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Difference in spatial distribution patterns and population structures of Rhododendron
hainanense between both sides of riparian bends

CHEN Yi-Chao, ZHAO Ying, SONG Xi-Qiang’, and REN Ming-Xun’
Research Center for Terrestrial Biodiversity of the South China Sea, Institute of Tropical Agriculture and Forestry, Hainan University, Haikou 570228, China

Abstract

Aims Riparian zone is the intersection of stream and terrestrial ecosystem, which has rich biological diversity.
Stream is usually curving because of water flush and topography effect. The flow velocity, sediment properties
and plant propagule aggregation are different between inner and outer sides of the bend, which leads to differences
in plant population structures and spatia distribution patterns between riparian bends’ both bank. Our aim was to
revea the differences in spatial distribution patterns and population dynamics of Rhododendron hainanense, a
shrub endemic to Hainan and Guangxi of China, on each side of a stream.

Methods Three nature reserves on Hainan Island were chosen as studied sites. In each site, two riparian bends
were set as transects. The spatial distribution patterns and population dynamics of R. hainanense were compared
for the convex versus concave banks by a method of “variance/mean method”.

Important findings (1) Rhododendron hainanense populations were at increasing stage on convex banks, but at
declining stage on concave banks. (2) Rhododendron hainanense populations were at growing stage on both up-
stream and downstream of convex banks, but the ages of the individuals on concave banks were not continuous.
(3) The number of individuals of each age-class declined away from the top of bend or river bank. (4) At scale of
2 m x 2 m, the individuals showed an aggregation distribution on convex banks and their downstream, but a ran-
dom distribution on the upstream of convex banks, and on concave banks and their upstream and downstream.
The fast flow and steep slopes may be the main reason for the fewer individuals and declining population on concave
banks than on convex banks.
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Fig. 1 Transect setting method on stream bends.
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Table1l Characteristics of experimental transects along the riparian bends

et Bty R R il R 2T 9 58 PR
Study site Transect  Altitude (m) Transect length (m) Transect sinuosity Topof bend  Streamwidth(m)  Canopy density (%)
L anAtl L1 577 50 1.04 20 6.5 0
Mt. Limu L2 573 16 1.07 8 105 85
eI D1 258 24 1.09 12 6.5 78
Mt. Dizoluo D2 595 10 1.20 5 38 85
PN Ji 690 20 1.43 10 8 75
Mt Jianfeng » 665 40 121 15 23 75

D1, M ILLSFE; D2, MP 25 HEA, I1, JRISISTS R, 32, JRIEIR25HEH L1, BEhLILS AT, L2, BRERL25 R .
D1, No. 1 transect of Mt. Diaoluo; D2, No. 2 transect of Mt. Diaoluo; J1, No. 1 transect of Mt. Jianfeng; J2, No. 2 transect of Mt. Jianfeng; L1, No. 1 transect of

Mt. Limu; L2, No. 2 transect of Mt. Limu.
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Table2 Distribution patterns of Rhododendron hainanense populations on both sides of stream bends at different sampling scales

