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(Kandelia obovata) . ‘B HE (Avicennia marina) . W 468 (Aegiceras corniculatum) . KB (Bruguiera
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Investigation on Mangrove Resources and Invasion of

Spartina alterniflora in Xiamen
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2. Xiamen Institute of Oceanology and Fisheries, Xiamen 361008, China;
3. Library of Jimei University, Xiamen 361021, China)

Abstract: In 2017, this study investigated mangrove resources and the intrusion of Spartina alterniflora in
coastal wetlands in Xiamen by means of drone inspection, satellite remote sensing image analysis and coastal
ground survey. The results showed that: 1) There were 5 families, 7 genera and 7 species of mangrove plants in
Xiamen Bay, with Kandelia obovata and Avicennia marina as the dominant species, in addition to Aegiceras cor-
niculatum, Bruguiera gymnorrhiza, Rhizophora stylosa, Sonneratia apetala and Laguncularia racemosa.?2) Xia-
men mangrove plants were distributed in 29 stations in Siming, Huli, Jimei, Haitang and Xiang’an District, with

a total area of 76. 1 hm’. The maximum is 50. 4 hm’, accounting for 66.33% of the total area of Xiamen man-
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groves at the Xiatanwei Station in Xiang’an District. At present, the artificial restoration and reconstruction of
mangrove plants in Xiamen was dominated by the pure forest of Kandelia obovata and the mixed planting of
Kandelia obovata and Sonneratia apetala.3) The invasive area of Spartina alterniflora in Xiamen was about
69.7 hm’, and 81.42% was distributed in the waters of the Dadeng Bridge in Xiang’an District and the Jiuxi
River Estuary. According to the survey results, the author put forward two suggestions for the restoration and re-
construction of mangroves in Xiamen and the control of Spartina alterniflora: 1) Strengthen the research on the
breeding techniques of Avicennia marina and the control techniques of barnacles adhesion the Kandelia obovata
and Avicennia marina should be planted to ecologically control the spread of Spartina alterniflora;2) Strength-
en the registration system of information on the location, planting time and planting quantity of the exotic spe-
cies, such as Sonneratia apetala and Laguncularia racemosa, and establish a certain prevention and control
mechanism.

Keywords: Xiamen; coastal wetland; mangrove resources; Spartina alterniflora
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LT AR R ARG 5 W AR | 3] 1 (B0 MR DA R AR RS, A TRl S iR )
AR LT AR B A B XTI TR PRI | R eI K RN s R 2 R AR S T e,
[ A HAT 2 AR . BRS20H SR E . 32 T8 i 2 AR 2 R G e R 0 A
1. W REE | R RO R Ay T R AR BORIER

L) 25% WG LR AT COARI A, 5 0% 112 A EFR LXK, 38 E L0 KA - R4t
PR X AL LR, FRELAAR I X 52 2 R RR, SEETMAOR A
b, BARKEAE R BRI AR, X3 EE A ) 2R A S IR BE s i T = AR

JE T 1 R GR 254 km, WERTRU R, 0B FIURITHE O, HIRAKANTE, & H T2
MRAER G RIR B TR S K, o Ze il Tl VS PRI | PRI SR A RO v ol 2, T 1D UA J2 2 b T
FE 20 140 60 4ECHT 1Y 320 hm*FE 2 2004 41 43 hm? ), ZUAARETE 2 =B 5200 1 5 | Vs i R 25
ARG, WY 2R E R IR T TR, S5 FERSRY R AR TR, LR AR G Rk
EEASETEEET (0 E R EA BTSRRI R oA B A KOG sE e A, ez o
TERFENAR DI TR A (e EE . ARFR R - AL . TR R R i 5 5 B Ak 4
REGEG T RERMI T, A TSR LT AR RL . 0 S AR RRIE, DA AR K AR
AR, WFFELE SRR T R R B R R A B SHME, XA 2O R
RN R AR Y N oSS TRR I VA B AL SR A T

1 AERESAE

AWFFEN 2017 43 HEN 12 A, TEATIRTAGORRYEERE L, XFETT 6 MTE X317 e AP 5 5%
1%, TEREEG T, SRS GPS TRV AN SR | X H M I LT o34 X 3R

