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ABSTRACT

We investigated the growth performance of oysters (initial shell height 57.5 + 8.5 mm) under differing conditions of
tidal exposure time and culture rack height in an experiment that commenced in April, 2011. Significant differences
were observed in shell height from June 2011, in total weight from August, and in meat weight from September.
Fatness tended to decrease during the experimental period, but was not significantly different at the end of the
experiment. Significant differences in survival rates were mainly observed from June to August. After September,
further changes were not observed in any experimental treatment group. The greatest growth potential (L) and
survival rate were observed at a sea level of approximately 116 cm. The results indicate that in the study area the
use of oyster culture conditions involving 1 or 2 h of tidal exposure and 60 - 70 cm rack height could result in
oysters reaching the favored commercial half shell size within 14 months, with > 80% survival.
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a consequence of environmental change, including

Introduction global warming and demographic and industrial

changes, sustainable Porphyra aquaculture has

The southwestern coast of Korea is renowned for
Porphyra aquaculture, and accounts for approximately become increasingly difficult.
85% of national production (Lee, 2006). Annual
production decreased from the mid-1990s since
reached a peak of 265,581 million tons in 1995 (Lee,
2006). Wando (the study area) is the one of the most

famous Pophyra aquaculture areas. Laver farming has

Oyster rack culture was introduced to Korea in the
late 1990s, as an alternative to Porphyra culture for
fisheries production. Following the MT Hebei Spirit
oil spill in 2007, oyster rack culture has rapidly
expanded along the west coast of Korea as part of the

a 200-year history, and Wando is the largest restoration of intertidal fisheries.

production area, accounting for 22% of annual
national production.

Oyster cultural racks are commonly established in

In 2006 approximately 2.3 locations thé-lt provide a2 -5 h expos%Jre time and 60
million tons of green laver was exported from Wando cm rack heights. Rack culture was introduced as a

to the United States, Japan, and Taiwan. However, as substitute for traditional tidal flat fisheries, and was

expected to provide a comparable annual income to

Received: March 4, 2013; Accepted: March 24, 2013 the hanging culture method. Rack culture facilities

Corresponding author : Sang-Man Cho
Tel: +82 (63) 469-1839 e-mail: gigas@kunsan.ac.kr
1225-3480/24468

have been introduced in 20 areas (29.2 ha) on the
west coast of Korea, with production of 160 million
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License with permits unrestricted non-commercial use,
distribution, and reproducibility in any medium, provided
the original work is properly cited.

oysters/year (Kim, 2010), but annual production has
varied among localities because development of the
industry has mainly been driven by private sector.

In this study we introduced oyster rack culture to
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Fig. 1. Map of cultural site for the experiment at Yeonghueng,
Wando coast, Korea.

beds in the intertidal zone of

Wando Island and assessed the effect of several rack

Porphyra cultural

culture conditions on oyster growth and mortality,
with the aim of determining the optimal conditions
for maximizing production.

Materials and Methods

1. Study site

Wando Island is located in the southern part of the
Korean peninsula (Fig. 1),
islands with 839 km of shoreline. The annual average
water temperature and salinity range from 6.37 to
23.0C and 31.21 to 33.92 psu, respectively (KHOA,
2011). The study site, at Yeonghueng-ri is located in
the northern part of the island and is bordered by a

which comprises 256

narrow channel separating Heanam, Gohueng, and

Wando islands. The intertidal zone at the

Table 1. Oyster growth conditions at the study site

Yeonghueng-ri site is mainly composed of a mudsand
flat that has a typical semidiurnal tidal cycle, and is
suitable for short-neck clam and rock oyster cultural
beds.

2. Oyster racks

A total of 12 oyster racks were installed to assess
the effect of two conditions: duration of tidal exposure
and rack height. Each oyster rack included 5 plastic
mesh bags (1 < 0.5 m; 5 mm mesh), each containing
200 oysters. Four tidal exposure times (1, 2, 3, and 4
h) were tested, and the tidal level was determined
and standardized from daily forecast data for March
2011 (KHOA, 2011). Three heights were tested for
each tidal exposure condition (Table 1).

