversity-science.net/fileup/PDF/2023120-1.pdf

Detailed information of 31 microsatellite primer pairs and multiplex PCR reaction group in this study
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Appendix 2 Detailed information of multiplex PCR amplification reaction systems and composition of PCR mixture based on 31

SSR loci
https://www.biodiversity-science.net/fileup/PDF/2023120-2.pdf
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P value of the Hardy-Weinberg equilibrium test for 31 microstaelite loci of 19 Juglans regia populations

Appendix 3
https://www.biodiversity-science.net/fileup/PDF/2023120-3.pdf
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Appendix 4  Genetic differentiation (Fst) among 19 Juglans regia populations in this study

https://www.biodiversity-science.net/fileup/PDF/2023120-4.pdf
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Appendix 5 Migration rates among 19 populations of Juglansregia

https://www.biodiversity-science.net/fileup/PDF/2023120-5.pdf
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Appendix 6 The analysis of optimal K value for STRUCTURE results

https://www.biodiversity-science.net/fileup/PDF/2023120-6.pdf
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Appendix 7 Group assigment probability (Q value) of 491 Juglansregia samples based on STRUCTURE results at K = 2

https://www.biodiversity-science.net/fileup/PDF/2023120-7.pdf
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ABSTRACT

Background: As per the regulations stipulate in the Wildlife Protection Law of the People’s Republic of China, the
competent department of the State Council responsible for wildlife protection is mandated to conduct regular scientific
evaluations of the List of State Key Protected Wild Animals every five years. The scientific evaluation results, even
timely results to the intense needs of specific wildlife protection, should submit to the State Council for promulgation
and implementation. The process of updating the list serves as a vital component of China’s comprehensive approach to
the wildlife conservation, and allowing for the adaptation to changing circumstances and emerging conservation
requirements. It is necessary to establish a set of rational and efficient evaluation methods.

Aim: The objective of this study is to develop and implement efficient and accurate methods for the selection of species
to be included or excluded in the list adjustment process.
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Methods: By utilizing open data on terrestrial vertebrates list in China and consulting established lists compiled and
published by specialized corresponding organizations or institutions (e.g., Global and National Red List, CITES, CMS),
six key criteria and eight indicators were carefully selected and assigned weights to construct the adjusted List of State
Key Protected Wild Animals. To illustrate the methodology, a case study was conducted to evaluate the suitability of
certain species in the list.

Results: The resultant case list obtained through this methodology consists of a total of 922 species, with 204 species
categorized as Class I and 718 species as Class 11, as potential state key protected wild animals. It is noteworthy that a
remarkable level of concordance was observed between the Case List and the latest 2021 List of State Key Protected
Wild Animals in China, with 92.0% of the species listed in the former coinciding with those present in the latter,
demonstrating a significant degree of consistency between the two lists. By eliminating 8.0% of the species from the
2021 List and incorporating 7.6% of additional species into the case list, noteworthy increases have been observed in
the protection ratio of threatened species listed on China’s Red List and IUCN Global Red List, as well as the endemic
species of China (6.5%, 5.2% and 5.6%, respectively). Furthermore, adjustments have also been proposed for the
protection classification of certain species, particularly those with transboundary distribution, in the Case List. The
results are consistent with the principles of identifying and prioritizing endangered, significant, and representative
species for conservation purposes.

Per spective: The approach relies on gathering essential data from publicly accessible big data sources, initiates a shift
from qualitative assessment to quantitative assessment as the initial stage. The obtained outcomes can form the basis for
the expert panel’s qualitative assessment as the second step, thereby enhancing the objectivity and accuracy of the
evaluation results and ensuring a balanced representation of diverse animal groups. Notably, the method is characterized
by its user-friendly nature and efficient measurement process. Consequently, it can be readily utilized as a reference for
other biological groups.

Key words: List of State Key Protected Wild Animals in China; list adjustment; selection method; terrestrial vertebrates;
quantitative evaluation

(P N RSN B A= Zh R dr i) #lsE, B
FX 8o, WifEE RS SAT E AR . EXE
RSB A2 B oy O — AR B A B A
Ry EE Y. (EFRE S EESIER) (L
TR (EFAT s )i E 5 B A 30
TRy 3B HMITHLR R = VPAL J5 €, FFESERE
PEAG T X 4 S AT R . (R AR N RS A [ B A=
PRGOS B AR SR AR S
WifEIBEAE . KA SR EEAS. B
ARG A 2h Y. B SR S E I fE
BEME. A Boetk B &0 —
TLA FAR BT I, HEARE FORE A R G0,
PAIRAR T BT SR ORGP R BRI (R R 1, 2019)

e (EERP AT R (hEANR
JURE B A s R IO —, TR
FLHAT R R R, A R I B E SO0 B AR S AR R
(R BSE va IR LR, Rl 2 1 e O 2 B A i A P
1780, W25 ORI TAE 5538 B B A1 A I (1 35
N, 2019). WEEA (ERRIFMAF) T1989
SE1H 14 H i JE MO AR 3 & A it AT, HaA
JUIREE K DB M %, (R ER20215 5 4 A0

TR CHE R34 %) (http://www.forestry.
gov.cn/main/5461/20210205/122418860831352.html).
I RE324EA X EA (ER R4 AT
Tk ARG EH, HERIEER, W ()&AFK
BEARENREAE I, Qb T EERHE LR
WAL, ANEL FE A 2 B S W AG—; ()RR
WEFORTBERE . B RCR B 8 DL S VR B 42 48 1Y)
BLHIAME 445 . 55 33 308 LSRG YAoK ge
ISR, PR 3 RV 2 I YA R B S B2,
ZEHH R IRAP AR R 7 ARIFEM (1 7, 2016). £
X FIRAEE R ), AR SCER T — it T [ A A
bR EATFIECT 2 A0 H ) 2 AL 004 s oK Hdl, il
i 8 E PR AR AR IR TR, e B ik 1B 5K B IR
PR A SR T, JERL S RIE N T RAE
HIR R . CERBURR AR AE o) R (RIS, DR HER . J7
fEME R, N CEZEK ORI E4 5 ) B A I
DB IR LRI TTVE S .

1.1 FEtRiEE
AW T o E B 4 % K E s, CLRTEREA
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A EARAG T IZ N AT A IR LA 0044 S ORHaR,
36T M EIREN (EFKRY ML %) 1
BILTRPR(ER D).

(IERRATH C(EF R4 s
ATUCHT AR (B ECE — i)

(2) AT 2 JT 3R B [ By 55 [ A & 30044 5% 1) B8
Wi AFECHE A Z A A AN CL TR
ESEANGR S NG iR E PN VSR 59 i L /R L EANE)
#3% ) (IUCN Red List of Threatened Species; PA T
FR: IR (WEE S EY) M E PR
y 2] ) (Convention on International Trade in
Endangered Species of Wild Fauna and Flora)fff 3% (LA
AR CITESHE =) [ BrEF A S HE Y Fh A
#]) (Convention on the Conservation of Migratory
Species of Wild Animals)Fff (AT fi#x: CMSHH %)
S, X A HH E PRl E A AL B ZH 2R
FVFA R B VLA B AR, 700 B R TIE A
SRR LI, CEEMZREE. Rl
FORAF AR T4, KIE T EEER . XL
LI SRR | — B g [ . KR Ty
%, JFFHAEBE 2R EERZ SN LRSS
Pathl, DI RAZMME PO et e
HISE M, XA SR & B SIS, 159
I S T BRI F0 33 FEE AT R

Q)Y EZEAY R b W R

®1 PMITER T EERREFRMNE

(I K PRI BT RS A 550 B VPAl T VA SR

I RMEE YA (FE TR E N R R A &, 2 hT AR
Vg H RCR R BRI P A
12 $EHNERE

2% B 6 B 7 (Pouzols et al, 2014; XI| 445,
2019), FRATHEAS [F) 48 b5 LA K R —Fa br AR E 2
(AL EEAE S5 AT T 2 M A I b, SRS TEAE
W& FKIFRANA S AR T RENGE,
IRFEAR Y 3R B R N soR i (B AR Eh )
H(0214F)) HEA 45, B SR I
FEAEW N8I, B A AR .44 5% CITESH 3%,
BRSSO EE B NS 5 =R R
(BIECE =) (EF R4 x(1989F) ) H [EH
FEE R, s R . CMSISE, ¥4
PR EE A3 ().
1.3 BB EmEEE

AL DA [ A HME B A (A 2 i 1. 28) R = 49
Fic I E A 3 10 1Y) % TR A 12 ISR R I DA &
GrasT
131 YR REIBEMEEE

BT O RERY B X, R CIEHAT 4 SRR,
RBNNAE [ 218 44 5% v 3k 51 8 K 48 (EX) A G =
HHI N X IK 48 (RE)YVIFH

()P E L4 5. BRI (hE#%
KE0AmY (B4, 2022), BT RIINDE
P BAAE O E A KA RIF . A0

Table 1  Species assessment indicators and their classes and weight assignment

218445 Red List | o B R AP B A B YRR G A% TR AY  hERER SR
State Key Protected Species  CITES* CMS** T Value THAE Value
%% Criteria BRME Value  20214F(Year) 1989%F(Year) for species  for taxon
endemic to  unique

B COHE g g %% RE WR WE R WE China species***
Globe China (Class Value Class Value Appendix Value Appendix Value

4K 44 Extinct in the Wild (EW) 3 4 I 8 I 3 I 5 I 3 3 3

W f& Critically Endangered (CR) 5 8 Il 6 Il 1 Il 3 Il 1

Wif& Endangered (EN) 3 6 111 1

% f& Vulnerable (VU) 2 4

JEf& Near Threatened (NT) 1 2

HHEE = Data Deficient (DD) 1 2

Jof& Least Concern (LC) 0 1

APt Not Evaluated (NE) 0 1

* WEET A S E FRSE 55 A% Convention on International Trade in Endangered Species of Wild Fauna and Flora
** [EBREFA ST PEYI A AL Convention on the Conservation of Migratory Species of Wild Animals

#xx i [EBAEL Single species in one family in China
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Fhoe o B AP ER IR, BRI 2 AN 2021 4
CHE R ORI B 4 ) B o R R g\ L F5 44 5%
o, 1% A JE K8 f% (Hool ock leuconedys).  E[1JE %
1L1 ¥ (Manis crassicaudata) . JIVHE B 4 (Bos javanicus)
o AR SCEEE IR B T 2 M) B (https://www.
mammaldiversity.org) . % KA 1112 H 5781257 )&
705Fk .

QFEERLF, R (PESESES
AT AFCE=/R)) (635, 2017), ASCHHE 1k
J& R ZR M E 4 Hp T i sk BORT A (Billerman et al,
2022; JLEEPAE, 2022), AkA 126 H 115815078
1,482F,

G)HERITEI A . BT (PEAYZ
FEMELL 4 B HESIMI R =) TR-AT3) (FER
FHSE, 2021); Byl 1 b JE KRR B
oS B KA T (e 5545, 20205 FHISE, 2020,
2023; JLEET4%E, 2022; Uetz et al, 2023). &F A 113
H358135/8629%4 .

OFEHY AT K R EREE R
Z4:) (http://www.amphibiachina.org), & &1L
(84202345 H8 H o« kA 1t3 H13F69)JE643F .

Gy ERKEE LT, FEKYE (FEAYZ
FEMELL 2 B HESIMICEE 1), WK R) (5K 5
A SCE, 2021); ARSCHHG 17 15 AR I8 7 37 il
ol P E O SR (L T4, 2022). &ttt 18 H SR
326J&1,602F
1.3.2 & FIeFREE

(W EFAEF . $5 H A e ESENE
R B TA S AE— RN, FEZRER
PRYBUR 2R, R 750 S s R A B . AR S
R B LAY i 44 B R, b 7Lk
174%, S2R113%0, €4T2R261M . PAZR4355 .
HKAIL,092%0, HOAEM R 1-61 & HhRiR.

Q)7 BAAHF TN . FERI L 53 2K o AE IR B
WA TAN AR o3 A (B AR, 0 Hosd 24 ik oy 5l
PRy AT LORFFFI =5 E KAV 2R BT . AHE
FUAE PR [FRE SR B P 44 s H g A2, FHdr
K13, SK18Fh. TCATIEM . PIMR IR, ¥RIK
K130, I CAEM SR I-6HI A sk HhRiR .

133 EFIARBIBIEMEEIR
(HER RN 455 BI85 B 5T 1989

(I K PRI BT RS A 550 B VPAl T VA SR

SR H (BLF5 5 G5 0 B ) R 48 ) F1202 1422 H it
HE R AT I AR S 4 T (BL T 20 A AR 1989
FELTFE 20214E445%).

Q) E A5 B R A4 5% BT YIRhTE
% 1 2R L, 7E A BRA (0 4 S 3Rt |,
Sl 418, 44 S B R S S 85 23 AT W R E A [ 1) AR AT
R, FTESEE . LA S i A gl ST 45 e 1
B AR Hh S PR I o R A0 3N T XK
Y3 (RE)SF ), S W) Fi e B 52 J2 10 1) 2 A 1 % 1
o B I 21 65,44 SR 3 Eh B4R A [ A R R TR
HEHIF RN B 5E R, AR R A ERAL 5 4 S AR
T H; BT EF YRR AT 9 A, B E
LA SR EVFMRTH . R E TN E
BRYE G B WIZE, 2020)0 ASBFFE 3 HILL (o A4
RO SR E M) BB M55, 2021,
W ERISE, 2021; FERIHAE, 2021; K FIH SCH,
2021; FKME = ARG, 2021) 0 34 45 J T -

B)EBRA L4455 o fE A ERYFIAN AR W) 22 B4 f
RERGL g B KR, T BRI B 4 BRI A=)
Tl 180 3 A0 R R A AR AR, AR 32 A2 ) 22 R R A
WKL R, L ZEMARABSE, R EREY
BCIRAUCN) I T (5 B AR R B BB Y 2 44
SEPEE R AFRAESE TR FS) (Guidelines for Using
the IUCN Red List Categories and Criteria), &%/
FEVFFRESCE . L AR ESE A RS
P, LR HARARIRGUAE S, RVPAl a2
LI T ARRBFE R T TR, DR B P Sk
R BEEE L RS F T E eI
E R TCOT M AR T A, AAaEk. XiEE
FAR SRS e SR IR S5 7= A2 T B R (5 R NI A,
2020; fiftzk, 2022). AHEFUAL 2 H2022-2 ) K]
HHE(IUCN, 2022).

(4) CITESH 3R o 2 A% S VERS P € 1) BURT 7]
PR A2, @ik BB e FCIE VR AT R B A
AR HAEBRE 5, B 15 A sh P A )
ol D81 6] s B2 5 1 18 13 B s b R A - 0K
4, CITESHRHE [E br 52 2 Xt Oy i (k) O FE S, 452
FARS PRI 7 B3AN B v, B s ol el 4 240 ]
4R 247 R i Ci , RATE RSk P
ABFRNALIRY o AHFUAE H I 2 CITES 1720234
AT 3% (http://www.cites.org.cn/citesgy/f1/202302/
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120230227 734178.html).

(5) CMSIfy =3¢ o A Il ) b2 i B A= Sh P A
BT T A B B S0 b R T A
—E e LE G E . CMSHE Ry T i
Tt BESRICAGRIFRGEAEE | 75 2 [ R b 34T PR 37
S5EIABEHER . CMSE 202243 H CF 133444
E, R E AR G SR E I 2 2 G A5
WIIZE, 2019) 0 AHIFFEAE RO 202045 H KA R B
5% (https://www.cms.int/en/species/appendix-i-ii-cms).
14 ZBFRTE

TE 58 B _EIR A4 s AN AR WO B B Sl B, 4%
MRRCEZR, Rl DIHFLE. B2K, TeITE. P,
WK EINIRE, DR A IRIR KA [F) 55
T IRAE, SR iR br M HEA IS 45 21
FAFIME, ZRRER YR A45 08 h m BUC
ITHEF o PRI REAS RIS 0 T M AT 20 IO 4R
KN Ty B3 FR e B —Ho EH — AR )4,
5 R B AR EN, =
FAEBN) o AEREATIZ3A o BRI 0 I, ASHIE 78 5241
TR EE O BCRIHE T EMAT AR R, SR
T20214F 45 P & BB — . ARG YR EU
B, R d TR 0 U RO S A 2 5 .

T A H RN (ERRP 45D 7
BT, BT ERATHR LUA MESI Y (A5 i T 1 2K)
NBIHEAT 7R TEPERTE TS BRI 25 R PR N ZE B 44 55
BRI T 1R R B8 5 B AT 3 & T 1 ) A TR it

®2 TRMEZ T T EHENE LTI EAE DL (%)

CH R E G R BR3P T E R

B HROR 2 SRS LR A B SR AR 2,
PR Rh ST e Jee I T e 2 A AR AL B R

FIN20214E 4 s, (HARBEN G401 44 R 0 b
BATRR R BRA, FERBIZ P A, (H20214E4
3K A BRI AR A B g A

R WA T 245 B 44 sk AT AR 94 Jim 44 3 5
BB B S, N B R AR
WWE B 2EAL, B E R R T SR IR (e
BRAp B A, SEGEERMNSE), USRS
ARTT i IR bm 2 A R B 50 DR 311 75 A A A%

21 RHIBF520215 2 FHIFHLE R ELEL

20215 H — AR B 214F0 . AR
Y TI2H, G926 Fh, 5 T 15,0614 4 M
18.3% (22, Mi=1)e HAITIEF BN RHI 4 5E —
BRI SW204F0 . —HARY SWTI8Fh, &11922
i, 5 CENI R 18.2% (K2, FHa%2). Rl 4%
LA T 20214 4 P IN8S2 A A (— ZR214F . —
K 638F), 52021 4F 44 5 AH B AP A LI 92.0%
(22), 614 3 520214F & 55— Sk #e s, (=
A RS

R 2 FREBR T 2021 4E 4 3 P I -y )
Fh741~(8.0%), Hrh#% FR 5 2 I a2 7K #2523 Fh,
14.2%) (2, MH3&3); RBIAFFFTON ZHRY
VIR (7.6%), iR 2 R R K251

Table 2 Species number and percentage (%) by different vertebrate groups in different species lists

EX E74 EIES 52 8472 LRIES Rk #it
Lists Class Mammals Birds Reptiles Amphibians  Freshwater Fishes  Total
CHMFIEL Known species 705 1,482 629 643 1,602 5,061
number
20214 (EXE AR HANY % 1 89 (12.6) 90 (6.1) 19.(3.0) 7 (1.1) 9(0.6) 214 (4.2)
4,5) List of State Key Protected 2% II 80 (11.3) 301(20.3) 90(14.3) 88 (13.7) 153 (9.6) 712 (14.1)
Vile) Axsttiealls o oo, 210721 NiF Total  169(23.9) 391 (264) 109 (17.3) 95 (14.8) 162 (10.2) 926 (18.3)
AREH 4T Case List of this —25 1 78 (11.1) 87 (5.9) 23 (3.7) 7(1.1) 9 (0.6) 204 (4.0)
study Z% 1 94 (13.3) 292(19.7)  73(11.6) 78 (12.1) 181 (11.3) 718 (14.2)
/N Total 172 (24.4) 379(25.6) 96 (153)  85(13.2) 190 (11.9) 922 (18.2)
R4 G202 F LR BRI —4 1 89 (100) 90 (100) 19(100)  7(100) 9 (100) 214 (100)
i Overlapped species in above 5 75 (93.8) 285(94.7)  74(82.2) 74 (84.1) 130 (85.0) 638 (89.6)
two lists NiF Total 164 (97.0)  375(95.9)  93(85.3) 81 (85.3) 139 (85.8) 852 (92.0)
2021F BB Species 5(3.0) 16 (4.1) 16 (14.7) 14 (14.7) 23 (14.2) 74 (8.0)
removed from 2021 List
ZM 2B F Species newly 8 (4.7) 4(1.1) 3(3.1) 4 (4.7) 51 (26.8) 70 (7.6)

added to Case List
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fh, 26.8%) (%2, Wk4). FERF, ERGIZ5T, H
20215 44 K AV — FAR Y W Tl B — R AR
(19.2%, F3%5), B3I ZLR R T — Rk
$1(4.4%, [f3%6).

22 ZHHIBR52021F 2R PR E 4R
FREOGE T ELER

F 4552021 F A AR 240 LR
B x e E 2

(1) 520212 A Lk, Z6 44 5% iy E 4
{8 44 S5 FH 4 BR 41 (8 44 5% Hp (1) 52 J8 ) il (threatened
species)~ W [ERFA R R EE T 5 H 4 LE A B
BT BN T 6.5% 5.2%415.6%), 1 CITES [ff
SRR CMS PR SR AN 73 SR R R AR 3 L A9 4
A RN, (HIEHE< 0.5% (£3).

(2)M20214F 2 5 R RS B (1 744 Tl (B 5K3) K
FAAFRPR IR PR ORI BT o5 5 4 LSRG, A
oS BRL B A s 2 B R . R
(BT 5 EL A2 N 11.6% 7.1%. 17.6%, HAhJLA
FRPR) 5 L AR B % (R3) . MHHrG N S0 44 5%
FI70ANFh (B s d)rp, AR 20 8 4 SR R AR BR AT 2 4 5t
I SZ R R R R BT B 4 T e
97.1%+ 91.1%- 90.0% (#3).

Q)R %35 R T3 LA (e 6)h, &4
PR bR T A Pk HORT BT o LA S B R R 414
PP E5) B, KA ZERR KM EERABARZ
JB R AICITES Bt s i, 2353l #H 22 1 68.2%- 50.6%
(3R3)-

(XA R T 44 3% & e b A3 /- 7 A5 5
AT &5 E 3 LT T S (3% 7), A E R 44
SN [F R bR R4S 5 3 E AT T G (B 5%
8), MILEMRBIM LA LR R0 @)

®3 NEIMEZRPAEHRIREIM B E 5L (%)

CH R E G R BR3P T E R

Q)VEAMFE, F—PIUE T LRGSR BEE
i 23 b AR AT B R R A5 53 ST 3 48 1 AR AL R
FE AR /N2 X BOR T AR e .

B2, B4 FEE2021FE 4R EENYM EIE
92.0%, LD BV FR8.0%, HT1E7.6%),
A 4 S W AR T T X At 44 % S i R DA R R
A R ORA ELAS] o 3G 358 70 R ) R 3 S5 2 A
TREE, TR T A BR824 5 2 B R
CITESH = (0 PRI B B 4555 1.

2.3 M20214F & R h#HFREV T

T 4R BR T 20215 44 e 744 AR
PR 3), JREER R SRR, [EER
ERIEOA:

(D) 7E H [ 21 544 55 b g 52 BB F, HL7E 42 BR
218 44 55 OB B = (DD) B R 4l (NE) 1) 125 15
24 A Jb-B#68(Eudontomyzon morii). BT
T #(Thymallus grubii) .

()FE I8 44 55 [R] R $ s B = (DD) Bk
A (NE) Y A A 104> : 40 42 3 ¥ (Naemorhedus
evansi). # Vi (Hydrophis jerdonii). 5 Skifgig(H.
melanocephalus) . & 4 1l % #i (Batrachuperus
daochengensis) . o1 /M 1 /) i (Pseudohynobius
guizhouensis) . i & & Jb i (Salamandrella
tridactyla). 7K K7 fi#(Percocypris tchangi). &1 141
% feE(Brachymystax tumensis). 7)1 [ 2 fe:(Hucho
ishikawae) FlL & 1 4. (Thymal lus tugarinae)..

