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Spatiotemporal dynamics of forest arbor layer along an
elevational gradient in southern Gaoligong Mountains

LUO Yahuang'*°, MA Liangliang'*, GAO Lianming"®, WANG Xingjie’, ZHAO Wei®,
YANG Xingliang®, MA Shaobin®, SHI Xiaochun**, LIU Jie'’"

( 1. Key Laboratory for Plant Diversity and Biogeography of East Asia, Chinese Academy of Sciences, Kunming Institute of Botany, CAS, Kunming
650201, China; 2. University of Chinese Academy of Sciences, Beijing 100049, China; 3. School of Life Sciences, Yunnan University, Kunming
650091, China; 4. Gaoligongshan National Nature Reserve Baoshan Bureaw, Baoshan 678000, Yunnan, China; 5. The Germplasm Bank of
Wild Species, Kunming Institute of Botany, Chinese Academy of Sciences, Kunming 650201, China; 6. Lijiang National Field Station
of Forest Ecosystem Research, Kunming Institute of Botany, Chinese Academy of Sciences, Lijiang 674100, Yunnan, China )

Abstract; A better understanding of the spatiotemporal dynamics of species composition and biodiversity provides
significant insights into the distribution patterns of biodiversity and the prediction of biodiversity fate in a global change
context. However, how species and phylogenetic diversity change along elevational gradient with temporal scale in mountain
ecosystems is still unknown. In this study, we used census data (2004, 2008 and 2013) of an elevational transect
(elevational range 960 — 2 878 m) covering eastern and western slopes of Gaoligong Mountains, SW China, to investigate
the spatiotemporal dynamics of forest arbor layer (DBH=5 cm) species composition, species diversity and phylogenetic
diversity. The results were as follows: (1) Species diversity was hump-shaped along the elevational gradient, while the
phylogenetic diversity increased with increasing elevation. Clustering phylogenetic structure was observed at low elevations,
and over dispersed or random structure was detected at high elevations. (2) Overall, temporal species and phylogenetic beta
diversity analysis showed no significant difference among these three investigation time points. However, we found a higher
clustering of phylogenetic structure along the temporal scale. (3) Spatial beta diversity showed that there was a significant
loss of species at low elevations (960 — 1 381 m) on the eastern slope, where the vegetation had been disturbed or
completely converted into farmland. The main lost species including Terminalia chebula, Quercus acutissima, Pistacia
weinmanniifolia, Hovenia acerba and Ilex wattii. In contrast, the change in the western slope was mild at low elevations,
only observing species abundance increasing, which including Cyclobalanopsis oxyodon , Symplocos chinensis, and Taiwania
cryptomerioides. Therefore, we speculated that the dynamic changes in species and phylogenetic diversity of the arbor layer
of subtropical evergreen broadleaf forest might be related to communities succession process and climatic change in middle
and high elevations, while the communities at low elevations were seriously impacted by human activities in Gaoligong
Mountains. The results deepen the understanding of the mechanisms of plant community dynamics in Gaoligong Mountains,
and provide new insights to guide precise conservation strategies in the region.

Key words: community dynamic, elevational gradient, Gaoligong Mountains, species diversity, phylogenetic diversity,