SRR AP S . T RS AR AR Ik . IRl AR AEANERIEAS, IS BRXT A
JESCHRS O X S LA I SRR R R, SRS AR IR RO RN

TR RRLIN 5 14) 7 92 AR LT ARRRTET R /N B IX Sl b T AR T A2 o FE IR N B AT 3810 5K ) £ R A1 DX
S GPS W& LT MRS PRI R AT U iR B i R4, BVAE R — T S M IR 5 m Ab
KA AR EE, SRR B ITA Bl SR R BOR A e B S AR i — I R B, Fe i3
A n#RE] ArcGIS B, R A S D68, B oI5 i 0 AR DX IR A0 T AR, XhE i 8
AR/ N IX 8, (PR B, X R TAAR AT A i R IX 3k, (K EEHS R Phantom 3 JTCAAML (43¢
. 4000 px x3000 px) 7S CITHATRAARIESERAE, XERAE R IFZAA R Agisoft Photo Scan 3K
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W2 AH H & 0 B F S AT s e, SRERG R, BIRDE — K 58900/ 32 5 0 I E 2R 1A
HJGTE ArcGIS V-6 N X IESHAR QAT U A IE T, HERA M 32 L REAR 30 SO AR, X
Tok N T HAS R Ik, il /K23 Ml Google Earth T3 & 8 G XT Eb 43 HT,  DAB R 2106 K DX 3k 1
R, T AreGIS HEATTHIRRIN &, £1AARAE R i B2 R FH R RURI 1L B8 Bushnell JUFE AN &

2 #HER
2.1 ENaOwEMNMEESH

TE 5 MTEIX IR 29 Al A LIMARE oA, 8 2ORHEIE S Y r dee, 4R 1T TEF A1
T B 5 BT )& 7 F, 43 BIJELL A ER ( Rhizophoraceae ) K il ( Kandelia obovata) | ZL.IGH
( Rhizophora stylosa) . AN ( Bruguiera gymnorrhiza) , 5HEEE}( Verbenaceae ) W 1% ( Avicennia marina) ,
L4 4F R Myrsinaceae ) BIHALERS (Aegiceras corniculatum) , TESF}( Sonneratiaceae ) 1Y TS ( Sonneratia
apetala) FMEE FF+( Combretaceae ) BF KA ( Laguncularia racemosa) . SCHK [6] ic#k, EI 144 % ME
(Acanthus ilicifolius L. ) | ¥ (Excoecaria agallocha Linn. ) FM§ZE (Lumnitzera racemosa Willd. ) ')

AT R BA KB, 7 PRI oA UL 1, B ARl I ER 1,

PLIE 1 —T 3k A B, 2—RE WA AN Bl 3— 58 & AN S35 4— B S W SN S  S— B N SR 66— T4 T—&£ £ K
et , 8—JRUbK , 9—J& I T K AR AL 3, 10— & A5 AR — 5 11—2 AR G | 12— H 282N |, 13— 75 AR FE B 5738, 14—
WRVE AL 15—1FF | 5AZ 0, 16—FH, 17— ZKU5H, 18— K17, 19— KB , 20— K05, 21—/ iy,
22— [l 23— K, 24— 105 | 25— AR BEl 26— JULIR T 0, 27— KIS 5 28— FIE B 29— #2 il

Notes: 1 —Jiangtou Park,2—Nanhu Park,3 -Yundang Outer Lake diversion dike,4—Yundang Bailuzhou Island,5—Yundang Inner Lake diversion
dike ,6 —Wuyuanwan, 7 —The northern end of Jimei Bridge,8 -Fenglin,9—The northern end of Xiamen Bridge, 10 -Lianfa Xinglinwan No.1,11-
Xinglin Hotel , 12-Yuemeichi Park, 13—Xinglin South Road Interchange, 14 —Haicang Bridge South Bus Station, 15—Coast No.l Bus Station, 16—
Taidi, 17-Dongyu Village , 18 —Future Coast, 19—Huoshao Island,20-Datu Island,21-Xiaotu Island,22-Baitu Island, 23 -Dayu Island,24-]i Is-
land ,25-Dongyuan , 26-Jiuxi River Estuary,27-Dadeng Island ,28—Xia Tanwei ,29-Crocodile Island.