CA Wkl — B T B Bt o e BB B,
GG 20, IRA T RE S B RR T 4%

2.4 ZHIFZF G

ZN) 24 TR FIE T 70 AR P (B SR 4),

X L) o DR A5 40 (BL re TT RE BG e N R AP 44 3¢, B

Table 3  Species number and percentages (%) by different indicators in different species lists

45% Species list LY b AN R S HHERFA R R 5 ALYFNITHE ALY S MR
Species Threatened Species in Red List Endemic CITES CMS Taxon
number 4% Globe [E China to China Appendix Appendix unique

20214E44 5% 2021 List 926 323 (40.1) 496 (54.7) 324 (35.0) 400(43.2) 195 (21.1) 29 (3.1)

%4 3% Case List of this study 922 360 (45.3) 556 (61.2) 374 (40.6) 403 (43.7) 199 (21.6) 29 (3.1)

202 1E 443K AEBRFl Species removed from 2021 List 74 4(7.1) 8 (11.6) 13(17.6) 3 (4.1 0(0) 1(1.4)

FHI LTI Species newly added to Case List 70 41 (91.1) 68 (97.1) 63(90.0)  6(8.6) 4(5.7) 1(1.4)

— % 2l Species from Class Ito Class 11~ 41 7 (18.9) 24 (58.5) 10 (24.4) 11 (26.8) 8 (19.5) 0(0)

Z 4TI 2 Species from Class I to Class T~ 31 27(87.1)  26(86.7) 16 (51.6) 24 (77.4) 10 (32.3) 2(6.5)
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T UAE Z WP Fa bR H#IRTS T 0, FEARALLF
EAS I B 2R A

(V)% 40 €0 44 S RN 4 BR AT (0 44 s 0 N %2
JB I o, TR IRE L o R M A 36 M,
51.4%, U178 /i B, % (Ochotona koslowi). ¥/ £ 8
(Neohylomys hainanensis). 3 # 41 (Phylloscopus
hainanus). & JtE5E0¢ (Hebius miyajimae). £ i1l
5 (Cynops chenggongensis) « 1t 1A %8 #fs (Scutiger
maculatus). 2z [ i (Anabarilius andersoni). Hith
IR fi= 4# (phaerophysa dianchiensis) . P fi
(Liobagrus nigricauda) . H & #l % (Tachysurus
medianalis) . & & ¥ 1£ # W) f (Oncorhynchus
formosanus)&: .

(2)7E B 21 8 44 s o D 52 U AR, T AE 4
BRAL 44 3¢ b PP 9 80 Gk = (DD) 5K P-4k (NE)
274 F1(38.6%), tn Py )1l & J Bk 5 (Chaetocauda
sichuanensis). )\ (Pelodiscus parviformis). # FC4i
il (Aphyocypris lini) . 1 40 % i 1 (Schizothorax
longibarbus) . 48 sk & i 8 (Triplophysa
cuneicephala). F2ifFfif(Liobagrus chenghaiensis).
4 2 (Tachysurus longibarbus)s, ix L4 fh 4k 45
TREE (EFRRI ) P e getER s .

25 EHIZBRHPRIPFRETERIF

()B4 I — BRI B = R (Ff %
5), MBI NGER T RER .. HAESERZ
DA 7E [E 4b ) A T 7E A R4t 44 e O B fE(LC), (H
TE 1 g 43 A 120 2 A LT B 406 4 SRV R
fE(CRYMI PSR, w1: 3¢ (Alces alces). 55
(Procapra gutturosa) . /N 15 J# (Arctogalidia
trivirgata). [& & Eii(Varanus salvator), &L
LA PE#ES)(Phoca largha). 57 &(Gulo gulo). 4557
(Martes zbellina) . 75 Mg %t 39 (Tetraophasis
szechenyii). K EH-¥bilfi(Phrynocephal us mystaceus)%:;
B7E R ] D] 3ok R FH BATG S b 3t 2R AR [ 41 L 4
PPN SE(CR)IFY, Wk R (Mverra Zibetha),
KA I IE A5 HEAE JEE (Cervus nippon). WA ¥
A BRLAA AL SKH MLV TR AR, X e R 2 (1) n]
REPEIR /N

Q)A 3P H R = AR T — GRS (55
6), Frbag Hh AN 4 BR P AN L0 4 s (A IS 9 R 32 BB
i B H 23 A (74.2%), 40 B 8 BR A (Macaca

CH R E G R BR3P T E R

leucogenys) . 3 4 % (Lepus hainanus). 440 % %
(Acrocephalus sorghophilus). - i & (Platysternon
megacephalum). 4] 7% @ JE (Cuora) 7H. FEfEHS T
(Goniurosaurus ~ yingdeensis) . K (Andrias
davidianus). Jifi [ (Acipenser schrenckii). A Sk fi#
(Cyprinus pellegrini). JEth 4 £k fil(Snocyclocheilus
grahami) & ; 75 H At 2 T $a br b R 3RAS 1 70 1A,
W G CITES K F1241M(77.4%), HEFREHF16
N(51.6%), CMSFHt 5 F101M32.3%)-

31 fnsefFhiamE TE

AT ) T S A 4 [ K P 44 s A
ExYFatag s, G JURBHERNE T, RE
YiFhgm B TAECER] T A5, (R EEDY
Pl 4435 (2023 4ERR) ) TSRl AR T BT 14.9 T34,
R E R AR E160%-70% ([ RF2E AR
M2 FEEZ 012, 2023).

HurMgm B TR FES: ()ALET
DIFEFAE; Q) ORI B ARG, 5
Z 0 RE KA R R AN 3 (h B R B
M REIEZR 142, 2023); (3)EB A BBER L 5 48
ANTA 5325 R SR B 40 BT A BBk A 4 — H ) Fol
23 (DI CRRIFE TSR, Wi WFET N
MALAR, PO o BOR 3RS —BOA T 33 T4
P& KA —8G )N TP s oA sk e B fb
ERMERE RN, TR E WA B

6 UIE A 7 9% (1) S 490 A AN PR T 3R B A HESh )
(REHFEAZ), TERRNZ —RILEMENERL
M ZEHE R A R AAAE KA e B A 5E
MWE. HECOHwE 7T RREE. S5EY. FHE3
M BTEHESMNE RO G4, 4 5HEED
MIVIRh B 1/4 (4%, 2022). BIfEEHESH Y 4 5%
(ANEEEAZR), RFRMESE T 20453
AR S5 A 5E LT 7 B WS S B B, I BAEIX 44
S, BRRAGALFMPEL ALK Z T E
PR s = . RV BN B VPR YR A ) I
EE A543 9] i 34.3% A1128.9%,  He A ik K £ 2 5 43 53]
F11571.3%8139.5%, X W2 IR K AR KEDFEAR
W MR, 58O R0 2 s R B A RT3
TR e % 1 R B A
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RAmBER. EH AR EZ P B T
VEA RE AT MO 2 FEERIEFT . PR3 S B2 U5 R
SRR BT AR A E TR, — T
B LU A TAE NS R AR VR R A, 55—
J7 7R E R E B L E . BIE K EEH]
16 58 B S T 122 0142 R A7 57 38 AR W) 22 4 1
X WK SRS 7T A, HRfi 4
SRR B 4 ST RRIES, B AR
FB, BWIERIRRE R SR 2 7 R I
RYIFME BV &, AT S slw BB B IXRE A R
RS LR CERRI S 45D TR B RE St
ROHT B Rh AR AL A B BT A FERRR, B ORI N
TR 4 A2 B 52 UM AR P e BT DRy
WHMBEEE S B its BRI, $R S IR R
32 X TFEkiesRAy LA E) R

(AR TTIEER T 32688 R, M S48 47 0
TE20214E 4 5 FI 9] 44 S M i A3 R BT S
G RE, K44 SRR A R B K e b
20214E 44 A E At 2 3%, HUGR ARt 4
S W EREA FORICITESHE %, 11989444 5% - CMS
Bt SR AN 23 SR B RE M AR X /N (B3R 7, B SR8)
B RBIEAN YIRS, AN [FHE bR B4R AR e R 2
B Wi AR 2 A AN & SCRAE R &
TR G VAL CE R R a5 A = O
FEpiili

QNG 2385 ]G, [ 75 nl ik A E 2
84 SR A BRET 8 4 S AR B HR b 2 A 7 SR
SRR — AR BRA T S AR AR, a0 iESC2.4H
(HFI2.5F )BT A 2P, LE PN 28 44 5 R B
BB R 5Z R FRET, 380 T IR SR ) A E
TR RIS . RPN A4 5 iR Ad 2%
WA BRI, F BRI AFRL AL FVPHIR
i, T 7E Hp [ 260 4 VPRS2 R A, I S
230 (D)2 55 () ET A 45 s S50 F, A RS B
Ry, BRBRIC T RIS

Q)W F R BRI Fl, i E BAE R AR K 2
W E L4 % SRR 4 SR RICTTES Y (363, [
7, BE8); SLMAH G CRA R I 32 BLHR AR AR VA
W LT 4 . AR ERAL 0 4% AN b R AT B (33,
7, BSRR). TRIFEFEHIERMIFIGERS, KT, I
SER)VH TP (FR3, %7, PE8)W=Z 2T JLF

BT A EAR IS5 B R, (AR &, RO aa s
FICITES B 35 520 BE K

(433670 BB H T R 64 3 5202144 5%
IR AR T AR P Fh, 7R85 I Be e KA E H
B, AT 3 EE S AN T AT, B X LA
R ERELRE . B2 — YRR s 2%
MEsRh, FER o mEE TG, (HER
B Ao A A 2 M0 5N 2 B I, A B EELEARL
1 2 5 HIN [ 5K OR A ) B B A A A DR
GO SR VTN TS A A S R A
A E BRI AR R
33 NHAIR

AHIE TR FH A T B HE S O & v A
Ry R, CLEENANE 2 B E R A
ol ZH 2R B AA) 2 1) B AS ) T 42 S K B8,
Phik 7 3RO IR AR H I T AL SR VT AN B i [
KA SR I LSV LT AR 74 R E
WA A PR 5T B R, R O BdE AT
A . BEITT RIS RER M, R4 5% 52021
SEAFARFE T mE B, s BRI
PETF T 018 44 55 52 g P P R PR [ AR R AR
P E, REEEHENE. BARX. HARE
PERIIFR AT CR AP 00 S5 0] o

AR T7 AL PR E SR BT A Bl ) 44 S 3% i
B T Y RENASRE, B E K E R SR 4
SR (1388 38 7 v B ST AN B AR N TE B TEAG A5 R
(3Eah b, Bl RABATREENENTIE B
THEMMEM RGN . ARTEWEEFARINE, 7] H
] 5% 20 5 0 1) A 4 50 34 0 48 A R A R S5 AT
SUE AR . ATTERERIE . SAT. Rk, JEE
FIZENTE AR R, BR AT T 5 A s A [R5 B 4b,
n] LA AR R B AR A, TR E B AR AR A &L
PRAFAI R B2 U5 1 5 280R) P A S DTk

Bl BT E A mAit b R R E e
I, WA AP % TR IR E IS AREAL VA
B REFKEF @A T R0 kAL I,
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ABSTRACT

Flower-visiting and pollinating insects play vital roles in maintaining ecosystem functions, but the biodiversity data of
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these insect groups has been grossly inadequate in China. As a species identification method based on specific gene
sequences, DNA barcoding has important application value in specimen identification, discovery of new species,
biodiversity conservation, population genetics and evolutionary research. In this study, a total of 815 mitochondrial COI
barcodes of flower-visiting insects from Diptera, Lepidoptera and Coleoptera in Daiyun Mountain National Nature
Reserve were sequenced and analyzed. The distributions of the insect samples at different elevation were also provided
in detail. This dataset can help in constructing regional insect DNA barcode databases, discovering cryptic species,
studying altitudinal genetic diversity and biodiversity conservation.

K ey wor ds; Daiyun Mountain; elevational gradient; Malaise trap; DNA barcode

Database/Dataset Profile

Title DNA barcode reference dataset for flower-visiting insects in Daiyun Mountain National Nature
Reserve
Author(s) Xiaoyan Luo, Qiang Li, Xiaolei Huang

Corresponding author
Time range 2021

Geographical scope

File size 107.63 KB
Data format * fasta, * xlsx
Data link

Xiaolei Huang (huangxl@fafu.edu.cn)

Dehua County (Fujian), 25°38'-25°43' N, 118°05'-118°20'E

http://www.dataopen.info/article/298

http://doi.org/10.24899/d0.202307003
https://www.biodiversity-science.net/fileup/1005-0094/DATA/2023236.zip

Database/Dataset composition

The dataset includes a total of 1 sequence data file and 1 sample information file.

DNA% 2 H5(DNA barcoding)fe — 1 3E T DNA
AN AR T, e R R BARR I
WRAER) . 5 T 5 HBRA — 8 RS A28 S v
DNA Jy BAE iR A R, H TS e Mgk
RBortr, —ERE LR 1AL G5 Tk AT Re
FAER WAL B R, b 4 e 1 &
B 7152 —(Hebert et al, 2003a, b). £k AR40 A0
Z CH AL BEIT % (cytochrome ¢ oxidase subunit I,
COI) EL I B 7] A 2% FH T 2 W) W) i 45 5E (Hebert et
al, 2004; Hajibabaei et al, 2006; Lopez-Vaamonde et
al, 2021). FAfER R IL(Li et al, 2020). NEHFh
M(Xu et al, 2018). EFHRAWFIH K 2 HEHE
(Valentini et al, 2009). #J# &4 (Rubinoff, 2006; Xu
etal, 2018)F 7 W7t . B HUAE NBhP F e K8
B, HAMEZ., ER. 207 WA, 22
Y s M AE R —, WRAEMZ PN
K 47 #1 K} (Basset et al, 2012). B HFh I A] 524 &
HMUEFT YD 2 REPE I R I — B2 B s M AR o 2R
A AT () EE T () R A A, DNA 2% TS 7E X 7 TH]
AR R S ).

VA6 B R AE B A RSB ) B
HORHE, HSHEW IR T S5 YRR oG R, X
EBRG IR e EM 2 PR SR EH, 75

PN AT AW Z R R AR S RG4EY S5 T7 1
HA #HEP 5 & X (Ollerton et al, 2011; Hall &
Martins, 2020). fECAIVIAER R, REH . X
WH M EH RS R 2 Hi B2 FEPER 2
HECIHLEA %%, 2020; Saunders et al, 2023). fE# H
(IR 3 A 3 B Ui fe A b R Dh g, X RAEYAI
B A FEY) 0 A K AE B AR H (Potts et al, 2010). AL
P H 2 BB UL RHE, AR SR BRI S L
T, A E A R H A E e R A R RE
(Saunders et al, 2023). —YEHFFER, XEH H A
WHATRE R R EE Y N, S
FEAEAE W 2 18] A7 AE 52 2% 1 0 8L 4 55 R () 32 Ak o
Z (Thien, 1980; Bernhardt, 2000; Ssymank et al,
2008).

T Vi fe AL Ky B U A B — BN BE
Z., TR TR IX T I B A DA A S E i i 3 =
% [8 FIDNA KBS 2 2% Bt T B 2 AR 8 A
AELZNE, ACIIE THREEER S L E R RS XX
WH I E A E ViR R A8 155 £k {A&COl
FICAD S R Foor A, JRIRAE 7 B siort i VE 4 it
o AiE B o BRI B RDNA TS
PG EER A BRAFEAOR I W HRbh BB 2 FE TR
W) oG R T A AR AL B o
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EWTIEFE, EE YL, ANVTRIH R,

2003). & TR T A ) 2 FEPEBCA BT 9T N 4%
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PERE B R 2 REE D R R AR 2R . BRI AR T
IF2M, 7E900—-1,600 mifE 4kt FE S Bl N, EFRAEHE
WIRE 7 FR ARG B b, R VR R OR () R
100 mif i, A 7 84 IR I e s (1), JF
Ji B H 2 PR R
1.2 HIBWEFERERE
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H, FESUSESIR AEELS d—R. FrlERIREA R
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Fig. 1 The location of eight insect monitoring plots in Daiyun
Mountain of Fujian

F T 3REXDNA SRS AR AR
1.3 DNAHZERFNCOIEFEH 3G B kA& K
XA HEAT R DN ASE EURIPCRY 38
F 71 & (Dneasy Blood & Tissue Kit)$2H E HL [
2K ZHDNA, FHAETEHESI Y R A B )72 1)
B A 5] % LCO1490 (5-GGTCAACAAATCATAA
AGATATTGG-3") FTHCO2198 (5-TAAACTTCAGG
GTGACCAAAAAATCA-3")¥ HiCOIFE K . COIZE[A]
[R4 SEPCR IR MiAR 2 A: BEHDNA 3 pL, 2 x Super-
Taq PCR Mix 12.5 uL, _EFE5I4#1.25 pL (10 uM),
i FH T H KAME 225 L. PCRIUN 2414 M: 95°C T
AF P2 ming 95°CARMELS s, 54°CIB/K15 s, 72°C I
11 s, BAT33/MEIR; 72°C 75 L5 min; 4°CIRAT .
FEPCRIX N AR T 25 R J5, X2 uL PCR™#), F1%3x
JUE BRI FEL VK BEAT RN, AR A LUK B 23 BT R
£ o3 v S O S = RO S O s /b SN |
IRV A BR A B AT o
14 SFHALBTXIS
7RI IDNA K TR E R TR R R 2
FEE, [ ABGD (Automatic Barcode Gap Discovery,
https://bioinfo.mnhn.fr/abi/public/abgd/) (Puillandre et
al, 2012)%F T $REL (DN A S AL 3 51 ik 4T 20 1 o 2%
HijG(molecular operational taxonomic units, MOTUs)
%143 . ABGD &3t T & 15 5 vk ki ki 4> T A,
[ — Pl (1O A 8 ) 49 42— > Group o TEREAT
ABGDZFHrid #2 b, K die/INH X gap i FEAE X BB
1.5, Fh S5 2 R AE P& B H0.001-0.1, HAhZ 4L
MR FFBRIN I E

ABHEEARE: (D) LG H 5 A
i H Vi 1€ B 5L COI 2 15 7 51 SC A (fastaf 30); (2)
FEAAE B (xlsx i 30) . 78058152 44
T B GR AL 7 51, b I H 4145, RU# H 3115,
W H0% . [FHIKERA FH7E600 bpLh F(813%%
JF B R T600 bp, 2567 41K EELES60H1600 bpZ
[6]) o A S5 RSO EFERAE H L W3 YRS |
AR FE. BLASTEL R4 4%,

48 ABGDHEAT ¥Rl I 43, W 815 2% 7 41 Kl
Ty N33 T K E TR, CAERE H 1915,
KO E 11454, 5558 H 38F . DNAZK LIS A & 14 Fh
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BN Wom L E KR BRI X V1€ B EDNAZ S $dE &

BOE SRR OE L 2 R, #E1K1,200 mAT1,300 m o (7R, #EEK1,000 m (155, #54%1,100 m (3F).
Bk o e BN AS E G b ey, BHEE 4K1,200 m (107F) 441,300 m (6671). #441,400 m
1$50%. SHESMAE YIRS ER TR, K900 m  (18F). 1,500 m (3Ff). k1,600 m (22F).

#900m ®1,000m =1,100m =1200m =1300m ®1,400m =1,500m m=1,600m

B2 SFHEBT(FEHBET(b)HEESERTNLELER
Fig. 2 Proportions of numbers of molecular operational taxonomic units (a) and barcode sequences (b) across different elevational
bands
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30

776
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e 1,600 m0
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! ]zI[ HII”lI II]“][uIm

m 1,100 m
1,000 m
) | | 900 m o
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PP EL Species number

E3 ARISHREHMFIHE. EEEAIS A EAEDKRE). FEMBEEE. RiERERMEMNHNSER)RNMERS . SREE
RENSRRIZDENFEYM, ERNIARSEMSENEETYM, R RERTRATEHEH{EHIMTH4Y
e, THIEMNZFEERKRTEGK EHIFEEFER.

Fig. 3 Species distribution at different elevational bands. The UpSet plot can be divided into the upper (histogram) and the bottom
(the bar chart on the left, the elevation in the middle, and the dot plot on the right) parts. In the dot plot, a single point represents the
endemic species of a particular group, while connected points represent shared species with other groups. The upper bar chart is used
to show the number of shared or unique species among different groups. The bottom left bar chat shows the number of species in
different elevations.
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[99, 100] frrm— 63
[98, 99) jemmmm 33
[97, 98) femm 20
[96, 97) |emmm 23
[95, 96) |emmm— 49
[94, 95) |smmm 28
[93, 94) |m— 49
[92, 93) p————— 1 | §
[91, 92) r—— 73
[90, 91) 81
<90

LEXTARBLEE
Similarity of comparison

1 1 1 1 1 278I
0 50 100 150 200 250 300

S5 % Number of barcode

El4  AHFTDNAZKRADFFIHIBLAST LEXTIE SR
Fig. 4 The statistics of BLAST alignment results for DNA
barcodes obtained in this study

HE 45 7ENCBIEUE 2 3E /T BLAST [F)35 LG X 1) 45
B AV 634K EL X 45 BAE99% L |, Hidh i H 344%,
XM H 26 5 FEHH H 3 %%, 73 ) b7 & K8 23R %8
TB%8.21% 8.36%413.33%; #Bi2005% /741 Ebxt
HRAKT90% (El4), B AILEHE R &A%
FHFTARR B G, R PR R4t T K&
B e HV 16 B HDNAZ RS 791

BB FEAR I N S IR B s USSR 3145, BBl sk
(177 2A] DU SRR, B RER RFERE L BRI A N5
M. DNAJZEL. PCRY$E. J7 41 b3 A LE T ik FE 35
A — LB F N AT, DA e R iR %= . o
TSI UEE T BT PR 9k R T
SN A 5 G FEGAIE 45 JE (R S 1, RS R T
B0 UFPCRY™ 4 S B 1) R B R AR vk, 5 B i
IR A B TR 195 Y FBAR )8, SR FH AR v b S 56
WAE, DMRIEREREIRIHERT. TIEEMSE R, Frfe T
1| 3545 F BioEdit # {4 (Hall, 1999)%5 & ¢ 41 1 [ 3k
AT TS, S5 b B e 45 e P I AN 0 11 7 91 AT B
BT HEREN . X FIEE RGP A, RBRILKE
by R ARSI 51 ) 45 6 A (£920-50 bp), DAIRTH iR
LT H SO . K I L S 1T S AENCBI E 3k 47
BLASTIRIJEEEXE, 5B BH B A & BT - REA K75 G4
Fll, FEARAE ot 45 Sc s 2% 7 47 R A AL FE AT AL
Yidh 4, # Bt — DA BE R R AT R
VIR RN AT BE T 2Rl

ZHUE AR AT DL X 4 B B DNA 2% T2 At £ 4

PERPESR UL F1, NVITE B SRt AW 2 1
PECRIP IR BESCHF o AL A0 B TR AR S otis (b
78, AILAE R 2T DNASKIES I AEY) 2 B R0 12,
Rext R85 . WAL BB FEEORY . R
REAL A AN SR LR EEMME. ARdREE
R T ISR IERE R, At DI RBERE
PEVE DI HROBR BE S R AE S AU AR (i T BE Rt a3
N5 AR 198152k DNA S AL HEAT T [ EL X,
RINERIL90% K1 7 5 7E GenBank 3 AN FEIT L7 51,
i Bk 25 AR P2 I AT RE A B TR LU 1E B
RIS A7 T 22 FEAE

BB ROt ORI A S AR IRABT T M 476
B A IR AT AR R TR, BB LB RA A
SRR X TR AP [ R4S AE R AE AR P 69 35 Bh, RiitAR
R KR FHD R FRINGAE . LH5F F £DNA
FRIE I A2 P IR A B

EEST: F/ %A FTDNARR, &MY R, &
PRI HEE R LAGN T, FRIAT IR Fo
BIDNAJRIR; HRERBHRAR ZHETR, HES
FATFFR, VARW B R A
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ABSTRACT

Background & Aims: At the landscape scale, multiple local communities are distributed along environmental
gradients, and these local communities are interconnected through species dispersal, together forming metacommunity.
When considering both the species composition and interspecific interactions of metacommunity, the concept of
metanetwork emerges. With methods in network analysis, metanetwork illustrate the distribution of species interactions
across multiple communities. The research scale and numerous network metrics corresponding to different data types
often confuse researchers.

