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Fig. 1 Structure diagram of multilevel fuzzy system of
aquacultural water quality of sea cucumber with
triangular fuzzy number analytic hierarchy process
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Table 1 Sea cucumber water quality

factor judgment matrix
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Table 2 Domain division table of input fuzzy set theory
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Water quality factors of sea L .
Low Suitable High
cucumber culture
i /°C Temperature 0~9 10~16 17~28
8/ % Salinity 0~1.5 1.6~2.8 2.9~34
pH 0~7.5 7.6~8.5 >8.5

WA R AL /(mg/L) Nitrite 0.04~0.05 0.06~0.10  >0.10

%A /(mg/L) Ammonia nitrogen ~ 0~0.04  0.05~0.18 0.19~0.27
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Fig. 2 First order fuzzy input temperature (A) and nitrite(B) membership function
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Fig. 6 Multi-stage fuzzy system structure of sea cucumber aquaculture water quality with entropy weight
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Table 3 Experimental sample data table

of three evaluation methods

No.  Temperature Salinity Nitrite nitrogen
1 26.0 3.1 7.8 0.017 1 0.099 7
2 12.5 3.4 7.3 0.1194 0.049 1
3 22.8 3.2 7.7 0.023 6 0.022 6
4 25.8 3.1 7.7 0.025 6 0.156 6
5 24.6 3.1 8.2 0.1218 0.104 6
6 23.6 3.0 8.1 0.014 6 0.0190
7 12.8 3.5 7.1 0.216 3 0.061 2
8 12.2 3.3 7.6 0.0335 0.1151
9 14.6 3.5 7.5 0.0155 0.059 9
10 15.2 3.5 7.4 0.117 6 0.058 9
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Table 4 Comparison of evaluation results of the three evaluation methods
LY RGN PRI R G ANFIS PPy
- Multistage fuzzy system evaluation method ~ Single-stage fuzzy system evaluation method ANFIS evaluation method
o Kb PR K R KA R
Water quality Evaluation Water quality Evaluation Water Evaluation
index results index results quality index results
1 0.715 1t Excellent 0.589 f Excellent 0.617 fi Excellent
2 0.386 # Poor 0.338 2 Poor 0.326 #: Poor
3 0.599 K Good 0.582 K Good 0.657 K Good
4 0.715 It Excellent 0.589 i Excellent 0.619 i Excellent
5 0.396 # Poor 0.335 7 Poor 0.326 7 Poor
6 0.600 R Good 0.585 R Good 0.583 K Good
7 0.395 # Poor 0.383 2 Poor 0.384 # Poor
8 0.744 It Excellent 0.744 i Excellent 0.744 i Excellent
9 0.670 K Good 0.694 R Good 0.695 R Good
10 0.399 # Poor 0.331 7 Poor 0.332 7 Poor
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PO SRR PR PR I AR S B AR5 AT
RE AY A 2 Z Ak J2 i R B K B8 AR e A o 7
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PEPF A 45 SRR O BE AL AR A TR 2 R

% % L Hk References
[11  ZEE,RWE, 55 RS B (0 e 5 v B HA T Ay A 1

Wi 137 [ 3. 7K 26 26 % 4R, 2022, 46 (6) : 847-855.JIANG Y S,
SONG Y C,FANG L, et al.Preliminary study on the selectivity,
behavioral and physiological response of the sea cucumber Apos-
tichopus japonicus to different habitats[J].Acta hydrobiologica si-
nica, 2022,46(6) :847-855(in Chinese with English abstract).
[2] RUXS,ZHANG L B,LI X N, et al. Development strategies for
the sea cucumber industry in China[ J].Journal of oceanology and
limnology, 2019, 37(1) : 300-312.
BT KoK, M, 45, S IRRE AL MO R R
MRFFT LT, A i TR, 2020,41(3):327-331. LU X
S,ZHANG Y Q,WANG P B, et al. Research progress of auto-

[3]

lytic mechanism and control technique of sea cucumber body wall
[J]. Science and technology of food industry, 2020,41(3) :327-
331 (in Chinese with English abstract) .
[4] YOU G D,XU B,SU H L,et al.Evaluation of aquaculture water
quality based on improved fuzzy comprehensive evaluation meth-
od[J/OL].Water, 2021, 13(8) : 1019 2022-09-30 . https: //doi.

org/10.3390/w13081019.