spatiotemporal scale
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1 BEHHEREERSHHAEMT (WFHESEMSER 2004 FREWHE)
Table 1  Basic information and dominant species of each plot ( species
richness and abundance were obtained from year 2004 )
§ [ ] | PR Y -
e 1 e BE e i PR RERE gy
I . . Elevation . . Ownership Disturbance Species
Aspect Longitude Latitude Dominant species . . . Abundance
Plot ID (m) of forest intensity richness
El 7 Eastern  98°49'42"E  25°16'08" N 960 - LR T 1 1
Terminalia chebula Communal Medium
forest
E2 7% Eastern  98°49'17" E 25°16'32" N 1180 AR VN 2l 4 18
Quercus acutissima Communal Medium
forest
E3 7K Eastern  98°48'25"E  25°17'26" N 1375 AW NG AN %% it 1 1
Schima wallichii Field edge Intense
E4 7K Eastern  98°48'05" E  25°17'18" N 1381 AR N w0 2% £ 1 1
S. wallichii Coffee agroforest Intense
edge
ES 7K Eastern  98°47'22"E  25°17'38" N 1 860 TCILHE AR BAEA Rk Tt 21 118
%£T Communal Medium
Castanopsts orthacantha , forest
Schima argentea, Litsea
panamanja
E6 7R Eastern  98°47'18"E  25°17'43" N 1928 JCITHE v L RifIX 5 10 44
Castanopsis orthacantha , Protected area Weak
C. delavayi
E7 /R Eastern  98°47'14" E 25°17'49" N 2021 JGYTAfE A 72 A PRy 55 13 118
Castanopsts orthacantha , Protected area Weak
Lithocarpus hancei
E8 7K Eastern  98°46'40" E  25°17'48" N 2273 JCILHE S i A R X 5 12 75
L2 Protected area Weak
Castanopsis orthacantha ,
Machilus shweliensis ,
Stewartia pteropetiolata
E9 /K Eastern  98°45'24"E  25°18'03" N 2 486 FURE = B AR RyIX 5 8 98
Lithocarpus leucostachyus, — Protected area Weak
Olea tsoongii
EI0 7% Eastem  98°45'52"E  25°18'14"N 2653 BURST EHEAS e fRTIX 5 7 207
Schima argentea , Protected area Weak
Rhododendron delavayi,
Betula alnoides
ElIl 7% Eastern  98°4435"E  25°17'26" N 2878 FUR = M A2 PRI IX 5 9 132
Lithocarpus leucostachyus,  Protected area Weak
Tsuga dumosa
W1 7§ Western  98°41'42" E 25°17'21” N 2096 PN SN ST 7N S ¥ T 2 54
A Communal Medium
Schima noronhae , forest
Symplocos chinensis ,
Taiwania cryptomerioides
W2 74§ Western  98°42'05"E  25°17'42" N 2 200 TR | V4 R P B Al PRIFIX 55 7 26
Schima noronhae , Protected area Weak
Daphniphyllum himalense
W3 7§ Westem  98°42'00" E  25°16'05" N 2238 T Fef 27 X i 53 10 63
Lithocarpus hancei , Protected area Weak
Cyclobalanopsis oxyodon
W4 J§ Western  98°42'24"E  25°17'16" N 2511 B FEA AR PiFIX 55 10 51
Lithocarpus hancei , Protected area Weak
Symplocos dryophila
W5 7§ Westen  98°42'38"E  25°17'11" N 2710 L N RULE NI TS Al Y L 7 144
A Protected area Weak
Rhododendron delavayi,
Salix tengchongensis ,
Pinus armandii
W6 7§ Western  98°43'45"E  25°17'25" N 2 860 FIRERT 5 A PRiFIX 5 6 54
Lithocarpus leucostachyus,  Protected area Weak

Skimmia arborescens
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Fig. 1 Study area and plot distribution along elevational gradients at different aspects
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1) R T e ORI 7 IX 3l A 2R P 1 Al I 76 i il
PR (A B AR5 T R BRI 4
ML (E1-E4) A7 T A28 T H0AR 98 19 DX 88, PABR
R R BEAL IR AR MR 32, F7 K2 0 4 A gl R A 1k
Hi 70 AEZASIF G A FL A WA & v 1 2 48
XL PR AE B B A RS ) B S AR
1.2 #%RAE

AT TR BRAAREE V5 9 I T AR 2 8 SO BER N
M4 (DBH) =5 em [AE AR , 3% S84 (400 55 1 X 5k
DA A A B R R R A SRR (R 1) . il T
20042008 1 2013 47X K 11 A B T+ AR R FE AT 4
B, T N BRI RE =5 em TR AREITH
[ 25 RN B A R A 7 S A 1 R R B S AR R Ay
AR A, AN AR M m AR
FE R SE A BRI A AR bR, Seit 3 iE A
BT T AR YT R RS R SR TR
oK
1.3 W7 & REEF0 ) F 4H AL

AW W A E & JE (species richness,
S) .Shannon-Wiener 8 4% ( H) ( Shannon & Weaver,

1949) 1 Simpson 840 (D) ( Simpson, 1949) FL1E
Wkh Z e

H==3(PInP,);

D=1-P},

L. PORER AR A AEE B T IR
MBI LE A S SRR DT H IR MR

FATAHAE B & £ 48 R J5 3% ( non-metric
multi-dimensional scaling, NMDS) Z3H7rHE 7 A 4
Pl B, s B R ELIE F 2 B W Bray-Curtis %
(Anderson et al., 2011) , EHCE 1 % 2 4 JB/R
HEF 45
1.4 RELXE SN

