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Abstract: Tropical mountain ecosystems are vital repositories of medicinal plant resources, and understanding the alti-
tudinal distribution patterns is crucial for sustainable resource utilization, biodiversity conservation, and research into
environmental drivers of medicinal bioactive compounds. To elucidate the altitudinal distribution patterns of the me-
dicinal plantsin Wuzhishan Mountain, Hainan, this study conducted quadrat surveys across different elevation gradients
(low: 200400 m; mid: 400-600 m; mid-high: 600-800 m; high: 800—1100 m), documenting 447 species from 260 genera
and 99 families, with angiosperms comprising 93.51% of the total species. Tropical families and genera accounted for
83.35% and 86.55%, respectively (excluding cosmopolitan elements), while temperate components increased signifi-
cantly with elevation. Angiosperms dominated across all elevations, whereasferns, initially comprising only 1.80% at low
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elevations, increased significantly to 4.79% and 6.50% at mid-high and high elevations, emerging as a key group. The
comprehensive importance value of the tree layer exhibited a bimodal distribution, with dominant species transitioning
from tropical at low elevations to temperate transitional species at high elevations, reflecting a tropical-to-temperate
floristic shift. The shrub layer’simportance value fluctuated downward with elevation, indicating a synergistic response to
the overlying tree structure, while the herb layer shifted from shade-tolerant herbs to medicinal ferns with increasing
elevation. a-diversity analysis revealed that tree layer species richness and Shannon diversity peaked at mid-high eleva-
tions, aligning with the “mid-domain effect”, while herb layer diversity peaked at mid-elevations, with Simpson domi-
nance significantly higher than in the tree and shrub layers. g-diversity indicated that tree layer species turnover was
driven by hydrothermal gradients, whereas shrub and herb layerswere primarily influenced by microhabitat heterogeneity.
In summary, this study systematically elucidated the vertical distribution patterns of medicinal plants in Wuzhishan
Mountain, providing a theoretical foundation for the conservation and utilization of tropical mountain medicinal plant
resources and insights into the environmental drivers of medicinal plant quality. Future research should focus on eco-
logical factor analysisin the mid-high elevation (600—1100 m) fern-rich zones.
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Tab. 1 Basicinformation of plot types
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Plot type Elevation/m Number of quadrats Longitude Latitude Aspect Slope/(°) Slope position
(5273 200~400 15 109°25'1"~109°46'16"E ~ 18°49'58"~18°56'44"N ¥k 25-35 i
R 400~600 22 109°25'28"~109°46'00"E ~ 18°56'42"~18°46'20"'N ¥k 15~25 il

R K 600~800 24 109°27'36"~109°45'48"E  18°56'70"~18°46'20"'N  ZR¥k 5~15 s
R34 800~1100 19 109°29'30"~109°41'50"E  18°50'24"~18°54'26"N  PiFg# 25~35 h
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Tab. 2 Species composition of medicinal plants within sample plot
o # Family J& Genus Ff Species
ity - " .
Number Percentage/% Number Percentage/% Number  Percentage/%
WRAEHLY) 12 12.12 15 5.77 24 5.37
Y WY 5 5.05 5 1.92 5 1.12
Y TR 73 73.74 212 81.54 381 85.23
LTI AE ) 9 9.09 28 10.77 37 8.28
Bt 99 100 260 100 447 100
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Tab. 3 Floristic composition of medicinal spermatophyte families and generain Wuzhishan Mountain

O3 X 2 A B} Family J& Genus
Distribution type #riE Number (5 LL Percentage/%  %(# Number % [t Percentage/%

1 oA 15 7

2 34 47.22 62 26.05
2-1 B U AR 56 2 2.78 1 0.42
2-2 FAHFEIN . A H R RE 35 9 R] 2 2.78 1 0.42
2s A, FTEEEER 4 5.56 0.00
3 AT S AT 35 DN 8] 1B 43 A 7 9.72 5 2.10
4 [HtE A 3 417 28 11.76
4-1 P . AR RIS EE I I 0.00 0.00
5 A I 2 HA R 4 5.56 32 13.45
6 I = HAr IR 2 2.78 17 7.14
6-2 AV IV YH A 4R 3 ] b7 0.00 0.00
7 PRI YN (B - Bk PG ) 0.00 60 25.21
7-1 JRME . FERLRER R B TAER . PEEE 0.00 0.00
7-4 W 2EM 0.00 0.00
7d 2430 X IR B HLNE 2 2.78 0.00
8 duifH 2 2.78 8 3.36
8-4 LI R R TR (A Al ) ) b 6 8.33 0.00
9 ZRME AL 3& Y [i] Wy 1 1.39 3 1.26
10 [H1H SR 0.00 0.00
11 PR T 43 A 0.00 1 0.42
12 W HREIX . PEEE P 0.00 0.00
12-3 Ml rfifgE X A . B U I PR R 3% W I 0.00 0.00
(12)s.s H F it X Bl 2R b o 96 0.00 0.00
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14-2 hE-HA (S) 0.00
15 HE KA 8 3.36
At 87 100 245 100
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Tab. 4 Species composition of medicinal plants across different altitudinal gradients
¥ FAEY Angiosperms LAY Gymnosperms WM Preridophytes
Sk i 24 g " " "
PRI BE gy MEC N R MEC N R MEC
Altitude Totd  Nymber NN ber NUmber Percent-  Number NN ber NUMber Percent- Number NN ber NUmber "
gradient SPECIES  of fami- U ot ope  agel%  of fami- o P of spe-  age/%  of fami- o P of gpe- oot
lies of genera cies lies of genera dies lies of genera dies age/%
[BRGZ7 167 57 128 164  98.20 0 0 0 0.00 2 2 3 1.80
rhEER 245 66 157 233 95.10 1 1 1 0.41 8 8 11 4.49
rh R 292 71 175 276 94.52 2 2 2 0.68 8 9 14 4.79
e R 246 66 146 226 91.87 4 4 4 1.63 8 11 16 6.50

