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FLLLRE 2 5, LR R A A2 o b [ 2D R b 4
(1) 50% , & 2 G 2L H A 218 2 (Lumnitzera
littorea) 1 F, JJ& T/ NFREE , AN (1B 5K B AR
P AR AT CE—/OY: D% ZH X7
LR, R X E SR T, A H AT K R
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LE , R A ORI AR AL, 1R 35 BN R 7 K
J& X AR 0 & 1T H 2016 4542 , fog /K B I 4 sk
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Fig.1 Geographic location of Lingshui mangrove wetland and schematic diagram of survey section
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Fig.2 Lingshui mangrove forest and surrounding
environment
A. Plantation forest (Laguncularia racemosa) on the
north shore; B. Natural forest (Avicennia marina) on the north
shore; C. Plantation forest (Rhizophora stylosa) on the south
shore; D. Natural forest (Rhizophora apiculata) on the south
shore; E. Anthropogenic activity in the north shore neighbor-

hood; F. Pollution conditions on the south shore.
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Tab.1 Mangrove plant survey samples in Xincun Harbor

5 (A= Wit = FEIT 5 o AA AR
Code Location Section number (e.g. of a map) Sample number Geographic coordinate
1 0101 109° 59’ 4.51" E, 18° 25’ 30.08" N
2 0102 109° 59’ 0.90" E, 18° 25’ 33.85" N
3 01 0103 109° 58’ 57.71" E, 18° 25" 36.63" N
4 0104 109° 58’ 54.02" E, 18° 25" 39.39" N
5 0105 109° 58’ 50.06" E,18° 25’ 42.16" N
6 02 0201 109° 597 20.49" E,18° 26’ 2.83" N
7 0202 109° 59’ 20.41" E,18° 26’ 6.47" N
B . .

8 North shore of Xincun 0203 109° 59’ 20.612" E, 18° 26" 9.86" N
9 Harbor 0301 110° 0" 0.01" E,18° 25" 47.10" N
10 0302 109° 59’ 57.84" E, 18° 25’ 53.61" N
11 0 0303 109° 59’ 56.22" E, 18° 25’ 58.64" N
12 0304 109° 59’ 54.20" E, 18° 26’ 4.30" N
13 0401 110° 0’ 32.08" E,18° 25 49.27" N
14 0402 110° 0’ 32.14" E,18° 25’ 52.76" N
15 " 0403 110° 0’ 32.18" E,18° 25’ 55.56" N
16 0404 110°0" 32.17" E,18° 25" 58.51" N
17 0501 110° 0’ 23.43" E, 18° 23" 49.07" N
18 . 0502 110° 0’ 19.30" E, 18° 23’ 50.84" N
19 ‘ 0601 110° 0" 38.69" E,18° 24’ 2.84" N
20 souff:jff Encun 06 0602 110° 0’ 35.29" E, 18° 24" 473" N
21 Harbor 0603 110° 0" 32.70" E,18° 24’ 6.31" N
22 07 0701 110° 1" 19.26" E,18° 24’ 55.49" N
23 08 0801 110° 1’ 21.51" E,18° 25" 7.98" N
24 09 0901 110° 1" 21.90" E,18° 25" 19.37" N

tERY AR I VA

Note: The sample number is equivalent to the station number.
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Tab. 2 List of mangrove plants on the north and south shores of Xincun Harbor

)Fh 4 Species name

2T M8 2= (Lumnitzera littorea)

XM 2= (Laguncularia racemosa)

[X 3% Shore 44 Family name
{5 FF} (Combretaceae)
BOATEALH CRLE 01 ~ 04 T L, BB (Verbenaceae)

North shore of Xincun Harbor

(including sections 01-04) 1535 F} (Sonneratiaceae)

B (Avicennia marina)

M E 3% (Sonneratia alba)

M Rhizophorsceae)

21 (Rhizophora stylosa)
IEZL (Rhizophora apiculata)

T, HE R Rl (Verbenaceae)
K& EH Euphobiaceae)

"B 1% (Avicennia marina)