# Chinese Journal of Plant Ecology 2018, 42 (8): 841-849

R S R FeAE PR te%  Cosself¥t “FIMETE AERE RUMERE Ao TUER oA
Transect Scale(m) Bank type Sample size C t test Ca m* | m*/m K Pattern
L1 1x1 M4 Concave 31 2.362 5275 21.969 1.424 1.362 22.969 0.046 C
M Convex 261 4464  39.4957 6.636 3.986 3.464 7.636 0.151 C
2x2 Ul Concave 31 0694  -1.187 —4.943 —0.244 -0.306 -3.943 -0.202 R
M/ Convex 261 1.549 6.258" 1.051 1.071 0.549 2.051 0.951 C
5x5 % Concave 31 0338 2563 -10.675 —0.600 -0.662 —9.675 -0.094 R
M Convex 261 0394 6912”7 -1.161 -0.084 -0.606 -0.161 -0.861 R
L2 1x1 [\l Concave 57 3735 14473 6.046 3.188 2.735 7.046 0.165 c
M/ Convex 89 3019 133017 2541 2.813 2.019 3541 0.394 C
2x2 [']}# Concave 57 1.645 3415~ 1.812 1.002 0.645 2.812 0.552 c
M E Convex 89 1.982 6.512" 1412 1.677 0.982 2412 0.708 c
5x5 M4 Concave 57 0.803  -1.044 -0.692 0.088 -0.197 0.308 —1.445 R
M Convex 89 0.988  -0.082 -0.028 0.433 -0.012 0.972 -36.098 R
D1 1x1 M Convex 39 2.697 7.395" 6.264 1.967 1.697 7.264 0.160 c
2x2 " Convex 39 0704  —1.201 -1.093 -0.025 -0.296 -0.093 -0.915 R
5x5 I Convex 39 0307 -3.021" -5.332 -0.563 -0.693 -4.332 -0.188 R
D2 1x1 Ul Concave 6 1.238 0.376 1.984 0.358 0.238 2.984 0.504 c
M E Convex 46 3320  11.006" 2522 3.240 2.320 3522 0.396 c
2x2 M4 Concave 6 0265 -1.163 -8.824 -0.652 -0.735 -7.824 -0.113 R
M Convex 46 1.050 0.237 0.078 0.689 0.050 1.078 12.811 C
5x5 Ul Concave 6 0.027  -1.539 -8.111 -0.853 0973 7111 -0.123 R
" E Convex 46 0170  —3.935" -0.902 0.090 -0.830 0.098 -1.109 R
N 1x1 M5 Convex 72 3880  17.158" 6.400 3.330 2.880 7.400 0.156 c
2x2 M5 Convex 72 1.768 4575" 1.706 1.218 0.768 2.706 0.586 c
5x5 " Convex 72 0678 —1.918 -0.894 0.038 -0.322 0.106 -1.118 R
2 1x1 I Convex 50 2482 7.338" 5.930 1.732 1.482 6.930 0.169 C
2x2 M Convex 50 0936  -0.315 -0.320 0.135 -0.064 0.680 3122 R
5x5 M Convex 50 0173  —4.092" -3.307 0577 -0.827 —2.307 -0.302 R

D1, MP LIS, D2, MPIL25 R, I1, JRIEISIS R, J2, RIS HEr L1, Z2RhL1S A, L2, BeRhL25 R,
fii. *,p<0.05;**, p<0.0L.
D1, No. 1 transect of Mt. Diaoluo; D2, No. 2 transect of Mt. Diaoluo; J1, No. 1 transect of Mt. Jianfeng; J2, No. 2 transect of Mt. Jianfeng; L1, No. 1 transect of
Mt. Limu; L2, No. 2 transect of Mt. Limu. C, integration distribution; R, random distribution. C, dispersion index; Ca, cassie index; |, index of clumping; K,
negative binomial index; m*, mean crowding index; m*/m, patchinessindex; *, p < 0.05; **, p < 0.01.

3 LIE L NG R LRSS AR REE2 m x 2 m)
Table3 Distribution patterns of Rhododendron hainanense on upstream and downstream of stream bends evaluated asthe scaleof 2mx 2m

C, &M R, WL

Rt e=it] llnb: 7 PHAK 8% Cosselg TIHFE AAFRE RIS H oD% HAii
Transect Bank type Upstream/downstream C t test Ca m* | m*/m K Pattern
L1 [l Concave Fiff Upstream 0410 -0590  —39.342 -0.575 0500 -38.342 -0.025 R
i Downstream 0702  -1.096 -3.196 -0.205 -0.298 -2.196 -0.313 R
"M Convex Rif Upstream 1.346 2656 0.581 0.941 0.346 1.581 1721 c
T Downstream 1.729 6.124" 1541 1.203 0.729 2541 0.649 C
L2 M Concave L Upstream 0447 0874 -7.368 -0.478 -0.553 —6.368 -0.136 R
Rl Downstream 1.574 2.868" 0.900 1.211 0.574 1.900 1112 C
M Convex [iiF Upstream 1.154 0.409 0.659 0.389 0.154 1.659 1.518 c
i Downstream 1.837 5.056 " 0.724 1.993 0.837 1.724 1.382 c
D1 M Convex _Rif Upstream 0493  -1.389 —2.283 -0.285 -0.507 -1.283 -0.438 R
T Downstream 0759  -0.780 -0.788 0.065 -0.241 0.212 -1.270 R
D2 U Concave L-¥f Upstream 0297 -0.861 -6.328 -0.592 -0.703 -5.328 -0.158 R
% Downstream 0219 -0552  -14.063 -0.726 -0.781  -13.063 -0.071 R
M Convex i Upstream 0730 -0.738 -0.606 0.175 -0.270 0.394 -1.649 R
Fi# Downstream 1.219 0.833 0.263 1.052 0.219 1.263 3.810 C
a M Convex _Rif Upstream 0.861  -0.340 -0.853 0.024 -0.139 0.147 1172 R
i Downstream 1.572 3.028" 0.803 1.285 0572 1.803 1.245 c
» M Convex i Upstream 0483  -0.89% —7.091 -0.444 -0.517 -6.091 -0.141 R
T Downstream 0964 -0.164 -0.130 0.240 -0.036 0.870 —7.699 R
FIERE2,
See Table 2 for notes.
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Table4 Distribution patterns of different age classes of Rhododendron hainanense evaluated at the scaleof 2m x 2 m