TR R R AR AR F, TR, R, M A ER .

Note: Due to the presence of the same tree species at different elevations, there are overlaps in the counts of families, genera and species.
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R R FE ], AR 0.199, UiHHEA)Z
Hh R S 5 R0 R T R R Sy e v A AR 2 I
Fit, 25 BRTR, B Z 25 FHAEY) o3 A FEAE A 7EAR
TR AR BB AN 3, ik & 20 1 (E
X, BEEEATE DGR I, BA)E B
(B0 PRTE S il kot A E A R
JERB RS, SR AR Bk



124

WRAERKSE I Ui LA [R) TSRO B 24 AR 20 B 2 e A Rk 3065

W As (Arytera lintoralis )
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1 AREBRFTEERLAEDI SUMERZE
Fig. 1 Important values of top five medicinal plant speciesin tree/shrub/herb layer at different elevations

2.3.2 R MM AR E KL B R LR A T ACH A
FAE L2 A P R 2 R v PR B A I S T )2
PRy SRR T NZS (B2 R UL . TR AR 2RI IR D
P YRy 35, WNEAR BRI 2R,
R LSRN R L RS RE, anpe v B A
N RG0SR AT B W E R, EIE
BhL 8 X R AT T B A3 B T AR P T A
P BEARJZVLAFE T = 2 PR AR, (R
PR B M2 o 32, TRk o L
FITEE P G 2 5, vl v VAR v A ) LA PR S AR A
WO USSR, T Wt o B A g 4 P i 3
TR BAGHER LUUT MRS £, BEE R T
FBRISOL N S, R LA R R I N 5y

F, PR MEEEN SR ES, W
LRGBS . AR RS 25 A EEAE I
K 2, (RSP0 EE R4 s IR B B X v 1 i 2 1
M, FRARJZLEE EEH 20, W4 R IK
VAR R AR AL, 48 7R BT 1) T X R U
TR 2 B EAE W IR T = e R B R B s 18 7t
o, SR TR AT 2 250 B P R R 5 R R
WiV B T e 2 0 sh =R SE R IR TR B, TR BR
IR SR T A B A

233 TR BHEMENFEFEE o ARG TIH
e RFNFR TR R o ZFREMERR BN 3, C
WKL, TRAR)ZFEAR)Z YR & R4
BETREARZE, KPR mh &gk e ARz 1



3066 o AE A F AR

% 46 &

-m - TR
SRR ¥ N
g 008f A FARE
53 u ~
2 006 | RN .
: . S A
g, iy NI ®°7 oo
E 004 R B
o
[
002 |
0 1 1 1 Il
MR PR PRER BiER

WERBE Altitude gradient

B2 AEEBREVHEZFSEEETK
Fig. 2 Variation in comprehensive importance values of
plant communities at different elevations

Margalef ¥)M 5 EHEE (R) BABEZER, |
TR SRR . R AR ZE R A
F25 (K 3A ). FrAKJZ Shannon-Wiener Z 4+
PR (H) #Erh i ik b B B, BEE RS
FEXE IS ST G B0 RS SRy, HERJZAE TR
IR KA, Wi TRE, EAZREER
b e R sh s A, H S5 I 2 NgfE,