W3 (Excoecaria agallocha)

AWCER izophorsceae
FIAT R (LS 05 ~ 09 WD 21 &L (Rhizoph )

South shore of Xincun Harbor
inclusive of sections 05-09

ZLHE (Rhizophora stylosa)
IEZLM (Rhizophora apiculata)
AME (Bruguiera gymnorrhiza)

3% (Bruguiera sexangula)

W25 F} (Sonneratiaceae)
x| % B Acrostichaceae)
& Yl (Pandanaceae)

R 2E R (Malvaceae)

M 2L 3% (Sonneratia alba)
X % (Acrostichum aureum)
& YW (Pandanus tectorius)

B (Hibiscus tiliaceus)

VE - Horh SRR | B SR YR L RN AR

Note: Among them, the yellow hibiscus and lucerne are semi-mangrove trees, while the rest are true mangrove trees.

KLLIEZLH B RN R R MR AL E P
GERARY NI E A= BAY  NDNTEEAR (oF i Y AR |
EAEBRNE BRI ERZ , RIEE EES
F LT BB o

22 HEERAFAE RALHE BRI R mE AL
FRAE, (H B R BRI Y A KRS T b
N TARTE P R # R I B ARk . R 3
A5, B A I IR L0 3K S T IA 6.5 m, -3 e i
K 1.4 mx1.5 m, 20 M AR A £ 9.6 m, 6t 1 ik 3]
2.5 mx2.3 m; 1M AL P IE P30k =N 2.6 m,
PR N 1.0 mx1.3 mo b 5 KRR A AR Xk
WEZ= T LU R, P 3 PE 1 1.7 m, "3 5e I 0.9 mx
0.9 m, 2135 18 B S A K KT 0t i A 28 4 T st
— M, PR 1.5 m, P2 e TR 0.5 mX0.7 m, 1M B
BEECEN A, POKREDNT 1 m, K H
TAbR . BARCKE FE R AR AR R EE KT
R R B 2 TR H R R 1 40 A i BB
K R A T 2R TR

23 S£WIZHEM BF AR ARRAERR B R
A2 RS S TR A TARAED £

FEE TR BOU R 52 M RORAS . B3 BR T H
IR ESAN R AN ) == N B NS A NS = R = E
X IR o 387 A 94 T 5 0B MR R 44 Simpson 12 %5
JE 48 %0 (D) 25 0.30, Shannon-Wiener 2 £ 14 5
(H)H0.51, Pielou 3 5] FE4E HL(E) 5 0.47, JL R 4L
B AR AR B (D)« CHD (B 3 AN E 48 20 5 oA
0.19.0.30.0.39, B 2 ZL R AR 9 3 A48 5035 S 30 HY
mTALRE MR . MEERKRK D .
(HD  (ED3 MR EUAE 43 1 5 0.34.0.58.,0.53, 4k
FEERI (D) (HD (B3 AN 8 4 51 A
0.19.0.40.0.36, 7 /& H AWK 3 M4 8B & T AL
H AR MR s B AL R N ARG 3 AN 48 B0U 2 80 H 58
AR ROIRAS BV A N AR (DD« CHD < (ED B /N
FAbE.

e R =D E N NN )D AN/ DIN
(ED3 A5 4 0.34.0.58.0.53, , = T H AT
PRIX 5, Hoob, Shannon-Wiener 2 FEEF8 20 (H) Z JE
FARTECR o ABR B B RARFIN TAR D) L (HD A

