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The Influence of Climate, Landscape, and Human Disturbance on the
Distribution Patterns of Bamboo Species Richness on Islands
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Abstract: [Objective] Investigating the distribution patterns and underlying mechanisms of bamboo species
richness on islands not only enhances our understanding of island ecosystem dynamics but also provides essential
scientific guidance for the conservation and management of bamboo resources. [Method] This study analyzed
the species-area relationship of bamboo species on 30 islands in Fujian and examined the effects of 13 environmental
factors across three major categories: landscape, human disturbance, and climate. [Result] The results showed
that bamboo species on Fujian islands generally followed a species-area relationship where species richness
increased with island size. The species-area relationship slope (z) for total species richness was 1.69, for monopodial
species 0.24, for sympodiall species 1.43, and for polycyclic species 0.02. Landscape factors, particularly island
area, were the most important determinants of bamboo species richness across different reproductive types. Total
species richness increased with island size but decreased as the proportion of buildings and farmland (BFA)
increased. Additionally, different reproductive types showed varying responses to environmental factors. In
particular, the perimeter-area ratio also played a significant role in explaining the richness of sympodial species.

[ Conclusion] Compared to other island ecosystems, bamboo species richness and its reproductive types on Fujian

278



SN E T E AR T AR AL SI8 T &3

islands were more dependent on island size, with landscape factors having a higher explanatory power, while the
effects of climate change and human disturbance were relatively minor. These findings provide valuable scientific
support for the future conservation of bamboo diversity and ecological management on islands, helping to develop
more effective biodiversity conservation strategies and sustainable utilization plans for island plant resources.

Key words: species richness; island biogeography; reproductive strategies; species-area relationship; habitat
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BIPHONE . RIEEEONSRAE, 0 A ARG SR . AR AR PR TR R, RIYVE 1
DARE AR A M 2 S, Y 1 DB R R P R SR (R R B R SR AR A
2= 1996). WA 15.2-21.0 °C, FEHIFE/KEN 1000-1600 mm. A4 28 iy 5 S pR . H 4%
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Fig.1 Distribution of 30 islands in Fujian, China

1.2 FhEHEIREL
1E 2018 SFFI1 2022 “FAEKZEN (5 HE 7 H. 9 HE 11 A) X 30 NS LM FTEEF 4T 178

280



SN E T E AR T AR AL SI8 T &3

. WA RAUMALRE N, DRETTRE RN, FN R 5 Rih s Ll g B S0k N iy, RET
AW B . SRR 1 km? (/N E0E BT 4 B A (E &SR, 2017). &M S 3-10
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ESp

AT KBl PE RS (Distance from the nearest continent, DNC). FRfiT KB EEE (Distance to the nea
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F PRS2 B TR, 334N 5 (1) DEM Mg e, SR BCH SN 5 W Sem ik, DA B3R Arc
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SRR T By N A SRR B, RAEHE N LGB (Wu T G, 2004). TEIRIRECRAE B TIR 52 2%
P, BRI HPONEIERS, 3L SIoN 1, B TRBOREE AN, ST Wk Thm. HARN SI=
P/[2x(nx4 )*S](Hoffmeister &, 2005), Hr P NG IIEAK, 4 Rl BBl KRGEES (DNC).
PRERIE K B B (DND A DARAEAE & (R S F2EE (Yu M J 5§, 2012).

1.4 BRI

TERY BT R 7 Z KR T (VIF) Ccar:vif) (Fox 5, 2019) R0 SER 72 A L2k v, 13 A3
A7 VIF /8T 6, (KT & KBI{E 10(Neter 55, 1996), LRSS, RHM RiT#Z (vegan::spec
accum) (Oksanen 4, 2020) x4 & B U517 RV B2 B 750

JET R 1 sars £ (sars::sar_linear) (Matthews &5, 2019), s FHXJ o #6 (1 % R BB log S=log ct+zx
log A KRALEUSTTRIEY) UL KA [F KR R 4= P2 S BT AR [ A Ah- AR S & . Horb S 2=
B, A RM, ¢ Mz 2 z ZoRYMFE AR R A, Sl SR R Bt
AIEURTE(YU M 25 2012).