I R %S Y V. PhyloMaker £ 9 (1) Scenario
3 D7 AR T AR B 5l 10 2 G867 B AN 0 2 AR 1
(REUE o XERETT N 83 AN ARAAE YA R 4
K BMW,V.PhyloMaker £ 5 T 4Bk 74 533 Fp4i4s
MY RGE KB RE (Jin & Qian, 2019) , 75 7E1k
B b A AW ST i K v Yy, B AT A TR TR
—RHTHENE GBI RE KB T, RS K
B Z 1% (phylognetic diversity, PD) Y Hg %} #E
2 (mean pairwise distance, MPD ) FI3F- 35 31 45 {4
5 B ( mean nearest taxonomic distance, MNTD) 3
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88, Hh PD BT TR N A RIS R 5r 3
KB i R T A o XKW B ( Faith,
1992) ; MPD 2 B T #¥ J& 9 4 Bl 22 18] (9 °F- 24 R 46
KAMEE ; MNTD e Wt is N 4B IR Rk B #E
% (Webb et al., 2002) , AHF5EH 3 PRGELE
FEBGEAThR AL AL B, B BTV NI R B8 &
B 2R IR S BT LR Ao T A
KH R Gk F WK i i 9 Fh BE BLE 4 999 Ik
(Gotelli, 2000), 3k 15 SES. PD . SES. MPD SES.
MNTD, 24 SES KT 0 B F R & #, /M F 0 Bf F#ow
REE (Webb et al., 2002) ., HEARXWT .

PD, -mean(PD,, )

SES.PD = ,
Sd( PDrandom )
MPDnbs_mean( MPDrmuinm )
SES.MPD = ,
Sd( MPD random )
MNTDnbV 'medn( MNTDmndom )
SES.MNTD = : o

sd(MNTD.,,,4,,,)

Uy obs R SEFR I HIME ; mean 7~ FHAL
B Y 5 sd RARBENUR AL YR TE DT 22
1.5 iR

N T AT IR Y M Z MR R R F
ZAEVERY S AR SR AT TS $2E 3 A4 ) A i ] 553531
HEAT 43T, B T 1y 7% s %) B0 43 A R A R STR
T 21 1R A R AY ( generalized linear mixed
model, GLME) 43 M1 i3 XA M R 5 & & LAk
MsZmm, b WP = & B SR H Poisson 43, HAR
w1 25 % B Gaussian 7374 (Luo et al., 2023),
WA 5 Sy (8] 5 S50, B AL AR L A T 4 | 3
], PR S BOR fif B B, Ho P marginal R*(R?)
AN A B [ E RO ) R, conditional R* 55 [ & &
FIEEHLRE N 1Y R* ( Nakagawa & Schielzeth, 2013)
PRI 48 8 21 ) 22 RE I Y A2 AL PT e 2 AR etk 2 Ak
FATT R FH — YU — i o3 S AT 5 SR 05
AlCe /IR AL E SCR AR YRS

0T o3 B TR RUBE F R AR 5T L AR I A KR
JEVIFh Z R R G R B Z R 2L AT
FERHECRT 1 ¢ K36 53501 LU 3 AN ] sl ) b 2 4
PMRGE LB 2R 2R, TR SRR
JEE L AN ) R S I 1) 8RR AR Vi £ ) b 48 1 1Y
A A F B TTER Y R AR A5k
Legendre Fil Condit (2019) H /7%, 2 F Temporal
Beta Indices (TBI) $6%, SR 5 K 0 H @ 2 1, HAK
& %05 200 LA R MR DT 7E T1 A T2 i [A] 51

AR A R Y 22 e 1, G 35 PRS2 3, BRIV o
% (species loss) FIHFI 3145 ( species gain) , iX P4
YRt — 20 TR R 3, %05 2] L
FHT HOHEX W 4> 21 7 78 1 R b 550 R A 5 1Y)
ZESEPERRY . BA 1205 HLAE 20042008 12013 4F 3
AN ) S 25 5 %07 adespatial 69 TBI o
O plot. TBI PRELSE R (Dray et al., 2019), ik
A 4 AT 76 R 3.6.3 (The R Development Core
Team, 2019) 1525 .

