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Fig.2 Gypsum spheres before and after the exposure experiment
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a: Before the experiment; b, ¢ and d: After the experiment at low, middle and high hydrodynamic regimes, respectively
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Fig.3 Underwater component assembly for
transplanting P. iwatensis
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Fig.4 Temporal variations in the temperature and photon
flux density in the water column at the study site
in Mashanli, Shandong, China
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under different hydrodynamic regimes
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231 %*#& 1R K Bh 3 R K Bl T 264 2R PR R
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16 ™ A N4 T HoAtb AL BRZH (K] 6a). w7k B 1 4141
5 1 R B [(65.20+1.89) em ] FRAE 2020 4F 8
B T HAA G o Hofth 2 ASAbHRA () 55 v (34 7
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1.59) e ] ERAE 2019 4F 12 H B %K 30 7 51840 .
R e B IS E] B AR 4k, DA K A5k B) K 80 1 422 IR
T HAEHBEP<0.001, £ 1),
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0.09) mm]HFAE 2019 4E 8 H . 3 AN /KEh J1 4410
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(P<0.001, % 1),
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and number of roots per shoot (f) of surfgrass transplant under different hydrodynamic regimes
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236 EMAEKEF 3 DRSNS RRER
MG, BARRAREOE AR (L L PR A Ra %A, Rkl )i &%
PR RS B AE A H e T A AL A, H4& b3
2 W] 22 5 1 3 (P<0.001, & 6f), 5. H. fik 3 ik
TZH A4 f v (B 24 R AE 2020 4E 8 L, 205118 6.240.4
5.240.4 F1 4.6+0.5, 45 % & FHAH 43 (P<0.01),

24 FIEEMKREE

241 Rké&EEeE BiEE,RAKNIIEN T
BE a WS T HABL R, B AREKS ) 404
Z TR B 2% 5 (P<0.001, & 7a), i, &&

[(23.96+1.01) mg/cm?|HFAE 2019 4F 6 H . 3 AbFE
AR BAE 2019 4E 12 A, KK 3 44
B AK[(7.75£0.34) mg/em®]. M4R3 a & HEAFH G
ZAIAFEAE B 35 22 5(P<0.001), H 5 AR [E0K3h 1 &4 #0

A0y Z 8] )22 B AE 5.3 (P<0.001, 3£ 2),

W28 K b F it AR B )34 22 5 2, HL Bl A )
FAb PR 2 6] 52 A A 35 (P<0.001, 3 2). Ei/Kshh
MR, AHRRI SRR b EAE 2019 4F 10 112 H |
2020 4F 6 Fi1 8 H ¥k & T HAB AL F4H (P<0.05, [
Tb). mIKBIIEMT, MR b FENEEE
[(11.08+£0.27) mg/cm* | BLTE 2020 4E 8 H, BE =T
HAl A 4y(P<0.05). . KB, MK b
SRR AR 2019 4 12 A, 791°8(3.63+0.14)
H1(3.4440.30) mg/cm?.,

AR AR Y R 2t 8 N B & A R WK ) 1 4%
P22 0] 22 573 8. 3% (P<0.05, & 7c), fem e BAE ok
B S 2020 4F 8 A[(5.54+0.13) mg/em®],
T HALA 43 (P<0.05). FARME H BFE R ML S 15
1 YCRAER (17K 05 46441 (1.8040.09) mg/em’], i 3
T &AL R A H LU HAlH 63 (P<0.05, 3 2).
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Tab.l Two-way ANOVA results for the morphological parameter of surfgrass P. iwatensis
transplants at different times and different hydrodynamic regimes
TS H 25 SR o - 5
Morphological parameter Variation source
3 K371 HR 2.157 0.121
Shoot height H Month 22378 <0.001
7K 3l J1x H HRxMonth 10 10.582 <0.001
58 /K371 HR 2 81.256 <0.001
Leaf width H Month 42.236 <0.001
7K 3l J1x H HRxMonth 10 2.181 0.026
L1 Sy TR /K3l 71 HR 2 8.210 0.001
Leaf area per shoot H Month 14.193 <0.001
/K3 J1x H HRxMonth 10 5.411 <0.001
HORZE B AR Kz )1 HR 52.052 <0.001
Rhizome diameter H Month 12.958 12.958
/K8 71x A HRxMonth 10 0.490 0.893
BRRAR KR K3l J) HR 2 17.885 <0.001
Number of roots per shoot H Month 15.430 <0.001
/K3 71x A HRxMonth 10 0.333 0.97
D FNISN /K3 7] HR 2 50.036 <0.001
Maximum length of roots A Month 39.188 <0.001
/K3 71x A HRxMonth 10 17.975 <0.001
TH: “HR” FonKahJr, F&RF
Note: “HR” represents “hydrodynamic regime”, the same as below
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Fig.7 Contents of chlorophyll a (a), chlorophyll b (b), carotenoids (c) and total chlorophyll
(d) of surfgrass P. iwatensis transplants under different hydrodynamic regimes
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Tab.2 Two-way ANOVA results for the physiological parameter of surfgrass P. iwatensis
transplants at different times and different hydrodynamic regimes