{81 H] Pearson AKX 4 (LinkEt::correlate) Al & 1355 K12 (8] AR OCHE, i#id Bonferroni £ IF 1 %
WEMKF . KH Global Moran’s 1 (Spdep::Moran.test) (Bivand %5, 2018)4& A 5% K7 (1923 (8] H A1 K%,
FE K F Mantel #856 (LinkET::Mantel test) (Huang, 2021)3%F Rk ZCEE B 707 ¥ 5 PR 55 R 7 56 05 5 B 051728
T FAN R SRR (A A o B 2 Ta] A S A

DR 5 PR R - o By U5 AT SRAE A DL R A [R) BB SR A W b == T AR R, X 1 AR R A R A R kAT A
LA B, M4 F4EFH (MuMlIn::dredge) (Barton, 2022), MR¥E/NEEARKIEG HI/R MRS EHEN (Al
C) B AICc &8xf TH A 7 M SR IR A 7 S O T VE AR N e BB e 5 b v o 7EUREERE b, R ko3 &)

(rdacca.hp::rdacca.hp) (Lai, 2022)%F sz FEFLA B =ANJ71H () R R AT IPAL , SE0 € 253 A AN 5] J7 T #1853
A B IR
PAEBURISTE R 4.2.2 it 1740 #r

2 HiR5 0

2.1 SUSTTAAEILE R

M 30 MRBUSILAITREY) 5 8 21 B, Hrh S EA 12 B, S IAEUR 57.14%; HARTY 8 B, &
PUrh i 38.10%; EHARIAL 1 A, SYIFEUR 4.76%.

Iy AR e 2 TR NFRAT (Dendrocalamus latiflorus, n=23, 76.67%), X2 & A1ZE4T (B
ambusa vulgaris f. vittata, 1n=12, 46.67%), HACREACNZ LT (Phyllostachys nigra) 4LJa7T (Ph
yllostachys rubicunda) SISEEYT (Phyllostachys makinoi) VAKX ZLWRSAT (Phyllostachys iridescens) (n=1,
3.33%). A, AEE 30 NS B oA T R EYIRIYT (Phyllostachys sulphurea) %47 (Indocalamu
s tessellatus) 7KYT (Phyllostachys heteroclada) .

Yirh Eit g (K 2) KW, BEERISEERIE M, SRR B SR SR YRR
2y 25 EA R ES . B T SRR B b B> S B R R BN T, 1
SRR G, R 30 DM ISR A R .
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Note: The linear regression analysis between total species richness of bamboo plants and species richness of different reproductive types with
area, describing the trend of total species richness and different reproductive types of bamboo species richness with changes in area. The black lin
e represents the linear relationship between total species richness and area, the blue line represents the linear relationship between monocladous ba
mboo species richness and area, the green line represents the linear relationship between sympodial bamboo species richness and area, and the oran

ge line represents the linear relationship between amphipodial bamboo species richness and area.
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FRAE G SR B K 722 18] (¥ Pearson A <A Mantel K367 %01 (/& 4), TAR 5 4k 2 18] 246 B35 1 IEAR
KKFZ (=0.82, p<<0.001), M SGIIRTEHC 7] LI H 55 EANE (=0.30, p<0.05). i A K
L G= -0.40, p<<0.01) REfAHFIF R, AKEALLAEEREEZ ML G= -0.63, P<0.001). BT
Rt A 25 5 HoAth 3R 35 R 7 2 (8] FOAH <4 56 55 . Global Moran’s 1 0 #T3R B, BHfL KRS (Moran’s 1=0.
90, P<0.001) HATEZE K28 HA . SR1f7, Mantel A58 B, FH f50r Kbk BE 86 kb =F & B A Al A
TERRN A AR AR (P>0.05)
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Fig 4. Pearson correlation analysis and Mantel test between environmental factors

W BHRSESES AMW EBRGE . TWM &R AR SR TCM it A ISR PWM hEde H R KE. PDM At H i
7Kik. Area AT, ELE A sk, PAR KRG, STATERIEH . DNC JBEERITARBEE . DNI B RIT KB . BFA NERHK
TR 5 o ND ikt b i) B R 1 &3R8 12 [8)ff) Pearson AHOCR AL, @Id Mantel K36, XA RPN 310 25 A G MEREAT T 2
FAE T, BEECFHA R BEARE, SO R IEMEE . * P<0.05, ** P<0.01, *** P<0.001

Note: The English abbreviations in the figure are as follows: AMW represents the annual mean wind speed, TWM represents the m aximum temperature of
the warmest month, TCM represents the minimum temperature of the coldest month, PWM represents the precipitation of the wettest month, PDM represents the
precipitation of the driest month, Area represents the area, ELE represents the elevation of the highest point, PAR represents the perimeter-area ratio, SI represents
the shape index, DNC represents the distance to the nearest continent, DNI represents the distance to the nearest large island, BFA represents the proportion of
built-up and farmland area, and ND represents the number of docks. The heatmap in the figure shows the Pearson correlation coefficients between the
environmental factors. The spatial correlations between different environmental factors were analyzed using the Mantel test, with significance levels indicated by

different colors. The darker the color, the stronger the correlation.® P<0.05, ** P<0.01, *** P<0.001