R R 5324 THAEH R Cassefs¥t TIPSR MRS RIUERH RO TUERH HaH
Transect Bank type Ageclass C t test Ca m* | m*/m K Pattern
L1 M Convex 1 1.260 2142 0.948 0.534 0.260 1.948 1.055 C
I 0.705 -1.723 —2.141 -0.157 -0.295 -1.141 -0.467 R
il 0.480 2112 —7.648 —0.452 -0.520 —6.648 -0.131 R
v 0.498 —1.588 —11.960 —0.460 —0.502 —10.960 -0.084 R
L2 M5 Convex I 0.670 -1.379 -1.172 —0.048 -0.330 -0.172 -0.853 R
Il 0.928 -0.274 -0.307 0.162 -0.072 0.693 —-3.253 R
il 0.590 -1.004 —4.037 -0.308 -0.410 -3.037 -0.248 R
v 0.451 -1.228 —6.390 -0.463 —0.549 -5.390 -0.157 R
D1 MR Convex | 0.616 —1.486 -1.782 -0.168 -0.384 -0.782 -0.561 R
II 0.386 -0.971 -14.743 -0.573 -0.614 -13.743 —0.068 R
II 0.243 —0.535 -54.514 -0.743 -0.757 -53.514 -0.018 R
IV _ _ — —_ _ — —_ —_
D2 M Convex 1 1.156 0.623 0.283 0.706 0.156 1.283 3.529 C
I 0.259 —1.386 —5.558 —0.608 -0.741 —4.558 -0.180 R
11 0.330 -0.820 —10.045 —0.603 -0.670 —9.045 —-0.100 R
v 0.250 - —45.000 -0.733 -0.750 —44.000 -0.022 R
J M Convex | 1.643 3582" 1.634 1.037 0.643 2.634 0.612 c
I 0.370 -1.261 -11.206 -0.574 -0.630 -10.206 -0.089 R
1 - - - - - - - -
Y - - - - - - - -
» M Convex | 0.839 —0.646 -1.174 -0.024 -0.161 -0.174 -0.852 R
1l 0.733 -0.706 4271 -0.204 -0.267 3271 -0.234 R
I 0.250 - —180.000 —0.746 -0.750  -179.000 -0.006 R
v 0.250 - —180.000 —0.746 0750  -179.000 -0.006 R
HIER 2.
See Table 2 for notes.
n S 1
m
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D2
D1
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4(? Zb 0 20 40 6IO 810 160 liO T40
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Individual number on concave bank Individual number on convex bank

B2 FEAEEm e RS ARk AR . D1, MPILLS R, D2, MP L2 R, J1, RIEIR ISR, 32, RIEIR2S
R L, BRERLLS R, L2, BRERL29 R . |, B 1, SRS 1, /R TV, KR .

Fig. 2 Age structures of the Rhododendron hainanense populations on both sides of stream bends. D1, No. 1 transect of Mt.
Diaoluo; D2, No. 2 transect of Mt. Diaoluo; J1, No. 1 transect of Mt. Jianfeng; J2, No. 2 transect of Mt. Jianfeng; L1, No. 1 transect
of Mt. Limu; L2, No. 2 transect of Mt. Limu. I, seedling; 11, sapling; 111, undershrub; IV, large shrub.
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Fig. 3 Age structures of the Rhododendron hainanense populations on upstream and downstream of stream bends. D1, No. 1 tran-
sect of Mt. Diaoluo; D2, No. 2 transect of Mt. Diaoluo; J1, No. 1 transect of Mt. Jianfeng; J2, No. 2 transect of Mt. Jianfeng; L1, No.
1 transect of Mt. Limu; L2, No. 2 transect of Mt. Limu. |, seedling; Il, sapling; 111, undershrub; IV, large shrub.

R, H NSRS GO R AL RS AR S R A 2 T
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3 iR
31 AEFETISESAMEEMETENMEE

FEE AR AR T, ] R A A 2
5] 45 AH HL 4K A7 (155 & (Corenblit et al., 2007; Campo-
reale et al., 2013; Curran & Hession, 2013). V1] i& [{) 7
AEAHES) T HEYIBEVE 97K (Bertoldi et al., 2011),
TR P A 25 PR 1) S5 I 1P B80T s ML SR R
Gy (R A5, 2013) . i R AL RS AE RIS TE L AR
w2 TR, AR5 SIEMNFE AR S HIEA K
(Bendix & Hupp, 2000). i i, Br 722 EFLL2
(M R b ool 2, AR 7 PR T 2 a0 R A KB
BRE& A A, A A AR BCR IR B, I Bl R4
i, AR, HEBERUKEER & ZRK, A
FTEEE AR, R NEE, B RENA
3k, KA TV, EYAEKIRE .

