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WE 2016 4 8 A, IFALEHMT L AL BE TR B e E R IR R E AR, &
AT AR Y 442,19 hm® g E IR, Fb 2k k88 % (Zostera marina) F1 41 4F 4 U 7 # (Phyllospadix
iwatensis) 2 . 48 E th oA W AR 4 A 434.46 hm®, F B AR 98.3%, = E AN B P EAM
Foigssh, BT MK E AL 8 4 5 A (174.2£9.2) shoots/m” #7(337.7+17.5) g DW/m’, 414 %
HHEW QA ERA AR 7.73hm?, & EERE 1.7%, FELAAENEEE O AN FEF % 3 km 1
HRERAEERKK, EWHBWEROA, BT HEMATEA AL E 57 4 (889.1£17.1) shoots/m” Fu
(605.918.1) g DW/m*. W & & g 2R T AKE 494 1.6 m, 83 2 R i WA, PR TR 249 4
(4.3£0.2) mm, AEEXW, R BEFEER T ERT LMK, EERAFHHELEAXES
WEERM, T RPN EEE RGP K, HREELRAAXRRRBEREL T,

Kigia

hESES Q948.8  XEAFRIRED A

Vi % — 28 4 A T A BB A A i T T ) e A
KAFEY) (Duarte, 1991), FEZHPERAL, HAT, 4
BRYGHI NS A B 74 B (/AR 2018), HEFhEZ
T K S5 P 98 A S b BR AE W P B i PR I A S AR
4; 22 —(Duarte et al, 1999), & LMK 4 sh W) 8 E )
FEOR% . B 435 A B (Costanza et al, 1997; Short
etal, 2011a), #RIM, 7£ AR AT 3 i W 52
Wi T, HH 5590 BBl P R e 1/3 A9 96 B PR B 2871 2K (Waycott
et al, 2009; Short et al, 2011b), LIZRA BRI E 4
IRAEEGH R iR R E T 90% (FRRIEAE, 2013),
Bifi 4 T R R AR S I R B MBS T R i, 45 T v s
AHAE ST T 4Rl DX PR v RIS TR U R R
PRI VB A5 HH 9T IE B AR BB TAE R A5
(van Katwijk et al, 2009, 2016; Statton et al, 2013). Ifij
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AYZKTT = A UNR R TH RRME VR M, LR A A R R R
FE I, 7 TP SEAE T A 11 (Ruditapes philippinarum)
HABE X (E 44, 2012),

2016 4% 5 J1, i B A RGE T, B
X TS T A AR SR I R T R PR o W4 8 1, dd A
R T TR A 5, 455 UL VS VR S A% B T K SC
S EAR R RRAE B A AR 2T M, X AT RE A I R

FUZR MR, AT A Wi AT R 30 m (B 1),
TERAR T B AT A, AR LA i T i
IR BV TFHRK N EAGHLIEA T K HA BB 5 5%, DU S fin e
B R AT B R0 IS A3 A bR B R DR B S ) b 55 A
TiE o TR RO 55 >S5 % R IX S Bt 4 05 S O B
BHZA GPS ENLL, FIMPLIE A E RS X 48
PRt RN o 78 I 2 XA R R e SR A

Ay R BEEA T A B A . R A AN 31.60 km?, HHC N BT TR, R s AR A TR R 23 )3
VR 32 AN JEAWTI, BRSSO S 5, WIEE RS, AR R A A AR
N N
A {37032
4 37°30'
N
3730 = 3
s | ‘J{g,\ T ’k“’/&a‘jiﬁfi‘«‘ - >
%4 Shandong Province 137028
L5798
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0 1 2 4 km & 451 Legend
e e JEAE WAl Survey section 437°24'
121°56' 121°58’ 122°00 122°20'E
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Fig.1 Section layout map of Shuangdao Bay survey area
. HE = ~ 21 § S = = kY
1.2 lﬁi*ﬁﬁﬁg ﬁ %ﬁﬂE '35'5%51)1] 1.3 ;ﬁﬂﬁgiﬁ*%ﬂ;iﬁ'?ﬂﬂﬁ
\n\;% fe L N/\m\% 29 I
Eﬁﬂﬂ’]ﬁifﬁlﬂl‘ﬁﬂuﬁ3 57 ﬁﬁlﬁ{i, }FJ T%ﬂi#ll{i{i iZ JT SM-5A ¥ 1}((Speedteach