Progress: We begin by categorizing and organizing network metrics, and then proceed to differentiate between global
and local network metrics. This provides explanations for their application scenarios, computation processes, and
ecological significance, while also discussing the impact of sampling intensity on these metrics and exploring their
relationships. We introduce the network [B-diversity metrics that are computed based on interaction diversity.
Subsequently, we outline the statistical inference approaches used in network analysis, incorporating both individual
network metrics and network B-diversity metrics. Finally, we provide a summary of the recent research trends, which
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has shifted from metacommunity to metanetwork.

Prospects: We stress the significance of taking into account the influence of phylogenetic relationships on network
composition and interactions in research papers. Multilayer networks offer the capability to represent community
structures at a wider scale of species interactions, thus revealing more comprehensive community dynamics.
Consistency in the analytical approach of metanetworks is vital for facilitating comparisons across diverse studies.

Key words: ecological networks; metacommunity; metanetwork; network metrics; network B-diversity

BT A8 2 e e LE IR TR 1 — 01, SRR
) F AR AR AT A BAE, W KR A BAE S R R
T AN B4 (Proulx et al, 2005) . A A& W &
(ecological network) i) FH &K 1 v th 470 A 2H s AT
i BARG —fE— AR IR E R 2 N, HRIE
AR I H U A B AL (Proulx et al, 2005).
T AR P28 43 i, FRATTRT LA 777 T B A A=
% (DA RIS AR LS R A 2 B
HOIRA A AR PER . ARSI EREIMER
% (external factors) 1 P4 7E 5] 7] (internal dynamics):
ANE R R B 5 BLPR il (dispersal constraints) I35
FR | (environmental constraints); N 72} /76 #5355
o R LAESERE B AE (Belyea & Lancaster,
1999). BALEFROIERG K FIBER. &M ARG
P [E] 4L 2% (Ponisio et al, 2019; Blasco-Costa et al,
2021) (2)IFHRAE HIXT P 45 SE R HOREI o 19X 2% 25
JE7R TR B AN A BAR AR, BT 1A
A2 WHel o RS 8, WeT s ma i
FREEZNASFIMRIC R . T H., H TR 8 X 25 (1) 2Hhs
ME AR, JATAT @A R A L, T
SEMESRGEHREMYIR IS EEHIEE
(metacommunity dynamics). 4% 153 1% 2 FF AT [
W EZ R EY 2 E R R, Kk, W% aHThe
45 7~ AR 7 5 G0 1R J 0 R DA B T 4 280 A ) 42
BN A 3 R AR BN 2 (Guimardes, 2020) .

W 2% B ME R B BRI — AN X —— B
(graph theory). %%+ i 0l 5 (vertex) Fli21 (edge)4H
BRI, TS I B3 P58 ™ Sl (node), 1447 I
WAL FR N ZERL(link) o A 25 X 28 1 28008 AR i 2 A0 1
W b E) BLAR B &R B FE R (adjacency matrix). 1%
Q4 P AT LI ALy B0 SRR 2 R
RIPZs . BEae b, ARATEHE 197 fl A BARR AR
FEPEAR AT LB 7R A — AN, JoiRix ey fifRR 1)
REAN. ME. BEE. DR EE AR E4
AR, T R AT BE AN [ [ A A ST (A

Yo R Dhie B BV B 2%) (Pilosof et al, 2017;
Guimaraes, 2020).

WX £ 1] 43 N B A% (one-mode network, W14 M
R ILAE N 4%) (Pascual & Dunne, 2005; Freilich
et al, 2018)FI XUt (two-mode network, tHFRA 4
W “bipartite network, WIHEY)—fE¥n# . &7 E-4F4E
#4%) (Dormann et al, 2008). AR 25 BT A (115
R IAIERATRE R A HAE R R o XURE I £ 1 HE AN o 2%
RN, R RAAAE T RS R IE], A
RAETEPI SR 12 W (Saavedra et al, 2009). 40:
BSR4, PR o il B A
W, TXAE R 2% A R R RV 2 TR 1 LA,
T A2 18 B B B R B ) 5 4 4 [R] — 200 Y 1)
AR UM 3 BAER RIS L R AR
[P0 G 1), PR o e AR S 2
MR YR R 2R, ] RURSE I 28 53 0y B X 4% A4
UL . FLAEMLE, a1 HEY-fER (04, 2007,
Schleuning et al, 2014; Libran-Embid et al, 2021). 3
SE—FhFAE G (Emer et al, 2018) LA S AE Y71 i (F
G145, 2020) 2 [B] FIAH LA IR Z6 S5 HTRZE, G0 27
F -4 (Runghen et al, 2021) A S AEY)—HE & B H
(Ibanez et al, 2016)2 [a] {1t AH FAF FH 2% .

MR A2 15 25 58 L AE 5 B, XU X 2% 1] 43 Ay
JE T (BRI BE B OIBO) I 2% o 5E 11 I 28X JE 7
B NP (8] AR AR, 715 W S0 HEHE P
JCER NN, BNEN0, BT A B AR 2 S5
) (Almeida-Neto & Ulrich, 2011). X}F & &M%
(weighted network), 7ETH5 M2 FEhRIN 2275 & HAE
(AL EE, B4R BLAEOC R M () an, HETE
7 A s 8] b 5 B ELAE I R0 B 22 BRI (4,
H5EY ARSI EE &) (Bascompte, 2009).,

WX 2% 53 #ir CL 48 A BE U AR A 7 R 2 ) Bl BLAR
KEFFEHH W7 AR AS [F] B 70 PR AL 2 )
IV BAREA R (AN FET 2R AR 4
B TSI UL N 3] 1R 0 A AT AR 1 ) 4% ) T 4 2
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R AR MR SRR RIS M 4%

AN T R DX % S B0 (B BRLABE DX 4%/ 4 DX 4 BN ARL
AEINAUM 2%) (Proulx et al, 2005). BF 7T & & ik %11
SRR E AR PR R IR W 2%, =5 HI(BUTT AR 1) M 25
RS 2T N2 A L FR bR 0E F T8 1)
W2 KA, AF A U TCVE MR R AR S 2 L,
V] RE G ORI, 13 HETIRIISE R .

A 7S I 8 A 9 R 3k T R A O R AT I
W % HE T 7E 7 VAR AN &5 IR B AR AE G il (Freilich et al,
2018; Blanchet et al, 2020). TMi3& T SZEAM K.
SE [T B] 9 Z ) 2 ) A2 25 X 4% 422 32 FE B vy (Fang. &
Huang, 2013; #X{4, 2018; Li et al, 2020), 55/
AR ZEIACH B S TTEARNEA, R 1R S
BN B, AR SO 18 5 TS5 i . A
VER R BT — 7 W2 R HA Fe it fg . AR SO 32 22
H RS ()R UL 42 Fi(global network metric)
IR M 2% Fe bR (local network metric) ) A4E A 2E T X
JABHRIIAH O AR 25 IR 2 AR, ()X T I 2% 4
bt AT Gt o i B, Q) 2N & B VR
(metacommunity ) El|£E & % £ (metanetwork) [ 5T
s (DXL AT AR SR R J7 1Al AT e R

1 MR
FEME

Fe TR 2%, JATTAT BLIE A [F] A HR FR o0
WLt HEAT SR o 0 T BN R4, AT DATHSRORE B A i
(B 3% 1) SR F 3k o9 2% 1) B AACRE P, BT 2% R 0 22
Mo AR EVE B0 M E) BAR G &R M, i w) BLit
SRS [ 0 5% E) ELAE A 22 5, ROV 2% 1K B 2 R A
(Poisot et al, 2012; Ohlmann et al, 2019),

1.1 B—4EIELR

AT LATHSR — RPN bk fliak B W 2%, X
6 [0 28 F8 bR AT 73 Dy 4l I I 4% R A S M ) 4 R T %
FEPR, PAS A IR WA 25 75 p B34 33 1Y) Ja) 350 D P 11 ) 8
RRZ8FE AR« RECH: I Bipartite fil 4 32547 W01 28 20 #7 D B
gL, Foob BT R 5 4% 45 AR 1 R BCA 34
(Dormann et al, 2008). FRAEFEFRACTK BN %% J& 14 LA
FARPRH RS B X, AT R 8 FR Kl 73 9K
oo BEME. XMARME BACTE. BREE. BREE.
BEHE . SRV R eI VR R AR (IR ). B —
A2 JE AT RE 2 M ARSI . Dy 7R R4 Y
JEYEAN BAR IR AR BEAT X 73, FRATTH e o 4

R Jm A, B . RRYE; RATH
SRR R R B AR M AR bR, B0 EREEE
(connectance). H.AE %4k & (specialization, Hy"). H.
YE¥J 5] FE (interaction evenness)&s. 1XLLFgbr—3 4
kB &L A AT, I i SR R 2 R AE 1)
R CPRIERE B E S bR, 4k
—UEIRbROR AR E L. BN, Hd 2%k
EYER 2 RS A R 5505 ) o A 1
HAERE, (EM L5 A T /R Pk BAEX & 1)
A FE(XIUIPREE, 2002; Almeida-Neto et al, 2008).
A — e bRk B R AT, fA T YR g
B a4l &, B3, 4 &7 HS (niche
overlap). 4% (togetherness). 714 % (C score)5s.
TX L [ 266 45 B B SR RS A0S A [FEAT A A2 0 [F] —
W2 JE P AN TR F FE UL S . (E SRR 2 4R An it
b R ) BEA b B AT R A AR A A S, RIS
e R IR B G HR ) I 28 Fe b 2 S B L
111 RAESRE X & HE FRA S0

He A I 4% 0 B e SR B VR ) o 4 R R B A R
FAT R, SRAEI 58 BV 22 5200 N 28 8 bR 11 11 57
25 B (Llopis-Belenguer et al, 2023). X+ & &
(species richness)FIRFER I, — MMM ES
J5£ 2 it A5 SRAE 5 FEE P 184 0 17 A 3 34 30T 28 (asymptote),
XM H AR G R SR A2 5 2E AL ) A8 5K
(Henriksen et al, 2019). SRIFFEI& H M BAE R T
Wi G L AR B YR 2 FE L 4 IR X, K Y)
FRHAER R R A ZFAEE, MMAFEEXR
BT ORI R A 58 A B8 &2 B (Henriksen et al,
2019) — WU AL A & W 2% HIBT 78 2o, %)
PR & S HE IR KA 9 L AL B B0% T, X HLAE R R I
ERAE B T 55%, RFE5E L 1T In64%, 7T LA
I 290% A&k &, (HELAR I 1 90% ) H.3) 75 2
1810 54% F A 5 (Chacoff et al, 2012) . % T 44—
¥ B W 28K 1, 2 BOR 1% B 2 Ok 2R IR R AR
AR, Fpnl X T, feE KL
Vi, JTRBE B TE Bk HAE o W 2> 1 fe 1 B AR
o DRI, KA i B2 AN AN S M ) 2% PR 40 b B0 R (X 4%
KA, o gzmapa] BAESC R, 2 KNI E AR
KR — 0 5w H A W %% 48 Fr (Nielsen &
Bascompte, 2007).

AT LA v AT UL E 3 A S Bm SR A 4R
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R AR MR SRR RIS M 4%

BEAT B HhRE (1) 77 VR SR ATE FT SR AT i B ) I 4 2 451
SO o — TGO T ABE AL DX 4 MR R T 4 SR AR B, X
TAZACEAEMES, 28 e bn i im) T e 0 & P AR
YR, BT 90Fp =5 B R AR e B Al v ) 2 S 8
IR 28 1 LA B AL PR = A7 (Friind et al, 2016). X}
SEBR RAEE IS IR 7R B AR B A 2 KA R
JEE R R 2% K/ FR) 2 0 (Bliithgen et al, 2006). ARG
RAE R 2 FEUR B, T HKE B (Nielsen &
Bascompte, 2007). 4 B AN ELAE LAk S0 SR AF 5k T
7= Fa {# W) (Rivera-Hutinel et al, 2012; Llopis-
Belenguer et al, 2023). HAERE PRI 3E 78 B (F A1 B4R
FEr R0 T 8, UK T BAE K RIFKFEE)
XT3 A FEE AR B PR ) S AR R, i BRI Bs 22 2 1)
43 A 4 B (Ulrich & Gotelli, 2007). Casas %
(2018) K H H Bl ik (bootstrapping) X 17 £ Ft M 16 %)
115, FERHUN 17 212,745 (1 9 265 3347 FBEALAIT 55 5
N, FERRFE . WEE . BRESAMEAA BRR S I
FIRAE R B AR . T H, 0T = A A R
W%, BAMRE AT LLSRAS e e I M 28 Fa bk, (HaE X T
3B /N2, I 288 4w B o B iR 5 1 1S
TR I H BB A2 1% (Casas et al, 2018).

Lt FLAE AT BRI 2% e bn HA B3 1), (R
FE R AR BEAT I I T T ORI 9. T CE A 0 000 1)
Srirrh, B CAS R T ARG RE—
Xf — HAEFE P 25 b i) B BIAR & (20 940%), T BB
T e AE L FR AR A TH B R AR oo, HERR —XT
— B AETC IR R N AR 28 340 2 0k UL I ) 2% 1)
B ARSI #S B /N (Dormann et al, 2009). XF T 7€ 1415
i, REEAAS ULIMEL () AN BRI 7 s A ELAE B AL 43
). SR, 0T € EfR bR, X P BUREE =) Fh
() o () AR AR AE AR AR T S 5 2 S A . 55—
AT RERZ, BR 1 mEAE 2 Ah, Fofth BARA A i AR
TR bR S AR /N o AR AR R, WA Y Fh
XoF o X 2 A (T T FE L R 1 S ) B DT R AN K,
I 7 EATTAE AR Ky I 4% o 1) AR 2 B BRI

RAF ) T BE AN s W 2% IR, I8 RE T E
PR 28 v A ] (0 ELAE, AT T 2% 8 7 3 s 2 T
B AR — ORI 5 3R B X 28 8 b R SRA: (1) 58 B A A2 AR
RERY, HIZIX PO Z AT BE AN I 28 4 B R RFAIE A DR o
7 P 2840 ) T B 3 3k PR AR B, T 2 A e
7] T B PR HAR 2L AR, X4 % B (1) P ot 2 e K

FETEEEME RN 28 FRPRIAI )0 R DRI, FEIEAT WY 2%
BT Z AT AT RAE B SE R A TR DRI T
HAR] RUSKH AN 44 30— P 503k AT i it 2 ik 0t
W] DL I BRI AR-BAR G R AR AR B it 2k
fhiTE BAE R BRI e M
1.1.2 MR FREIAIME XM

K IR FR AR A AN [R] A JEE 41k 9 28 SRR IE F2 1t
TEERIR, B ZAEARI TR AR AR 8] (1 AH S
A8 A7 S BR 23 A rho B B I FR AR N — AN T
(R TE) R X 2% 23 M BB e B S i o B AR 5 L SR
FEAS B M ELAERE R, 2% i 05 S 02 ik T 0 B
THRAR RN o SAPANF] )8R SEBR b e 724 4k
J5£ (B A A B30 ) Bl e e (CELAE 1 0 ) 3K P A P 2% R
TE o X288 Ak B2 AN 422 02 e SR AN TR I 2 i i, MAEICHRR
AR, MLIRRA] 70— febran s o |
ZJERIEAETR R AR [ Fi8 b (n 1 AN
WRER). HT ZHriabr i T —mr4etait A 300,
KL AT LB A — B 4B hn AT A 45 5, 845 [A] 1) SCTG
BN TR TR E AR . FESERR AT, ik
HIEPIBRIRR ITRE— 0. SRR hRIL £ R0
I AZ AN P R ), R bR AR S
SR ARAR T T N S R R I . B, 1
X HAE 1) P oy A b ] DLER e R AR g AR,
= B3 73 BT (principal component analysis, PCA)&¥ 4]
T3 AT IR T3 VR SR 0T 32 LI I 2% i bR AT REHE AR
M, CUAE AR RGBS . X T AR 2R 1) |
TEM S5 (il an: FErnes. o tEE—27 2. B
FIFH M4, BT W2 R AR AR R XL
AN, FE bR A AT BE R I H AN [F] () AH S

A R B I 28 48 45, 5 2 A AR 4%
fa br Al R B 2 FE AL, W5 M5
(vulnerability). 4% & (linkage density). MZ%A
MR E(web asymmetry). 7 FE SRR, 5 HAR
¥J 2] [ (Alatalo interaction evenness). 3¢ 2% F %
(cluster coefficient) &4 EE % IEAH < (Dormann et al,
2009). FEREFE R HIR LS IERNE T bS, FEOER
JEE RN F At HR AR A7 AEAH G R SR BRI, FL A ) 10X 4%
FRbR AT R S 7RI R — AN T (BN SRR
W SRR R ) IR ERAN [ 2 TR (i
EIRGOK- VRSP R .

B 76 28 FRBRIEAT A OG0T, 38 AT UK gk
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AT R TR 738, AR TS 28 4845 R] I 34
FET WS B 1) A WX 28 bR AEAL FR AR, X ) 28 F i
AT R R LW, PCAZE — £l BRI B
B TR BLZ RS SRR e R FR bR, 1
F o EMIFEZIMLE R E. CBKE
(V-ratio) 11 36 & (generality) R M o R 485 24 2 X6 L
TR A W 2 Fe AR R A MR A K2 (Dormann et al,
2009). RN T — L8458 bR 8] 1 2 2540 5K,
iGN e 55 FEE AR B FE Aot b U & [F) — J@ 1tk M
HEREARRRBNER— BN, SEREESM
& J¥ (niche overlap of higher trophic level)f14; 1t
FEt R . A B D EAR AR SR A ST R R 2% R ik
A, BIEEAE LT, ERMBE/ENE. 1£
71 19 286 0 Bl L 2K & 1) vl . 5 % oy B R SR S A A 1)
FIHEAREY R =BG WS ME
SRILfR, XFAH RGN 8 R A B IER =R
B (IS TR A ) M B (L =3 8
=9 (eI T Te Ay Y G
1.2 MBS iFY

VI BAE R &R A2 M AR (I B 2 oy, BT
TERRIEFEE M ZE 5, MM EN:, B
HER A2 E X (Poisot et al, 2012; Ohlmann et al,
2019) BurkleZ5(2016)¥4 45 B2 FE I & NS 25 [R]
B T [R] R D9 28 FAR O RIARAL, AR A E AL
il PR ILAE DL OB TR BAERIAE S RGN RS
7 A oy o 7 B LB AR PR A A7

P A R 2% 8] B AR 11 2 22 57 (Bwn) HH Bst A Bos 41
), Bstia BRI B AR R BN BAE % 5%, Bos
BILE YA B AERIANFE (Poisot et al, 2012), Bf:

Pwn=Bst+ Pos (1)

FRAE 2 S, B H sl B X 25 [] (1) Bs (P F 2H 1 22 57¢)
AP 1) e BT BosiEBwn il — AN HEGES 7, N
MAAWEAZERXPos < Bwn, FHBsTHUETEOF By
Z ) HUE N0 7R AN W 45 2 (8] (1) 22 7 56 4 4k
EYFEAEA R SRR, BUE N Bwn R 7 A Fil
CUAR A 09 7 SR EAE, PS4 2 [ i T 22 S B
VIR LH B AR AR R RE

W 28 rh AR 22 S I TH SRS IR T BEVR M 4 Ak
HIBZ FEMEIITH B 7% (Krebs, 1999). BB AN P45
AFRIBH, cRAFME—E/ERR, bEBHHE—E
ERR, art AMBHILZMHAELR, KL, a+b +
CREMAPILE AR ARG R P IIZEATIBZ

B8] (1) 22 57 (dissimilarity) 115 7 VAW F
a+b+c
W= Garbror2 @
W25 IR 2 AR PRI & T o I I 22 57, %R
TR EAERY A 0] B R SRR B AR 4L, &
T A RIS W 28 FUAN A B2 AR MM & . Poisot
SE(2012)K M 28 B 2 KPR N T 1 32 R0 25 AR 3 ELAE
W2, 2SR R RYIFNB 2 A PE A AR B2 R 1 2 H] 3%
A FHINE, 1K 3R B YRR ELAE A H AN R R AL e
(176 WX 28 B2 FE A AT LU T E A 7] b 552 18] 1)
HAERRZES, WaTHT R 55 W2
FEPERSC R o 1l an: DattiloAll Vasconcelos (2019) & 81
N SRR A4 28 5% 1) P A B 6 I P 388 o g BRI
Carstensen % (2014) &= AV 1 15 73 18] HAE 1B 2 F£ 14,
FHHEIE T RO BARR O, R 1 B EE B 5 1) Fh
N 4% B2 FEME 2 [A] ) IEAH 9%« White 55 (2022) F A
FAE R, Vb B U2 M) & AR B 1)
FEORFN R F, FX P DTk BE I 2 e s o, B
2] B B B3 NS n . {HBurkleflAlarcon (2011)
BE T K 245 IR RE F0 R B, b B B 5 R D 4% B 22
PEZ A R DGHE, 35 A IR B X 24 1 E A AR AR
Yo BERAN IR R & B2 AR AR B B &
IRFAE, 2R E YR EER T ZL s . 4% (1B
ZREPEREIR T AW BAE S R ISR ZE R, A4
TXF 4 BAERIRBY AT T B 4E b B . EARIRATTAT
LI L FH PR B3 i 22 5 R X 2% B 22 BE 3R AT A1 5 B
[ 53 M 77 SORMREP 2 FENE, (H2 2% T A2 1
Y, TEXT B REEIIRRE L ER T REZER.

R AEB M2 LR — M2 X R, G
TH R 2% B R 2 s BRI DL X 28 FE b o
SR NATTEE AEARAT ) ) R, AR SR AL P 4% 45 b
Z ARG REAG 2R, LR RN 1M
ZRAEIR . X B R 2% B D B 2% B B e, LY
02 5 e T R R T7 VL I BE AL N 2% 147 Lh Aok
HET N 26 42 R F AR R et i e, Bl Al B A
()7 V545 B A B0 SR 0] IR 28 FR bR gk AT B, BOS
W28 IR 2 FEPEHEAT IR LA o kA, 1T DLARAE Y Fh
RS FH S 1 B2 L 2 7 = B0 JRy 3 4% 45
PRBEAT GETHHHEWT, MDA AE AR I 255 (0 S S
(Pichler et al, 2020). #ilr, BEE RKEMEEHEER
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FM, AL G, LM B 1HE 4L
N SRR S M D £ i b P JER R, HEE DRI AA R A X TR
LA, B R I B2 R 5 R
PR ¥~ 22 2 [E) RO RH DR A
2.1 FRLEIEIRAIELER

THEAF 3 1) 0 28 TR 7 2 0T W9 28 RPAIE PR 4 0
SRR 19 265 147 Bl A5 R X X 28 R s 1) b e o R BN S (1)
5T o AT AR TE M g R FR AR 2 S B A Rt
S o Gtk ie i s AL S I A

(DZFRE (null model)/7ik. HIRMRIy: W
B[P X 285 5 BE AL A B X 28 4B AR A 22 7 . i I
TR TEAR BN 28 3505, EEA TIX(—
ME 999, 1FEIZ A48, &I —RETEZ
THRPRRE IR 3 AT o A8 H B AR FR AR oK TN
TN A 2 Fa bR () B  S AR AR R I LA SR
ABKEG UL INIAEL 73 A1 B s ) FE A X 28 T A IR R (B g
PIHE), $EIREER, i 4552 Bl 248 IR AR AL (R 4R T

BEXE A E BN E%, TR REA I ) TR
Jiide WKL 3R (1) Patefield 3%,
ZEEARYE T 1 5E B (] a1 ES1(A)
)M W) — 1% ¥y & BLAEFERE), DR 47124 % Al (marginal
total, 178F AN A FTER N, X Ioks 4T
BENLIE 78, A OB I BE LR B, MM %% (2)
shuffle 575 A& 7E 4EFF WX 28 4k FEA L B LT, KW
D F ELAE AR A BHE R (3) swapiZiE Se
Patefield 5535 ™ A SE [, Bl Jo K e 42 IR 1o~ 5 SR 4
B [FAE I {E (Dormann et al, 2009).