3. Biological measurements

Triploid oysters were obtained from Seaever Ltd.
(Seochon, Korea). On 17 April, 2011 a total of 12,000
oysters (57.5 = 8.5 mm shell height) were randomly
allocated to 60 plastic mesh bag and the bags were
transferred to the oyster racks. Oyster samples were
collected on a monthly basis from April 2011 to
March 2012, and used to determine the shell height
(SH, mm), total weight (TW, g), and meat weight
(MW, g). Fatness was also calculated from the
equation: Fatness = MW/TW > 100. Mortality was
also monitored monthly from two bags
experimental treatment (n = 2).

in each

4. Statistical analysis
Statistical analysis was carried out using Sigmaplot

Experimental group Tidal exposure duration (hours)

1-30
1-60
1-90
2-30
2-60
2-90
3-30
3-60
3-90
4-30
4-60
4-90

=

AR O WWWNNDN R

Height of oyster rack (cm) Sea level (cm) Remark
30 67
60 97
90 127
30 86
60 116
90 146
30 104
60 134
90 164
30 123
60 153
90 183
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Table 2. Monthly growth in oyster shell height (mm) under the each cultural condition at Yeonghueng, Wando coast, Korea

2011 2012
Group

May Jun. Jul. Aug. Sep. Oct. Novw. Dec. Jan. Feb. Mar.

1-30 60.0bi 75.5bi 76.2 bi 79.6bi 83.4bi 82.3 + 85.:13: 80.6 + 88.9 f 90.4bi 88.7bdi
7.5 4.0° 9.7 6.3 5.2 5.6 7.0 8.6° 12.1% 7.5 8.9

1-60 63.4b:t 79.3 + 80.1 + 84.1b:t 86.0+ 870+ 95.0 bi 91.6 bi 95.4 + 92.1bj: 99.1 +
7.0%% 8.5 6.2 9.42b 10.3% 10.3 11.5° 11.7° 7.6 7.4 5.8

1-90 67.9bi 76.7bi 74.0 bi 84.4 + 81.8 f 86.3 + 93.93: 944 + 956 + 87.6bi 91.1bi
6.9 4.1%¢ 8.5 5.9° 10.2° 10.2 13.6™  10.6 11.1° 8.1 6.3

9-30 61.7bi 76.4b:t 76.2 bi 74.8 + 79.0bi 84.2 + 83.9;: 80.0 + 87.5 bi 92.6bi 85.8di
8.0% 9.9 11.3 7.6 7.4 8.6 5.1¢ 13.5° 11.5° 8.2 6.1°

9-60 64.3bi 76.3bi 79.9 + 78.6bi 81.5bi 87.1 + 984 + 85.8bi 98.0 + 103.2 + 95.1bi
9.8%° 8.2 13.1* 8.3 9.5% 10.9 9.7 14.8%  14.2° 12.22 7.3

9-90 68.5bi 75.0bi 78.2 + 87.1bi 81.8bi 88.8 + 93.7bi 95.9+ 95.0 f 87.3;: 87.6di
7.0° 9.3 7.2 8.8 7.6 8.2 6.920 8.4 10.0? 12.4 5.3¢

950 097 78.0bi 76.8 + 746 + 80.4bi 79.5 + 90.8;:61 91.8 f 86.4bi 87.1bi 91.3bi
6.5° 8.2 8.0° 5.7° 7.8 11.1 10.9%4  10.5° 5.6 8.1 6.9

360 67.8bi 73.4b:t 72.5 f 81.9b:t 84.1 f 88.0 + 86.(373: 97.6 + 875 f 90.6;: 91.0bj:
6.320 8.8%¢ 10.5" 7.220¢ 12.8° 12.2 9.4 9.6 13.0? 10.0 6.9

390 098+ 702+ 661+ 762+ 767+ 895= 80.5% 865+ 829+ 900+ 827+
6.3% 6.5 8.9P 6.5° 6.3% 13.3 11.3¢ 10.3 11.2b 8.1° 5.24

430 61.8bi 77.4bi 79.3 + 79.9bi 79.2bi 80.6 + 82.9di 82.8bi 88.6bi 87.3bi 87.1di
5.8%%¢ 2.1%¢ 12.1P 6.4 7.22 8.2 7.0 9.9™ 9.0° 8.3 6.9°

460 66.5bi 73.9bi 75.0 bi 81.3bi 83.2bi 78.7 + 83.7 3: 89.4bi 90.1 f 92.3;: 88.1di
7.7%0¢ 8.42% 9.7 7.5%%¢ 9.2 15.2 10.8¢ 9.92b 12.2° 12.1 7.7¢

490 67.9bi 67.8 + 71.5bi 72.6 + 75.0bi 82.3 + 79.2di 78.6 + 85.9bi 90.7;: 86.7di
9.3 8.8° 8.0° 13.4¢ 5.7 7.6 8.6 7.0 6.8 16.2 4.8

P <0.001 0.030 0.004 < 0.001 0.024 0.034 < 0.001 <0.001 0.001 0.003 < 0.001

software (Ver. 11.0, Systat Software, Inc., San Jose,
CA). Group mean values and standard deviation were
calculated. Following homogeneity analysis, the data
were analyzed using analysis of variance (ANOVA),
and significant results were analyzed using the
multiple comparison Student-Newman-Keuls (SNK)
test. A Bertalanffy growth curve was estimated using
nonlinear regression of exponential rise to maximum
mode. To assess the optimal sea level for growth and
survival we also used nonlinear regression of peak
mode.