Ji125 cm x 25 cm BIHURHEBEA TR AR, Aol R4
3AEERETT, KRR IBUREHE N BT 76 55 b A FR 23
SERUL , ECHVE DR B TR AR, KRR AR O
G T IC T (ELAE H ) 24 B NN S A5 05 B J5 I O
Fraf Il Se a0 s o A S IUBTRI R SRR ke AL, 00
PE— Pl AN A | i kR AL 00 R i 7 3y
Mrifg RERRE o GETH AR RO, T30 Ao T AU PR 2
TE IR A DX SR 15 (R o FP B BILIE B 30 RS2 8

FOABLR , R T B 5 e VD v gk T s AT
A A o A IS A R MR TR 65 CIE R A% 1F
TR, T AR R A A ) R AT A

FEDMEKE, 275 1Y H i =28 IE L RKIR,
871 YSI 650 22 2 H0K 5 Wi 43 (3 [0 ) W i) 3780 A v 4k
FKE . WAL ERBERIERAKEE . i SD20 i B B
FECFE A T R A PR 2w )il dE 7K 44032 I B2
KAEVURYY, RS8R AT R4S & S IR SCHOG R
{¥ (Malvern Instruments Ltd., & [E) 2 DI 0
FRRRE ., R MR RS,

14 HIELESSH

BT ArcGIS10.2 FRAFAR S XU, 15 Vbl i B 43 A1 T
L il A, 2 SPSS18.0 B4 B R G
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HURBIA TR AR T TR bt N -
B 2297 2207 (One-way ANOVA) . SCR IR SRS 3730°F A v

PIHAFRHEIR 22 (Mean+SE) /%, B E MK P=0.05.
2 #R

21 BEEMZE

AR A 38 o MR 25 25 A RN 8] 7 vk X o
A I TR R T AN A o SR W, R T AR
oA A 2RI, 5300 Ry 88 BB (Zosteraceae) . 85T
J& (Zostera) [t i 5.(Z. marina)([&2) Filis & RHRE 518
(Phyllospadix) i 21 £ 4 KR E 2. (P. iwatensis) (1¥13).

P2 g w NI AR B G e i
Fig.2 External morphological characters of
Z. marina and its transection of leaf

100 pm
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Fig.3 External morphological characters of
P. iwatensis and its transection of leaf

22 HHmER

TR PR AT MR AN 442,19 hm?([&] 4), #8802
XU T8 I F AL 3R, A A TRl 434.46 hm®, (5
ALY 98.3%, EZL43A T XU 7 ER A M K il 2t
d, WS AR A TE AN 34.26 hm?, XUSTE
HR R AR N F14) 98 B 43 A 1T AR 400.20 hm?, 7511 1~3 m
(K DX TS A AT, TS i o B BEROIR B 28 AL 4y
A, WU VS PR PR AZ 7K 2 34 R A RROR T B B 1 v
R PRI AT LT LT YA Y 5 R B A TS VBT
AR B2 0] 7R 2 3 km A3 R AEEAT IR OK X, 20 A AR
h 773 hm?, HETERK 1.7%. Hd, 3040
LT LT MR B A A3 A T AR 20N 3.65 hm?, T A7 JE it
SE/NBEHCIR AR 5 0 IR AR K X 4 A AR Y
7 4.08 hm®, L MEESEE RN .
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Fig.4 Geographical distribution of seagrass beds
in Shuangdao Bay
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231 % XL 5% VS 96 358 0088 %) ST 35 WAL AR R A
(174.2+9.2) shoots/m*, Hir, FEIT T 171 14 8 51 5% B
K(218.7 shoots/m?), ¥4 s /N(138.7 shoots/m®),
188 5 - 24 £ W R (337.7+17.5) ¢ DW/m?, Hirpr,
SIS TS A W i K (472.4 ¢ DW/m®) . NS
(132.2 g DW/m?),

