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(PHEMEERY: WASHAFEHELALRE IR HFH  266003)

WE AAREARESBREERBRMNFERRZTZ — BA3INANENLE, R T FREK
a2 (FE). 10, 20, 30 f1 40 NTUIXH 2 77308 . A KAEEWE W, 4RET, 3Nk,
8 A AR B 08 R ORI E T B R AT KA S, 10~40 NTU 4 72 41 M AR 77 75 34 B & 1K F 2 &
4(P<0.05), % 40 NTU A 4, HKFEERR A EAE 56.1%; HAEEEAS, HMEHAEK
FHERMAEFE N REINTEMAY, Z 40 NTU A F 4, Hbk 2 3 % ok R fovt | 28 (b ok 3k B &/ ME,
A TR AT A 48.9% M 61.6%, M EAF MM T AT EXBAMLTHRT 64.6%7
78.8%; tXMSNTERY, KMBEHE EEZRAR Y MEKEEMERA AN EE, T
WEKFET A AT R RIS WEB A A 4S8 B AR M 8 o 1 34 T ¥, 10~40 NTU
AT M AR KA A B BB R T 4 B 41(P<0.05), & 3 T A0 TR 41 AE Ak M b 2H 4 R VA M A
B B A BT 20.2%~74.7%, FFRF W, AEkE KI5 5308 E vk 4 s kb
AMBETHE, MBEZNEKFERA, AAR A EABEEERBANEMLXNETBERER
BT EBRTE

KA B, WE; FE; A EKESE; BmALEY

hESES Q948.8 XEAARIREE A XEHRES  2095-9869(2023)04-0035-10

g RO ST R TR A P IR AR S RS —,
HAT KA R OR3P BB S B AR S T e,

A A 15 MR B 3 T 55, T PR Aok B2 984 - S50 1 15
BB B 1 P R AR AR R 2R ) R R Z —(Li

W] AR 2R R 2 RN R, L 7R B
41 1k 55 %5 37 BT (Jackson et al, 2001; Marba et al,
2007; Barbier et al, 2011; Christianen et al, 2013;
Momota et al, 2022), SR, 52 HARMEASTE M AZSTS
BIREEI, BRI RS AR, [ 1980 4
DIk, @Bk 1/3 iR IRT R A, HIERHER
B 20 22 90 41U HY 0.9%/yr | T 7%/yr (Waycott
et al, 2009; Unsworth et al, 2019), 5|45 55 K 721 1)
HEEEAFE G EFRERE L . KRG R

et al,2021), 4N, 2009 4F 7 H hf P4 V. 7R #8 28 #ifE
Sl A i RE TR S KR B N2y 2.5 A QM Dy
10 NTU), 3k ;N LRI — 25 ¥ (Halodule pinifolia) M
FHEFIR TP E B RE 2 DMARRATE 6%
(Ahmad-Kamil et al, 2013),

KA ek 3 g D PR 2 oA 9 R B A SRR (n
HEAK ARV . BT AR . IR 4 R AR AR A
K= SR S T B DT T2 77 (Li et al, 2021) /KR
T RE BEINNTITOK AR ) B B TR R A AR R RS R Y,
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WIFEEE N, K AT 35 %0 A (Chartrand et al, 2016),
FADCHIFSE A, KAt B2 T % 7K A A 4 B A B e 1
T 50k (Samper-Villarreal et al, 2016), 40, Z55m%
(2006) BIF 5% % B, 30~90 NTU /K A bt i B 1 7
(Potamogeton cripus) A, SLInHFSE 23 d I, bR
PRES I A 8082, 90 NTU &4 F, /KF 0.7 m 4
Mt R 5 2 A 7K T ' BR B B (63 000 1x) 1Y 0.6%, JH L
PR AR 1 T 7 500 ) R X6 BREHL ) 86.5%F11 77.1%. Li
A2 (2021)WF5E T KA EE (4. 50, 100, 200, 300 Fi
400 NTU)FIM B A FF LW [B] (5. 10, 15 F1 20 d)Xt
%5 (Zostera marina) {76 A K B2 KK 0.55 m),
FEX a5 S AR ARSEAT T 30 d IRE SRR, Kk
PR B 98 AR FESE 15 d, 50~200 NTU it JiF kb L 2H 8 2
A R R 52 8% 77 (VK 52 235 SRR AV o A7 17 23 5 iy 285
PR R AT 35 R 1 FE ) K TF 60%, 1 300~400 NTU 3
FERARMKE %% )18 0, 300 NTU #h KT, Hraemt
[ 10 d AR RIS b A= 755 ) (MRS 45 RN AR A L | A 7
F1 5 g5 R AR bR M AR PR IR 5 d 1Y
66.7%. H AT AIBIFFY 32 B4 v J J K AR ok B T v
XTUTAKAR ) A K AF I B2, A DK SR K (A ok B T
o VTV e S A ) A A A I T R T R G A B 3 5
TS AR WARGE .

