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Species co-occurrence and distribution probability in Futian Mangrove Nature Reserve of
Shenzhen Bay
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Abstract

Aims The Shenzhen Bay Mangrove Nature Reserve is the only national nature reserve in China located within
an urban area. Studying the potential biodiversity of urban mangrove wetlands, which are significantly impacted
by human disturbance, can provide a pathway for the sustainable management of mangrove ecosystems.

Methods This study conducted an ecological survey of different areas (core/non-core) in the Shenzhen Bay
Mangrove National Nature Reserve. Species co-occurrence and distribution probability was assessed using the
hypergeometric method, and the vegetation characteristics of the area were analyzed based on the survey data.
Important findings (1) A total of nine mangrove species were mainly distributed in the Shenzhen Bay
Mangrove Nature Reserve, with Kandelia obovata being the dominant species. In the core area, K. obovata had
the highest importance value (IV) (mean = 81.2%), while its importance value in the non-core area was
significantly lower, where Sonneratia apetala and S caseolaris appeared. (2) In the Shenzhen Bay mangrove
ecosystem, S. caseolaris and S. apetala exhibited a strong coexistence tendency, with a z-score value of 2.82.
Meanwhile, S. apetala and K. obovata displayed competitive exclusion, with a z-score value of —2.41. z-score
values reflect non-random species co-occurrence patterns. (3) A significant positive correlation was found
between the observed species diversity and the community completeness index in the Shenzhen Bay mangroves.
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The higher the community completeness, the higher the observed species diversity. Some non-core area plots are

at risk of S apetala spreading, and ecosystem management and protection should be strengthened. The
distribution probability of K. obovata in the core area (0.51 & 0.09) is significantly higher than that in the non-core
area (0.41 £ 0.15). However, in certain plots of the core area, such as the plots in the mid-tide zones of transects §,
community completeness is relatively low. It is recommended to appropriately replant native mangroves to

enhance species diversity.

Key words mangrove; species co-occurrence; distribution probability; potential biodiversity
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Fig. 1 Location of sampling sites in Futian Mangrove Nature Reserve of Shenzhen Bay. 1-10 are belt transects ID.
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Fig. 2 Potential biodiversity and observed biodiversity in the
non-core and core areas of Futian Mangrove Nature Reserve of
Shenzhen Bay (mean + SE). The same lowercase letters indicate
no significant differences in diversity indices among different
regions (p > 0.05).
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Fig. 4 Important value of woody canopy mangrove plants in
the non-core and core areas of Futian Mangrove Nature Reserve
of Shenzhen Bay (mean + SE). Different lowercase letters
indicate significant differences in site-scale probability for the
same species in the non-core and core areas (p < 0.05). Ac,
Aegiceras corniculatum; Am, Avicennia marina; Bg, Bruguiera
gymnorrhiza; Bs, B. sexangula; Ko, Kandelia obovata; Sa,
Sonneratia apetala; Sc, S. caseolaris.
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Fig. 5 Probability of observed (A), potential (B) species in site-specific species pool in Futian Mangrove Nature Reserve of
Shenzhen Bay. Each grid represents one sampling site. Gray grid represents that the species is absent (A), observed (B) in the
sampling site. Aa, Acrostichum aureum; Ac, Aegiceras corniculatum; Ai, Acanthus ilicifolius; Am, Avicennia marina; Bg, Bruguiera
gymnorrhiza; Bs, B. sexangula; Ko, Kandelia obovata; Sa, Sonneratia apetala; Sc, S caseolaris. H, M, and L denote sampling plots
in the high, middle, and low tide zones, respectively. 1-10 are belt transects ID.
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Fig. 6 Distribution probability of 9 mangrove species in the
non-core and core areas of Futian Mangrove Nature Reserve of
Shenzhen Bay (mean + SE). Different lowercase letters indicate
significant differences in distribution probability for the same
species in the non-core and core areas (p < 0.05). Aa,
Acrostichum aureum; Ac, Aegiceras corniculatum; Ai, Acanthus
ilicifolius; Am, Avicennia marina; Bg, Bruguiera gymnorrhiza;
Bs, B. sexangula; Ko, Kandelia obovata; Sa, Sonneratia
apetala; Sc, S. caseolaris.
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Pértel, 2021).
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%, 2013).
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Tablel Importance values of mangrove plants in Futian Mangrove Nature Reserve of Shenzhen Bay (mean + SE)

