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Fig.1 Environmental survey station maps of triploid oyster breeding area in Huangqi Bay
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breeding areas from December 2021 to September 2022
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Tab.1 Changes in marine environmental factors in triploid oyster breeding areas from December 2021 to September

2022
HEEH T FEBE X H 1y Month
Environmental ~ Aquaculture 121 1 2H 3H 41 5H 6H 7H 8 9H
factors area December  January February March April May June July August September
KIE DY FEAN 152403 163+0.7 154%0.6 17.9+04 17.0£02 162+0.1 17.2¢1.0  17.0£0.1  14.6+04  15.9:0.5
D N 6.5:0.5  6.120.1 5.840.2 8.0:0.6  6.6:02  6.420.1 6.8+0.1 5509 56204 5502
KR T/C e AN 16.9+0.1 134202  11.3x0.1  11.8+0.1  14.0£0.1  19.4£0.1  23.1x0.1  27.620.1 27.7#0.1  27.9+0.1
i N 163+0.1  132+0.1  10.9+0.1  12.1+0.1  14.2+0.1  20.1+0.1  233+02  28.3x0.1  28.8+0.1  28.3x0.1
B S e 28.120.1  28.6x0.1  28.420.1  29.0+0.1 28.4+0.4 29.8+0.2 24.6+0.2 31.2202 32.8:02  33.3x0.1
= N 28.5+0 28.4+0.1 28410 28.7+0.1  29.6+0 30.1+0.1  27.620.1  32.1%0.1  32.8+0.1  33.3x0
- AN 8.05+0.01 8.11x0 8.13+0.01  8.18+0.01 8.05+0 8.13+0.01 8.21+0.04 8.09+0.01 8.10+0.01 8.01+0.01
P e 8.03+0.01 8.12+0.01 8.19+0.01 8.300.01 8.040 7.99+0.01  8.09+0 8.00£0.01 8.01+0.01 7.93x0
o i FEAN 8.14+0.07 8.62+0.01 9.33x0.01 9.24+0.08 8.37+0.02 7.59+0.03 8.65+0.03 6.54+0.05 7.19+0.24 5.88+0.09
DO/(mg/L) N 8.05£0.03 8.75+0.05 9.68+0.05 9.91x0.17 8.28+0.03 7.24+0.05 8.44x0.06 6.50£0.05 6.9120.09 5.01+0.21
AT e AN 0.5320.06 0.38+0.04 0.3320.03 0.44x0.07 0.85:0.02 0.59£0.04 1.05:0.02 0.4420.03 0.72+0.13 0.36+0.07
COD/(mg/L) N 0.53+0.08 0.44+0.03 0.3020.01 0.50+0.06 0.58+0.02 0.58+0.02 0.65+0.03 0.6020.21 1.00+0.31 0.27+0.02
B AN 19.7+¢4.6 151202  24.5+57  19.120.8  6.7+0.7  4.9+0.7 59+02  4.8+0.8 5.8+02  6.7x1.6
SS/(mg/L.) e 227+4.0  28.1+0.7  23.1#3.8  28.2+29  84x19  10.0+1.7 2.5+0.3 24403 6.4+1.0  6.6+0.6
0.482+ 0.505+ 0.516=+ 0.496+ 0.271=+ 0.202+ 0.168=+ 0.047+ 0.024=+ 0.049+
Tl R 4 T Hh 0.011 0.001 0.018 0.019 0.032 0.014 0.025 0.011 0.002 0.004