TTARE SRR = BEAR

a 3.0

a

TARE AR = EAR
a

a

MR S5 I0EIR . T EIEIR N REARZR HEEA
F2xS (Bl 3B). AFEEFHRME T, EAZH
Shimpson JL#EFE% (D) B EE K TIRAZH
HERZ, USRS RS, AT EA
ZE YR RAEHAERKEE; e
EER AR ZE DR A R E R, HARZK
D T8 bfig T m A2 A (& 3C), FHAJZ
) Pielou Y21 % (E) BERKTIRAZEMHE
KRZ, JFHFRARIZMEARZH E fa8bE 5 &
AR, RER S iR . m R AR
JZ E 8% B A 18 3% 22 (& 3D ). Simpson diversity
ZRVEIREE R — IR T, ARB&RK, EAR)Z
Wz, FARZEN, H AR ek
FrAJZ Simpson diversity ZREEIE A BEE
5 (B 3E). i Lk, hEigk e RE M
X, Margalef ¥ Fh -5 4% (R).
Shannon-Wiener £ #£PE+8 %0 ( H) Ml Simpson
diversity & 807E s iR AL YRR, RIS
R A TR B A, BEARRLE DR
Fw AL, (R TC AL, BN S,
AR ZE A i R0 DR v 3 bR R

g%ﬂiﬁ:—' S#HAE = EAR

0.30
0.25
0.20

Q015
0.10
0.05

HEEALY Altitude gradient

AR SH#RE mEAR

a a a

WERERE Altitude gradient

WHRBLE Altitude gradient

WHRFLE Altitude gradient

B TARZE AR S EAR
a

Simpson diversity $5%%
Simpson diversity index

WEHRESE Altitude gradient

ARG FREFRIRA R R — 28 2R 22 7 235 (P<0.05),
Different lowercase letters indicate significant difference in the same spatial level at different altitudes (P<0.05).
B3 ARBRFEER a ZHMEREY
Fig. 3 a-diversity indices across tree/shrub/herb layers at different altitudes



124

234 FRBERBEEEE L S TACH
AE TR 25 R T A B T AR R BE T i
RERZH R, NEBRITHER)Z p ZHER
PCoA HEFFUNIE 4. Fr K2, RIS HALHE R
FEHLE R BEVS7E PCoAL L5242/ (kR
9.66% ), HAMRMRAYSEENE, Kbk 7z WA 1)
TR X AR A B AR 2 5 BRARIEEIRAT , LAy
WHEMERIRER M AHR R, MRk Z A
FRARME , U0 B AR SRRSO B2 ) TR AR P AF A —
R, (B TESR S e ) 22 55 B3, vl REIA
T AR BOE SRR, RIITRARE 451
Bl IE AT SRR AR AL, P i A S DR A P
559, SR . MR GBI A G, A
A ZR G IR BB 2 I K PR A A R OB B A
b, BMRER R, SRR, R
b A SR B AEA T . HEAR R P R M
KAEA P = MM 2 S, ATRERIPE AL
FIOK 3 (38 REPERLSR , A AR SR B0 23
SRR AR 5, R e R R s
POUH R, WSS IR Z RS a5 AR E M
o T AR SRORE I o F e T AR TR KRR AR 1)
PCoA Ttk , WIAES TR AZ 0P REA . o
ARAAFH 2 ICIRA 5C o i iRE A AR T RESE i AL |
PN SR 250 R SN, T R S AR 2 3%
TeARTEAHEF , YR 22 FARBL  PREE i +
JRRZEST MRS FARIA R
HEY 25 ) S 5o A, Hm iR SR E B K
TR, BT AR R R R v SR R S, W]
REGOIE , AN gk . L3R L3R Bk 5
BF T ATRENLIE SR . AR NERRIRE, %
TARZSHEARZRER . TP s,
R E A N P DZ 08, I, AR IR
A T R R TR A P B v i AT B A R ol 3, v
VR HAR ) PR A AR i 17 B G AR A P R S
Qi TR A 53 I R A AL AR X A iy A% 14 22 Ao
LRI, W AR AR S AR RAR A,
BORRAME L . i BFTR, B ZREEm N8
FERTEARZSEARZSEAZ, W “H BT
AR IR 2 B

3 it

31 FHREMMMHARREX RS
TSRO B

Y Z RS, IR AIEY) 447 B BT

WRAER S VRS TR LIS RV HR A0 T 2 FHATL 4 20 Wi B o0 A7 AR A1F 3067
KRR
02+ t-- R=0.135
= A | P=0.001
) /S m 3
2 S oAl Jisiers
T 0 A LR A
5 A Y - SRR
= 02t A y = AR
i,
04 1 |A 1
-04 02 0 0.2
PCoAl (9.66%)
iy N =
02 s : A .
' » andl +4 A:‘ AL A Roolts
s X I . P=0.001
LRy . A fRCHER
N A A A iR
3 A PRIER
& o2t " om u R
4
_04 C 1 i Il 1
02 0 0.2 0.4
PCoA 1 (7.93%)
AR
0.50 3
HE m
o -. R*=0.06
025t ' . P=-0.0‘01
5 A iR
< £4 » nt A R
é 0 - R
A = N u EER
A 2 AA
H =
-025F A4
025 0 025 0.50

PCoA 1 (8.77%)

W 15 7R 95%H {75 X 1]
Ellipses show 95% confidence intervals.
B4 AEBRFTHEER P SHER PCoA HEF
Fig. 4 PCoA ordination of g-diversity across
tree/shrub/herb layers at different altitudes

