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Abstract

Aims Zostera marina populations in northern China are rapidly declining due to both natural and anthropogenic
disturbances. Efforts to prevent further losses and restore disturbed Z. marina habitats through transplanting are
desirable. In this study, a transplanting experiment was conducted using the staple method in Swan Lake, which is
a typical lagoon in the Rongcheng region of Shandong Peninsula, China. The objectives of this research are to: 1)
investigate the plant response in terms of survivorship, morphology, and growth; 2) assess the establishment suc-
cess of transplants; and 3) analyze the suitability of applying staple method in northern China.

Methods Ninety planting units (PUs, 3 shoots/PU) with 4-6 leaves and about 10 cm rhizome on each shoot were
monthly transplanted using the staple method in the subtidal zone of Swan Lake (water depth 0.5 m) from April to
September 2009. Ten replicated plots of 50 cm x 50 cm were set up and nine PUs were randomly planted in each
plot. Survival rate was calculated as the percentage of PUs that survived. Shoot morphology and individual shoot
biomass of transplants and reference plants in the donor bed were monthly monitored from May to December
20009.

Important findings Survival rate of transplants planted during spring (April, May, and June) ranged from 76.5%
to 90.4% with the minimum value in April; whereas the survival rate of transplants planted during summer (July,
August, and September) was 100%. The time required for the establishment of transplants was on average 1.0
month when planted from June to September, 2.0 months when planted in May, and 4.0 months when planted in
April. With exception of some monitoring months, the leaf length and sheath length of transplants were signifi-
cantly lower than those of reference plants; whereas no significant differences were found in rhizome diameter
and root length between transplants and reference plants. Habitat suitability analysis showed that transplanting site
should be chosen in shallow subtidal zone (water depth <1 m) with high transparency and high-silted sandy mud

WA H WiReceived: 2014-05-13  $:5% H Wi Accepted: 2014-11-06
* W AE# Author for correspondence (E-mail: zhangpdsg@ouc.edu.cn)



XA LTI SRR MOT AR RO VA & ek 177

sediment. September was suggested as the most effective transplanting season off the coast of northern lagoons in

China.
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Fig. 1 Transplant site and collecting area of Zostera marina
shoots in Swan Lake.
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Fig. 2 Changes in water temperature (A) and photosynthetic
photon flux density (PFD) (B) during the experimental period
from May to December 2009.
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Fig. 3 Changes in survival rate of transplants between differ-
ent transplant seasons (A) and transplanting months in spring
(B). Different lowercase letters above bars indicate significant
differences for the comparison of the same transplant time, and
* and different uppercase letters indicate significant differences
for the comparison between transplanting seasons or among
transplanting months for a given time following transplanting
(p <0.05).
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RIS R R AR 1Y) 077 2695 $1)60%-100% (Davis &
Short, 1997; van Katwijk & Hermus, 2000; Fishman et
al., 2004; Park & Lee, 2007). AWFFEH A, 7E1L7R
TR R IE WHIHF A I BOT AR R, B
FEBR 14 134 13S0 76.5%-90.4%, B 257 i A #k
I8 BT 245 100%, Ul W FE R KGR, FERRART
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Table 1 Changes in morphological traits and shoot mass in reference plants and transplants

