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Variation of Major Environmental Factors (Temperature and Precipitation)
in Yuanjiang Dry-hot Valley and the Response of Pteridophytes
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Abstract: Dry-hot valley is featured with high temperature, rapid evaporation, and poor vegetation. It is a typical
representative of arid ecosystems. In order to understand the response of pteridophytes diversity and population
distribution to environmental factors, the distribution patterns of temperature and precipitation at different
elevations in Yuanjiang dry-hot valley were established, and the distribution of pteridophytes in dry-hot valley was
studied. The results showed that the temperature in Yuanjiang dry-hot valley declined along altitude, whereas
precipitation increased. The diversity and population distribution of pteridophytes in Yuanjiang dry-hot valley
were strongly differentiated. The distribution of pteridophytes are not associated to temperature but closely related
to water supply. Conclusively, the habitat in Yuanjiang dry-hot valley was fragmented due to heterogeneous
environmental factors, which accelerates patchy vegetation. Pteridophytes were a certain kind indicator of
integrative and continuous living circumstance, while some species could be potential environmental monitors
especially for water condition.
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FARHAE, TRNEREAEY) 5 A58 2 1A AR LR 2R
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FEAMREE LT RT, TR HX R
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B, SPARTERSEE BRI TR, IR 2 AT
W s — B D HUE S R T A AR e, ]
PLFR 7N A IR IR . WizK i L (Polypodiaceae)
95% AP B AR 2T, RIS P B R Ay, T
4V FH(Lygodiaceae) M & 1 NGB H 2N
2, SRZIFE N T O AR B K R 1 3R, A
Lo T4 FHEY, B AR B R, A
B, BT E NSRRI, [FIE 2 5005
KYFRERAE AR KA 5y M5, (ER AL
WA G 2O TR T RS K g%
P AR, AT LUV E N i R, I
FEH AR AR : T2 P Bl 7S R B AR
e, AR A B 7K S A2 S A B R K B o
A, TP SO R DA EH RSS2 ) 2 e Ak o AT
FKeFhmo

1 WX AR DL

JCYLT 3] 25 /2 FR I ) & H 5 | 38 44 1 1 4
NI A A Rl S ES TN G TobA A W] I W e il w3 1
X, MHRAE 900 m LR, 35 23.7°C, FHIFFK
&2 800 mm, Tz K ELE 2000 mm LA E, ZEKE
8 KT K B, ST (L0302 v [ A e A 1)
— 2k EPRMEIR, TRAKL 1140 km, HEBEH
F-at & 680 kmiol, 38 & BT Ut (1 GV TR 2 48 (1) 42
WS- EE KBTI B, T b BV b AR R R, TR
F AL T LR A, K I L X B 1L X
ST AR AN 2 5%,

2 ik

2.1 FERFRIREDT T

TE TG FGAT 23 (1) 4% O b 5 0 YT 7K S i 3148
FE/K L) 100 km KRB, R H 6 M Hb i B
KETEFETT, G arEam NIRRT AT B AR & . FF
WAL B 2% Herndndez-Rojas &5 MU J7 i,
HorbyE L BT I B R 3 2%(BL C. E),
53 2Ry 2 v 22 (RIRE Y PN o v U R B I A PRV
s 2 7E)8 200 m, FEFNIE 10 ANEFRFETT,
ANREDT BRI A 20 m, ARSI Hh FES 17 150 IR] i )
B, KN Sm>5m. {5 R IR Wy
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M B KRR 3 25(A. DL F), BT KEN
1000 m, FEAHFAHE 10 MEFERETT, /NEEJTIR)
AFIEEE Y 100 m, K/N A5 mx5 m. S EEH

E102°18'

E102°18"  E102°42'

Upper stream

B 1 JoTL-2L I s MR A 7 o B

Fig. 1 Yuanjiang-Red River watershed and the plots position
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Table 1 Environment character of transects

E102°54'

fr B 1, PR IR IR 1. BRI
BRSBTSt EcE, Jf
REIRA

E103°30

E103°06'  E103°18'

N23°30"

N23°18'

N23°06'

Lower stream

N22°54'

P 2% Latitude 2% Longitude R IETRHIE J7 1]
Transect (N) (E) Altitude (m) Environment character Direction
A 23°28'05.22" 102°10'43.32" 360 F a2 b Open riparian sand 7K Level
B 23°19'13.98" 102°32'45.12" 490~690 HB V44T Closed valley it Slop
[ 23°17'17.03" 102°39'59.50" 440~640 FFRYA4S Open valley fii#t Slop
D 23°11'51.97" 102°53'57.82" 260 IS IR /5 5 & 1 Closed river terrace K Level
E 23°0429.90" 103°11'40.64" 360~560 FEAR P LI Dry and closed ridge fii#t Slop
F 23°0320.57" 103°16'38.56" 230 AR P12 Closed stream K Level