HFa B RAGE I HAEER (& 5) R, SOTHEEAR (AREA). FKEALL (PAR) B
LT H AR G (BFA) XTI 2 V)Rl == AN [ S S () e = g P 7 A
FIROM, TR A T R REMRRE SR = & B AN R BRI Ah = & Ak . BRI S, AR 7 &
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PABEDR 70 B, T 25.30% 0 FRET TS B A Al T AR R X 83.50%, AR E R K.
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Fig 5. Best model selection and hierarchical partitioning analysis of total species richness and species richness of different rep

roductive types in bamboo plants
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e B EMRERA 2T ERIE, JFREERAN AICe [ERHLTF B R MMBA, BAAMATAE, HMAIEMK. HUARET R K
ZrENHT. B SCAEE Area ATHAL . BFA NEESTSARHER S i TR ALt TR R B iR R, it S R R AS 2L T 5 B0 23
Wiz, PREARIN BRI [l AR AL 4 A

Note: On the left side of the figure is the optimal model selected using full subset regression based on the lowest AICc value. Variables to t
he left of the dashed line indicate negative correlations, while those on the right indicate positive correlations. On the right side is the hierarchical
partitioning analysis based on the optimal model. The English abbreviations in the figure are as follows: Area represents the area, and BFA represe
nts the proportion of built-up and farmland area. Due to the limited sample size of amphipodial species, they were excluded from the final regress

ion model analysis to avoid bias caused by insufficient species data.

3 iR

FR-TAR RS Z R — DA, fd YRR S50 E AR 8] () IEAR OGO R,
RV B A S T AR 3 0, R B 24 i (Lomolino MV, 2001). ASHF 7T Fb & 81 S5 U547 28 4 5 4 Fol
F @ AN AL ) R B R IRE S AR RGN B &, X SR S Rl - IR OC R AR (Kreft 4,
2008). TEFP-TIFASC RIIATEH, 2 (ERRYFIF S FEREIARY R AE Kk %, z EEEEH7E 0.20 71 0.3
5 Z [f](Panitsa %%, 2006; Santos %%, 2010). AAF 5T By U517 R Y K AR BHE AL Fir- T AR R 1Y z (BRI
7 0.02-1.69 ), 5HMABEF-INCRM T z EVEEA RN ZER, JCHZ QM-SR 2
HRE T AME, sl AR R A z (UK. X AT BE 2 BT AN R B0 R Y T R TE B U5 BR B v
(1 2 B e A 23 7 R T SRS S DA G (£, 2008) . 78 S U3REErh, JoH R mE ARk H IR S 15
U5, PRV RGN RS . BT RGBS R B AN R ) R AN
MRERAT) (Xie, Xie, &, 2024), XS4 5 MR SN &R BT R YIS 0L T & &9 RI=m . Kk
AT R BT SRR Y A RNE R, REASEGE R AR, RIS R A T
Py TR A OB . T Bl BT A M AR /N AEE LT R RE A 9555, DR X TR Je 1 i o
BONANR; ST RV TYOMEA Y A58, RIS RE MR 7, STHARY MR
LA 3

FE R USE YR 2 B Fe b, VR 20 90 45 SRS 1 AR DR 3R AN AR AR W R E R Sy Rl A R ) R
(Trigas %%, 2008; Steinbauer %, 2017; Rojas-Sandoval %%, 2020). it /25> E150 4 B i SR 11
fERERE, 3 AT DASSoR AT R R SR =E RS [F) B S AP = R B ORI puk . o,
SO 7 THT B THI AR R g B 0E 1T R B R B R BRI R EE M E SRR, X —R T &
U5 2 47 b PR 2 7 e TR 2 W e W = R R R N R (Kalmar 5%, 2006). A58 2 FEPERBEA A,
TR R PR 1 5 B /N B0 B B AT S8 2 (R N S0 AE AN 8 22 (AR B 28, RRAR L EE 2 (AR5 f(Chen C 4%, 20
20), SCHETE Z HREA) AT KR BE(Kohn 45, 1994), A Bh T S5 P nig . 5L IR e, s (3
% REER . KO E NIRRT 38 3% (Mologni %5, 2021) th[FIBE 2520 I 5 b (434, Bt 5 9 5 THI A
g, e SR N IEE BN, A2 IR S AT e g b, AT 2 (R AORTHIAR (13 B
R B 2 i (Neufeld 55, 2017).

