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Fig.1 Conceptual diagram of remote sensing monitoring of plant diversity
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Fig.2 Theory and methods for remote sensing monitoring of plant species diversity
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Table 1 Case studies for estimating species diversity based on spectral diversity
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Table 2 Case studies for monitoring plant functional traits and functional diversity by remote sensing
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iz T A I A H FEF AR W w R T Su%(2018)
o ST iz e 950 M i Coops 4 (2016)
BN IS FA) 2 B3 FOTN JUG A5l Zeng %(2008a,b)
ek TH iz FUN BN Zhao 55:(2014)
g B e B3 FEN O3 A S Kacic 7(2021)
56 2 FN FUN LENaNGE Liu%(2022)
TR LR B3 FEYN ZIE SRR — AL AR Li%:(2023a)
kst g gk I e 007,200
B TyBE = B 5 B s Uk fiias Ak BT AR Z 4Rtk zs 18] Zheng5%(2021)
e Sy 5 S U WIEENDL iR 1 E ARG AM/RF Villa % (2025)
Z SI=tg i Ciik i bt/ B 2 FUN PLSR Ma %5 (2022)
T Rao’s Q B# Fiih FTFHIRA Rao’s Q Hauser % (2021)
REE B S B U AR Hb 1A R H PR Carmona 55 (2020)
SR A i/ L TE A IR 1T S g Schweiger %5 (2017)
2.2.1 EYIIHEE IR B MEM T ik iR % (Jacquemoud %5, 1996) ., ZWiMf57 £,

AL A B IR B D vk 32 B 43 o W B
R SRR IR G T (Wang 58, 2019)
W Ry B R AL 45 I 5 RUOBE 9 PROSPECT Al
5 )2 RO ) SAIL., INFORM %5 58 5 % % A5 AU
(Darvishzadeh %% , 2011; Schlerf F1 Atzberger,
2006) . Py PR AL ELAT — o A Aa g A ] RS AR
B2 B8 2 Bk 38 8 B 4% (Darvishzadeh 5% |
2008; Malenovsky %5, 2013), 1% W H T4 E R
AR S, netskER . K. AL F4ER. R

Py BEASE TR ST A B R 00 A SRORS B AR AR T et
R (Jurdao%§, 2013; VerrelstZE, 2012, 2015).
Hop, B2 Em A (SMLR) | i fe /N —3f
FH (PLSR) . st 2 mE (GPR) . )7 SO
Bl (GAM) FHREHLARAREIE (RF) R H W
Gt

SO R 0 25 R ) = R Tl B e
45 4 Go v o W B AL I T (Zeng %, 2008a,
2008b), FEFGH A BHRIGE KRN T, B
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SHRATEEESE (WFE&EE . B0 E
) KFEE (WoEiETm R, ARH . iR
) FOEJZNTRE A (s BEAREZE | I
JEZRENESE) 3R TR AN G, JUHETERR
MO 25 PR R B 1 00 HhoKE B2 AT 3k 80% LA I (Asner
& 2015; Coopsg‘f:, 2016; Schneider &, 2020;
EART A5, 2025). Mhh, WATEE G ERS5H
TEAKV 53 5 2 4E R B oA s Bk, S
LEAYEIRSERIE AR, WE R . R S5 %
4 (Li%%, 2023b; Liu%, 2022).

2.2.2 HEYIINEE SR KN A E

HE ) T RE 22 A2 M D0 3 B B e %) T 1k 02
T8 A SC AT L FE a3 BT S e AR ST Y B
P2 31 5T AR A 2 GRS 0], A Y
H R 3 A 3 00 B B 48 BOH = APk 23 1)
THE A J B B AR T B ) AR R A B O
AR T P B — i, R AR — E G
MRS E O, ARYE D REMER =S (8] vh s Z R A FE B
ETEEPH R EE, RT&ASED
P SR B T D RE RS IO, kT f/ VAR
W o> SR E R AP RN RES S, IR T IX
SRR E (Durdn %, 2019; Helfenstein %, 2022;
Schneider %, 2017; Zheng %, 2021, 2022)., i
ROk, MW T BE 2 RE VAR B A R 0L b TR A W
KRN 5E & o, b T BE O3 BT 4 2 FDIs
(Functional Dispersion) FlRao — X/ 45 %L Rao’s Q
(Rao’s quadratic entropy index) #%1A A ELA7 45 5 1)
N ¥ 71 (Botta-Dukat, 2005; Laliberté Al
Legendre, 2010; ¥ %, 2021), FEHIERS
2 ) 5 I [ 5 J5 4 1 ok i 28 2 e 20 A e i iy
Y7 1] o

