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1.1

, , 3 000 m’
( ,2014) 12 000 m* ,
, 15 000 m’
, , 3 000 m?,
12 000 m’
1
*1 NEHSBHEMAEREREE
Tab.1 Delivery time and density of L. vannamei and S. constricta seedling
/(ind./m?)
2018 6 5 250 2009 5 6
2018 6 1 50 2018 8 12
2018 8 15 30 2018 11 2
1.2 R =2x10"mg; R =2x10"°mg; R =
, 5x10°mg (2016)
> 5L, ( ), © <5 um,
100 mL 5~10 pm; : 10~20 pm
Shannon-Wiener
: (H'):
25" “00”
, 1.5% H'=-}P;log,P;, 3)
7
J=H/nS, (4)
s +10% "
AZ8403 (7 Y :Flfi ; 5
(DO), (9, PH838 pH, , P, = m/M, m, i .M
(NO,-N) (NO;-N) (TN) . P i S
(NH;-N) (PO -P) (TP) i i :
4 Y>0.02 ( ,2015)
1.3 CANOCO 5.0
1.3.1 CCA
(ind./L): D = n/V, ) , Shannon-Weaver 0~1
(mg/L): B = DXR, 2) , 1~2 , 2~3 , >3
N iV ( , 2007)
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1.3.2 ETBERRINERSERE
Tab.2 Reference standard for assessment scoring on the
> ecological restoration effect
s <0.25 [0.25,0.5) [0.5,0.75) =0.75
. . 1.3.3
(1 ; J i
Py
X, ’
= (6)
Z;X@/
. (1) 1j
2 )
() J € ) s )
e; =—1L PInF;, 7 jGg=1,2, -, m)
nmi:] ik k >
, m m /11, /129 ) ls»
(3) J gj N ) Al) /129 ) ;{S
g =1-¢ (8)
(4) W (3) 2 , 0
i +1 Aoy A1y A2y vy Ags
W/ _ mgj . 9) N 0, Al, A2, > A
Z /1.v+1
&j
m=1 4 (A, 1) k-1 k+1
(5) (A1, 0), (Ags1, 0), J k
FOGL2, o mk=1,2, -es)
X, -X S8
Z, =22 C1x100%, (10) ®) 5 Gsa)
X P b 15
J; (S,-,-)—E(si,-ﬂ,-j ). (135
X, (6) o
Z; = x100% , (11) m
: op =) [ (si)m; . (16)
»Xl ,XZ JZ:‘; ’ v
(6) (7 ,
, \Y
- v I I I
TS e SN (12)
I X, x(4-B) "’ , 01 2 3 4
(8)
X -X
f :4><Wj, (13) ’ ’
X, x(4A-B) (restoration score, RS):
.4 Zmxs B RS, = £ x0+ f2x1+ 2 x2+ £ x3+ P x4, (17)
Zmins A'B . RS, i ,_f I
(7)
L 9
F=YWY(n=123-n). (14) ©) ’
j=1
( , 2015), (ecosystem-level restoration score, ERS)
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ERS=%;(RS_/ x15), (18) - g
RS, J >
) (D
9 )s 7
2 (Bacillariophyta) ,
2.1 55.5%, (Chlorophyta)
(Pyrrophyta) (Cyanophyta)
3 10 (Euglenophyta) (Cryptophyta)
4 > (Chrysophyta)
> : > , 101 , 6 ;
> : > 66 6

R3 FFRIRIAAR I K B AR

Tab.3 The monitoring data of pond water quality of two culture modes

(°O) 8.6~32.5 (21.17+£8.72)* 8.6~32.5 (21.17+£8.72)* 8.1~32.5 (20.95+8.92)"
(mg/L) 5.26~8.01 (6.82+0.76)" 5.17~9.12 (7.28+1.14)" 5.21~8.01 (6.83+0.86)"
(mg/L) 0.054~0.198 (0.11+0.04) 0.061~0.347 (0.15+0.08)* 0.050~0.580 (0.17+0.16)"
(mg/L) 0.003~0.106 (0.05£0.03)° 0.004~0.317 (0.110.11)™ 0.006~0.557 (0.19+0.16)"
(mg/L) 0.65~1.44 (1.11£0.27)° 0.34~1.78 (1.12+0.40)* 0.495~1.700 (1.20+0.42)°
(mg/L) 1.02~1.78 (1.46+0.29)* 0.78~2.56 (1.82+0.55)" 0.98~2.81 (1.81+0.16)*
(mg/L) 0.057~0.159 (0.10+0.03)* 0.038~0.175 (0.09+0.04)" 0.050~0.150 (0.10+0.03)*
(mg/L) 0.058~0.171 (0.11+0.04) 0.026~0.198 (0.10+0.04)" 0.068~0.160 (0.12+0.03)*
16.00~25.00 (20.002.65)° 18.00~25.00 (22.82+2.23)" 20.00~27.00 (24.00+2.10)*
pH 7.56~9.02 (8.25+0.40)" 7.64~8.74 (8.28+0.35)" 7.59~9.04 (8.27+£0.43)*
£ (P<0.05), (P>0.05)
70 .. >
E=ESEANNEE ’ ’
= 840x10* ind./L, ,
= 163x10* ind./L,
= 5
@ 40 = ’
i = 18.90 mg/L,
£ 305
— 4.43 mg/L,
SI= 8.82 mg/L ,
10—; § % a @ 24.86 mg/L, ,
oLEER NN, R o= = 1.21 mg/L
ERT] gl PR BRI R RE) =)
RE=EI
3
1
, Shannon 1.47~2.76
Fig.1 The number of species in phytoplankton phylum in the > 1.91, 10,
tandem aquaculture ponds and of mixed rearing of L. vannamei 4 Shannon 1.37~2.56
and S. constricta
; 1,
7 Shannon 1.21~2.21
2 > , Shannon ,
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Fig.2 Changes of average density and biomass phytoplankton in seasonal in the tandem aquaculture ponds and mixed rearing of L.
vannamei and S. constricta
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Fig.3 Variations in diversity and evenness index of phytoplankton in the tandem aquaculture ponds and mixed rearing of L. vannamei
and S. constricta