AR 82 V5 H S T 1T A VS R A R i v 45 B AL

FHEL 30 #R6B R JEFTIE A E G 0. WA RBT, X
5V b A M Y AN AR AR B TS M
(P<0.05). MR B P bk i s, LU AL B8 R
210 cm, HCVE A8 R 24 20 om, SEERARRIE L
A SR PR S A AR AR GR 1) MR EB
O%, AT RSP A A 1.7 em, SEE Y E] LA
24 0.6 cm, FERKLH 16.7 cm,
232 LLFYITHE XS 5% VS YA 38 3 VS 1T P 40
2T Y MR 55 AR A AR 25 2 (969.8  shoots/m?) K185 1 4
fill(738.7 shoots/m?) , *F-34 % i 4 (889.117.1) shoots/m’,
LT 27 Y MR B R 2 A M (605.9+18.1) ¢ DW/m?,
SEATTE O SE R W ie Rg(727.7421.3) ¢ DW/m?,
FR T O ZRMN[(525.3£15.8) g DW/m?] (P<0.05).
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6 BB 30 BRAEFT A5 500 rHT . I3e 2 7T
1, XU T B AR LT 2P A MR B Bk L T
WK S AR KA 35 22 AN (P<0.05), JUb T A 24 bR

ZERANEEP>0.05), BMACKE, TR R ppk
F#0M 3.4 leaves/shoot, E¥¥kE N 71.2 cm, “FE3nt
Fa A 0.2 cm, SEXHE] AN 0.4 cm, HREN 1.0 cm,

*1 WHIETARXBEBERSFIER
Tab.l Morphological indices of Z. marina in different areas of Shuangdao Bay

PO (N | e AR W FEAKL
Morphological index Bay mouth Central bay Inner bay Number of samples
I A % Number of leaves (leaves/shoot) 6.0+0.3" 6.7+£0.3° 5.840.3° 30
¥k Shoot height (cm) 152.7+7.4° 166.7+3.7° 154.4+3.6% 30
¥ K Leaf sheath length(cm) 37.9+1.6° 40.5+0.9° 38.8+1.3° 30
#4558 Leaf sheath width(cm) 1.1+0.0° 1.2+0.1° 1.1+0.0° 30
KK Maximum leaf length(cm) 114.8+6.1° 126.2+3.5° 115.6+4.2° 30
i KI5 Maximum leaf width(cm) 1.0+0.0? 1.1+0.0° 1.0+0.0° 30
¥4 #: Internode length(cm) 2.140.1° 1.7+0.1° 1.240.1°¢ 30
45 8] 42 Internode diameter(cm) 0.6+0.0° 0.7+0.0° 0.6+0.0° 30
i KR Maximum root length(cm) 17.1£0.4* 17.1£0.9* 15.7£0.5° 30
TE: AR FRERIR 22 5% .3 (P<0.05), FA
Note: Different letters indicated significant differences (P<0.05). The same as below
F 2 WBITARRXFLAALENEEERESFRF
Tab.2 Morphological indices of P. iwatensis in different areas of Shuangdao Bay
LA EFR R A B H 2R FEA KL
Morphological index Bay mouth Eastern bay mouth Number of samples

i F %% Number of leaves (leaves/shoot) 3.4+0.3° 3.3+0.3° 30
¥k Shoot height (cm) 67.4+2.8° 75.0+2.3° 30
58 Leaf width (cm) 0.2+0.0* 0.24+0.0* 30
M#51 Leaf sheath length (cm) 10.3£0.5% 9.8+0.4° 30
n-%4 9% Leaf sheath width (cm) 0.2+0.0° 0.3£0.0° 30
4516 EL 4% Internode diameter (cm) 0.4+0.1° 0.4+0.1* 30
KK Root length (cm) 0.9+0.0° 1.10.0° 30
# H 4% Root diameter (cm) 0.1+0.0°* 0.1£0.0* 30