2 HEREHAH

210 FAEYMEHUENELELZ T SHEENIETE
HERS

TEREDT AL 45 B DBH=5 em F9FF AR W) Fh
83 Fl MKHE APG IV REE, KB T 54 J& 30 D Fk,
T T6E AROB B2 ) A 22 FE 1 (9 B 5 & B | Shannon-
Wiener $5 40 Fl Simpson $5 %% ) 4 Bl 505 43 71 4% Ry
ik ZREPE RO (181 2) ol it 5 YR I SR GO0
F LA AT R AT L8, R AR HEAL B R 5
& B Z K (SES.PD  SES.MPD , SES. MNTD ) V5§
WHEEE R BT S IRIBER ARG LT EREMN
S50 RS BENLE R B A (1 3) .
22 MMABAERE SR ERENEN

] RUBE b, TE X 1Y ¢ 4G 6 25 SR R ], 2004—
2008—2013 4F-H& A% f) BR AR v 77 A JZ A6 0 b 22 B
TEMRG KT 2R IR R E A B4 (K
4) o HIE, RGLKH G M Bl A I E) 0 HE RS 5
IRE RS (E 4)
2.3 BRI E EAEH R AT

2004 AL A 2] 71 DPFE 1205 D HEKRA
{2008 4E3 #8 2] 76 DHFP 1190 A BRASE,
2013 4EJH A F) 76 A 1 164 RS K, A
[Fi) 35 1] FIAS ] ¥ 45 AR W) Al 2 B 28 S K. 1K
BERE b, AR ARIF IR (960~ 1 381 m) X4 1 4 4
FEOr B0 E YR ek (| 5) , KA # 5t
4 9 B M B B AR H oA, BR BR ( Quercus
acutissima) 18 B A ( Pistacia weinmanniifolia) \FHE
( Hovenia acerba) FMBHEL T (llex wattii) 55 7 &
MM (R 2), MR, BT ZEMN B 21T
Gyt B, W) R R A 32 AR b AR T B AR 4R
3AETT (I 5) , fE v b 45w B2 W 2 0 i A0 By A
FE NS HNK ( Cyclobalanopsis oxyodon) . 11111
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Fig. 2 Variation trend of species diversity of forest arbor layer along elevational gradients in southern Gaoligong Mountains
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AR A 1) 7 TR B BE 4% Ja ((BRLIEE 3B 980 ) ( Luo et al.,
2023) RBA —E, HHE R A BT S T
DR T A B85 B, 4 0, 55 ARV A5 BN Y
FET5 AT RE SR TE IS0 A % Jm 1 T B2 LN, TR
A I T ) 25 SR 3R B W 7ol 22 P 1) B0 A A
JRI IR e A i 2 R 3R B R R R Y AR AR U
TeARZ Y FH R Z ARG E . 59
2RI, RERE SRR L 25 R
FPIR0 ] 09 20 2 0 2R 9 N\ H b 8 9 1 2 R A
Y Z AR S0 5T ST B 1) 2 8 ( Faith,
1992; Donoghue, 2008; Cavender-Bares et al.,
2009) . BERTXT A P4 BT RN MR AR PR VR T
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Fig. 3 Variation trend of phylogenetic diversity of forest arbor layer along

elevational gradients in southern Gaoligong Mountains

P BE B 5 78, A8 v T 3R] B8 R R 1) [)
YERIBUE B ¥5 R4 L B 450 5 B /o i 6 T
LU TR e B PO A 55 ) 2R G0 0 8 4 0 ) 2 SR A 70 A
( Culmsee & Leuschner, 2013) , 5iZ W 5 ML), A
WHoE h R AR 2 I R G0 L B 5 5 il & Rl L
ARG BIF 5T 45 R SCHF Pl A2 A AL AR S PR AR 5
(tropical niche conservatism hypothesis) ( Wiens &
Donoghue, 2004 ) , X 7] B& H1 T = 1 35 Hb X [ 4
X Bt PR ) S SO e A, WA T RE S 9 R
ARG, S BT INAL B ALY RS K B 45U
MM MBS HE B R 45 R AR (Yue & Li,
2021) , FATTHEI N Sy B S0 R i T A X3

TR RE RS N R G KB REN F LR
PRI, 33K AL 15 7S 15 B8 BT 111 g A R b A A DI 3
JE A P R A DT AR TR ROR 2 5%
32 YMEHERMRAELE SHFEENKMEZHES

i () JRUBE b o 5% MR b, S e < 300 10 %o
PR A=) Z FEPE R 2 AL A2 38 R G T RE 1Y 5% 72 DA
RHEMAEBRGE A E MY B A HEZ XL
(Liang et al., 2016) , G Hr 045 R LN KTE
PRRRARAE 55 5 1 20 722 2 5 N A ) 3 A1 v 3 TR
ARRYCEEBK B 77 (Guo et al., 2018) , 2SI, A
WD BRI R T Z R R SR E
ZREEIF R B AU BRI m A ST