1 EramEmen s XiEE
Fig.1 Distribution of mangrove plants in Xiamen
A1 T AR RO AT B S ) R Iz o0 A . Her P SR RO A T 27 Db HLLA 3
MBI 1) BOMZEAK, =500 A0 TR X ORACIEE 7 b (AR 22 D R Rl 2 R o ke s 2) Bkl
STCHRERARACAR, FEIM TR IX AR SE M s . JRUbR ST IR A S 3 />l (S AR 4 X T T e
“SHEPE” 3R 3) UROINE, MimeA AN, L0885 JOIREESE | PIOCAR 1
ATRASHR, T EMATTE B DB DX (LR BRI | SR AN B S I N B =R .
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Tab. 1 Distribution of mangrove species in Xiamen
JOME A AERY 7M"Ju e LA 2y
L Lo AL g LTV
FTEIX i SR g PO IR R A A
- . . . K. A. R. Species
District Location Longitude Latitude S. arnicu- gymnor- racemo-
obovata marina . stylosa number
apetala latum  rhiza
AN R TR
B oi IO\ o <4 _
Yundang Outer Lake diversion dike 118°60 24729'6 v v v v v v 6
PERNBIRIE gopsar g8 vV VNV - VNV V6
AX Yundang Inner Lake diversion dike
Siming
DU B R 118°5'43" 24°28's4” V.V V-V V. V6
Yundang Bailuzhou Island
P W23 8l Nanhu Park 118°6"2"  24°28'49"  V  V V.oV -V
YT%/A\ Jiangtou Park 118°7'31” 24°29'55" \/ - - \/ \/ - -
ﬁﬂﬁ% LV Wuyuanwan 118°10'18” 24°3124" - - -V 4
JAHE Fenglin 118°6'15" 24°34's4" N VNV - - - - 3
JE I‘j j(*ﬁj[:ﬁﬁ-'ﬁ og! n o ’ "
The northern end of Xiamen Bridge 118757287 24°33'55 v v v - - - - 3
H MNP Yuemeichi Park  118°2'43" 24°3325" V=V -V - - - 3
N S INiEla ofIREN  mp0R& 11N
%]%B‘ The northern end of Jimei Bridge 118%655" 24235717 *V v - - - - 2
1mel
ARG Xinglin Hotel 118°3'24" 24°3320" V=V - - - - - 2
AR 3L AL
=] o mn o " _ _ _ _ _
Xinglin South Road Interchange 1187273 247339 ¥ v 2
@éﬁﬁ?ﬁ;ﬁ‘z&;# o1 AN 041"
Lianfa Xinglinwan No. 1 118737407 24733741 - - - - - - * !
ZEH Taidi 118°2'32" 24°29'1" VNV NV VOV - -
FKI5 Dayu Tsland 118°2/38" 24°27'38" - v VvV -
i INZE ST
/@/ﬁjﬁﬁﬁi\)@ ZJ«LIE ) ]1803/19// 24029/43// \/ *\/ _ \/ — — - 3
Haicang Bridge South Bus Station
KB Huoshao Tsland 118°3'48" 24°29'52" VNV -V - - - 3
- ZRI5 KT Dongyu Village 118°2'15" 24°28738" *xV - - - - - 2
@Yﬁg o A = onrAn onNTI AN \/ »\/
. AR F 5 Future Coast 118°2'4 24°27'47 * - - - - 2
Haicang
KA Datu Tsland 118°3'13" 24°29'14" V.V - - - - -2
o N =N A
7 — 5 3R it 118°2'53"  24°29'21" R |
Coast No. 1 Bus Station
/J\ﬁ&m% Xiaotu Island 118°3"2” 24°29'1” \/ - - - - - - 1
F 925 Baitu Island 118°2'52" 24°28'51" vV - - - - - - 1
515 Ji Tsland 118°0'7"  24°26'3" V- - - - - - 1
TR Xia Tanwei 118°11'33" 24°39'12" V.V vV VWV Vo6
o JURIIH Jind River Esmary  118°17'29” 24°35'25" V%V - - - - - 2
ﬂi'i JC 5% Dadeng Tsland 118°17'27" 24°3429" N/« - - - - _ 2
824615 Crocodile Island 118°10'27" 24°35'16" V.V - - - - -2
%5 Dongyuan 118°17'49" 24°35'5" vV - 1
PEIH . < x” FORIZFAEII AL S IS 90% , « -7 FORIZH XM AIELE, “V7 RoRIKH X R Y
it
Notes: “ *” indicates that the plant has a dominance of more than 90% , “ —” indicates that the plant does not exist at the station, “/7

indicates that the plant exist at the station.
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LIRAR ) B SRS AT TE 20 D3l 7 B 3250 A0 7R 04 XA LRI 1 | R &) Fn i g i o7, 4R 58
DX ) 5 3 Bl A AR I 7SS st 7, YRV DX R AR st 57 v 3 S0 2 Bl P ) 1 i S BT T Aoty
EANEARE L7/