0.43~0.69 4 (7)
0.55 0.39~0.71 F
, 0.55; 4 28.96%,
0.42~0.64 0.54 0.643 7,
19 DCA  ,DCA 26.24%, 2.72%
3, )
CCA ( ) 4 2.4
5 (D~(4),
2.3 ,
(DO) , 6
(NH;-N) (NO,-N) (NO;-N) ,

(TN) (PO} -P) (TP) 1.641 3,
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APTP 1.174 3
N TAN 39.76%
b
3
I P12 P13 P14 3.1
S a
P15 P16 P17
P7 P8
&P9 prg P18 3
L P10 P11
James  (2000)
NO,
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b
4
b
CCA .
Fig.4 Sequence diagram of phytoplankton and water quality James Redfield(1963)
factor CCA in the tandem aquaculture ponds and mixed rearing
pattern of L. vannamei and S. constricta
. P1. ; P2. ; P3. ; P4. Ps. >
; P6. ; P7. ; P8. ; P9.
; P10. ; P11, ; P12. ; P13.
b
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x4 ETEEVRITMESESH
Tab.4 Comprehensive assessment parameters on the ecological restoration effect
2 (04)
0.011 6 0.066 1 0.001 5
0.5373 0.4300 0.465 0
0.065 3 0.064 2 0.008 4
0.865 4 0.1222 0.201 0 0.049 4 26.24%
0.046 8 —0.003 1 —0.000 3
0.0717 0.096 9 0.0140
0.145 1 0.117 3 0.034 2
0.015 6 -0.002 0 0.000 0
0.436 1 0.727 9 0.058 7
0.078 4 0.074 1 0.001 1
0.134 6 0.1409 0.384 4 0.0100 2.72%
0.048 7 0.192 7 0.001 7
0.134 1 —0.096 9 —-0.002 4
0.146 1 0.083 3 0.002 3
1 2 2.3360 0.643 7 28.96%
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x5 BEFNEHE
Tab.5 The weighted data of each indicator
0.009 6 0.400 7 0.079 6 0.360 9 0.067 9 0.044 8 0.030 2
0.0153 0.4259 0.076 6 0.1377 0.047 5 0.1310 0.142 7
0.0115 0.534 4 0.064 9 0.1215 0.046 6 0.0713 0.144 3
xo6 BHEEEHRITNFK
Tab.6  Score table of restoration effect of each pond
6.800 0 5.4520 11.773 5
7.147 0 14.990 2 11.983 2
3.3357 3.228 6 5.6129
RS, 9.870 8 19.753 2 12.181 3
12.812 3 12.801 2 10.375 4
6.828 6 6.8320 9.0829
9.493 5 10.929 2 6.686 6
ERS 1.174 3 1.785 3 1.497 2
2
( , 2017),
b b
, ( , 2018),
, CCA ,
; pH
b b b
2),
> 3.2
Shannon-Wiener , H , ,
) (
( ,2020) J , 2018),
( , 1994) 7
b
b b 2
b b
( , 2009) 3 ,
s Shannon )
2 b 4 b
, (  86.54%)
s (  13.46%)
7

, 11 ;
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ASSESSMENT OF ECOLOGICAL RESTORATION IN TANDEM AQUACULTURE OF
LITOPENAEUS VANNAMEI AND SINONOVACULA CONSTRICTA BASED ON WEIGHT
ASSIGNMENT AND GREY CLUSTERING METHODS

BAO Ge-Ge', ZHAO Chun-Pu', MEI Bo-Cheng', ZHANG Shun', XU Shan-Liang"?, XU Ji-Lin"?

(1. School of Marine Sciences, Ningbo University, Ningbo 315211, China; 2. Zhejiang Key Laboratory of Marine Bioengineering,
Ningbo University, Ningbo 315211, China)

Abstract The discharge and treatment of tail water from aquaculture industry is an ecological issue. To assess the
ecological restoration effect of tandem aquaculture in Litopenaeus vannamei and Sinonovacula constricta tandem
aquaculture ponds, a one-year study was conducted using weight assignment method and gray clustering method. The
results showed that the abundance of phytoplankton ranged 6.8x10°~2.5x10® cell/L, the biomass 2.04~65.72 mg/L, the
Shannon-Wiener diversity index 1.34~2.56, and the evenness index 0.43~0.72. The diversity level was high and the
uniformity of species distribution was good. Compared with traditional mixed rearing pattern of L. vannamei and S.
constricta, the tandem aquaculture systems effectively reduced the nutrient content and improved the quality of culture
water. Using the weight assignment method, the ecological restoration effect was assessed. Results showed that in overall,
the improvement rate was 28.96%, the ecological restoration target value reached 0.643 7, and the restoration effect was
good. In addition, the grey clustering method evaluation showed that the score of ecological restoration of the tandem
aquaculture was 1.641 3, or increased by 39.76% from that of the traditional rearing. Therefore, the tandem aquaculture
system of L. vannamei and S. constricta was beneficial to maintaining the ecological stability of the pond water
environment. This study provided a good practice for biological treatment of tail water.

Key words tandem aquaculture ponds; Litopenaeus vannamei; Sinonovacula constricta; weight assignment

method; grey clustering method; ecological restoration; effect assessment