YA £5 AR B R A XL o BRZEAE W LL 1] BE
AT G, O RIS, XS
FOX i . 550 0AR T PR A P DIAR G, i
EE AW Co 0GR A LT}
BEIRAI ] o G R EIE AR I el AR ) 2
PR AME G 245 AT ST IR I O TE B . b
X AR B B 3 R @ . A RbE R



3068 o AE A F AR

% 46 &

T 83.00%, MR Ly Hirh, I A Al
(345 S E BRI PR
HRR Y 86.55% (BRI F IR ), TS0
T gE i, E R AR A6 B R b X
7 R W AE 25 TR R U5 AR AR S S Al o
iRl HAEIE S I AE ST | AR R A Ak o
Hr AR B R X R R Y — B AR
i, URAHE AN He (9 B BT S R, R A
] i S i VAR IR B 07 1 th AT TP SE MR (
A 2R AR ) SRR,
T ARG I 4 A M R e T i, S B AR
WO, RE ORI Rt sl o
D0 20 A0 — i) U [ e ARG 3% I T i Ay A
A SRR BT, T O R U S N TR 1 2R R
RS A AHIFSE R B IR IR B 2R T
FRA b 2 T4 A Y, o T g R AL X R
X B F 8 43 B0 v R A L bR T A B R B
o T B TR A 14 R, 0 5 LA 6 P 22
T 03 SR BT I A 5 ARRIEEER ) A B S
PEcRE EmBY . 2 ERnA, FAS L R X
REE P R (IR k) R T
A AL S M PR R ZR MR I G5 S, X
— R TR A 12 M X 24 AR ) 6 U5 B
5 SRR TT R A L S X A4 S K T
J X S P AT 5T EL A TR A B RS B S
BF5E 45 a7 1 3 BB E 1 IR S Ak S 4k S
M55 7 SR AR A M LA T, 98505 2 ) RS SR
32 (EBhBMEREEENXR

AT R B Z IR R B A 25 M, BN
TEPHE U A bR AR 25 R 45 25 R 77 AE 5.5 1 1
R R, WABEMRERTAZ . BWAEK
AR R G B, s R A S IR S B2 K
ENLRE ST, THE N X OGS MY . IR TR
KZLZBER T 5, BB RIS E W 5
PP Y, ENEREE X 28 i e i 2> B i
WA, oA R T B XU A A,
AR P A X R B SRR, X 5 R
TSI [ MO RTE— B, 2 B4R B R
7 10 e R 2 A A ol 1) SR K 2 A ) K
T o AR S S DR 9% 114 35 A H N 2 -
PR, BRI B AR, SR B TP IR
WEAR A A SR, PR I3 K 2 5 2 454 2 R
B B DI M ;o (L U T R T
J2 I A 2 % 1 2 T A R T ) B ARV

AJZ VAT A FA Ry 32, G 3 T v R S 35
WERT, AR DT . 354N
P ARG oK o X B2l B3R B 35 75 L S IR 3
HPPEOR SR, s R N S v IR 1 U o Je 2
HUR A, Hoor A Bess HO R Uk
33 BRHEXNGRAEY o« ZHEENEIN

BEEFHIE T E S YA = AR E . SRS
BRI 5] BE e B FE hn B AT AL R, X LE S
RE 5 A3 R0 S W AT B B v I AR B S O . SRR
fiF . R R R kA T, BAR
2 AR FE B BEVE AR A R B R AR SRR
SEVENS L ARG 38 75 B S [ Y A 1 25 JT L 1)
o ZREVETE H A S ENIE VPR RS TE B D SE A R
KA iU, SRR R 2R
(S AR o —2k, B R R et
W YFESEEX, X 5SS
1B—5, FFAKRJZM Shannon-Wiener 38507 i i
PR 1) BREE 43 A 5 T Lt 22 B M B I 4R T B
T 356 U P PR AR, L R R AT B e TR A K R
b TR R P R AE SR E S X, Y
FhILAr . WERZ Z PR T e B AR 1,
A RV A O 0 R 3 4 1) R TG M, T K el J2 I i
PO E A RO A S, S5 v R B A R
FARZEN a AR & 2 ks X8
fb, ZEEHRE ZHANG % CHUN %1
YAKINMOV 25U i g2 45 AL, %IME 54K
SV AT Hl DX A B A LA A B — B —— IR g
AR5 Bt v PR T 1 2 W R VR AR, A
Y [ R B TR B AR S, (H AR 2 A iR 1) B
FEE SRR, HARBOR G RO TR,
BE R E S M, ¥ARZE Simpson L # %
FRERE S TIRERZ, REHREEM EFH
BEE MR, Pidou ¥ EEFE RS, A
Simpson LA by, R ik B i AR
fRAdi /D E 2 R A Wy b A 2 2s ik, B BlA
JR S
34 ZHRAEY pEHEENEES RIE