BHOF R 7 2RI 58 A AH R 3, CED I 2 BLH A
FORZS , A6 ) B SR AR T AR f o 7 36 B2 18]
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Tab. 3 Biological indicators of mangrove forests on the north and south coasts of Xincun harbor
I RAR e N
. HBLBUE/% L ki, PR PHEEE
& YiFh 44 Average .
. . Occurrence Average Average Average sig-
Location Species name basal stem : -
frequency . plant height) crown spread  nificant value
diameter
R 2=
XFTHE 81 2.9 1.7 0.9 mx0.9 m 0.65
Laguncularia racemosa
WABILR g
(415701 ~ 04 Rhizophora stylosa 69 2.6 1.5 0.5 mx0.7 m 0.22
WD) .
e
North shore of A " %%. . 31 1.2 1.0 0.7 mX0.8 m 0.08
. Avicennia marina
Xincun Harbor
. . é a
inclusiveof ~ IEATH . 6 3.1 2.6 1.0 mx1.3 m 0.01
sections 01-04)  Rhizophora apiculata
1%?@:% 6 15.6 4.8 1.0 mx1.4 m 0.02
Sonneratia alba
IEZLR
Rhizophora 88 4.1 6.5 1.4 mX1.5m 0.49
apiculata
ARG
?Eg%osﬁi9 Rhi:)phora stylosa 25 6.4 9.6 2.5mx2.3 m 0.06
W) AR _ 25 72 78 27 mx3.1m 0.08
South shore of ~ Bruguiera gymnorrhiza
Xincun Harbor 1.y 2%
inclusive of Sonmeratia alba 13 15.6 4.8 3.0 mx4.0 m 0.01
sections 05-09) o
SEEee
. . . 25 6.7 2.3 32mx1.0 m 0.02
Avicennia marina
ik 25 9.0 5.4 2.6 mx2.2 m 0.11

Bruguiera sexangula

VE « WA SO SRR LD ORI AT AW SRR R B . DA PRAIE S AR MR LD 2 G 2 AR T4, SRR SO AR SR
RE S KRRV IR

Note: Biological indicators of semi-red tree species such as Excoecaria agallocha and Hibiscus tiliaceus were not measured in

the suvery. In order to ensure that the protected species of Lumnitzera littorea is free from human disturbance, only the appearance

of the plant was observed, and biological indicators were not collected.

®F South shore 0.5 Jb/#  North shore

o 04
=
-
tm_i

, 0 N\
7 - alh i AT
Overall Natural forest Planted forest Overall Natural forest Planted forest
IR HE AR Classification of mangrove covers LI MR Y BIAR Classification of mangrove covers
B EERE EQECEIE B 50 R B LA A ZFEVESREL B 350 R EL
Dominance index Diversity index Uniformity index Dominance index Diversity index Uniformity index

3 HIFBLAMMEIERE AT B ARSI
PSR RAR LIPS (e

Fig. 3 Comparison of diversity indices of planted and natural forests on the north and south sides of the mangrove forest

in Xincun Harbor

Only the true mangrove species indicator is included.
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BENE,
3 i it
31 FIRNBARNMKEKRKRAERBEIEBES
fE Wi gAY Z R R T N AR I
RS R] RE A TN AR 2 DU R AR
F, HOR LN, DR — o R 4R B
TR S £L AR AR A TR A O, AR RE PR AE X 3/ (1 ~
2 m), ZLIER I 22 S 4 B B, 1 A AR AR A
K ARR, FRR L, Wil E RSP E
AIES ~ 6 m, FYIMGIZEF[IE9 ~ 16 em, 45 & X
AR B R N AR M R A AR X — IR
FEARK LA HoRs 22 B8 2, AR 4 landsat5 .8 L2
Hn 18 S H AR RN 45 A S R A R I, B A
2000 4F 21 B AR T AR N 26.57 hm?, 2020 4F 16 K %
107.55 hm?®, 3K 1 80.98 hm?*, Hrf K /r K 5 T
AR S R, bR N THRAE 2
PRSI E 2w T B A XA AR A K
T AR 2 R 2R B AR 52, 1961 4F 42 , 77 4t B B2 A 397
A 11 SR AR K 20 R DX 3R T AR K ok L, &
2015 4 [H 5K 3 3 T B AT B2 22 0 T w40 AR AR
BEE TR, 0 HE B A K EH R AL MR AT
FIABEAY Tl 2140 PR, B R R, A 2K iz 1
S5 R Rk N AR AR R R E R T B
SRR
MAEMAEYZ R TR, HIL R AT
WK BM TR at AN TR, A6 LA
A LR N R R DAL 3, WA K
RO N TR BB B 98 # b R X,
bR TR 28 R o9, 20N B
AN SR BE o AT, M R A . R REA
TR RN T, PR EAE 1 m. R
AR R AR e N LS R, AG R N AR 4
25K A A FL A A B ok A U BB TE S 3 AR KK
L MRIANZ S K AIE . E SRR 3 DL RE R A
oM, B E SRR DUIE 200 B R B E 40 b R AR
BERNE BRI Z , RIDGE RS
WAEY), B R A & ALRRE , KA T R,
A KA I