5 B BT R BUR OB E BRI R AR SR I 25 8 801

a b ¢
NS NS NS
I NS NS | NS NS NS I
Ir ] — I ] I r | .
20 Prm=———— > T T T 1 Elevation (m)
2 = 2 { | 2500
£ § £0.75  ————— 2000
< =) & ) —— 1500
9 15 £ PU— ‘g e 1000
= ] [ — ) 3
8 ' ( ® g & < i Y] Aspect
k) S [ ] = e — | £0.50 @ %3 Eastern
(% 10 =y . § —t ; A Vi3 Western
i 1 e
& R oy
# s ® #0.25
& e s
| #
0 0 0
2004 2008 2013 2004 2008 2013 2004 2008 2013
4E Year 4 Year 4 Year
d NS € NS f NS
l NS NS I I NS l NS NS
I r — I o U s
o =
1 &
> > E 0
%] ] %]
% 2 %
3H = " -0.5
£0 = =
AR = g
g = F-1.0
® T s
8 B S
& —1 8 215
ko34 ] =
~ & =
gt i3 B 50
1’ :
-2
2004 2008 2013 2004 2008 2013 2004 2008 2013
4E Year 4E Year 4E Year

B B R A ) (¥4 (8 0 R R ARIHIR,, SR (37 W TR ) 5 NS R BCXT 9 ¢ K238 B3 (P>0.05)

Color gradients indicate different elevations ( blue indicates low elevation and green indicates high elevation); NS indicates no significant

difference based on t-tests (P>0.05).

B4 BERLUERGEMFAABROERGEARBAEFEHYMSHEENRGZLESHENESR

Fig. 4 Differences of species diversity and phylogenetic diversity of forest arbor layer across different

census years along elevational gradients in southern Gaoligong Mountains
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WK TR RGE R B ZHME TR (LD et
al., 2020) . SR, £ ARARAE VR b, J0 FLO W 4k B
FEERMBEIE M RE KB 2R WARGE
ABFFEUESE T R 2R 5T 1 2004 & 2013 4F 7R KBV
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TR R IR B g R N E Bl R AR A R B A
WELRA R, S5 HE, RFENE S T
AKJZ 2004—2013 422 fa #2013 4F 5 X 2L 4%
MRBETE SR A T el A5 Ak ATh 5 45 & B — 42 i 1A
AR T R A3 M AR AR, A Sk B9 BiF 5% K

PR AR
3.3 AR E AN K E M E R T
PN A 25 28 GE R, 3 1 A O 52 Wi A ) 2

BRI Z2 R 53 A 25 57 1 — A SC S R I 5, 4% Bk
)7 18 K43 A A BRI 45 AT BB AR AR B R
75 ( Winkler et al., 2016; Dearborn & Danby,

2017) . FgIEGE 1) Y s AR T L A2 B P R 7 1) B
PRSI (An, 2014) , HAT SR A9 55 X2
N, SZRBEH L, P A A R = R K (221E
45,2000) , X ] fEE— 2D B Sl AR 74 S A 2H Y
AL Bl SR L Bk AE A B S R R A A T 2R X
5T MR KRR B2 A2 Ak, 3K 3l T AR VE 3B
MELT S A2 ( Taxus wallichiana) B Fh 04k, 8T
ARV A A AN R B B (Liu et al., 2013) o 35X
FPGH b Y o B OGP AE A B 5 BOAS [ 3 ) A )
XRA M 7 5. AW FESE R R, KPS E
Yy o 2H A7 AR IR 22 S, 1 v i T 450OAH ] v 1k B
W PRI W R 2 RE PR T AR B, FRATTHE I X ]
RE S VI B A B KW KA G, — T, B 5l
(AR 7K AT RE 42 B T AR ) W %2 53 — T THD
R Ry S v TN 19 2K 3 3 AR 2 B8 22 Y A Sk A
(Jiménez-Alfaro et al., 2018) ﬁﬁ%{f%ﬂ"]%, i
TR AR Vi TR b A b A 2R R ek s — 2E
AT 53 A5 0 W) R A0 5 RRAR T RO AR R
A4 55T 2008 4FJ5 78 i Be AL IR AE PR TR R 2
HH e, PG, N — 25 B W) 2 P IR 4 v ax
Yy B A DX R R AT O i A, AH B, P
WA R AR T, B v R R 3 G A ) el
FE & X AR LA G IEAZ S Horp 255 XA
AE LRI B S PR B8 I vl R 5 A 9 TR E AR A O
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Table 2 Changes of species abundance of forest arbor
layer among different census years in our

study plots (2004-2008-2013)