BT T 2 4E AR R R Tk, A
TSI AL TS A S RE A, 5 1 R S e 3
BB AT AL S D RE Z FEVESE 8. I Ma % (2019)
FIH Sentinel -2 £ 4 5 i e /N — 3 1 7 A8 55 T
DR 6 A X JeR 1Y 2R bR 2 BE 23 il PE AR H . Villa 5
(2025) e FIe AALE DGR, A SOmEH
Bl I BRLE B T R OR) 5 MR A D RE
B B EME AR R AN, Grime (1974)
Pt =R AR A (SR RS2 RVEAE )
SO REVEARAEAEAR S A0 RE OGP, Rl ] T )
IRe Z FE M W . 40 Schweiger 55 (2017) I

Schmidtlein % (2012) 7351 5 T s /AR 25 85 61
BAGAR A TS RRIEZE AL, s T R
RE 2 FEPE Y 25 8] AR 2548 R o

SR, DIRE ZREIE 46 BN T2 5 S22 MIROKS
JE R R AR, HAS RV RUBE i D E 2 M
PEZE RARMESEAT BEAEXT b o AR R 4R th iy PR A
SREEFE (Trait probability density) 553 FIlAZ % i 8
N3 (Hypervolumes) B (Carmona 25, 2019;
Mammola Fll Cardoso 55, 2020), ZEH % & T Mk
MIREA oA, 456 FIHE WA —4k 5k (Pacheco—
Labrador 45, 2023), A B2 R A] # e i A
YT RE Z AL

23 RERHSHEM

RGURE 2R TR A W) 2 1 ik P 4
B, W ERGEKER, A Faith’s REK T
ZFEEFEECPD  (Phylogenetic Diversity) . ] &40
KB EFEEMPD (Mean Phylogenetic Diversity) |
VT E 2 R 25 BUNTIL (Nearest Taxon Index) . £
SR B YA TS ELPSV  (Phylogenetic Species
Variability) 45 3k & & (Faith, 1992; Helmus %5 ,
2007; Webb, 2000; Webb %5, 2008).

H AT ) 3 58 K B 20 FF P 10 1 2 e D 7 v T
HYy R 3 K ek mIa . PR FE R 502K
4n Schweiger ¢ (2018) FE M F RUBEF & T G |
NBEM R G R B AR, R B FhIE] A R 58
RBEHBEBR, LikERSIEERBR,
Cavender—Bares 2 (2016) Fll Zhao 2% (2021a) 1Y
W R, MR TR, HEE TR
TG HATRE SHEY RGE K EF LM &
Meireles % (2020) F1 D’ Odorico 55 (2023) #J
frdse /N 3 F BN 4341 (PLS-DA) PEASG I RoGis Fn
A BEPERS TAE IS R r R Ty, ST R
YRR H . BER R 26 LidE (2023a) 2
At 1A [ S 56 2 0T st A% R 35 £ PR 2% 0 Dl 1 A2
SRR N, SRR PR Skt i O S S 1) B TR
R TS SEHME R, UL EBFEIEN 7Rt
F OGS REAE IR B Fh b N A st AL 728 5, DRI
FH R JEECE vT DL B Rl Rl I R G kB 2R

SR, FETOGIERHESHATHY R G LT 2
PRI A A e RO B, ey B3
FERZVRBOGERE N R k& 2%, Hilik
A5 B TR XS BEAS B — R S 4 9 22 R PR B
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(Madritch %%, 2014; Czyz%%, 2020). #H4b, =il
o DR e 19 e A1 A5 T 422 A RO 4y 1) 2 TR 5ol
TR A, fE i b R DR T RE DA S o 5 I DX Bl R
PR B R . B 2 U R R OGS
5SS e e R AR, 2 MRIIAE Y R 4
KB 22 [0 28 5, AT A g DX SR BE 7y 2
PRI Z2 R 1 T 4 L T R