JUE T AT B AT R B 1 AR AL
B M AR B —E S5 e, HESuEEERA, g £
REVE TT RERAYER TH 8 1 B AR, X T g ts
TRR R b DX PR 1 AR FH 38 5 A W b 2 O A O
KI5, 7 AR PCOAL il |- 19k 15 5 v
1 58 443 B, PR BB IR X 2R 2 Y 1) B 45 0 ok
ML, ERERD A BB e R,



124

WRAERRSE « T Pl TR AN R VR4 B2 24 FAR 400 2l B 23 A1 AR 3069

T A ol xR B I B, iR S P R
TR S T REIR T S e G vh T AU TR
J1, SRS Rl YA, BEARE DT
Sz ER, JUH A AR R R ) PCoA fadh
b, UL TR AR S 28 BF 4 i Ve 4 v B AR
SEPEARNRLS THAARZR . AR p 2R
BERENLIE T, R R R U, R R
Fitkw, HIEN A RER 4% . VY Sk IR 3 )
FHEENLAL S, FEORA p 2RISR M,
e AR A ) e 2 S T S W Dy I 9 38 B A
Bio FEARZEHEARE p ZHER K 5 0] RER
THISIGE N T I e PRI, ARAS b i) o A
PG EEAZ R, AR p 2R
ST Ry SR Bk oA s L OB IR AR Kt
e oy RIFAES . TRMERE R p A REPE XK A 1
L5 EMUT M T AR ZSHEARSZ> AR, TIARRE
NEBRGHEA, @)= 45 sl T =
VA, BT RE i M AL, BEAR RS
WS G ER, RS S R ERIE N, R
JEW A2 RS P S, A 24 R 2R AE ) 2
b RS, AR LA A R G R BT
st | Wrdh o A RO PR AL T B AR

4 it

A B 5 I E AE LLAN [E]VEBR JE 24 AR )
WS ARRAE , A5 LA TR 4518

(1) FEHh A il S 25 FAE Y 99 #1260 &
447 B, WA AE A5 R B o i A X L
R BRI 1.80%; BEGK T, 2k
R LA SR T, i RGA B 6 (E (6.50% ),
BN SRR PR IX R TR, % X IR B
WENRA R, PAFRHE KT 83.00%,
R AT B A3 BE VPR T S A, EIEAS )3
Tofs FEE S AR ) X 2R A BB TS 1

(2) FeARJZ ST A FRHE P[] Y5 A5 o0 I o
B, EEMEEXESME, R R X R
I ERRAE ; HEORJZE 5 RS 2 43 i e A3 N A
IRERERE AR , i py AT BA SEAHG 1) 25 RS R 3
M 1o, A58 6 B

(3) a ZFEMAETIEHRIREME, 56 i
BURNE” s B 2RI /R TR AR )2 A2 K AR B Fo g,
FZWRB A S S B, R A iR
PR o AHIFFT S $A L 1 24 FH AR 9 % U ) £
P 5 AT RR LA R A RS IS, O B I AR A

B 88 0K 50 A ) 22 R IE ) A ALY, AR 7 B
e AT R TR 2 BRI e A DX R B AR 8 [T

Sk

[ Emite, Tk, Xl dbadir] ks X e A 25 FHEY

X2 KN REZ HEE AT [T, PR 2220, 2022,
57(15): 1255-1260.
WANG L H, DING M C, LIU Q R. Floristic geography and
medical function diversity of wild medicina plants in Men-
tougou district of Beijing[J]. Chinese Pharmaceutical Journal,
2022, 57(15): 1255-1260. (in Chinese)

[2] VERgiT, AT, SR, R 2 kAT 3000
F[N]. B2 23], 2010-08-14
FAN N H, LI JL, HE L Q. Hainan collects and compiles
nearly 3000 species of medicina plantsN]. China Pharma-
ceutical News, 2010-08-14. (in Chinese)

[81 /bl MWty EE: % 8 HBIM]. Jbnt: BleE it
2015.

YANG X B. lllustrated handbook of plants in Hainan: vol-
ume 8[M]. Beijing: Science Press, 2015. (in Chinese)

[4 XUS EISENH N, FERL O, ZHANG J, ZHOU G, LU X,
LIU C, ZHANG D. Species richness promotes ecosystem
carbon storage: evidence from biodiversity-ecosystem func-
tioning experiments[J]. Proceedings of the Royal Society B:
Biological Sciences, 2020, 287: 20202063.

[5] YANG T, ADAMS JM, SHI Y, HE J, JNG X, CHEN L,
TEDERSOO L, CHU H. Soil funga diversity in natural
grasslands of the Tibetan Plateau: associations with plant di-
versity and productivity[J]. New Phytologist, 2017, 215:
756-765.

[6] YANGY, LIU B R. Testing relationship between plant pro-
ductivity and diversity in a desertified steppe in northwest
China[J]. PeerJ, 2019, 7: €7239.