2.2 RIBMBEAEBHERES T
FFF 50 X 38 P B4/ AN B /K 8 2 R IR T T

el XAy 1962-2018, HUXfE. LLEHCONEAZR,
ARAMFEAC R &, KR FEK SR
XF IR RN, W ORI 7 B AN [R) i P e B b
FOA R A AR A

2.3 BHERIG T

ZRMEIR BRI R CYME, H; &K
B, Hmax)s POF055 A0 35 50 BE 1 H0(3) A I 35 1 5 4
(dominant_index).

VIRhECE AR N Fe AR g, £t
FETT A RO IR (Sesr): 7E t DHETTARA
1 BRAY AR (B 11, Singletons), T LAFH fi# Ay 2
AMER S SCHRIE 1AM A g E (R THE,

Uniques), A] LABEAE A P ERASI Rl BT
F 78 o5 AR B (3ME, ACE); S TWh kA
R E (MY, ICE) MY =F & B HE % (Chao2).
Y = B BERIRR A PR R bR FH 17 B 1 23 AT A
B GLMMSs, J&TFE A7 AT IE R, T
AR ROk, RE KT 0.05. AL
72K FHl Shapiro-Wilk 77 7RI 47 TE A5 1 VP4l (P =
0.5). Akadn & 2 AE Z AR 7 =, K Tukey
Jivk, 7E0.05 MR FHAKTFIATIEH, HitEER
N R AR, fHH Imed F27 60 A2 a7 2R M Y
GLMME4-151, i B Vegan F2 /7 Gt AT 2 bt =0 7 #r
(mutiple pattern analysis)7, I rpAR &y R A7 FIFF:
T, AR BJEEH labdsv F2 7 ELIT R4
ANAP Gy A8, RN IR R 2 AR S v S A e
R A BRSO A, AR AR R PR [m]
B, R N RN S S R AT LA .
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3.1 KB FEKRIZE S AR RAEAEI R

RGO FRIAR N 11 AN 4 55 % 4F
RGIIEHE,  TCTLAF 28 P 1 P4 ORI B 4
B R BT R T R AN [F AR A (R 2). B
PRFRINN , B /K BRI 0 T = B i (R3S C), B
IR IAE R s (IR, 4K 1752 m, 445
F7K 1312 mm), F&7K & /) H AR S S IAT3E 1A
YR ATV, WK 401 m, 4ES[4K 738 mm); T
AR B A R T AR (), ARSI
B H IILAE it AR Bt m (R B, R 1 712 m, 4E3iR
16.7°C), #x e B HE IAE AR AR 0t R (UTIL, ¥4k 401 m,
X 245°C).

1E 3 2R IT R = AR IR 1, FE C
() f g4k 640 m, FEHT E (1 mifEdk 560 m, Ut
PR SRR S T Bk SRR /D by, IR KSR N
738~894 mm, FEHiE K 22.3°C~235°C, MIXFHLH %
o HEH TR A SR 2, LK AE 5 REF,
DRI AR T R S AR 1) A o A5 B AL Tk 490~
690 m, ERYy 2 KA —FE, B TR 1)
i, SEHIBEKEN 738~894 mm, (H i E ALk
1750 m, JETREAHHXT B MHLIX, S5 KE
N 1246~1312 mm. HTHIEMIEZER, B B R
Rk, (B2 Gy WSk B AR B KO e R A%
PR N B, EELEOKS . R4 490 m
(R BT ADAE A, FE SR ARG EE 2908 70%, 78 44 %
K 690 m R 2 S (FHXT 25 200 m), AHXHRE
90% LA o VR T IA), AEXT T ZE 200 m RS R,
R SE R T 20%. VAR BEAKK/NEARE

2 JUIL 2 P AR B K R B BE R AR AL

F(Phyllanthus emblica). 111 J#k(Trema tomentosa).
/NTE i FH AT (Grewia biloba var. parviflora).
(Broussonetia papyrifera), LA & #E A4 (Salix myrti-
llacea). #i (llex cornuta). 254+ (Buddleja offici-
nalis) FIE KRB (Solanum erianthum)ZE 3L [F A% T
AP, Bk 7SR