3 AHY) 2 e R SO DN T 1 AE AN TR
A ARG IE I

31 HZMESES

BMAESREHAREEWE 2 . AR
Koo MR B AR . AR 2R
W AJF 5 0T LLGE 3 3] 20 i 22 90 44 (Davis 4% ,
1990; Warner £ Shank, 1997), 3] 31% B # 4 rh
Tor PR BRI, M LRI S OGS 54515
B AR R A OGS 5 OGS IR B R oy
X R 2GS . DhRR R R A H 4R
B (FRERAE 48, 2020) . ARG & R )
ARE TR A K- D) Re R A Rl 5 S, (H
2 T I X R T B0 B3 PR AR R L 2
IR B B 52 DL S S 2 4y, sz | FROR o8 K 2
P W) () ks B (Féret A1 Asner, 2013) . I4b,
5 WA AR PR A0 7t Ko o A A A A X
AR ERW, N [E AR R B Y R AR S R R 2
P22 SRR, AnFRAR R MO 2B ARAR P, PR
B B 5 RARAR T2 1 2 M, AR R 92 31 1
53205 B I N Z FEE S A1

FEA W) 22 M AR HE = B R B I BT BB
X, 20 RABEM T8 HE (R
SOHTAE, 2022), TR EEH| A A 2 U B
iff o i 1) XU 47 JOA R W RO, AR SR 3
i 1 e e () B 5 vk S B AR AL 2 REME B A
RO . F3 b, FRARAEY) 2 FEPETE R IX RS (1)
WM EAS T —EJE R, 40 Sabatini 55 (2022) #)
FH sPlot i 5 A i [ml A Dy ik, S8R0 T 4Bk
MY Fh Z R K Aguirre—Gutiérrez 55 (2025)
I TRY S MR B 5L 2 Bk, AT
IR R D Re IR ST RE 2 FEE . SR,
b THT 55 e S A A A W DDA B 7 W AR R
W 25 S I BB I A5 ROBEN D BE A 2 38
A b T — 30T b T — AL 28— AL 3B b 1) O =

RSN ERERY 0] SRy Y AR ) 22 R 1 W 4
HEDS —Fh L& . 0 Becker £ (2023) FI FHAHLZR %
TR R BARVERINGREA, 454 Sentinel £ FIE
B, SEEL T IREUE R 10 m 43 HER
SABRMIES MR . Hit, & KB AR
ARSI 2 R W T AT A R — 2B R

32 EHMAESERES

b FE Y TE A P AR B 2R AR B Bl A AR
e, 5% AL S AR fh s i . B
R P 228 JERRCHRE o) R i AN A AT o 43 2R AR ME S B
TG TC R EE 1) 5 b ) o o3 25 A, 32 288 Jmg PR T 0 A 38
R ¥ B RS AR D R TR 45 RA AR T R X
By, AL E . (Yang Al Du, 2021), Xf T #E
T 23 A1 T 2 T8 A v T e b 2R Y o ) e S
IR A IR XY 22 PR I 2 AR . A
U, BhAOLIE . S0 WERREE (AnJTAE . &5,
FAN ) 5 WAL TR L A ) 2 A 1
FEAIBFSE 5 (Rossi F1 Gholizadeh, 2023),

TC ML b 1T 1 5 5 B fE % 41l i R
Fofr ) () A BRARAIE 25 57, (H2 JC AWLIOE 7 ik 508
RO A R AR AN AR (Zhao 55, 2022), A
i et )2 o BEAE AR AEAEARAG IR (Xu 8§, 2023), %
PR I A BN A S8, TR G Bk 4 )
AL AR T B R A SRORG B, R R b AR ) 2 R M 1 R
Wem g Lk, BeAh, CHMZSHEEMRZET T
MR ROBEER N T A SE sV & F B —E W) ok
JE B RIS X, AR A BRI R IR
Z B 5 DX AR MEARAS B m b B . AN [R] 28 U R by
AR IR . R BEVESSH . U &%
R, WELGEAHEEAOLE— A —4
P, R I AR AR TR R AR, B BT Y B B 22 B
PEFE B, LLSE LA ) R 55 ) B 2 A PR ARG U

Wy
33 BHMIASES

Tl A1 25 2R GE A W) 20 A P R I A 4R R
b TR AL W B M TR AR X & LGN, B A
FREE S, O BWEoE 24 th e R /K AR M )
3B S NS I T4 NN 25/ SR 2
(Jia%:, 2023; PiaserflVilla, 2023; SunZ¥, 2024;
Villa 5§, 2015) . LA F 7078 F) i Bk e 2 1
WS S 5 1 5 O 1 22 A P R RO 1 M M )
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M rEvE, (BRI AR B 3 AN & (Heumann 55,
2015; Rocchini, 2007; TaddeoZE, 2019, 2021; Tan
4, 2022),