(71 ok, TAh, E3E, XEEE. b E R REEY 2

PR SRR T R[] AEAAR, 2023, 43(4):
1563-1571.
YANG Y, WEI W, WANG L, LIU Z M. Relationship be-
tween plant diversity, productivity and environmental factors
at atransect scale in the dryland of China[J]. Acta Ecologica
Sinica, 2023, 43(4): 1563-1571. (in Chinese)

(8] HJr, BREAR, Bk, 25 I3 oy Kk 5 25

PEBR B AR CHE R SE[). 2 R BE E 2, 2010, 21(2):
326-328.
TIAN F, CHEN X L, LIAN Y S. Correlation analysis be-
tween geographical components and atitude of madicinal
plants and TCM taste characteristics in Gansu province[J].
Journal of Li-shizhen Traditional Chinese Medicine, 2010,
21(2): 326-328. (in Chinese)



3070

3 R 5 46 4%

(9

[10]

[11]

[12]

[13]

[14]

[15]

[16]

(17]

FRWFE, XV, FBICHT, kA, R PR
X 25 FIA I REE YR ZREPERT ST ). AR =244, 2016,
34(2): 200-210.

QIAOY L, LIUZH, HAOW F, ZHANG X J, LI F J. Spe-
cies diversity of the medicina plant community in the
Qin-Ba mountainous area of southern Shaanxi[J]. Plant Sci-
ence Journal, 2016, 34(2): 200-210. (in Chinese)

H AR, IR, BRIDES. WG 25 FAE ) A A A R AF 5 E ).
T8 P SR B 2 (L ARBL A2 RR), 2015, 27(3): 37-41, 67.
XIAO JW, SUN L, CHEN G X. Research on distribution
patterns of medicinal plants in western Hunan[J]. Journal of
Hunan University of Arts and Science (Science and Tech-
nology), 2015, 27(3): 37-41, 67. (in Chinese)

PRAE, HbA, SRORAT. BRIALH SR IE AR T 2 RV OB
BESHTI]. FREMREE B4k, 2004, 24(1): 12-16.

CHEN R, HONG W, WU C Z. Andysis of the evergreen
broad-leaf forest through the change of elevation gradient in
the north of Fujian[J]. Journal of Forest and Environment,
2004, 24(1): 12-16. (in Chinese)

HIE, IR, rleE R R AR X =R YR £
FEERY IR A R[] AR 2 REE, 2008, 16(1): 75-82.
TIAN H Z, XING F W. Elevationd diversity patterns of or-
chids in Nanling National Nature Reserve, northern Guang-
dong province[J]. Biodiversity Science, 2008, 16(1): 75-82.
(in Chinese)

E, R, R e n AR b Z AR AL

TR, 1997, 19(2): 171-176.

YUE M, ZHOU H X. Diversity of higher plants in deciduous
broadleaved forests on the northern slope of Taibai Moun-
tain[J]. Acta Botanica Yunnanica, 1997, 19(2): 171-176. (in
Chinese)

STEVENS G C. The elevational gradient in altitudinal range:
an extension of Rapoport’s latitudinal rule to atitude[J].
American Naturalist, 1992, 140: 893-911.

MR, Tk, B, T2, KA WAy
o ZAEPENCH AR BB BE AR (R[], A A4R, 2002,
13(7): 785-789.

HAOZ Q,YUDY, YANG X M, DING Z H. « diversity of
communities and their variety along altitude gradient on
northern slope of Changbai Mountain[J]. Chinese Journa of
Applied Ecology, 2002, 13(7): 785-789. (in Chinese)

EAl, R, A, R R IR A R BT R[]
THS 4, 2010, 28(3): 265-269.

WANG N, LI D L, ZHANG J. Research advance of surface
temperature change over Tibetan Plateau[J]. Journal of Arid
Meteorology, 2010, 28(3): 265-269. (in Chinese)

R TR A S I R B RIS 1T T Ty
FE[D]. dvat: o E R A F T REA RSB,

(18]

[19]

[20]

(21]

(22]

(23]

2023.

HAO C F. Research on meteorological temperature and wind
field correction methods based on deep learning[D]. Beijing:
China Academy of Electronics and Information Technology,
2023. (in Chinese)

BPEWE, BRETE, SRAR, SRR, fARRR, AT NIRRT
A %o T R P 3 P 7 R 5T 2 AR AL R T ).
AL, 2019(17): 5-7, 9.

ZHONG SY, CHEN G D, ZHANG W, WU H X, FU SB,
FU R. Effects of different shading treatments on seasona
changes in tea yield and quality of C. sinensis var. as-
samica[J]. Modern Agricultural Science and Technology,
2019(17): 5-7, 9. (in Chinese)

B, #7508, WedkZE Fi48 LTI 60 4 FAFE i i) 25 JH AR
HAHT. BRI 5K RIRHE, 2018, 16(6): 60-67, 79.
DUAN N, YANG G Y, YOU JJ. Temporal and spatial evo-
lution of precipitation in Wuzhishan city in recent 60
years[J]. South-to-North Water Transfers and Water Science
& Technology, 2018, 16(6): 60-67, 79. (in Chinese)

Ti¥in, ST, ERVE, FRESE, WiaR, LR, £,
R, AR, ARE, TH CPEREE ) R
ARG, MBI KR R [J). MW ES=4R, 2020,
44(2): 96-110.