Q) B BE, RIgURIE R . T LU B Bkt
P B AN N8 FR AR AT LU i SR A I 2% s
172 A TR B ) B HIRE, SR 510 B R R 07 %
73 M7 (permutation tests of analysis of variance) lL 45
PrIE R HE AR 2 7, R PR bR A2 & B Siit 2
Z M (Wang et al, 2022).

bR TR R B D B LA P 2% AT LY
g .l XL Tk, AR BLEG B AL T AN R B 1]
B (A X 28 R BRI RN e (RIS, FERECI I 25 5
FREJE R, - HEWT X 26 DR A I AR, A
FHEFE— L R,
22 ANERFRBESENEZEREIEESE

SRR, PRI PR DR 6 0 45 520 1) 2 T 8

PEA PR Fo—, XTI IR R A 1) 2 A 4K,
THES B 2 F8 R (4 R 45 F8 A7), DA 45 48 b
RN E, BEH AR E, ELMERAESR T
HEATHLA (Classen et al, 2020). H ., PAIAEE K7 (41
an, 2=, RN E) 2 8] ) 2 oy H AR &, BAK
LENBZ A R AR B, ST FH 2 A R 43 BT 52 1 DX
2/BL FEMEI R 2 (Burkle & Alarcon, 2011; White et
al, 2022). BT BB B f 2 T DRI T
DAL 508 X 2% o 22 FEPE SR AR (1) 52, 45 s ) 4% 1R
AN R BN RS, ARAARTN
FRRENE o B Rl A BRI PRI IR 1 i Se i i i
BN B A B S 2% 1 B2 A I FE AT [R] A BR
AHIE I3, IXAE AT DASRRBE A 15 DR 1 ] 1) 22 57 %60 I
BB AEME(HAE Z )Mo, (HI2 ot e R
25 EE )AL

XoF DX 28 8 b 2R AT DR SR HE W A 45 3R AT AT AR
PR A VR 0T E SRR A DA S N SR IE B 4 1) el
RibLil. HARPIEAR M, AHE . S, R
BEHR /IR FERL BE R A2 4, N 2R 51 R IR AR AL
(RPN I SR R AV T/ EE DT R IDN
2, WEH TR SFEIMZ R, Wik, 17 8
P B R (1 225, 2015) 0 X FI BB 225
MW TV 0 A0 b 2E RSCRR o () FLAE, 3 2 AURR AR 25 X 4%
MEHMBhES, R SEF K45 B2 W
25 20 BN S5 44 A5 4 (Tylianakis et al, 2008). fif 3835
AL -0 9 28 53R AT G v 4 W7 75 BV PRI B R 1 2 A
W28 i, o) ol B ) R . T HL, BR TR
T BE, T 2t 2 [ B () T AR Ak, 75 2428 il BN 1] () 52
Wi HEAT 5317

R EAH ORI, R B K. &
iR FH A5 DR 2R 06T P 28 i A ) R B A R s . —
MR, B A R I B DA R 245 1) LA LA B A
TEHRE FRAIC, TIERRE . i FE AR E I . X
T H R TR T R AT BLAE X AR BRI
S ) (Dattilo & Vasconcelos, 2019; Lara-Romero et
al, 2019; Chesshire et al, 2021).

WL T I A e 8 e T I 25 e br, HA5 R 2
I 5 199 28 4 AT A A 1) EL A 6 R SR B AS [ 17
UWiMinachilis%(2020) IR FC R B, 1E iRt vE i,
AE 1t — 18 %) (bumblebee—plant) H.1F W 2% 1] ik £ & 18
DI I (SR C S S A 7 a1 I = I E I S
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Ramos-Jiliberto 5 (2010) % T 22 55 W7 Ll Bk A [F] 5 4k
(R A% Ky 2 I 28 BB T R, FE iR, B fh
TN IS EAR Fn 5 B D, PIFh (1) BE 43 A (degree
distribution, 47 F2 5 & 1 0 A ) B I BEAL 7
i F—J7 0, 25N BE A 1 W BRI PR,
W % AR R N 25 v TR AL 2 T A AR 0 5,
5K W 285 2 Bl 1 A8 /D (R AF 2 B R R I SR
Classen 5 (2020) X 75 ¥ 45 456 BE 0 HE W0 — 1% K 35 ) 4%
I TR B, BAR LA EEA F LR & K 2
ANE, H2 SR RGOS, W2 i Aa g LA
e BE AR A R P 25 2 AR o A, FBit S fh
B 40 A e 6 I 2 B W 3 B s . 5
Oliveira®%(2022) £ i 7 4 TLAE M 25 (R 0F 50
W, 5, 75220 % 5 B AR AR
PESE N, X — R R T TFREEMRIEE D,
T B 55 4 IR S B8

FHREm AR R ER, HERTH S 5 RS
TR M T B2 B . TylianakisfliMorris
(201744 L5 AR A 5201 9 2% BRI AL A 48338 (1IN
PR R A B YRR LR
12 FEAHEAE IR, 18 28 i s . KR

RN TEAT T REK 28, T AR T 3 2 R BEZ AL,

PRl e RN 1B T 2 R . —
L) b R0 ) 4 0 3 BOH X H AR A AR RS
SR B ARSI 55 . (2)I8 AR YR AT (B ok
BB ) KL R ) S, w2
MHES), SEOAEBRKNAN . KOS A5 R
i) LA o SR PR A BB Dy 0 o A 2 T ] 33
AHES, AR RV EAEIFRAE ALK E. (3)
By R EEAL I R AR A 25038 o A5 PR 3R T AR )
T EARR SR, MXEHAEN RS F R
5 AT R A X e A i ) A 0 7 R A =
. A, BB AR REE D R RN 2% 1
AR5, B e 0 4 AT AR A M L ) I

FEE AR IR B b T AR, ik
J S V& A2 B AL o FEIX R 1) e SR v,
AN [F) 4 At 1) A 7 20 e 5 e 4B L P S AR R BE T AR T
EREAE, AR J7 LT 2 $ K Lotka-Volterra
B R By R KB 45 R (McCann et al,

1998). #AT, FEIAAZSZFIHEFH 3 &KX Fh 4
i 2 FEARAL AR A) AR A AL AT X
ARt QR ML AR R AEAEA R s (R B, B
R A P 4 et —— i T 0 IR R AR 4k 2
AN [ B ABE K, P AR AL ) 9 i 2 D) RURE T A8 4k
(Chase & Leibold, 2002). [Kith, XJ#EvE A7 2= 0
T T KT B — T V& TRV RTE 90 @ Rk 22 /S B VR 1
W5,

PR Rh B I A A 2 ok R AT B R AR AE AN [
(2SR . Horh — Rl AR S 25 R A RN A2
358 B e o A7 AE AN [R) R/ Co B2 ) B AR, BT AE 3 Bk
() A7 72 0 b A A ) 4 BT - 350 00 A 9 2 TR) Bl A AL
iill, BN E RV (mass effect) (Shmida & Wilson,
1985). 1 — M2 JE—IC M (source—sink effects), H
KR FHFEAEA R A 35 2 18] (3% (Pulliam, 1988).
AL P FR R PR . AR R, B
8 SR I AR A7 R0 B HE I DX T <Y Fi BE A
WEZ . EBAMRERILX, YR EX X )
A ARV 52 3 IR o 0Bk U AT SNV
A T BEAL T 9 A7 s AR ARE, U7 s AR
INCE FEYBEAR 9 dn, P ELAE AT DU AR AE 2 AN 3
VR, ME TR ST M & 5 R A,
TERT 2 BRI X I R B rh, FhiE) BAERETEBE R
9 FRUBE E (R BU BN THE VR T ) 3R BE ) 52 1 47 o 5 B
FUR Y, 53V R (] TR AR Sl A th 2 32 B
T IF) 25 (A1 S A5 F s, 5 T S e i 3¢k o 2 00 1)
AN BSOS 8] A Y Ssh A& . X ek
BNASY B R R E b (FH LG ERAN B8 1 SR R ) 22
AN R VA R R R ELAE, X LI AL B 2 A R
TR T B AR TR BB B 7% (Leibold et al, 2004).
AR 2N BA BAEXRMYF Y #UB
RACKRI— R R, W — AR S
VR R Ik 7% (Wilson, 1992). &R NAER %K
PRAET — PP AE T KRE B SRR A S B R
7k, AT LR K A A R EA S RGREIEAR
LRI S v

TG REVE T, R N 25/ AN BN 2 28 2
EH A Folt %) ot 0 A ) S8 VT PR 47 E5CRD P () A AR
FHSLIRIRE 1 o KAV PRI ot 2 RSO o 1) A A 285
BRI TFE NS RESFRZIE . B2 AR
FEUE PP A RN R ) BARE AR S &, AT HZE R

20234 |31 | 8# | 23171 7



R AR MR SRR RIS M 4%

SFEHERMERN, AT E£EMN% KM S
(Thompson & Gonzalez, 2017). AWML 2 T JH
SRV T 2 A W] DLELAR B0 M B 1) SR IR VR
KRk, ik 7GR AR, R EAE. 3)
AU AT R K .

Pilosof 55 (2017) 42 H 7 — M4 2 J2 N 4% I HiE
0, BAMBOIEZ)E, ENNEEMSYZ ., ZKEF
JERT AR ANE]IS [A] A NA) SRR AR SR
I HAER R XFER 2 )2 M4 0] SRR RS REK,
R—BAER AR, WRERRYR, ENRER
FOREAE, RIAFEBAEDM Y B (&), XA
(18 P 2% 1] DU EL A 0 28 1R B 22 K 1 5 A B3 DR 1 1)
FHIRNE; 4 Jm) W9 26 $8 A il 0 855 D] 1 (1 22 2 I 25 o
FORE BRI R )AL, @ iy SR A
MR HERME R LA, AT AHEWT ) A7 2 5 B U o
PR A7 (ORI EE S 0K B X 2 R P g HE )
At M (guild) s 2SR a0, ASFEISERE. AR
BPE)HEAT R G, PRI 8 DR 35508 J 3 9 2% R A1 (2
B AR, EEME) MRS

— PR R A S X 4% IR TV B T R I R
VPR AR RN 28 (53 2%, LAY ) (%) ELAE (51,

Cl1
co ) kK —08
./d/ \/’
. f
2 C3

El ABMENZENEREE. EEFITHLMERT
MZEHR(CL, C2, C3). FEERKRTREANMET R, 48
RA—RT R, RERFEIBETHLEANT 2Kk NEFE
BT RIRE . BRI LARNEE, KeELNREER
Pilosof(2017)). X EHIEAILMREARAIASE], =6, B
1E28L,

Fig. 1 A schematic diagram to show a three-layered multilayer
network. Blue parallelograms represent layers (C1, C2, C3) of
the network. Colored dots represent network nodes for each
layer, red dots denote normal nodes, yellow dots are employed
to emphasize the presence of node k, which is shared across all
three layers. The lowercase letters denote identity of nodes.
Black lines are links within the layer, and blue dash lines
represent among-layer links (simulated Pilosof et al (2007)).
Layers can be of different time, space, or interaction types.

P& R BAE Y- R R EAR) R RSB EE RN
W 26 FR R R, AR BAETE RSO I8 P AR
BOH/TOEHR) . H UM AR G I 26 ] FH R R
SRV I SR ELVE (), 2 P P A i L
MHAERR), REHENTYFESGRHEDRSE
5% 8 3 (Libran-Embid et al, 2021). Li%%(2020)3 T4y
HRIER G I 4%, R IR 28 ARSI P o v 3% 2 P (2
KoE mVFAL — MIFERSR N O, S5
(participation coefficient, PC)RHHIAZEMZ, 7 LAk
DL 28 ) A B R ELAE R R) o BN A
S b 1 HLAE 9% R AT DATE A [F) (4 B Bk 8] 2R 47 4 P
T H, R R IREER M RSN A . B, Li%E
(2020) % £ 55— P 1~ BT B2 6 I 28 FRI A 4 B,
EEE 741 eV G o ol 11 7 G o o S N = ol
PR SR B S R 53 BAS R D e ] (guilds) BT,
W E B AR R 3 (R ECR 5 RN R A N 4%
A TTBRTE R, TR T R 1 1 2T X i K B
SR R - Emer®:(2018) 3 T 19— 1Bl A (1) 42
B W ZEH TR I, W5 R R AT )b (1) LA 7E T AR AL
/NUNF10,000 ha) I BEER I 2%, BE R AEBE A Wik
XS FpF AR Dy Re 2 AR VE R I EAE . FRLR
(W EAERATE NP POl AR KR DL Rz
I MR REGE BE BEELY BT 282 (], IXFE
(V14 B I 48 B R TR N I 45 1 — 543, K i L
VEBRVEEE AN FBEE IS E R, X2 PEURE—
SERETETEVA [ U R . T IR ISR AT R
AT BB 7B 2 IR B . 0 T — 2B R
UELE NV R B A, 5 BRI ] e
TR AAE T WA B . B, Bik—AN g
RACHAERFK, HAERECI Sa oMK EH
&, TERVEC2H e, MRl k4 HAE, fEREC3H
He. . gWFpRATAE, ZRERIZAEAEY) AT LA
H5Z M EAE, FHEANBEE Y 8, P2 E
BEFEAR B AP (). (H2FEFLi%E(2020)F1Emer
Q018 M T, XFEMI A OB E R A M,
DA EFE3A BRI ) R I L2 3 2, ok
ML BOW BRI OS2 o SRR 0 B AT B R AETE
TR RE S A Bl MY EAEML . ¥ HEE /158
(RSP r] B ik iZ A, B2 5 AR Y
HBE A e ik e B . 2T ARG R
(V)5 A N 26 2 IR A X BF (199240 B AR 9 b 78 BE % 30
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AHHEH.

Frickef1Svenning (2020)2& T 4=¥KIEY- & 135
VIEAREE, WM 7 RIRES ML . ZE G M
T ARBLIZE(2020) A8 FEAE A B AR 5 = 8% 1
XS ZR SRR A, T A ELREAE AR LA R |
FAEA R XA 70 A o S5 RN, VA 51 ek
AR I A . IR R BT A s e v
V) FROBE ZEAR, Y3/ 1 JR 3] 6% 1 B 22 A5 1 A ) i X
BB . AN SERYIF BAER KRS
N FREE SR FE B AR O, T HLAE B W 21,
FEIE 2 TSR T 745 . X EEEh AL 7 HAF)
LAY R R PRI BEAL IR SR, T HL ANk A 5 H Al Ak
bz B BAG B ) BAR ] o X e B AR v] R
RIARAEDS RGH AV FE AR S, [N pEs
FARAES KRG, BOAEATS TP Pt
&, HEAFENAESRAMIERN L. HET
YA BAE R R-DRHA B S I 2%, BT Wi i
FH ARG R MR M 2% 500 B « Fricke Ml Svenning
QO20) RV S LB AR R LG WL, KA
(] P A v A A s i A I 8% 719 R ) 2 T R AR B
(TR JETE), 72 RIS 28 K5 14 DL AR Y U
A EEE L AN ) i S b I N= 7

£ 5 W 28 B AIE 7T RE (i 3 5OUL K R BV Bl A
3R . Hall%5(2022) AT FLR B, SOU/KFIIEES
W2& A LR AE B B IR S KRGS, L2
Fh 7 e ORFP bR, DT A O S it S5 42 (%) 4 o
PRI o 2 WA ) A= 400 3 BEARR I (151 G0 R e
AT JEEIBhES) Mia) AR SGTAE ) 7 IR A
55 J5y 35 25 AR BB A o

4 BEE

AW LS T RV IR LR BAR R
R, ¥R T NNE R 77 %
SHTAT UL SRS ARSI FETT [ AR REE B
FHATES . MBI SHE R B SR G
FH 73 Biv kA R 20 A0 Al s AR A 1] 2% 21 2R B AR
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ABSTRACT

Background & Aim: As a significant nitrogen source in many natural terrestrial ecosystems where nitrogen is limited,
associations formed by bryophytes and nitrogen-fixing cyanobacteria play an essential role in the global nitrogen cycle.
Species composition and habitat of bryophyte-cyanobacteria associations result in contrasting nitrogen fixation
capacities in different ecosystems. However, the current studies on bryophyte-cyanobacteria associations are
predominately conducted in high-latitude ecosystems of the Northern Hemisphere, with few and scattered reports in
other ecosystems. Therefore, we summarized the distribution, species composition, cyanobacterial colonization rate,
cyanobacterial abundance, and nitrogen fixation potential of reported bryophyte-cyanobacteria associations worldwide,
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aiming to provide a reference for further study on the diversity and nitrogen fixation capacity of bryophyte-
cyanobacteria associations in various ecosystems globally.

Progress. According to our analysis and summarization, a total of 110 bryophyte species from 58 genera in 41 families
and more than 26 cyanobacteria species from 17 genera in 9 families, were identified to be involved in
bryophyte-cyanobacteria symbiotic associations. The associated bryophyte species varied among diverse ecosystems.
For example, Pleurozium schreberi-cyanobacteria associations are dominate in the understory of boreal forests, while
Sohagnum  spp.-cyanobacteria associations dominate wetland ecosystems. Nostoc species are the dominant
cyanobacteria in most ecosystems due to their unique physiological characteristics and strong ecological adaptability.
Among different ecosystems the colonization rate, abundance, and nitrogen fixation capacity of cyanobacteria on
bryophytes differed significantly. Nitrogen fixation was highest in Arctic tundra ecosystems (1.3—24.6 kg N-ha '-yr ),
followed by boreal forests (0.04—11.53 kg N-ha'-yr''), and was the lowest in temperate grasslands (0.008-0.124 kg
N-ha'yr).

Per spective: We emphasized that the research on species composition and the capacity for nitrogen fixation was quite
inadequate. We also highlighted four research perspectives: (1) Employing techniques such as metagenomics and
establishing observation and research stations to explore and study the colonization characteristics and nitrogen fixation
ability of cyanobacteria associated with bryophytes. (2) Conducting further and systematic research on
bryophyte-cyanobacteria associations in all types of ecosystems. (3) Unifying the measurement and estimation methods
of nitrogen fixation rate in different ecosystems. (4) Determining the key influencing factors and regulatory pathways of
the diversity, distribution, colonization rate, cyanobacteria abundance, and nitrogen fixation rate of bryophyte-

cyanobacteria associations.

K ey wor ds: bryophyte-cyanobacteria associations; ecosystem; diversity; distribution; nitrogen fixation
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FMEN 2 1 R A ) AR BT R E 1,
BREAE B B WAL S 51 R IR 51 i (Bay et al,

2013). & & A] DUJE 3 9 95 A 1 A 32 Ao B 5 2% AR 1)
JHIRAEL, T A T U R P U B 4 R LA K
BAEEEEHL P R, @i M 2H 2 ki i ok
B EGE N LT AL 0 R IE BT S R G
(Berg et al, 2013; Liu et al, 2020). HAJ, & #F-1575%
AR R F EREEICERN S S EES R
Zith(Zielke et al, 2002, 2005), FAh AR RS RkiER
b HEHG 1T BT A RS RS aE- 155t
A AR 1) 22 R S HL 8 5008 1 R ANTE 4, R S A
TR RS B - AR AR P B 2 R
KAy AR FLBIR, TR BS AS A A2 25 R G Al (X 11
B - T L AR R e I T R = R AN 0
HEATEORR, AN T A I R B T,
Jo R T E - W IR A A 2 R 1 S [ SR A ) I
SOFRR AT IR B 58 77 1), DA ON 3 - 1R v 3L A
] SR AR DS T AR A IR A4, FE o — PR
TEABREE IR P I A7 52 HEEH AN R S 4%

HEHW, SERSESRGHIHES 55 -
WEILERE Y 41 Bl 58 & 110 Fh(Fif % 1), K
/DR T JE 26 MR 2), BAFE RSN,
PRHE 5 B ST DA 5 - M R A R o S A -

PAN

F: 4R (hornwort-cyanobacteria associations) & - i 4
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A 4K (liverwort-cyanobacteria associations ) Fll -
# L4 4R (moss-cyanobacteria associations) (J7 A%,
2018).
11 &-IRHEE K

AT T I AT 55 0 g I A (B2 A0 i 2 ) i
YA 25FI38JE 76N 1). WAL R H ATAEYE
IR % J& (Sphagnum) [ — 25 3% B 41 B 4 &k I
(Solheim & Zielke, 2002; Solheim et al, 2004; Kostka
et al, 2016); PfAENITE76 /0 & SEAE Y 39 KL,
VPRSI R YR . 22 L EUE AR H 3R
[ (Solheim et al, 2004; Adams et al, 2006; Deane-Coe
& Sparks, 2016; Liu & Rousk, 2022). 38J@ LA #5
TR A 2 KA 68, 70 Al Ale e g . P af s
(Thuidium) . 7& 2% &% J& (Pleurozium) . % &% )8
(Hylocomium) . iffi J& #% J& (Dicranum) £ b &% J&
(Racomitrium). b, Ve R &EJ& I EMRRZ, A1
1450, T2 A0 T AW AL iA B . e BT 3
7T R R EE T H ANRES B AES RS
(Smith, 1984; Gavazov et al, 2010; Berg et al, 2013),
PR RIS BRI EE OR S B (%
2), HT ZHW s R EE g, A SR
THEAF 21 MR e 5 A R LA CF ST
et I kA E), 3 JE A & 2k 8 (Nostoc) . JH
# J& (Calothrix). FUA % J& (Sigonema) . T A% 5 &
(Scytonemay) Al B 157 5 J& (Tolypothrix), JL 4 Bk 5
JEAATE RN, IO ARIESF .
12 B-IEEHLEE

& - W P AL A AR I AOE A D, RS R R
AR E R A 1283 B 14FP (1) BT
& )& (Blasia) 1] & J& (Cavicularia) ' 4 4 (Meeks,
1990), 5 H A &R Z N ZMAR R HERE
(Marchantia) ' ¥ i £k (M. polymorpha) 1 M.
berteroanan] 55 i ¥ A4, T A AM2)E & RAEY) W
T EJE. A& B . Cryptochila. # 1M & &
(Anastrophyl lum) &334 A 1) R AT 5 i e 3 A (F
1) SEFRILAEMEEAARSESF(x2), Hh
J& # J& . Chlorogloeopsis. 1# ! J& (Microcoleus)
AL JE R S8 B A, BRI E T AN K (0 S BRI
(Nostoc muscorum) i & I mJ 5 & 3Lk
1.3 AB-IEEHER

24 IR EH 4R 7 JE 2050 M & eSS 05 i It

AL, TEEEE AR T E A AR e N A T
I DR A B THD 0 285 90 /128 (mucilage  cavity) ' (Renzaglia
et al, 2007; Peng & Zhu, 2014). ffi % J&(Anthoceros)
B8N M T 5SEELAE, 2l MG A
punctatus) . = 1L £ & (A. alpinus). % il & (A
angustus). 754k & (A. fusiformis). A. bharadwajii
A. subtilis. A. laevisfl1A. husnotii (Peng & Zhu, 2013);
i 1 & J& (Notothylas) 5 5/ S 2E W Fh, 43 32 N.
guizhouensis. JIVH:4G A & (N. javanica). Fd E.JE ff)
&(N. levieri), % & (N. orbicularis), =R A E
(N. yunnanensis) (Peng & Zhu, 2014; Zhang et al,
2018); ¥ fi & J& (Phaeoceros) Al # i & J&
(Folioceros) % A 2 4~ W) ml 5 5 3 3 A (Meeks,
1990; West & Adams, 1997); BAM3E(KAER
(Megaceros). # £ & J& (Dendroceros)fl i ffi & )&
(Leiosporoceros)) & A 1 A~ Fi fg 5 W ¥ 4t 4
(Chantanaorrapint et al, 2014; Bouchard et al, 2020).
A5 8 LA A 3RHB (P 2), 4 i
¥ J& (Anabaena). JH7#: )& . Chlorogloeopsi sl Bk
J&, AR e B E PP (Renzaglia et al, 2007).