B0 AR ) O D RE MRS B8, TR AR A
Yyt K J2 0 2 e 5 A BMIR 2 TR YOG &R
i AP B AT B AN TR) L 6 T ol b 50 2 S A
TH By AR AR T 10 b A ) P DR A B v 0 3 P A
R, B3z BKRBY I, 1R ) A
JEMEFOR AR (Villa%F, 2024). Zhou®s (2015,
2018) FEN7 T RAIK A A 2 e A A AL
AT TR SN B 0 A, (AR B AT 9K
e LA ) B i K A= Al 0 2 0 A BRPEAR . IE A
BRI AR S B AR A TR — KR 22 B
ST, DUKFEW AT KT AT, A5 K A R Y
T2 R R R SR T M A A A R R O A
D, 1) 2 SRR A SR s A Wy D RE PR, B

&ﬁﬁ&ﬁ%%\%ﬁﬁhﬁ\ﬁﬁi\%w

AL E VIR, & T T 20 RE 2 FE v W I i
%%Vﬁ%iﬁﬁ% RIS AN, HAh, 3
TR B 1 M A ) ) RE 2 PR IR TR 2 RIS
AHRTEL D, T LA A ) 22 R M 4T3 98 02 B if
2o M DN IS X R HITYAT o

34 RHEESBERS

KRHEAEBRGEME HRMAE I E A
ARG, MXT AR S, EYI 3 2R
DL SRR I FE R 2R E AR
VIR R 2. Horh, ST RE R IIEY
FAVE T AR B, Rl R LR EHIE TEY
S WG TE LSRR, FEEAEY 0 o N
W E T 90% (Mehedi 45, 2024; Piiroinen 45,
2015; Yao%, 2022; Zhang%, 2018b) . FHAE
YA H BT YR Z R PR O A R Ak
TR T, A A A R PR IR TR W 2 B ) B

SR EE o (R AR S Y 28 JE I e AR AT
SEMEA, PR [A] AP 0 AR O 15 25 S AR ME SR I
H T AET X KRS 5 DB E A 22 i 5E (Rauf
S, 2022) 0 AL, AEPIERLE L RR LRI ]2 ]
R AR SR BT A R B AR A T T, A
BAE. FIFEZ (Qiu%, 2022, 2024; Yan%, 2019;
Zhang %, 2021a), WEI 7 53 S T =5 B 18] 2
PR AR R R R sk, DL s =8
[i] 53 B A8 EE 28 = AR B0 A AT 25 () 38 4 7] Ry

HVEVED)

YEYI DI e Z AR IS, — 5 2 R M
TR O L SRR SRR R R L R
Koy BEAM . Wi E SR T R G AR (Belgiu
45 2023; Li%E, 2018b; 2022; Sun’¥, 2022; Yu
&, 2024), Jy—J7 R F AL SO B O A
ARt B R IR AR, kke . i R
M 4% (Su, 2018; X %, 2016; Zang
&, 2023), RJFRETEMNA . B, EIRE
ﬁ%% ﬁ@o%TmﬁM@WMW%%lﬁﬁ

P WA D 7 3 U 2 2 B 0 i AR & D 5 T A
BT —E MR (Tao%, 2022). HAET, BEA
W5 24X 5L T8 AU 73 T AR W) 2 R PR 7 1
HAaEEREm (Gu%, 2024; Meng%s, 2024),
MVEY ZFEEXT T A ™ . 58, E3R . @RNE
YEDLH S PR, A FR s SCfb . A IX
PE2E R 25 A0 LU SY

4 & iR

TEAR BRI =T, BEIH5AT
A bﬁﬂ‘ﬂ’)fbﬁﬁjﬁﬁ%zﬁﬁ”k{m TERE T8 B AL
i (Gillespie %, 2024) . U . 2 &
BEE . SIS TR, S
TAMESRGERN 2N, Lk, 24 5
REZHEY) Z FEVE IS I SRR 2R, BF R — & ) [
)Y 74 BRI P A A ) 22 R P SR 0 e DM A
R i, SR 2 R e D R S g 2L W]
b, e S5 B SEAE AR St R FE VTG A8 DI oK