32 RKLOMMMATARKTLESH(EES
BHEYEKRKAMEDZHM) R
IK LR ARAS S E AR, 3 2 FL A 500 B A 1 5 5
PEAE 5 5 ), AW TS T R S AN KR X 3
CLR AR A b SR b, 3 B 5 B K B AR K T T
ST ARIEAT X B2 HT  — X A B IX (1 AL
AR A R 2 2T AR A A R 2 AT T 20 1 B A
(R 4), ZJ2 5 s R 73 P AN Hb X 3200 1) 78 i 2%
B, B NN TR BRMPT R, it ir e £
FEPEASHT

T3 T T LR AR 32 A AR NI AT I X
R ARV E R E R Xk, 4RRE, A
XILH B WY 7R 120, 2 WY 7 R
120, PN HL X 94 0 A 1 AW A A
39 LT AR S 1 B, S LD A 3 B
PR . A4, s BTG 5, B AR A
TE W R0 S AN AE T3 7 T 2L AR A BT R B, T 41
BAZE 0 I 2= A 223 S AN LT 8 AR A s 21 A
MRIX o KAB B F 2 A e T4
PR X A . 5 T 7 ZLLT AR R 20 Fb 2K 3548 T
IKE G ARILTE LI Rl I

TE B LR 2 AR D7 T (B 4D, 75 T T 400
MISAR T Simpson {4 $6 20 (D) 4 0.74 , Shannon-
Wiener 2 FEPEFE $ (HD 4 2.22, Pielou 3 5] £ 15 %
(E) A1, 350 20 H & T ROK AR,
D FREUE BN ZE B XM 1.36 fiF . it
Ry RIS 5, 5 7 AR SRR
TR 3 AP Fh 2 FE 3 KT B K X 8k, Ho, 4
RIH D Fe BUERC N T, HARMRF N TR 1)
CHOFRE o A2 B K XK IR 119 0 175 7% . B
AMXIBEH IS, BRI 3N KT AL
BRI T HEINEE . 75T 2 AR
Yikh 2 R EFRARES = TN TARPIRAS , Rk, Ji
N AR (R 20 A0 WO 2 M 20 AR A 26 R G B
UFIIR A, R SR T i 2 . O, B /K
TP AP DX S5l ol 050 B — e B A /N 2 L 3 BRI
DX 35k P 21 B AR b S AR AL AN B B, R AR AE A B B
W FEE AT Bk AE HL R R BT HOIR , o i 2
IXUHE 8 K, 3 2 TR AR 20 W e 2 4 ) DR A
e RERMR, 29 3/4 AR I LLRE AR EL31 5%, 40 BT
X e P 2 FEE AR I B
33 ERFEEN MELUHAKNE, HiES
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Tab.4 Comparison of true mangrove plant species and hemi—mangrove plant species in Lingshui and Wanning , Hainan

5 R4 T4 K AT
Code Family name Species name Ling Shui ~ Wan Ning

1 . X128 (Laguncularia racemosa) +

2 BEA TP Combretaceae) 21345 (Lumnitzera littorea) +

3 18 5F} (Sonneratiaceae) MEE 5 5% (Sonneratia alba) +

4 LR Rl (Verbenaceae) H'H 3 (Avicennia marina) + +
5 21 M (Rhizophora stylosa) + +
6 IEZLM (Rhizophora apiculata) + +
7 . . AW (Bruguiera gymnorrhiza) + +
8 AR (Rhizophorsceac) 183%E (Bruguiera sexangula) + +
9 i (Kandelia candel) +
10 FARAK (Ceriops tagal) +
11 LKA (Bignoniaceae) HALEMS (Parmentiera cerifera) +
12 I j Bk (Acrostichaceae) i Bk (Acrostichum aureum) + +
13 185} (Sonneratiaceae) 1835 (Sonneratia caseolaris) +
14 % Y B} (Pandanaceae) 7% Y0 B (Pandanus tectorius) +