- WS L AR R A C B B 2, HILAE KRR
DA AN E, M-I A ta e, HILER R
WHENTE, BRI AR D, HILAER R A
NE. Bt hEER. FEEERL KR
IKEERE. BEEERL. AEERL. SR EERPRIYE R #£ 5} 8
BN B BT P AR R R TE AR XTI LA 2 1 3 A
B, A % #F (Pleurozium schreberi) . % %
(Hylocomium splendens) . -E #ii #£ (Ptilium crista-
castrensis). K% (Thuidium cymbifolium). g 7% &%
(Sphagnum palustre). 4% &¥(Polytrichum commune)
/N A7 #E (Weisia controrwsa) il & #% (Dicranum
scoparium). HER AN A & SR S i N L (P 552)
HEE. JBEE. BEAGEE. DY A SR
JE& R H WAL A RS (M % 2), Hrh Bk gt S
BER . BRAME KEDW Z AL,

2 M
il

WOERALE L AR BEY I A7 S R K S EUR
() A 25 AR GE A R (0 2 [ SR A . 5K
ZHORT & BE- B R AR W ST R AR AR AL TS AR
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MRS AR R AR & SR AR SR AR S R St (Rousk et al,
2017a; Holland-Moritz et al, 2021; Stuart et al, 2021;
Klarenberg et al, 2022), & 77 % Ji (Calabria et al,
2020). iR FRM (Jean et al, 2012; Deane-Coe &
Sparks, 2016) A #7i7 Y #4447 B #K (Bouchard et al,
2020; Fan et al, 2022 X A A /D BUH KA ST IS .

TEMAFR & MR SRR A S KK
W T, & aEW g S E PR S, ndk
T ARMA S RGBS OV & Bk & (DeLuca
et al, 2002; Zackrisson et al, 2009; Bay, 2013;
Holland-Moritz et al, 2021); f=m&iE & RAES RGN
TR W A K S Bk . £ % IR 5 (Anabaena
verrucosa) fl B 57 % J& (Henriksson et al, 1987); % F)
V8 T 308 PR R 2ek 8 ik 2R ST ik DL Bk i D AR
K (Arroniz-Crespo et al, 2014); T ARMAEZS
5 LDy B JE AR 95 2K B (Lindo & Whiteley,
2011), XFRWY, ANFEEBREW iRk L b His
RO O . IR e AP, A BREER
DA HC U (17 A AR A R i DK PR A 3 0 . g T N
RKEBES ARG IR FR
21 LFHEMESESL

LT BRME 2 0 RGBT SE A
WP ANGE A T (VR A A4, bR b K A
W —, HHIKFEHBR T H11% (Bonan & Shugart,
1989), =54 T AL & AN KK K fifi (Gauthier et al,
2015). HEEEAL T RRARAEZS R G 8 5 T8 R AR
REBEGZE, JPREE G IBERE .. R mEN
&5 B (Rousk et al, 2013a, b, 2014), & #F-14
PRI AR AR E BRI T R AES RA R BMAL
FERIE, HREHAKIS0% (Rousk & Michelsen,
2017)0 ZAES RG IR MILE B EHEY 128 16)831
Ph, WEEEARL6JE (MH3%3). FLAR i 2 I LS N BRI
kK, CIRER A LA AERRE, B2 X2
677 BRI E— L AR TR AR A0 X ) R
Je R 6% (Sphagnum fallax). 7RZ56F . H56%, BRI
Anomodon attenuatus 5 fl & &F b & BLH kY
(Stigonema spp. )~ Cylindrosper mum spp. 25 3t A4 1 ¢ .
IR N S BEONZ RS R G LA B R BT
AR, HALE BEEYICH EAMEE. &REE. JH
## (Aulacomnium palustre) Fl1 K 44 35 &£ (A, turgidum)
£%(Chapin et al, 1991; Deslippe et al, 2005; Gundale

etal, 2011; Rousk et al, 2014).

22 BEREYESE%
I HAMAESRGMLEL, BRAESRG 2K

3 AR I # 29(Bowman et al, 1996; Alvarenga &
Rousk, 2021), & &- W& AEAMRE D, HAE
BRI R 12)E 18 %, TEBEORLTIE8Fh . Arroniz-
Crespo &5 (2014) 75 24 ] 18 5 5 Akt 8 F 1k /% 3C 1L ik
(PRI 5 I e A B AR D SBES JE 10Fh (P 33), &R
HEYIsSEIS @S M, LA EA4R4E, 702 A
JB BRI T | W e AN 40 42 38 )& (Leptolyngbia);
RURKFZEM KN B RAES KRG, AHLE S
YI3RE3JE3M, 432 B EEJE —Fh(Bryumsp.). fA
#i# (Ceratodon purpureus) il Racomitrium canescens,
AW EEIRI4JE AT, 43 52 = 45 3 Bk % (Nostoc
calcicola), Kt BREE . %A% fa R v AN B s R —
Ffi(Tolypothrix sp.) (Henriksson et al, 1987). #K %74
et ORI AE B RN B 1M, hE ERbEE
(Racomitrium lanuginosum), LA 5 EAH 2F, 75l
KB T & Bk B B A 8 (Klarenberg et al,
2022). HSEF(Racomitrium spp.)-# £k (Nostoc spp.)
AR ZRAERD RGN AL,
23 BMESRS

MR HIE FE K A B R M VA TR R B AR
H RS A, #E R EGR B R K CERUKAR,
REIR IR EEAN I 6 mA/KIK, &5 BA= T8
FHIEAS RS2 —(Bspaiol et al, 2015). #5811, H
MATEAZ ARG TR ES RGN G 61 E
WA B E A E ., ZAESRGECKDIEBE
TR R (M3), A H 148168320, Hriije
KB JE B A 14 M, H R A4 T R &F (Sphagnum
riparium)ix % & 5 A 7H0 I (Patova et al, 2020). T
IR BE - BRSO AR A S R G 4t B
W%, HA2es CARIE I ME—— R 2 N A K R EE-
W5 #E 3L 2E 1R (Basilier, 1980; Kostka et al, 2016). JEJK
B I EH R 2R ) 32 4 L (SO it 7K 4 ) A/ B 1
SR O AR, A BRI S FLE I B 40 i Y s B,
X ] fE S DRy 7 i 7K KD 32 W 40 D < B R 1) A A
Mt T & B A B8 (Adams, 2002; Kostka et al,
2016; 43K, 2022). GranhallfllHofsten (1976)
FRIN, SERBALAN A TS lindbergii F1 A I8 % &,
{B5 53 4035l o 85 ) 52 B A2 50 &R, IX AT RE A iR
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H i pHAE A [F] 38U (Adams, 2002; Carrell et al,
2022). Granhall#lSelander (1973)8F 7 & B, 24pHH
M58, WEvEE T H HBAEVE, tHATEAE TS balticum,
5 08 7 B (S fuscum) A3 B Y8 2% 8% (S jensenii);
pHIE J94.9M4.215F, S BREEAE @IS #EAFF N A TS
lindbergii A1 AE Y8 7k 85 1325 BH 241 g Sk Sk A1 1 2R
Be; MAEpHIE 3.8 HITEEE %A W A AT

AN b DX AR R R RAE S RGeS AR R 2
FEMEWAATEE R . BN, b m e R A A
KEVFRIELIF . AEREYIRHE 1A (West &
Adams, 1997); Hi AL ES TR EAES R A 3t
AEEIRNOJE 120, FidiiHFE (Gavazov et al,
2010; Berg et al, 2013); & EF[H S Hh A28 &
G LA B VRN B O, #RSRE T ik ¥
(Holland-Moritz et al, 2018, 2021; Carrell et al,
2019). IX R AR T &4 R G0 Re e BRI R T
Ab, SRR Z R 2 BZAE S RS AT AR HA X (1)
LRI EE 2R G Remn, BARIEH AR A
24 BREERESESR

T R R bk AR S R E B R S, TR
S BRI G PR RIS A AR A 7 THI P 5 BB A
T B R AR RGP & -0 i SR AR D,
HAEEASE 6 JE 6, 4l oK Ul I R A
(Rhytidiadel phus triquetrus). R. elongatum, 7325 % .
FAUGEE, /N BEA B8 )8 — i (Bryum sp.). EAEE
FIRISE, SRR RS R G L
AR R A WE R 1) 40 AT A B I IR AE, G
5 [ 4 T 7 50 i 0 B A LR R JB ) P (Calabria
et al, 2020), 3 ETFIE KR T AR 37 M K fo i 5
J& 42 7 J@ (Lyngbya) H1 8345 J& (Oscillatoria) (Fff 5%
3; Reddy & Giddens, 1981). {ENILTTRRES RS
LS A EEEYM, SRR EERT A S R
Guh it 5 ERIE . BRI A A
25 BRERMESESR

BRI Z LT RN ES RENE A
FHE(Bills et al, 1986; Menge & Hedin, 2009), X3
BRGNS B IE LR S, @R
Y R AR MR 3R 1 BE B IR o P A E EAE A
(Deane-Coe & Sparks, 2016). H FRMRAES RS
WA 6 R R & &, D)= &6, A
B WM I3RN4JE 1SR, HHE3RI3E. #Hirh

0 7 D TR R I % 1) v AR AR XA SR A A
HEY3RI3JE3F, #8522k L A2 (Deane-Coe &
Sparks, 2016); 1l == P4 i AR AR R IR SL A 3 B A
Y3kl2J@3 M, WEEE AR LN FIZE(Menge & Hedin,
2009); N0EE KRG LY 76 I 5 9 i T AR =
BRI A S Y TRN TR SR, LR WA
B{¥ & (Lindo & Whiteley, 2011) (F¥3%3).
2.6 THRELMRKESRES

VAT L R MR AE S RGUK VAR, A5
LR, BEREE, (HERMZBES ARG & -
WE VR IL A AR 22 R 5 ] 60 RE S o6) A 58 A2 4K 1 Wi
N S HEAT IR AME T (Fan et al, 2022). 1Y Fan%%
(2022). PengfliZhu (2013, 2014)7E H [ 75 J5 45 3THF
i, BEBEELERTHEMEY, RIS E S SEY) I
SEIsSIE1SF, Hdr, mEZRRRE 1R, &R1EN
JE1Fh, B2 JE3M, LA R BRI (P %
3)e R I MRAES R OB I E A E
YT 2 T HAES RE
27 PEMMESERS

Pl AES RGERAFENEMZ N, 2
HER S5 R GE AN AE W b BR AL A 5 IR A L B 40
FCER 43 (Oliveira et al, 2021). &5 #f- 14 FE LA IR 7E #4
MRS R k3R AT EEER, AMUF
& VMR, T HIRA A AT 2R E S AEH . B
A ST #iy ARAE S R b B e - T L A R B 7L
WIHATZ, CACH BB RS T 3G AR 2N &
SR I AR, 433 A Lelosporoceros dussii- i
#:(Anabaena spp.) L4 1A FLeiosporoceros dussii- 2%
BREEIL A AR (5% 3; Bouchard et al, 2020). HAH <
TR AR AR TS R G0 b & o - T v L AR A ] 501
IR 7T, DOARGEAE S RGNA s A 2 B E
(Oliveira et al, 2021), BT AL & &E- 15 3L AR AR IR W]
et BAT BRI [ 208 7T

3 BEE-I
IR

31 BEH-IEEHEMIEREERMER
311 BE-EEHARNIEREEAER

5E B 22 AR B A S 50 R B B
ANEAETRERIAF & #0580 R 2 R K
KERD) . HWHEREHEE S B # N IRKRE I FIFKEE
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®1 ABETRAGEH-EELEFNIEEEER

Table 1 Cyanobacteria colonization rates of bryophyte-cyanobacteria associations in typical ecosystems

ARG Ecosystem B Bryophyte species

FEFH® Colonization rate (%) 2% ik Reference

EF %) New York, America
AT ARHR Temperate forest HiE%JE —F Marchantia sp.
K 48— Fissidenssp.
FI4EJE—Fh Thuidiumsp.
= [E LK Washington, America
IR Temperate grassland Kindbergia oregana

Racomitrium elongatum

KIUFEREE Rhytidiadelphus triquetrus

77Z£8% Pleurozium schreberi

Fi $16# Northern Sweden
b5 ##K Boreal forest
8% Hylocomium splendens
EHE Tomentypnum nitens
FRZE8¥ Pleurozium schreberi
F1E = ® Yunnan, China
M #HT LR AR Subtropical

mountain rainforest

FP#E Thuidium cymbifolium

KEEFHEE Aulacomnium turgidum

R g% & Plagiochila assamica

15 Deane-Coe & Sparks, 2016
85
15
7 (#% Branch) Calabria et al, 2020

40 ($ Branch)
87 (M Leaf)
87 (F Branch)
79 (M Leaf)
49 ($; Branch)
33 (M Leaf)

34.54 (1 Leaf) Liu & Rousk, 2022
54.19 (- Leaf)
19.14 (" Leaf)

18.19 (" Leaf)

1.04 Fan et al, 2022
2.31

JIH-#4F# Homaliodendron scalpellifolium3.37
PaEE# 7% Homaliodendron montagneanu 1.46

F1 R IEMFE(Elumeeva et al, 2011), HE5 E#RIEE
FHE(H K 58 RS R AUHSC, BRI/
YA E AR S, HIE1-2 e 23 (0 - 5 FE A%
T HAh &R 2 (Liv & Rousk, 2022). Bt #6360 AL AR &
JRAERS RS, R ZEEEGE TH AR N 18.19%) 42 Wi 5
NGy, B HE(54.19%) 1) € M F & = (Lin &
Rousk, 2022). F4b, 1E—BlE T ARMAES RS IR
B, KR &% (Fissidens) i 5 78 2 (85%) i =, H)
g A0 ER B 1 ' FH R ¥ N 15% (Deane-Coe &
Sparks, 2016). [Fl—E#& R4 1 [F —Fp & &£ 7EA
IF) 251 1) T B R A AR R, e v [ 2 R A
WA AES KRG, WE TP A
(Homaliodendron scalpellifolium) (4.92%). k3 &%
(3.34%) PUFGH-F&F(H. montagneanu) (2.11%) 17
1% 3 & (Plagiochila assamica) (1.17%)5E Ji E R =
T 82Z5(Fan et al, 2022).
312 BE-IEEHAMWIEEEE

WEFEE R T SRS RAY
B, AT MAES RG0S - B A
M E(R2). LT BRMES RS H, Permin’é
(2022) MR enaudin %5 (2022) A& B 7K 33 2 R () &

Vb R R T 10 B SRR 2 S s e
HEENEERE, SRE. BKNERCRSHE
S A Ry o 3 e g N o S S S I
Arréniz-Crespo 55 (2014) W\ UK ) 1¥H &l f5 1) 758 & B
BB UUE BB Y I AR R R E EIRB R R .
M2 LIS, AFAS RS A A A S 6
Yo, M EE PR A E TE AN E], B — A
RETHE S MAEEARBPHR, AR E 6 Fik
BB A EEBER . AT, & &) i
£ B s 22 R EL L
32 FARIESEGER-IEEHERNERED
W] 6008 7 B8 TT k2 R, B A - R SR AR ]
B AL E B R H B8 R (acetylene reduction
assay, ARA). N[N & ik (isotope tracer, IT)Al
N H %R # B V% (natural abundance; [fi3%4). o,
PN SR A R R, (HRAR R SRS
TEAE 2 K (Cleveland et al, 1999; Stuart et al,
2021). PNFEM E R R BT . EREE, A
WERIERF, HEH G TEER, 52K
TYIA 5 NI T (Stewart et al, 1967). 1 Z ARk
JRERI G R D7k RS, O H AT
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F2 HMASSARGEE-WEHERNIEEFE
Table 2 Cyanobacteria abundance of bryophyte-cyanobacteria associations in typical ecosystems

ARG Bcosystem & #EYF Bryophyte species TEJEFEE Colonization abundance % ik Reference
i $L T FEIA4E Stordalen, Sweden
b EM4JJ# Drepanocladustrichophyllu[1, 6, 9, 23] +++ Granhall & Selander, 1973
Wetland EM-4kJJ8¢ Drepanocladus trichophyllus[2] ++
Sphagnum lindbergii [2, 22] ++
TR HEE Phagnum jensenii [22] ++
FEAETe R EE hagnumriparium[1, 8] +

FEAVRREE phagnumriparium[2, 6,9, 22,23] +++
EEIFIR W KFFH 4R35 Plant Science Farm, University of Georgia, America

W R FA#EJE—M Bryumsp. [1, 2] A Reddy & Giddens, 1981
Temperate grassland Bryumargentum [1, 2] i
Weisia controversa [1, 2] Sy
% FH B H s Alaska, America
JeT7 AR 438 Jm —Fh Aulacomnium sp. ++ Stuart et al, 2021
Boreal forest il 2 8 )J® —Fh Dicranum sp. +
#EJE—Fh Hylocomiumsp. +++
FR2EH¥ Pleurozium schreberi ++
&R R —F Polytrichumsp. +
Ve EEJE—Fh Sphagnum sp. -+
Fiti #iL BT LU 3T ZE R 240 5T Abisko Scientifc Research Station, Sweden
J675 ARk $54F Hylocomium splendens [2, 6] + Permin et al, 2022
Bl JRZE#§ Pleurozium schreberi [2, 6]
REFH#E Aulacomnium turgidum ++ Liu & Rousk, 2022
% Hylocomium splendens +++
FRZE8¥ Pleurozium schreberi +
FH#¥ Tomentypnum nitens ++
ZF k3 5 Tierra del Fuego, Chile
Vsl Andreaea alpina [2] + Arréniz-Crespo et al, 2014
Glacier Andreaea laxifolia [2] +
Acroschisma wilsonii [2, 5] ++

Anastrophyllum involutifolium [2]
Blepharidophyllum densifolium [12]
Chiloscyphus leptanthus [2]

Clasmatocolea humilis [6]

Cryptochila grandiflora [2] ++
Dendroligotrichum squamosum [2] +
Dicranoloma chilense [2] +
Ditrichum cylindricarpum 5, 10, 11] +++
Racomitrium didymum 1, 2, 6] ++
Racomitrium laevigatum 2, 5] 4+
HERPEE Racomitrium lanuginosum [6] ++H+
Racomitrium subcrispipilum 1, 2, 6] +++

+ AR, TR IR EE -, EE2RR I b W, T R3FR LA B [ 1B SRR I EE A 1 Anabaena spp.; 2: Nostoc spp.; 5t K £
EKE; 6: Sigonema spp.; 8: Gloeocapsa spp.; 9: Chlorogloea spp.; 10: Leptolyngbya frigida; 11: L. tenuis; 12: ZZ4KIHHHEE; 22: Scytonema spp.;
23: Tolypothrix spp.

+: Rare, colonization of one species of cyanobacteria; ++: Frequent, colonization of two species of cyanobacteria; +++: Abundant, colonization of
three or more species of cyanobacteria. [ ] The numbers inside indicate cyanobacteria species: 1, Anabaena spp.; 2, Nostoc spp.; 5, Nostoc muscorum;
6, Sigonema spp.; 8, Gloeocapsa spp.; 9, Chlorogloea spp.; 10, Leptolyngbya frigida; 11, L. tenuis; 12, Microchaete tenera; 22, Scytonema spp.; 23,
Tolypothrix spp.
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B9 5 - W A L AR W B B ) 7 ik ek
I A2 FT DL B PR A DA [ RCRE D 2 S AR AR
(Smith, 1984; DeLuca et al, 2002; Rousk et al, 2021),
U PITIN A5 1 [ SRR TR e LA, HATCoHL S
N4 LU AE W3 /23 ¢ 1884 < 1 (Capone, 1993). H
T T ST R RIS TA) L A FH AR e 70 A [T 4
BRI R ZERIRR, 58 dErfi
HE G EART WA, B A ST A SCIRS — 1
THAFE I RU0E J1(48— AL); B 1TAS Bz A [
BB S M (nmol CoHy g ryr YA BE AL 1A B LT
(kg N-ha 'yr ) [ UM 2R, A SO R G it UG
P, A - W AR B R B T RE S
7 HH A B f R AR o R 5 - W 3 3L AR ] 2
TER AR, 2 MRS 28 J50E I i 25 SR 1 R
BRI S5 /ME 0T ] 260 e ) 8018 36 [ 3 474k 5 (DeLuca
et al, 2002; Zackrisson et al, 2009; Rousk et al, 2021).
(R AT TR Fh 5 e - 3 S A A ] 20 R ) 1) e e L
MERARMEBEAT it (&1, B sk4), HESRCE & /)
BAGTEEL A FAS RG 8- I A A )
[ U RE /) B s B 2R AT EL L (P 3R5)

B B R I A AR U RE ) RO BT A 20 A T AR
I7, FEEBEICRGRIL. L SR PR UK

i T+ [E (Henriksson et al, 1987; Lagerstrom et al,
2007; Stewart et al, 2011) (K1), b7 HRMAERT RS
M2 T 6 IR AR S RGEM A G771 52 B A
sRZIBR G, HERAbAES R hFE MHEY R
B, JUFLIETUIR & ¥ (feather moss) 7Rk 25 8% (S Bt A2
W) i 80% M) AR MR T, b7 RS R4t
MEGEERAESRE — H2 6 8- A k3t
A A O 9T AR A R (DeLuca et al, 2002;
Rousk et al, 2015, 2017b; Klarenberg et al, 2022). it
R, TR AT AR AR A1 B AR S T BT S
(Lindo & Whiteley, 2011; Calabria et al, 2020), #
i I e AR A R G AT 7 AR B T H B (Zheng et
al, 2019; Fan et al, 2022). XEEAEZ RS M) & -4
BEILARTT DU E A S B E R R, AT RS
B RS R T (Turetsky, 2003; Zackrisson et al,
2004).

fagiit, RREEERE T EEE- I A A
(7 [ & B 7£0.008—24.6 kg N-ha "yr ' Z [a](f 5%4);
Forp, g I i ] 208 T A A 56 ] 2 B i 7T 50 4 X 1Y
TR R A A5 2 46(0.008-0.124 kg N-ha '-yr ')
(Calabria et al, 2020); Tfi £ =y 7 [ 260 & 2E TR Bif 4
JEH R 2 JFAE A R %5(24.6 kg N-ha 'yr ') (Sorensen

B55), HUGEIREM, RS MERM YRR, L& & Michelse, 2011), B & T RO & FAES R
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Fig. 1

Global spatial distribution of nitrogen fixation potential of bryophyte-cyanobacteria associations. The blue dots represent

amount of nitrogen fixation, with size of the dot represents the level of nitrogen fixation amount. The orange/green dots only
represent the locations of distribution, and represent hourly rates of nitrogen fixation calculated as wet and dry weights, respectively,

regardless of the rate size. ARA, Acetylene reduction assay.
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S0 B Mk B R (1.19kg N-ha''yr') (Davey &
Marchant, 1983) (F1, Bf¥sk4). ¥E1. R4 554
ARG K B I (k5 SR E i KN, Aees
JERALTT RS R G R B R E Y Bim . S
fEEK, b7 HRRAESRGM 4 MmN
1,470 /ikm® (Brandt et al, 2013), &J5£)41,986 /5
km? (Beer et al, 2010). [k, db77 SRk FIAbAR & )5
ARG B BRI I AR O A BRI US E TR
M K(DeLuca et al, 2002; Ackermann et al, 2012).