A FE LA AT L3I R 25— B8 B X 52 | i
i 34 H BN BT T AR K AR BE[2 (6 #])
10, 20, 30 F1 40 NTUX} 68 FL A7 1% FAE K 2, JF
PRIT T 8 1 6 o B K S Pl fg A BRI N, DAY A A
HF A A B4 AR Al ML B R L S Al 5000

1 #wREFE
1.1 HmEFE

SO B EA R T 2018 4F 6 H R H IR A ST
KIS WHFEL(37°21'N, 122°34'E), RAEWE], KKEW
KRR R 30.2, SFIMEE R 2 NTU, SRR TR
b, TR 68 RO R MR I ARAZ AL , R R UEAR
AR, SRIG, K KPS, 2% bR A AR 2% i
FEJerh . DEFHA B A= 228, 32 [l L A A A R
AFEIEWEAN, BT 12mx 1 mx 0.6 mRFEFRKTR
WEFE 7d. BHFREBIN, PR4F HARKEQ23+1) CHRDE
WA 4517 (1 847.14~17 200.31 Ix).

1.2 It

DR 8 T R AR T PR 7 K i B (2 NTU) S &
MR, TR AL PR AR PG Li 25 (2021) A9 WF 5T 4%
W DL R R 2 59 R £ B A0 6 Bl A4 ek BE (e s 1T 3k

40 NTU LI L) (EHEAE, 20145838, 451 E N
10, 20, 30 F1 40 NTU, &ACHHARE 12 MEHE,
SCEGHEAT 3 AN H o KPR EE B AT e VD A RS I
it KR S5HEKIES), #E Smin 5, FHAME
FURS R 100 um AYTR2E T 8 L2 BR, KRR 4 4
PEFRK B8 m x 1 m x 0.8 m)rt G 7K 43 S e il
MR R 10, 20, 30 F1 40 NTU BYSZEask i, Kk
% E TR WGZ-2 B pd B 2

1.3 sLIgitie

131 EBREBFAR il 60 MRIGE
(40 cm x 30 cm x 7 em)VE AR A &, FER AT
WA 8 om JEREE T, FEJRAC L A 25%40 7 Chr
63~250 um) 5 75%#3 + FIEE F CRLEE<63 pm) IR A 1
B (Zhang et al, 2015), FEARFEHLZ AT, Jobsef Hm
I M AR KR 2/ 48 h, Z U, F
I WG 2 h, DAGRIIESE FREE R, B0 i) e
1.3.2 AARTAL 2 Ao A AL N FRTE % NAE IR K
FE AR PR PR B 960 ARAGERRE | AR R R A7 1 3 e
PRAE R SEEG AR AR, IF X SC B A bR R T R (L AR 3, R
i 24~26 cm, M 4~5 0, XK 5 em, JEXTHE
PEATRRIC . TEAR ARG R TR I 0 A 12 207 1 em
A A FLBRIE AR e Ir A I A (Short et al, 2001),
DAIEAT AR AR AR A BRI o K AniC A R BEALT- 2453 A
60 iy, BMHHMRBHET | NRZEEF, BN
ODHE R AR A LGP Y 5 em, BJE TR
PEFRAK Vet 9 BEALRCE 12 AN 20 BT TF G 505
1.3.3 A E M4 SO H R, VK R BN
30.0£1.2, AMRKIEN 22.71~27.91 'C, SEHE&MH
1 847.14~17 200.31 Ix, A KA [RIEGK 1/2, HYEFE
KA R IERE B IROK U I A5 R 5
I 200 W 7K FE, LA 900 L/h Y38 4 R 477K
TRAEER, 25 IEFR KPS L 45 72 KWL AR il K TR . 454k
FRZH 7K T 't BRI B2 {7 28 [ Onset 24 w] 1Y) HOBO i
JEHDERRICSEAX A 15 min [ fEaEFT L2 0T, SCR0HF
223 H . A FRA A SEE LI-Cor A w1y LI-250
B R AN LI-193SA BRI Bk 114 It ) 4500 5
KFGHE, A6 MR () FDES LR Tl B
[photosynthetic flux density, PFD, pmol/(m?s)]Z [] 456
., B HOBO 't HRFNE BEBHE R AR A R AR B IR
FERHRE R PFD, Jf15 4 H PFD [mol/(m*d)]. #
#% Beer-Lambert ik (L=l,xe X %, Z NIRFE, LK
Z VRPBENL I RREE | 1, Ay 3R T80 RURE ) TR AS [ ekt 32 4
F) 6 IR T Dl R H(K g, m ") (Ruiz et al, 2003),
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14 HmRESLE