AR ARG T2 B2 501 0 3 DX IR & A ARV — 5l 7, RECHI DX 50 55 9 DX Sl g 789 2 Bl sy
B, WX AR, USRG IX R RIS 1 Aok AR5 R 4 JC e S o34 7 B IX 3 4
T D3R | T L DX i 7 AR 26 X B w6

LS A A 7 B DX B8 A T DXl R DX P R Sl 67 A AR T2 IR TV DX K e iy
AL FE I XA R A A FEl 5 7T S O el il 67, AASE 1 B JEL B X %) B 5 0 DX 3 i A el AR T S 2 el oy
7, VI XA RIS Byl A sl 437, DL RS 7Y 1 b,

2.2 FBITBXAMEYHNEREEEFESH

ST TRILIAAE Y A e B | B EL | 4E36 | IR A 5 MTELIX, [RIL XA AR, SATEIX

LTRARAY BRI AN 760 536 m*, FIF 5 LM 2,

®2 ENETHRAKKOERE &L

Tab.2 Area and proportion of mangroves in various administrative districts of Xiamen

ATBUX. District T A Area/m’ TR HE Area proportion/ %
X Siming 34 849 4.58

WL X Huli 6 166 0.80

EEX Jimei 49 722 6.54

WX Haicang 95 950 12.62

22X Xiangan 573 899 75.46

AT Total 760 536 100

S XL AR AR R 34 849 m?, XX LIRS 7 S 1T 20 AMRCETET R 4. 58% . v B354 18
IR K, o 33 498 m®, ZIRAEYREVR RS Bk, A D mLigii, A8, TG
. HEEMPER, ORI EEN 4.0 m, XX LR DOK BN, o IR, AL
R 3 AN FRREZ IR,

LR XARARITE RN 49 722 m®, T MRS 6. 54% , WAL R, N
26 799 m’, ZLARAEPIRESS RO A TR SR IR ASAR, P RO TS E N 4.0 m, TGV
JEHR 7.0 m, MRIEDGEHEERE A A SR EG ARG A B AT, Al e s B i A ik

T XL ARI TET AR R 95 950 m?, 4 ST TELAR AR EVTETFR Y 12. 62%  AMC TR J7 LR ARBI AR [R]AS
FE AR AR SAR IR R 46 555 m*, (5T TZOM MG TR 6. 12% , N —FAE RO AR, 2
H}0.5 m, AN PARBEEE | RIS . I R O R

L X LI ARITE RN 573 899 m?, (5 I I TLLRI AR E TR ARY 75. 46% T T8 3l (37 A4 £ AR AR I AR
K, H504 403 m*, ETTLRIARETTFN 66.33% . it l 17 DR/ —BILIA 0G4 R |
LI AR AR SR RO TC RS, WS — e a4, RO P& N 1.5 m, Tk
FOEBIEER 3.5 my KIE R D0 B0 PR, DAK D (AR RO AER
2.3 EIEMEEXEESNES IR

ST THARK T AR AR 25 | MR RN ZE 3 MATEUX Y 17 ASuhfr, S 696 800 m*, £ 4TEIX
HALKEEAR A LR 2,

X H ALK EE BN 130 m* . H I RUMRELR (19 BAE K B ARIE 8 6 A~/ NBEER, e KIWA
53 m®, F/NAUA 1.8 m?, SEHE R 150 #k/m®, FEIMEE R 1.0 m, A5 SEBEH N B LK B RIEK
A, R I
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Ui W] 8— KUK, 14—V 96 KW 8 28 0l , 15— i 1 5 A58l 16— F- M 17— R IG5 HT , 8— A ki i, 19—k Bé s , 20—
KA, 21—/l | 22— 1Rl , 24—3905 25— il , 26— JLIR I 11, 27— KU 1 28— F 8, 30— F Bk, 31—H7 f%

Notes : 8—Fenglin, 14 —Haicang Bridge South Bus Station, 15—Coast No.1 Bus Station, 16-Taidi, 17 -Dongyu Village,, 18 —Future Coast, 19-Hu-
oshao Island ,20—-Datu Island, 21-Xiaotu Island ,22-Baitu Island ,24-]i Island ,25-Dongyuan,26-Jiuxi River Estuary,27-Dadeng Island ,28—Xia
Tanwei, 30—Baozhu Island ,31-Hengcuo.