B - R AR AR [ U R AT Ik 3 24,6 kg
N-ha 'yr ' (Sorensen & Michelsen, 2011), HA # &
ZET 257, REHF0ER RIER I Aikg 7, 4
5 [ A6 i 8 0 L i AR 4 5 FN7/8 ks 3] [ U,
B30y 3B R 90 248 S0 1B 077 AR bR D[] 0068 (1 % AR AE 6 H AN
9 A (Zackrisson et al, 2009; Calabria et al, 2020). & &
W o xof [ 2 R S -+ g 3%, W Calabria 55
(2020)7E 7 HJF AR RGBT LRI, A ZEAT
Racomitrium elongatumit] [ (18 2 & i 2 15 T K40
HERG&E; 1 2 WUE AR W, Ve R BE I [ 2 H e T
PR E #¥#(Granhall & Lindberg 1978; DeLuca et al,
2002; Lagerstrom et al, 2007; Rousk et al, 2015). 3
—J7 1, AR EEAEAN R AR S R g [ A AR
FEZE 5, A0ER L TT SRR S RS /R 2R aE I [ R
42 kg N-ha '-yr' (DeLuca et al, 2022), T 6.5 &5 5
A R G 2R AR N0.07 kg Neha'yr !
(Calabria et al, 2020).

TR, FEALTT RS KRG, & 8-
A A ] A FH 0 B[] A0 2 ) AR S R EE 2 B B
By L VRFEAIFE S IRE, [R5 AR RIS A
M (DeLuca et al, 2007, 2008; Jean et al, 2018;
Renaudin et al, 2021). & &R BE. Ko
HEENB ARG ARG AR AE S RS
H = E R M A & (Davey & Marchant, 1983; Stuart et
al, 2011, 2020; Fan et al, 2022). tt4h, J6HE. pHAE.
REREAER N EETRSIRM A N Ps) 55 #
A e T BUH - T R e A A ] 50V FH 28 57 (Geentili
et al, 2005; Alvarenga & Rousk, 2022; Liu & Rousk,
2022; Renaudin et al, 2022). XEEAFFERP, H0E
G- LA RE SR RAEE 2 AR, B
R ST B 2 1 DI AN ARy S PEATE 5, DA
SE TH G 2% b 5 82 - W 9 A A ] A FH A I i) A

i

*

[8]_E (224K o

W T & A2 R G0 8 - W5 i e A AR R AL
] 008 70 S H AR BAE oG &R, mT DA 7~ AR ] 87
BAGIA L AR A B TTmk, B G AR - R AR
] B AE AV R E R R A S R AP EA S
fit. AMEIRS AR R h B ad-H gL ERES
T R ] 800 F 7 T (PR T R, AR B s LA R
JUANTTTH R TAE: (1) 228 Az [ 20 i e A A 5
THEZ R, BB G IbriE, [RLE %08 710077k
W58 AR N A SR (PRI 90 B g 2 — o ()R FH 22 235 (R
FPHARR R B 8 RS AR A B A, PRI 5
B R F A AR @ % W 1) 08 R 5. (3) H T & #F-1E
FE LA R SN [ S 0 B 2 AR R AR AL T AR
MAESRGME FAESRY, ik ES RS
HHE - R 3B AR A o 22 A 1 AN ] 50 0 I A
W5y R, NIRANRGTT T 25T, MNIE 7
3 AU S - R T A AR A AR S R G AU E 1
TR . (IR RGH TR RS R G0 5200 & -
R B L A R R i 22 A 1 R [ 2R 7 1) SR B IR T
S AR i oM/ P S B N b a2 1 W 1) YA
SEALIRIS ARG A AR IER o (5) WK IYIEF SN B RE
MAREG X, diaZEN T, MHBFE ST,
iff 502 9 Bl R ) e 2 25 DAL o) s - S L A R
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Urban biodiversity conservation: Experience from the comparative perspective
of China and Europe
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ABSTRACT

Aims:. Urban biodiversity conservation is a vital component of the global conservation system and an essential element
for sustainable urban development. Comparing the practices of urban biodiversity conservation in China and Europe is
helpful to improve the measures of urban biodiversity conservation in China. This paper conducts a comparative
analysis of urban biodiversity conservation practices in China and Europe, aiming to offer insights for enhancing urban
ecosystems and biodiversity conservation.

Methods: We propose a theoretical framework for urban biodiversity conservation from the perspective of urban
development and collaborative governance of ecosystems. The framework is based on the core carriers and functions of
urban biodiversity conservation, and it emphasizes the implementation strategies for habitat conservation, spatial
regulation, and collaborative governance.

Results and Suggestions: China’s urban biodiversity conservation exhibits unique concepts and significant governance
effects, however, there is still room for improvement. (1) Regarding urban development planning, the European urban
biodiversity planning system is comprehensive, systematic, and targeted. In contrast, the integration of urban
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biodiversity conservation and urban development planning in China is inadequate. Thus, it is recommended to enhance
the effective connection between these two aspects. (2) Regarding urban green space construction, European cities are
increasingly emphasizing the connectivity and integrity of ecosystems. In contrast, Chinese cities primarily concentrate
on building traditional green spaces like parks and should enhance the utilization of green space and promote ecosystem
creation at the microscopic scale. (3) Regarding ecological protection compensation, European cities have made
significant progress in diversified and market-based compensation. However, China’s urban biodiversity protection
compensation mechanism is not yet fully developed and requires gradual exploration of diversified compensation
methods, such as the implementation of green funds. (4) Regarding public participation, European cities prioritize
bottom-up mechanisms for biodiversity conservation, whereas China primarily relies on government-led governance,
indicating the need for enhancing public awareness and participation capabilities.

K ey words. urban ecosystem; biodiversity; sustainable urban development; European experience; Chinese practices

BEE AL 2B AR R, T BT o N6
AAF I B ], FEE 320504, A ERETT N FUR
Brigo2fc, ki N H b R BT E 68%
(https://population.un.org/wup/). 3T A 381404
A AT 30, T SR T A, S EUEYY)
T 2B A7 BR 85 g 2b, 2E HE B AR W 2 R R R
(Simkin et al, 2022), k& [ 5 FIR T Al sk e
K 2> (United Nations Conference on Housing and
Sustainable Urban Development, Habitat I11) 720165
W CHrykmscre) |, wprrig g e m . LRy IR
YA, ST AR 2 REIE ORGP IZ T O B AR 2
FEVEORA R SR PN RT BB 3870 ST A 2 R
XFFETHRTTAE S RGIRSS ThAE . B N RIR
THJE Bt ak B A 8 2 S (Sandifer et al, 2015). B
B AR 2 R OR A TR AT R 8K R A
W, I T AR A 22 R R OR A AL R R B
(El1).

SO A R AR erp B AU, RS
H AR R LA AR, Ry eI T A=) 2k
PEORAP, IR EHERE NS B ARSI A AR Y
e HEEN CEMZ R ALY B4R
L2 —, R EYZFEIETT TS 1 2811 i H
BIRCR . (B A 2 REE R P s 55 47 3 )
SE KT A 2 R RIP AL H, JF o1
AR S RGP AR E LR SR . R
1M, SRR A A0 bk A Je 5 SO T P b A 5 1 351
R WS RGN, I EY) 2 R IR
PR 7 BRIk (LA, 2021). AT 78 7R
T AR 22 R T A SR AR L e R A R
V2 FEME R B T SRk e, ReHES I T AR

SR BT AR R, (R NS BRI
AR AR PR P B

W AR 2 RE AR AP 0 T 3 T AT RSk
JE R RHE B, AT IAT I, 1ERB T EY
ZRPERI R, B S DR AR ah b, SR R
V2 R I SRR AR RN T, 4G AT AR 2 R
TRYIBBAEZE, DRI AR R AT &
B 1 AR 2 FE AR 1R S5
1.1 WHENSHMENRE. Sik5Th8

Wl AR 2R R TR TE N R R N K i
S5 R I A P (L 8 A% AR S ) R AR B 1) 22 R DL
F= 5 M (Miiller et al, 2013). 3T AEM L REMEAE A
V2 FEME R IR A oy, 2R S E T AR AR R
ERHEEUAKNEZ MR ERR(ENT, 1999).

FA) G T A2 4 2 B P A% 0 Bk 2 L A
BRG LR REER(E2). TR,
Wi Bt RIS RS R A L FEE S
] At (Isbell et al, 2015), #0Fh 1) =F & BT A9
LRI R, A . KEREERR
YT AR 2 FEIE I AR (T, 2018). SRSh, A
BRGNS . AT TR R IR
%5 (Finlayson, 2005), ORI I8 7 A4 2 FEPE RE NS 1
SRAS RGINE, RS RGRS B KIE.
1.2 WHENSHMRIPA S B E ST

T AR 2 R R 1% DA R I A A R B
BERNHER, UAESRGRES AN, R4
AW AESE RS AR BRE A, W AR
P AR B RE B SRR ARSI . T
WA, EHE WS FEY PSR, BRI
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ge(g 93T SR HER T AT BURF IS 5710

COP 9 adopts the decision on “Promoting the
participation of cities and local governments”

Ry G — PRGBS S
(MDA YY ) RIPET

Suggest that cities and local governments

should be further engaged in the implementation

of the Convention on Biological Diversity

COP 1 BT “EZ AT —&BUF . A
ity 2 R AR HEEE M SRR IR E

COP 11 adopts the decision “Promotion of
biodiversity by subnational governments,
cities and other local authorities”

HE , ANARELIRE I FIE A AT —
AW SRR AT BRI

Develop, strengthen or adjust local and
subnational biodiversity strategies and action
plans

20224

COP 153 1B I -SR fl R 2FRAE Y S FE

COP 15 adopts “Kunming-Montreal Global

Biodiversity Framework”
SRABHE ISR T SR (/U5 46 2 (] T AR, BE5R IR
TASRGRS ek

Promote increasing the area of green/blue
space in cities to enhance urban ecosystem
services

E1
Fig. 1
conservation

TSRS TR B, TR BE ORI O R T
T A A R G R 55 T BE IR R B 25 4 (B AE, 2020).
Ik T A2 0 2 BEAE OR3P BT 5 1) 2 8] 280 AR a0 ZUMR FE 8K
A SRR 23 1], TR AE P 22 REAE R 37 1) 23 TR
R 5 ZEAN T R A AR A HLES & BEAh, 3T
ERN—NERES-EE RS, EEMZ LR
iR, AL B A A R R R R 2 AT
AR AR, RAE RARALR T, g BN
[ 96 A 2 UL SR KA I R 2 1R (R e, 2022).
Yl T W) 2 R R B B R B S I E,
SRR HRRIIFINAR Sl T S B I e A B R
T A o 38k T1T 2 22 Ao M A R L e (TR A

TR EREEY R SEYZREES)

Curitiba adopts Declaration on Cities and
Biodiversity

B My BURFE A ) R R 7 T
RAEE BB

For the first time, it is proposed that local
governments play an important role in
biodiversity protection.

COP 10 3t ( EZZLUT BUF . ST AHE A
7 SRR A R AT BRI )

COP 10 adopts Plan of Action on Subnational
Governments, Cities and Other Local
Authorities for Biodiversity

BRI kT R S S A Y SRR
For the first time, it is clearly stated that cities
should be involved in biodiversity

conservation.

COP 123335 [FZ AT — A 7 BUF &Y
SR RIPE

COP 12 adopts the decision on “Cooperation
with subnational and local governments”

PR AL W) AN AR . JERB, L
i AR SRR

Call for integration of biodiversityinto urban,
peri-urban, land use and infrastructure planning

(EMZHMAN) BAH RV THTEY S M RPN
Issues for the Conference of the Parties (COP) to the Convention on Biological Diversity (CBD) on urban biodiversity

2020). [AlUtL, o207 7325 RE AR T AR 20 RE A (A% O
Bk, RIRLY: . ATR. B Es kT IR,
BT Lo DU R iR e 5 —, Bl
2 FF P 3 Rl N3 TR A e LRI % R O TR ff) P
F, MWIZ BT R ORBEIN T A & SR AR
[ LA S AR AR R G, S5 =, L2 7S 1A IR A
SEI T SR R G, A RO ORI %2R
VIR R EEATAE R, 5=, @ E i
W AR ORAMENLE, SUh 2 B AR S 53k
WA Z RV R AME S B, S50, ARG 34t
FRSEEMZ RS, H It R, 3t
4t A AZ H5HLHI(E2).
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SRR SRS S R G RNG

Synergistic governance of urban development and ecosystems

L

ARG AR T 18 er
(0% M, fH Wi Shi . K Eﬂiﬁ%? il—“l\ :l:i%.\AZ.k
Core carrier Ecosystems: Forests, rivers, Species: Animals, plants nvuonmeqtla elements: Alr,
wetlands, farmland soil, water
Thkg : o AR S VAR AR SCRERS
Function Supply services Reconciliation services Cultural services Support services
LB AR 3 [ PHENGE
Realization path Habitat protection Space regulation Collaborative governance
2 ey e
Hiksit . e, Emphase on the Improve ecological .
- Integrate into the city’s " . . Explore the public
Specific measures construction of urban protection compensation . .
development plan participation mechanism

E2 HhHEYSHMERIPEIEILIESR

Fig.2 Theoretical framework for urban biodiversity conservation

R (I3 T A R T A [, S T bt
FEA AR ASIABE A, a3 R s T AR
(Beatley, 2000), %IRRT AE SR Mg e R TRER
B i) L) 6 4y, BT R RS EA T S AR E I,
Ihte S T RRNIR T SR L R, MORHES) T Ak
TR RS i fE . DS ERAAR, A 22 B PR
o] 2 3077 45 PF 2 AR R ) S L R LR IR T AR A ) 2
PELRIPAIEGEAT 7 KRR ST IR R . TR T R S ALK
J7 T8, BRI i 2 3k i i i 38 i b b A AR A o 2R
Z BEME BRI (Schrdter et al, 2005), HRAE4EYE R
H5 4 A - b A P B0 ) TE R SR AR ) 2 REPE AR
PR, FHHHPNI T R RIS R4k a3 (A
FIFH 7T, A9 2 REEAE Sy a6 2 (A 1 T (1) 22 22
TR, EAS RGNER MR E M (Pezzagno et
al, 2021; Jakstis et al, 2023), fEASFMETH, HA4
BMREAT AL T NI T 2E W) 2 FEVE RS S, DA
Tt F BB T A 2 MRy gl % RiE
(Barton et al, 2017; O’Sullivan et al, 2017). fEARS

green space system

mechanism

575, 513 ERMWRS 5 &Y 2 IR T
(Fischer et al, 2018; Coisnon et al, 2019), & i&I:[F %
O SCFRAEYI ZREPE RS IR R AL, 3k TT7 PR35 o
BEMEEEEERA. ERRITFEREERT,
FEASAWEAT QIR R, I A 2 FEE LR
KEC YD WAEIN AT R - JINEAL
21 E=YZEHMRIPHNB T LZRAX

FEAE W) 2 B I R B g N T R K A
R, O] DAY SEHR 5 AR 3 A R) A R0 ORI 28 4 T S
(Teixeira et al, 2021)o KRIH A2 I8 T4 A=) 22 A AR
PN T AR S BRI T gk A R R
RIETE L rFp A St R P 5 B B, BT T R
FOBNGH - M5 B AT 20 S5 it 1 4 T ORI 44
F (0 HAEAGH, 2021), {2t TR RS £ Z
FEHECRI P A G R . FHE R ARG . S U1 5
JREESE RN T3 B 1 B (1) gttt = () ) 4
7% MR AR Z AR T RI(Box 1).

g ERTLUE BRI T & LRI AI AT Bl
RIHE T5 T N AN 2 FEIE ORISR A4 17 i i Al
FEWOWJZ TH AV A 5 A 55 L ARG . it it 2t
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RS IR EAL)

Box 1 BUMIBT A RELMESHMNEFAR

EX IS &0 WH/ER HEhRAE
b (2015-2025F 4 A £
RAK AHIRT B KKk )
g
(2020 2 A A b7 2R/ H E T
&M % AT R )
(MR EIRT2030  HH/IEE
AFsht Rl )
W ARAe (2014-2020 5 A R B A RARAR/
i B3 ARYR T IRBEARAPIHR] ) MR LR TE
72
{2018-2025F Ak /bt
M % AP )
02087 f85F REEA HissF R/
M % AEEAT TR ) hiL
(HFARI2021 ) #H3x/3xE
(182 2021-2030 S r&48 /34

(DT RGN BEFRBHAAMAAREYRE, F T ARRP A REEL. AW ITHT
X Q3 AFER: AH100,0008R4, H) €L EEZTFHITX,; GPRTFEAR: %HTA
TIRTZEL BT BRGMRFTER K, (DIETBOR: 5 AR T EF RS0 64F
RE, EIRT ARFTEWET A LH,

(DFEZ BAASRT A SARIH, FHEEARGERER;, QAN GEAEESTEEX
MR BT, EEH, HYRZRHHR F ST R EG,
(D)FEFAGEARETN: BREEZVAZINAARAR, EhDBARIKRF LR, AKX
AFALR B QA &L sk 8% B MIK1,000/4 B TREAF A,

(A8 BR3P B4R 65T A RARIP H56, STt BURZLLRR B 89 3L B sk it 47 A 48
A%, DA E SR S 0 A AE B s, ()RR AR Yo 3% T 9 8 AR A AP e A
B A )R I RN AT 04T S %)

()ABEHARY: ERTZRFAERARXR B F, WBZETART, EHAREY, 54
EAHBED AL RANATHIGE, QWFRY: S AR R, LHESHTF. HHh
MHAB, BTAELARBRA R EH,

(DABE AR iR AR . MAh SR, SHR Y B ER, KERAB YR
Fr oy A GIRBE; QAR RIFE R ARFREAR, FFERFAMEMAE LA,

(A8 EHARY: RETH, RA, B =4 KRY KK, KRS S SR R E
AR R R Yk, Q)IFHRY: AR AT R MAZ SR A B k], L AEER
IR AR I A S A,

(DA B AR B3 EFTAEEMBE, A AR TR, T EMT L ARG 7%
A AEPLRI BRI IR T 69 £ 4 § AR, ()@ IR Il EIRS-RA A4 % AR, W F B A SN
i, A KAREN P SRR

W, oINS 5EGUEIRM TSR, Bl
F T A TR NIBURE 2 A AR ML 5 213 7538 T AE
Y2 FEPEORIPBURAR R . INRCRKRA, ST LR 7E
RIS T TH AR T BB . IR R EE
T P A R B E S O A R A R, 3
20224 4ME B THIFLI£9,084 ha, Hor HA i B AR
SCALNE AR AR 18 313,445 ha (https://sverigesm
iljomal.se/miljomalen/ett-rikt-odlingslandskap/betesm
arker-och-slatterangar/stockholms-lan/); 7% 3 J& I
FR) P A 23R T TS K 7 HE AT S b 2 (W) i e A 4 0 R
HW TR, 5 A 542 m’ (A 3L (https:/
www.ljubljana.si/sl/moja-ljubljana/varst-vo-okolja/).
22 WBESRGEMNH TR AZER

T R R s A S AR AP T K 2 T g HLAH HLiE
FE ) 23 €0, 7% [] SR 4E 15 A HE /& A2 W) 2 % 1% (Popkin,
2022)0 BRI T I AR 30 7 2 b el A Dy i
A2 REPE ORGP BB B4R, AR OR B i R
AR SRR SRR A S RA MR BRI THR T
AR RGN EE A TR, DL A 2 B AR Sl
YIHI3E s A1 A K 75 3R (Borysiak et al, 2017). 74
BARGH I AN AR RIEEIH, 7T LR K
LER/N T NS e =0 B =~ R G = E R I e

2017)o far 2= B4E ST MEERIAR . BE T BT A%
WS SR R AL T RIS ThAE & R A A
BRGCRY), ARERE 7 AES 0, 37271 70
T AEN) 2 FEPE ORI LR

SRTIT S, BRI T A 2 S SE S . AT
Bk, —J5im, WA DA EE KA AR .
FhEEvE, v DAZH RS St AR S R G, 5 — 7 I,
R A DR AR T AR . A el A R,
A A6 3 3T S 1 2R 4 o BRI 30 T AR R /Nl
b, NEFEDME ISR T 78 R SR AR
FAMKEESE b i AN . XA B 22 45 AR A 4G
VAR SRR IS NI /S /AR 31 R 9 2 d E LS LN
ARMREE, TRAP T 3T AR 2 REIE RN B 2835 7 (https:
/I'www.berlin.de/sen/uvk/natur-und-gruen/biologische-
vielfalt/berliner-beispiele/urbane-vielfalt/friedhoefe/);
5 FE ) SO T R AR AR BEAT RS ERER IS, AN
SN LA 201 T4E 1) 176 R0 B2 7B 1201945
] 595 B (https://www.utrecht.nl/wonen-en-leven/park
en-en-groen/parken-en-plantsoenen/nieuwe-parken-en
-plantsoenen/tiny-forests-in-utrecht/)
2.3 EBFRPIMENFIBN D ED BRI

BT AL FEE RS B AA IR A3 R 1,
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RL BN H SRR

#¥ 15 Features

Table 1 European urban green space types

2R Type of green space  3(T{i/E ZX City/Country

TR AR L1385/

Micro forest Utrecht/The Netherlands

SLTHAER o S0 5 -/ =2

Facade garden Amsterdam/The
Netherlands

SEH S AP/

Cemetery habitat Berlin/Germany

G7//EZ qiasl] B/ H &

Biodiversity grasslands Lisbon/Portugal

TR ARMOE 2040 AR AFIEARDIF, R m TEIFAE 3R 1 o
Micro forests typically include 2040 different tree and shrub species, with an average
of 3 saplings planted per square meter.

Ry ek 07 P AR HUAL I B A Y A5 . H R €L PESs 1 (AR B AE ), SLI R
B JEAN T 60 cm. In Amsterdam, semi-shade climbing plants such as passion fruit, ivy
and climbers are planted on the facade of the building, and the maximum width of the
facade is no more than 60 cm.

FAMAE R 1,100 hafftiZith, RUIE. S35, MR, EEESEMM R0 S Mk
Il e & 8209 haZidth, {19744 Z FE1E . There are more than 1,100 ha of cemeteries
in Berlin, which are the habitats of bats, birds, lichens, mosses and other species; Berlin
plans to transform and develop 209 ha of cemeteries to protect biodiversity.

HITALEY L M E A KR EARARHEY DR mfAs . il iirs o
BRI o3 AN TR 43 310 092.6 ha 8 haff) A=W 2 FE 1 Rkl . The Lisbon biodiversity
grassland are planted with a large number of gramineous plants to ensure a higher
survival rate. Two biodiversity meadows of 2.6 ha and 8 ha have been successfully
renovated in Lisbon.