3.2 YMEE. MERDMERRZRN

R 6 MFETT T, ILRILBR KM 2 020
P, BT 13819 )8 38 Fh. I 2 W 0L, FEH A
1 C e R A PUE B2 S IR T
Gz, ULBAREE AR, YR p s
RhEin 7%, mEES, B ACH 3 MkkiE
Y1, BHK T B (Aleuritopteris squamousa). 5424
1 (Selaginella stauntoniana) Al & 4% 2% 3% % #A (S.
pseudopaleifera), FrFAEGANAE/NE 3 Fil 4
SIAEAN, BAN 2 FIERTE 10 MES WA A6 . FE
M C AT WA B (Pteris vittata) F1E MKy 15 5% 2 7,
BRI HIRAE 2 ANEE 5 1 Fe R 5 s KB
ERREE MR ST EERMEYA . HAh 4 M
[ ST ZG LR BE U, UL BE S T A R
PIREK:, B H iR HBLE 2 (B, X HAE
11X 4 SRAEA 1) B S e, AR
SRR IR T A A2 1A

AR [P RD Singletons FBAE 12 £ 7
RE LA MEEERIYR, 8 AMRECR IR
FEFERT A FILC F, Singletons TE¥UANE, RNIFFEH
MAREIIFR . B F Bl e Pad B2 R TRR PR
TP, EIEEN 1, fESEPRFETEES, WY
IR I ME—— AN BN S B (Histiopteris incisa), .

Table 2 Changes in temperature and precipitation at different altitudes in Yuanjiang dry-hot valley

3ifi . Station K Altitude (m) 34Ul Temperature ('C) FEFPEIK Precipitation (mm)
JGRH (R ) Yuanyang (Nansha) 312 23.9 788
JGIL Yuanjiang 401 245 738
Bl Nansa 576 235 747
419%483% Hongguang farm 675 22.8 894
7RIk Dong’e 775 22.3 888
HE Ganzhuang 821 22.8 923
L Majie 1051 19.1 1219
T+ Damang 1530 18.1 1235
FHE Jiayin 1712 16.7 1246
A% = Nanuoyunhai 1745 16.7 1308
A% Nanuo 1752 16.8 1312
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y=-0.0004x" + 0.1445x + 1.0585 (g32, C
200 A R*=0928 4 0.630

1.5

z 10
0.5t

»=—0.0047x> + 0.0676x + 0.602

1 2 3 4 5 6 7 8 9 10
#7750 Plot number

Bl 2 FERIZ e L. A, C, B WIRHEN; B, D, F: AKFRE .

Fig. 2 Changes in of diversity indexes among transects and plots. A, C, E: Inclined transect; B, D, F: Horizontal transect.

MEMiR 2 BIGKBAE R RFET Bo ELFRI
A, Zik 9 MR LLEASAME T AL T
T IRINEETT TR, SRR L S XU R (Pteris
ensiformis). i R (P. terminalis). {4 [RUZ Bk
(P. fauriei) #47>(Lygodium japonicum). J# 54
(Selaginella delicatula) . - H /& 8k £k % (Adiantum
philippense). #vifi i 55 5% (Microlepia speluncae) FlJ#
J#% (Phymatosorus scolopendria). ¥4 D 7R B MA
FHAELE, 439 N3R 2= i (Selaginella uncinata) . £&>F)
R % (Pteris arisanensis) 2% j#% (Adiantum capillus-
veneris). BHEH-2k 28 5% (Adiantum malesianum). 4
J#% (Hypolepis punctata). #£F4 EJ%(Cyclosorus para-
siticus) F1#5 - Bk (Pityrogramme  calomelanos). &1
Gy W, AR B XAEAE T/ INETT TR AR & —
e WL AT V2 IERLRE SRR
BARETT b IR 185 Uniques 2 22 i X 7
AR RZE R RKWM, 5 DAIRAE R — N FET
WTEM Z AR RIS, 45K, i AR CH
Uniques $8 AR, SEBRE A 45 FL 2 X 7 & A
YR BRAR (55 3 A1 2 By, HAMK AR
&) #E4 B. Dy E M F [ Uniques f8 85 E F 7
PG FrbEas, WA WA, R
H LA R R R Fh B AT Be AR 3G n, HANAEH A 1
MFETT I, TREE R A 2 AR I
YiFh=£'E 4550 ACE. ICE Fll Chao2 #i/& T
VSRR IFE DT N IR E B, ACE 22 T-Hfh
B (MASL),  ICE M2 28 T (1) ) AR 2k it
55 Chao2 AZIHAEIERIFEEL, 20 W 31

D Y=-0.009x+0.1938x + 0.3058

1 2 3 4 5 6 7 8 9 10
FF 7780 Plot number

¥ 0.0144x* — 0.1424x + 0.8545
R*=0.968 7

R'=02775

o000
o=k amo
— T

B R = 0.823 2 ) i . »=0.0862x + 1.094
091 C REese e R =09929 23 F R*=0.836
) . — 20F .
0.7 12} : e
82) 1.0+ 1.5k
T Y. 08¢
0.4 06L 1.0}
.
0 04r 0.5}
0 0 0
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FEJ7 808 Plot number

AMAEF (PR Singletons 25 B AEE L+ 5
B, XANFEE R R e S 20, K] 3
Al W, ACE. ICE 1 Chao2 HiZkfiaASEA—3, =
HEE AT EIOUE. 45K, Fir B. D M F
M E BERE, Foh Ry DL F BRI M ECH
10 i, FEAE B M2k 22 F; By AL C FTE (199
P8 FERAIG,  BRSRRE A 2~3 MRSHEY) .