NO, =N/(mg/L) N 0.414=+ 0.481+ 0.475+ 0.441% 0.195+ 0.197+ 0.059+ 0.029+ 0.024+ 0.075+
0.075 0.027 0.006 0.018 0.012 0.004 0.012 0.001 0.001 0.001
0.010:0  0.007+ 0.003+ 0.008+0  0.009+0  0.028+ 0.027+ 0.005+ 0.003+ 0.021+
AR A LTI 0.003 0.001 0.001 0.002 0.001 0.001 0.001
NO,™=N/(mg/L) e 0.012+0  0.008+ 0.007+ 0.008+0  0.009+ 0.025+ 0.015+ 0.002:+ 0.005+ 0.024+
0.001 0.001 0.001 0.001 0.002 0.001 0.002 0.001
0.015+ 0.013+ 0.017=+ 0.016+ 0.016+ 0.042+ 0.017=+ 0.043+ 0.012=+ 0.023=+
A T Hh 0.003 0.001 0.002 0.002 0.001 0.002 0.005 0.008 0.001 0.002
TAN/(mg/L) N 0.017+ 0.015% 0.017=+ 0.017+ 0.028=+ 0.078+ 0.016=+ 0.019+ 0.011=+ 0.062+
0.001 0.005 0.002 0.001 0.003 0.002 0.004 0.002 0.002 0.007
0.039+ 0.039+ 0.040+ 0.035+ 0.007+ 0.017+ 0.031=+ 0.008+ 0.01120  0.006=
IR AR ah 0.001 0.001 0.001 0.003 0.001 0.002 0.001 0.002 0.002
AP/(mg/L) N 0.043+ 0.040+ 0.033+0  0.024+ 0.020+ 0.031+ 0.019+0  0.004x 0.013=+ 0.024=+
0.003 0.001 0.002 0.001 0.002 0.001 0.001 0.001
1.050+ 1.080=+ 1.150% 1.020+ 0.606= 0.704+ 1.450% 0.582+ 0.360+ 0.592+
T VERERRER AN 0.180 0.030 0.010 0.020 0.073 0.029 0.070 0.069 0.013 0.029
ASi/(mg/L) e 0.864+ 1.050+ 1.170+ 1.000= 0.367+ 0.816+ 0.765+ 0.367+ 0.373=+ 0.662=+
0.027 0.030 0.020 0.010 0.006 0.019 0.030 0.017 0.031 0.006
0.581=+ 0.713+ 0.587+ 0.588+ 0.456+ 0.445+ 0451+ 0.401+ 0.181=+ 0.153=+
A ah 0.033 0.051 0.010 0.013 0.029 0.032 0.019 0.018 0.007 0.020
TN/(mg/L) N 0.560+ 0.857+ 0.619+ 0.579+ 0.402+ 0.553+ 0.307+ 0.302+ 0.208+ 0.222+
0.007 0.078 0.026 0.024 0.008 0.030 0.017 0.042 0.012 0.035
0.075+ 0.080+ 0.098=+ 0.077+ 0.01620  0.034x 0.038=+ 0.021x 0.026+ 0.024+
Py AN 0.013 0.004 0.003 0.008 0.001 0.003 0.003 0.005 0.009
TP/(mg/L) e 0.078+ 0.088+ 0.074=+ 0.076+ 0.032+ 0.057+ 0.026=+ 0.021+ 0.035+ 0.040+
0.012 0.009 0.004 0.008 0.001 0.001 0.002 0.005 0.001 0.006
M4t % a AN 1.7120.10  0.87+0.06 1.3620.57 0.87+0.05 12.5£0.60 1.2840.06 8.14+0.90 5.31x0.75 3.15+1.48 1.13+0.01
Chl.a/(pg/l.) A 1.82+0.06 0.87+0.28 0.78+0.09 0.87+0.20 1.66+0.23 1.35+¢0.32 2.55:0.22 2.31x0.14 2.72+0.25 0.85+0.05