141 HELHAKIAF SCIRZE I, Geit a5 Ab FE A
B8 FREAR O AFIR B 0L, IR EAFIE R (SR, %). #54b
PR BEYLIER 4 U5, RR4HEE BEHLIEH 6 PRAE R
AV 0] 6688 (R R (H, em) L BT AR K (R, em) . 25797 L
(I, mm)., BARRHHEIFL(TLA, cm?/shoot). M F ZE{H
# % [LER, cm/(shoot'd)] . =% 17 f# £ i % [(IER,
mm/(shoot-d)]. i 2= F1[ADP, mg-DW/(shoot-d)] Flith
47 J1[BDP, mg-DW/(shoot-d)] (3K ii 4%, 2016; Xu
et al, 2019),
142 AFIRAF
1421 kée&%E AL rh BEA L 4 A
4, FAHE PREHLIMI 1~2 BRAEAR, BURRES 2 A
Bt 2 em® BT 5 mL N, N-ZH I8 B ke, T8
W25 R 2R 3 d, SR A BOEIE M 4R a &%
#+(Chl-a, mg/cm?)FIM4t&E b & H(Chl-b, mg/cm?)
(EUREE, 2009)
1.4.2.2 HE MRS Y 25 Ak B 2 Bt ML
WaANEZH, BAHEZHRMILEI 1~2 BRI,
T 60 CTMTEEE, JExFFRESATUIE, R
AT 3o 0 S A AR TV M O 1 (SS, mg/g) FITE M
17 (S, mg/g) (Lewis et al, 2007),
15 HEHW

X A A AT IR A PR 25 R, DA
SEGET T BB o X B8 AR BR A AR AR A T BRI
7 2243 B (one-way  ANOVA) K 56 AN [R] 7K 44 it B8 o 8
R, i Duncan 2 iR 5, 45

—
(%]

A —=—2NTU —— 10 NTU——20 NTU
—v—30NTU—+— 40 NTU

—
N

et TFEREE
o

Photon flux density/[mol/(m?d)]

K1
Fig.1

A - {5 1 2 (Mean=SD) e, i #F MEKSF
WHE A P<0.05. BHRGE oA At &34 185/ SPSS
25.0 B AFiAT, At A RS OriginLab 2023, R if
BHEATEE . R RIEF ggplot2 4 X 25 Ak P 2H 8 5
bR B A7 1% F0 A2 K 46 BR 2E 4T 3 843 43 BT (principal
component analysis, PCA), D)7~ 88 5R bk A: K 517
TG Z B 0 56 RIFHEA T4 . >R A R 1B 75 Corrplot A%}
5 B AR AN % L AR T AT R R SR R S e bR
47 Spearman AHICHEHT, A . NG A4 B
Z[E) AV AR AH D1

2 #R

2.1 KEBIXEHETIEEZEE(PFD)

SR, AKIRIEEN 22.7~27.9 °C, KALFHL[H]
To il % 25 5 (P>0.05) , AR EEL K& PFD fA7F i A
[[)(P<0.05), EILBEAMAILEERIIN, KK PFD 18055 184
5 40 NTU ZbFEZ 972 PFD 24 5.8 mol/(m*-d), 5
Xif BEZH AR LLRRAR T 40.3% (1 1) YelEIil 25 K (8
JEFA 0.62~1.19 m™", Ff/KAMUEERE N, K, (A 7204
K, MEMA TR, Ko MK (Tur) 232 E 1
LRk 2R (P<0.05)(F 2).