(5]

(6]

(7]

(8]

(9]

[10]

RGN WA, R T RO 255 DA 1R B9 K I K
(70 7K L fig B RE 2%, 2013, 31(9) 1 42-44, 247.ZHU Y D,
CHEN X, MENG X Y. Water quality evaluation of Taihu Lake
based on improved fuzzy comprehensive evaluation method [J].
Water resources and power, 2013,31(9) :42-44, 247 (in Chinese
with English abstract).

CARBAJAL-HERNANDEZ J J, SANCHEZ-FERNANDEZ
L P,CARRASCO-OCHOA J A, et al. Immediate water quality
assessment in shrimp culture using fuzzy inference systems[J].
Expert systems with applications an international journal, 2012,
39(12):10571-10582.

ZHANG X Y,ZHANG Y Q, ZHANG Q, et al. Evaluation and
analysis of water quality of marine aquaculture area[J/OL]. In-
ternational journal of environmental research and public health,
2020, 17 (4) : 1446 [2022-09-30]. https://doi. org/10.3390/
1jerph17041446.

GALEZAN F H,BAYATI M R, SAFARI O, et al. Evaluating
the rearing condition of rainbow trout (Oncorhynchus mykiss) us-
ing fuzzy inference system [J/OL]. Aquacultural engineering,
2020, 89: 102051 [2022-09-30]. https://doi. org/10.1016/j.
aquaeng.2020.102051.

K, KB, AEERE 4 RAUL RO P Te R R FR A K 5T
PRGBS [T ] AT B R, 2021,48(2) : 103-111.LIU T
J,ZHANG Y P, LI X B, et al. Application of fuzzy matter-ele-
ment model based on entropy weight method in water quality as-
sessment of culturing ponds [ J]. Fisheries science & technology
information, 2021,48(2) : 103-111(in Chinese with English ab-
stract).

PV BRACHE , 0 7, 45 R T T AR SR BE R K1 434 B
K BUEAR [T] LR AL B, 2020, 48(19) : 263-268.SUN M,
WEID Y,ZHAO J R, et al.Distribution and water quality assess~

ment of mariculture wastewater discharge in Tianjin City [J].Ji-



% 33

SR 5 2T = MABBIEUR I TIE I 2RI K BT 95

[11]

[121]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

angsu agricultural sciences, 2020,48(19) :263-268(in Chinese).
NAYAK J G,PATIL L G,PATKI V K.Development of water
quality index for Godavari River (India) based on fuzzy inference
system[J/OL ]. Groundwater for sustainable development, 2020,
10: 100350  [2022-09-30]. https://doi.  org/10.1016/].
gsd.2020.100350.

LIU Y,HU Y C,HU Y M, et al. Water quality characteristics
and assessment of Yongding New River by improved comprehen-
sive water quality identification index based on game theory [J].
Journal of environmental sciences, 2021, 104 :40-52.
LIB,YANG G S, WAN R R, et al.Using fuzzy theory and vari-
able weights for water quality evaluation in Poyang Lake, China
[J].Chinese geographical science,2017,27(1):39-51.

WANG Y M,RAN W J, WU L, et al. Assessment of river water
quality based on an improved fuzzy matter-element model [J/
OL . International journal of environmental research and public
health, 2019, 16 (15) : 2793 [2022-09-30]. https://doi. org/
10.3390/ijerph16152793.