fiahr e WA 345 Monitoring month
Index Plant 5/ May 6J] June 7)) Jul. 8/ Aug. 9] Sept. 10/] Oct. 11)] Nov. 12J] Dec.
K TR 201+05 287+12 39817 294+15 340+13% 250+10° 161x07° 86+0.3
Leaf Reference plants
length BHEB MR 134+097 222+16" 253+107 165+08° 152+0.7° 12.7+06° 81+05° 6.8+04°
(cm) Transplants planted in spring
KRR - - - 19.0+15° 176+12° 146+08" 95+05° 85%06°
Transplants planted in summer
- FARKIRE 97+04 12306 139203 93+0.3 10203 75+02° 37+01%° 27£01°
Sheath Reference plants
length FAER MR 674017 91+05  101+03" 65+02° 58+01° 49+01° 30+01° 28+01°
(cm) Transplants planted in spring
HEB R - - - 6.8+03" 7.0+02° 6.0201° 38%01° 33x01°
Transplants planted in summer
LA KRR 0.25+0.01 0.28+0.00 0.38+0.01 0.30+0.00° 0.30+0.00° 0.27 +£0.00° 0.25+0.00° 0.23+0.01
Internode  Reference plants
diameter  HEFHIMKE 0.27 +0.02" 0.30+0.01" 0.41+0.01™ 0.36+0.01° 0.33+0.01° 0.29+0.01° 0.25+0.00* 0.22+0.01
(cm) Transplants planted in spring
H W - - - 0.38+0.01° 0.33£0.01° 0.33+£0.01° 0.27+0.01° 0.24+0.01
Transplants planted in summer
K TR 39+01 49201 54%02 42+01* 40+01 37+01° 46%01° 35x0.1°
Root Reference plants
length BRI 234027 46+02 41+027 41+02*° 35+02 44+02° 51+02° 38+02%
(cm) Transplants planted in spring
H AR R - - - 60+04° 41+03 42+02° 51+02° 42+02°
Transplants planted in summer
RIkE R R 0.47+0.07 0.61+0.08 236020 0.76+0.05 1.40+0.13* 0.76+0.07° 0.27 +0.03* 0.19+0.02
Shoot Reference plants
mass BRI R 0.30£0.02" 0.71+£0.08 1.08+0.10™ 0.43+0.03" 0.36+0.02" 0.29+0.01° 0.20+0.01° 0.17 +0.00
(g DW- Transplants planted in spring
shoot™) H W - - - 0.52+0.06° 0.54+0.07° 0.37+0.03° 0.22+0.01° 0.21+0.01

Transplants planted in summer

ERREAN T P REAT R A M AR R AR RIS SRR AR (0] A7 7E S % 22 5% (p < 0.05); **, p < 0.01,
The different superscript letters and * indicate significant differences between reference plants and transplants in the same monitoring month (p < 0.05); **, p <

0.01.
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XY
3.3.2 7EiEATE AYIEER

WK RIS R 2= A L (Orth &
Moore, 1986), [l S A I 8] IR A& 52 W e A AR F5
M T ) RN % . Z E Fmim, % H
Chesapeake 25 1 5 [l VH I 5% A K-35 1) g A1 2= 10
¥ %K Z=(Orth et al., 1999; Park & Lee, 2007), %%
VY GO I (Zostera. noltii) () 5 £E 7 At 2=
R F A ZE(Martins et al., 2005). AWF5TH, 4
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H K BEAE MR AT T R AE A AN A G e &
57.8%, W] /KUR AR F 5 2= 5 AN & B AT K
FERIARFE A . X AT A DR A 7K il A2 A e R B R
BRI ) B G DR 1, AR R B )UK
MG F&15-25 C, BT % FLE 2 [W](Zhang et al.,
2014), 1 RKGHIAH - KIRACT9 C, MTirBR
TR AR RS P AR, FEU AR R
N F% o 5 229 H B ARARAR I A3 A AR KRR LA,
SR 11158 J 2 3 B At U7 ¥ 35 O - 38 ol 7 ol SRR ot
TR, S TR R SR B S e R P () A PR AR B, HL
7-8 HKM I i, RS B A K, 2
PR MR G IIERAT, TSSO A K
% 530k (Hasegawa et al., 2007), PlitIeE L 578
T IE BRI BEAE AR RS A I )9 H .

4 it

AHFFEAE B AL 7 AR —— 11 R R 1
TITF R T I SR AR AMOT B ARV A 25 B0 AIE 5 3
(ERE TS R e oy 2 R Ry IR EE S B
76%, AR REAHAE 1) 47375 2614 100%, 6-9 H it
PRI € J i T3 0 1A H BRI AR RO T B M2 7
RIGT e S BA R U2k, Mk K4
RWIR, B ERAERE AR b 4120 A 7 5 1)y
JEAER, AR N A1 I I B R B S M A
KIS, T FI T B AR AR (1) FLAR RO [ 4, 3w
IIMT R, B b 5 VR WA IE L I K I SR AR AL A
DX ek kg Y 732 I B v AKIRANHER L s R Ay, H
JE T A 908 4% 1 A8 e (1D VR D R IS X, 9 H & e I B
EUR T

EE&MAB BRAHRHFAE(30400615). #F N
AT W ALH £ 22 7 90 B (201405010-2)F Ly £ 4
A S 5 E B R E AR £ R A(201205).

Buft DL KA RS A AR T RRBT K
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