22 TFRE

M3 A AR A 17 23 7K o R B i 2 L 9T R I
FIRaF, 2 40 NTU AL, FERRTEIG RN 44.4%,
AT BB 56.1% (& 3), BT 200 s,
A PRL 2 (B A7AE 3 22 5, DI T s Ak L A g A
T R g T4 B 2H (P<0.05)

—
W

—_ B a
=
w1
= b
:’3%‘ 9 bc cd d
<)
qué 6 %
Rg
23
~
2 10 20 30 40
4B Turbidity/NTU

S 301 ) 2% Ak BRZH KR OGOl A R AR (A) R LR (B)

The change (A) and comparison (B) of underwater photon flux density in each treatment during the experiment

AR FHACE A A 22 7 8 2, Duncan test, P<0.05, T Al

Different letters represent significant differences among treatments, Duncan test, P<0.05. The same as below.
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Fig.2 The change of coefficient of light attenuation
under different turbidity levels

2.3 HEH¥K

N KT 0 Hras R R, 10~40 NTU 4b B £H 68
FRE PR 9 4% I AR K bR 2 2 IR T X BRZH (P<0.05)
(F Vo AREMEETEXTRAR AR . SRR RIS
TIEPE A AR W, o, 30 F140 NTU 42
MR A WL AR, 40 NTU &b B4 AR A% 19 Bk - 1o

FRURN 25711 0B ] S R 1) S S X6 BB 2L Y 50% o A AR Joh B T
e X RE PR O RR B L 25T BRI R ZE A R R AT
FR , 40 NTU AL BEZRIAR 3 T00 48 bR 43l & % AR 41
H) 75.5%. 74.1%F1 61.6%., 58 FRIEA: P2 JBEK
AR B S 5 BRI H, 2 40 NTU b3,

FE PR bR R AR 7R ) 5 0 AL LR R 64.6% F11
78.8%
100
k3
S 75 b
g N
£ d
50
5
M
# 25
&
0 1 1 I 1
2 10 20 30 40
B Turbidity/NTU

B3 AR KAl B 7K 68 B RRAE TG 3 A A2 Al
Fig.3 The change of survival rate of Z. marina
under different turbidity levels

F1 FARBEKETEEERKEROEL

Tab.1 The changes of growth indices of Z. marina under different turbidity levels
K45 4R Growth indices 2 NTU 10 NTU 20 NTU 30 NTU 40 NTU

¥R Shoot height/cm 27.73+£2.25% 23.10£0.10° 23.90+0.79° 23.15+0.47° 20.93+3.46°
1 Root length /cm 24.73£2.21° 12.00+£1.78°  8.85+1.05°  0.00+0.00°  0.00+0.00¢
2295 {42 Internode diameter /mm 2.74+0.14°  2.43+0.03°  2.49+0.09°  2.20£0.12°  2.03+0.12¢
B Rk T FR Total leaf area /(cm?/shoot) 16.56+1.07° 11.76+0.83° 12.22+0.67° 8.50+1.57°  7.58+0.73°
2L IEA 3% Internode elongation rate [mm/(shoot-d)] 0.45£0.05°  0.31£0.02°  0.32+0.03°  0.29+0.01°  0.22+0.03°
I H SE {3 R Leaf elongation rate [mm/(shoot-d)] 1.51£0.14°  1.25%0.10°  1.30£0.07°  0.97+0.13°  0.93£0.26°
Hh A 7= 3.05+£0.26°  2.08£0.18°  2.04£0.09°  1.25+0.18°  1.08+0.15°
Aboveground productivity [mg-DW/(shoot-d)]

T AR 0.99+0.08°  0.61£0.05° 0.66+£0.11°  0.34+0.06°  0.21+0.13¢

Belowground productivity [mg-DW/(shoot-d)]

T AT AR 7B R AS TRl A B ) AF A 35 22 57:(P<0.05)

Note: Different letters in the same row indicate significant differences within the treatments (P<0.05).

2.4 HIRIEER

241 A& EZF  HHEEFESERER, 10
20 NTU Ab A AT R RO IS 2R & i 5 0 A2 TG o 2% 22
5 (P>0.05), 1 30 1 40 NTU 234 MERRIDEE F
SRR T R (P<0.05) (Kl 4), Hrr, 301
40 NTU ZbBEZH AR PR Chl-a &% & F-3EXT IRAL 1.24 1%,
Chl-b & WSE 22X BRZ Y 1.27 £% .