A BEEAE AR AR S o df F P
Physiological parameter Variation source
H4% ad& Kzl )1 HR 2 223.144 <0.001
Chlorophyll a content H Month 119.422 <0.001
/K8 71x H HRxMonth 10 17.092 <0.001
H4E b SE K371 HR 2 145.038 <0.001
Chlorophyll b content H Month 220.288 <0.001
/K3l 71xH HRxMonth 10 21.684 <0.001
KA NESE 7K3)J1 HR 2 193.576 <0.001
Carotenoid content H Month 74.857 <0.001
/K5 71x H HRxMonth 10 16.024 <0.001
ISUIESS S s K3 7) HR 2 123.678 <0.001
Total Chlorophyll content H Month 213.207 <0.001
/K3l 71xH HRxMonth 10 8.311 <0.001
o b A A 7K3)1J1 HR 2 130.098 <0.001
Aboveground soluble sugar content H Month 128.040 <0.001
7K 31 77x 1 HRxMonth 10 6.970 <0.001
iR AT A AR /K3l J1 HR 2 185.898 <0.001
Belowground soluble sugar content H Month 376.815 <0.001
/K3l 71xH HRxMonth 10 16.159 <0.001
b GER AR 7K3h1 77 HR 2 38.598 <0.001
Aboveground starch content H Month 244.234 <0.001
/K8 71x H HRxMonth 10 12.181 <0.001
Rl &= K371 HR 2 147.217 <0.001
Belowground starch content H Month 134.601 <0.001
/K3l 71xH HRxMonth 10 37.201 <0.001

RS R G RIEANFIK S N R 2 225 B
(P<0.001, & 7d), BHE, & . K& 7E
2019 4F 8 Hik B M E, F3o0(33.16+0.80) F1(29.25+
1.38) mg/em®, i ik 7K Bl 77 £ 14 41 B4 5 5 1 [(23.84=
0.57) mg/em?|HHIRAE 2020 4F 8 H .3 KB 1 & F iy
e AICMEART , HI7E 2019 4F 12 7, R KT HAmA
#3(P<0.05), HHr, JARME[(11.22+0.22) mg/em?]H PLAE
oKk 8l 11 54
242 TIEMAEREHASS ANFK BN I 44T
(AT PR S B (b R RO L 22 S B, FLRE
A e A8 A g 2, AR, AbPEZE AN 4y 22 8] A28 HAE
25 5 B (P<0.001, % 2). Hi F4 L] A rERE S
HTE 45.35~184.25 mg/g (0], Hb R LR Rl Mb
N 27.30~229.19 mg/g (& 8a il 8b)., m5/KBh 115
PR 1 b R DT AT Y T A A B
(P<0.05), Hig S E¥HBAE 2019448 H, HEE &
FHAbA 13 (P<0.01); Hb_F A 220 n] 7 b 25

ARE Y ALK S &k dl, B8 T HA A 7
(P<0.01).

R E A (Ol b A N 2O 1E R R K 8
S lm) ¥ 2 S 2, RIS )21k DL AR K B 7 254
A Z A A8 AR 22 5 10 2 (P<0.001, [#] 8¢ il 8d,
#2), Hr, M BHZGER E Y 77.18~270.91 mg/g,
RS E R &R 102.48~350.12 mg/g, Hb A
H R LU TE R O B S R (E I TE R K Bl A AL
Hfm EY L BAE 2019 4F 10 A o SeARE Y 1 BAET
IKEN S 4 2019 4E 8 A, H W EK T HAbA 7
(P<0.05).

25 ARKMAFHETHEBEERSIERHXR

IK Bl I3 5 A 5 412 dE AR O 45 T I 4R bR
PCA HE/FEI(E 9)iior, 2 1 HEp B2 2 HEefy il 2
THF R IR 75.6%. 14 MR R, BRib LR T 4140
MITEM & 1L . AT R A S8, HALFEFR7ESE 1 iR
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Survival, Growth, and Physiological Responses of Surfgrass
Transplantsto Different Hydrodynamic Regimes

CHENG Ran, HOU Xin, WANG Huan, ZHANG Peidong, KANG Bin, LI Wentao"
(Key Laboratory of Mariculture, Ministry of Education, Ocean University of China, Qingdao, Shandong 266003, China)

Abstract Surfgrass Phyllospadix iwatensis belongs to the family Zosteraceae. Similar to most
seagrass species, surfgrass beds has declined in the past decades. Unlike most of the seagrasses that
colonize soft substrates (e.g., sand or mud), surfgrass grows predominantly on rocky substrates and
can survive in high-energy environments. Therefore, the widely used transplanting methods for
seagrasses growing in sandy or muddy sediments cannot be used in surfgrass transplantation. To
explore the feasibility of restoring degraded surfgrass beds through transplantation, a transplanting
unit was designed specifically for surfgrass, and a transplanting experiment was carried out from
April 2019 to August 2020 at three sites with different hydrodynamic regimes (high, middle, and low
levels) in the coastal area of Mashanli in Rongcheng, Shandong Province. After transplantation,
transplant survival and morphological and physiological characteristics were examined bimonthly.
The results showed that at 16 months after transplantation, the survival rates of the surfgrass
transplants were 63.7%, 61.0%, and 60.0% under the high, middle, and low hydrodynamic regimes,
respectively, but these differences were not significant. The plant size (shoot height, leaf width,
rhizome diameter, etc.), photosynthetic pigment content (chlorophyll a, total chlorophyll and
carotenoids), and soluble sugar and starch content were all highest under high hydrodynamic regimes,
and significant temporal variations were observed in these measurements. The results suggest that a
higher survival rate can be achieved in all the three hydrodynamic regimes by using the transplanting
method, and the area of the high hydrodynamic regime is more suitable for the growth of surfgrass
transplants. The results of this experiment confirmed the feasibility of restoring degraded surfgrass
beds at any of the three hydrodynamic regimes in the Mashanli area using the transplanting system
and methods applied in this study.
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