Ykt AR 2

Species Relative abundance (%)

AHXS A9
Relative frequency (%)

HEXH RS L

Relative dominance (%) Importance value (%)

JE#% X Non-corearea

TeiE#ES: Sonneratia apetala 33.1+1.9
#5% Bruguiera sexangula 1.5+09
3% Sonneratia caseolaris 11.7+3.6
A Bruguiera gymnorrhiza 1.7+0.7
i it 5 Aegiceras corniculatum 18.3+£20.7
FHiif Kandelia obovata 57.9 4358
WEHIME Avicennia marina 8.0+5.6
#% U[X Corearea

A Bruguiera gymnorrhiza 0.6+0.0
I Aegiceras corniculatum 98+1.3
i Kandelia obovata 92.7+53
WEHIME Avicennia marina 0.9+03

48.9+6.6 183+5.6 33.4+47
0.3+0.1 127+£22 48+1.1
19.9+ 14.6 159+5.7 158+ 7.5
0.4+02 19.6+9.2 72433
26+3.7 224489 14.4+10.6
52.0£30.9 302+ 10.9 46.7+25.1°
2254104 20.5+9.4 17.0 +7.0°
0.9+0.0 20.0+ 0.0 72+0.0
19405 417+118 17.8+4.5
97.6+0.4 53.3+58 81.2+3.8°
1240.1 183+24 6.8+0.6°

ANFNG FRFRIRFE — AL O X S IR0 X A 22 57 2 2 (p < 0.05).

Different lowercase letters indicate significant differences in importance values for the same species in the non-core and core areas (p < 0.05).
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Table2 Distribution probability of 9 mangrove species in Futian Mangrove Nature Reserve of Shenzhen Bay (mean + SE)

Ykt

S AitES Site-scale probability

Species

FEAFIX All sites

1% X Core area JE#Z 02X Non-core area

TS Sonneratia apetala 0.30+0.21
J#% Acrostichum aureum 0.62+0.11
3% Bruguiera sexangula 0.58+0.12
#§2% Sonneratia caseolaris 0.37+0.20
A Bruguiera gymnorrhiza 0.65+0.10
i Jit 5 Aegiceras corniculatum 0.57+0.10
Z R # Acanthusilicifolius 0.50 = 0.00
Fm# Kandelia obovata 0.44 +0.14
THIME Avicennia marina 0.38 +0.07

0.24+0.12 0.33+0.25
0.69 £0.11° 0.59+0.10°
0.62 + 0.09 0.56+0.13
0.32+0.14 0.40+0.23
0.66 % 0.07 0.64 % 0.11
0.55 % 0.09 0.58+0.10
0.50 % 0.00 0.50 % 0.00
0.51 % 0.09° 0.41 £0.15°
0.37 +0.04 0.38 + 0.07

A FVNG TR Al MR O X S A O X M AT R 22 57 8.3 (p < 0.05)

Different lowercase letters indicate significant differences in distribution probabilities for the same species in the non-core and core areas (p < 0.05).

Bg
Bg -
Bs
Bs| 1.08 -
Ko
Ko| 120 0.64 -
Ac
Ac| 054 126 | -0.16 -
Am
Am| 055 | -1.18 | 098 | 0.15 -
Sc
Sc| -1.06 | —0.56 | —1.89 1.85 -0.65 -
Sa
Sa| —090 | 048 |f —2.41} 157 | -147 || 2.82 -
4 Aa
Aa| -1.06 | -0.56 | 094 185 | -0.65 | —0.83 | —0.70 -
Ai
Ai 0 0 0 0 0 0 0 0 -

rf [

zscore -30 24 -1.8 -1.2 —0.6

0 0.6 12 1.8 2.4 3.0

El7 ISR HLA IR E SRR KON LA PR B 5 2 [ I e e RER 5. Aa, XBK; Ac, BEHUR; Al, ZRH; Am, NI
Bg, AMi; Bs, #5%; Ko, #KAHM; Sa, LSS, Sc, W3, 20 BUE/DTORR MK R, KRTONEMIKKR, ET0XRRHE

HUIEAE; XLz BOe s X, S brtt.