B2 EBEINEZRENESHE
Fig.2 Invasion map of Spartina alterniflora
MR X BEALK R 6525 m®, (5 JE T EAE KR EIHFRAY 0.94% (WL 3) ., fEGR AN
ANIE | R SASE,  ORRIE R BRI B LR B, B K B 3 AR LA AR A AR
N B TANIAEAE B AR, TEEIR0G . JObels . RAGUs . /Nl AR ARG L5dAa 7
i, JF BAEXGUS AN ERESRIARR, R EAERE LSRR TINS5,

£33 BEXERKRENESHRMALENER

Tab.3 Location and area of Spartina alterniflora invasion area in Haicang District

i i WBUEH B0 Density WL
Location Area/m> Area proportion/% /(Fk - m~2) Averaie;n height

/NG Xiaotu Island 1792 0.26 - -
XG5 Ji Tsland 1730 0.25 - -
H 45 Baitu Island 861 0.12 - -
KA Datu Island 555 0.08 - -
AT Future Coast 504 0.07 140 1.1
ZEH Taidi 351 0.05 98 0.9
W78 KA RE A 38370 Haicang Bridge South Bus Station 297 0.04 90 1.5
ZRU5H) Dongyu Village 232 0.03 150 0.7
W55 1 52380 Coast No. 1 Bus Station 80 0.01 120 1.35
F IR Baozhu Island 73 0.01 - -
KBS Huoshao Island 50 0.01 - -
BT Total 6525 0.94

U, ¢ -7 RORWCR AN N T £

Note: “ —” indicates that there was no field survey.
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2 X B AEKE AN 690 145 m*, (5B THALKE B 99.04% (W 4) ., Bl THAEK
TR A 81. 42% 43 A7 78 22 X ACUE M W AN LI IA] 11 RS ROME I B 4 K B A A 30 s 16 21 B
XA, HEBFA WA 2 T0], UL AR K UL C1 D) AR STRT 30 AV 11 0 DR 0 o Vg v

4 BRREEXRENEHNHRHOAMCBMER

Tab.4 Location and area of Spartina alterniflora invasion area in Xiang'an District

i T A I B Rk
Location Area/m’ Avea proportion/% 0, e el
/(BE - m™) /m

JUBIT T Jiuxi River Estuary 322 963 46.35 - -
KI5 Dadeng Island 244 360 35.07 130 1.2
H1 FF Hengeuo 62 474 8.97 - -
7~ P8 Dongyuan 54 388 7.81 - -
T Xia Tanwei 5 960 0.86 120 1.7
A3 Total 690 145 99. 04

Ui, -7 FOREA TP TS

Note: “ -7 indicates that there was no field survey.

3 g
3.1 ENasnBBEERETHER

ST VLIRS 3 A0 T BT T AR 00 BT L AR SE | MR AN 5 MTELIX By 29 e, T
UL 76,1 hm® . HA A TR R AN L 1 AR B9 AR SR E RS S A 6. 12% , v TR X T
FE A LT R AT AR ALY 66. 33% , AT LRI I B B A S TR 4. 03% , T 05 B
ZTR AR TR A7 B AR 3. 25%

A REE, HEE LR BN TR A ARG AR, DL Rk 5 TORE I SRS AR A
FEAGAERARTE L TR b o ATV R b, A S8 DR B S 00 DI o T80 2 ol RV 3K 2 el
B, VARG B IS uh i, DABKG A 32, IRAA RN 40, TiHE S PSR A
e, AR YR A AR BB AR L X JURIT O RIS . H SEuh s ey, Hie 2R 4
A DO AR AR, 3k (3 2 B [T 2R AR A7 7 e ) S5 1 9 X3k