ARG A KR A AR B L 12 A 91—1
ARt Fe v 7 m i H K R 0w, 1
B3 5147 0.50.0.30.,0.79 mm/d; A= K I 1 04
MAE 4 A¥)—5 H%), 52K 5e9 sa i H K
R IE )4 0.42.0.21.,0.66 mm/d;2 A #)—3
A0t W5 S8 78 LT TR (B 5a) o 405 42 5 1Y
R g B TE 8 A W1—9 A4, -3 B KR

4139 g/d, 6 HHI—8 H W4t W 4> g du it
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35 H B # ok 0.82 o/d, 2 A 91—3 A W44
Y H K AR 0.008 ofd. HHmGHZH 2105 5 1
K R AR 6 H wl—7 AW A8 H 91—9 H
1,2 H R S350 0.21 F110.19 g/d, 12 H 91—
3 H A g5 - 24 2] 498 T G KR AU 0.006 g/d
(EI5b) . MRS, 12 7 41540 2k K,
1—3 A4t K18, 4 H P46 A Kl R g 2
175, 6—9 H i 4 H MR A 203 F e K AP
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ol A ) = A AR A KSR A B H 509%~90% 22 [8), 785 PN 35 5 X A W5 A7 35 1 00 L4
JEAE S HIE—6 A rP A B AN 50 XA W K AR A W 2 6 T ARG 0 465 SR R B o 5 K o R
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—e— 75KShell length
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2 10; —a— #EShell hight < 207
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= 0.8 % 1.5 —8— HHALEFE Soft tissue mass
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Fig.5 Growth rate of triploid oysters
£2 2021FE 12 A—2022F 9 B =& E A KGR
Tab.2 Growth of triploid oysters from December 2021 to September 2022
. FERH X A1 Month
BV
Growth indexes  quaculture 12 1A 2H 3] 41 5H 6J1 ! 8J1 95
area December January February March April May June July August  September
o 1.68+ 2035+ 25.09+ 26.08+ 36.83+ 44.02+ 4823+ 58.05+ 59.13+  64.03%
=g - 0.43 330" 212" 372" 671F 3.85  3.82%  3.78%c 121 5.02¢
Shell length/mm - 129+ 1630+ 2022+ 2070+ 2522+ 41.67+ 4382+ 5285+ 5508+  59.84x
- 0.25 248 427" 212" 280" 3.19% 4067 3520 504 3.17%
o 0.95+  12.09+ 14.63x 14.83+ 1832+ 22.62+ 2392+ 2930+ 30.69+  34.76+
S ’ 0.19¢ 117 163 216" 327° 1.84° L1740 382" 213 3.12°
Shell width/mm - 0.74+  10.14x 11.88+ 11.13+ 13.76+ 21.15+ 22.81+ 2890+ 31.22+ 3544z
’ 0.17¢ 1.58' 1.54 1.93 1207 1.07  1.44° 1.55" 3.14" 2.65"
- 254+ 3267+ 3823z 3829+ 54.16x 6735+ 76.24x 9412+ 100.02+ 113.51+
S ’ 0.66 515" 261" 606"  5.64¢ 684" 265  1.68 423" 3.72¢
Shell height/mm - 1.98+ 2574+ 30.71x 3048+ 39.99+ 63.65+ 7854+ 90.33+ 104.14+ 119.75=+
- 0.45 4.67 7.820 434 495" 3.41" 2.49¢ 3.22¢ 1.29" 1.27
- 221+ 3.62+ 552+ 620+ 1472+ 27.06+ 37.32+ 66.79+  85.84+ 129.20+
N v Lsr 149" 129" 250"  6.40™  4.88%  6.09°  8.60°  3.83" 20.71°
Total mass/g - 1.09+ 1.88+  3.02+ 276z  5.66+ 1841+ 30.88+ 53.51x  78.04x 126.59+
" 0.62! 0.88' 1.54! 1.07° 1.63" 357" 6287 4390 1431 14.00°
- 0.43+ 0.60+ 088+  1.14+ 339+ 632+ 941+ 17.58+ 2132+  27.52%
IR A v 0.31' 027 0.18 048 143" 120% 1397 1.52° 1.28" 1.55"
Soft tissue mass/g - 021+ 029+ 045+ 051+ 128+ 4.18+ 7.28+ 1225+ 1453+  21.19%
" 0.13' 0.12! 0.23' 0.14' 043 081#"  1.657 249! 4.07" 4.09"
- 19.2+ 164+ 160+ 183+ 23.1+ 233+ 253z 264x 248+ 21.6+
e %4 = 0.8% 0.9 0.5% 0.4 0.3b 0.6 1.4 1.1° 0.5% 0 7ed
Fillet yield/% - 18.4+ 155+ 147+  193x 225+ 227+ 235+ 228+ 18.4+ 16.7+
= 1.8 0.7% 0.4¢ 3.3 1.4 1.0 0.9 3.5b 2 1ef 0 7¢ls