FANG J Y, GUO K, WANG G H, TANG 2 Y, XIE Z Q,
SHEN Z H, WANG R Q, QIANG S, LIANG C Z, DA L J,
YU D. Vegetation classification system and classification of
vegetation types used for the complication of vegetation of
Ching[J]. Chinese Journal of Plant Ecology, 2020, 44(2):
96-110. (in Chinese)

HIE, Tk, 2EPARES AR AEM]. i
IR B R A, 2014,

HUANG L Q, WANG Y Y. National technical specifications
for survey of Chinese medicinal material resources[M].
Shanghai: Shanghai Scientific & Technical Publishers, 2014.
(in Chinese)

FR, A, RAFT, W, IS, RERR. R
Tl KB U A MR 2 B B X R AT (] A FED)
2#4%, 2018, 39(4): 802-808.

WANG P, GOU Z H, NONG SQ, HUANG CT, LIN L, YU
X B. Species diversity and floristic components of tropical
secondary forest in hilly area of central Hainan[J]. Chinese
Journal of Tropical Crops, 2018, 39(4): 802-808. (in Chi-
nese)

By, BEE, IR, BRRAZ. JbaR R L XAE
WREEZFEVEMIBESE 1. TR B S B R 2 AR AR
B, AR, 1995, 15(3): 268-277.

MA K P, HUANG JH, YU SL, CHEN L Z. Plant commu-
nity diversity in Dongling Mountain, Beijing, China: I1. Spe-



124

WRAERRSE « T Pl TR AN R VR4 B2 24 FAR 400 2l B 23 A1 AR

3071

[24]

[25]

[26]

[27]

(28]

[29]

(30]

(31]

(32]

(33]

(34]

cies richness, evenness and species diversitiesJ]. Acta
Ecologica Sinica, 1995, 15(3): 268-277. (in Chinese)
XS 2 R R B A B0 M 5 3 1% Z PR SE[D).
Kb Rl R, 2017.

LIU Z J. Study on pathogenicity and genetic diversity of
Plasmopara viticola[D]. Changsha: Hunan Agricultura
University, 2017. (in Chinese)

DIXON P. VEGAN, a package of R functions for commu-
nity ecology[J]. Journa of vegetation science, 2003, 14(6):
927-930.

Ll J. Fora of ChingJ). Harvard Papers in Botany, 2007,
13(2): 301-302.

H ERA AT, T EREEM]. JEa B
Jiftit, 2007.

Ingtitute of Botany, the Chinese Academy of Sciences. Flora
of China[M]. Beijing: Science Press, 2007. (in Chinese)

T A L] IR, 2002(2): 46.

Higher plants of Chinaillustrated[J]. Plants, 2002(2): 46. (in
Chinese)

ERAMFE R 2. PEZH —FBM]. dtat P EEZR
iRt 2015.

Chinese Pharmacopoeia Commission. Pharmacopoeia of the
People's Republic of China: volume I[M]. Beijing: China
Medical Science Press, 2015. (in Chinese)
ERPENEMR (hREAR ) fiZss. PHEARM]. b
M IR HOR R AR, 1999,

Editorial Board of “Zhonghua Bencao”, State Administration
of Traditional Chinese Medicine. Zhonghua Bencao (Chi-
nese materia medica)[M]. Shanghai: Shanghai Scientific &
Technical Publishers, 1999. (in Chinese)

FEAEE. Hp2h%EeEM]. dEaT: hEHr R 25 Rk, 2003,
KANG T G. ldentification of Chinese materia medicalM].
Beijing: China Press of Chinese Medicine, 2003. (in Chinese)
AL, (HERFFAEYRHY A0 XSRS ) i1
= HIEYIIFSE, 2003, 25(5): 535-538.

WU Z Y. Revision of the “Areal-types of the families of seed
plants of the world’[J]. Acta Botanica Yunnanica, 2003,
25(5): 535-538. (in Chinese)

AL, EF YR R X ER). SR EYTT,
1991(3# 1) 1V): 1-139.

WU Z Y. Areal-types of genera of seed plants in ChinalJ].
Acta Botanica Yunnanica, 1991(Suppl. IV): 1-139. (in Chi-
nese)

Sfbg, ERrE. o E AR ) [M]. JEE:
Bl i piAt, 1983

WU Z Y, WANG H S. Physical geography of China: phyto-
geography (Part 1)[M]. Beijing: Science Press, 1983. (in
Chinese)

(35]

(36]

(37]

(38]

(39]

[40]

(41]

[42]

(43]

[44]

RAEHS. W EREY X R A5 XS] SR,
1979, 1(1): 1-20.