— B HBUR RS OR Y AR (1 2055, 2020), PSR
JA 2 1 R 250 ) A 25 AN EE L 9 S A A TR P AL
BT P R A8 O R ) B EEEUR T A (Richards &
Thompson, 2019). 7E“HETT Ll UESZ o HEAME
272G e B TR RS, W T St
M R Y A S B 4 X S 55 22 2 CORH 4 07 6 1) AR
AAME. Horb, RS ES . MARAESIKS . B
FEPF AN T R FE A METE ] BN AME AR
L RS RGURSS I 2 o & SR A RIAUR) X
FRAGEM, ARURTE T AN SRR TR 5
IR, (LT 207 BRI EZ S, NESRT A
VLB /1A 2 BEVE GRS 524 1A 2R R
231 RHEMESE

2ty ik < 2 o [ A 0T U SRR Y T
Tl O R EHHE, 24202 R
AL i) 2 SRR o B35 R LS Bk &
(Rewild London Fund) (https://www.london.gov.uk/
publications/rewild-london-fund) &% {454 14 75 [] 3 4>
(Green and Resilient Spaces Fund) (https://www.lo
ndon.gov.uk/publications/green-and-resilient-spaces-f
und). ZRtA R4 (Grow Back Greener Fund) (h
ttps://www.london.gov.uk/what-we-do/environment/p
arks-green-spaces-and-biodiversity/grow-back-greener
#acc-i-64407) 3NERM(ER2). HEEHK— &)
H AR DRI DX PN DU R AR 22« i S 0 S 1)
B, CARAOR B SR ORAP DR 28 1 TN U FHAE S R 2
DU BAT s, i gl il vy R SR HE K ot . B
GRIEY/ R SRSV 1=y Tk =tha s /L ) N 1 B

giit, %R ETF 75,0002 41 HERS 5 ME
118 haZgiths, AAES) 78 FHI T AW 2 HE L
(ZS/ak

232 HMAMESKA

A TP S AR AR O G2 A ) 2 4 B ek
S H RS T P 8 JE R T B
— I AESAME RIS, ARSI TR AL R
S 2 2 W B AT L 38 5 AUl R 7 1
77 (https://www.berlin.de/sen/uvk/natur-und-gruen/bio
logische-vielfalt/berliner-beispiele/gesellschaft/oekok
onto/). KBUHFIIN H 7 FHE ALK, WLk E
RIEG S M BERIESIY, JFR RIS K
AMEHABAE B AR LRI T A AR R 7 B M X (1513)
WIS AT ARSI, MM AR B s
Shgaskli-k/laat: W UNEREIDNII iR Z7L I E DI S e iy
A, A8 TS e SOAT B AR IR 85 I 22 5F 1k
A RPE ZARACES B MG, g 1
£ 77 PS5 RIS RGN EY Z .
233 RBEFASEANETX]

15 PRI RUK T2 FE e, A R K E
XS TT E S R GERI AN AIREE, T BUR R B T 3 B
PRI SR R K, ARYE K BRI A Bh R AT
T B AR AR R T S e AU TR
1) ff Y 4 i 2 — (https://www.rotterdam.nl/apps/
rotterdam.nl/lok-et/subsidie-k-limaatadaptatie-tot-1500/),
AU TR T 20204 TR 46 St 35 E7 Jy R KA
i « &3 £ J2 THUAM U A AS A DA MU 3 MR 23 (3R3), —
73 T s il J ERALEE R 7K DA Ho S 550 . shid )
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Fz2 RBGHWES
Table 2 London Greenfield Fund

H 44 FK Fund name = EAEF Main roles

filiHE ST Total amount of financing B A F7I H Major support projects

FEEALIE P &

SCRPEELY E AR X IR

Rewild London Fund F1f{(3 Support the management

Stk 2 ) L 4
Green and resilient
spaces fund

QG e
Grow back greener
fund

and improvement of important
nature reserves

6077385, it 254 H

With 600,000 pounds, it is expected

to support 25 projects.

FTFACHE XA AR A X400 3 5685, it S FF104N0 H
With 4,000,000 pounds, it is expected [f] {242 1 A1 AT i P 2% AR (6 390 7 J B A% 2 (1 350

2 AAEES44E Support the
greening of wider public spaces
such as parks and communities in
various districts of London

SCRAEHOH X T /NI H

to support 10 projects.

14073 5555%, TRIF 45N H

WL EMRESE2EMEIRHE . T
HET BT B R IE R ST o Priority will be
given to innovative projects that focus on solving
ecological emergencies and innovative management
monitoring technologies that can be popularized.

LS FEEIEH I R A S Ak, B S

H . Priority will be given to projects that specifically
benefit urban residents, such as creating new
high-quality public green spaces and improving the
connectivity and accessibility of green spaces.

PSRBT A5 KU AT XE LS A 4 (0 2 (6]

Support small-scale community-led With 1,400,000 pounds, it is expected 4z {141 X I H . Priority will be given to

projects in London

to support 45 projects.

community projects in the areas of poverty, high
climate risk and difficult access to green space.

N

wosgr )
Set up an
ecological account

VNI, WAL, BRI
B, ARG, B ESKR
At the early stage of site
selection, need to hold property
rights, planning rights, contractual
guarantees, set up eco-accounts
and purchase eco-points.

N

E3 MAMESKAEERE

s )
Calculate
ecological value

AR AR A 231455 )
IR AR ), A
BPMEI LB
Assessment of the ecological
potential of the reviewed plots
according to the Berlin Testing
and Accounting Guide, calculate
ecological values and upload to
the database.

Fig.3 Operation process of Berlin Ecological Account

®3 BEEASERANSTR

Table 3 Rotterdam climate subsidy scheme

AR X \

Compensation
eco-region

FOARTT BURTAR 38 A S EL DT RO 17
B SAMECE, I R R R
SRR

The city of Berlin matches the
ecological value with the corresponding
ecological compensation area and the
building developer implements the
specific improvement measures.

N

MW FR Subsidy name EAHFLE Specific provision

#%VE Remarks

FZK M

Rainwater subsidy

ath = TN UG

Green roof subsidy

A LA
Native plant subsidy

(DA L% /K Z*MES008K G . For each additional liter of B HHiE _-BRASJTRKIC. Single subsidy

water storage, the subsidy is 500 Euros. (2)&E 181 m* k3% application is capped at 50,000 Euros.

10RKJG. For every additional square meter of green space, the

subsidy is 10 Euros. (3)&F14 011 m? 7] $23% 1 #MISSEK G For

each additional square meter of permeable ground, the subsidy is

5 Euros.

()AL RFm? 10T ISR . Areas are subject toa  4A/KER 21 L, F SR ANI, 54K Btk 2

green subsidy of 10 Euros per square meter. (2)fif/K EIEAER A ol L, Al HHiEGEHkMG + /K E*ME. When

S00BR TGN . Water storage is subject to a subsidy of 500 the water storage is less than 1 liter, you can only apply

Euros for 1 liter. for greenfield subsidy; When the water storage meets or
exceeds 1 liter, you can apply for greenfield subsidy and
water storage subsidy.

() EHEA L FAAEDFNIE1RK G, The subsidy for each native 24 & RFE ¢ A YT BN 7T 3R 13 4m” 10RK T A %%

herb is 1 Euro. Q)&Fk A - HEAFMIE2KTC. The subsidy for — HUAMI; 2428t A EE 20 m? ] HHAE <SRRG +

each native shrub is 2 Euros. (3) AR IR AE M A AMIE 10MK TG The A& - FE#) %M. When residents plant green plants, they

subsidy for each native tree is 10 Euros. can get a green subsidy of 10 Euros per square meter;
When the green area exceeds 20 square meters, they can
apply for green subsidy and native plant subsidy.
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A IANFITZNE, 53— T3 T SO R A LAY
ONEE. W, SRR SR AT E I, DARIX AR
AR T A 2 BN, (R NS B AR
AIFFEE R R -
24 RRE5FEYMRF

T AR 2 R R IR T R R S TL A 2 R
P, BT R ER R, ARSEHEANE
oIl EAE MBS A RS 5 R T A 2R
PRI ER, R, KEhBRZHS S04
Y2 BT ROAE BWCER, T DASR THI R AN AR S Y
WA W S AR . R YR 4
Y AR A, RIPRR R B EORR)
RN Z AT H . AR AR B R T
H o 2k PEAE S @R M e tR 37 15 0t . 748 =K
FECRIIEAAT BN, FRARM R 1 Aalk . PR ORZALZ
X JE REEL TS 542 B OR 1) E Z 4
A B
241 MAMEFEEERIFTE

TE [ A7 215905 B AR s i, Hooh AR VR AE AR
A 300374 . g RH 1k B A B e A A B2 A ) SR ek
b, FEE EF AR S ) EE o IR B AT 20184F J5 )
“OR AP bR AL Ml AR R B B R IUAT B
(https://www.berlin.de/sen/uvk/natur-und-gruen/biol
ogische-vielfalt/umsetzungsinitiativen/), I % i 41
RI2A X J ERAE SO HER X 5k i A ) B 22 2
SR SRS B T RLOR D9 B A i GG A Sl LB
TUH S0, A T H A EY), BiE T R e
Y 10 ) SOUL AN /NI S SRR A A 8, MR T A
() ST FRg << P )t e 5 At B2 U BT R L
ZPTH, BRI R R T B R B
S
242 ZEFDEFERFORRERFTER

R e £ B 3L Ak 2 FE A I 22y T, i 47
BT PUL AR BN A TR R, T A
FIREFEAN B b, U AN T L o 2,
X W e 0 A A7 ) 3 B, 22 R 1l G 4T i
S I/ N O /S /e 3 LTS N Sl T
(https://www.provincieantwerpen.be/lokale-besturen/
duurzame-gemeenten/opleiding-en-kennisdeling/mili

eu-en-duurzaamheid/symposium-natuurinclusief-bou
wen-2021.html). BAKT &, —&AEHT HR S &K

RS, 22 he P R A s A = 4L [H
TERME N 2R B 44, AWM BT m,. =
AR BB BB, #RARSESNE
BB RE R AT L, 380 R A S 3 A 1A
243 HEF RERFERERITE

T B 7 0 S0 AR 2 B DR HLRR R 1 R AN A Ay
PR R 1 MURE T 5 53 I AR A7 23 TR, RS X 91,500
Z ISR AEAN S B DRI I AR K E R
R, AR R B A o AR R T R
ST S A A A (https:/parker.stockholm/vaxter
-djur/trad/unika-ekmiljoer/). —J71HI, B ALK T %
WA, PRI B R R R R
Gzl oA XA, T B b LK TU ARG
T R B Fo Al DX 38, O BT AR 5 40 e A AR AR B
o 5707, 15 Zab BRG] R,
I IE T A AR X A5 AL VA E SEAR R s, R A
RIS IR R & TN R, ZEUERAE BT
FiEE, RS2, B, MRSV MR AR S .

W B AR 2 RE YRR (R ) SRR
FITTHRE, 20184 v [EDK AR A SO 'S5 N JB T,
R E A 2 R ORISR T AR RS S, R
T AR 2 R S S DL T Skt 2R G R A,
TE N EEAT CEVZFEER A L)) 1 E Z i,
I T 8 T A5 DAL (BT [/ 7%, 2021)0 M
20004F 46, TR 2 BRI ORA A 3R T A=)
ZREPER I L5 ], 130 B &R
Hh [ 3 T AR ) 2 R ORI BAR EESR . 20124F,
CfF s A, 2 2 VB 5 T 3t 408 T ) AR Ak ol
R IR SR IL) A AR 2 0 BT A AR
WS AEREE 2021 KA (R EAEY 2R
PEORE) BB F R Mgtk 2 B St R R,
B NS LEY Z AR, 20214 ok
TN BB ATENRR T t—P s
MEZFEERP R L) Rt & R %K e
SRPRY Hb . 3T e S ORGP A (AR AL . R4 2
W FEBURIIR NI CHFEN, TEFZIRTEEY 2
FEVE LR 5 TR B T QU AT 30 LS 7 R 808
(B35 1)0 202247528 -1 i 4= BR Hh 77 IR A3k i g
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2 b B RRER. WM. mERH. FEMSAIEII6
W Gk A 2R R T, RN H AR
W, X EETERANEZ Y6, A8
W AW 2 REMEARY B SL T AR . R A £
FEME R IRER R 5 S Bk AR IAE DL N 4T TH
31 HIESEFEED L HMRIPHEXAK

Fo A=) 22 W PR 2 R A ON Ik T R ) 0 A R
FESHIN T NS B AR RIS LA O . 20024 i I,
SRWINRRI I AT T ST Ik A=) 2 4%
PELRAP TAER@ AT, Re o 1 30 i B 36k i
BV Z R EZEN . #%20224F, HET
H28NA FATEX KA T AW 2 FE R & 5
TR, 2T G2 R LRI 4E 5 T A4k
G T IRAEY Z AR R SR, B
FEPE rp R 44N BLRE T 129143t 2% 17 <<+ 0 o k),
BRI 2 FEPEAE LRI SCAR A B3 TR B L
A 80, 2 1H27.1%, AR5& FFIHE K ik B b 1
5 E672.9%, W LLE H A BT R AR A 2 R I IR
NN T R SR BURE R G55 1A R
H A B3 T AR 2 R S B A S IR 2 ik
. ARSI, BRI, ERML AR5
SR FEIHERE, MRS E R K RASCEZR 2.
WP SCAC IR Ui 0 5 38 1 1 R AR G 70, 3kt
AW 2 FEVE LR 1 T A B ARV S B AR AT AS B A
LV Z AR ST R R IR A R A e Tt .
32 ARNHEHMH R RZEER

Rl it R i %, R EME
A FEETTAESThRE I E R [ AR R )
FtE. EARRRR L oA 2Rt EE S
RIBIFEREGE X RAIXILL, 1994). db5T. R ESEY
Tl R A S M S, BB ASSE F
SOOI S AN T A X SRk 2 T, 2 e X [l A
TRAK R IR T A B SEAN R B, R T ikt
R, EHAESEYNEE. TR MY 5Tk
£ 7T EEAEM . 20224F4 H, bR ARG R BN K
T (ERHTEGEME AR GAT)) (hitp:/yllh
j-beijing.gov.cn/zwgk/fgwij/qtwj/202206/t20220602 2
727996.shtml), FABAHES) H AR 15, DLGE AR
RGEPIVEMAERF B ZREE, (AR RGL B RE
HIRERFPRAS, SR T A Z AR H A5 o
HAE20224F, LA AFESEHS500 mik S H1AEH

RiKLF86.8%, R/ bk A HIAIE12,114 ha.
SRR TS E G W E AT 28 <= S oA DK (E D% 4]
SRR AT RIS, MRS SRS
R, HEIR. DR EEE. A RRENE
Do, R SRR A AE S R AL A R A
ST
33 RESLHEW T E S HMEESRIPAME

A A TR M R R [ T AR R 4 B SE B U 4L
2R AR R L 1) B R B, 2 G2
YT AR 2 R MR AR AP R T R T S 1 9 1) R B
FB, B BRI B 5K 5 7EIX J7 T Ak 400
R B WL /K A 324 it b A= ) 22 5 1 AR
PR EIX 2 —, TERVT AR L i SR R 2
MU G T T 3Lk . 20184E LK, 43
GUER T LN W IHNANLR 1, IFAT
ARG ST B R U M X ORI SEA L, A E AR
X ZAE . APE BT R K AR SR BURF R IAR 4
F20214F, FH7K T RE YT 378 35 Hh 2 7K W 00 1 T T2 DA
KT ik 99%, 7K AR AE W 2 BRI RN U R4S 3
AR . B BASRE, o BT AR S IR R 2
7 s N, 2o KBRS B E TR, W
T2 S AME . PR AN E— e 2 E .
34 SBISAKREFMEEEMSHEMIRIP

JeRUR At S A R 2 IR T 2 —, 20214F
bR ATE L E RN R AR XS AR T
W, FFENR AL I B SR RO A
MRS RN, DASEE I R A B R B R . IR
DIk A A TR 1R A TE S L34, M20154E T
ST T 27 BARECE L IR0 EAREE R, sk
WAL A AR B A SIE Y A . RIEE
BRI, B S8R B S I T 4T 1 AR ) 2
RIS FEbEE, HEERAESHRUENSEA R, 4
HRE, T ERZH T 2 1) T UM £ S
LRETH LI NGRS AE 2R, S ARSE
FIREM AR BENEAK, BiTRERS54
VN2 RETELR Y (1) 7 BEAT AT 7 N5

gE LR, P E AR 2 R AR T AR R
SEERH . JREACR IS, HinHERENH RIFMA
kA o (H5 KRNI T 2E 4 22 B P O s i L e T
5, A —EAN R . B2, WOMIR T 2 m A9
AR R X AT R R R e,
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[ — eyl i EAR M 6 T AEY) 2 BRI AL, (HS
BT A SR AT AR R AN AL, A RS RY . &
1] ) 5 L TR ARG R = 5 R, R A T g /)
TR AL I T 2R PO R O B A B, v L
T 23 KR et 2 [ e, X R ety 2 1) 4
MFEBRGE G RIENL, FEIH THEYZH
PECRY ISR RE AL DL R R, B2 FEPE DR A
A EERZ RGN FK, BRI R R SE 1
HARRY X B4 X 203 55 22 )2 20 2 X A2 T
i, ERTTEY SRR ORI R R 7 AR, M
w3 T A 2 R P DR AP A 22 DL SR fR 3 AT
S Z R E BAME N T, ARSI T EY) 2
FEVEORIP MR &R, T A 2 PR PE ORS00 5E
AR BEAh, BRI AR 3 B N i 25 R AEY
ZREE, HIRTTR GOYR OR IS5 SEEOR R A, 1
T A 2 FEVE GRS B AT U %, Ak
ZH5REIRMS 5REARL, BIZ) T T D 2 Ak
LRERBLRE I BT

e~ 46 5 3R T AR RN A 2 R OR A TR
M )&, P NS o B s s A M BE . e %
FEVE G 1 BT R W, A2 SR TN AR R SR E
Py B FEPEANRREEE (0 OB 1), th A 3k i 2R 253

x4 PEMECHIR T EY SR RIF TAEXTEE

LI EE B o K o T 5 KR T A2 4)
ZREPEORA CAEBEAT XS Lo (F4), W] LRI A 3l
M Z AR TARMEZR AT . TS W]
B, [HRVMFAESRT 2 E . B, R AR
R nama i arit R g . KRR Z oA S
FENLH L SR RO BRI 2 5 B 45 77 T W] DA
SE WM T A 2256

B, s LRI SRR, R A
VECRIP AL WM AR T F AR BT R ESE
IV Z AR DRI R R, 19 1 SRt 2 [ ) ] 4%
P, R T KEMAR M, b E BRI
KR EMZREVERI NS A R
KRR ZR, B2 R R Y 5 W0 & M
R HEITHAFAE T RA L AR, WESEZ
T AR A [ Sk T 2 T AN RIS AR A X
S I3 0 SRR AR B FEPE ORI AR &R, Tl [X 22
W 22 2 R OR P N B 223 1R) R I8 T A Jee #)
A, BXCEAEROR R R s A A A A E i,
Koy 32 B 58 AN 22 R UK A 2 TR R 245

B, BB s A AR, s i 2R 2
RGNS DIRE . BRI T B AR 2R B B T AL
M A AR O . T A SRR
PAESTEA R, NhEY AR L R, 3
SRR BT, B 73T N A T A P S )

Table 4 Comparison of urban biodiversity conservation between China and Europe

TAEJHTH Working KR T European cities

1 E IR 7 Chinese cities

Ik i R s 2R

Urban planning system

T i 2 1
Urban green space
construction

the basic elements of urban green open space.

AR M

Ecological

compensation.
Wil AmZY

ST R R P, L1 UEAT S HE i R 1R
The urban planning system is highly targeted, and the
specialized field action guide is highly operational.

TP O G A Z AR SCRR, {5 37 A FE
B BT EAESS AN &2 - Some cities have introduced
biodiversity-related plans, but the interface with urban
development plans is weak and departmental coordination is
relatively insufficient.

Hg A G i S M AE i 3] 2 SRR SR 0 23 1), AL/ 22 SREE DR SR M R LR A PR B2, X Ao RUBE 23 T8 0 FH A AR
NIRRT RS (B 3E AT 2K . The traditional urban
green space is extended to all kinds of potential green
spaces, and small and micro-green spaces are regarded as

BRAEEFREAR L. It focuses more on the connection
between large green space patches, and pays insufficient
attention to the micro-scale space utilization and ecosystem
construction.

AZ eI aME R RO AR, HilE I E RO X BI4E DAR LI BUA 500 T4, 0 B S5O X dorh A3, 51 4 2 A
i B EZ RR S X AME L, R B VR AR TR, T A S A £ T B R R
protection compensation  With the diversified market compensation system as the
main body, a multi-level and multi-region compensation
mechanism from nature reserves to community green
space has been formulated, covering a wide range of

With the public finance system as the main body, focus on
elements and regional compensation, such as major
ecological restoration projects. The coverage of urban
biodiversity compensation is relatively limited.

BT EZ 5800 R, BRSSEMZHIERT 3 ENTS5RPEMZREE, BRSS5RRNS5RE

Urban public participation FI% 1445 % . Bottom-up participation in the conservation #5{%. Top-down participation in biodiversity conservation,

of characteristic species, and residents are more motivated

to participate in biodiversity conservation.

and residents has low awareness and level of participation.
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ABSTRACT

Background & Aims. After the Conference of the Parties to the Convention on Biological Diversity (CBD), the
Kunming-Montreal Global Biodiversity Framework (GBF) was implemented to address global biodiversity priorities.
This paper brings in a holistic, systematic thinking path based on the SFIC model to research the challenges faced in the
implementation of the Kunming-Montreal GBF, and puts forward corresponding policy priorities that offer suggestions
to policy-makers on implementation.

Methods: This paper identifies documents related to Kunming-Montreal GBF, Aichi Targets, CBD, United Nations
Environment Programme (UNEP), as well as global biodiversity governance and analyzes their contents.

Results: Our results indicate that the implementation of Kunming-Montreal GBF needs global collaborative
cooperation instead of acting separately and identifies a lack of holistic analysis in current research efforts. We then
combine elements in the SFIC model with data on biodiversity governance, and analyze the implementation challenges.
These challenges include basic differences between developing and developed countries, cooperating relationships,
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acting motivations, information communication, trust construction, funds collection, following Kunming-Montreal GBF
details, system design, and leadership from the UN branch and major countries.

Conclusion: On analyzing the challenges and the SFIC model structure, we present several policy suggestions,
including promoting resource mobilization and capacity building in developing countries, facilitating trilateral
assistance and cooperation, strengthening information communication and sharing, consolidating trust construction,
accumulating funds, fostering further negotiation, seeking the balance between the constraining force and
encouragement of the system, improving the fairness and rationality of the system, strengthening the leadership of UN

branch in charge and major countries.

Key words global biodiversity; Kunming-Montreal Global Biodiversity Framework; collaborative implementation;

global governance; SFIC model
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Fig. 1

Starting conditions-Facilitative leadership-Institutional design-Collaborative process (SFIC) model on collaborative

implementation of the Kunming-Montreal Global Biodiversity Framework (GBF)
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“Species’ versus “individuals’: Which is the right target for biodiversity
conservation?

Hong Du'?
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2 Science and Technol ogy Education Research and Communication Centre, Chongging Normal University, Chongging 401331

ABSTRACT

Background & Aims. Biodiversity conservation has both scientific and ethical attributes, and it is faced with two basic
questions: first, what do we want to conserve, and second, what should we prioritize for conservation? Genes, species,
ecosystems and other levels are important targets for biodiversity conservation, and among them, the conservation of
species is the most crucial. Species diversity is linked to genetic diversity and ecosystem diversity, which is the
foundation of all biodiversity conservation. However, the concept of species and the relationship between species and
individuals are still controversial, yet declining biodiversity situation requires urgent action. Therefore, our goal is to
define an operational species concept for conservation, rather than a standardized and universal species definition, in
order to mitigate the dilemmas that species definition and species delimitation have brought to conservation work.

Perspectives & Conclusion: All species are undergoing speciation and the degree and timing of speciation varies
widely. These processes make it impossible to develop uniform criteria for species classification, thus making species
and individuals inappropriate targets for biodiversity conservation; the target should instead be “species diversity”.
Starting from the goal of diversity, the species that are the objects of conservation must be independently evolving units,
with both morphological distinctions and genetic differences. Only when the two basic requirements of morphological
differences and genetic differences are met simultaneously can the essential goal of diversity be realized. This
delineation also allows for the existence of hybrids or back-cross individuals that do not belong to the two species
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groups. At the same time, as a conservation target, there must be an operable and relatively reasonable method to define
species, and integrated taxonomy may be an attractive path. Biological taxonomists should, on the basis of traditional
classification theories and methods, comprehensively utilize multidisciplinary knowledge such as morphology, genetics,
cytology, ecology, molecular biology and other cutting-edge technologies like DNA barcoding, artificial intelligence
image recognition, and modern machine learning, to provide more evidence for the definition and delimitation of
species. In so doing, this will allow for the identification of the most solid basic knowledge to support biodiversity

conservation.