3.3 KPR SRR 2 R E RS

XHEEANREAT A IRE DT 20 MR AT T 2 AR
PRSI A RAEAT IR, PSR A ) 2 R AR AL
k. 3 MR (B 2: A, C, E)IHE B (4k) b7+
BB/ 1~10 4, FEH B SRR RO R,
HAE SR E, BRI R T BRI J7
BAT M BUYIR B TR N B/, UL 2R A
ABER ISR . RS AR CAE, £
FEPERAL B AR AR, HAERE TS 2 18 BRI 2
St UL A A R T 2 B A B R AN I
Bify, AEK, XA AARELERF 5
BRI SR A A 25 M8], WASSCRRRR I BRRY)
g AN EEAT . FESCPRIRE T, PR B T IBRRY)
Fhik 22 Fb, FERETTHHIZHTIE N, FEA C ATE 73
RS 2 /03 8, HAUME T B LMD, £
BT BB IR N T LK

JKFFES (B 2: B, D, ), £l D 1 F 2
VEdR &, JLP R D I 2 R RS T R I
I IS, AR T 1A, AR RS
BEE B AESEL. IX 5 3 R E AR AL
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HAREA I, o NAESL A AT A AR
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3 5L
10 | £ 24|
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W
5 1L 2k
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0t I 1 | 0t I I 1 1 1 0 | I L 1 1
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20 20 +
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L e =
< 10 - o 6
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5 ¢ 5L 5
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FEJ7#05E Plot number

3 B KT K e B AN = B A

Fig. 3 Changes in species number and abundance in transects and plots
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TETCVL T #Om 4 v, il FE b6 45 W 4 T v i B
i, ¥ 20°C LA B ildE s RO AR
1051 m LAF AE K EAE 1219 mm BLR A X8
AUGHES, BREMZAEEIE H=1.74, KAET
RIEEN B, RN 490~690 m. AR EBARHEER
fIFET D FF, BRRHEY) 2 FEME3E H 5518 1.50
1 1.78, WEH 5N 260 F1230 m. WL, {EJGIL
TR A, RS T BRI 73 A0 A 7= A B
ST Al R

FEK Y BEM T T, TCIL T34 A BB 7K 201
IHLHIECRERR, B T3 X AR e FHE A
A, MR IR AE 5 7 TH X B K PR AR R . — iR
BRI B B A I 27 A Tyl . FHEE S,
MITTIRES T KRR RGN KA, —
FEFEPD T AR BB RO s R ui L T 45 H
Bae. FFERES. ZRER, WMBENES YK

FEFTHCE Plot number

FEF7 ¥R Plot number

U 5 DR U 2 IR THT 2% 5 PR KR IR A A v
I, Vo BT BRI . BRI, FE TV 4 A,
RO X K F . B UREERCR, R
DX, TR WA GO & w3k 15
IR BRI EIE I . BRI, T BRI %
S BOW IR I AFAEAR ARG, R A RS 5 24
SR > AR VIO . Pouteau S RHA AR ik
SR E AR XA I B A TR BRI AP EERT AN
T SRS PRI A e R
ERCRT AR ERE (RN 52 B A 8 o A
SRR T R AL . B AR R RS CAGIE X S
7K 73 DL R R RIS P AT 3 56 2 8 Rt 28 123241,
11 LA BRI & 75 AT B R AR E R ? AR
WrFee, AR BRI A RS5O R B X
KT TR 0L, (E 2 AR 3 2 IEAH G
fRI5% 2R o THTRE I 3 2R AT A 2 26 FE i S
AR BRI 10 F (R4 PHAE R
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), 5 LR E R 3 M(hA . IHERRIRIIA);
WL AR, 1 SRR A R 22 Fh(L
L BZEBRRYIA), HoR 2 KR IE 2~3 F(L
" BPEBRCRINAT) . MIRDIRBURAFR DL, 3 40K
SRR A, KRN TR 3 SRR Y
FEAlr B A LT KRS, IR FREEATE ., 2
AR EEROR o FRATTAR) T AR 9 o ) P B e B
T IR FEAF (3R 55 KA 2P 8 K ) Bk
FHW B R PENERER . JRATE R BT
XM G BRI B 047, aERs KA
IS P B2 2 e 5 BRI 1 R AT ) S Ji ] 25281,
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Table 3 Indicator species
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(Asplenium delavayi) FEE#A1(Selaginella ciliaris) 1
HFEID o XS AT AT BB, R K
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F5 k7] R AL R p