Results

1. Growth

A difference in oyster growth (initial shell height
57.5 = 8.5 mm) was observed from May in the racks
at 90 cm height with the exception of 4-90 treatment
group (P < 0.001). No significant differences were
observed between the oysters in the racks at 60 and

30 cm height (P > 0.05). From June the growth
differences increased significantly (P = 0.030), but
were not significant in October (P = 0.159). From
November the growth pattern was very different from
that in spring, with greater growth being found in the
racks at 60 cm (P < 0.001). At the end of the
experiment the greatest growth was observed in the
1-60 group (99.1 = 5.8 mm), while the least growth
was found in the 3-90 group (82.7 = 5.2 mm) (Table
2). The estimated constants of the Bertalanffy growth
curve are shown in Table 3.

No differences in total weight were observed until
July, with the exception of 3-90 in July (30.9 + 6.8 g;
P = 0.005). From August, significant differences were
observed amongst the experimental treatment groups,
with greater growth usually being found in the racks
at 60 and 90 cm height than those at 30 cm. At the
end of the experiment there was a tendency for
greater meat production to be associated with shorter
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Table 3. Estimated constants for the Bertalanffy growth curve for oysters reared under each cultural condition

Experimental group
Constant
1-30 1-60 1-90 2-30 2-60 2-90 3-30 3-60 3-90 4-30 4-60 4-90

Lo 88.0 97.9 94.2 89.4 106.8 92.7 92.7 95.7 87.4 86.6 92.4 94.0
K 0.344 0.272 0.308 0.257 0.163 0.357 0.239 0.237 0.241 0.361 0.239 0.133
ty -1.98 -2.22 -2.07 -3.03 -3.86 -1.70 -2.99 -2.94 -3.64 -1.96 -3.23 -6.64

Table 4. Monthly variations in total weight (g) of oysters reared under the each cultural condition at Yeonghueng, Wando coast,

Korea
2011 2012
Group
May Jun. Jul. Aug. Sep. Oct. Now. Dec. Jan. Feb. Mar.
lg0 226+ 374+ 442+ 405+ 566+ 476+ 542+ 560+ 729+ 694+ 732+
6.1 8.6 13.1° 6.5¢ 5.5 13.8% 14.6° 12.8¢  21.8%¢ 20.7¢ 18.3bd
lgo 240+ 392+ 441 45.41)? 64.2 f 55.9 + 84.6 f 84.3 f 81.5;; 98.9 f 92.5 +
4.9 9.7 7.4% 9.42be 15.6° 16.5 23.0° 19.1° 16.6> 21.8° 13.4°
1-90 282+ 384+ 478+ 507+ 677+ 653+ 8.7+ 97.0+ 1021+ 964+ 83.6=
5.5 7.7 14.7° 12.4% 13.6° 17.9% 28.7° 18.8° 31.4% 23.32 12.9%
92-30 240+ 351+ 421+ 377+ 543+ 521+ 542+ 603+ 522+ 860+ 63.6=
6.1 8.6 12.12 9.64 14.5%¢ 9.6% 8.5° 20.6¢ 13.3° 17.1% 10.8¢
ggo 264+ 369+ 432+ 433+ 592+ 607+ 805+ 785+ 868+ 1167+ 9L5=
9.0 7.6 15.9% 11.4%¢  13.0%" 17.0° 13.3% 14.9%  23.3%% 27.1° 14.5%
990 292% 367+ 430+ 56.0 f 60.93 671+ 923+ 949+ 979 f 94.5 f 78.15
5.9 8.4 7.7% 14.5% 13.28% 17.9° 20.0° 17.9? 19.2% 23.0° 10.6"
330 232+ 379+ 401 39.9;: 50.9bi 50.4bi 70.85 70.3bid 62.9di 80.2bi 75.9;51
4.7 6.0 10.8% 6.9¢ 9.7% 9.9? 17.8%¢  18.5™ 14.0% 20.6>  10.9™
3-60 283+ 333+ 372+ 507+ 554+ H17+ 695+ 8.3+ 643+ 980+ 809 =+
7.2 7.5 13.4° 8.7%bed  13.5%c  13.8® 16.1% 17.0°  21.3%  23.8® 11.9%
3-90 277+ 339+ 309+ 480+ 511+ 617+ H59.7+ 706+ 653+ 931+ 66.0=
6.2 5.8 6.8" 12.0%¢ 9 gbe 21.5° 12.5%  13.4Pd 1374 10.22 10.0%
4-30 2560+ 385+ 444+ 400+ H45+ 357+ H31l+ 523+ 648+ 766+ 64.5 =
4.6 6.1 14.22 6.8 12.8%¢ 7.9 15.9° 18.2¢ 19.4% 15.1% 13.6¢
seo 263+ 350 421+ 526 591+ 519+ 656+ T04= 777+ 858+ T88=
6.2 6.8 11.72 21.7%¢  13.8% 1972 15.4%  16.7%¢ 2924 26.8> 12.7°
too 266+ 341+ 391+ 378+ 48 + 491+ 668+ 657+ 650+ 1159+ 76.0+
7.3 10.1 8.5% 6.5¢ 10.0° 12.4% 17.3% 16.5% 10.9% 28.1% 9.8"d
P 0.059 0.401 0.027 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001
exposure, with the greatest total weight being September, greater meat weight was found with