Fig. 7 Relationship among of the 9 mangrove species in Futian Mangrove Nature Reserve of Shenzhen Bay. Aa, Acrostichum
aureum; Ac, Aegiceras corniculatum; Ai, Acanthusilicifolius, Am, Avicennia marina; Bg, Bruguiera gymnorrhiza; Bs, B. sexangula;
Ko, Kandelia obovata; Sa, Sonneratia apetala; Sc, S caseolaris. z-score values less than 0 indicate a negative correlation, values
greater than 0 indicate a positive correlation, and values equal to 0 represent random cooccurrence. The z-scores along the diagonal

are meaningless for comparison and have been marked with “—".

T [ A A AE FP R A RK A AR A 9 DI S5 e,
5T 2 2 AR SR U SRR &R, X T e
By Tob ity 5 2 AAFAE SRR SE SR HT, Rl 2
XOCIRIISE S TSR RS, A
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M DLE %5 P B RK AR AR R i K, A/ INET AR 2R 0T
DURBRWI T b B AN RURR, B3 L P R) 5 v A2 ¥
W, HAEGIERS . WA LT 2F (Peng et
al., 2018; He et al., 2022). [FIR, JoHdfE s/ A
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REFR, ATLEAAE A SRR, He iy DR AR T m ) Ho At 2
AR E IR FRE(Ren et al., 2008, 2009), ik
HR AR EES, A KA K (Jia et al,, 2018).
AR, A AN E KT G R EE((T1
+ 5) em)iZ & T ISR ((225 + 15) cm), HXFHIE
IR B FRELEE J1 AN NG e g 55 (Peng et al., 2018). It
A, oIS T I A AR FE A KA 1 AR K K
FAR B, T B AR Al ) 5 4 0 (R L 5 4%,
2017).

33 1BHEIRMKIF S IRE

H TN HEVE M EAE, IAEEY 2 e
TAE ATV — NS 1 s 5, B AR R
(B e AREAT b A, 17 4 9 56 B P ] D U b A R
— XS R AR R B L, BRI, TR
SEREIEARAR, IR FH A4 AT NEZE T LA SRAZ AL,
WA BT A VP4l DX I A9 2 R MR L (Partel et
al., 2013; Moeslund et al., 2017).

A% o X308 4 IX 33 1) 8 9 0 B M i BRI, 0
SR, XRFEONE B IR . WE S AR
MRS, AR AR, (B I I B R e
b BEBEERAR, P AR IER B E S mia .
DRI, ] 7 G DX 30 2 R, B2 i XS i 2 1
PECRITRASE, 2021). HAFTERRIRZ, O X PF
WS A MRS, ELRKAR B 20 A R 28 S 2 v T
R0 X, X RER B G X UK AR B AR 1) R
RS LAMBERNER, Z N RNT TR SRR,
I P A SR8 TRRAE T, fER MR T AEKZ
PR o X AT T A% IX 1 B E PR AR NS B 5 (2F LA,
2017). TR O X IR 7 X 3k(Wi35 . 45 K671
PRI S AR R s, X TR = B
Bt SRR BT BE ), &AL XK —
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B, 2015). B4k, ZREESAXIBIEZREE N
0.5, XK H HIEN S, 5HAR R LA
KAEAEZE, Sz LW HNAE B AW H 5, Kk,
TER 8 J U I 2245 3 — A 32 (Carmona
& Pirtel, 2021), XWE/R T ATER G R FE
I

NI S N RS EAW O Y 9IS Nl w27
RS K e R I B B IEA KR,
A LA XS LR AR ) P R AR R E o X 5 528 A

&P (2022) % TR VR 21 K4 (Pinus koraiensis)
MRIGF 45 R — 3

4 £t

i H LR AR IE A A ORI A Y, Ho, B
PR A AZ0 X B B K AR (TV mean
= 81.2%), FEH% L XA B ZAEH (I Vinean = 46.7%)
B PR, 2 XIR A O XN T ok S 5l
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F 2 W E, FaE MR,

5% 5 TR RAELE RN AR, Z{HH2.82;
1M T S5 5 RO 2 (Bl [ z(E v-2.41, X AT RES2
RN B e g i fF o

IRAF VDM 2 FEIE S5 vk 52 B 1t 2 1A A 35 1
FHRR R, FEVE SCREMEBR s, W ILAE Pl 22 1 1 B
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it Y O, MnEeESRamEHy
PRI TAZ Lo DXAK AR (9 73 A HE22(0.51 + 0.09) 2.3
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