24 NBEBEKRXEXENERTF

OB P55 10 Y Rl . PRS0 2 0 8] A
P, 2 BEALAER 15 2 OCHERRIE X HEA 5 B8l 23

AT LRI 3, N 3 AT IE Y, 300 X /K I
175 W B TS i AR B A7 AE B 3 25 5(P<0.05) . Kl .

ERBEAN pH 2R AR, FIMES R 28.7°C . 31.9 I
7.4, VAR BN, 8RR DR T IRAE , P34 TR AR

®3 WHTHEERXEBHXBINEET

Tab.3 Key environmental factors in the seagrass bed area of Shuangdao Bay

RN FEARL

ST i i ot
. Eastern bay ~ Number of
Environmental factors Bay mouth Central bay Inner bay
mouth samples

7K Water depth (m) 1.8+0.3% 2.0£0.2° 1.2+0.1° 1.5+0.1° 15
#EWIFE Transparency (m) 0.9+0.1* 1.4£0.2° 0.9+0.1* 1.2+0.1° 15
7K Temperature ('C) 29.0+0.4* 29.0+0.3° 28.0+0.3° 28.9+0.6" 15
£ Salinity 31.6+0.2° 32.1+0.1° 32.1+0.1° 31.9+0.1° 15
W48, & & Dissolved oxygen (mg/L) 7.9£0.0° 7.7£0.0° 7.5+0.0° 7.4£0.0° 15
R B pH 7.4+0.1° 7.540.1° 7.4+0.1 7.5+0.1° 15
JiE e Y > i grpab kA1 5
Bottom sediment types Medium-fine sand Medium-fine sand Fine to medium sand Reef




180 ook B

2 R 542 %

H7(4.3+0.2) mm, ZTEFESFHE N B AR TG L
3 itig
31 MERFEBENH. ESEHENEEXR

JE KRR DN 2 S B b 2 S Pk 1 A
[Fl—$ A EA R PR P T AE S BB — 2 f =W
725 (Palacio-Lopez et al, 2015), ASiEA H, X 75T
FL v TS R AR K L 32 I 5 IS o
PR B E S SRRSO T A MY A2
SR EEREAE,

IR FKAAR 175 B 2 38 38 52 i o't JR T 55 i) 76
HIE 2524 FFF (Karydis, 2009), —MIEH T, [H—K
Wb, SGREBE K TRIG i g ; eAh, KA HH B
&, R AT D SR g N . AR, W
VS TR AN A K R | 375 B B I 25 TS R
ECIT 19 s o Qe R R S EA NS B2 A | 2
2EAE bR R = TS LRI (P<0.05) Y EZL R A

TURR AL AR S 52 el T 5 53 A7 e A ) 2 R i 1 XL
—H F[K 2 (Schanz et al, 2003), —BEH T, HIRTT
BRI AR FIK 8 B A IEAH GG R, DR R AR
N, RBZIX Y 7K 35 778/ (Andral et al, 1999),
T BB 38 3 3 W 7K B 7 A [R) ) IR 45 of 9 2D Fof 1) B b
Wiedr, T+ A B AR MTTIEFFH % (Schanz et al,
2003), HEIEZMIEASSRRE . AT, WL
FURT R B B2 A i ed, Vs A ab, AR
MEAREA T, BT R OE SN2 R