BRI, TR, ARMR T, — P T =AU )Z O
PRI AG R AR AT 1 07 3% () ] LR HORBFSE , 2013(6) :9-16.
LUO B F, WANG Q X, ZHU J H, et al. An evaluation index
weight determination method based on triangular fuzzy number
and analytic hierarchy process [J]. Research on telecommunica-
tion technology, 2013 (6) : 9-16 (in Chinese with English ab-
stract).

ARARE IR, T 407, 4 . R B X 3R A K A B Rt v
DNRE QY RZIRRITTELT ] eI H i 4, 2021,43(5) : 127-135.L1 B
Y,MA X N, TIAN H Q, et al. Effects of salinity on determining
total nitrogen and total phosphorus in aquacultural water [J] .
Transactions of oceanology and limnology, 2021,43(5) : 127-135
(in Chinese with English abstract).

JEVBL, T30 WRELAG 55 WA A IR 4R ) R L 2R AT TY -1 7Y
O3S HEGE RORAE LT ] R R4, 2022, 29(2) : 284-294.
ZHOU M, NING W, CHEN H J, et al.Isolation, identification
and function of a nitrite-degrading strain JY-1[J].Journal of fish-
ery sciences of China, 2022, 29 (2) : 284-294 (in Chinese with
English abstract).

SUBF, W 5E7 , £I7, 55 . AR 8 7 20030 X K FiE K 37 58 L
ST MR I I ATV 3 S ) LU [0, K 72 4, 2014, 38
(11):1837-1846.JIA X Y,GUO X T,WANG F, et al. Compari-
son of the effect of nonionic ammonia stress on respiratory meta-
bolic enzyme of Litopenaeus vannamei in seawater and freshwater
[J].Journal of fisheries of China, 2014, 38 (11) : 1837-1846 (in
Chinese with English abstract).

BOWR, 56FF, B R, 45 il B 57 AN 88 7 E i X Rk R
B L4 5 4T R eyt-C il caspase-3 FISZ I [T]. o [ 7K 7= Rl 2
2014,21(4) : 700-710.JIA X Y, ZHANG D,LU Y L, et al. Ef-
fects of abrupt change in temperature and non-ionic ammonia on
the cyt-C and caspase-3 of Litopenaeus vannamei in freshwater
[J].Journal of fishery sciences of China, 2014, 21 (4) : 700-710
(in Chinese with English abstract).

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[271]

[28]

[29]

TRLAG, T AN 4 L T R SN S 3R BRI 1 3 1) S
R X T]. B A0, 2018, 12(36) : 106-107. WANG Z 7,
WEI G S, DONG M Y, et al. Influence of high temperature on
sea cucumber breeding industry and its countermeasures [J].
South China agriculture, 2018,12(36) : 106-107(in Chinese).
e, 405 A E A AR FIK 5L B 7 X RS
S ERE BT T] K B2, 2007, 26 (5) - 292-295.
YAO X M,WANG H Y,XING S L, et al. The effects of temper-
ature and water quality on feeding and growth of Holothuria sca-
bra[J].Fisheries science, 2007, 26(5) : 292-295(in Chinese with
English abstract).

BEH LRI RS L X PLAA R R IR A A AR A O
o bR B ML JR T [T] . RO Aol 24l , 2022, 53 (10)
2804-2811. HUANG Y, DAI X L. Effects of chronic ammo-
nia nitrogen stress on indexes related to ammonia metabolism
and apoptosis in hepatopancreas of Litopenaeus vannamei[J] .
Journal of southern agriculture, 2022, 53 (10) : 2804-2811 (in
Chinese with English abstract).

T, (P AT 2 IR K SR K B 255 TN RS
MBS BT ) R RGO ARF, 2010, 38(32) : 18007-18010.
WANG RM,FUZ T,HE Y Y.Design and implementation of
aquaculture pond water quality assessment system based on fuzzy
mathematics [J]. Journal of Anhui agricultural sciences, 2010, 38
(32):18007-18010(in Chinese with English abstract).