ToAE 2 8 BB R A By i AR AR ) 22 R 1 M 0
Th R AR B AN T RUBE () R, 5[] 73 B Rtk i
T AR IBOULIN X 5 S o P O BE 0, BIORS 20 Y 2 T8
3 PR IEAR XS N T BAE A A AR W, T T
R FE RUBE 5 25 8] 43 BE AR 00 O A9 A 2 30 Dy H S 5
ma R ZR . FEMFIRROEE b, R Sk — 20 s an ] 5|
N AE AN TR AE 9 e 00 114 22 S5 L 9 o 22 R P ) 0
PUE, KR AE B Ia] 1 ) 22 4 3 25 i i 7 vk ks
AL BT SR S R OR T . 7RI RUE |
AN [l BEX AE ) 22 6P A B 1 DUBR B 2% 5, Uk
&&%ﬁﬁ%%%%,tﬁaﬂﬁ%ﬁ&ﬂﬁﬁ
R VOCBEARTE AT DI REMEAR | TR 2K
N H IR 38 AL AR ) i R AAZ

B 18 ST 5 B AR AR R B P R R, T
AL 0 18 A A A R RE 2 2852 B e W) 2 PR PR
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Ry E G, AR — L — 2 AR
B I 25 EAME R /NS L R R B A R 22 R
B A E 2 IXCBRURE S R A ) 2 R
WM A0 (Cavender—Bares %5, 2022; Pinto-
Ledezma 55, 2025). WAl , i mobig ot & ik

— A AR AR A 0 = 4RGSO Y 2

WA R TR R RS (ZREL SF, 2022) 0 AOREDKE
KO B A R SR R EDEIE TR, WINASA
i SBG M ESA f) CHIME (Lee %, 2022; Celesti

4, 2022), AT R XU BE (ALY 22 R PR DR
@%W%&ﬁ%o
i T SR AR 2 m i 2 5, HwiH A

Ta SR A 10 A ) 22 R IT A 48 AR A 1 D0 45 2R 5
T figp TR A 285 2 TR R B B T SR AT A AE AN — B
P, e sh A 5 St — PR a, A
/%Eiu%%‘]?ﬁﬁz—'?ﬁtﬂﬁﬁﬁﬁE%‘fii%ﬂl, FEHZ
i 22 SR F) I AR, AR A R Y
([ &/ TR TWF.MJ\Z” MRS, MEEA A
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Abstract: Biodiversity is the foundation for providing ecosystem services and maintaining ecosystem functions, with plants playing a key
role of biodiversity on Earth. Traditional plant diversity surveys provide localized point-scale snapshots of diversity, but are limited in
capturing dynamic changes in plant diversity over large areas. With the development of new-generation platforms and high-resolution
sensors, remote sensing technologies have significantly expanded the capacity to quantitatively monitor plant biodiversity across broader
spatiotemporal scales. This review focuses on the three core dimensions of biodiversity—species, functional, and genetic diversity—
exploring recent advancements in remote sensing technologies for plant diversity monitoring. Specifically, it addresses developments in
plant species diversity hypotheses and algorithms, functional traits and functional diversity modeling, and the sensitivity of spectral
characteristics to phylogenetic diversity. We further discuss the applicability of remote sensing methods for monitoring plant diversity across
different ecosystems, including forest, grassland, wetland, and cropland. Finally, we summarize the current trends and future directions of
remote sensing technology in plant biodiversity monitoring. Rapid and accurate monitoring of large-scale plant diversity is identified as a
key challenge in plant diversity research. The future of this field lies in integrating multi-source remote sensing technologies across field,
aerial, and space scales, developing Remotely-Sensed Essential Biodiversity Variables and constructing plant diversity upscaling models
applicable to various ecosystems. Strengthening communication and collaboration between remote sensing experts and biodiversity
researchers will further facilitate the integration of remote sensing technology with biodiversity issues, advancing scientific research in
biodiversity monitoring and conservation across space and time.

Key words: plant biodiversity, species diversity, functional diversity, phylogenetic diversity, remote sensing, forest, grassland, wetland,
cropland

Supported by National Key Research and Development Program of China (No. 2023YFE0126600); National Natural Science Foundation

of China (No. 42301410); China Postdoctoral Science Foundation (No. 2023M743587)