32 MEEBEEEREYE

XL VS T o A MR 2% 41742 shoots/m?”,
BEMTFZE 5 (364.0 shoots/m?)(ZE it )R 4,
2019)., SRR TEEHE(1209.0 shoots/m?) . .yl H
75 15, (688.0  shoots/m?) Fl %% i, K % ] (416.0  shoots/m?)
(Zhang et al, 2016) % 8 B pRAG AR % B2 . HE4liE, 201H:
2 QOAEAR LA, [LZR48 i . 75 & VA 15 5 W V6 i 4
Pz Ay A R Rl i i e A8 B PR S 1 R ) 5k 3
1500.0 g DW/m*(ZEfE25, 2006), 1 2% 825 $R 4519 35
TS 48 R PR AR MRV R 337.7 ¢ DW/m?, 4R 4ENFIE
FF20114E 9551} 5 fG b (Short et al, 2011b), X} #8E
AR, MELLIAE S 1 AR A 5% A 47 (Shelton,
2010), ASYHATH, XUV 21 £F YR IR AR B 0 AR T
A b, S5 4889.1 shoots/m?, K TRZETY
B S 2T LT AT R T BIAE R (3087.0 shoots/m?)
(VRS 2019), BT LA B A,

ARHIFFE L, LI TS Vi o R N 2T 27 4k iR IR 1)

R 85 FE IR 9 0490 TR, ML T2 T
BRI BP0 SR, RO P R
SEIRUAR VLT 2 T ELME O OSP4T SR I
REAE T , 4115 A 05 WA R AL TR P A
AR, LA, L VR , R T
BRALHRAOXEREROR , — FLI R BRI, I (1 445k
T HEAFHR LA 5 TR

33 WBEEBEKEE IR

HR AR V8 A 5 90 B T 2 B, 0L 25 VA el VA 5 R
A BRIE 32 B IR . B A Tl K i 7™ B
331 BE#ESA. XL VS 2 JE T 3 4 ) T 5
HEFRAE X (2 AR R, 2015), 38 1141 K T B A v DK L
P A B T SR A B T O S i B PR N R] P
Pewi 8K s FRAE S, BB RS ez, IRs
Xof Ui g A K BB 3 R R (B /N5, 2006)
BEAh, ol FH AR IR Y HLGZ 1 (Sargent et al,
1995; Dawes et al, 1997) , a4 ¥ A4k (Burdick et al,
1999; Neckles et al, 2005) ) e fif FH 27 g st ] Py 7™ &
VIRGESH R, S 806 R RN BEH AL A S0k Ak
332 T ikEAKMHK s, SIS R A T
JH 10 K, Hih, ffRdeE) . a0 R
HLARER T4, HEH Y Tk 2K 2 HETS 1R AR T Al
L, P AL S SR AT o XEAS A EHETS
FH IS5 3R B R, DU T TR K A 15 B IR K-
XA HLE YA TR, 25 o, WU T S K fA 4k
T E G PRS2 4E, 2008), KB KIG S
ity B — R AN R AL R B, IR P i A
KR H B85 H T (Adams et al, 2017), /K 44K 1
B E IR AR g 1 B T W R R S A o P A 1 T TR
FEERE, X ifg B ol At TR WA 7 Ak B R PR VE
B2 25 5HYE T (Touchette, 2000; 78 R\ 5 %,
2020) . JRE P v TR R R JE ML RUE 37 BRI 52 1 44
%, UNZT L7 YR IR B — A 6 7 HPAROK 8 IR SR A b
W, MR & E SR KR R, R R S A A
SHEG| A AR R b3, JE 1M 2 12 (Ramirez-
Garcia et al, 2002), Hk, K& EFISIEH A
BRI R AR, KERIAE RS &t — 2 i
FEXER I, ECLAET (Han et al, 2016; Ruesink,
2016). F34b, PEHE DS IS KAAAE = F R E L
I BEERON (SR A 2014), VR I E 42 8 23
TNV B T 2R A R I S A IS ) A P H AR TR
FRPEAROR, R BCHER fk(Ralph et al, 1998),

3.4 (RIPEIN
B Ko RIS V8 T PR T 7 B R 2R R G R, R
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(L™ s 2 ) L 5% V5 J) 30 Al 19 5 7K HE e [ B ™
MM HERCE K AL, DhekE K T