VE - [7]— 8 bt bR Rl RR AR 035 25 57 (P<0.05) o

Notes: Different superscripts of the same index indicate there are significant differences between groups (P<0.05).

2.5 ESH(RDA)GER FE DX 0 A2 K A8 bR (T FE % e A E VK
2021 4F 12 F—2022 4F 9 H 75 A FIVES Py 35 HARTE AR 5 R I 2517 RDA 43
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D. Depth of water; T. Water temperature; S. Salinity; SS. Suspended solids; DO. Dissolved oxygen; COD. Chemical oxygen demand; NO, ™~
N. Nitrate nitrogen; NO, =N. Nitrite nitrogen; TAN. Total Ammonia—nitrogen; DIN. Dissolved inorganic nitrogen; AP. Active phosphate;
ASi. Active silicate; TN. Total nitrogen; TP. Total phosphorus; Chl. a. Chlorophyll-a; P. Cell density of Phytoplankton; SL. Shell length;
SW. Shell width; SH. Shell hight; TM. Total mass;SM. Soft tissue mass; y. Fillet yield.

E6 Z=fEMHirEKIERSIEREFH RDA HiF E

Fig. 6 Two—dimensional RDA ordination for growth indicators in triploid oysters and environmental factors
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Growth and fattening of triploid Crassostrea angulata and their relations
with marine environmental factors

XU Cuiya, YANG Fang, ZHENG Shenghua, QI Jianfei, CHEN Xiaohong, WEI Shanshan, LIN Yongqing,
XI Yingyu
(Key Laboratory of Cultivation and High-value Utilization of Marine Organisms in Fujian Province, Fisheries Research Institute

of Fujian, Xiamen 361013, Fujian, China)

Abstract: In order to explore the key marine environmental factors affecting the growth and fattening of
triploid Crassostrea angulata and promote the development of triploid oyster culture to the deep waters in the
outside bay, a 10-month survey was conducted on the triploid C. angulata culture area in Huangqi Bay from
December 2021 to September 2022. The growth indexes of oysters and marine environmental factors of the
culture areas both outside and inside the bay were obtained, and the data were analyzed by Redundancy
analysis (RDA) and other methods. The results showed that there were significant differences in growth
indexes of oysters such as shell length, shell width, total mass, soft tissue mass, and fillet yields between the
inner and outside bay groups, with all those indexes being significantly higher in the outside bay than those in
the inner bay, while the difference of shell heights inside and outside bay was not significant. The contents of
nitrate nitrogen, chlorophyll-a and phytoplankton cell density in the seawater in the outside bay were
significantly higher than those in the inner bay, and there was no significant difference between other indexes
inside and outside the bay. The results of RDA analysis showed that the main factors affecting the growth
indexes of oysters were water temperature, nitrate nitrogen, phytoplankton cell density and chemical oxygen
demand. What's more, phytoplankton cell density and chlorophyll-a content had the greatest effect on oyster
fillet yield. Comprehensive analysis showed that water temperature, phytoplankton biomass and nutrients
were the key marine environmental factors affecting the growth and fattening of triploid oysters. The average
chlorophyll-a content in the sea area was above 6 pg/L for at least one month from spring to early summer,
which was beneficial to the fattening of oysters. The selection of non-pollution source, good water exchange
conditions, abundant food, rich nutrient supply, stable salinity and low wind waves in the outside bay to
cultivate triploid oysters may be helpful to improve the yield and quality of oysters.

Key words: triploid Crassostrea angulata; growth; fattening; environmental factors; Redundancy analysis
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