IR, SRAEHE 810 S AR A X T A B AR SR M R TR L (PARD 2 5 A B4 M ) B DA 5%
MR . 7RIS 7 AR 4 (B 4) Hhilg R TIARRT ST 2[RI IEAH GG R, 3R B IIAREBCK il
B RAEERIIUR. FE, @SR PAR FIFAHKKCR, RFERBIARK, MREE R, 8 51H
XA 2 . Rk sREH AR EE, BAEERPIR (& SD FHE 2 MHNHAES (K PAR)
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(R0 5 ) DA SCHE SR 22 (Rl o AT, X R OUTHT S T TR AR L TDR i AOR A T R L 5 A 8 55 O P ) T A D56
R(Yu M J %, 2012). X 581 AW A H L0 — 80, RIEEE RS VRS 0, Yk 2RSS T
R 18 TG 8 i (MacArthur 25, 1963; Lomolino M, 2000). fEXF4Ek 700 AN 5 3EATHF 78 o (Schrader 45,
2020) 1 K BAR R A B 5 P I RS R 7 A s ma i = I e R &R

TE B UG E VR SR S0 vk, BR RSB V2 A2 S R =E & JEE ) — A 32 2[5 % (Cabral 4%, 2014; Chiar
ucci %, 2011). SRTIAHT 70K L& U517 2B ) 55 I 59 VA AR ER0 T0UI (1 TS RE B DDA OG o ANHIF 90 K LR
BT R A A RN R BB = AR L, X AT RE R BT i B S R RO K K2
TF1) 0 B AR e A (P 0 K Pl R Bz B 5N 26.50 km, B B 0 K 5 ARz B B N 40.97 km), X Fl
/IS 5 P A DA BRI R 22 BT A D (K0 1, DR Al 8 8 A S PR ST A 42 90 AT 1) S B o X T
S A8 B WS RORE FE P (Hu 4%, 2010) R B, BR BSAs e T S e  m bh = &

FENATRFEE S, B HER (BFA) (1 H % 4 2 5 057 809 m M Fh = 5 A B35 5
Wi o e ATTRAI Ao = i o A SRR AR T AR P38 I T B S/ o S SRR FH P PR A B R 1 SR
B H I BEIR(Xie, Huang, 4%, 2024), WS MBSO 14T R0 LA AE AR IS Ta], SBHTRE T AR
RGNS M (Arianoutsou %%, 2010), TP 0BG A SR 52 BUBEAS o« [RINS, AR (A7 5 A A1 B A
TR BT R A HU(Kevin 2%, 2001), FEUREAEEIAL(Tiina £, 2012), #E17H hneK 48 XU (Brown £,
1977). BRI A RIS ST HAAT O] RERR T A (A58, il e AR 8 R A AR IR e, 3k —
BRI T T R A K

AR5 HFH LT S0 7, BT & AT R R E R AN R S A R
FE DARRE AR . — 5 THI o] B -S5 ARHIF 7245 1 SR R AR T, e R T R v A 00 A5 1
A TR T, AT RS T IR TR M B AR PR AR 1k (Parepa %, 2013). AR, 4 F AT Ak
AN S I U R T, X SR8 DR AT RRAE AN YR AR R B AL, X R AR SRR R
AR B G S0 7 Pl 5 N B 4IRS AT, TS &, Ssa8hT
ST AT RN 1 R AAAR I 5 75 22 T R Sy U5 7 SR A = E 1) 43 A A% )

4 W

ABEFCHRST 7R AR AT 3 AN AT 78 RIS S I RS E L, et 7
WS T A AN [F) B TSR R e = o E AT SR OB IF TS5 SRR, AR Sy U 7 SR A A S A 2 ) )
T & AR ERN-TAOR R, F5G RIS AR 2 0 o By U5 S A B A 5] B SR 2 (R o = B S2 57U
AUERANN O T T A5G A SRR AN R, S5 T A S T SR A R R B . BT S
AR RIS TT R R+ 8 B e K 3R . AN, ANIRI TR SR Y (77 SAE ) 0SB0 45 L] 1) e 17 77
fEZS, BRSBTS R R A 1 e R . SRR S A58 A 1 X AT SR e A R G 7Y

YR T I IR TR T R 5 LA 2 BV (R T2 £ SR ) Y 050 S W U U LB 3L
2 % X u
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