WU Z Y. On the regiondization of Chinese flora[J]. Acta
Botanica Y unnanica, 1979, 1(1): 1-20. (in Chinese)

RAESE, FIUTE, MU, ZEMERR, 248 R R AT X
P R PEF S IM]. BT 2R RH I L, 2006:
146-451.

WU ZY, ZHOU Z K, SUN H, LI D Z, PENG H. Areal-types
of seed plants and their origin and differentiation[M]. Kun-
ming: Yunnan Science and Technology Press, 2006: 146-451.
(in Chinese)

wittRE, SKAIS, AR, 18R B IS Hh X AT AE Y X
RA RSB 5T ). T PEAESY), 2000, 20(2): 97-106.
HUANG S N, ZHANG H D, WANG B S. Composition and
geographical elements of the spermatophytic flora from Ji-
anfengling area of Hainan Island[J]. Guihaia, 2000, 20(2):
97-106. (in Chinese)

TRHRE, 2R, RAEAR. HER SR H I X R Y
WIAFFE[). HIIIFST, 1993, 13(3): 227-242.

XING FW, LI Z X, WU D L. A preliminary study on the
flora of Ganshiling, southern Hainan[J]. Bulletin of Botani-
cal Research, 1993, 13(3): 227-242. (in Chinese)

TKoRe, AR, SR, X, MEA, RIEE, PR,
FRE. YRR TR X R Y2,
2007, 15(4): 382-392.

ZHANGR J, XING FW, XIAOL P, LIUY,YEY SSWUS
J, CHEN H F, WANG F G. Spermatophyte flora of Yingge-
ling Mountain, Hainan[J]. Biodiversity Science, 2007, 15(4):
382-392. (in Chinese)

PAUSAS J G, AUSTIN M P. Patterns of plant species rich-
ness in relation to different environments: an appraisal[J].
Journal of Vegetation Science, 2001, 12(2): 153-166.
Attt WUEE, AL R R I IR PR
YR RS T[], HEASR, 2001(9): 1438-1443.
YU S X, ZANG R G, JANG Y X. Spatia analysis of spe-
cies diversity in the tropical vegetations along the vertical
belt in Bawangling Natyure Reserve, Hainan Island[J]. Acta
Ecologica Sinica, 2001(9): 1438-1443. (in Chinese)

FAAR. W8 HEPREET AR MRMNE].
IR2E2A4R (A SRR 1), 1965, 4(1): 74-85.

WANG B S. Debate on the name, object and matter phyto-
coenology[J]. Acta Scientiarum Naturalium Universitatis
Sunyatseni, 1965, 4(1): 74-85. (in Chinese)

SONG Y C. The essential characteristics and main types of
the broad-leaved evergreen forest in China[J]. Phytocoe-
nologia, 1988, 16(1): 105-123.

U, BB, S, WREE, MR, XUEE, EANER, Far
Ly YRR BT H N PRI B K B AR R X SR B ALK



3072 ol AR F IR 5 46 %
TEAEY ZEEM W m [, PEdUAREBE AR, 2022, [47] YAKIMOV B N, GERASIMOVA A S, ZHANG S, MA K,
37(2): 43-50. ZHANG Y. Phylogenetic o- and g-diversity elevational gra-
LI B,ZHAOY, QI R, CAOJH,CHEN X L,LIUT, GAOB dients reveal consistent patterns of temperate forest commu-
Q, SHAN L S. Effects of atitude gradient on understory nity structure[J]. Acta Oecologica, 2020, 109: 103657.
herbdiversity of Picea purpurea forest in the Taohe National [48] fufsik, 275, BERER), ZRR WidE. BVHILEEREY
Nature Reserve, Gansu province[J]. Journal of Northwest FhZ BEPER IR B EEAS R[], AR ASIREE 4R, 2021, 30(6):
Forestry University, 2022, 37(2): 43-50. (in Chinese) 1111-1120.

[45] ZHANG W X, HUANG D Z, WANG R Q, LIU J, DU N. HEB, LI Q CHENQL, LI W J, YOU P. Altitudinal pattern
Altitudinal patterns of species diversity and phylogenetic di- of species diversity of Pseudotsuga sinensis communty in
versity across temperate mountain forests of northern northwestern Guizhou, China[J]. Ecology and Environmental
Ching[J]. PLoS One, 2016, 11: €0159995. Sciences, 2021, 30(6): 1111-1120. (in Chinese)

[46] CHUN JK, LEE C B. Diversity patterns and phylogenetic [49] QIAN H, JN Y. An updated megaphylogeny of plants, a

structure of vascular plants along elevationa gradients in a
mountain ecosystem, South Koreg[J]. Journal of Mountain
Science, 2018, 15(2): 280-295.

tool for generating plant phylogeny and an analysis of phy-
logeny community structure[J]. Journal of Plant Ecology,
2016, 9(2): 233-239.