242 AL MEER KA S Y SCHG IR AE RS
TP R A 1 o e 48 R AR 2 R T AR AT 1Y)
A 5). BINE I 20 a RN, &HE
T Ak P A 88 R 2 2T P R UE A 2

T % B4 (P<0.05). 10~40 NTU Jth 5 ZH A% it |20
VNS B i S 0 BRALAH EEFRAIR T 20.2%~74.7%,
FELAR LT 2H 2L ATV PR 5 2 53 0l A v B2 Y 77.3%~
62.3%. 30 NTU JEE/KFE T, MRS AR & &
AR, SXTRRAAHEE TR T 38.1%. £ 40 NTU Ab#f
g, MR T ALSUE R B o BRI 60.2%
25 HEHREEMEKEBROERS S

Xof N [ 3o B85 K - 22 ] 4688 AR o 1 A 3 AR K
FRIEAT E 0T (E 6)o 4 1 HEFFHANZE 2 HEr b
XTAEAR A FE bR Y BTl B 91.4%. BRBkmsh, H
MASARTESE | HE P R R — %, BRI,
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Fig.4 The changes of photosynthetic pigment contents
of Z. marina under different turbidity levels

HLAH SR Rl < S0 0 B39 nmi A o AR bR H
TRk B R, HR AR U M A ZE {3 R LER |, Mo F 2R
7771 ADP Fiillh 14z J) BDP, # 9 48R 5 2k 4k
K, 5B TR R BIAE L, RIS A5

160 FA

mo.

—
[ NS Y
S O

[
(=3
(=]

sugar content/(mg/g)
o0
(=]

AT R
Aboveground soluble
[=2)
)

NS
S O O
}a

2 10 20 30 40

1 Turbidity/NTU
160 [
40 4
W Dol [F b b
Sul=l= 1
R 2 100r c
=)
253 sl d
§23 60 -
H<3
H g 4
20
O 1 1 1 1 1
2 10 20 30 40
ML Turbidity/NTU
K s

SRR S T S A AR X R B AR HEREA T HE Y | £R A4
Bk 2 NTUH BE)>10 NTU > 20 NTU > 30 NTU >
40 NTU, 40 NTU MBEZAMET, AHMRRAERG R MA K
FE VR IAR T At b B A A

2.6 SBEAERFIERFIAEEERNEXES

PEH SR LUK S B i R M A K #8458 H. LER.
ADP. BDP FIAEHHAEFRIEATHOCHE ST (K] 7). Al 7
JIoR AR PR B AR SR AR 5 A2 BRAR AR Z R AE B )
AN o RLRRAT 15 R 5 b b 2 2] s Mot 5 B S A
FIFA K R (p=0.87, P<0.01), FEBRLE P 7 0 5 0] %
PR B B P IE A 2R (P<0.01); AR Chl-a,
Chl-b & & SHEAR I A A | A0 (B AE A B0 R DG
PRI, 7K A 5 18 T =3 B2 3 e 55 Wi A o 5 4 P ik
RACE W, X R AR AT TG RN A K 3 B A TR R .
T8 IV 1R KA TR TR K AR BE R B A REAIG, A AR B A
RS ETE, B THRROEERCR, DI KA

O IR B2 A AR
|_i’—‘ |
2 10 20 30 40

B Turbidity/NTU

160[-B a

r

—_ = =
S N b
S O O
T T
+c

T HE IR &
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Fig.5 The changes of non-structural carbohydrates content of Z. marina under different turbidity levels

3 g
3.1 sk h BRSNS R A K TR R B

KK M ik B2 T g AT S B0 R 9 2R R
York &£(2015)WF 58 A B, ORA L B - 2 PR RS 1

T 2006 FFIFJE T 8 N HMBIRTES), ®al /7 RiEEF
SERTEE PR KR H B5E B E<0.5 mol/(m-d)], FEOZIX
WA B E AL ¥ (Halophila decipiens) FUBUIR 515 ¥
(Halophila spinulosa)TE B iR AR oIk 48, H GRS
W8 A HJEHFRL T Y R Y O BUR TR 1%, T
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16 H 2012 4F 10 H R Z50R B AE W) s (B 12%., AHF
12} FEFEMT, R o K e i) 5 s 7 o B A A ok £
S FERAEAS, MR RESE 3 41 9 40 NTU Y,
I B A 07737 5 5 % FRALAT L 52 WA 43.9% , o
S A S LM 2 7 7 U4 ) 6 A 38.4%
= ) 64.6%. Bulmer %£(2018)4MHT T 7K Vit 5 %o 357 6 24 8L
-12r ::58 Eg e 2 NTU MAHLVE 3 N IX B 7 K68 B (Zostera muelleri)d: Kotk
! . —*4ONTU —=— 10NTU BRI, SRR L, A I8 R ) R

3 2 -1 0 1 2 3 4
PC1 (86.6%)

Pl 6 8B R AE AR bR 1 S o343 A
Fig.6 Principal component analysis of survival and
growth indices of Z. marina

H: BRis R MG 10 29 EHAR; TLA: BRRAFHEIFR;
[ER: ZETAEFEESR; LER: M A 4 {idse
ADP: i /7= 775 BDP: M FA:™J); SR: 7RG,
H: Shoot height; R: Root length; /: Internode diameter; TLA:
Total leaf area; IER: Internode elongation rate; LER: Leaf
elongation rate; ADP: Aboveground productivity; BDP:
Belowground productivity; SR: Survival rate.