recorded in the 1-60 treatment group (Table 4).

The initial meat weight in April was 6.1 + 1.3 g,
and no significant differences were observed among
the experimental treatments until June (P = 0.496
for May, and P = 0.250 for June). However, there was
a slight increase in the meat weight in the 4 h tidal
exposure treatment in July (P < 0.001), with the
height of the oyster rack being the main factor
affecting growth during summer (P < 0.001). From

shorter exposure time, but the meat weight of oysters
in the 30 cm height treatment was significantly less
than others during autumn. The greatest meat weight
was observed in 2-90 in December (20.7 + 4.0), and
this decreased slightly after January 2012 (Table 5).
At the end of the experiment the rack height was a
significant factor for oyster meat growth, with an
apparently negative effect on meat weight.
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Table 5. Monthly variationsin meat weight (g) of oysters reared under the each cultural condition at the rearing facility at

Yeonghueng, Wando coast, Korea

2011 2012
Group

May Jun. Jul. Aug. Sep. Oct. Now. Dec. Jan. Feb. Mar.

1-30 6.5 + e 8.8 + 64+ 112+ 119+ 101+ 109+ 128+ 101+ 109 +
1.9 1.6 2.0 1.4 3.2° 4.5 2.9¢ 3.4 5.5" 3.3° 3.5%

1-60 6.7 £ 97+ 106+ 87+ 160+ 148+ 192+ 188+ 17.1+ 160+ 152+
1.3 2.8 1.5 1.9 5.8% 5.72b¢ 5.8 4.1 2.8 4.1 4.1%

1-90 75+ 101+ 122+ 108+ 157+ 174+ 205+ 189+ 178+ 140+ 14.7
1.7 1.7 2.0%° 2.220 3.8 6.2° 8.8? 2.7% 6.5° 2.7 2.32bc

9-30 6.7 + 8.4 + 9.6 + 78+ 120+ 187+ 11.8+ 125+ 99+ 128+ 82+
1.6 1.8 2.2b¢ 2.6 4.7 4.4%¢ 2.24 4.0 2.7° 3.8 2.6

9-60 7.5 + 10 + 11.0+ 99+ 134+ 168+ 187+ 182+ 164+ 166+ 159+
2.6 2.4 3.7 3.1%¢ 3.92¢ 5.1% 4.3® 4.4 4.9 3.8 3.1%

9-90 76+ 102+ 123+ 121+ 189+ 165+ 190+ 207+ 179+ 150+ 129+
1.6 2.0 2.1% 3.9% 3.93b¢ 4.3 4.7% 4.0 4.1% 4.1 1.9bd

3-30 6.4 + 94+ 109+ 92+ 11.1+ 127+ 168+ 142+ 11.8 £+ 96+ 10.1 +
1.2 1.9 3.0% 2.6 1.8¢ 3.6% 5.23b¢ 4.2¢ 2.3" 3.2¢ 2.5