15 KEHEAH(Palmae) IKBB(Nypa fruticans)

16 #iZ%F} (Malvaceae) TEME (Hibiscus tiliaceus) + +
17 FEA AL (Sterculiaceae) HRITH (Heritiera littoralis) +
18 28R} (Malvaceae) 45 ( Thespesia populnea) +
19 L #FER} (Verbenaceae) T HE B ( Clerodendrum inerme) +
20 FATHEE Apocynaceae) AR (Cerbera manghas) +
21 KiF (Euphobiaceae) W (Excoecaria agallocha) + +
22 %%} (Compositae) & 2148 (Pluchea indica) +
23 E&EFH(Lecythidaceae) F& (Barringtonia racemosa) +
24 S FHLeguminosae) JK ¥ (Pongamia pinnata) +

VE: 1 ~ 13 NEWHEYD: 14 ~ 24 NI HEY) .

Note: The codes from 1 to 13 are true mangrove plants, while the codes from 14 to 24 are semi-mangrove plants.
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Fig. 4 Comparison of mangrove diversity indices in Lingshui (left) and Wanning (right)

only true mangrove species indicators are included in this case.
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Current status and restoration strategy of mangroves in

Xincun Port, Lingshui, Hainan Island, China

ZHENG Fa, LIU Wei, LIU Jiahui, CHEN Zeheng, ZHAI Ruihao, WANG Ning, WEI Xiu
(Haikou Marine Geological Survey Center, China Geological Survey, Haikou, Hainan 571127, China)

Abstract: In recent years, the growth environment of mangroves has been seriously threatened and has become one
of the most endangered ecosystems in the world. To clarify the current situation of mangroves and formulate more
effective protection measures, digital orthophotos of Hainan Province were used to interpret the area and distribution
areas of mangroves in Xincun Port, Lingshui, Hainan, and a survey was made of the species of mangroves in Xincun
Port by using a sampling method. At the same time, the diversity of main biological indicators, and the distribution
characteristics of natural and artificial populations of mangroves on the south and north bamks of Xincun Port were
analyzed. The results indicate there are a total of 12 species of mangroves, including 8 species on the south shore,
with the dominant species being Rhizophora apiculata; and 6 species on the north shore, with the dominant species
being Laguncularia racemos. A national second-level protected plant (Lumnitzera littorea) has been transplanted
and its growth condition is good. On both the north and south shores, natural forests have shown adaptability to high
tide levels, but the growth status of mangroves on the south shore is better than that on the north shore. However, the
trees in plantation forests on both shores are relatively short. In terms of species diversity, the biodiversity of natural
forests is higher on the south shore than on the north shore. However, in terms of plantation forests, the biodiversity
is slightly higher on the north shore than on the south shore. On the south shore mainly grows a natural forest, where
it is more suitable to plant Sonneratia apetala or prune the trees to have loose canopy to increase species diversity,
while the plantation forests on the north shore are mostly of native species. Planting multi-species at a two-layer
pattern can increase species diversity more effectively. At the same time, taking into account the characteristics of
biological invasion and different tide levels, a suggestion was made on planting Sonneratia apetala at high tide
levels. This study clarified the species distribution and ecological characteristics of the mangroves in Xincun Port,
Lingshui, which might provide valuable survey data for the mangrove protection and restoration projects in the area,
facilitating optimization of the mangrove protection strategy, and hence the ecological protection and sustainable
development of mangroves in Xincun Port.

Keywords: Xincun Port; mangrove forest; species distribution; species diversity ; ecological restoration
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