1.0

[ 000000000
ws  GOOOOOO OO
ADP 063 093 1 ."‘.“. 05
BDP [0.65 089 093 1 .... .‘.
AS 058 082 087 084 1 ... . ..
BS|062 075 083 080 078 1 ‘. 20 . -0
ASS [0.63 085 090 0.86 086 095 1 . ® ..
e

o

BSS |0.63 077 077 063 068 071 078 1

-0.5
Chl-a [-0.36 —0.69 —0.67 —0.75 -0.61 —0.50 —0.56 —0.37 1 . . 0
Chl-b [-0.59 -0.79 —0.77 —0.78 -0.75 —0.56 —0.61 —0.49 0.82 1 .
SR |0.73 090 092 094 0.79 0.82 0.87 0.65 -0.67-0.77 1
-1.0

P RS S S S0 D
FI ¥ EFFY S

(&7 88 B A 2SR R AR A A BAR AR Y AR DG4 A
Fig.7 Correlation analysis between ecological indicators
and physiological indices of Z. marina.

H: ¥kF; LER: MR ZEMiEESR; ADP: #i b/ )7
BDP: M R4y AS: # FAHZUER; BS: i FALUE
Brs ASS: Hu bAIZUATETEME; BSS: RGN

Chl-a: M%E a; Chl-b: M4 b; SR: fAIHH,
*. P<0.05; **: P<0.01,

H: Shoot height; LER: Leaf elongation rate; ADP:
Aboveground productivity; BDP: Belowground productivity;
AS: Aboveground starch; BS: Belowground starch;
ASS: Aboveground soluble sugar; BSS: Belowground soluble
sugar; Chl-a: Chlorophyll a; Chl-b: Chlorophyll b;

SR: Survival rate; *: P<<0.05; **: P<<0.01.

Mairetahi Creek (/KA FEE Ky 41 gm’)&MK, K
2.14 g/core, 45ilJE Kakaria Flats (45 g 25 g/m®)Fll
Tapora Bank (JRJEN 12 g/m’)[¥) 76.4%H1 57.8%. Li
Q02T E I, 1E 200 NTU MK, HFgmt
[k 20 d B, B8 PR IR AR 7= 85 SRRk R 5 d
i AH HE T 24 28%, 300 NTU B 7K SF R Al bk A8 2 2
FERS (] (FET =338 i = X6} BRZH AET 3R A1 50% Y522 1))
50 NTU MUEZH M 172 24 . 1E—S83R K TTKAEY)
(IR SR 5T A 2R R B, T35 26 (2015)fF 55 & BE,
KRR 30 NTU (K 0.65 m)iF4E 20 d 5 HAH kk
T R PRARE XS BRALAY 78%, FH4EE 33 d A,
BRKHEAET, MR BN R 73%, 25 F, K
R BT m K AE Y (B R RO AR R T BA —
FEBRHIAE T, LB 5 0 8 4252 A ] 0 3 im0 o4 4 FH A
AT