3-60 7.3 + 87+ 11.3+ 113+ 127+ 1.1+ 147+ 170+ 11.8+ 153+ 11.6 +
2.1 2.1 3.6% 3.1% 3.0 3.1 5.5 49> 4.6° 4.6 2.8¢

3-90 7.9 + 91+ 11.8+ 124+ 114+ 152+ 121+ 131+ 115+ 176+ 10.3 =
1.8 1.9 2.0%° 3.22 1.9 6.9 3.6¢ 3.0 2.6" 2.7% 2.3%

430 6.7 + 97+ 138+ 98+ 131+ 77+ 111+ 96+ 116+ 99+ 8.4 +
1.2 2.3 3.4% 3.9 6.0% 1.8¢ 3.44 3.0¢ 2.7° 2.7 2.9

460 6.9 + 89+ 137+ 104+ 136+ 11.7+ 129+ 132+ 142+ 140+ 130+
1.9 2.1 3.4% 3.1%¢ 4.3 5.90d 3.0 2.3 3.92 5.4% 2.9bed

6.5 + 87+ 129+ 96+ 11.7+ 115+ 134+ 127+ 115+ 172+ 122+
490 1.6 2.1 2.2 2.98be 2.6 3.9bcd 3.2¢4 3.8« 1.9° 2.9 1.6%¢

P 0.496 0.250 < 0.001 < 0.001 0.008 < 0.001 <0.001 <0.001 <0.001 <0.001 <0.001

2. Fatness observed with exposure times of 1 and 2 h. After

Fatness measurements ranged from 11.9 *+ 2.3 to
38.96 + 4.6, but significant differences were only
observed in July and August (P < 0.001). During the
experimental period the fatness index was higher with
longer exposure times; the lowest fatness indices were
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Fig. 2. Monthly variations in the fatness of oysters reared
under the each cultural condition at Yeonghueng, Wando
coast, Korea. Data are means and standard deviations.

September, no significant differences were observed
between experimental treatments (P > 0.05). There
was a trend of decreasing fatness during the
experimental period, but no significant differences
were evident at the end of experiment (Fig. 2).

3. Survival rate

The survival rate ranged from 62.6% to 86.4% at
the end of the experiment. Significant changes in
survival rate were mainly observed from June to
August, and after September no marked changes were
observed in any experimental treatment group. The
highest survival rates (>86%) were observed in the
3-30 and 1-60 groups (P < 0.001), while the lowest
survival rate (70%) at the end of the experiment
occurred in the 4-90 treatment group (P = 0.004)

(Fig. 3).
Discussion

The growth of oysters in the study was strongly
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Fig. 3. Monthly variations in survival rate (%) of oysters
reared at the rearing facility at Yeonghueng, Wando
coast, Korea. Data are means and standard deviations.

influenced by the experimental conditions. At the end
of the experiment the increase in shell height of
oysters in the 1-60 treatment group was greater than
in the other treatments (Table 2, P < 0.05). Shell
height was markedly influenced by tidal exposure
time, oyster rack height, and their interaction (two
way-ANOVA; P < 0.001 for tidal exposure time, P =
0.001 for oyster rack height, P < 0.001 for the
interaction). With respect to tidal exposure time, the
1 h and 2 h exposure times produced much greater
growth than the 3 h and 4 h treatments (P < 0.008),
and with respect to oyster rack height the 60 cm
treatment produced greater growth than the 90 cm
and 30 cm treatments (P = 0.002). To estimate the
growth potential the data had to be standardized
because of fluctuations in the monthly data as a
consequence of sampling errors. To minimize the
effect of these errors we estimated the Bertalanffy
growth curve to compare growth performances. The
growth potential for each experimental treatment
group was estimated from the maximum shell height
(L~) (Table 3). The greatest growth potential (L;
106.8 mm) was found in the 2-60 treatment group
(approximately 116 cm sea level) (Fig. 4). Based on
application of the length - weight relationship (Fig. 5)
in this equation, the estimated maximum total weight
was found to be 131.3 g. Thus, within 14 months the
oysters could exceed 100 g in weight, which is the
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Fig. 5. Shell height—total weight relationships for Crassostrea
gigas cultured at the rearing facility at Yeonghueng,
Wando coast, Korea. TW = 0.0004SH3.2121 (r2 =
0.8593, P < 0.0001). Data is the monthly mean of each
measurement.

favored commercial size for half shell oysters. This is
a much higher growth rate than previously reported
(Lee, 2011).