Key wor ds: biodiversity conservation; species; individuals; species diversity; integrative taxonomy
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TR 2 A ISE 255 R . 20024F, Tautz2(2002,
2003) S EP AU 1R _E 42 T DNA 2R S A
2 20034F, Hebert“5(2003a, b)IERIEH T“DNA%
JEAS” (DNA barcode), F1i 2o bk R 41 ta =
CAMBF(CONEEA Fr B AR MBI FIDNAZKIEID . 1t
J&, COlHH T-1E ) Bl I R I R 4F (Waugh,
2007; Kwong et al, 2012), $AEABIYIHIDNAFRHE
KA R IZ N . 2005411 5, DNAZKIEIL
5] NAEY) 21 70 (Chase et al, 2005; Kress et al,
2005). HTHEYIH R R A R R 5018, 5
VIFPTE R FR A 55 5 SR R, e 246 75 AT FH - SR A Jik
R4 forbel . matK . trnH-psbARI R 3 R 41 TS Fi
B ILAE NAE Y FIDNA 2 A LS Bh A 4 1) %
7l (Kress & Erickson, 2007; CBOL Plant Working
Group, 2009; China Plant BOL Group, 2011). SR
DNAZJEAS IR A 1 2 B8 5 H AR b 1 1)l 75 2 f#
e, Lo, Gt R R BN IR RE S R AR MK P B
S0 B IS B T HER 0] A DNA & T AL
3357 DL S DNA Z% TR 73 24 vhoih 465 1) (04 1) 16 43 55,
R EMIRSZ B T 1% 28 A G, Rl
N FE AW AR i E X (intrinsic  biological
essentialism) 1 3 58 Z1 47, A ADNAZK RS AT
DA LA S8 e A o 32 S T R, e ke JF A A o g
TR REMRRER) . ABATTIACH, DNAZKIERSA] LAE N
YIME— I, SERIIAR, BES S BLAIAT NLERT
WA . IRZIH . FeE i g, ik B &6
TEXBIPIFh A BT 3 (27, 2016). Toil e MR
NI 2E A SR, DNAZKIEILIEA K% 1 i
TeiE R, AT R HH A K SR E
EHAEH, ZENHE M DNAX I 54511
FRTTIEMATRS, 5775 (integrative
taxonomy) A BE A A& — 2k LU IRCG BRI R J gt i

MPIFIE & ) R R RERE, BARAATMANE
MRS T AR PRI E S, G 5 s A B RS 5 |
R ZER. . RERE EEA. INBIEES,
B2 FRATIE A — A 78 35 I P Bk 8 R0 AR X 58 3
I EHR TR R, KTV F UMK 5
R1 550 A M1 oW = I T SO /P b S b i o

FEr, BATA T GEAT G0 — AR HE S X 23 Ab T AN [F) 73
WHERE T BT A, AR — AN AU
Tl — AN PR Sk, Toi2: 58 4 UL IC T8 3 AL A S
B TAE(GKAE, 2016). FATADUARE, HELTWREH
FATE AT D SRR S, 152
“E I FYA M, b E ) T A
IR 2R, DAL TT AR 3 8 A AN 7] f b o 18547 8
AFEE2IE, JE T AT SR 2, (HHAZ ok
FFMIIZE O, FERPER” (RIS, 1984).
PRI, 1 AR AR R T X T A2 AR R T,
YIRS EWE M A2 RSB, HAFAT
T MNARN . BHIREA NS, THZE—4
FIERAE . BIRR R RE 3, BI, e AR 2R
PHIEIEX R

TESE BRI AR 2 FEE DR SR B, AATTARAEAR
TV E RN RIS g . Eetn AATTAR 4
YIMh 2 FEIE R E S, B AR S DR B I %
JE3ANBRUE: MUREME, WifatE. SV, IX3AMbRE
IR FEAR AR YIM, AKX 2R ERE, 1ER
Y, PR R T AR ANRE? S kAR
Kk, A — RS n) @ 55 200 AN [EH
FRIE R R B TFEN? MMEAZE—IH
S8 F(natural kind)? PIFPHIHF a8 2 75 T AV AME
IR 752

TESL BRI RI A 7 S b, PRk (R M AL A 1
BN = TR . MANMAFNYDFb (1] £ FE SR
&, EMEZFEERT P — R (ORI IE
“UIFI S THEBE R, Q)R Bfa it
e T AR <A, B) PR BISE PRI 56
TSGR A, (@) TR BRE A A < AMA L
e TR AEBRSE I Bh AR R UL, YRR
FIE NN m T AR RS . — N85 AR
BB S — K, SR EARR S E IR
AKBIT, AR TT . Y 2R
PIARAS H bR Z R0, LR YIRS KRG Z X
TR RN A dr Z R 7, 1AM A3 Bk A
TRz .

i tn, 3 B E X A & B S (National  Park
Service) ¥ 7E LW T B H & 9 TR 1% SRR U
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& R FAL Z M (Dudleya traskiae)ifi % 7L H R
T, DRI L S O T2 A SR o A £
2 B IRAL 2 AR (1) 32 BE R 36 (Primack %5, 2014).
EZE RIS L, WA RS, KEA
KGN FL (U, S. Fish and Wildlife Service)
IR 48 JE W1 2K 555 ) & (California Department
of Fish and Game) &4 T i R L 1) MARER 2%
(Malacothamnus clementinus) . “k 1# % (Castillgja
grisea) il Z242 1£,(Del phinium variegatum) %3 F i &
T 1V 3% B 4 59 % 12,000 3k BF 1L 5 (Capra
hircus), =iz )25 LU 4 )P HE 4 25 (the Fund
for Animals) AT i R (Rolston, 2000). 7EIX P54 41 1,
— R S AL P B ) LB A R L — A e A
PLEEZR BT RN EE . v, W
SRR 2 A S T IEm A A NME R 1, H2,
BAVELRY TR R S 2 5 B B X PG X F—
AN VIS A Folt (0] OR3P K B B 5 — AN B AE R R A
1%, BEI SOZ AN EL 52 FEAR 22 52br 7 R 5 hE 1)
Fse NEARRMF 2, 1A 2 WayF iR &,
B 7 Pfa P EIX — AR b, MUREE b S MR 2 DA
NERIFI A N AR AE R . WS HE BRI R E,
XU JE A B AR S35 1. BARTFRA Y
Nl SR AT D2 1, BT 2 0
AR L SCEREPE AR IR A A, 4
BATEMNTHE G LS5 E R H BN REDY)
FRF, Ao B Bk B R 540 B 7 T )X E RS .
MBI TE, BV MRS RIE A fF
B R, AN AT Ao 2 — N
(class) B B2 B2 — NN BARBR A ALY,
UNGhiselin (1974)F1Hull (1978)IN A, YFARE HR
K, BNYM 2 BRG], Pkt tl, PFhf
HARBPTRLE B B IEAR S, PR A AT 1 S R f A 44
Wo “PIFIAMEIR” %O AU IRV B 28
AN (natural individual), HEER2 UL, RGEAIR L
TR A E AR, A PR S FAb i 2 TE]
TEAE R BB R (GE [ 22, 1994). 1B, Hull (1978)%f
AR AR RPN S I RS A I R, DR
by B P A AR 1Rt 52 B & RO 0 A . Kites F
Kitts (1979)ftbH#1 21, ¥ A& & AN A HLAME Z 18]
KANMEAED N EN TSN Z F KR, EAT
FANBE B WL 1T AL e A, 9 HL, PfhaT

DASHST T AE AT AAAE, ITITAME A AR P 356
TRFEBAR 53 A0l 2057, B, PRhsiAs 2
Hull T FR AR A HUARMA o Hull (1981)H) 57—
AMSUEER, BESRPFhIE I7 s 2 1), BESR A A
PR MEAIL FHA FFALR . AR 5 HAL
PR DO P AREAIE, k2 AN B A SR R AR5,
WA, PIFERAS R ERAR, T2 WA B AT
FhEOSCERIANMAE. Xk, Kitcher (1984) 58, LA
W D7 S E S L2 I 2 R ] () SR 75 e R
EARSEA O, BN I e AN S At 42
AELER, b T B i b s s =451

IR, RTAEWAES P Z 8% R AR
Z RERIAEFE, EinKitcher (1984)F1Dupre (1981)
PR TR Zotie, BRI LURE V2 A
(RVRFIE 25 P A B TR S 2, AR 1A BRTR A 13 R
— MR R T T, AR BB RN
(P Fh e, TR A0 FRATTHE BT SO P E & 1) 7 e A
b SRR, WA WSS AT LI
T2 5 A R FH 75 SR o XA BE U, b 2 5
SCAEERL 2 B T Phik, tEIIR R 5T G
(PR 1E B SR S LSRR AE, IR N AN 732K
BIG). [RIFE, “AME IS RE S LR Y N
P AEE G . LidgardfINyhart (2017)1E4H A
T AP RN BES, I SR I K
B8 A BIARE 22/ 240, IXEEA[R] (1 br
J&o~ TAEREDAR BRI R E M, H 2 T0 R X)X £
B Q] B A B A0 AR 2 — AN — S, %
FIMES 2 AT, e dEEAR B A <5
PEAE? < FEAAE AP EE . X AR
R R FATR & RS2 L RE R AP H
SCAFAE R AR X W R BN h SR S RS
TER I, BE HETUIR AR 2R A R,

MACERTT TR, AP 56 T A 1) J5 T xf
PO ARG AR 32 OB AR B T B R BRAR .
WEN AR F AT, A1 R 4 1R L3
AR, ABRAATIAN, RS IR T
B Singer (1983)F8 Hi, “PIFf e %A BRI SLA,
DAL, WA AR S Y (1R 0 B 51) 1 2 2 Ak
357, Regan (1983)IRFFA N, HhATAT I K
BNIBCRI L2 R T A () 38 BB AR AW A0 <A Fh
AR, BRI AR A AS A ] 4 P AR 0 AT Ao
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Rit, BFEXNAELFHETECR]”. Feinberg (1974)tH
[FEIREFE H, “— DNEHAAITREA (S, Wy, FRaREk
MR KR G R A R &, (HXAFEA ]
REA R AR, R S8 A Rescher (1980): “IE
AT S E A TR a ), (AR EMEA RS
AR w; AR EAR AR BA A LE F A (14 e
TR A TEE L . B, RS EA R —
P ) TP TE A 55, TEAE 55 KRR E T4
Ao FETEE AR [ — MM — N R AR
W2, MATERRE — M2 ORI A ANSEAXY
VIR BRI TERE XS5, BUNYIRA R — A sidk
TEAE, VIR R 25 A i & SRR 25 2 F1 . Regan
(1983) 8 w48 7 — AN AR S Kt — M MNET
FhHEECE T R A AR 5P & T Wifa ¥ #h
IR, 2518 — DM PR T Frid B 1
T KT )G H A MEFET Bt 4 3 s, B
LB R T E L2 J5 #2032 L
W, IBAZFRATE - XTI, Rolston (2000)3E4T
T BN RIS HEVE, AN, Toit e WY S
FEiE R AR =M EE, b, A RAME, Z3AD
PRI E AR AR < NEPAZRAFH, AU
EREES S LR BIM, 2R, s
VLR T SO FE,  BARASDRAF IO FE 1) =4 ik i
WM MU, RAWF, mAZAE
At R, R R, A
Wt H A i ISR R 2, AR R T R
IR R IR PSS N/ e N NE S S

To ik R BNPIRRL 3 12 DR Bl e i,
SIEARBEA it S v SR o W RS FE S R )
5%, WREIVF 2 NG, fEIXEG S, BT
THI FR B 15 2 e o 5 2211, FLIR A 2 A0 B 7 1 1)
TF. B EZRE T WM i 4, XAERTC
O RPE M. T % 0T LU I 2%, R Rh]
a KT AMEF R LR FEFEFA R AL R0 E X
S E K AR FEACD BT, R, S A
s, WEKREET: BSiE N EY 2 R
HARKI“VIFMER, T AR R RAE TN #Fh.
WAL I 2. RONAEY 2R R 1 A
IE BFRIEA AR B — R IR, B RO H S
SRRV, X TWIRRT E, HX SR i 2R
PE, A PR Wi U, W20 e — A il 8 4E

IR EER), MG AR (IS FE_E (1 ESR )W h
S SCE TR RS B G, 1T T8k G 1A 2K 7 R 11
YIRS AMA SR REEELE S b (R 25,
2016; MfHERIZEES, 2018; FK3EIE, 2022), HA],
O ) AR R R Rl R 42

gie BIMRiR, EBEWZOLILIZ: YA A
MMEERA T LEM Z AL ORY BIHE A 5, X T4
AR SR S, ATHHER H AR 2 Wi 2
T AN A2 4t G B 0 ol A8 2 B L Ak 1) AR A Ak
IR, DIBRFIANRATI IR 2 LW 2 A R 1) B 2 2
R, BATZ AR FIES — /1, HA2, 4G SEbr
XG5 RIS, IATERAT I et sk i st 2 DL 2
FEVEAEARA B AR, A2 U, R Fh 2SR
BL—ME Y YRS LR R AE Y R 2
FEYEAT, I HiX—MESIe B A TR, srig R
AT REIRD> PR & 20 B i R I I = . A A
BCE YRR Z AR B AR R, VR RS R4
b Db 202 37 134K (independently evolving unit) [ 5.
JG, MEASREX D, WEFEEER. RA
(] B 6 A2 T 25 SRR AAE X 3] F1 T84 22 e 3K R A A B2
SRA R CMRIR Z AR IX — A B bR. IEW/ERTSCHE

VIEET S, 1A SRR S B S AR S R
AR IR o AW R R BCUEAL G oy R
S b, SRS B, 4l
LR FE BT EYEEZ SRR R ETIE
DNAZTES . N TR RE U BLARHLER 5 o) 4
WHEARREBEGEY DA, R AV R FAAE G
AU (A IR S A SERE AR ST 3, Xt R E IR £
AW 500 LA — FERF I (I 0 5%, 2022).
AN Z AR T, YIRS 20 K B =
K@ (D) PP FII SR 2 B, (2)FE L)
FRELRI S bR B BN Q) ERLERDT
FRE SRR TREZ R . MWIRIEZTHRE, B2
FLLE R 22 W0 B P R 22 A 1 1 3 it 4 B AR Sl 1 TR
MG e AR S PRI I G, DU BRI T 2 V0 Fh 2 4
PERI AR, HETAFYEE, MIGH T REMMZ
FEVE AN R & 5 0PA0 77925, DS [ 77 TH AN [F]
R Z B0, L A S TR 2 e
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YIRHE AT B TP B 2 ARV . RN 0 2E A R A 2 4
Y. VIR Z LN RGUR B &R SE(F L5, 2020),
TEIX LR Z AR G, W BIRA EEA E
M —RAINAIPE 732K % E RPN, ANFE T
VI B SE X oy B L S X oy FEA B
SN FZ ORI I e S ), NARTE MR M fE RS
B AL ORI IR B R A — S, R
FE R T RFERE AL 2 SR Bl LU IR S A5 AR 22 3 R
() Rl T B, AR AR . X PR
I FED A W 25 7 52 B 1) 0 b R 4 A0 o 5 G <7 T
Erh A Bk, T S EMEESRER,
TE S BR TAE o U B 2 50 & B . L
5K B D% 25 (201 1) HR 4 TUCN bR X o [ 2,177 Fh 5
RORIF T AR EAT T VP, RS ARS B K —
PR AR G R EAT XS B, ORI 2 AT
BN A B AP 162N R BT A
NTESELC), BV N (CR) PR R AL 5 K
B R, B e S T — R
Wio BT — U 0 (R 4 8555, 2023) A3 H 17 384l
SOES CH K E SR B A S 4 3% ) A A%
R B Z MAEEE B EZ A —8 Xz RHE
T — AN A WA SR YR
PIARTECEE LN, 2016), fRIPIFEZ SN R Z,
Bk T YRR R PR DAAE, IEH S5 0 K&
EHRMESE, M ERE K,

LRI TR AR N LRI R IR R,
WFANGE I SR R T e R, IR A R LE
328 FRRPERR, AT DARYE HWifa k. SeA M
SRR 8 ORI AR B 5 0 an RIRAT) SRR 2
A FHRFIRTE AN 20 S P F () B A g TS A A, S
2, FERE DRITRT SR il 75 2 70 2 25 RE g Ak 7,
SERAE &R R i 58 5 B %, AR
St PR AR S b AR 2R . N2 R 1 L
VIR Z R B AR R, RITS TSRS,
TE G 4 (2016)7E 3L H SR, TEYFh S E i,
BATFE R E BRI E7. IEEEA
F e IR AR R AL IE B 1, R S5 501k
(a2 75 5, IS BRI REA G — 1AsiE L&
SAF R, B AAREER R AR R
— AR HE, YRR R R,
WA — AR M S e Tk, TR

EHRIEHRER S 77, B TEASHERS TR E
IIHTS R T B T B AR b, DRSS
RIRAL . &R S Gt AR o AT 5, Rl S sE 42
BETE 2 1 3 AR, A R S SE bR o R ) %
Al NI, A G 44 20 R B 1 A A AN
R 3 As TS bRA W) 2 FEME ORGP A B B 2

55— AN A R R T A e B o P R I A
TAE. P TT016) B 7 kL, (hEREA K
F) (19914F) R i B 4 PF SE bR B IFA R —A
Y, a2 AN A E R K AE B 4 P (Paeonia
ludlowii) A4 FH(P. delavayi). W\ SIPE FF, B 2
WA, JaE R, NEERIEE, A& S rE
W, Ja SEPURM N B WA, B A gk
2, A ERE, EESAMIAEETZ. Bk, K65
FEFEA S AR RS S, A SRR TE IEAS A e 1
TP IR A Sl R E A, 152 2P B M
TR

5 AN RO E T R SR B AR R
B M4 {¢(Mussaenda anomala). 19364F, M %
G AEAE HP I TP RRE L GRS A, HF602
SRR A AR BT AN R IS B NMAE, 19994 i SR AE
(H FE SR AR FOIEE /)T, ER 1
9, FERIE H EREE L B AR X AT R Y. (2
JE KRBT K I, 5B RGeS bR b W
#h 1. (Mussaenda  esquirolii) i B /£ /™ /K (Deng &
Zhang, 2006), iX &R “F A RS X AP
FHAEE . WA, WER AT S 2]
TIRAS WM IR IR RR B R, A e
7 RAH R B S R, A SRR .

¥ = A K B2 B JERE (Cimicifuga
nanchuanensis). X & — IR 2 FEAEEAEY), B
R (Cimicifuga), HARZERA RS2 H M
. HHKAKKRUR, —HBPIAAZ AR,
A 3 A A B E T R )1 X & 1L X 441,700 m
DL ERARS:, sy kb E A BaEY . 1E
20t 20904, R I R R RGRFERE N e f5 1542 1
22 PR LE LA el ] P PR R ) 1L R 1T 5 4 8 4 A5 A
FE . {HZ, Luo®5(2016)@I LM F ARG %%
WEHE R I, T ) RRAE [ P e X (PR . = R A
VUNDI iz 004, AR TT YRR M, AR 51 i
fEF
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55 D0 A~ Z2 48] 2 8] &) A1 K (Cupressus chengiana
var. jiangeensis). 7EDY)I&I[ & iEH, A —H1k2,300
Z 5 WA, W20 m, B aniA i, SRR
BEEE, Runba R, Raprm®. BT MM
A, EHEE P NIRRT T T 2 S8 R IR K K
A J& (Cupressus) FIHT R, & RAE (Y 243D,
HWIINT (HEEMZ VL O K —m S
M) (201399 H2 H)HF I E(CR)TEL . 2014
TOFEAR, BHALHE S 2 UOHAT & FsLie, (HIRIRTG
B, IS EAIA SR —E, &2k, —
B DR S 758 & 5 & — TS A e Gl
BEE AV R RERK R, Flk RAKRE
JDNABAR N, il i — I 7 0, Sl Pl AT
KRESEBR PR IRITAAAR SR R AZEAE, A
& NHT R (Xu et al, 2010) . FIXFER 448 MK
A N —ASE I FR, T FAE A, EARY
J& (Rhododendron) £l == Ak A 6 L

TX e S A SPAIE B T OE A S e AR 43 4 el i)
TP, 75 AT BE 22 T I 3 E i AR 3 A 15 2R,
GG B AR 2] TR B R
W, X RGIEEIRZ . 0 Bl S A&
TE—EFERE ] DLBE X e L R A . B AR
XER IR, TR BT, SR D
W KEAZ MG MAZE TS5 HIEEMIRE. 55—,
WA TEASFHIE X A TESRHEX B ZRE 2 5
B 2 MERRIES G2 5, FABR 584k,
HR AR Gt 2 5, anin R A8 AR
fH0L. 28, WINEABME ZE S . WIFI IR OR o
A FAEDNABEE R L 25 R, B iR g%
S0 AT SR T X GO TS AT LRI 4 R [ ) 3 A% B
B, MoK . IUA B LT B YAt &
V) 42 B0 AL B Hh ARG — i, X R AN AN 2 (R 7E
PR A A BT b e — AR (R AE DS, 2016). SlSZEEA
10388 15 5% G B 119 S 35 AR R A7 A S R R 1) A
FARG S, B UOAR ARG B S bR bR gL oA i Rl e
i, ALK 5L AR B R A 2 JE R B 1 100% AE 7
RS, T ol AT 110 2 B 2 A R 0 A 22 S AR PG
Tl (A B B SRR P AT A 2 . XA
IBEAR 26, B {E FHDNAZTERS IR ARl B 75
T L . ERXPIANKAET, Y0 B e AR 25t 5
2R P E) B RT3 B )R] (0 E AR FARAE )

KB A ) 2% A2 ) B S W MR AR AE, BRI A
J&& T AN WA AR 110 21% 5 B[R] S8 AN PR A7 AE (K1) 2
42, 2016). W2, 1EVIRIFN R, BEEK
S Ho 7 346 B T (independently evolving unit)
Rz, 50, S50 & SR R M LA . (H
KIEAR UL, A MRS R MBS R, ©
MIFERAER RS, H 2 570 s itk 47
PLfe iy, eI et EEMEL A AR . [F
H, MMM AR B R, R HEY
Tt 7 E ARG T R A SR, B, A
TR B AR 2 s A% AR A AR 2 FE A

AN, BRI VIA AT B 0 RAFAEBOR
PRIME, (HA] BLSG b B & 2R OR 40 H s i e Py A
KA GAIFR, £G4 R EAR4E T T X
MESHEAT RS, MBI AEASRHE. B Z2 R, S
(DA NS GRS e S AR PN
Al RE B B R WAL T AN A 7 AL E R X R, DA E
FOEAELRAP LA S R B o DR, AR
R FI AR TR AEM PRI R G EH 2. AT
WEIT 1 22 (1) 4 K59 X 2 5 B R4 AR W 2 1) SE bR 1
ek, Ak, ORIV FA TR A A5 17
WG FEA A, PN B & B (0 A B2 )
WIRTT R, BIRX AP AE ] DLE — @ R L 55
EH A e SR SR i) L5 JR) FR, (L2 H AT AT TR
PNEZ LTS TRk NI s Y s S ES R TR
BT I B A LUIRTS, Rk, ZET-HFi =ik
LRI TSR AT A=) 2 AP ORI R B . FRAT
JNEEAE B SL AR 22 FE M OR3P B A48 BB 0 7 1)
FEA b, EESITTERAE R ARXEA B A R AR
Fe RPN R FR, A Re G 52 bR AR R
5IWNEE, Sar RS T A2 R Sk .

Bust: s+ 2 X F 69 Hugh Possingham# 4% &
B BRIE I 18] A AR R ENAR Y A AR, R
MEE L FAERBE T EHERBOETENL,

B3Rk
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