K AR e JBE 0 BT K Ak T UK ) KT T
BCKT  RERE RAIG, AT 5 B0 5 1) 47 036 R AE K 32 3
FR %l (Vermaat ef al, 1997), —&i &, MEF =S
F14) ' FR A ALK R it 30 VO R 2 8 o i v AR K A TR Y
XUEE 7 TS0, T 25 2 SR AR AR SE T2 0 K FoE 3R,
O R R A VA R AR KA IR ) G DR T (4R U A
2011), HE3pI R0 1E F A A I 1) 2 1 i TR
BRT 11% (Ochieng et al, 2010; FFib4%, 2022a),
Bertelli %5 (2018)F 53 L4801 2% [f i JR 32 i 1K X % o
R, BB 40%F 90%i8 414 F [7E)Z PFD
35 0.73 F1 0.35 mol/(m?-d) |44 29 d i}, #8E
Jr F AR 5 X BRALAH LG A SRR T 41.5%F1 44.0%
T W45 (2022b) 76 B LW X i B (Enhalus  acoroides)
PEAT A M E S0, & B B AR 4 e B ' BERL 55 11
FEAK, Fodr, 60%F1 90%IE AN BE R, I B T A3
HA Yoy Bl e N IRALE 69% M 56%. Li %5
QO2FFRW LB, EMKAEFFERRI A L BT v
far 38 0 2 BEAR I R A S TR % o Bryars 45(2004) 3
BRI, BRI B RS AR G KA BB AT T
15 4F 575 PR HE R 171 250l 5 321 365 hm® DX 38 14 9 bR O =
¥ 1 B (Posidonia sinuosa) . A W ARK H (Amphibolis
antarctica) ¥ 8 5 (Zostera tasmanica)5¢ 4720k .
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Lambert 25 (2021) &AM 5T T 18 K WA 752 4 0] 11
TUR) Pk VR XU A SRR AE A s ), % B T TR
Yt SAERR R B A DE, 2011—2012 A&
TF UKL 58 B 1k 5] 20~30 Mt (1 Mt =10°kg), ZfHiiEF
PR AR —AE N TR 50%., 25 1, 3008 Al bk 1E
TR TR AR K HRRRAT . A 1 N R & T
A K PR iy B T v 5 | RS A 1 7 R v £ A 386 i AK R
e BR 55

3.2 EEI KM EFA SR A IR A

MG AR BAEY I TOE AR R S si  ,
YA 2 s B AESS R E K AE & 0 26 A 1
HIF=H, FEAEY A A AT I R ke AR (A
%,2012) AW BN, BEAKARh RS T, g
R B AR S5 A8 VB K A5 ) (RT Vs P R A ) 35 1 Wb
R, TR A RN s KRB TR 2 40 NTU
BF, AR PR M b 2 U] R T R S X R Y
25.3%, M4 K a FIMSEER b S 6 IR 1.2 %,

Bifi 5 AR AR B T, KRB DGR BRI, KN IE AR
SO . SN, SRk &AL, TEERYI
W N, R R TR SRR b Al
XFF I a BT PSS, 2022b), Longstaff ££(1999)
K, WECGEZCIRE N 0 1x) 78 d, Pt 2 HE
(Halodule pinifolia)t i Chl-a/Chl-b T % 2 3 YERTAY
86%, & Chl FritAHLLIECHTIE N 52%, WEEN A
Chl & 8341 . Chl-a F1 Chl-b £ 2 A AR 2 7 % 7K
A b B T v (K A 25 B B A AT ) A — 3l 7 2 S
(Longstaff et al, 1999), A N = 1 B IR ES , FHRR M H
AR BT UL HZHAIYET, 1T
THAER RE T 1T HRME2(Longstaff et al, 1999), SR,
TERL R B AR, LB RCRREAN, A18UEESE Rk
IKACS P I FE R 1 A A e A = i, ™ R
T RE A AR K RIETE (Durako, 1993; “FE 4, 2018),

IR LR T s e R G IRGE B M, BRI
I, MERR AT R R T . FEPUPET AR e 0 AL F LAY
TSR TR Y P O T R Dy 2% T R I (Surface
irradiance, SI)AY 21.9%~24.6%, KM (4 s 2
SI 1) 30% (Ruiz et al, 2003), 55 ¢CFEE T, FERHE
HAERZZBR S, RO A AE AR R LRI 5 A
K, AU Ar A g5 A oK b & e R TR
Bt & H#E(Alcoverro et al, 2001; Ruiz et al, 2003;
Ralph et al, 2007; Eklof et al, 2009)., Longstaff %5(1999)
WFoE B, MECHPIM 2wt i B R HE
H-9%o, MifEHEIEGE)ZIEIREREE K 0 1x) 38 Fl 78 d
I35 28-9.5%0 F1—10.5%0. Silva ZH2013)BF58 kB, 4b