Meat weight was also highly influenced by tidal
exposure time and the oyster rack height (two
way-ANOVA; P = 0.019 for tidal exposure time, P <
0.001 for oyster rack height, P < 0.001 for their
interaction). Based on the two-way ANOVA the best
growth performance in the treatments was in the
order 2, 1, 3, and 4 h tidal exposure, with growth in
the 4 h treatment being significant less than in the 2
h and 1 h treatments (P < 0.036). With respect to the
oyster rack height, significant growth suppression was
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observed only in the 30 cm treatment (P < 0.001).
The patterns were very significant in summer (from
June to September), with a significant decrease in
meat weight being found in the 30 cm treatment (P
< 0.001), possibly indicating a negative effect of mud
(Patrick et al., 2005; Soletchnik et al., 2005) on meat
weight increase. The mud effect was much greater
with short exposure times, but no differences were
observed with the 3 and 4 h exposures (P > 0.161).

Fatness during the
experiment (although fluctuations were observed

decreased continuously
during summer), but significant differences were only
in July and August. There were no
significant differences related to tidal exposure level,

observed

but marked trends in the effect of exposure level
depended on the rack height (P < 0.001). Although
resuspension can have beneficial effects on oyster
growth through food supplementation, it is dependent
on the nutritional quality of the seston (Bricelj et al.,
1984), and inhibition of oyster growth can occur
because of decreased ingestion of food, or dilution
with high levels of inorganics (Grant et al., 1990). The
effect of rack height was significant in the 1 and 3 h
exposure treatments, with higher fatness levels found
in the 90 cm oyster rack treatment group (two way
ANOVA; P = 0.020 for 1-90 against 1-30 in 1 hour
level and P = 0.019 and 0.023 for 3-90 against 3-30
and 3-60 in 3 hour level, respectively). This effect of
rack height on the fatness was only observed during
summer, the spawning season of the oysters. The
effect of spawning on the decrease of fatness,
however, was negligible because we used triploid
oysters in the study. Therefore the significant
decrease in the oysters at 30 cm rack might be
attributed to negative effects from sediment. No
significant differences were observed from September
until end of the experimental treatment groups.

markedly influenced by tidal
exposure and oyster rack height (two way ANOVA, P
< 0.001), and by the interaction of these two
variables (two way ANOVA, P < 0.001). The latter
result indicates that the effect of different exposure
times depended on the rack height. The highest
survival rate was observed in the 1-60 treatment

Mortality was

Korean J. Malacol. 29(1): 43-50, 2013
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Fig. 6. Regression analysis between survival rate and sea
level for oysters reared at Yeonghueng, Wando coast,
Korea. Maximum oyster survival rates were estimated to
be associated with approximately 116 cm of sea level.

group. Based on regression analysis, the optimal sea
level was estimated to be approximately 116 cm (Fig.
6). Substantial variability was found for oysters
reared at sea levels > 110 cm.

When reared in the intertidal zone, oysters are
exposed to thermal stress during the tidal cycle.
Although the reported sublethal temperature for
oysters is much higher than that at the experimental
site (Hamdoun et al., 2003), tissue temperatures could
rapidly increase in oysters exposed directly to the sun,
even for short periods (Potter and Hill, 1982).
Therefore, thermal stress in summer may be a major
factor in summer mortality. At the end of the
experiment a highly negative correlation was found
between survival rates and sea level (coefficient =
0.689, P = 0.0133), which was possibly because of
tidal exposure.

Although a higher mean survival rate was observed
in the 30 cm treatment group (P < 0.001), the
mudflat could become enriched with organic matter
from the cultured oysters (Mitchell, 2006), with
substantial negative impacts on the benthic
community (Tenore et al., 1982; Mallet et al., 2006).
The deployment of oyster racks could obstruct the
pattern, leading to
sedimentation rates and decreased mechanical erosion

current  flow increased

(Ottman and Sornin, 1985). Organic enrichment of
the cultural bed could increase the possibility of
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negative effects on cultured animals. In our study, the
high elevation of mud bottom was observed at a rack
height of 30 cm, and this could contribute to
increasing the sedimentation rate of oyster feces (data
not shown). The impact of feces should be minimized
to reduce potential negative effects on the growth
performance of cultured oysters.

Our study suggests that the optimal conditions for
off-bottom oyster rack cultivation in the study area
are approximately 1 or 2 h of tidal exposure and 60 -
70 cm rack heights. Under these conditions it should
be possible to achieve =100 g total weight within 14
months,
variables affecting the growth performance of oysters,

and >80% survival. There are many

including culture density and the size of the oyster
seed. These factors should be investigated further to
improve oyster production.
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