No. Species Altitude (m) Habitat Transect
1 EHHEAZ B Selaginella pseudopaleifera 360~690 EHREYE Hot and humid A B 0.001
2 FH¥3 75 B Aleuritopteris squamosa 360~690 il 5 Hotand dry A B,C 0.001
3 (R 42k 28 % Adiantum malesianum 260~690 BRI KA Hot, limestone B,D,E,F 0.001
4 HRIAEL Pteris vittata 260~690 fEPEL Acidic soil B,C,D,EF 0.001
5 ‘B HE4h Davallia trichomanoides 330~690 RIS Hot and humid F 0.001
6 7K ¥ )% Asplenium delavayi 490~690 R RIE Hot and humid B 0.002
7 B Selaginella ciliaris 490~690 R RIE Hot and humid B 0.003
8 4> Lygodium japonicum 490~690 i+ T2 Dry acidic soil B 0.018

4 fortanfi. A BEEEEG, B KR C: B B

Fig. 4 Partial indicator species. A: Selaginella pseudopaleifera; B: Asplenium delavayi; C: Aleuritopteris squamosa.

4 G AT iR

4.1 BREMHIFRE R ERKRERRR
EREFRIRT TR, Rl B AR GRYT X A
AIRIAEY) 106 J& 329 i, oAb ECEREHE KT T
IR T RE, PIERIRITARK R RTABT T
THELIREM S, 18 6 Zpei b, I BRI 13
FH19 J& 34 F, b, kR ETHRIRER B
BRI PR T R, —F 2R IE
FHRR AR o MRHFSRFETT A, 38 P 1 R e 5 A

MR BR BN I o BEWR T, BRISIFI 9 A g
TE 1 5 450 K B 858 o A K 1 7K B ok AN ' 5 98 ik
(Phymatosorus cuspidatus), FRIEAHXT IR i 7091
InE| 90% LA Fs BT A RIS B th 54 ARIE
NE T 384 Mk, HEKIT 8 fif. X AT AERBEE IS
FER BT, BRKE B LT, (BRI E R H R,
FRBMYNIE B AEKAEIREE . MBI, Tk
TR K 3 (SR B, 5 B R A ) b S B i 52
AT N . BREREMEIL, 2 4R
A 78 22 1 B g 3 A8 A0 T 7 AR ) Rk SRR K



544 P BT A SR

08 4%

NAL, ABE WSO AR R R = B, R ETAR A
BEReSCRFE 2 AR, Btk AR RER R 2
B K DAORFRAE B IR B, H 2 B o5 g 3R 1) 4k 2 T
B BRI TR ) IE T AR BEAR,  TRRIAEAE —A
G0 BRI, XA 7 AT R IR AE A [F) S
Z I fFTEZE SR, kM BRJE (Asplenium) . H % &
(Polystichum) #1174 % J& (Cystopteris) (1) ¥ 2 Fh &l 56 5>
FiF] 4 000 m LA B XIRP, R H % (Polystichum
glaciale) {E >y m [ 7= ik S 4 4 v s i SE R Fh 26 2
—, AT E RS LS 2 RO,

42 FRMBIZHAESRSHRAEVYMEER

HIR R

R A 35 e T A X P 22 FE M PR DT R, AN [
VIAP R EAR RS, AR A XA A
NFEE. ZHMEMRR: R, EASHEN
X8, HYM R FE B AR 5K
S 220} 2 p h X BRI A ) 2 FEVE 2 ATk SR BT AT
T, AR SR S M 2 AR A R I S e A E AR
H, HX AR FH AT R85 A ) b 205 A DX o A K o
ALK, WAL B. C 5K D F
f) Singletons & F5A1 Uniques f8EaE =, FR7~IC
LTI N AR 2, nT4ERE 2 IR
VIR S HCRREE, TEAR SR B — BB, Wik A R
E, (WIS XRFAES TSRS
TIPSR B 2 PR C R, BIFEA R 2
77, BRI Z, YA EFE W
. TV T A AR SR A M B, 40K 2 Hi
TIARIT R A K BB R R, B
LG 2% HAL AT 1 B /)N AE 553 B8R T 2 1 40 1) i uf
Jro AIRER (ke F)N, BT KGR R AF,
BRE TREREIAREEY), W FH(Ficus race-
mosa). 4 (Broussonetia papyrifera) ¥ ik 5 2R
%, AR TOREFSSIRE, TR EAF T 5%
KA KB PRRIAEE . EHA RN A el 2
G3 AT 9T Ak A BB R AR IR AE T RS 4y
PIELSBHOG, AT RE 1B AE S22 B AR R SR 1)
Pl R R, (B S— 07, A RFDERAIK
PRIR AR T M A5 S, fEsegrd AR
SEPL T AR A (A [ P ) Bl