PN AL SR A TR A R S 0 I £ 5
m [J]. M 51 L 2002,33(2) :182-187. L1B Q, YANG H
S,ZHANG T, et al. Effect of temperature on respiration and ex-
cretion of sea cucumber Apostichopus japonicus[J].Oceanologia
et limnologia sinica, 2002,33(2) : 182-187(in Chinese with Eng-
lish abstract).

B I BE RGP R il R bR ifE : GB 11607—1989(S ] Jbat:
[ 5 1 H MUAT |, 1990. State Bureau of Environmental Protection
of the People's Republic of China. Water quality Standard for fish-
eries: GB 11607—1989 [ S]. Beijing: Standards Press of China,
1990(in Chinese).

JEI £ S IR AR BRI BOR [T, th [E K7, 2008
(10) : 53-54.ZHOU W W.Water quality and environmental con-
trol technology of sea cucumber culture in pond [J].China fisher-
ies, 2008(10) :53-54(in Chinese).

G A X S R B S R B — D BT LT ] S T
bR R (H AR ) , 2004, 33(6) : 1-4.L1 J, YANG L.
Further study on the determination of membership function[J].
Journal of Guizhou University of Technology (natural science
edition),2004,33(6) : 1-4(in Chinese with English abstract).

F Ty, A SO ] b SR R R B E ik ] R R
24,2000, 18(4) : 348-351.WANG J F,1.U Z D. The determine
method of membership function in fuzzy control [J]. Henan sci-
ence,2000,18(4):348-351(in Chinese with English abstract).
JANG J S R. ANFIS: adaptive-network-based fuzzy inference
system [ J].IEEE transactions on systems, man, and cybernetics,
1993,23(3) : 665-685.



96 LRI I NI <3 4

=
S
o

Water quality evaluation of sea cucumber culture based on triangular
fuzzy number analytic hierarchy process

ZHANG Shuyu', WANG Wei', LIU Yiwei', SUN Junyang', LI Shuangshuang”

1.School of Information Engineering , Dalian Ocean University, Dalian 116023, China;
2.Dalian Xinyulong Marine Biological Seed Technology Co., LTD.,Dalian 116000, China

Abstract In order to understand and master the water quality status of sea cucumber aquaculture, a
multi-level fuzzy evaluation method using a fusion of triangular fuzzy number and analytic hierarchy process
was used to evaluate the water quality of sea cucumber farming. Firstly, the water quality key factors were
classified based on their positive and negative effects on sea cucumber growth during the farming process,
and a “positive/negative correlation factor fuzzy reasoning system for sea cucumber aquaculture water quali-
ty” was designed based on the two categories of key factors. Secondly, the two fuzzy reasoning systems
were used as inputs for the first level fuzzy system, and the results were used as inputs for the second level
fuzzy system. The final water quality evaluation results were obtained through the second level fuzzy system
based on the first level positive/negative correlation factor reasoning results. During the fuzzy reasoning pro-
cess, the triangular fuzzy number analytic hierarchy process was used to assign weights to the sea cucumber
water quality key factors in order to improve the accuracy of the evaluation results. Finally, this method
was compared to the single-level fuzzy evaluation system and ANFIS fuzzy evaluation system using a fu-
sion of triangular fuzzy number and analytic hierarchy process for evaluating the water quality of sea cucum-
ber aquaculture. The results showed that the three methods produced consistent evaluation results. The
multi-level fuzzy evaluation method for sea cucumber aquaculture water quality using a fusion of triangular
fuzzy number and analytic hierarchy process reduced the number of fuzzy rules from the original 243 to 45,
alleviating the problem of dimensionality catastrophe. Moreover, it requires less parameter tuning and train-
ing compared to the ANFIS fuzzy evaluation system and occupies fewer system resources. These results in-
dicate that the fusion of triangular fuzzy number and analytic hierarchy process is more suitable for water
quality evaluation and management in sea cucumber aquaculture.

Keywords sea cucumber culture; water quality assessment; fuzzy reasoning; analytic hierarchy pro-

cess ; multilevel fuzzy evaluation
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