LSTE PN A1 R T S R 2 S R
Tl /K ) (Bertoldi et al., 2011). 4Ktk
N TE EER B, B0 MR KA N, TR
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JSC K RIS LU o, 7 25 0 W 1 ™ AR A () PR . 25 T
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WURRIE B M o) H 28, 2003); 111 8 2R3t /K b (1 Kk
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SHON R R IRHE AR B R . R
A5 M T I K I R b e ) R
R N SR TER A VIS, & &
RS R AR . Mg AL S S AR R ANHE R 1 704
A K S it SR 38 5 T T 3E ¥ B 42 1k BE 7 (Horvath,
2004; Tal & Paola, 2010; Gurnell et al., 2012).

REL A7) 1) 8 B A 0 B 25 ) U RRUR B R AE Ut T 2
8 I B 42 125 T 1Y 5 (Burkart, 2001; Merritt et al.,
2010b). Z NI S K IN, W RS M TIROK S
TR, 2K E 1) G W RARL, R
FERG T AT BELERE ) PR AV F R B IR )
¥, BB R A AR REEETE N R R 2
H R, SEUE R ASTER IS E ™ R R
iR, JE AN R NI R ER R,

AL RS AL I IE AL FE B 1 2, R
TR AR A6 AT 20N EIM T AE R
W~ /K BIME R o] DL B BE B 9 B, e 2
& P BUREI L BT ¥ e A S b e T PR
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(AL R IRIE . 3X W] R A2 Tl 2 Ay AL A 3l ) — Fofr e
P HGE B X 5 (Drezner et al., 2001; Richardson et al.,
2007; Greet et al., 2011; Solari et al., 2016).
32 MEFETEIE AT ER AN

BRI AN [F] X 5k P i AL RS B AR SR AT A2 %)
AR 2 TR R IAME, X g 53O0 i
AR B A MO E A . — R E, Wit
HEANF AR RIRFL, 2078 M DUAE Z i AL gt A
(S RRSE, 2004, BHIG4E, 2008; Balke et al.,
2013). fE3Z /KU YR, W E AT RS A
SE) By B A e B IA) R0, 1T 0 R T VI 52 3 Rl i
FEf /N, Yelb Ui BR8N R R TR iR i
A AL RS SR A A AR K R

TR AL RS AR UR a5 ™ 5 R AT 5 BT
Ak 78, 0N R T T 00 e A RS 4 A0 A
BEREEKA, BONZXEREREIRE M. HEK
PR, R AT RS LENT 2 T A B 5 Y AR E ) LA %)) B A
ANBR R RS YRR, R B R B T, A%
WP EE T B, WUEEARERYS
AR R ER Z WK FOERR & BT
T oA RN (i) S 5 K, 17T L A B K 1) AR B 2
Z kK Rl (e 405 55, 2007; B/MEESE, 2015),
T B0 F A B A A B PR SRR iR B R Y T 7
/N,

TR LL OS] 2 () P AR ek i [ i A% ] g
WA AEZS RS (Piégay et al., 2005; Bhuiyan et
al., 2010), 1 FgALRS 1T 2 45 1 5 A 76 SR A B
TR SR D A A0 R IR A B
41 ve B B )V AL RS AR SRR, WA RE 0, Lt
o7 B A P T AR S B T B4 4k T A R A
ANEM (T4 25, 2009; Catford & Jansson, 2014;
Garssen et al., 2015). il 1EL % K E A ) i Al
HERR IV R, W B )i B AL RS AR B RO R S
BRI E Bl K (Merritt et al., 2010a; Balke et al.,
2013); W{EMAE KB ERN R, Mol %,
S EHEZ .

BRI, BRI Ll XK AR R, 25 TE N AR
o R 22 R AOK, R ARG S A IR TR o A
YIAE Ry el RO Bt 3 1 B W 3 ) 2 T 0 A A )
RITEZ5 T8 AN IR A A . AT ROP P A 8 25
FIFEEROR 22 5 o XM RBUR BE B 1) 22 S ] RS2
B 7 ZAE RS A B R ARSI, AT

REHE— 2D 52 2 R A AR A SRR, E
195 Ja B s AR 2 R e 4n T AR
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R R E L An R G RRY R AR R R de 290
AE TR LT R,
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