4.3 HAMKER
TR — KB AT IR, I DLRAE R

AR, FIRFRRF OIS R PP Es R
AL AR RE AN E A RN 2R A Y R S IR AE A I B )
AR, T8 K 2 BUR SIS 5 B AR
BR300 H, W AESHEEA S RN, A
[F AT PR LA A R R e, A R AR K
EAFIFEA R AL T 5, Bk, XEHRIEY)
AT DME TR R 24 Sk . LRI Hb 5 2%
412526311 Pouteau 55 HIAIT 712 B Ik 2834 W DAy #4
7 e AR X IR B AR Ak (1) AR PR R A P ARHIE T
HA i PRI 7 Pl b A R A S IR A IS N TR
ARG V2 IRl QIBREA T, VD, T2k
LIRS MO, EHAESIREE . A0 X EB/NEF,
WER RGN, KER. EESH. FHEAN
B R, XA FAE A TR 490~
690 m, Xt JTCYL #4544 K BT U 55 1
I IR PR R S

TCYL O 4 X R A 2K B>, HOR
ZAEKAERM . BIE. REZER KW, K3
RN, DECNIA . BT AR R
IR A XS e A T T R R BT BARUfE
[ i) F T B AR R I R0 1 25 3t 7R 34 553 1) 3 ) 4
XIS T 2@ —EEK, &7 XA
AU, FERREMNEERD. BT
R R AE ) B R O K R ) s R AR P, R
Koy BRI TE B2 B 2R o A h i s L A
o BhAh, MU ARG SR 5 T RN ) AR
B, BONBREAEY BT . IR R BARE
—E IR, (HATRESE TR BT SRR
AR [A]3E 7= AL R o FEJRIR N S e Hh g5, Hb
TERN B 2%, RSB —, BRI
Vih 2 FEVERUR . a0 AR 2557 A P B Af Xk
KW 2R R 2 A 5y, AR5 7 S P R K o 22
S ] g B AR K

S 3R

[1] GARNIER A, LESPEZ L. Fluvial system dynamics of Sudano-
Sahelian zone during the Late Holocene: The Yamé River (Dogon
Country, Mali) [J]. Geomorphology, 2019, 340: 32-52. doi: 10.1016/j.
geomorph.2019.04.018.

[2] JINAJ, WANG Q, WANGAJ L, et al. Tracing water and energy fluxes
and reflectance in an arid ecosystem using the integrated model
SCOPE [J]. J Environ Manage, 2019, 231: 1082-1090. doi: 10.1016/j.
jenvman.2018.10.090.



%56 3

W&t JTiL T4 TP R T (R AN R 7K ) 38 AL A B R AL ) 3 A7 Wi 7 545

[3] WANG X F, JI W], ZHANG M S, et al. Comparative characteristics of
heat resources in the dry-hot valleys in Yunnan Province in recent 53
years [J]. Resour Environ Yangtze Basin, 2015, 24(S1): 92-97. doi: 10.
11870/cjlyzyyhj2015210013.

T2, IR, SRR, %5 T 53 R M TR 4 B AR
AR LE R AE [3]. KVL IRk B2 5 2785, 2015, 24(S1): 92-97.
doi: 10.11870/cjlyzyyhj2015210013.

[4] SHEN R, ZHANG J L, HE B, et al. The structure characteristic and
analysis on similarity of grassland community in dry-hot valley of
Yuanjiang River [J]. Ecol Environ, 2010, 19(12): 2821-2825. doi: 10.
3969/j.issn.1674-5906.2010.12.009.

TS, TRER, DY, & JCILAR A R BT S5 A
HES AT [ AESIEEYR, 2010, 19(12): 2821-2825. doi:
10.3969/j.issn.1674-5906.2010.12.009.

[5] YANG R, ZHANG B R, WANG L L, et al. The response of plant
functional traits’ group to gradients of altitude in dry-hot valley of
Yuan-Mou [J]. Ecol Environ, 2015, 24(1): 49-56. doi: 10.16258/j.cnki.
1674-5906.2015.01.008.