F 24% [PFD=19.7 mol/(m*-d)] ., 40% [PFD=15.6 mol/(m*-d)]
Ml 75% [PFD=6.5 mol/(m* d)PEEMIFEECKIEE 3 m)
3 )G, BRI R RIARZE B AT A R A LT R AR
JEHEZH[PFD=25.9 mol/(m*-d)], i, HIZEn] i & &
AHEEXT BR A FRAK T 70%~85% . Collier Z5(2008)f/F 5% %
B, 7E 3~4 m KT GEYEAAH5E)Z PFD 4 0.6 mol/(m’-d)]
T, BRI E 7 R T ZH SO S B AR LT
T 32%~52%,. Ruiz 2520030157 K, PHPEA 2R
JUE T 6 11 o e B IX [ BB T Dl R 50 Ky o 0.205 m™!
5&)Z PFD N 6.67 mol/(m*-d)] K¥E =% B (Posidonia
oceanica) MR ZETE M) & B2 il X [K=0.184 m ',
)2 PFD A 7.72 mol/(m?-d) 1AM [X [K=0.131 m ',
52 PFD “4 9.28 mol/(m*-d)]f4 57%H1 64% .45 | FlFiR,
TR IR R B L FESS RO LA & = N RE
AT R 2 T 5 00 AR AR b BE T v S B KA 3 D 3R
% AEAR G AT R T R 1 B 2 A P o ok R

4 it

KA b R 388 o ke T K A 0 A 67 TR ) R R
SEPERY, B IR AR AN F YR v B oA A K
AEE XU RN, O 2 ORI AR SE T o ARWF5E LUR
LB AN BB RO X4 ST T AN R K ARy
JEE o} 1088 B A7 AN A B, A M T 88 ek K
A ipE 0 A BRI R o SEEGZERRAT, 10~40 NTU 4
FH AR B9 A7 05 R B4 BEAL T 15.8%~43.9% ,
30~40 NTU it B 20 Jo g A AR H M b Fnib R A= 7= g
P T3 FRZH Y 50%; 10~40 NTU o 5 20 AE #fe b |20
U] B i S B AR EEFRAIR T 20.2%~74.7%,
T AELAR I 28 2 P S B /K AR B i T i v, v,
30 fil 40 NTU 4bBEZ AR Chl-a Al Chl-b &5 HF-35 43
WIMXTRRZH Y 1.24 F0 1.27 5, BFgR 0, KAk Bz
K HSF [E) 355 Jo1 A1 o 2 A R ) A S A A R, H
BLH 3 5 W AR AR AR S5 M PR K AL A, 2 T X
AEIE AV A IR TR S, ()RR, 0888 A e a1
AR E, JEMTHE S E A RCR LI X i K A4
JE S K R SR BE A REAIC . BT 5T 45 5 0 1 B i
R AR A AL Bk R A B X S L T LA
i
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Effects of Different Water Turbidity L evels on the Survival,
Growth and Physiology of the Eelgrass Zostera marina

LI Yanping, ZHANG Yanhao, WU Xiaoxiao, LI Wentao, ZHANG Peidong\i\/
(Key Laboratory of Mariculture, Ministry of Education, Ocean University of China, Qingdao 266003, China)

Abstract An increase in water turbidity is one of the main factors underlying seagrass meadow
degradation. The effect of different water turbidity levels [2 (control), 10, 20, 30, and 40 NTU] on the
survival, growth and physiology of eeclgrass (Zostera marina) was studied through a 3-month indoor
experiment. The results showed that the survival rate of eelgrass decreased gradually with an increase of
water turbidity, and the survival rate under 1040 NTU conditions was significantly lower than that of the
control group (P<0.05). In particular, the survival rate of eelgrass exposed to 40 NTU was only 56.1% that
of the control group. With an increase of water turbidity, the growth rate and productivity of eelgrass also
showed a decreasing trend. In the 40 NTU treatment group, the internode elongation rate and leaf
elongation rate of eelgrass reached minimum values, which decreased to 48.9% and 61.6% of that of the
control group, respectively. Compared to the productivity of the control group, aboveground and
underground productivity decreased by 64.6% and 78.8%, respectively. Correlation analysis showed that
the increase of water turbidity mainly affected the growth and survival of eelgrass by affecting the content
of nonstructural carbohydrates. The content of nonstructural carbohydrates in eelgrass decreased gradually
with an increase of water turbidity, and the content of carbohydrates in plants exposed to 10~40 NTU was
significantly lower than that in the control group (P<0.05). The aboveground soluble sugar content in
eelgrass exposed to 1040 NTU was 20.2%—74.7% lower than that in the control group. The results
showed that a long-term increase of water turbidity led to a significant decrease in the nonstructural
carbohydrates of eelgrass, which was not conducive to its growth and survival. The results provide a
theoretical basis for clarifying the degradation mechanism of Z. marina seagrass meadows and selecting
suitable restoration areas.
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