(2)X6F XL VA T 3 0] 4 AN TR D RE DX, fin s % T g
XA B o 255 AT A 45 SR> M SE PRAB G, AT RE XL
BRI 3 A EEINREX (& 5): BFHREIIX .
ORI X RN K FRAE X, Ho, 855 X £ 20 T
DU B O AR AR, IR XSGR K IR, iR
W5 K MR, IS T AR K AR, A
117.32 hm®, BRI X e H RS X, AR
105.21 hm®, % XU FEL 50, KRR LAY
ZHMR T, B2 NEIEmER, RIS
RLE R R EEIR o R, 3% DX 7 A% R i eIl Al 55
THEAUIE AT o WK FRIHIX Z B AR T,
BEEFER, MIRE I, & T AR
B, EIREIX EERIZ N 163.93 hm’,

N
37°30"f

37°27

\H { I: 174 Breeding area
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122°00' E

121°57"
P s XL P59 S ) D R X 20 7 T 1
Fig.5 Schematic diagram of the distribution of different
functional areas in Shuangdao Bay

(3) 7% B BN WU PR & SR RF AR 4, [ XL
RS BRI N AN a1 S B B v i
BRI, A BRI A PT . WIS AT B AZ A
EAEATO, S D X i R R AR

(4)BEFT [E] A A1 238 X i B R 1 AN W IR AT

Xof T DR ) A L DR AP R S A T AL AR
Ak, RN I JUAF 76 1 RAS & 5 TS E R %
% (Verduin et al, 2012; SRR, 2012; X7l %,
2015), HALHEE R AR, 456 VA S i
FRAG S vk, W SR MRMCET B AR I (R e 1 4
2015)FIFp 7 PRAP LR ML (Zhao et al, 2016)55, 1 H]
WA MR AP B A PSR AR S, 2020), 454
XS 5% VS 5% (4 A Y R A R G 3 R )V R
16 52 B ) RO A2 b 5 (25 R SR 5, 20155 5K K, 2017),
HETT RS VS A S R G IR E 5

25 LTHR , AR AR 545G TR VS I B
R AT AR A A IR E, Ay
BT T 5 RAR AR 1 T R D R B TR R ) A LA
XEE, DA R B R R S i A i iR S

£ % X M
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Distribution and Ecological Characteristics of Seagrass
in Shuangdao Bay, Weihai
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Abstract

The seagrass bed ecosystem is one of the most productive ecosystems on earth with

important ecological functions and ecological service values. In August 2016, the seagrass resources

and ecological characteristics were investigated and analyzed in Shuangdao Bay sea area of Weihai
city, Shandong Province. Seagrass beds of Zostera marina and Phyllospadix iwatensis covering
approximately 442.19 hm? were discovered. Z. marina was distributed over 434.46 hm®, which is

approximately 98.3% of the total seagrass area. These Z. marina plants mostly grow in the eastern
part of Shuangdao Bay and in the farming ponds of Sichopus japonicus. The average shoot density
and biomass of Z. marina were (174.2£9.2) shoots/m* and (337.7+17.5) g DW/m’, respectively. The
distribution area of P. iwatensis was 7.73 hm” and was approximately equivalent to 1.7% of the total

seagrass areca. These P. iwatensis plants mostly grow on rocky coasts and displayed an obvious band-like
distribution. The average shoot density and biomass of P. iwatensis were (889.1+17.1) shoots/m” and
(605.9+18.1) g DW/m?, respectively. The average water depth of seagrass beds was about 1.6 m and
the farming ponds growing Z. marina had a hard substrate with an average particle size of (4.3%

0.2) mm. The investigation showed that the seagrass habitats are being seriously threatened by human

activities, such as pollution discharge from the land, culling, and fishing. Suggestions for the

protection of the seagrass beds in Shuangdao Bay have been proposed to provide supplementary data

on China’s seagrass resources and their conservation.
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