BBt ki, LRI, 5. ni TR A B D) R MR & i
WRREEm R [J]. AEZSIRBEAAIR, 2015, 24(1): 49-56. doi: 10.16258/).
cnki.1674-5906.2015.01.008.

[6] LIU FY, ZHANG Z X, WANG X Q, et al. Seed dispersion and seed
bank characteristics of Terminalia franchetii in dry-hot valley of Jinsha
River [J]. J Trop Subtrop Bot, 2012, 20(4): 333-340. doi: 10.3969]j.
issn.1005-3395.2012.04.003.

AT, kB, EAK, . SRS ER M TS
T EERHERTL ] AT, 2012, 20(4): 333-340.
doi: 10.3969/j.issn.1005-3395.2012.04.003.

[71 YANG JD, ZHANG Z M, SHEN Z H, et al. Review of research on the
vegetation and environment of dry-hot valleys in Yunnan [J]. Biodiv
Sci, 2016, 24(4): 462-474. doi: 10.17520/biods.2015251.

Btik, sREH, RER, & SR TR SR U R
[, A:4Z ¥EE, 2016, 24(4): 462—474. doi: 10.17520/biods.2015251.

[8] GU Z J, DUAN X W, SHI Y D, et al. Spatiotemporal variation in
vegetation coverage and its response to climatic factors in the Red
River Basin, China [J]. Ecol Indic, 2018, 93: 54-64. doi: 10.1016/j.
ecolind.2018.04.033.

[9] ABOTSI K E, BOSE R, ADJOSSOU K, et al. Ecological drivers of
pteridophyte diversity and distribution in Togo (West Africa) [J]. Ecol
Indic, 2020, 108: 105741. doi: 10.1016/j.ecolind.2019.105741.

[10] DUAN X W, ZHANG G L, RONG L, et al. Spatial distribution and
environmental factors of catchment-scale soil heavy metal conta-

mination in the dry-hot valley of Upper Red River in southwestern

China [J]. Catena, 2015, 135: 59-69. doi: 10.1016/j.catena.2015.07.006.

[11] HERNANDEZ-ROJAS A, KESSLER M, KROMER T, et al. Richness
patterns of ferns along an elevational gradient in the Sierra de Ju&ez,
Oaxaca, Mexico: A comparison with Central and South America [J].
Am Fern J, 2018, 108(3): 76-94. doi: 10.1640/0002-8444-108.3.76.

[12] CHAO A, CHIU C H. Bridging the variance and diversity decom-
position approaches to beta diversity via similarity and differentiation
measures [J]. Methods Ecol Evol, 2016, 7(8): 919-928. doi: 10.1111/
2041-210X.12551.

[13] RICOTTA C, PODANI J. On some properties of the Bray-Curtis
dissimilarity and their ecological meaning [J]. Ecol Complex, 2017, 31:
201-205. doi: 10.1016/j.ecocom.2017.07.003.

[14] BOLKER B M, BROOKS M E, CLARK C J, et al. Generalized linear
mixed models: A practical guide for ecology and evolution [J]. Trends
Ecol Evol, 2009, 24(3): 127-135. doi: 10.1016/j.tree.2008.10.008.

[15] PINHEIRO J, BATES D, DEBROY S, et al. NIme: Linear and non-
linear mixed effects models [CP/OL])// R Package, Version 31-101. R
Package, 2011.

[16] SHAPIRO S S, WILK M B. An analysis of variance test for normality
(complete samples) [J]. Biometrika, 1965, 52(3/4): 591-611. doi: 10.
1093/biomet/52.3-4.591.

[17] OKSANEN J, KINDT R, LEGENDRE P, et al. The vegan package [J].
Community Ecol Package, 2007, 10: 631-637.

[18] HAQ F, AHMAD H, IQBAL Z, et al. Multivariate approach to the
classification and ordination of the forest ecosystem of Nandiar valley
western Himalayas [J]. Ecol Ind, 2017, 80: 232-241. doi: 10.1016/j.
ecolind.2017.05.047.

[19] CHAO A. Nonparametric estimation of the number of classes in a
population [J]. Scand J Statist, 1984, 11(4): 265-270. doi: 10.2307/
4615964,

[20] CHAO A. Estimating the population size for capture-recapture data
with unequal catchability [J]. Biometrics, 1987, 43(4): 783-791. doi:
10.2307/2531532.

[21] POUTEAU R, MEYER J Y, BLANCHARD P, et al. Fern species
richness and abundance are indicators of climate change on high-
elevation islands: Evidence from an elevational gradient on Tahiti
(French Polynesia) [J]. Climat Change, 2016, 138(1/2): 143-156. doi:
10.1007/510584-016-1734-x.