ST TLUAR AR AR A A i DR S kT i R TR A B DR &R . RUBRZL A AR T 1989—1993 4F: [ia] Fii A 1
BRI, MEPREIRENIR, 2004 AEG IR ES, BrIGPA RO . ORISR B ZREMLE
o, THALAS]S. 4 hm® ' ARUKIAAILIE O LOM AR IBGI A DR SFh, PR O SE, (LR R
A, R IAEEACN 2.7 hm® , IEIGESGE | FESERNr . 15 KARIET 918 E 2 3 U £ AR AR T R
WD ) BRI

AR AR LM AR R T, TR FE LMY E S EE ", 1997—1998
AEAE RS Vg S G Sk MR B N T RIAE T RO R B, 2004 4 4 FE 52 b B8 0 R v R BURKGR K
B2, PN EHENR, MR R R (fR/NmE) , JFHIE T MR Z ) EoRHRIER B AL
KELPYIE, AU A LI, RS 5 A LW 2 B, DLA S EEA RO, Y
3.4 hm*, JABEKENRRGEH, AMZAEAILT] 24. 4 hm® . B ALK F B AAR KT 5 R 10 A=
VI ZREVE R AR R B, T R R A S R G R S5 R RN TR
3.2 EIaOMEYHENTL

AU A PR T VS S BT AR 5 BT R 7 B, DIBKGIATE B AR RN AN AT A
FERS . ABE, LLIRE . TOMRIESRAIRIOCR . SCk (6] C8E i A 2 B . gl Mmsigs, (AR
A K,
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ARV AT B G R AT | RUMRITS TR 8 M i 2 Bl 55 6 A3l (57 & B T A i Al i
A LT R —— TR 2 SR, SRR A A B R o A |l S - R o 45 I A DX R K
MY, BB | RS RSE T B R OGRS B IS A A A AR R I A, R ITIZ AT
S1Fh 15 45 B JCIERE T & 2T BRI RKON A KSR BB B A BICR P AR R s ST AR X R
SIRLIR A5 | B BOIRBLHEA T R I AR W], AR LRI AR ) O SRR OCAR 2 AR [ Fh s 1
—ERRE IR, FEARMEE MRORN A K R AR VR i RS B P Rt A A e, (R, ARV A
BRI —RNE e BLITCHRIE SR O I — MUY A SR SR A AR, B A M A=, B4R
ST R AR TR | )R E P DA A A P R R IR OGP R BE T LR P R A A R, HL
A R A ) R KB A S A LR RIS, A A BN AR AT BEIE . X T T el S fndr ¢
KBEBERNARZF N, FARFBAFAE L, Wizs BRI,
3.3 ANIAMmmbBEEHES

Bifi 5 T AP R LU MR 2 P 3 AT AR B R, V3 7 40 A 00 e A o 21 AR ARl b i s 5 ) JlE H £ 2%
WU R O e E LA RO . R R TS AR, R I R N T AL ARG AROE B A K
KBS R F 22— ARJEA R R, BRI T RN SL A Wb A7 41, oAl i %8 A A A
B A e ar [, AR T TR A sl 6 SE R A LT AR T A S | Bt 1S
W T RERR A R AR B E BRI T, R R B AR BRI LU AR AR R X I g R I, A B
FBCRZ /D SRR | WAKERIREATERYILR,
3.4 EINERKXEHANERRL

HACAF IR S v (S R AR ™ E TR AR RN, ARG D LR AR R SRR, B A
ANAHUE LRI . 1T H X G B A K R A R fe S BAE 20 HHl 90 AR, HLFPHE ) EE S a8 2
AR IR LE 5, SRR Fr LR T 0 e AR N A5 b A RIS o e i A SR ST A0, 2005 4F
WIE T Sl RN, BT EACK R SRR 3 hm?, AYRIR A & IR 1] B A K TR
EAE 69.7 hm®, BN SEHM ., LMK g, BEEARBLZMARNARE , HESETFZL
Bl bR /N ALK AL . P15 ABACKE R B R 5 e M SR, Akt
M MM B RS R T 9, BARKE AR IR AR A BAEE ,  CAR B DR Vg M U 10 1
WA SRS, B LIRS AR, T E s [ T HER I b A A R G S5 ) RE
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