%ﬁ: ﬂjﬁ? 2004 2008 2013
Species Family

RS BEA 1 0 0
Pistacia weinmanniifolia Anacardiaceae

IR 7534 B 12 0 0
Quercus acutissima Fagaceae

B 2R 2 0 0
Hovenia acerba Rhamnaceae

BELT 23575 1 1 0
Ilex wattii Aquifoliaceae

5 A TR 1 0 0
Terminalia chebula Combretaceae

A BER 0 2 0
Rhus chinensis Anacardiaceae

ZIFTES TR} 0 1 0
Lindera latifolia Lauraceae

] SR o 10
Lithocarpus pachyphyllus Fagaceae

ek FH 0 0 1
Broussonetia papyrifera Moraceae

AN I ZRBERE 0 0 2
Cornus controversa Cornaceae

AR A%} 0 0 2
Cunninghamia lanceolata  Cupressaceae

LLAEAE AR 0 0 1
Manglietia insignis Magnoliaceae

27N 7o 5t 0 4 14
Cyclobalanopsis oxyodon Fagaceae

/NI 5T AR} 0 1 1
Ligustrum quihoui Oleaceae

BHARLT iRk 0 1 2
Litsea mollis Lauraceae

AL LA} 0 2 5
Symplocos chinensts Symplocaceae

ERCET HaRk 0 1 4
Taiwania cryptomerioides Cupressaceae

IR IXTT I T RSB Y Fl [ 0L AR E
( Manglietia insignis ) . K # ¥ 89 ( Rhododendron
protistum var. giganteum) | BR3P FIVK S 15 it , K
AR TIZ AR R 0 F MR R . A 0F
FEb FATE— 20 R R Va3 18] BT R TR Y
AR AR I P2 2 UK s i Ml AR Ak B O B
AM) AN Z B 5 4 45 ) FIARZE M (Anh 2+
B R A ) i BT R ATT R W AT

3.4 LWhEY S HEERPETR

i RE—NERNES RS, ALK S X
JR I E R AR AL A A ) 2 RE I 4R B ZCE R W
BRGNS TIHE (Antonelli et al., 2018; Luo et
al., 2019b; Hu et al., 2020) ., BE#H ANZETES*H
SR A2 ZR G5 R T T I ) R AR i A A A A % L
YR AR B T G B R Bk R, R, SE Y
Hi APV B DX IR X ) 7 56 i I T AR ) 2 A
PEA 25 17% 19 “ % F1 H #5 117 (Elsen et al.,
2018) , X Pl S 2 — 2 2 B 42 BROFN X 35k 36 P B
JE A8 1 78 10 3 FE Y ( Pepin et al., 2015; Li B
et al., 2020) , U H ZAREE K ML IX , 76 = B 5T L,
H s VRO DX PN P T 2L S R 5 g B e ] R
FIFE RO B 3 . SR, S A AR Y
PIRh AL LN 2R B8 & B 2 PR A AR 4R IX 8, R
FEARP X, 76 AN B 10 AR ), Al 8% % A T R
IR 4 S FE BBk b P 4, XK S BOR 4B
ZRMMESRGEREMER, Kb b, fEEA
FRTTINTY B o 2500, [T B S8 g
BT A Jr) 22 5 < i 1 Sk R BV I B R AT
() A SRAT B, A0 I B DX 38 19 D A 0k 22 v B
NTHARETRAR, XA s R A 2] T KRB 52 1Y)
UESE, 78 2001 4F 3] 2018 4 [H], 4Bk 111 Hb 58 b i £2
KT 1% FE P BE R I, 1L M B Ak 32 A R e
I3 (<1 000 m) XI (He et al., 2023) . F&fi]
FEBUER X 3R fE ML, A A 44 b X4 R b 1 1%
P /IN X (microreserves ) , LA I L AN AR 7 X6 1L
WESRG TN EE, A, A B9 i H
MR IR 2D S I 25 & 2 4k B AR W) Z M PR 4R A
(Y Z R R G KT 2R ) 1SR g n] LL7E
HoAl i X 3 DA 223k, 8% i o] iF — 40 28 45 5 1%
ZRE DI RE 2SR

Bt #ARHSREATLVERLARARYRE
FB 23 oy Ao s of 5 By B TR B SN A & RO AR
AWM A H A 1, Bt Moses Wambulwa 1% 4
YR Bl AS P 3e LA E

S E Mk :
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