[22] ZHANG L L, XU C D, FENG J M. Biogeographical explanation of
distribution pattern of fern diversity in Yunnan Province [J]. J Chu-
xiong Norm Univ, 2017, 32(3): 45-50. doi: 10.3969/j.issn.1671-7406.
2017.03.011.

TR, PRAEAR, . =X R 2 R A RS R A



546 s T ) 2 AR

08 4%

VbR AEARRE [J]. AEHEITNYEFR 2Rk, 2017, 32(3): 45-50. doi: 10.
3969/j.issn.1671-7406.2017.03.011.

[23] ANDRADE J L, NOBEL P S. Microhabitats and water relations of
epiphytic cacti and ferns in a lowland neotropical forest [J]. Biotropica,
1997, 29(3): 261-270. doi: 10.1111/j.1744-7429.1997.th00427 .X.

[24] HIETZ P, BRIONES O. Correlation between water relations and
within-canopy distribution of epiphytic ferns in a Mexican cloud forest
[J]. Oecologia, 1998, 114(3): 305-316. doi: 10.1007/s004420050452.

[25] YANG F C, HU X W, YOU L L. Geographical distribution and floristic
composition of pteridophytes in Hainan island [J]. Acta Bot Yunnan,
2007, 29(2): 155-160. doi: 10.3969/j.issn.2095-0845.2007.02.004.
Wri&de, SR, JUONF. MR RS B AR A K X R AR [J).
LIS, 2007, 29(2): 155-160. doi: 10.3969/j.issn.2095-0845.
2007.02.004.

[26] YANG F C, ZHANG C L, WU G, et al. Endangered pteridophytes and
their distribution in Hainan island, China [J]. Amer Fern J, 2011, 101
(2): 105-116. doi: 10.1640/0002-8444-101.2.105.

[27] WANG H, WEI Q, WU F F, et al. The characteristics of pteridophytes
flora in Mt. Fanjingshan nature reserve [J]. J Guizhou Norm Univ (Nat
Sci), 2014, 32(4): 22-28. doi: 10.3969/j.issn.1004-5570.2014.04.004.
ERE, BiEr, RIEFE, F. AL BRI X E R X RERE
1. SUNIMTER MR AFIERR), 2014, 32(4): 22-28. doi: 10.
3969/j.issn.1004-5570.2014.04.004.

[28] XU X, ZHANG H, LUO J, et al. Area-corrected species richness patterns
of vascular plants along a tropical elevational gradient [J]. J MT Sci-

ENGL, 2017, 14(4): 694-704. doi: 10.1007/s11629-016- 3894-6.

[29] ALEJANDRO R, HERNANDEZ-CARDENAS, MENDOZA-RUIZ A,
et al. The alpine ferns of the trans-Mexican volcanic belt [J]. Amer
Fern J, 2019, 109(1): 11-25. doi: 10.1640/0002-8444-109.1.11.

[30] YU X, ZHANG B, OU Z, et al. Investigation of natural population and
niche analysis for Sorolepidium glaciale, a plant species with extremely
small populations [J]. J Hubei Univ National (Nat Sci), 2018, 36(1):
1-5. doi: 10.13501/j.cnki.42-1569/n.2018.03.001
A, IKRE, X, S BN S BRI A R A S A
M [0]. WAC B e 2 (B 28R ), 2018, 36(1): 1-5. doi: 10.
13501/j.cnki.42-1569/n.2018.03.001

[31] HOLTMANN L, KERLER K, WOLFGART L, et al. Habitat hetero-
geneity determines plant species richness in urban stormwater ponds [J].
Ecol Eng, 2019, 138: 434-443. doi: 10.1016/j.ecoleng.2019.07.035.

[32] JAMES E W Jr., CATHERINE C. Habitat differentiation of ferns in a
lowland tropical rain forest [J]. Amer Fern J, 2009, 99(3): 162-175. doi:
10.1640/0002-8444-99.3.162.

[33] ZHANG, H, ZHU S D, JOHN R, et al. Habitat filtering and exclusion
of weak competitors jointly explain fern species assemblage along a
light and water gradient [J]. Sci Rep, 2017, 7: 298. doi: 10.1038/s415
98-017-00429-9.

[34] ZHOU S X, PENG Y S, GAO P X, et al. Spatial pattern and association
of main species in endangered plant Sinojackia rehderiana community
[J]. J Trop Subtrop Bot, 2019, 27(4): 349-358. doi: 10.11926/jtsh.3992.
JHREER, Sakbn, miiE, . WU YIS R R R RE v A R
T2 AR AN SEERYE [3]. #viln A4, 2019, 27(4):
349-358. doi: 10.11926/jtsh.3992.



